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Glossary 


AC Advisory committee 
ADME Absorption, distribution, metabolism, excretion 
AE Adverse event 
AUC Area under the curve 
BIMF Barkin Index of Maternal Functioning 
BLA Biologics license application 
BPCA Best Pharmaceuticals for Children Act 
BRF Benefit Risk Framework 
CDER Center for Drug Evaluation and Research 
CDTL Cross-Discipline Team Leader 
CFR Code of Federal Regulations 
CSF Cerebrospinal fluid 
CGI-I Clinical Global Impression—Improvement 
CGI-S Clinical Global Impression—Severity 
CL Clearance 
Cmax Maximal concentration observed 
CMC Chemistry, manufacturing, and controls 
CNS Central nervous system 
CRF Case report form 
CSR Clinical study report 
CSS Controlled Substance Staff 
Css Concentration at steady state 
DPP Division of Psychiatry Products 
EC50 Half maximal effective concentration 
ECG Electrocardiogram 
eCTD Electronic common technical document 
Emax Maximal effect 
EPDS Edinburgh Postnatal Depression Scale 
EPC Established pharmacologic class 
ETASU Elements to assure safe use 
FDA Food and Drug Administration 
GABA Gamma-aminobutyric acid 
GAD-7 Generalized Anxiety Disorder 7-item Scale 
GCP Good clinical practice 
GD Gestation day 
GLP Good laboratory practice 
HAM-D Hamilton Rating Scale for Depression 
HCR Historical control range 
HCRU Health Care Resource Utilization 
HD High dose 
IC50 Half maximal inhibitory concentration 

14 
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 

Reference ID: 4405747 



  
 

 
 

  

  

 

  
  

 
 

 

 
 

 

   
 

NDA 211371 Multi-disciplinary Review and Evaluation 
ZULRESSO (brexanolone) 

ICH 
IGABA 

IND 
ISE 
ISS 
ITT 
IV 
Ki 
LD 
LOC 
MADRS 
MD 
MRHD 
MedDRA 
mITT 
NDA 
NME 
NOAEL 
OPQ 
OSE 
OSI 
PD 
PHQ-9 
PK 
PMC 
PMR 
PND 
PP 
PPI 
PPD 
PREA 
PRO 
REMS 
SAE 
SAP 
SBECD 
SC 
SF-36 
T1/2 

TEAE 
TBPS 
TK 
Tmax 

Vss 

International Conference on Harmonization 
GABA-induced chloride currents 
Investigational New Drug 
Integrated summary of effectiveness 
Integrated summary of safety 
Intent to treat 
Intravenous 
Inhibition constant 
Low dose 
Loss of consciousness 
Montgomery-Åsberg Depression Rating Scale 
Mid dose 
Maximum recommended human dose 
Medical Dictionary for Regulatory Activities 
Modified intent to treat 
New drug application 
New molecular entity 
No observed adverse effect level 
Office of Pharmaceutical Quality 
Office of Surveillance and Epidemiology 
Office of Scientific Investigation 
Pharmacodynamics 
Patient Health Questionnaire (9-item) 
Pharmacokinetics 
Postmarketing commitment 
Postmarketing requirement 
Postnatal day 
Per protocol 
Patient package insert 
Postpartum depression 
Pediatric Research Equity Act 
Patient reported outcome 
Risk evaluation and mitigation strategy 
Serious adverse event 
Statistical analysis plan 
Sulfobutyl ether beta-cyclodextrin 
Saline control 
Short-form 36 
Terminal elimination half-life 
Treatment emergent adverse event 
Tert-butylbicyclophosphorothionate 
Toxicokinetics 
Time to reach maximal concentration 
Volume of distribution at steady-state 
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1 Executive Summary 

1.1. Product Introduction 

Brexanolone (SAGE-547; proposed trade name Zulresso) is chemically identical to the 
endogenous human hormone allopregnanolone. It is a new molecular entity (NME) with the 
proposed indication of treatment of postpartum depression (PPD). Although its mechanism of 
action is unknown, it appears to be a positive allosteric modulator of gamma-aminobutyric acid 
type A (GABAA) receptors with a binding site distinct from benzodiazepines. Brexanolone is 
available as a 5mg/mL solution in sulfobutyl ether beta-cyclodextrin (Captisol), which is 
administered as an intravenous infusion over 60 hours. Once mixed, the infusion is only stable 
for 12 h at room temperature and 96 h refrigerated. The dose is weight- and time-based as per the 
following (see also Figure 1): 

x � KRXUV DW �� ȝJ�NJ�KRXU 
x �� KRXUV DW �� ȝJ�NJ�KRXU 
x �� KRXUV DW �� ȝJ�NJ�KRXU 
x � KRXUV DW �� ȝJ�NJ�KRXU 
x � KRXUV DW �� ȝJ�NJ�KRXU 

The product would be given once per episode of PPD. 

Figure 1. Dose and Timing for Brexanolone Administration. 

=New infusion bag required.=
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1.2. Conclusions on the Substantial Evidence of Effectiveness 

The Applicant submitted two positive, adequate, and well-controlled trials that met the 
evidentiary standard for the demonstration of brexanolone’s effectiveness for the treatment of 
postpartum depression. The studies demonstrate a clinically meaningful effect because the 
improvement in depressive symptoms on the Hamilton Depression Rating Scale (HAM-D) is 
both consistent with the effects of other, approved antidepressants and occurs much quicker than 
other available treatments (after 60 hours versus 4 weeks). HAM-D remission (a total score of 
��� DQG UHVSRQVH �D UHGXFWLRQ in total score of at least 50%) also supported brexanolone’s 
effectiveness.  The Clinical Global Impression of Improvement (CGI-I) also showed statistically 
significant and clinically meaningful differences from placebo.  Although few of the other 
experimental endpoints were statistically significant, they all revealed a trend of decreasing 
depressive symptoms with brexanolone.  Notably, these included several patient-rated scales 
(e.g., the Barkin Index of Maternal Functioning and Edinburgh Postnatal Depression Scale).  
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1.3. Benefit-Risk Assessment 

Benefit-Risk Integrated Assessment 

Brexanolone (to be marketed as Zulresso) is chemically identical to the endogenous human hormone allopregnanolone. It is a new molecular 
entity not currently marketed anywhere in the world for any indication. Brexanolone’s proposed indication is treatment of postpartum depression 
(PPD). PPD is a major depressive episode with onset during pregnancy or within 4 weeks of delivery. As with other forms of depression, it is 
characterized by sadness and/or anhedonia and may present with symptoms such as cognitive impairment, feelings of worthlessness or guilt, or 
suicidal ideation. Because of the risk of suicide, PPD is considered a life-threatening condition. It also can have profound negative effects on the 
maternal-infant bond and later infant development. Although there are many approved antidepressant medications, none are specifically approved 
for PPD. The initial hypothesis behind brexanolone’s mechanism of action led the Division to believe that it might be uniquely effective for PPD. 
Therefore, we did not require studies in non-PPD major depressive disorder. 

The endogenous hormone allopregnanolone increases during pregnancy and reaches a peak during the third trimester. After delivery, 
allopregnanolone levels abruptly fall. Initially, the Applicant believed brexanolone might be effective for PPD as an allopregnanolone 
replacement. However, researchers have found that allopregnanolone levels do not predict PPD. Brexanolone’s mechanism of action is, therefore, 
unknown. It appears to be a positive allosteric modulator of GABAA receptors with a binding site distinct from benzodiazepines. 

Brexanolone is administered as a 60-hour infusion—including a titration and taper—ZLWK D WDUJHW GRVH RI �� ȝJ�NJ�K� One submitted study 
LQFOXGHG D WDUJHW GRVH RI �� ȝJ�NJ�K IRU WKH ��-hour infusion. Evidence of efficacy was assessed in three controlled studies: 547-PPD-202A, 
202B, and 202C. The primary efficacy endpoint in these studies was change from baseline on the Hamilton Depression Scale at 60 hours after 
start of the brexanolone infusion. All three studies showed a reduction in depressive symptoms with brexanolone infusion. 

The Applicant submitted sufficient information to adequately assess brexanolone’s safety profile. The Division did not require the exposure 
numbers suggested for chronic conditions (based on the International Council of Harmonisation guidance) because the drug is administered as a 
one-time infusion. The Agency’s major safety concern is the possibility of sudden loss of consciousness (LOC) during the infusion (6 of 140 
women exposed to brexanolone). After examining dose, timing of dose, blood level, concurrent medications, available medical history, and 
patient characteristics (e.g., age, body mass index) we found no relationships between these factors and the LOC events. Because LOC can be 
abrupt, and there is no way to predict the event, the Agency did not feel the risk could be mitigated solely through labeling. Therefore, this 
product will be approved with a risk evaluation and mitigation strategy (REMS). Aside from the risk of LOC, brexanolone appeared reasonably 
well-tolerated. 
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Considering the seriousness ofPPD, the lack of identified effective treatments, and the risks and benefits ofbrexanolone, the review team 
recommends approval. We do not believe additional studies are needed to further characterize the LOC risk. However, we recommend additional 
efficacy studies to determine whether the infusion can be given in an intenupted manner (e.g., only during the daytime) or sho1tened-potentially 
broadening available administration settings. We will require a nonclinical postmarketing study to quantify the risk to neurons in the third 
trimester. This nonclinical study will dete1mine if brexanolone is siinilar to other GABA-acting drngs in this regard. 

Dimension Evidence and Uncertainties Conclusions and Reasons 

PPD is potentially debilitating and life­
within 4 weeks of delive1y. Although diagnosis uses the same 

• PPD is a major depressive episode with onset during pregnancy or 
threatening. It affects a substantial number of 

criteria, the timing of onset may indicate a different etiology than U.S. women. PPD is defined as major 
non-postpartum depression. depressive disorder "with post- (or peri-) 

partum onset." However, the tllning of this 
condition suggests a somewhat different 

•Approximately 12% ofU.S. women experience PPD. 
•Women with PPD are at risk for suicide and have impaiiments in daily 

etiology compared to non-postpa1tum major function (including maternal-infant bonding). 
depression (involving ho1mone level 
fluctuations). 

• There are no mugs approved specifically for PPD. 
• Drngs approved for treatment ofmajor depressive disorder can be used 


to treat PPD. 
 There is little evidence from controlled trials 
that available antidepressant treatments are 

treat PPD. Almost all studies are small and include confounding 
• There is little dii·ect evidence that available antidepressants adequately 

effective for PPD. In addition, all available 
treatments (such as concuITent psychotherapy). antidepressant treatments requii·e weeks before 

their effect is seen. 

electroconvulsive therapy) require several weeks to demonstrate an 

antidepressant effect. 


• All available antidepressant treatments (including psychotherapy and 

The data submitted with this NDA meets the 
547-PPD-202A, 202B, and 202C. The primary efficacy endpoint in all 

•The evidence ofbrexanolone's effectiveness comes from three studies: 
evidentiaiy standard for approval. A majority 

three studies was change from baseline in the Hamilton Depression ofwomen with PPD who receive the 

Rating Scale (HAM-D) at Hour 60. All three studies were randoinized, 
 brexanolone infusion are expected to see 

double-blind, and placebo-controlled. 
 benefit in theii· depressive symptoms. These 

benefits are expected to occur more quickly • 202A was a Phase 2 roof-of-conce t stud 
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Dimension Evidence and Uncertainties 

µg/kg/h (n=lO) to placebo (n=l 1) in patients with severe PPD (HAM­
D > 26). Brexanolone was significantly superior to placebo with a least 
square mean difference of -12.2. 

• 202B was a Phase 3 study comparing brexanolone 90 µg/kg/h (n=45) 
and brexanolone 60 µg/kg/h (n=47) to placebo (n=46) in patients 
with severe PPD (HAM-D > 26). Brexanolone 60 µg/kg/h was 
significantly superior to placebo with a least square mean difference 
of -5.5. Brexanolone 90 µg/kg/h was significantly superior to 
placebo with a least mean square difference of -3.7. 

• 202C was a Phase 3 study comparing brexanolone 90 µ.g/kg/h (n=54) 
to placebo (n=54) in patients with moderate PPD (HAM-D 20 to 25). 
Brexanolone was significantly superior to placebo with a least square 
mean difference of -2.5. 

• Separation from placebo was present between 24 and 48 hours after 
staiiing the infusion in all three studies. 

• Pooled dosing aims at Day 30 showed that patients treated with 
brexanolone 90 µg/kg/h and 60 µ.g/kg/h were still superior to 
placebo-treated patients with least squai·e mean differences of -2.5 
and -4.7, respectively. 

•The nature of the infusion ensured that investigators knew the patient's 
adherence to treatment. 

•The emolled population undeITepresented the non-white/non-black 
population of the United States (e.g. , Asian). However, there is no 
reason to suspect efficacy would different in these undeITepresented 
groups. 

• The safety database included 140 patients with PPD exposed to 
brexanolone. The median age was 27 years. Approximately 20% of 
brexanolone-exposed and placebo patients were taking a concomitant 
oral antidepressant. 

• The most concemin adverse reaction was loss of consciousness 

Conclusions and Reasons 

than with cmTently available antidepressant 
treatments and remain relatively stable for 30 
days. There were insufficient numbers of 
subjects to conclude that ce1iain subgroups 
would experience differential benefits. 

Although the Applicant studied both 90 and 60 
µg/kg/h doses, they did not examine vai·iability 
in duration of infusion. Consequently, we know 
that a 60-hour continuous infusion is effective, 
but we do not know if a sho1ier duration or 
intenupted infusion (i.e., only given for a few 
hours per day) would be as effective. 
Therefore, we recommend post-mai·keting 
commitments to study the efficacy of an 
intenupted infusion and a short-duration 
infusion (i.e., 24 hours). 

The LOC events have the potential to put both 
the patient and her infant at risk (e.g., from 
falls , drops, smothering). Additionally, 
although there were no vital sign abno1malities 
associated with brexanolone in the 202 studies, 
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Dimension Evidence and Uncertainties 

(LOC) in 6 patients exposed to brexanolone (4%). We observed no 
relationship between LOC and dose, timing of dose, blood level, 
concunent medications, available medical histo1y, and patient 
characteristics (e.g. , age, body mass index) . LOC was abrnpt in some 
cases. All resolved within 60 min after immediately stopping the 
infusion; no other intervention was required. 

•Minor adverse reactions occuning in >2% ofpatients exposed to any 
brexanolone, and twice the rate of placebo, were sedation/ somnolence 
(15%), dizziness/ve1iigo/light-headedness (12%), illy mouth/thirst 
(5%), and flushing (3%). 

• There was no association between brexanolone and suicidal ideation or 
behavior. 

•There was no effect ofbrexanolone on the QT interval. 
•There was no effect ofbrexanolone on laboratory values. 
• There was no indication from studies 202A, 202B, or 202C that 

brexanolone affected vital signs. However, one male subject in the 
thorough QT study experienced > 1 min of apnea after exposme to 
brexanolone 150 µg/kg . 

• Brexanolone diug liking was comparable to alprazolam in human 
abuse potential studies. 

Conclusions and Reasons 

there was a male subject who experienced 
apnea in a Phase 1 study. We do not know the 
consequences of continuing the infusion after 
the patient has lost consciousness. We do not 
feel that labeling can adequately mitigate these 
risks. We will approve brexanolone with a 
REMS to ensme that the infusion is monitored 
by a healthcare professional who can assess the 
patient and intervene (stop the infusion) if 
needed. Continuous pulse oximetiy monitoring 
dming the infusion will also be required. 

There was no signal for suicidal ideation and 
behavior in the studies and, because there is no 
indication that depressive symptoms recm for 
at least the month of follow-up, the usual boxed 
warning class language related to suicidal 
ideation and behavior will not be included. 
However, because studies were small, and we 
cannot rnle out an effect, we will include 
modified suicidal ideation and behavior 
warning language in Section 5. 

Based on the human abuse potential studies, 
FDA will recommend DEA scheduling 
schedule 
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The patient experience data that was submitted as pa1t 
of the application, include: 

Section where discussed, if applicable 

~ Clinical outcome assessment (COA) data 
Section 8: Statistical and Clinical 
Evaluation of Efficacy 

~ 
Patient reported outcome (PRO) : 
EPDS, GAD-7, PHQ-9, BIMF, SF-36, 
HCRU 

Section 8 

D Observer repo1ted outcome (ObsRO) 

~ 
Clinician r eported outcome (ClinRO): 
HAM-D (Response/Remission), CGI-1 

Section 8 

D Perfo1mance outcome (PerfO) 

D 

Qualitative studies (e.g., individual 
patient/caregiver interviews, focus group 
interviews, expe1t interviews, Delphi Panel, 
etc.) 

D 
Patient-focused diug development or other 
stakeholder meeting summaiy repo1ts 

D 
Observational survey studies designed to 
capture patient experience data 

D Natural history studies 

D 
Patient preference studies (e.g., submitted 
studies or scientific publications) 

D Other: (Please specify) 

Patient experience data that was not submitted in the 
application, but were considered in this review. 

D 
Input info1med from paiticipation in meetings 
with patient stakeholders 

D 
Patient-focused diug development or other 
stakeholder meeting summaiy repo1ts 

D 
Observational survey studies designed to 
capture patient experience data 

D Other: (Please specify) 

NOA 211371 M ulti-disciplinary Review and Eva luation 
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1.4. Patient Experience Data 

Patient Experience Data Relevant to this Application: 

o IPatient experience data was not submitted as pait of this application. 

BIMF=Barkin Index ofMatemal Functioning; CGI-I=Clinical Global In1pression-Improvement; EPDS=Edinbmgh Postnatal 
Depression Scale; GAD-7=Generalized Anxiety Disorder 7-item Scale; HAM-D=Hamilton Rating Scale for Depression 
PHQ-9=Patient Health Questionnaire (9-item); SF-36=Sho1t-form 36. 
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x 


Tiffany R. Farchione, MD 
Cross-Disciplinary Team Leader 
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2 Therapeutic Context 

2.1. Analysis of Condition 

PPD is a major depressive episode with onset during pregnancy or within 4 weeks of delivery. 
As with other forms of depression, it is characterized by sadness and/or anhedonia and may 
present with symptoms such as cognitive impairment, feelings of worthlessness or guilt, or 
suicidal ideation (see Table 1 for major depressive episode diagnostic criteria). Indeed, the most 
common cause of maternal death after childbirth in the developed world is suicide (Oates, 2003). 
A depressive episode at this time in a woman’s life not only deprives her of the enjoyment of a 
new infant, but has serious effects on the maternal-infant bond and later infant development. 
Estimates place the prevalence of PPD in the United States at approximately 12% of births 
(Shorey et al., 2018). 

Table 1. Diagnostic Criteria for a Major Depressive Episode.a 

A 

Five or more symptoms for 2 
weeks (one of which must be 
either depressed mood or 
anhedonia) 

1. Depressed mood most of the day nearly every day 
2. Anhedonia most of the day nearly every day 
3. Significant weight loss or gain 
4. Insomnia or hypersomnia 
5. Psychomotor agitation or retardation 
6. Fatigue or loss of energy 
7. Feelings of worthlessness or excessive guilt 
8. Diminished ability to think or concentrate; indecisiveness 
9. Recurrent thoughts of death; suicidal ideation or attempt 

B Symptoms cause clinically significant distress or functional impairment 
C The episode is not attributable to the physiological effects of a substance or another medical condition 
D The episode is not better explained by a psychotic illness 
E There has never been a manic or hypomanic episode 

aAmerican Psychiatric Association, 2013. 

PPD is symptomatically indistinguishable from an episode of major depression. However, the 
timing of its onset has led to its recognition as a distinct illness. 

Many hormones are neuroactive. Because of the changes in hormone concentrations during 
pregnancy, they have been attractive targets for PPD investigations. The concentration of 
allopregnanolone, an endogenous derivative of progesterone, increases during pregnancy, 
reaches a peak during the third trimester, then abruptly falls after delivery. As recently reviewed 
by McEvoy and colleagues (2018), allopregnanolone is a potent GABA-ergic regulator. At low 
concentrations, it acts as a positive allosteric modulator at synaptic and extrasynaptic GABAA 

receptors—at high concentrations, it can directly stimulate them without GABA. Whereas 
benzodiazepines increase chloride channel opening frequency and barbiturates increase the 
duration of chloride channel opening, allopregnanolone does both. 
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As allopregnanolone levels rise during pregnancy, GABAA receptors are down-regulated. 
Animal models have shown that the receptors return to previous concentrations within 48 hours 
of delivery. Because total allopregnanolone levels have not consistently correlated with PPD, it 
is possible the symptoms are more closely related to impairment in peripartum GABA receptor 
up- or down-regulation (or even changes in receptor subunits) and not necessarily to an abrupt 
decrease in allopregnanolone concentrations. 

Per the Applicant, they had hypothesized that, in women experiencing PPD, returning the 
allopregnanolone concentration to that of the third trimester would ameliorate symptoms. 
Brexanolone dosing was, therefore, based on returning women to pre-delivery levels of 
allopregnanolone. The initial titration was meant for women to develop tolerance for the 
associated sedation. The taper was meant to prevent withdrawal symptoms from a GABA-active 
agent. Because the Applicant believed the dose was well-tolerated, they did not try to determine 
the minimally effective dose. Because the dose was effective, they did not try to determine 
whether higher doses would be more effective. 

2.2. Analysis of Current Treatment Options 
There are no drugs specifically approved to treat PPD. Drugs approved for the treatment of major 
depressive disorder (MDD) are used to treat PPD (see Table 2); however, efficacy data are 
sparse. Non-drug treatments, such as electroconvulsive therapy (ECT), repetitive transcranial 
magnetic stimulation (rTMS), and psychotherapy, are also used. 

All available depression treatments show a delay in time-to-effect. Antidepressant drugs take 
approximately 4 weeks to demonstrate efficacy. Similarly, a course of ECT is twice per week for 
4 or 5 weeks, rTMS is given daily for 4 to 6 weeks, and psychotherapy usually involves 8 to 20 
weekly sessions. 
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Tabl 2 D ru2s A,pprove df'.or T reatment ofMa tor epress1ve n· 1sorder.. De . 
Class 

Monoamine oxidase inhibitor (MAOI) 

Tricyclic Antidepressant (TCA) 

Tetracyclic 

Triazolopyridine 

Aminoketone 

Selective Serotonin Reuptake Inhibitor (SSRI) 

SSRI/5HT IA Pa1tial Agonist 

Serotonin-Norepinephrine Reuptake Inhibitor 
(SNRI) 

Drug 

isocarboxazid 

tranylcypromine 

phenelzine 

selegiline 

desipramine 

protriptyline 

doxepine 

imipramine 

nortriptyline 

amitriptyline 

trimipramine 

mirtazapine 

trazodone 

bupropion 

fluoxetine 

sertraline 

paroxetine 

citalopram 

escitalopram 

vortioxetine 

vilazodone 

venlafaxine 

duloxetine 

desvenlafaxine 

levomilnacipran 

Initial 
Approval 

1959 

1961 

1961 

2006 

1964 

1967 

1969 

1973 

1977 

1977 

1979 

1996 

1981 

1985 

1987 

1991 

1992 

1998 

2002 

2013 

2011 

1997 

2004 

2008 

2013 

Route of 
Administration 

oral 

oral 

oral 

transdermal 

oral 

oral 

oral 

oral 

oral 

oral 

oral 

oral 

oral 

oral 

oral 

oral 

oral 

oral 

oral 

oral 

oral 

oral 

oral 

oral 

oral 

3 Regulatory Background 


3.1. U.S. Regulatory Actions and Marketing History 

Brexanolone has not been approved or marketed in the United States. 

3.2. Summary of Presubmission/Submission Regulatory Activity 

On June 17, 2014, the Sponsor submitted Investigational New Drng (IND) application 122279 
for brexanolone with the intention ofproviding documentation to support the initiation of a phase 
2a study, entitled "An Open-Label Proof-of-Concept Study Evaluating the Safety, Tolerability, 
Phaimacokinetics, and Efficacy of Sage-547 Injection in the Treatment of Adult Female Patients 
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On October 20, 2017, the Division communicated an Agreed Initial Pediatric Study Plan, which 
included plans to conduct a clinical study evaluating the efficacy, safety, 

 of brexanolone in adolescent females (age 15 to less than 18 years) with 
PPD. 

(b) (4)

(b) (4)
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with Severe Postpartum Depression.” The Division determined that the protocol was safe to 
proceed and sent the May Proceed letter on July 31, 2014. 

Brexanolone was granted Breakthrough Therapy Designation on August 23, 2016 for the 
treatment of postpartum depression (PPD). The Breakthrough Therapy designation was based on 
the results of an open-label study (terminated early for efficacy after four patients had a large 
response) and a phase 2 randomized, double-blind, placebo-controlled study (Study 547-PPD-
202A). 

A Type B, IND Multidiscipline Guidance Meeting was held on November 2, 2016 with the 
Agency to discuss nonclinical and clinical development plans to support product approval. 

The Applicant submitted a Proposed Pediatric Studies Request on November 21, 2017. On 
March 20, 2018, the Division communicated a Written Request to the Sponsor that included a 
required randomized, double-blind, placebo-controlled, parallel-group study evaluating the 
efficacy and safety of brexanolone in adolescent females, 15 years to less than 18 years of age, 
with PPD. 

The Sponsor met with the Division on January 18, 2018 for a pre-NDA meeting to discuss the 
data cut-off date for studies to be included in the NDA, content and format of the integrated 
summaries of safety and effectiveness, and content and search terms of the abuse liability 
package. The Sponsor then submitted the NDA on April 19, 2018. 

3.3. Foreign Regulatory Actions and Marketing History 

Brexanolone has not been approved or marketed in any other country. 

4	 Significant Issues from Other Review Disciplines Pertinent to Clinical 
Conclusions on Efficacy and Safety 

4.1. Office of Scientific Investigations (OSI) 

Three sites were selected for inspection (Table 3). Site 05 was selected because the site impacted 
efficacy results and there was no history of inspection. Site 39 was selected for high enrollment 
and because there was no history of inspection. Site 17 was selected because: 

x The site impacted efficacy results 
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Site 
Number 

Site Information 
Study 

Participation 
and Enrollment3 

Inspection 
Dates 
(2018) 

Classification 

05 
David Grainger, MD 

Wichita, KS 
547-PPD-202B 

n=5 
August 
27-30 

No Action 
Indicated 

17 
Heather Hanison, DO 

Orem, UT 

547-PPD-202B 
n=27 

547-PPD-202C 
n=9 

August 
23-24, 27-31 

September 
05, 10-14, 17-19 

Official Action 
Indicated 

39 
David J. Johnson, MD 

Owensboro, KY 

547-PPD-202B 
n=24 

547-PPD-202C 
n=27 

July 
09-13 

Voluntary Action 
Indicated 

NOA 211371 Multi-disciplinary Review and Eva luation 
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• 	 There was high emolhnent 
• 	 There was no histo1y of inspection 
• 	 There were several major protocol violations 
• 	 OSI received a complaint that a subinvestigator pre-signed rating scales (before 

administering the instruments) 

Table 3. Sites Selected for Inspection. 

•see section 7 .1: Clinical Effectiwness Studies for more details. 

Data collection for the phase 3 studies began on paper, but h'ansitioned to using a tablet with an 
audio recording of the rating interviews. During the po1iion of the study when data was collected 
on paper, inspectors found poor record-keeping at Site 17 regarding the timing of interview 
assessments. Paper records were kept for 22 patients at this site; 7 of these patients had 
problematic timing for the primaiy efficacy assessment: the Hamilton Depression Rating Scale 
(HAM-D; Table 4) . 

Table 4. Patients with Assessment Timing Problems at Site 017. 

Subject 
ID 

Assessment Time 
HAM-D Start 

Time 
Next Assessment 

Start Time 

Calculated Time 
to Complete 

HAM-D 

tJ 
-

(b)(6 

I 
Hour 12 
Hour4 

2240 
1123 

2242 
1125 

2 min 
3 min 

,_ Hour72 0826 0829 3 min 

,_ Hour 36 1941 1943 2 min 

- Day21 1055 1057 2 min 

H 
HourO 

Hour 12 
0705 
2008 

0707 
2010 

2 min 
2 min 

The Site and Applicant 's hypothesis regai·ding these inegularities was that the interview for the 
HAM-D provided info1mation for several of the scales that were used and that the rater could be 
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moving between scales as the interview progressed. The OSI reviewer found the explanation 
inadequate because: 

1. 	 It is poor practice to move between scales during the interview, 
2. 	 The Applicant only hypothesized what happened rather than asking the rater (who still 

worked at the site) to make "a definitive statement regarding how he conducted the 
assessments" (OSI repo1i, p. 5). 

Once the assessments were recorded (audio and using a tablet), agreement between the Site 17 
rater and a central rater was 97% for the primaiy efficacy endpoint (HAM-D at Hour 60). 

Clinical Reviewer Comment: Based on my own prior experience conducting interviews for 
research studies, it is not uncommon to move between similar rating scales during an interview. 
Neither is it uncommon to put the date and time on the documents before starting the interview 
or after the interview as one is completing the forms. Coupled with the overall picture ofefficacy 
in the three studies and the agreement between the Site 17 and central raters, I am comfortable 
accepting the datafrom Site 17. 

4.2. Product Quality 

The Office of Pha1maceutical Quality recommended approval of this application from a product 
quality perspective. The dmg product is supplied in vials of 100 mg brexanolone in 20 ml ofa 
sterile colorless preservative-free aqueous solution (5 mg/mL). The dmg product is intended for 
dilution by a phaimacist prior to administration. The 60-hour infusion begins with a staiiing dose 
of 30 mcg/kg/h for 4 hours, which is increased to 60 mcg/kg/h for 20 hours, and fuiiher 
increased to 90 mcg/kg/h for 28 hours. The dose is then decreased to 60 mcg/kg/h for 4 hours, 
and finally to 30 mcg/kg/h for the last 4 hours. 

In-use stability studies found that the diluted solutions can be stored for a maximum of 12 hours 
at room temperature as longer storage can suppo1i adventitious microbial growth. Studies found 
that the diluted product can be stored for up to 96 hours at refrigerated conditions prior to the 12 
hours room temperature infusion. Therefore, the 60-hour infusion will generally require the 
preparation of five infusion bags. Additional bags will be needed for patients weighing ~ 90 kg. 

single brexanolone concentration and by vaiying the infusion rate, as this was 
thought to be more in line with common practice. 

As the diug substance is ve1y water insoluble, a considerable quantity of a cyclodextrin 
solubilizer is employed, betadex sulfobutyl ether sodium. This is also known by one of its brand 
names, Captisol. Each vial contains 5 g of this excipient (250 mg/mL). The diluted diug product 
was found to be compatible with just one type of infusion tubing (polyolefin, non-DEHP, non­
latex IV bag and the PVC, non-DEHP, nonlatex, no filter tubing system). An initial extractable 
study to on polyethylene-lined nitroglycerin infusion lines found significant levels of 
extractables. The compatible infusion bag and tubing ai·e cleai·ly identified in the labeling. 
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A 36-month drug product expiry period was found acceptable (refrigerated storage). Unused 
residual brexanolone will need to be discarded each day (i.e., should not be used for the next 
day’s doses). 

4.3. Clinical Microbiology 

The label instructions indicate that the drug product can be administered via intravenous (IV) 
infusion at . The drug product is to be 
diluted with sterile water for injection first and further diluted with 0.9% sodium chloride 
injection. In the original NDA submission, the Applicant provided in-use stability data that 
supported the storage of the reconstituted product up to hours under refrigerated conditions 

(b) (4)

(b) (4)

followed by 12 hours at room temperature conditions. As part of a quality information 
amendment (submitted December 13, 2018), the Applicant provided additional data that 

(b) (4)supported refrigerated storage conditions to up to 96 hours for the IV bag admixture. 
Longer refrigerated storage could simplify the preparation process which may reduce 
medications errors by allowing all bags for a single patient’s 60-hour infusion period to be 
prepared at one time. 

4.4. Devices and Companion Diagnostic Issues 

Not applicable to this application. 
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5 Nonclinical Pharmacology/Toxicology 

5.1. Executive Summary 

This application submitted by Sage Therapeutics is a 505(b)1 NDA for Zulresso (brexanolone). 
The proposed indication is for the treatment of postpartum depression (PPD). Brexanolone is a 
formulation of allopregnanolone in sulfobutyl ether beta-cyclodextrin (SBECD; Captisol) for 
intravenous (IV) administration. The maximum recommended human dose (MRHD) is 90 
μg/kg/h (130 mg/day for a 60-kg body weight) with a dosing regimen consisting of a 4-hour dose 
titration at 30 μg/kg/h, a 20-hour dose titration at 60 μg/kg/h, a 28-hour maintenance period at 90 
μg/kg/h, a 4-hour taper at 60 μg/kg/h, and a 4-hour taper at 30 μg/kg/h for a total of a 60-hour 
infusion. 

Allopregnanolone is an endogenous neuroactive steroid and a metabolite of progesterone. 
Allopregnanolone and other neuroactive steroids bind with high affinity to GABAA receptors 
and act as GABAA receptor modulators. The binding site for neuroactive steroids on GABAA 

receptors is distinct from those of GABA, benzodiazepines, and barbiturates. Brexanolone 
(SAGE-547) was shown to potentiate GABA-mediated currents in mammalian cells expressing 
Į1ȕ2Ȗ2 UHFHSWRU VXEXQLWV� Į4ȕ3į UHFHSWRU VXEXQLWV� DQG Į6ȕ3į UHFHSWRU VXEXQLWV RI *$%$A 

receptors and to inhibit binding of a GABA receptor antagonist to the picrotoxin/convulsant site 
on GABAA receptors. A pharmacodynamic drug interaction was observed between four 
GABAergic compounds (pentobarbital, midazolam, diazepam, and propofol) and brexanolone in 
vitro. 

Brexanolone has low oral bioavailability in mice and rats and is highly protein bound in plasma. 
Brexanolone distributes to the brain rapidly in mice and rats (0.25 to 0.5 hr after IV infusion) 
with a greater exposure in brain compared to plasma. Brexanolone is extensively metabolized in 
rats and dogs and there are species differences for the metabolic profiles. In addition, a sex 
difference was observed for the metabolic profile in rats but not dogs. The three unique human 
metabolites M133, M136, and M137 (sulfate or glucuronide conjugates of C20-reduced forms of 
allopregnanolone) are not of toxicological concern since they are readily excreted, and no 
additional studies are needed. 

General toxicology studies with up to 28-days of continuous IV administration in two species 
(rat and dog) were conducted to support acute use of brexanolone. General toxicities observed in 
rats and dogs that might have clinical relevance were sedative anesthesia, sedation, and 
convulsions. Sedative anesthesia was observed rapidly after single bolus IV doses of 
brexanolone in rats and dogs at 0.75- and 2-times, respectively, the MRHD based on body 
surface area, which were the lowest doses tested. Signs of sedation resulting in death or 
premature euthanizing due to poor clinical condition were observed in 5-day repeat dose toxicity 
studies in rats and dogs at 14- and 18-times, respectively, the exposures at the MRHD, but not at 
10- and 9-times, respectively. Signs of sedation resulting in premature euthanizing due to poor 
clinical condition were also observed in the 14-day repeat dose toxicity study with continuous IV 
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administration in rats at 4-times the exposure at the MRHD, but not at 2-times. Signs of sedation 
were not observed in the 28-day repeat dose toxicity studies in rats and dogs at 5- and 6-times, 
respectively, the exposures at the MRHD. It should be noted that there was a lot of individual 
variability in the observed sedation in animals regardless of the dose level used across studies. 

A convulsion after dose completion was observed in a single dog in each repeat dose toxicity 
study-two days after a 5-day infusion at 30 times the exposure at the MRHD, seven hours after a 
14-day infusion at 7 times the exposure at the MRHD, and four days after a 28-day infusion at 3 
times the exposure at the MRHD. The findings were not observed at 24 times the exposure at the 
MRHD in the 5-day study, 2 times the exposure at the MRHD in the 14-day study, and at an 
exposure equivalent to that at the MRHD in the 28-day. It is possible that the convulsions could 
be due to the rapid discontinuation of brexanolone, which is consistent with modulation of the 
GABAA receptor, because dosing was stopped without a taper in the 5-day and 14-day repeat 
dose toxicity studies; however, a taper of dose administration occurred over a 24-hour period for 
the 28-day study and the convulsion occurred four days after the end of the infusion. It is 
possible that a 24-hour taper period is too short for a 28-day continuous infusion. In addition, it 
appears that the longer the duration of dosing the lower the dose at which a convulsion occurs. 
However, in the 28-day study the convulsion occurred in a dog dosed with the mid dose, while 
there were no convulsions noted for dogs dosed with the high dose. Therefore, the observation of 
these seizures could not be predicted by the dose or the drug cessation method and thus could be 
dependent on individual variability between animals on how they respond to GABAA receptor 
modulation and how they manifest this effect after drug cessation. Because the duration of 
dosing clinically is only 60 hours (52 hours before the start of the taper period) with only 28 
hours at the highest dose and with an 8-hour taper period at the end of dosing, convulsions are 
probably unlikely to occur clinically; however, there occurrence could not be totally ruled out. 

Brexanolone was not genotoxic. Brexanolone was not assessed for carcinogenicity because the 
treatment of PPD with brexanolone infusion is considered acute. 

Reproductive and developmental toxicity was observed with brexanolone administration in rats 
and rabbits. Effects on fertility were observed in female and male rats at 4- and 3-times, 
respectively, the exposures at the MRHD, but not at 1- and 0.8-times, respectively. Female rats 
showed signs of pseudopregnancy (prolonged estrous cycle, decreased mating and fertility 
indices, and increased days to mating) which was reversed or partially reversed after dosing 
stopped and had increased early resorptions and post implantation loss. Male rats had decreased 
mating and fertility indices; decreased conception rate and slight increase in days to mating; 
lower prostate, seminal vesicle, and epidydimal weights; and decreased spermatozoa count. 
Fertility findings in male rats are not a concern clinically for this indication because the patient 
population is women. However, if additional indications are to be examined in the future in 
which males are included, the toxicity concerns for the male reproductive system should be 
reevaluated for relevance to humans. 

Malformations were not observed in rats or rabbits at exposures up to 5- and 6-times, 
respectively, the MRHD. However, developmental and reproductive toxicities were observed in 
rat (decreased fetal weights) and rabbits (increased abortions, increased number of later 
resorptions, decreased number of live fetuses, increased pre- and postimplantation loss, and 
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decreased fetal weights) at 5- and 3- times, respectively the exposures at the MRHD, but not at 
2- and 1.2-times, respectively. Fetal toxicity in the rabbit may be related to maternal decreased 
food consumption and decreased body weight gain/body weight loss that occurred at the same 
doses as the fetal toxicity. Decreased body weight gain and food consumption for dams were 
observed in the pre- and postnatal development study in rats during the lactation period which 
was associated with increased number of dead pups/litters at exposures 2-times the MRHD, but 
not at 0.8-times the MRHD. There was a decrease in pup viability between postnatal days (PND) 
0 to 4 at exposures 5-times the MRHD, but not at 2-times the MRHD. A neurobehavioral deficit, 
characterized by slower habituation in the maximal startle response in the auditory startle test, 
was observed on postnatal day 55 in female offspring of dams dosed at 5-times the plasma levels 
at the MRHD, but not at 2-times the MRHD. Because the offspring were not exposed to test 
article at the time of testing, the effect on startle is a persistent effect. There were no findings of 
toxicity for pups after postnatal day 4 and no additional post-weaning pup development toxicity 
at 5-times the exposure at the MRHD. 

Published animal studies have reported that administration of drugs that enhance GABAergic 
inhibition to neonatal rats caused widespread apoptotic neurodegeneration in the developing 
brain. The window of vulnerability to these effects in rats (PND 0 to 14) corresponds to the 
period of brain development that takes place during the third trimester of pregnancy in humans 
and may be up to three years of age. Although allopregnanolone is an endogenous neuroactive 
steroid, it is not clear if there is a threshold effect above which increased apoptotic 
neurodegeneration would occur. A statement was added to the brexanolone label in Section 8.1 
based on the literature data for other drugs with a similar mechanism of action to address the 
potential risk to administering brexanolone during pregnancy. Additionally, a postmarketing 
requirement (PMR) to conduct an animal study to determine if these effects will be observed 
with brexanolone to allow for appropriate labeling and to reflect any risks to patients has been 
requested and accepted by the Applicant. 

Brexanolone appears to have little-to-no local tolerance toxicity. Brexanolone is not expected to 
cause photosensitivity based on a low absorbance in the UV-visible spectrum range. In addition, 
brexanolone showed no sign of dermal irritation, skin sensitization, or hemolytic potential. 
Brexanolone showed signs of only minor eye irritation (reddening, discharge, and swelling of 
conjunctivae) in rabbits one-hour postdose that was resolved 24-hours postdose and that was 
lower than the irritation scores available for classification. 

SBECD is an excipient with known animal toxicology findings including renal tubular 
vacuolation and foamy macrophages in the liver and lungs of rats and dogs. However, SBECD is 
an excipient present in approved drugs for IV administration at amounts much higher than will 
be used in the clinical formulation and for longer durations of dosing than will be used for this 
indication. Therefore, there are no clinically relevant concerns for the use of this excipient in this 
formulation at the levels used and for the proposed duration. 

Recommendation: The Applicant has provided sufficient nonclinical safety information on 
brexanolone to support approval for short term use in PPD from the Pharmacology/Toxicology 
perspective. 
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5.2. Referenced NDAs, BLAs, DMFs 

None 

5.3. Pharmacology 

Primary Pharmacology 
Allopregnanolone is an endogenous neuroactive steroid. It is a metabolite of progesterone that is 
formed via 5-Į UHGXFWDVH DQG �-Į K\GUR[\-steroid dehydrogenase in the corpus luteum of the 
ovary, adrenal cortex, and central nervous system (CNS) (Paul et al. 1992). It has been reported 
that endogenous concentrations of allopregnanolone measured in humans are at their highest in 
women during the third trimester of pregnancy and are approximately 159 nM (~50 ng/mL) at 
time of parturition (Luisi et al. 2000) with a large proportion produced by the placenta (Pasca et 
al. 2010). However, more recent publications report lower third trimester serum/plasma 
allopregnanolone levels ranging from 26 to 70 nM (8.15 – 22 ng/mL; Pennell et al. 2015; Gilbert 
Evans et. al. 2005; Paoletti et al. 2006; Parizek et al. 2005). Endogenous serum concentrations of 
allopregnanolone in women in the follicular phase of the menstrual cycle and men are 
approximately 0.8 nM (0.25 ng/mL; Genazzani et al. 1998). 

Allopregnanolone binds stereo-selectively and with high affinity to GABA receptors. The GABA 
type A (GABAA) receptor is the principal pharmacologic target of neuroactive steroids in the 
CNS (Paul et al. 1992). The binding site for neuroactive steroids on GABAA receptors is distinct 
from those of GABA, benzodiazepines, and barbiturates. Neuroactive steroids were originally 
examined for their sedative-anesthetic properties in the 1940s; however, because of problems 
with solubility, bioavailability, and pharmacodynamic profile, interest in steroid anesthetics 
declined (Paul et al. 1992). 

Brexanolone potently inhibited [35S]-TBPS (tert-butylbicyclophosphorothionate; a GABA 
receptor antagonist) binding to the picrotoxin/convulsant site on GABAA receptors with a Ki = 
18 nM and an IC50 = 22 nM (Study No. SSN-403). Brexanolone potentiated GABA-mediated 
currents from recombinant human GABAA receptors; a concentration dependent enhancement of 
GABA-evoked currents was observed LQ PDPPDOLDQ FHOOV H[SUHVVLQJ Į1ȕ2Ȗ2 receptor subunits, 
Į4ȕ3į UHFHSWRU VXEXQLWV� DQG Į6ȕ3į UHFHSWRU VXEXQLWV RI *$%$A receptors (Table 5). 
Brexanolone inhibited overall firing of cultured cortical neurons from mouse with an EC50 = 1.4 
μM (Study No. SSN-01730). 
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Table 5. Brexanolone (SAGE-547) potentiation of recombinant human GABAA Receptors. 

Source: Applicant’s Pharmacology Written Summary, p.11. 

Consistent with the pharmacology of a GABAA receptor modulator, brexanolone had 
anticonvulsant properties (dose-dependently) in rodent seizure models, sedative effects, and 
altered rodent motor function in locomotor activity assays due to sedation (Study Nos. SSN-
005.2, -009, -111, -197, -583, -591, -667, -714, -728, -734, -423, and -474). These findings are 
consistent with studies in the literature for allopregnanolone and consistent with findings of 
sedation/somnolence observed clinically and in animal general toxicology studies. 

Because there is a potential for pharmacodynamic (PD) drug interactions between different 
classes of GABAergic drugs due to the multiple modulator binding sites present on GABAA 

receptors, PD drug interaction studies were conducted for brexanolone and four GABAergic 
compounds (pentobarbital, midazolam, diazepam, and propofol; Study Nos. SSN-647-SGE-
00102, SSN-685-SGE-00102, SSN-686-SGE-00102, and SSN-1031, respectively). Synergism on 
the effect of GABAA receptor (either by lowering the EC50 or increasing the Emax, or both) was 
observed in vitro when brexanolone was co-applied with pentobarbital, midazolam, diazepam, 
and propofol (Table 6). Although an EC50 and Emax were not determined for the combination of 
diazepam and brexanolone, in the presence of 0.1 μM diazepam brexanolone modulated GABA-
induced chloride currents (IGABA) in a concentration-dependent manner. In addition, there was a 
715% enhancement of IGABA at the highest concentration of brexanolone tested (10 μM). 
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Table 6. Combination effects of brexanolone and other GABAA receptor modulators at 
Į1ȕ2Ȗ2 GABAA receptors. 

Source: Applicant’s Pharmacology Written Summary, p.28. 

Established Pharmacologic Class 
The established pharmacologic class (EPC) for brexanolone was determined to be the following: 
neuroactive steroid gamma-aminobutyric acid (GABA) A receptor positive modulator. Although 
brexanolone is a GABAA receptor positive allosteric modulator, which is similar to the EPC for 
zolpidem (a non-benzodiazepine sedative that binds to the benzodiazepine modulatory site on 
GABAA receptors), it has been established in the literature that allopregnanolone binds to a 
different modulatory site on the GABAA receptor than the benzodiazepine modulatory site 
(Hosie et al. 2006). Therefore, the additional term “neuroactive steroid” is added because it is 
widely used in the literature and would be clinically meaningful to practitioners. 

Metabolites of Brexanolone 
The following three metabolites were identified as unique major human metabolites of 
brexanolone (sulfate or glucuronide conjugates of C20-reduced forms of allopregnanolone) and 
were examined for inhibition of [35S]-TBPS binding (Study No. SSN-5191): M133 (SGE-
03211), M136 (SGE-03212), and M137 (SGE0-3227). Binding affinities for the metabolites and 
brexanolone (for comparison) are shown in Table 7. M133 was the only metabolite for which an 
IC50 value could be calculated. In an in vitro assay using Ltk (leukocyte tyrosine kinase) cells, 
M133 was a weak negative modulator of IGABA througK Į1ȕ2Ȗ2 receptor subunits (Table 8; Study 
No. SSN-05351). 
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Table 7. In vitro binding data for brexanolone and the brexanolone metabolites M133, 
M136, and M137. 

Compound IC50 Ki 
Brexanolone 22 nM (7 ng/mL) 18 nM (6 ng/mL) 
M133 310 nM (124 ng/mL) 250 nM (100 ng/mL) 
M136 >9.5 µM 
M137 No inhibition up to 10 µM 

Table 8. Mean peak current effect of brexanolone metabolite, M133, in a 1p2y2 receptor 
subunits of GABAA receptors. 

Concentration Mean Peak CmTent Modulation 
0.01 µM -18.36% 
0.1 µM -22.12% 
1 µM -30.41% 
10 µM -59.80% 

Secondary Pharmacology 
Brexanolone receptor binding selectivity was assessed in two CEREP screening panels 
consisting of the same cellular and nuclear receptors, enzymes, and transporters (over 70 targets 
assessed; Study Nos. SSN-404 and SSN-l 158-SGE-00102) and a second panel containing targets 
specifically of interest to assess abuse potential (Study No. SSN-01096). Brexanolone inhibited 
binding of the reference antagonist to progesterone and androgen receptors, to the GABAA 
receptor (Cr ion channel), and to the Sigma receptor (non-selective or Sigma 1 receptor) and 
enhanced binding of the reference agonist to the benzodiazepine site on the GABAA receptor 
(Table 9). Brexanolone did not have appreciable activity at other CNS receptors and transporters, 
including NMDA receptor and serotonin transporter and receptors (% inhibition ranged from ­
30.1 - 18.2). 

Table 9. Summary of brexanolone-related displacement of receptor ligand binding by 
greater than 50%. 

Sage 
Study 
Number 

SACE-547 
Concentration 

(µM) 

Inhibition (% ) of Recepto1· Ligand Binding 

Cl- iou 
channel 

(r) 

BZD ion 
channel 

(r ) 

AR(h) PR (It) Slgmn (h) Slgmn 1 
(h) 

SSN-404 10" 97.2 - 68.3 81.8 60.8 <50 NT 

SSN-1158­
SGE· 
00102 

10• 968 -80.1 86.7 822 59.3 NT 

SSN-01096 10' NT NT NT NT NT 70.6 

Abbreviacions: AR = androgen recepror; 8ZO = benzodiazepine; Cl = ch loride; PR = progesrerone recepror 
Source: (h) = h uman recombinant ; (r) = rat cerebral cortex; NT= no t tested 
•Equivalent to 3185 ng,'mL 

Source: Applicant's Phan nacology Written Summary, p.18. 
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In an in vitro screen for nuclear hormone receptors (Study No. SSN-405); brexanolone inhibited 
activity at the androgen and progesterone receptors, inhibited the beta estrogen receptor, 
increased activation of the progesterone receptors, and increased activity at the alpha estrogen 
receptor, all in a concentration-dependent manner (Table 10). The Applicant did not conduct 
further studies to determine IC50 values because the effects were modest and occurred at 
concentrations greater than clinical brexanolone plasma concentrations (approximately 2-, 9-, 
and 43-times for 0.4, 2, and 10 μM, respectively, the clinical concentration at steady-state). 

Table 10. Summary or activity by brexanolone on nuclear receptor ligand binding. 

Source: Applicant’s Pharmacology Written Summary, p.19. 

Safety Pharmacology 
CNS safety pharmacology was evaluated as part of the 14-day rat toxicology study using a 
Functional Observation Battery (FOB). Cardiovascular and respiratory safety pharmacology was 
evaluated as part of the 14-day dog toxicology study using electrocardiograms and indirect blood 
pressure measurements and a heated pneumotaches, respectively. 
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Study/Study No. 
CNS (Rat)/SSN­
605 
(GLP) 

hERG Assay/ 
SSN-634 (GLP) 

Cardiac Channel 
Inhibition/ 
SSN-406 (non-
GLP) 
CV (Dog)/SSN­
606 (GLP) 

Respirato1y (Dog)/ 
SSN-606 (GLP) 

Findin2s 
No adverse findings were noted at exposures 5- to 6-times the clinical 
exposures at the MRHD. 

IC50 > 6.6 µM (SAGE-547 insoluble in assay vehicle at higher 
concentrations), which is greater than 28-times the clinical exposures at the 
MRHD. 
IC50 > 30 µM for inhibition of Cavl.2, Navl.5, hERG, Kvl.5, 
Kv4.3/KChlP2.2, KvLQT I/minK, Kir2.1 , and HCN2 channels which is 
greater than 100-times the clinical exposures at the MRHD. 

No test article-related effect on ECG parameters at exposures 6-times the 
clinical exposures at the MRHD. 
No test aiticle-related effect on respirato1y parameters at exposures 7-times 
the clinical exposures at the MRHD. However, changes in respiration were 
noted in some rats and dogs under anesthesia or showing signs of sedation 
in acute and 14-day general toxicology studies. 

5.4. ADME/PK 


Type of Study 
Absorption 
(Study Nos. SSN-062, SSN-060, 
SSN-383, SSN-675, SSN-01201, 
SSN-01429, SSN-01430) 

Maior Findin2s 

Oral bioavailability is low for Inice and rats (0.563% and 
2.32%, respectively). 

Table 11: PK of brexanolone in mice, rats, and dogs 
following single bolus IV administration 

Parameter Mice a Rats0 Dogsc 
AUC1ast (ng.h/mL) 407 654 - 1200 331 
T 112 (h) 0 .727 0.409 - 4 1.61 
CL (L/kg/h) 12.2 4.18 - 6.89 6.03 
Vss (L/kg) 3.97 1.87 - 16 1.57 

•dose = 5 mg/kg in 30% SBECD; 0 dose = 5 mg/kg in 15 ­ 30% 
SBECD; cdose = 2 mg/kg in 26% SBECD; AUC1as1: area under the 
cwve from zero to the time ofthe last quantifiable concentration; CL: 
clearance; T 112 : terminal elimination half-life; V ss : volume of 
distribution at steady-state 

Note: Other routes ofadministration, including, 
intraperitoneal and subcutaneous were not included here 
because this review is focused on the clinical route of 
administration which is IV However, oral bioavailability 
is included because ofthe potential for babies to be 
exposed through breastmilk. See Table 78 in Appendix for 
PK/or oral administration in mice and rats. 
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Type of Study Major Findings 
Distribution 
Protein Binding (Study Nos. SSN-
408, SSN-01423, SSN-02178) 

Brain Distribution (Study Nos. SSN-
060, SSN-062, SSN-400, SSN-
01201, SSN-01429, SSN-01430) 

In Vivo (Study No. SSN-01206) 

Brexanolone is highly bound to protein (>99%) with no 
apparent concentration dependent effect on binding. 
Brexanolone has a higher affinity for human serum 
DOEXPLQ �+$6� WKDQ Į�-acid glycoprotein (AAG; 99.75% 
bound vs. 54.02% bound). Brexanolone metabolites M133 
and M136 are also highly bound to human plasma 
proteins (>99% and >98.5%, respectively) and do not 
show a concentration dependent effect on binding. 

Brexanolone distributed to the brain in mice and rats 
rapidly (as soon as 0.25 to 0.5 hr after IV infusion) with a 
EUDLQ WR SODVPD UDWLR �� �UDQJH ���� WR ����� IROORZLQJ ,9 
bolus administration and other routes of administration, 
including oral. After IV bolus (15 mg/kg) and a 2-hr 
infusion (8 mg/kg/h) in rat, brain to plasma ratio is 2.15 
and CSF to plasma ratio is 0.00365. 

14C-SAGE-547-related radioactivity was extensively 
distributed in tissues and organs with peak radioactive 
concentration in plasma at 5 hours post start of infusion 
(the end of the continuous infusion) in rats. The highest 
radioactivity concentrations were found in gastrointestinal 
tract contents and bile. Radioactivity concentrations were 
observed in CNS tissues at higher than blood 
concentrations and in testis at low levels. 14C-SAGE-547-
related radioactivity was not associated with melanin-
containing tissues. 

Metabolism 
In Vitro (Study No. SSN-410, SSN-
594) 

Brexanolone was rapidly metabolized in mouse, rat, dog, 
monkey, and human hepatocytes. The major metabolic 
pathway involves oxidation of the 3-hydroxyl moiety of 
brexanolone to 3-ketone metabolite, followed by 
HSLPHUL]DWLRQ WR IRUP �ȕ-epimer brexanolone. Other 
metabolic pathways include hydroxylation, 
glucuronidation, hydroxylation followed by 
JOXFXURQLGDWLRQ RI EUH[DQRORQH RU LWV � ȕ -epimer. These 
metabolites were formed in all species. 

CYP2C8, CYP2C9, CYP2C19, CYP3A4, UGT2B7, and 
UGT2B17 are involved in the metabolism of SAGE-547 
in vitro. 
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Type of Study Major Findin2s 
In Vivo 
Rat: 5-hour IV infusion of 14C­ Brexanolone was extensively metabolized in male and 
SAGE-547 (Study No. SSN-01206) female rats to produce 84 radioactive components (See 

Figure 29 in Appendix for proposed metabolic pathway) . 
Hydroxylation followed by glucuronidation was the 
predominant biotransfo1mation pathway. The metabolite 
profiles were different for males and females; brexanolone 
accounted for 33% of total plasma radioactivity in males 
while it accounted for only 7% of total plasma 
radioactivity in females. Circulating metabolites of 
brexanolone accounted for approximately 12% and 43% 
of total plasma radioactivity in male and female rats, 
respectively. 

Table 12: Mean blood and plasma PK parameters for 
total radioactivity following a 5-hour IV infusion in 
rats 

Parameter 
Male 
Blood 

Male 
Plasma 

Female 
Blood 

Female 
Plasma 

Tmax (h) 5 5 5 5 
Cmax (ng eq/iz) 172 277 387 665 
T112 (h) 8.02 8.45 15.11 11.1 
AUCo-t (ng 
eq.hr/g) 

1225 2049 3621 6325 

AUCo-oo 
(ng eq.hr/iz) 

1355 2316 5330 8110 

T max = time to reach Cmax; Cmax = maximal concentration observed; 
T~ = half-life; AUCa-1 = area under the curve from 0 to T 1as1; AUCo-00 
= area under the curve from 0 to infinity; eq = equivalents 14C-SAGE­
547 

Dog: 5-hour IV infusion of 14C­ Brexanolone was rapidly and extensively metabolized in 
SAGE-547 (Study No. SSN-871) male and female dogs to produce 48 quantifiable 

radioactive components (See Figure 30 in Appendix for 
proposed metabolic pathway) . Oxidation was the 
exclusive biotransfo1mation mechanism identified in 
dogs. There was no substantive sex difference. 

Table 13: Mean blood and plasma PK parameters for 
total radioactivity following a 5-hour IV infusion in 
dogs 

Parameter Male Male Female Female 
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Type of Study 

Excretion 
(Study No. SSN-675, SSN-01206, & 
SSN-871) 

Drug Interaction 
Transporters (Study Nos. SSN­
01157, SSN-01311, & SSN-02081) 

Major Findin2s 
Blood Plasma Blood Plasma 

Tmax (h) 5 5 5 5 
Cmax (ng eq/g) 1090 1340 1030 1270 
T 112 (h) 19.1 15.1 18.7 16 
AUCo-t (ng 18173 20355 18354 22859 eq.hr/!Z) 
AUCo-oo 

19463 21210 19695 24072
(ng eq .hr/!Z) 

T max = time to reach Cmax; Cmax = maximal concentration observed; 
T~ = half-life; AUCa-1 = area under the curve from 0 to T 1as1; AUC0 .oo 

= area under the curve from 0 to infinity; eq = equivalents 14C-SAGE­
547 

Minimal amounts ofbrexanolone is excreted in urine, 
bile, or feces of rats and dogs. After an IV bolus 
administration of 5 mg/kg brexanolone (in 30% SBECD) 
to male rats, 0.27% ofbrexanolone was measured in urine 
and renal clearance was calculated as 0.0132 L/hour/kg. 
14C-SAGE-547-related radioactivity was excreted in rats 
primarily as hydroxylated SAGE-547 (brexanolone) 
metabolites in feces (79.3% in males and 69.2% in 
females), while excretion of radioactivity in urine was low 
(5.64% in males and 10.9% in females). 14C-SAGE-547­
related radioactivity was excreted in dogs as SAGE-547 
dependent metabolites with similar amounts in urine and 
feces for male and female dogs (M: 43.3% in urine & 
44.5% in feces; F:47.6% in urine & 45.2% in feces). 

Brexanolone did not inhibit the BCRP, P-gp, or MRP-2 
transporters at concentrations up to 25 ~LM (highest 
concentration tested) and the BSEP, MRP3, MRP4, 
MATEl, MATE2-K, OATl , OAT3, OATPlBl, and 
OATP1B3 transporters up to 2 ~LM (highest soluble 
concentration) . Brexanolone inhibited OCTl and OCT2 in 
a concentration-dependent manner (OCTl : IC50 = 0.41 
µM (130.6 ng/mL), OCT2: maximum relative inhibition= 
45% at 2 µM (637.8ng/mL)). Brexanolone is unlikely a 
substrate for BCRP, MDRl , BSEP, OATPl B l , 
OATP1B3, and OCTl. 

Brexanolone metabolites M133, M136, and M137 
inhibited BCRP, BSEP, MDRl , MRP3, MRP4, OATl, 
OAT3, OATPlBl, OATP1B3, and/or OCTl transporters 
at concentrations up to 25 µM (see Table 79 in Appendix 
for summaiy of transporter inhibition for metabolites). 
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Type of Study Major Findin2s 

Enzyme Induction and Inhibition Brexanolone inhibited CYP2C9 (IC50 = 0.41 µM & Ki= 
(Study Nos. SSN-409, SSN-411, 0.256 µM) and UGT2Bl 7 (IC50 = 1.7 ~LM) but did not 
SSN-412, SSN-01539, SSN-01924, substantially inhibit CYP1A2, 2Cl 9, 2C8, 2D6, 3A4, or 
SSN-01925, & SSN-02080) 2B6 isozyme activities or UGTlAl , 1A3, 1A4, 1A6, 1A9, 

2B7, and 2Bl 5 in human liver microsomes. (see Table 80 
in Appendix for ICso values). 

In an in vitro cytochrome P450 induction assay, 30 - 50 
µM concentrations of SAGE-547 induced CYP2B6 
activity (2 .5 - 4-times) but showed no effect on CYP1A2 
and CYP3A. CYP2B6 mRNA was induced 2.8-times in 
one of three donor hepatocyte cultures, but CYP1A2, 
3A4, 2C9, and UGT1A9 mRNA were unaffected by 
brexanolone treatment. 

Brexanolone metabolites M133, M136, and M137 showed 
low potency inhibition at CYP isofo1m s tested (see Table 
81 in Appendix for results) . 

TK data from general toxicology 
studies 
Rat: 28-day continuous IV infusion 
(Study No. SSN-01272) 
• Samples collected 24, 96, 240, 

384, 528, and 672 hours after 
the staii of the infusion on Day 
1 and 2 and 24 hours after the 
end of infusion on Day 29 

• TK parameters were estimated 
using Phoenix PK softwai·e. 

• NOAEL is 60 mg/kg. 

Dog: 28-day continuous IV infusion 
(Study No. SSN-01273) 
• Samples collected 24, 168, 336, 

504, and 672 hours after the 
start of the infusion on Day 1 

• TK parameters were estimated 
for brexanolone and metabolite 
SGE-136 using Phoenix PK 
software. 

Dose propo1iionality: approximately dose propo1iional 
Sex differences: females slightly less than males 

Table 14: TK of brexanolone in rats following 28-day 
continuous IV infusion 

Pai·ameter Sex 10 mg/kg 30 mg/kg 60 m2/k2 
AUC24h M 1790 4890 9960 
(ng.h/mL) F 1410 4320 8110 
Cmax M 93.8 233 464 
(ng/mL) F 63.1 219 441 
Css M 74.4 204 415 
(ng/mL) F 58.8 180 338 

AUC24h = AUC(0-672/ 28; C ss = AUC(0-612/ 672 

Dose propo1iionality: approximately dose propo1iional 
Sex differences: females slightly more than males at ~36 
mg/kg and slightly less than males at 72 mg/kg for 
brexanolone and females slightly less than males for 
metabolite SGE-136 
Metabolite-to-parent ratio: 0.884 to 1.40 

Table 15: TK of brexanolone in dogs following 28-day 
continuous IV infusion 
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Type of Study Major Findin2s 

• NOAEL is 12 mg/kg. Parameter Sex 12 mg/kg 36 mg/kg 72 mg/kg 
AUC24h M 1680 5760 12900 
(ng.h/mL) F 1820 6960 11300 
Cmax M 89.3 310 708 
(ng/mL) F 97.3 338 571 
Css M 69.9 240 538 
(ng/mL) F 75.9 290 471 

AUC24h = AUC(a-672/ 28; C ss = AUC(a-612/672 

Table 16: TK of brexanolone metabolite SGE-136 in 
dogs following 28-day brexanolone continuous IV 
infusion 

Parameter Sex 12 me/k2 36 mg/kg 72 mg/kg 
AUC24h M 2018 6788 17970 
(ng.h/mL) F 1702 6494 14080 
Cmax M 99.7 319 986 
(ng/mL) F 86 345 745 
Css M 84.1 282 749 
(ng/mL) F 70.9 271 587 

AUC24h = AUC(a-672/ 28; C ss = AUC(a-612/672 

TK data from r eproductive 
toxicology studies 
Rat: emb1yo-fetal development Table 17: TK of brexanolone in pregnant rats 
(StudyNo. SSN-797) 

• Samples collected before dosing Parameter 15 mg/kg 30 melk2 60 mg/kg 

started on GD 6 and 24, 96, 168, AUC24h 
2430 4130 9250 

and 240 hours after the stait of (ng.h/mL) 

infusion on GD 6 and 1, 2, 4, Cmax 
129 261 467 

and 24 hours after the end of (ng/mL) 

infusion on GD 18. Css (ng/mL) 101 172 385 

• TK parameters were estimated T 112 (hr) NC 26.7 11.2 

using WinNonlin PK softwai·e NC:_Not calculated; AUC24h = AUCca-288/ 12; Css = AUCco.288/ 288 

• NOAEL is 30 mg/kg . 

Rabbit: emb1yo-fetal development Table 18: TK of brexanolone in pregnant rabbits 
(Study No. SSN-825) 

• Samples collected before dosing Pai·ameter 7.5 mf!/kf! 15 mg/kg 30 mg/kg 

sta1ted on GD 7 and 1, 4, 8, 24, AUC24h 2217 4630 11400 
96, 168, and 240 hours after the (ng.h/mL) 

sta1t of infusion on GD 7 and Cmax (ng/mL) 108 236 595 

0.5, 1, and 2 hours after the end Css (ng/mL) 88.5 183 461 

of infusion on GD 20. T 112 (hr) 2.74 2.39 1.68 
AUC24h = AUCca-314/ 13; C ss = AUCca-m/ 312 
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Type of Study Major Findings 
x TK parameters were estimated 

using WinNonlin PK software. 
x NOAEL is 7.5 mg/kg 

Css: concentration at steady state; GD: gestational day 

Pharmacology Reviewer Comment: Concas et al. reported plasma concentrations in rat: ~10 
ng/mL during estrus; ~20 ng/mL GD 10, ~40 ng/mL GD 15 and 19, ~15 ng/mL GD 21 and PND 
2. Concentrations in rat reproductive studies were 2.5- to 10-times the highest plasma 
concertation during pregnancy and was 1.6- to 17-times the concentration at the end of 
pregnancy and to PND 4. 

5.5. Toxicology 

Pharmacology Reviewer Comment: Although brexanolone-related findings are discussed in 
detail in the review below, vehicle- and procedure-related findings are only summarized. Further 
details regarding vehicle- and procedure-related findings can be found in the Nonclinical 
Pharmacology/Toxicology Section of the Appendix on page 179 and as noted in the review. 

5.5.1. General Toxicology 

A 28-Day Intravenous Infusion Toxicity Study of SAGE-547 in the Albino Rat Followed by 
a 28-Day Recovery Period/Study No. SSN-01272 

Key Study Findings 
x ,QFUHDVHG ERG\ ZHLJKW JDLQ DW GRVHV ��� PJ�NJ�GD\ IRU PDOHV GXULQJ WKH ILUVW � GD\V RI WKH 

VWXG\ DQG ��� PJ�NJ�GD\ IRU IHPDOHV WKURXJKRXW WKH VWXG\ FRPSDUHG WR YHKLFOH FRQWUROV� 
Decreased body weight gain at 60 mg/kg/day for males for remainder of dosing and at doses 
��� PJ�NJ�GD\ IRU IHPDOHV IRU WKH ILUVW � GD\V RI WKH UHFRYHU\ SHULRG� 

x 5HGXFWLRQ LQ RYDU\ ZHLJKW LQ IHPDOHV GRVHG ZLWK ��� PJ�NJ� ZLWKRXW FRUUHODWLQJ 
microscopic findings. 

x SBECD (vehicle)-related findings in kidney (increased kidney weight, pink coloration, and 
vacuolation) and vacuolation in other organs. 

x NOAEL is 60 mg/kg/day based on the absence of adverse effects at this dose, which is 5-
times the human exposure (AUC24h = 1800 ng.h/mL; Css = 74.3 ng/mL) at the MRHD of 90 
μg/kg/h. 
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Conducting laboratory and location: (b) (4)

GLP compliance: Yes 

Methods 
Dose and frequency of dosing: 0 (saline), 0 (vehicle), 10, 30, 60 mg/kg/day 

Continuous (24 hours/day at a rate of 2 mL/kg/h) 
Route of administration: IV infusion 
Formulation/Vehicle: Solution/5 mM Citrate buffer, pH 6 ± 0.2 and 125 mg/mL 

SBECD diluted in 0.9% saline 
Amount SBECD: 3000 mg/kg/day VC and HD; 500 mg/kg/day LD; 1500 

mg/kg/day MD 
Species/Strain: Rat/Sprague-Dawley 
Number/Sex/Group: 10/sex/group (main); 6/sex/group (recovery; no LD 

recovery group) 
Age: 10 – 11 weeks old 
Satellite groups: 3/sex/SC and VC and 6/sex/dose group (TK) 
Deviation from study protocol 
affecting interpretation of results: No 

Observations and Results 
Parameters Major findings 
Mortality No test article or vehicle related. 12 deaths (9 due to inflammatory 

reaction or thrombosis associated with bacteria at infusion site; 1 
accidental; 1 VC due to hepatocellular necrosis; 1 TK cause of 
death not determined; see Table 82 in Appendix) 

Clinical Signs No test article related effect. Vehicle-related decreased activity 
starting Day 4 and lasting for 7 days of the recovery period. 
Vehicle- or procedure-related limited usage of hindlimbs and/or 
hunched posture. See Table 83 in Appendix. 

Body Weights Males: Increases in body weight gain during first 7 days for all dose 
groups vs. VC (126, 126, & 132% for LD, MD, & HD, 
respectively). Decrease in body weight gain at HD for remainder of 
dosing vs. VC (71% for HD Day 7 to 28). Decreases in body 
weight gain for HD vs. VC for first 7 days of recovery period but 
gained similar amounts of weight for the remainder of recovery 
period. 

Females: Increases in body weight gain throughout the dosing 
period at MD and HD vs. VC with largest effect the first 7 days 
(160 & 193% for MD & HD, respectively, Day -1 to 7; 138 & 
123% MD & HD, respectively Day 7 to 28). Decreases in body 
weight gain for all dose groups vs. VC for first 7 days of recovery 
period but gained similar amounts of weight for the remainder of 
recovery period. 

Ophthalmoscopy Unremarkable 
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NDA 211371 Multi-disciplinary Review and Evaluation 
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Hematology No test article or vehicle related effects. Changes noted for white 
blood cells, neutrophils, lymphocytes, monocytes, eosinophil, 
platelet, and reticulocyte counts were related to macroscopic and 
microscopic changes observed at the infusion site and are 
considered secondary to the infusion site reaction. Changes 
resolved after recovery period except in instances where evidence 
of inflammation was still present. 

Clinical Chemistry Unremarkable 
Urinalysis Unremarkable 
Gross Pathology No test article related effects. Vehicle-related findings in kidney 

(pale discoloration and enlargement; see Table 84 in Appendix). 
Findings at infusion site were observed in rats from all groups and 
are related to bacterial infections (see Table 85 in Appendix). 
Swelling was not observed at the end of the recovery period and the 
incidence of the remaining infusion site changes was lower 
following the recovery period. 

Organ Weights Decreased ovary weights for MDF and HDF vs. VC (-23 & 26%, 
respectively); these findings were reversible. Dose-dependent 
increase in kidney weights for all vehicle dosed groups vs. SC; this 
finding was still observed after recovery period, but with smaller 
magnitude. See Table 86 and Table 87 in Appendix. 

Histopathology 
Adequate battery: Yes 

No test article related effects. Vehicle-related findings (mostly 
vacuolation) were observed in the kidney, bladder, infusion site, 
lymph nodes, heart, bone femur synovium, and uterus and are 
consistent with known findings for cyclodextrins; incidence and 
severity of vehicle-related findings were decreased after the 
recovery period (Table 88 & Table 89 in Appendix). Findings 
related to the continuous infusion were observed across all groups 
(Table 90 & Table 91 in Appendix). 

Toxicokinetics See ADME/PK Section page 43. 
SC: saline control; VC: vehicle control; LD: low dose; MD: mid dose; HD: high dose 

A 28-Day Study of SAGE-547 by Intravenous Infusion in Beagle Dogs with a 28-Day 
Recovery Period/Study No. SSN-01273 

Key Study Findings 
x	 A convulsion occurred 4 days after completing the 28-day infusion in one male dosed with 36 

mg/kg. 
x Increased severity of SBECD (vehicle)-UHODWHG UHQDO WXEXODU YDFXRODWLRQ LQ PDOHV DW ��� 

mg/kg and females at 72 mg/kg. 
x SBECD (vehicle)-related findings included clinical signs, changes in hematology and clinical 

chemistry parameters, findings in kidney (increased kidney weight, pink coloration, and 
vacuolation), and increased organ weight and/or vacuolation in other organs. 

x NOAEL is 12 mg/kg/day based on the convulsion after dosing completion in one 36 mg/kg 
dog and increased severity of SBECD-related renal tubular vacuolation at ��� PJ�NJ� ZKLFK 
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is at the human exposure (AUC24h = 1800 ng.h/mL; Css = 74.3 ng/mL) at the maximum 
recommended human dose of 90 μg/kg/h. 

Conducting laboratory and location:
 
GLP compliance: Yes 

Methods
 
Dose and frequency of dosing:
 

Route of administration:
 
Formulation/Vehicle: 

Amount SBECD: 

Species/Strain: 
Number/Sex/Group:
 

Age:
 
Satellite groups/unique design:
 

Deviation from study protocol 
affecting interpretation of results: 

(b) (4)

0 (saline), 0 (vehicle), 12, 36, 72 mg/kg/day 
Continuous (24 hours/day at a rate of 2 mL/kg/h) 
IV infusion 
Solution/5 mM Citrate buffer, pH 6 ± 0.2 and 125 mg/mL 
SBECD diluted in 0.9% saline 
3600 mg/kg/day VC and HD; 600 mg/kg/day LD; 1800 
mg/kg/day MD 
Dog/Beagle 
4/sex/group (main); 2/sex/group (recovery; no LD recovery 
group) 
7 – 8 months old 
No satellite groups. 

At the end of 28 days of continuous IV infusion at a rate of 
2 mL/kg/h, the infusion rate was reduced to 1.5 mL/kg/h 
for 8 hours, then reduced to 1 mL/kg/h for 8 hours, then 
reduced to 0.5 mL/kg/h for 8 hours before dosing was 
stopped. 

Dogs that required surgical repairs of the catheter during 
the dosing period received anesthesia (propofol or sodium 
thiopental), antibiotics (benzathine penicillin G and 
procaine penicillin G), and Carprofen® (non-steroidal anti-
inflammatory) and were allowed to fully recover prior to 
recommencing dose administration the following day. As a 
result of surgical repairs and elevated body temperature 
dose administration was interrupted for five dogs during 
the study. For more details see Appendix, page 192. 

No 
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NDA 211371 Multi-disciplinary Review and Evaluation 
ZULRESSO (brexanolone) 

Observations and Results 
Parameters Major findings 
Mortality No test article or vehicle related. Two deaths (both attributed 

to an inflammatory reaction; 1 VC due to poor clinical 
condition; 1 HDF due to severely swollen hind limb that 
precluded continuation of dosing; see Appendix, page 192 for 
further details.) 

Clinical Signs Test article-related clinical signs were limited to 1 MDM 
which had a non-sustained convulsion 4 days after the end of 
dose administration. Vehicle-related clinical signs included 
abnormal gait, decreased activity, lying on side, pale skin, 
weak, tremors, hunched posture, increased body temperature, 
reduced appetite, and limited usage of hindlimb/forelimb 
which generally occurred dose-dependently. See Appendix, 
page 194 for further details. 

Body Weights Unremarkable 
Ophthalmoscopy Unremarkable 
ECG Not performed. 
Hematology No test article related effects. Vehicle-related findings 

included decreased red blood cell count, platelet count, 
hemoglobin, and hematocrit and increased white blood cell 
count, neutrophil count, monocyte count, and fibrinogen vs. 
SC (see Table 94 in Appendix). There was no effect after the 
recovery period. 

Clinical Chemistry No test article related effects. Vehicle-related findings 
included increased alkaline phosphatase and decreased 
creatine kinase, albumin, A/G ratio, and calcium 
concentrations vs SC (see Table 95 in Appendix). There was 
no effect after the recovery period. 

Urinalysis Unremarkable. 
Gross Pathology No test article related findings. Vehicle-related findings in 

kidney (pale discoloration and enlargement) and iliac and 
mediastinal lymph nodes (enlargement; see Table 96 in 
Appendix). Findings at infusion site were observed in dogs 
from most groups and are related to inflammation and/or 
thrombosis at the infusion site (see Table 98 in Appendix). 
Vehicle-related and infusion site findings fully or partially 
recovered at the end of the recovery period (see Table 97 & 
Table 99 in Appendix). 

Organ Weights No test article related effects. Vehicle-related increased organ 
weight changes were observed in the kidney, liver, and 
spleen (see Table 100 in Appendix). Organ weight changes 
were not observed after the recovery period. 

Histopathology 
Adequate battery: Yes 

Test article- and vehicle-related findings in the kidney (Table 
19). A vehicle dose-dependent increase in renal tubular 
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vacuolation was observed with an increase in severity for test 
article groups at �36 mg/kg for males and 72 mg/kg for 
females; there was no test article-related effect and incidence 
and severity of vehicle-related findings decreased after the 
recovery period. Vehicle-related findings (all vacuolation) 
were observed in the bladder, brain, pituitary gland, bone 
femur synovium, stomach, GALT, heart, adrenal gland, lung, 
liver, spleen, epididymis, ovary, uterus, cervix, vagina, 
lymph nodes, and infusion site and are consistent with known 
findings for cyclodextrins; incidence and severity of vehicle-
related findings were decreased or not present after the 
recovery period (Table 101 & Table 102 in Appendix). 
Findings related to the continuous infusion were observed 
across all groups (Table 103 in Appendix). 

Toxicokinetics See ADME/PK Section page 43 . 
SC: saline control; VC: vehicle control; LD: low dose; MD: mid dose; HD: high dose. 

Table 19. Kidney microscopic findings in 28-day dog repeat dose study. 

Source: Applicant’s Table, SSN-01273, p.46. 

General toxicology; additional studies 
Rat� $ VLQJOH GRVH ,9 VWXG\ �VORZ EROXV� DW GRVHV ��� PJ�NJ �6WXG\ 1R� 661-600), a single slow 
bolus IV study at 20 mg/kg followed by a continuous IV infusion at doses of 8 – 12 mg/kg/h for 
6 – 12 hours a day for 3 days (Study No. SSN-600), a 5-day continuous IV infusion study at 
GRVHV ���� PJ�NJ�GD\ �6WXG\ 1R� 661-601), and a 14-day continuous IV infusion study at doses 
��� PJ�NJ�GD\ �6WXG\ 1R� 661-605) were conducted in rat. Rapid anesthesia (within 1 min) was 
observed ZLWK D VLQJOH EROXV GRVH ��� PJ�NJ and the MTD for slow bolus administration was 
considered 30 mg/kg due to shallow respiration and death of one male dosed with 50 mg/kg 
within 5 minutes of the bolus dose. The response to a continuous infusion of 8 – 12 mg/kg/h 
following an anesthetic slow bolus dose (20 mg/kg) was variable and unpredictable and an MTD 
could not be determined; some rats showed wakefulness while other rats showed signs of 
lethargy/decreased activity, unsteady gait, abnormal breathing, and increased respiration and 
oxygen supplementation was required for some during the infusion. The MTD for the 5-day 
continuous IV infusion study was 120 mg/kg/day due to signs of sedation resulting in death or 
premature euthanizing due to poor clinical condition DW GRVHV ���� PJ�NJ�GD\� 7UHPRUV DQG 
twitches were also observed DW GRVHV ���� PJ�NJ�GD\� ,Q WKH ��-day study, poor clinical 
condition (possibly due to sedation and included labored/shallow respiration, slight 
incoordination, decreased activity, ptosis, paleness of the whole body, and prostration) was 
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NDA 211371 Multi-disciplinary Review and Evaluation 
ZULRESSO (brexanolone) 

observed in one male and one female at 96 mg/kg/day resulting in early euthanasia of this dose 
group on Day 11 and one male at 48 mg/kg/day. The NOEL for poor clinical condition (possibly 
due to sedation) resulting in premature euthanizing was 18 mg/kg/day (AUC24 = 2910 ng.h/mL 
for males and 1790 ng.h/mL for females; Cmax = 196 ng/mL for males and 111 ng/mL for 
females). 

Dog� $ VLQJOH GRVH ,9 VWXG\ �VORZ EROXV� DW GRVHV ��� PJ�NJ �6WXG\ 1R� 661-599), a single 
slow bolus IV study at 20 mg/kg followed by a continuous IV infusion at doses of 8 – 48 
mg/kg/h for 8 to 10 hours (Study No. SSN-599), a 5-day continuous IV infusion study at doses 
���� PJ�NJ�GD\ �6WXG\ 1R� 661-602), and a 14-GD\ FRQWLQXRXV ,9 LQIXVLRQ VWXG\ DW GRVHV � �� 
mg/kg/day (Study No. SSN-606) were conducted in dog. Rapid anesthesia (within 1 min) was 
observed ZLWK D VLQJOH EROXV GRVH ���� PJ�NJ and the MTD for slow bolus administration was 
considered 20 mg/kg due to irregular breathing in 1/4 dogs at 30 mg/kg. The response to 
continuous infusion of 8 – 48 mg/kg/h following an anesthetic slow bolus dose (20 mg/kg) was 
variable and unpredictable (some dogs remained lightly anesthetized at doses that led to edema, 
while other dogs could not recover from anesthesia (1 dog remained deeply sedated for more 
than 5 hours after the end of the infusion) and were euthanized). The MTD for the 5-day 
continuous IV infusion study was 60 mg/kg/day due to signs of sedation resulting in premature 
euthanizing DW GRVHV ���� PJ�NJ�GD\� 7UHPRUV DQG VKDNLQJ ZHUH observed at 240 mg/kg/day, 
and one dog with tremors and shaking had a convulsion two days after the 5-day infusion was 
completed. The NOAEL for the 14-day continuous IV infusion study was 36 mg/kg/day due to a 
convulsion that occurred in one female dosed with 72 mg/kg/day approximately 7 hours after 
dosing stopped on Day 15 (AUC24 = 3560 ng.h/mL for males and 3840 ng.h/mL for females; 
Cmax = 201 ng/mL for males and 210 ng/mL for females). 

Pharmacology Reviewer Comment: Sedative anesthesia is a concern clinically if there is a 
rapid administration of dose which might occur in instances of pump malfunction. Consistent 
with the known pharmacology of neuroactive steroids as sedative anesthetics, slow bolus IV 
DGPLQLVWUDWLRQ RI GRVHV ��� PJ�NJ LQ UDW DQG ���� PJ�NJ LQ GRJ �����- and 2-times the MRHD 
based on body surface area, respectively), resulted in rapid anesthesia. In contrast, continuous 
IV infusions at a rate of 2 mL/kg/h at doses up to 60 mg/kg in rat and 72 mg/kg/day in dog (5­
and 6-times the clinical exposure at the MRHD, respectively) did not generally show signs of 
sedation. 

A convulsion after dose completion was observed in a single dog in each repeat dose toxicity 
study—two days after a 5-day infusion at 240 mg/kg/day, seven hours after a 14-day infusion at 
72 mg/kg/day, and four days after a 28-day infusion at 36 mg/kg/day (the mid dose). In the case 
of the convulsion in the 5-day and 14-day studies, dosing was stopped without a taper and the 
convulsions were thought to be due to the rapid discontinuation of brexanolone, which is 
consistent with modulation of the GABAA receptor and is observed with benzodiazepines. 
However, a taper of test article administration occurred over a 24-hour period for the 28-day 
study and the convulsion occurred 4 days after the end of the infusion. Therefore, it is not clear 
what the mechanism of these convulsions is. Nevertheless, because a convulsion was observed in 
each repeat dose study in dogs, a relationship to brexanolone cannot be ruled out. However, 
because the duration of dosing clinically is only 60 hours (only 28 hours at the highest dose), 
convulsions are probably unlikely to occur clinically; however, this could not be totally ruled 
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out. 

SBECD is not a concern clinically for a 60-hour infusion. In the repeat-dose studies conducted 
in support ofthis application, SBECD (the vehicle) -related toxicity increased with duration of 
dosing in rats and dogs. In addition, there appeared to be an increase in severity ofkidney 
toxicity with the addition ofbrexanolone after 28-days ofdosing in dogs, which was not observed 
after 14-days ofdosing. Because the duration ofdosing clinically is on~y 60 hours, the increase 
in vehicle related findings with increasing duration ofdosing are not relevant to humans. In 
addition, SBECD is an excipient with known animal toxicology findings and is used in marketed 
drugs for IV administration at much greater amounts than will be administeredfor brexanolone 
(fable 20). 

Table 20. Comparison of the amount of SBECD administered by IV for the approved drugs 
. darone and vonconazole w1·th brexanolone base d on a human b d . ht 0f 60 k .am10 o Ly we12 

Amiodarone Voriconazole Brexanolone 
Dmg: SBECD 1.8 mg:l8 mg 200 mg:3200 mg 5 mg:250 mg 
Amount SBECD on Day 
1 

10 g 11.5 g 4.0 g 

Amount SBECD 
for duration of dosing 

7.2 g/day 
for 14 - 21 days 

7.7g/day 
for minimum 14 days 

6.5 gonDay2 
2.2 g on Dav 3 

Cumulative Dose SBECD 101-15l g 119 g 12.7 g 

5.5.2. Genetic Toxicology 

In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 

Bacterial Revers Mutation Test/Study No. SSN-635 

Key Study Findings 

• SAGE-547 was negative for mutagenicity in bacterial cells in a valid Ames test. 
GLP compliance: Yes 
Test system: Salmonella typhimurium strains TA1535, TA1537, TA98, and TAlOO and 
Escherichia coli strain WP2 uvrA (pKMlOl); doses~ 5000 ~Lg/plate in DMSO; +/- S9 
Study is valid: Yes 

In Vitro Assays in Mammalian Cells 
SAGE-547 In Vitro Micronucleus Test in Human Lymphocytes/Study No. SSN-63 
Key Study Findings: 
• SAGE-547 was negative for clastogenicity in human lymphocytes in a valid in vitro 

micronucleus assay. 
GLP compliance: Yes 
Test system: Human lymphocytes in whole blood culture; doses~ 55 µg/mL in DMSO +S9 and 
~ 27.5 ~Lg/mL in DMSO -S9 
Study is valid: Yes 

In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 

SAGE-547: In Vivo Rat Micronucleus Assay/Study No. 637 

Key Study Findings: 
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x SAGE-547 was not clastogenic in a valid in vivo micronucleus assay at plasma
 
concentrations 34-times clinical exposure.
 

x Mean plasma concentrations of SAGE-547 at 0.25 hours after a slow bolus injection of 30 
mg/kg was 3315 ng/mL. 

GLP compliance: Yes 
Test system: rat, bone marrow micronuclei; two slow bolus intravenous injections of 7.5, 15, and 
30 mg/kg spaced 24 hours apart; bone marrow was collected 24 hours after the second dose 
Study is valid: Yes 

5.5.3. Carcinogenicity 

Because brexanolone use for PPD is considered a short-term treatment (2.5 days), 
carcinogenicity studies were not conducted. 

5.5.4. Reproductive and Developmental Toxicology 

Fertility and Early Embryonic Development 
Study of Fertility and Early Embryonic Development to Implantation of SAGE-547 by 
Intravenous Infusion in Female Rats/Study No. SSN-01271 

Key Study Findings 
x	 A dose-GHSHQGHQW LQFUHDVH LQ ERG\ ZHLJKW JDLQ DW GRVHV ��� PJ�NJ�GD\ FRPSDUHG WR FRQWUROV 

during the premating period and a non-dose-dependent increase in body weight gain from 
gestational day 0 to 7 which correlated with increased food consumption at 60 mg/kg. A 
dose-GHSHQGHQW UHGXFWLRQ LQ ERG\ ZHLJKW JDLQ DW GRVHV ��� PJ�NJ�GD\ FRPSDUHG WR FRQWUROV 
after dosing stopped from gestational day 7 to 13 which correlated with decreased food 
FRQVXPSWLRQ DW ��� PJ�NJ� 

x	 Brexanolone administration to female rats resulted in a prolongation of the estrous cycle at 
�� PJ�NJ� GHFUHDVHG PDWLQJ DQG IHUWLOLW\ LQGLFHV DW ��� PJ�NJ� LQFUHDVHG GD\V WR PDWLQJ DW 
��� PJ�NJ� DQG LQFUHDVHG HDUO\ UHVRUSWLRQV DQG SRVW LPSODQWDWLRQ ORVV DW �� PJ�NJ� 7KHVH 
effects reversed or partially reversed after dosing was stopped at 60 mg/kg. 

x	 The NOAEL is 60 mg/kg for maternal toxicity and 10 mg/kg for fertility and reproductive 
function which is 4.5-times and 0.8-times, respectively, the human exposure (AUC24h = 
1800 ng.h/mL; Css = 74.3 ng/mL) at the MRHD. 

Conducting laboratory and location 
GLP compliance: 

(b) (4)

Yes 

Methods 
Dose and frequency of dosing:	 0, 10, 30, and 60 mg/kg/day 

Continuous (24 hours/day at a rate of 2 mL/kg/h) 
Route of administration:	 IV infusion 
Formulation/Vehicle:	 Solution/5 mM citrate buffer, pH 6 ± 0.2, and 125 mg/mL 

of SBECD in 0.9% Sodium Chloride 
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Amount SBECD:	 3000 mg/kg/day for VC and HD; 500 mg/kg/day for LD; 
1500 mg/kg/day for MD 

Species/Strain:	 Rat/Sprague Dawley 
Number/Sex/Group:	 22 females/group 
Satellite groups:	 None 
Study design:	 Females were dosed starting 14 days before mating, during 

mating, and until Gestation Day (GD) 7 and were 
necropsied on GD 13. Males were not dosed. 

Unmated females in 0, LD, and MD groups were dosed 
until completion of the 17-day mating period. Duration of 
dosing was 23 – 37 days. Because of the low number of 
HD females that mated, HDF that remained unmated after 
9 days of cohabitation were no longer dosed from Study 
Day 24 and were retained for a recovery period of 4 weeks 
(Days 24 – 52) to determine reversibility. HDF were mated 
a second time until they mated or Day 66 for females that 
did not mate. Rats that failed to mate were necropsied 8 
days after the end of the mating period. 

Deviation from study protocol 
affecting interpretation of results:	 No 

Observations and Results 

Parameters Major findings 
Mortality None 
Clinical Signs No test article related effects. 
Body Weights Premating period: A dose-dependent increase in body weight gain 

for dosed females vs. VC (125, 150, & 213% for LD, MD, and HD, 
respectively) which correlated with a 15% increase in food 
consumption for HDFs vs. VC. 

Gestation: A non-dose-dependent increase in body weights and body 
weight gain for dosed females vs. VC from GD 0 to 7 (dosing 
period; 144, 100, & 121% for LD, MD, and HD, respectively). A 
dose-dependent decrease in body weight gain for dosed females vs. 
VC from GD 7 to 13 (dosing stopped; 78, 67, & 26%, for LD, MD, 
and HD, respectively) which correlated with a dose-dependent 
decrease in food consumption for MDF and HDF vs. VC (89 and 
80%, respectively). 

Necropsy Findings No test article-related effects. 
Fertility and Pregnancy 
Parameters 

Estrus cycle: An increased incidence of HDF with prolonged periods 
LQ GLHVWUXV �� � GD\V� ���� FRQWUROV� ���� /'� ���� 0'� DQG ����� 
HD) during the premating period that continued into the mating 
period. During the recovery period, the number of HDF with 
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prolonged diestrus and/or abnormal cycles diminished and by 9 days 
postdose, effects on estrous cycles were no longer observed. 
However, after the initiation of the second cohabitation period after 
the recovery period, 5/17 HDFs showed prolonged periods in 
diestrus. 

Mating and Fertility: A dose-dependent decrease in mating and a 
dose-dependent increase in the mean number of days to mating 
(Table 21). Following the 4-week recovery period, mating and 
fertility indices remained lower than VC (not a concurrent control) 
and at the low end or lower than the HCR. There was no effect on 
the conception rate. 

Pregnancy: In HDFs that mated during the dosing period, the 
number of early resorptions and post implantation loss were greater 
vs. VC and the values were outside the HCR (Table 22). However, 
because of the low number of HDF that mated, these differences did 
not reach statistical significance. After the 4-week recovery period, 
the number of early resorptions and post implantation loss was 
within HCR. Although, the preimplantation loss for HDF was 
greater than concurrent VC, it was within the HCR; therefore, the 
preimplantation loss was not considered test article-related. There 
was no effect on numbers of corpora lutea, implantation sites, and 
live embryos. 

Toxicokinetics Concentrations of brexanolone in rat plasma samples on Day 7 2-
hours post syringe change: LD: 67.9 ng/mL; MD: 287 ng/mL; HD: 
428 ng/mL 

VC: vehicle control; LD: low dose; MD: mid dose; HD: high dose, GD: gestation day, HCR: historical control range 

Table 21. Mating and fertility indices in female rat fertility and early embryonic 
development study. 

Source: Applicant’s Table, No. SSN-01271, p.33. 
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Table 22. Pregnancy parameters in female rat fertility and early embryonic development 
t ly . s u d 

Parameter 0 mg/kg 10 mg/kg 30 mg/kg 60 mg/kg 60 mg/kg R HCD 
Corpora lutea/rat 16.8 18.7 18.9 18.8 19.8 
Implantations/rat 15.4 17.2 17.5 16.8 18.5 
Preimplantation loss 8.73% 8.46% 6.97% 11.05% 6.82% 3.3- 20.8% 
Early resorptions 1 1.6 1.2 2.5 1.4 0.4-1.6% 
Dead emb1yos 0 0 0 0 0 
Post implantation 
loss 

6.33% 9.03% 6.86% 15.93% 7.01% 2.6-10.9 
% 

Live embryos/litter 14.4 15.6 16.3 14.3 17.1 
R = Recovery; HCD = Historical Control Data 

Source: Applicant's Table, Study No. SSN-01271, pp.35 and 63-66. 


Pharmacology Reviewer Comment: Fertility findings in f emale rats are not a concern clinically 
f or a 60-hour infusion. The findings ofincreased body weight gain, estrous cycle changes, 
decreased mating andfertility indices, and increased days to mating suggest that the female rats 
are pseudopregnant. This is consistent with allopregnanolone exposure being highest during the 
3rd trimester ofpregnancy in humans. In addition, these effects are reversed or partially reversed 
after dosing was stopped at the high dose. Also, it should be noted that rats were dosed for a 
considerably longer period than humans will be (14 days prior to mating, through mating, and to 
GD7 compared to 2.5 days in humans) . 

A Fertility and Early Embryonic Development to Implantation Study with SAGE-547 by 
Intravenous Infusion in Male Rats/Study No. SSN-01274 
Key Study Findings 
• 	 Twelve premature deaths occmTed that are most likely not brexanolone or SBECD (vehicle) 

related; however, the cause of death of fom rats could not be dete1mined. 
• 	 Brexanolone administration to male rats resulted in decreased mating and fe1tility indices at 

::'.::30 mg/kg; decreased conception rate and slight increase in days to mating at 45 mg/kg; 
lower prostate, seminal vesicle, and epidydimal weights at ::'.::30 mg/kg, with non-adverse 
decreases in seminal vesicle and epidydimal weights at 10 mg/kg; and decreased 
spe1matozoa count at ::'.::30 mg/kg. 

• 	 SBECD (vehicle)-related findings in kidney (discoloration and enlargement) and in testis, 
epididymis, and infusion site (vacuolation ofmacrophages). 

• 	 The NOAEL is 10 mg/kg for fe1tility and reproductive function which is 0.8-times the human 
exposme (AUC24h = 1800 ng.h/mL; Css = 74.3 ng/mL) at the MRHD. 

(b)lll
Conducting laboratory and location 
GLP compliance: Yes 

Methods 
Dose and frequency of dosing: 0, 10, 30, and 45 mg/kg/day 

Continuous (24 homs/day at a rate of2 mUkg/h) 
Route ofadministration: IV infusion 
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Formulation/Vehicle: Solution/5 mM citrate buffer, pH 6 ± 0.2, and 125 mg/mL 
of SBECD in 0.9% Sodium Chloride 

Amount SBECD 2250 mg/kg/day for vehicle and HD; 500 mg/kg/day for 
LD; 1500 mg/kg/day for MD 

Species/Strain: Rat/Sprague Dawley 
Number/Sex/Group: 22 males/group 
Satellite groups: None 
Study design: Males were dosed starting 4 weeks before mating, during 

mating (14 days), and until termination on day 42 to 44 (41 
to 43 days of continuous infusion). Females were not 
dosed. 

Deviation from study protocol 
affecting interpretation of results: No 

Observations and Results 
Parameters Major findings 
Mortality Twelve animals were found dead or euthanized prematurely due to 

poor clinical condition (Table 104 in Appendix): 1 VC, 1 LD, 5 MD, 
and 5 HD. Cause of death for most was vascular/perivascular 
inflammation at the infusion site that was sometimes associated with 
the presence of bacteria. Cause of death for 3 MD and 1 HD were 
undetermined because there was no evidence of moderate to severe 
vascular inflammation and no bacteria at the infusion site; however, 
clinical signs prior to their unscheduled euthanasia were similar to the 
other unscheduled euthanasia except for 1 MD which had no clinical 
signs noted prior to death. 

Clinical Signs Decreased activity, prominent backbone, limited usage/swollen limbs 
and/or paws, dehydration, thinness, and/or partly closed eyes were 
observed in rats of all groups, including VC, but at a slightly higher 
incidence at HD. 

Body Weights Increased body weight gain at HD (171%) vs. VC during the first 
week of dosing; however, body weight gain was similar for the 
remainder of dosing and body weights were similar to VC on Day 42 
(end of dosing). 

Necropsy findings Increased incidence of small prostate and seminal vesicles at MD and 
HD, which correlated with decreased prostate and seminal vesicle 
weights vs. VC (Table 23 & Table 24). Seminal vesicle weights were 
decreased at the LD vs. VC; however, these were not considered 
adverse because the changes were small and mating and fertility were 
unaffected at LD. Epididymis weights were decreased at all doses vs. 
VC; however, these were not considered adverse at the LD because 
the changes were small and sperm parameters and mating and fertility 
were not affected. 

Vehicle-related findings were observed in kidney, testis, epididymis, 
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and infusion site (see Table 105 in Appendix) and macroscopic 
findings at the infusion site were observed in all groups (see Appendix 
page 204). 

Fertility and Pregnancy 
Parameters 

Decreased mating and fertility indices at MD and HD and conception 
rate at the HD vs. VC (Table 25). Although the mating and fertility 
index were less than VC at the MD, values were within HCR. Males 
that had not mated in the first 10 days were given a new mating 
partner for the last 4 days of the mating period. 6/19 HD rats did not 
mate with their first partner; 2/6 HD rats mated with their second 
partner, but only one produced a pregnancy. 4/17 MD rats did not 
mate with their first partner; 2/4 MD rats mated with their second 
partner and produced a pregnancy. All VC and LD mated within the 
first 10 days. The mean number of days to mating at the HD was 
slightly greater (3.1 days) vs. VC (2.6 days). 

A statistically significant decrease in cauda epididymis weight at all 
doses, which was associated with a dose-related decreasing trend for 
spermatozoa count at MD and HD (Table 26). This correlated with 
decreased epididymis weights; however, there was no 
histopathological correlate. There was no test article-related effect on 
other sperm parameters evaluated, including motility and abnormal 
spermatozoa. 

The number of implantation sites, live embryos, dead embryos, early 
resorptions, and pre-and post-implantation loss were comparable for 
dosed males mated with untreated females vs. VC. 

Toxicokinetics Concentrations of brexanolone in rat plasma samples on Day 14 2-
hours post syringe change: LD: 132 ng/mL; MD: 202 ng/mL; HD: 351 
ng/mL 

VC: vehicle control; LD: low dose; MD: mid dose; HD: high dose GD: Gestation Day, HCD: Historical Control 
Data 

Table 23. Gross pathology findings in male rat fertility study. 

Source: Applicant’s Table, Study No. SSN-01274, p.39. 
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Table 24. Organ weight changes in male rat fertility study. 

Source: Applicant’s Table, Study No. SSN-01274, p.40. 

Table 25. Fertility parameters in male rat fertility study.
	

Source: Applicant’s Table, Study No. SSN-01274, p.38. 
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Table 26. Summary of sperm evaluation in male rat fertility study. 

Source: Applicant’s Table, Study No. SSN-01274, p.41. 

Pharmacology Reviewer Comment: Fertility findings in male rats are not a concern clinically 
because the patient population is women. However, if additional indications should be examined 
in the future in which males would be included, the toxicity concerns should be reexamined. 
Although there are SBECD (vehicle)-related findings in the testis and epididymis, they are most 
likely due to the proximity of the infusion site to the male reproductive organs. Brexanolone in 
SBECD is being chronically infused in the vena cava of rat as a femoral indwelling catheter. 
Therefore, it is unlikely to be relevant to humans. In addition, SBECD is used at much greater 
amounts in other approved drugs than will be administered for brexanolone (see Table 20, page 
52). 

Embryo-Fetal Development 
A Continuous Intravenous Infusion Embryo/Fetal Development Study of SAGE-547 in the 
Rat/Study No. SSN-797 

Key Study Findings 
x Dose-dependent increase in body weight gain and food consumption early in the dosing 

period (GD 6 to 9) and decreased food consumption and body weight gain following the end 
RI GRVLQJ �*' �� WR ��� DW ��� PJ�NJ ZLWK QR HIIHFW RQ ERG\ ZHLJKW� 

x Decreased fetal weights (5%) at 60 mg/kg compared to controls. 
x The NOAEL is 60 mg/kg for maternal toxicity and 30 mg/kg for fetal development which is 

5-times and 2-times; respectively, the human exposure (AUC24h = 1800 ng.h/mL; Css = 74.3 
ng/mL) at the MRHD. 

Conducting laboratory and location:
 
GLP compliance: 

(b) (4)

Yes
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Methods 
Dose and frequency of dosing:	 0, 15, 30, and 60 mg/kg/day 

Continuous (24 hours/day at a rate of 2 mL/kg/h) 
Route of administration:	 IV infusion 
Formulation/Vehicle:	 Solution/5 mM citrate buffer, pH 6 ± 0.2, and 125 mg/mL 

of SBECD in 0.9% Sodium Chloride 
Amount SBECD:	 3000 mg/kg/day for VC and HD; 750 mg/kg/day for LD; 

1500 mg/kg/day for MD 
Species/Strain:	 Rat/Sprague Dawley 
Number/Sex/Group:	 22 females/group 
Satellite groups:	 2 controls and 8/dose group (TK) 
Study design:	 Pregnant rats were dosed from gestational day (GD) 6 to 

17 (infusion pump stopped on morning of GD 18). The 
fetuses were delivered by C-section on GD21 and 
examined. 

Deviation from study protocol 
affecting interpretation of results:	 No 

Observations and Results 
Parameters Major findings 
Mortality No test article related effect. One control TK (pregnant) euthanized in 

poor condition on GD 14 with signs of abnormal respiration and 
discharge from vulva. The cause of death was not determined. 

Clinical Signs No test article related effect. 
Body Weights Between GD 6 and 9, body weight gain was increased for HD vs. 

FRQWUROV �Ĺ����� 2QFH GRVLQJ VWRSSHG �*' �� WR ���� ERG\ ZHLJKW JDLQ 
was dose-GHSHQGHQWO\ GHFUHDVHG DW 0' DQG +' YV� FRQWUROV �Ļ�� DQG 
51%, respectively) and HD weighed 18.7 g less than controls on GD 
21. Effects on body weight gain correlated with food consumption 
(increased between GD 6 and 12 and decreased between GD 18 to 21). 

Necropsy Findings No test article related effect. Procedure related findings observed at the 
infusion site and findings secondary to the procedure related findings 
observed in the iliac lymph node (See Appendix, page 205 for details). 

Cesarean Section Data Fetal weights were decreased 5% at the HD compared to controls 
(Table 27). There was a statistically significant, dose-dependent 
decrease in the sex ratio; however, the biological significance of this 
finding is unclear since there was no effect on dead fetuses, post 
implantation loss, or number of resorptions. In addition, there was no 
effect on sex ratio in the rat pre- and post-natal development study. 

Offspring Data No test article-related effect (see Table 106 in Appendix). 
Toxicokinetics See ADME/PK Section page 44. 
LD: low dose; MD: mid dose; HD: high dose 
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Tabl 27 C esarean section fimd.mg:s from rat emb f'. l d eve lopment studly . e 	 . rvo- eta 
Parameter 0 mg/kg 15 mg/kg 30 mg/kg 60 mg/kg 
Mean live fetuses/litter 12.7 12.6 12.2 13.6 
Post Implantation Loss(%) 3.9 4.72 8.31 5.31 
Mean Sum of Resorptions 0.5 0.6 1.1 0.7 
Mean Early Resorptions 0.5 0.6 1.1 0.6 
Mean Late Resorptions 0 0 0 0.1 

Mean sex rate(% males) 57 49 45* 44* 
Mean fetus weig:ht (!!) 6.086 6.234 6.150 5.758** 
Mean uterns weight (g) 108.8 106.3 104.6 106.8 

*p~0.05 ; **p~0.01 

A Continuous Intravenous Infusion Embryo-fetal Development Study of SAGE-547 in 
Rabbits/Study No. SSN-825 

Key Study Findings 
• 	 Maternal toxicity occun ed at ~15 mg/kg based on clinical signs of sedation and reduced food 

consumption and body weight gain and/or body weight loss during dosing and after dosing 
stopped. 

• 	 Fetal toxicity occuned at~15 mg/kg based on increased abo1iions and number of late 
resorptions at~15 mg/kg and decrease in the number of live fetuses and increases in pre-and 
postimplantation loss at 30 mg/kg. Fetal weights were decreased 13 and 21%at 15 mg/kg 
and 30 mg/kg, respectively, conelating with delayed ossification in the hyoid and pubic 
bones. 

• 	 The NOAEL is 7.5 mg/kg for maternal toxicity and fetal development which is 1.2-times, the 
human exposure (AUC24h = 1800 ng.h/mL; Css = 74.3 ng/mL) at the maximum 

recommended clinical dose. 


(6Jlll 
Conducting laboratory and location: 

GLP compliance: Yes 


Methods 
Dose and frequency of dosing: 0, 7.5, 15, and 30 mg/kg/day 

Continuous (24 hours/day at a rate of2 mL/kg/h) 
Route ofadministration: IV infusion 
Fo1mulation/V ehicle: Solution/5 mM citrate buffer, pH 6 ± 0.2, and 125 mg/mL 

of SBECD in 0.9% Sodium Chloride 
Amount SBECD 	 3000 mg/kg/day for VC and HD; 750 mg/kg/day for LD; 

1500 mg/kg/day for MD 
Species/Strain: 	 Rabbit/New Zealand White 
Number/Sex/Group: 	 22/group 
Satellite groups: 	 2 controls and 4/dose group for TK 
Study design: 	 Pregnant rabbits were dosed from gestational day (GD) 7 

to 19 (infusion pump stopped on morning of GD 20). The 
fetuses were delivered by C-section on GD 29 and 
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examined. 

Dosing was based on a preliminary dose range finding 
study conducted in pregnant rats. The study is summarized 
in the Appendix, page 206. 

Deviation from study protocol 
affecting interpretation of results: No 

Observations and Results 
Parameters Major findings 
Mortality One LD rabbit was found dead on GD12, cause of death was 

pericarditis and was not test article related. 1 HD euthanized on 
GD15 in poor clinical condition, stopped eating on GD7 till 
euthanized. 1 VC, 4 MD, and 7 HD aborted and euthanized (between 
GD14 and 27). 

Clinical Signs Dose-dependent decrease in activity with onset occurring earlier at 
MD and HD than at the LD and a dose-dependent increase in 
incidence of reduced appetite. Other pharmacologic effects observed 
at the HD include abnormal gait, uncoordinated, headtilt, decreased 
muscle tone, and/or lying on side. 

Body Weights Dose-dependent decrease in body weight gain during dosing period 
�Ļ��� ��� ��� DW /'� 0'� +'� UHVSHFWLYHO\� YV� 9&� DQG 
continuing afWHU GRVLQJ VWRSSHG IURP *'�� WR �� �Ļ�� ��� DW /' 
& MD, respectively, vs. VC). There was a 5% body weight loss from 
GD16 to 26 at HD. Although HD rabbits gained most of this lost 
weight back from GD26 to 29, HD rats still weighed 10% less than 
controls on GD29. 

Decreased body weight gain and body weight loss correlated with 
reduced food consumption. Eight HD rabbits had prolonged periods 
��� GD\V� RI OLWWOH WR QR IRRG FRQVXPSWLRQ ���� J� GXULQJ WKH GRVLQJ 
period and 13 MD and 14 HD rabbits had prolonged periods of little 
to no food consumption after dosing stopped. 

Necropsy Findings A small increased incidence of pale discoloration of the liver (0, 0, 1, 
& 3 for VC, LD, MD, & HD, respectively) and heart (0, 3, & 3 for 
VC, MD, & HD, respectively) and firmness at the infusion site (2, 2, 
4, & 5 for VC, LD, MD, & HD, respectively) at the MD and HD; 
however, no histopathological evaluation was performed so 
significance of findings is unclear. 

Cesarean Section Data A dose-dependent increase in the incidence of abortions at the MD 
and HD, which is at or above the HCR. Many of the rabbits that 
aborted had prolonged periods of almost no food consumption (<20 
g/day) prior to aborting. An increase in the number of late resorptions 
were observed at the MD and HD. A decrease in the number of live 
fetuses and an increase in pre- and postimplantation loss were 
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Offspring Data 

Toxicokinetics 

observed at the HD. One MD and HD rabbit had total litter 
reso1ption. Fetal weights were decreased 13 and 21 % at the MD and 
HD, respectively, vs VC. See Table 28. 
A statistically significant increase in the overall incidence of skeletal 
variants at the MD (42% MD vs. 22% VC fetuses), the fetal 
incidence of incomplete hyoid bone ossification at MD (13% MD vs. 
4% LD fetuses), and the litter and fetal incidences of incomplete 
ossification of the pubic bone at MD and HD (9% MD and HD vs. 
0% VC fetuses and 19% MD and 33% HD vs. 0% VC litters). 
However, the values remained within the historical control range 
(hyoid bone: 0 - 44% affected fetuses; pubic bone : 0 - 44% affected 
litters, 0 - 10% affected fetuses). These findings may indicate a delay 
in ossification possibly due to the lower fetal weights at the MD and 
HD. For a summary of offspring data see Table 109 & Table 110 in 
Appendix. 
See ADME/PK Section page 44. 

VC: vehicle control; LD: low dose; MD: mid dose; HD: high dose; GD: gestational day; HCR: historical control 
range 

Tabl 28 C esarean secfion fiIlld.m2s from rabb•t b f'. t l d t t de . 	 1 em ryo- ea eve opmen s u Ly. 
Parameter 0 mg/kg 7.5 mg/kg 15 mg/kg 30 mg/kg HCR 
Total pregnancy rate 22/22 22122 22/22 22/22 
Mean corpora lutea 10 9.6 9.8 10 8.4 - 12.3 
Mean implantation sites 9.2 8.7 8.9 8 5.7 - 10.6 
Preimplantation loss (% ) 6.83 10.13 8.25 20.77* 3.5 - 38.5 
Postimplantation loss 
(%) 

3.01 8.77 12.86 19.85* 0.6 - 29.1 

Mean live fetuses 8.9 7.8 7.9 6.3* 4.9 - 10 
Mean total resorptions 0.3 0.9 1.1 1.8 0 - 2.4 
Mean early reso1ptions 0.2 0.5 0 0.4 0 - 1.7 
Mean late resorptions 0 0.4 1.1 * 1.3* 0-1.4 

Abortions 0 0 4 7 0-4 
Mean sex rate (% males) 44.24 50.66 41.04 50.63 37.4 - 63.5 
Mean fetus weight (g) 42.12 41.49 36.62* 33.21 * 36.9 - 49.6 
Mean uterns wei!ilit (!Z) 516.4 476.2 455.9 348.2 

HCR = Historical Control Range; *p~0 .05 

Prenatal and Postnatal Development 
A Continuous Intravenous Infusion Pre and Postnatal Study of SAGE-547 in the Rat/Study 
No. SSN-01263 

Key Study Findings 
• 	 Maternal toxicity (Fo dams) occmTed at ~30 mg/kg based on body weight loss from postnatal 

day (PND) 0 to 4, decrease body weight gain from PND 4 to 10, and decreased food 

64 

Reference ID 44057 47 



  
 

 

  

 

 

 
 

 

 

 

 

   
 

NDA 211371 Multi-disciplinary Review and Evaluation 
ZULRESSO (brexanolone) 

consumption during the lactation period at 60 mg/kg and increased number of dead 
pups/litter at birth and IHZHU OLYH SXSV�OLWWHU DW ELUWK DW ��� PJ�NJ� 

x Pup developmental toxicity (F1 generation) occurred at 60 mg/kg based on decreased pup 
viability between PND 0 and 4 with a resulting smaller litter sizes. 

x A neurobehavioral deficit, characterized by slower habituation in the maximal startle 
response in the auditory startle test, was observed in F1 generation females of dams dosed 
with 60 mg/kg. 

x Learning, locomotor activity, sexual development, mating, and fertility were not affected by 
brexanolone. 

x	 The NOAEL for maternal toxicity is 10 mg/kg and for pup and post-weaning developmental 
is 30 mg/kg, which is 0.8-times and 2-times, respectively, the human exposure (AUC24h = 
1800 ng.h/mL; Css = 74.3 ng/mL) at the MRHD. 

Conducting laboratory and location:
 
GLP compliance: 

(b) (4)

Yes
 

Methods
 
Dose and frequency of dosing:	 0, 10, 30, and 60 mg/kg/day 

Continuous (24 hours/day at a rate of 2 mL/kg/h) 
Route of administration:	 IV infusion 
Formulation/Vehicle:	 Solution/5 mM citrate buffer, pH 6 ± 0.2, and 125 

mg/mL of SBECD in 0.9% Sodium Chloride 
Amount SBECD:	 3000 mg/kg/day for vehicle and HD; 500 mg/kg/day 

for LD; 1500 mg/kg/day for MD 
Species/Strain:	 Rat/Sprague Dawley 
Number/Sex/Group:	 24 females/group 
Satellite groups:	 None 
Study design:	 Pregnant rats (F0 Dams) were dosed from gestational 

day (GD) 6 to Postnatal Day (PND; also referred to as 
lactation day) 21, 22, or 23. Blood was collected from 
5 F0 Dams/group on PND4 and PND20, from 5 F1 

Generation Litters/group on PND4, and 5 F1 

Generation Litters/group (targeting 1/sex/litter) on 
PND20 2 – 3 hours post syringe change for TK. 

Deviation from study protocol 
affecting interpretation of results:	 No 

Observations and Results 
Generation Major Findings 
F0 Dams Mortality: 8 dams were found dead or were preterminally euthanized with 

undetermined cause of death (Table 111 in Appendix); infusion site masses 
could be a contributing factor. One VC, 1 LD, and HD euthanized due to signs 
of dystocia. Two VC, 4 LD, 3 MD, and 3 HD euthanized because there were no 
remaining live pups on PND 0 or 1. Two VC, 2 MD, and 1 HD euthanized early 
on GD26 because they failed to deliver pups; 1 VC was not pregnant and 
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remaining were pregnant but no live fetuses in utero (total resorption or implant 
site scars observed with the latter suggesting they had littered during the night 
and cannibalized their litter). 

Body weight: During gestation, dosed rats had increased body weight gain vs. 
9& ZLWK WKH ODUJHVW HIIHFW IURP *'� WR � DW WKH +' �Ĺ��� DQG ���� IRU 0' 
and HD, respectively). At the end of gestation, HD group had a 10% increase in 
body weight gain vs. VC, which correlated with an 11% increase in food 
consumption. During lactation, body weight loss was observed at the HD from 
PND0 to 4 and decreased body weight gain was observed at the LD from PND 
4 to 10, the MD from PND 0 to 10, and the HD from PND4 to 10 (Table 29); 
but, by PND 21, body weights were similar across all groups. At the HD this 
correlated with a 15% decrease in food consumption from PND 0 to 4 and an 
overall decrease in food consumption by 11% during the lactation period. 

Uterine Content: The gestation length was comparable for all groups and to the 
HCR (21.3 to 22 days). Gestation index was below the HCR for all groups, 
including VC (Table 30); the LD group had the highest gestation index 
suggesting the finding may be vehicle-related (the LD had the lowest level of 
vehicle). There was a dose-related decrease in the live birth index and the live 
birth index was below the HCR for all dose groups, while the VC group was 
within range (Table 30). There was a dose-dependent decrease in live pups/litter 
at birth. Although the number of dead pups/litter at birth was within the 
historical control range at the LD, there is a clear dose-response, so I cannot 
discount this finding as not being test article-related at the LD. There was no 
effect on sex ratio (% males) as had been observed in the embryo-fetal 
development study. 

Necropsy: There were no test article-related macroscopic findings; however, 
there were vehicle-related findings in the kidney (pale kidneys) consistent with 
findings from the rat general toxicology study. Other findings were procedure 
related (see Appendix, page 210). 

Toxicokinetics: Plasma concentrations for test article in F0 Dams on PND4 and 
20 are shown in Table 113 in Appendix. 

F1 Generation Survival: Pup survival to PND4 was lower at all doses vs. VC; however, there 
was no dose response at the LD and MD and only the HD group was below the 
HCR (Table 31). Decreased food consumption and body weight loss noted for 
HD dams between PND0 and 4 may have contributed to decreased milk 
production, affecting viability. There was no effect on survival index (PND 7 
and 14) and lactation index (PND 21). Effects on survival at the HD correlated 
with a decrease in total litter size at the HD that was 25% less than VC on PND 
0, 35% less than VC on PND 4, and 12% less than VC for the rest of the 
lactation period (Table 32). 

Clinical Signs: On PND 0 or 1, 2 males and 1 female pups from a HD litter 
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were cold to touch and 2 of these pups had empty stomachs and were found 
dead or missing (presumed cannibalized) the same or next day. On PND 2, 3 
males and 5 female pups from a HD litter were cold to touch; however, they 
survived to PND 4. 

Body Weight: No test article-related effect on mean body weight at birth for 
male and female pups. There was a small, non-significant decrease in body 
weight gain for male and female pups from PND 4 to 10 (7 – 10%) at the HD 
vs. VC; however, there was no effect for the remainder of the lactation period 
and body weights and body weight gain were similar across groups on PND 21. 

Physical development: There were no test article-related effects on 
development in the F1 generation (pupillary closure, visual placing, and vaginal 
opening and preputial separation). 

Neurological assessment: The linear time contrast (slope of habituation) for 
maximum startle was statistically significantly shallower (i.e., habituation 
slower) for F1 generation females from HD dams in the auditory startle test 
with a trend at the MD on PND 55 (Table 33). At the time of testing in the 
auditory startle test the rats are not exposed to test article; therefore, the effect 
on startle is persistent. There was no effect on average startle response and the 
time of maximum startle for females and no differences were observed for F1 
generation males. There was a non-statistically significant decrease in 
locomotor activity (10 – 33%) for F1 generation rats from HD dams in a Home 
Cage Motor Activity System on PND 60. There was no test article-related 
effect on learning and memory in the Cincinnati Water Maze between PND 60 
and 70. 

Reproduction: There was no test article-related effect on estrous cyclicity 
(number of estrus cycles and average length of cycles), reproductive 
performance (mean number of days to mating, mating index, fertility index, and 
conception rate), and ovarian and uterine parameters (mean number of corpora 
lutea, implantations, pre- and post-implantation loss, and live fetuses) in F1 

generation rats. 

Necropsy: There was no test article-related external or internal findings noted in 
pups that were euthanized or found dead between PND 0 and 7. There was no 
test article-related macroscopic findings in adult F1 generation rats. Test article 
was not detected in most F1 generation litters on PND 4 and in all litters on 
PND 20. The 2 litters which had test article detected on PND 4 could be due to 
experimental error. 

VC: vehicle control; LD: low dose; MD: mid dose; HD: high dose; HCR: historical control range 
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Table 29. Mean maternal body weight and body weight gain for Fo dams during lactation 
. th t d tn t l d l t t dIll e ra pre- an pos a a eve opmen s u y. 

Dose 
(mg/kg/day) 

Body Weight (g) Gain (g/% control) 
PND O PND 

4 
PND 
10 

PND 
21 

PNDO ­
4 

PND 4 -10 

0 295 306 326 345 11/-­ 20/-­
10 296 309 326 338 13/116 17/85 
30 302 311 326 345 9/82 15175 
60 307 305 321 346 -21-­ 16/80 

Table 30. Effects on maternal performance at birth in the rat pre- and postnatal 
development study. 

Grou1> 
Gestation Index 

(%) 
Live Birth Index 

(%) 
No. Live Pups at 

Birth/Litter• 
No. Dead Pups at 

Birth/Litter 
l'o. of Dead Pups 
<Litters Affected) 

I/ Vehicle 
control 

73.9 
88.2 11.7 0.3 5 (3) 

2/ 10 mg/kg/day 83.3 
83.4 10.9 0 .7 15 (6) 

3/ 30 mg/kg/day 75.0 80.0 10.6 1.2 24*** (5) 
4/ 60 mg/kg/day 79 .2 74.7 9.3 1.2 22*** (5) 

Historical 
Control Range 

88.9 to 100 84.8 to 95.5 11.3 to 16.4 0 to 1.0 -
*** P :::; 0.001 (Fisher 's). 
• Includes litters with only dead pups, and no live pups, i.e., number of live pups at birth in a litter can be 0. 

Source: Applicant's Table, Study No. SSN-01263, p .55 . 

Table 31. Mean survival data in F1 generation rats in the rat pre- and postnatal 
d l t t deve opmen s u ty . 

Survival (%) Omg/kg 10 mg/kg 30 mg/kg 60 mg/kg HCR 
Bi1i h (Live Bnih Index) 88.2 83.4 80 74.7 84.8 - 95.5 
PND 4 (Viability Index) 98.65 89.51 94.52 80.50 91.1 - 100 
PND 7 (Survival Index) 100 99.34 100 98.53 95.5 -100 
PND 14 (Survival Index) 100 98.68 100 99.22 94.9 - 100 
PND 21 (Lactation Index) 100 98.68 100 99.22 94. 1 - 100 
PND = Postnatal Day; HCR = Historical Control Range 

Table 32. Mean litter size in F1 generation rats in the rat pre- and postnatal development 
studly . 

Litter Size 0 mg/kg 10 mg/kg 30 mg/kg 60 mg/kg 
PND O 12.4 11.5 11.8 9.3 
PND 4 12.2 10.7 11.1 7.9 
PND 7 8 7.9 7.8 7.1 
PND 14 8 7.9 7.8 7.1 
PND 21 8 7.9 7.8 7.1 
PND = Postnatal Day 
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Table 33. Maximum startle for F1 generation female rats in the pre- and postnatal 
development study. 

Source: Applicant’s Table, Study No. SSN-01263, p.136. 

Pharmacology Reviewer Comment: Published animal studies have reported that administration 
of drugs that enhance GABAergic inhibition to neonatal rats caused widespread apoptotic 
neurodegeneration in the developing brain (Ikonomidou et al. 2000, Bittigau et al. 2002, Turski 
and Ikonomidou 2012). The window of vulnerability to these changes in rats (PND 0 to 14) 
corresponds to the period of brain development that takes place during the third trimester of 
pregnancy in humans and may be up to three years of age. In 2016 followed by an update in 
2017, the Agency issued a Drug Safety Communication to add a warning about using general 
anesthetics and sedatives (drugs that antagonize NMDA receptors or potentiate GABA 
signaling) in pregnant women because of the concerns about apoptotic neurodegeneration in the 
developing brain. Because brexanolone has GABAA receptor activity and there is no data for 
brexanolone, we added a statement to the brexanolone label (Section 8.1) based on the literature 
data for other drugs with a similar mechanism of action to address the potential risk to 
administering brexanolone during pregnancy. Even though an effect might be predicted for a 
nursing baby based on the effected age range in humans, this is not an issue for this product 
since the amount released in milk is very minimal and the drug has a very low oral 
bioavailability. In addition, a PMR has been requested for a study to determine if these concerns 
are relevant for brexanolone and to allow labeling to appropriately reflect the risk to patients. 
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5.5.5. Other Toxicology Studies 

Local Tolerance 
Study Nos. RPT57495.0I , SSN-01392, SSN-01393, and SSN-01394 were reviewed by Dr. Julie 
Frank. 

UV-Vis Absorbance Profile ofSAGE-547 (Study No. RPT57495.01; Non-GLP): There was 
some absorbance noted from 208 to 2IO nm and 240 to 320 nm (maximum absorbance at 285 to 
290 nm). However, the molar extinction coefficient at these wavelengths was below IOOO L mor 
1 cm-1 and there was no absorbance in the spectrum from 330 to 720 nm indicating that 
brexanolone is not photosensitive in the UV-visible region. 

SAGE-547: An Acute Dermal Irritation/Corrosion Study in Rabbits (Study No. SSN-01392; 
GLP): De1mal administration of 500 mg brexanolone for four hours to three rabbits showed no 
signs of iITitation (edema, erythema, or eschar) up to 72 hours post dose. 

SAGE-547: An Acute Eye Irritation/ Corrosion Study in Rabbits (Study No. SSN-01393; 
GLP): Ocular administr·ation of IOO mg brexanolone to three rabbits resulted in reddening of the 
conjunctivae and discharge was observed I-hour postdose in all three rabbits and chemosis 
(swelling) of the conjunctivae was observed in one rabbit I-hour postdose. There were no 
findings 24-hours postdose. Because the severity of the nTitation observed was lower than the 
iITitation scores available for classification, brexanolone is not considered an ocular in1tant. 

SAGE-547: A Skin Sensitization Study (Buehler Method) in Guinea Pigs (Study No. SSN­
01394; GLP): De1mal administr·ation of IOO% brexanolone for 3 weekly 6-hour exposures (on 
Days I , 8, and I 5) to guinea pigs did not elicit a skin reaction or contact de1matitis. A 
brexanolone challenge 2 weeks following the last induction exposure (Day 29) also did not elicit 
a skin reaction or contact de1matitis. 

Hemolytic Potential ofSAGE-547 Injection on Human Whole Blood (Study No. SSN-638; 
Non-GLP): Brexanolone (5 mg/mL SAGE-547 in 250 mg/mL SBECD) at concentr·ations of 
O. I 66 and I .66 mg/mL did not cause hemolysis in fresh human whole blood from two separate 
donors. 

Impurity Qualification 
Staii ing material, reagents, process inte1mediates, process impurities, and potential process 
impurities were adequately evaluated for mutagenicity potential by in silico evaluation Stu~ 

4 111Nos. INDS-SG20I 6-0I , INDS-SG20I 6-02, INDS-SG20I6-03, and 1tiH -I 7-005). < 

which is redicted to be negative) was identified 
as positive for mutagenic potential in bacteria by !bll

4 
, but weight-of-evidence of closely­

related reference structures resulted in an overall negative prediction. A negative prediction was 
confnmed by an internal evaluation by the CDER/OTS/OCP/DARS Cheinical Info1matics 
Program. 

were 1aentiliea as plausible 
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muta ens by Derek analysis based on the presence of an aromatic nitro group 

which is a class 1 compound with evidence of mutagenic and carcinogenic activity. 
<b><

4 was determined to be negative in a valid AMES assay (see Ai:mendix page 211); 
...,h,--£,_-..... bll41 . 'd d 1 d Th . . (bJl4t ere ore 1s cons1 ere a c ass 4 compoun . e remammg 
containing compounds are also considered negative for mutagenic potential oecause tlie 
strnctural ale1i for these compounds was the same that was assessed in the AMES assay 
conducted with >rr 

4 
and detennined to be negative. It should be noted that (blT

4 

- con tam 1111 
<
4 groups compared to (bJl

4 
• Howeve.& it 

(b)(4 · k £ · · h ltil I' oes not appear t at represent a ·eater n s or mutagemc1 t an 
because the in silico mutagemc1ty results for (bJl

4 were the same for 
d h 

(b)(4
plausible in DEREK and ne ative in Leadsco e the chemical environment for 

The Applicant is proposin specification limits for impurities < 
6114 

in the 
diug substance ofNMT (bJl

4 
based on qualification ma 14-Clay genera toxicology 

stu~in rat in which these impurities were t. ested neat. There were no test aii icle-related fmdings 
00 ~ .for at doses up to 0.15 mg/kg/day for 14-days (see Appendix page 

211 . In aailit10n (b
1141 are predicted to be negative for mutagenicity by 

QSAR. 

The Applicant is proposin specification limits for impurities < 
6114 in the 

,.J.. d fNMT (1>)(4 d >n4L___ . 1 B h . . . wug pro uct o an ~ect1ve y. ot rm urities are 
considered qualified. <bll

4
l general 

toxicity study to be at exposures similar to brexanolone (see TaMe 16 in ADME/PK section) and 
was predicted to be negative for mutagenicity by QSAR. <bll

4
) was present in the batch of 

6114 6114
brexanolone used for dog at < % and the HED at the NOAEL is < m~rum mg for 60 kg 

d . d. d b . £ . . b (bJl41 person an 1s pre 1cte to e negative or mutagemc1ty ecause...____,,..--.-_,.. 
which was predicted to be negative in QSAR and was negative m tlie oatte1y of 

genotoxicity assays. 

Unique Major Human Metabolite Qualification 
Three metabolites present in human plasma at levels greater than 10% of diu g related 
radioactivity were identified in the human ADME study conducted with 14C-SAGE-547: M133 
(SGE-03211), M136 (SGE-03212), and M137 (SGE-03277). M133 was obse1ved at 27.6% of 
total mu g-related exposure and M136 and M137 (these metabolites could not be reliably 
resolved chromatographically) were 30.5% of total drng-related exposure. These metabolites 
were not detected in rats or dogs. All three metabolites are either sulfate (M133 and M136) or 
glucuronide (M137) conjugates of C20-reduced fonns ofallopregnanolone (5a-pregnan-3a,20a­
diol or 5a-pregnan-3~,20a-diol) . Although M133, M136, and M137 are not present in rats or 
dogs and were not covered in toxicology studies, they are likely to be water soluble since they 
are Phase II conjugates and thus readily excreted. In addition, M133, M136, and M137 have 
previously been repo1ied in the literature to be present in the plasma and breast milk of female 
humans (Axelson et al. 1983 and Sahlberg et al. 1986). 
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6 Clinical Pharmacology 

6.1. Executive Summary 

The clinical pharmacology of brexanolone is supported by eight clinical studies, including a 
mass balance study, organ impaired studies, drug-interaction study, thorough QT study, abuse 
potential study, oral bioavailability study, and lactation study. 

The proposed dose is 90 mcg/kg/h with a dosing regimen as a one-time continuous intravenous 
(IV) infusion over a total of 60 hours (2.5 days) as follows: 
• Initiate with a dose of 30 mcg/kg/h and infuse for 4 hours 
• Increase dose to 60 mcg/kg/h and infuse for 20 hours 
• Increase dose to 90 mcg/kg/h and infuse for 28 hours 
• Decrease dose to 60 mcg/kg/h and infuse for 4 hours 
• Decrease dose to 30 mcg/kg/h and infuse for 4 hours prior to completion of therapy 

The proposed trade name is ZULRESSO. 

Recommendations 
The Office of Clinical Pharmacology has determined that there is sufficient clinical 
pharmacology information provided in the NDA package to support a recommendation of 
approval for brexanolone. The key review issues with specific recommendations and comments 
are summarized below: 

Key Review Issues Relevant Clinical 
Studies 

Reviewer Recommendations and Comments 

The proposed general dosing regimen is 
Is the proposed Phase 2 study- supported by 3 independent clinical studies 
general dosing 
regimen acceptable? 

202A conducted in PPD patients. The proposed 
regimen utilizing a 90 ȝg/kg/h maximum dose 

Phase 3 studies- level demonstrated efficacy in moderately- and 
202B and 202C severely-depressed PPD patients in 3 clinical 

trials (202A, 202B, 202C), was well-tolerated, 
and presented no clinically-relevant safety 
issues. An alternate treatment regimen utilizing 
D �� ȝJ�NJ/h maximum dose level was utilized 
in just a single trial, Trial 202B, and 
demonstrated efficacy as well. However, the 
�� ȝJ�NJ/h regimen has demonstrated efficacy 
in more trials, greater number of patients, and 
across a wider range of disease severity than 
WKH �� ȝJ�NJ/h regimen. In addition, targeting 
�� ȝJ�NJ/h DQG UHGXFLQJ WR �� ȝJ�NJ/h in case 
of tolerability issues is logistically preferable 
WR WKH DOWHUQDWLYH RI WDUJHWLQJ �� ȝJ�NJ/h and 
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LQFUHDVLQJ WR �� ȝJ�NJ/h in case of inadequate 
effectiveness. 

Details are provided in Section 6.3.2 (Clinical 
Pharmacology Questions) 

Are any dose Hepatic impairment A dedicated hepatic impairment study 
adjustments required study (#103) demonstrated that brexanolone exposures (i.e., 
for organ impaired Cmax and AUC) were generally similar in 
patients? Renal impairment 

study (#104) 
hepatic impaired subjects (mild, moderate and 
severe) compared to normal healthy subjects. 
Thus, no dose adjustment of brexanolone is 
recommended for hepatic impaired PPD 
patients. 

A dedicated renal impairment study 
demonstrated that brexanolone exposures (i.e., 
Cmax and AUC) were generally similar in 
renal impaired subjects (severe) compared to 
normal healthy subjects. However, SBECD 
(solubilizing excipient in brexanolone 
formulation) exposures were significantly 
higher in renal impaired subjects. Therefore, it 
is recommended that caution should be used in 
patients with moderate and severe renal 
impairment due to potential accumulation of 
SBECD. Serum creatinine levels should be 
closely monitored in these patients. Use is not 
advised in patients with end stage renal disease 
(ESRD) with eGFR of < 15 mL/min/1.73 m2 . 

The detailed analysis is provided in Section 
6.3.2 (Clinical Pharmacology Questions) 

Is it safe for the child Lactation study A dedicated open-label lactation study was 
to breast feed from (#108) conducted to assess the amount of brexanolone 
patients getting the that is getting transferred into the breast milk 
brexanolone infusion? of lactating mothers during the standard dosing 

regimen of brexanolone infusion for 60 hrs. 
Corresponding PK analysis for brexanolone in 
milk and plasma demonstrated that it gets 
transferred into the breast milk of nursing 
mothers. However, due to the low oral 
bioavailability, the net relative infant dose via 
the breast milk is likely to be very low 
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compared to the dose to PPD patients. 
Therefore, based on extremely low levels of 
brexanolone in milk and potentially low levels 
of SBECD in milk, we recommend that it is 
acceptable for patients to continue breast-
feeding during the infusion. 

The detailed analysis is provided in Section 
6.3.2 (Clinical Pharmacology Questions) 

6.2. Summary of Clinical Pharmacology Assessment 

6.2.1. Pharmacology and Clinical Pharmacokinetics 

Brexanolone is a positive allosteric modulator of GABAA receptors that is chemically identical 
to endogenous allopregnanolone. The precise mechanism of action of brexanolone in the 
treatment of PPD is not fully understood. Dysregulation of GABA signaling and receptor 
trafficking, including hypofunction, is thought to be associated with PPD. The rapid onset of 
PPD symptom relief with brexanolone is thought to be mediated through positive allosteric 
modulation of both synaptic and extra-synaptic GABAA receptors resulting in a durable state 
change in GABAA receptor activity. The binding site for brexanolone on GABAA receptors is 
distinct from CNS depressants such as benzodiazepines and alcohol. The following is the 
summary of clinical PK features of brexanolone 
Brexanolone is administered as a continuous IV infusion and it demonstrates a 2-compartment 
bi-exponential PK profile. It has a linear dose-proportional PK from 30 mcg/kg/h to 270 
mcg/kg/h. PK variability is low with inter-subject variability of 21% CV. 

Absorption: Brexanolone is administered as a continuous IV infusion over 60 h. It has low oral 
bioavailability of <5%. 

Distribution: The volume of distribution for brexanolone is approximately 3 L/kg, suggesting 
extensive distribution into tissues. Plasma protein binding is greater than 99%. 

Elimination: Brexanolone is rapidly cleared with total plasma clearance of approximately 1 
L/h/kg. Following intravenous administration of brexanolone, plasma concentrations decline 
biexponentially with a terminal half-life of approximately 9 hours. 

Metabolism: In humans, brexanolone is eliminated via biotransformation. Brexanolone is 
extensively metabolized via non-CYP based pathways via three main routes- Aldo-ketone 
reductase (AKR’s), glucuronidase (UGT’s) and sulfation (SULT’s). Because brexanolone is 
extensively metabolized by multiple enzymes (non-CYP based) and via several metabolic 
pathways, it is unlikely that brexanolone would be a substrate for a metabolic drug interaction 
with another concomitant drug. 
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Following IV administration of [14C]-labeled brexanolone to healthy subjects, many 
radiolabeled metabolic products were recovered. Three major circulating metabolites observed 
were M133, M136 and M137 which were found to be pharmacologically inactive and do not 
contribute to the overall efficacy of brexanolone. 

Excretion: Following IV administration of [14C]-labeled brexanolone, there were comparable 
amounts of drug-related radioactivity in urine (42%) and feces (47%). Urinary excretion of 
unchanged radiolabeled brexanolone was negligible (less than 1% of administered dose appeared 
in urine). 

6.2.2. General Dosing and Therapeutic Individualization 

General Dosing 

The recommended maximum dose is 90 mcg/kg/h administered as a continuous intravenous 
infusion over 60 hours (2.5 days) as follows: 

x Increasing doses: 30 mcg/kg/h infused for 4 hours, followed by 60 mcg/kg/h infused for 20 
hours 

x Maximum maintenance dose: 90 mcg/kg/h infused for 28 hours 
x Decreasing doses: 60 mcg/kg/h infused for 4 hours, followed by 30 mcg/kg/h infused for 4 

hours 

For patients who do not tolerate 90 mcg/kg/h, infusion can be interrupted until the symptoms 
resolve or a lower dose of 60 mcg/kg/h may be considered. 

Therapeutic Individualization 

Hepatic Impairment: A dedicated hepatic impairment study demonstrated that brexanolone 
exposures (i.e., Cmax and AUC) were generally similar in hepatic impaired subjects (mild, 
moderate and severe) compared to normal healthy subjects. Thus, no dose adjustment of 
brexanolone is recommended for hepatic impaired PPD patients. 

Renal Impairment: A dedicated renal impairment study demonstrated that brexanolone exposures 
(i.e., Cmax and AUC) were generally similar in renal impaired subjects (severe) compared to 
normal healthy subjects. However, SBECD (solubilizing excipient in brexanolone formulation) 
exposures were significantly higher in renal impaired subjects. Therefore, it is recommended that 
caution should be used in patients with moderate and severe renal impairment due to potential 
accumulation of SBECD. Serum creatinine levels should be closely monitored in these patients. 
Use is not advised in patients with end stage renal disease (ESRD) with eGFR of 
< 15 mL/min/1.73 m2. 

Postpartum depression patients receiving concomitant medicines: Though brexanolone is 
extensively metabolized, the major in vivo biotransformation occurs by ketoreduction (via AKR 
enzymes) and conjugation with a sulfate (via SULT’s) or glucuronide (via UGT’s). Because 
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brexanolone is extensively metabolized by multiple non CYP enzymes and via several metabolic 
pathways, it is unlikely that brexanolone would be a substrate for a metabolic drug interaction 
with any other concomitant drug. No dedicated study was done to assess the potential of drug 
interaction of brexanolone as a victim drug, However, PK analysis from clinical studies 
demonstrated no effect on PK of brexanolone when concomitant medicines such CYP inhibitors, 
AKR inhibitors, hormonal contraceptives etc. were taken. Thus, no dose adjustment of 
brexanolone is recommended for PPD patients receiving concomitant medicines. 

Outstanding Issues 

None. 

6.3. Comprehensive Clinical Pharmacology Review 

6.3.1.General Pharmacology and Pharmacokinetic Characteristics 

Brexanolone is an allosteric modulator of GABAA receptors and chemically identical to the 
endogenous metabolite of progesterone, allopregnanolone. The brexanolone drug product is a 
sterile, clear, colorless, 5 mg/mL solution formulated with SBECD. It is provided in a single use 
vial, diluted prior to use and administered intravenously as a 60-hour continuous infusion. 

ZULRESSO is indicated for the treatment of postpartum depression (PPD). There is currently no 
approved product for PPD. 

The proposed dose is 90 mcg/kg/h with a dosing regimen as a continuous intravenous (IV) 
infusion over a total of 60 hours (2.5 days) as follows: 

x Initiate with a dose of 30 mcg/kg/h and infuse for 4 hours 
x Increase dose to 60 mcg/kg/h and infuse for 20 hours 
x Increase dose to 90 mcg/kg/h and infuse for 28 hours 
x Decrease dose to 60 mcg/kg/h and infuse for 4 hours 
x Decrease dose to 30 mcg/kg/h and infuse for 4 hours prior to completion of therapy 

Pharmacology 
Mechanism of Action Brexanolone is a positive allosteric modulator of GABAA 

receptors that is chemically identical to endogenous 
allopregnanolone. The precise mechanism of action of 
brexanolone in the treatment of PPD is not fully understood. 
Dysregulation of GABA signaling and receptor trafficking, 
including hypofunction, is thought to be associated with 
PPD. The rapid onset of PPD symptom relief with 
brexanolone is thought to be mediated through positive 
allosteric modulation of both synaptic and extra-synaptic 
GABAA receptors resulting in a durable state change in 
GABAA receptor activity. The binding site for brexanolone 
on GABAA receptors is distinct from CNS depressants such 
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as benzodiazepines and alcohol. 
Active Moieties Brexanolone is the only active moiety. Though there are 

many circulating metabolites, all the major circulating 
metabolites were determined to be “inactive”. 

QT Prolongation Thorough QTc study demonstrated that there was no 
prolongation of QT interval and there was no correlation of 
exposure with QTc prolongation. 

General Information 
Bioanalysis Brexanolone concentrations were measured using validated 

LC/MS/MS methods. A summary of the method validation 
reports is included as appendix. 

Drug exposure at steady state 
following the therapeutic 
dosing regimen 

A population PK model developed with data from multiple 
studies in subjects with PPD demonstrated steady state levels 
as follows: 

- At 60 mcg/kg/h = 54 ng/mL 
- At 90 mcg/kg/h = 79 ng/mL 

Dose Proportionality Brexanolone PK is dose-proportional from 30 mcg/kg/h to 
270 mcg/kg/h. 

Accumulation No accumulation is anticipated 

Absorption 
1. Brexanolone is to be administered as an IV infusion. However, an absolute BA study 

demonstrated <5% oral BA in adults. 
2. Brexanolone has low inter-subject PK variability (21% between subjects) 

Distribution 
1. Volume of Distribution: 3L/kg. 
2. Plasma Protein Binding: >99% 

Elimination 
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1. Clearance: Brexanolone has a mean total plasma systemic clearance of 1 L/h/kg. 
2. Mean Terminal Elimination half-life: 9 hrs. 
3. Primary metabolic pathway(s): Following IV administration of [14C]-labeled brexanolone, 
there were comparable amounts of drug-related radioactivity in urine (42%) and feces (47%). 
Urinary excretion of unchanged radiolabeled brexanolone was negligible (less than 1% of 
administered dose appeared in urine). 
4. Metabolism: In humans, brexanolone is eliminated via biotransformation. Brexanolone is 
extensively metabolized via non-CYP based pathways via three main routes- Aldo-ketone 
reductase (AKR’s), glucuronidase (UGT’s) and sulfation (SULT’s). 
5. Transporter: Brexanolone and the 3 major circulating metabolites are unlikely to inhibit the 
transporters (BCRP, OAT1, OAT3, OCT2, OATP1B1, or OATP1B3) at clinically relevant 
concentrations. 
6. Inhibitor/Inducer to CYP enzymes: In vitro studies suggest that brexanolone and 3 major 
circulating metabolites are unlikely to inhibit or induce any key CYP enzymes at clinically 
relevant concentrations except CYP2C9. A dedicated drug interaction study with Phenytoin 
(2C9 substrate) demonstrated that brexanolone had no effect at clinically relevant dose. 

6.3.2. Clinical Pharmacology Questions 

6.3.2.1. Is the proposed general dosing regimen for brexanolone appropriate? 

Yes. 

The proposed dose for brexanolone is 90 ȝJ/kg/h with a dosing regimen as a continuous 
intravenous (IV) infusion over a total of 60 hours (2.5 days) as follows: 

x Initiate with a dose of 30 ȝJ /kg/h and infuse for 4 hours 
x Increase dose to 60 ȝJ/kg/h and infuse for 20 hours 
x Increase dose to 90 ȝJ/kg/h and infuse for 28 hours 
x Decrease dose to 60 ȝJ/kg/h and infuse for 4 hours 
x Decrease dose to 30 ȝJ/kg/h and infuse for 4 hours prior to completion of therapy 

The proposed dose and dosing regimen are identical to the one used in 3 independent short-term 
efficacy and safety studies (study # 202A, 202B and 202C). All 3 studies demonstrated 
statistically significant changes in primary endpoint (change from baseline in HAM-D score at 
60 h). Additionally, efficacy was demonstrated both in patients with severe PPD (i.e., baseline 
HAM-D >26) and patients with moderate PPD (i.e., baseline HAM-D 20-25). 

7KH �� ȝJ�NJ�K dose level SHUIRUPHG QXPHULFDOO\ EHWWHU WKDQ �� ȝJ�NJ�K LQ WHUPV RI WKH SULPDU\ 
efficacy endpoint (HAM-D assessed at hour 60; end of infusion). +RZHYHU� WKH �� ȝJ�NJ/h dose 
level appears to present greater reduction in HAM-' VFRUH WKDQ �� ȝJ�NJ/h at hours 12 and 24, 
time points when patients in the two groups are receiving identical dosages (see Figure 2). 
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Figure 2. Least Squares Mean Change (± Standard Error) in HAM-D Total Score Over 
Time for Pooled Key Efficacy Studies (Full Analysis Set). 

Source: Applicant’s Summary of Clinical Efficacy, p.59. 

As the brexanolone terminal elimination half-life is approximately 9 hours, brexanolone 
elimination is expected to be nearly complete at approximately 45 hours (5-half-lives) after 
infusion cessation (i.e., by Day 5 after infusion start). However, a difference in the mean HAM-
' VFRUH EHWZHHQ WKH �� ȝJ�NJ�K DUP DQG WKH �� ȝJ�NJ�K DUP LV VWLOO DSSDUHQW DW +RXUV ��� GD\ �� 
and Day 30 (over 27 days after the infusion ends). Overall, these findings suggest that there were 
other unknown factors that affected the HAM-D scores differently in the patients in the 60 
ȝJ�NJ�K DUP WKDQ WKH �� ȝJ�NJ�K DUP� 

Topline safety information suggests that there is no apparent relationship between AE risk and 
GRVH RU H[SRVXUH� )RU H[DPSOH� $( UDWHV LQ 3%2� �� ȝJ�NJ/h� DQG �� ȝJ�NJ/h arms were 5.6%, 
21.1%,12.7% for sedation and 7.5%, 15.8%, 12.7% for dizziness. 

Overall, both infusion regimens appear to present acceptable safety and efficacy profiles. 
However, the proposed dose of 90 ȝg/kg/h has been assessed in a larger number of subjects over 
D ZLGHU UDQJH RI 33' VHYHULWLHV WKDQ �� ȝJ�NJ�K. In addition, the experience wLWK WKH �� ȝJ�NJ/h 
dose has been replicated in three separate studies. Also, it is more practical to target the high 
dose and reduce dose if AEs occur than to target the low dose and increase due to inadequate 
therapeutic benefit (because the full benefit is not observed until the end of the 60-hour infusion). 
Hence, we agree with the Applicant’s proposed general dosing regimen. 

6.3.2.2.	 Is an alternate dosing regimen required for patient sub-populations based 
on intrinsic factors (i.e., age, weight, organ impairments etc.)? 

No. 

Effect of age, sex and Weight/BMI: All patients being treated for PPD are women and are 
generally in a narrow age range (child-bearing potential). Age and sex were not found to be 
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significant as covariates impacting the PK of brexanolone based on the population PK analysis. 
The body weight was found to be a covariate impacting the PK of brexanolone and therefore, the 
proposed dosing regimen of brexanolone includes administration of the dose on a per kilogram 
of body weight basis. 

Effect of Hepatic Impairment: A dedicated hepatic impairment study (study # 103) 
demonstrated that brexanolone exposures (i.e., Cmax and AUC) were generally similar in 
hepatic impaired subjects (mild, moderate and severe) compared to normal healthy subjects. 
Thus, no dose adjustment of brexanolone is recommended for hepatic impaired PPD patients. 

Figure 3. Effect of Varying Degrees of Hepatic Impairment on Brexanolone 
Pharmacokinetics (geometric mean least-squares ratio and 90% confidence intervals). 

Source: Applicant’s Figure, Summary of Clinical Pharmacology Studies. 

Effect of Renal Impairment: A dedicated renal impairment study demonstrated that 
brexanolone exposures (i.e., Cmax and AUC) were generally similar in renal impaired subjects 
(severe) compared to normal healthy subjects. Thus, a marginal 30% reduction in exposure of 
brexanolone is not clinically relevant and no dose adjustment is recommended. 
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Figure 4. Effect of Severe Renal Impairment on Brexanolone Pharmacokinetics (geometric 
mean least-squares ratio and 90% confidence intervals). 

Source: Applicant’s Figure, Summary of Clinical Pharmacology Studies. 

However, SBECD exposures were significantly higher in subjects with renal impairment. Given 
that SBECD is eliminated by glomerular filtration, its clearance was expected to decrease in 
patients with renal impairment. Systematic exposure, based on Cmax and AUCinf, for SBECD 
was 1.7X and 5.5X fold higher, respectively, in severe renal impaired subjects compared with the 
normal renal function cohort. 

Figure 5. Effect of Severe Renal Impairment on SBECD Pharmacokinetics (geometric 
mean least-squares ratio and 90% confidence intervals). 

Source: Applicant’s Figure, Summary of Clinical Pharmacology Studies. 

SBECD has historically been established as a safe and effective component of IV drugs requiring 
solubilization. The use, applicability, and tolerability of SBECD in humans has been reviewed 
extensively because there are seven FDA approved medicines that include SBECD in their IV 
formulations. 
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Table 34. FDA approved products containing SBECD. 

Source: Applicant’s Figure, Summary of Clinical Pharmacology Studies. 

Additionally, several of the FDA approved products are also known to (a) have much higher 
daily exposure to SBECD than brexanolone and (b) have exposure over a longer duration i.e., 
several days, contrasted with a shorter duration for brexanolone. 

Table 35. Daily SBECD Doses in Patients with Severe Renal Impairment for Approved 
SBECD Containing Products, and for Brexanolone. 

Source: Applicant’s Figure, Summary of Clinical Pharmacology Studies. 

Therefore, brexanolone levels are anticipated to be generally similar in renal impaired patients, 
but SBECD levels are expected to be significantly higher in severe renal impaired subjects. 
Given the experience with the other approved products with similar or higher SBECD amounts, 
our labelling recommendation for brexanolone is consistent with those other products (i.e., use 
with caution in moderate and severe renal impaired patients with close monitoring of the serum 
creatinine levels and not recommended in ESRD patients). 

6.3.2.3. Should patients receiving brexanolone treatment continue breast feeding? 

Yes, we recommend that it is acceptable for patients to continue breast-feeding during the 
infusion. 

Study CLP-108 was a dedicated lactation study designed to evaluate the concentration of 
brexanolone in breast milk of healthy adult lactating women who are being administered 
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brexanolone IV infusion. The subjects were given a continuous IV infusion of brexanolone 
identical to the proposed dosing regimen (i.e., for 60 hrs with a maintenance infusion rate of 90 
mcg/kg/h). Breast milk was pumped and collected predose and at least every 12 hours 
throughout the Treatment Period and thereafter through the Day 7 Visit. Corresponding blood 
samples were also collected from pre-dose, during the infusion and up to 7 days. Plasma and 
breast milk samples were analyzed for concentrations of brexanolone utilizing validated LC-
MS/MS method. 

Detectable levels of brexanolone were observed in milk. The brexanolone concentration ratio 
(i.e., concentration in milk: concentration in plasma) was approximately 1.4. A population PK 
model was developed to characterize brexanolone levels in milk. 

Figure 6. Model-Predicted Exposures of Brexanolone in Milk Following the Proposed 90 
ȝJ�NJ�K 'RVH 5HJLPHQ IRU 6XEMHFWV ZLWK 33D (Median and 5th to 95th percentiles). 

Source: Applicant’s Figure, Summary of Clinical Pharmacology Studies. 

To assess the worst-case scenario of the relative infant dose, the applicant utilized the highest 
observed maternal range of plasma AUC values from 24 to 48 hours, when the maximum 90 
ȝJ�NJ�K LQIXVLRQ ZDV JLYHQ. 
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Table 36. Applicant’s calculation of Maximum Brexanolone Relative Infant Dose (RID). 

Source: Applicant’s Table, Summary of Clinical Pharmacology Studies. 

Because of the relative imprecision of the applicant’s estimate of the milk:plasma concentration 
ratio and assumptions regarding the calculation of average brexanolone in milk, the review team 
performed a sensitivity analysis utilizing observed milk concentration (Appendix). The 
calculated %RID when using observed maximum milk concentration of 254 ng/mL was 1.76%, 
which is consistent with the estimate provided by the applicant. 

Brexanolone is dosed as an IV infusion to lactating mothers, whereas brexanolone will get 
delivered orally (not IV) to a child who is breast-fed. The oral bioavailability of brexanolone is 
known to be <5% in adults. It is unknown how the oral bioavailability from breast milk in 
neonates or infants compares to the oral bioavailability in adults from the Applicant’s oral 
solution formulation. If neonates or infants have comparable oral bioavailability from milk to 
adults with the oral brexanolone formulation (i.e., <5%), effective relative infant dose could be 
<0.05% to 0.1% 

Although the amount of brexanolone dose delivered (via milk) to the infant is negligible, the 
study did not capture the exact amounts of circulating metabolite(s) of brexanolone or the 
excipient SBECD getting transferred to the infant. SBECD is known to be eliminated primarily 
via renal filtration and is also known to impact renal function. However, SBECD levels are 
expected to be low in breast milk due to its physico-chemical properties (i.e., high molecular 
weight of 2200 Da, extremely hydrophilic, multiple negative charges at neutral pH making it 
poorly permeable to cross the epithelial layer of mammary tissues) as well clinical PK properties 
(very low Vss, high clearance and short T½ of 2 hr) limiting its potential distribution into milk. 
Additionally, there is clinical data demonstrating that neonates treated intravenously with 
voriconazole (which contains SBECD levels up to 336 mg/kg/day) for multiple days does not 
result in any safety issues. 

Therefore, based on extremely low levels of brexanolone in milk and potentially low levels of 
SBECD in milk, we recommend that it is acceptable for patients to continue breast-feeding 
during the infusion. 

6.3.2.4.	 Is clinically relevant drug-drug interaction anticipated in patients 
receiving brexanolone and other comedications? 

No. The potential for any clinically relevant drug-drug interactions with brexanolone is low. 
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Brexanolone and the three major circulating metabolites (M133, M136 and M137) were all 
assessed for their in vitro inhibition potential towards the key metabolizing enzymes (i.e., 
CYP450’s and UGT’s) as well as the key efflux and influx transporters (i.e., Pgp, BCRP, 
OATP’s, OAT’s, OCT’s etc.) and determined to be non-inhibitors, except some inhibition of 
CYP2C9 enzyme. A drug interaction study was conducted using the CYP2C9 substrate 
phenytoin and brexanolone had no effects on the PK of phenytoin. Additionally, brexanolone 
was determined to be a non-inducer for the key CYP450 enzymes. These results clearly suggest 
that brexanolone is unlikely to have any clinically relevant drug interactions as a perpetrator. 

The human mass balance and metabolite identification study demonstrated that brexanolone is 
extensively metabolized via non-CYP based pathways and is bio-transformed majorly via three 
main routes: Aldo-ketone reductase (AKR), glucuronidase (UGT) and sulfation (SULT). 
Contrary to CYP pathways, these enzymatic pathways are usually not inhibited readily by 
exogenous drugs. Concomitant dosing of other medicines was allowed in the clinical studies 
conducted for brexanolone. Population PK analysis performed for concomitant dosing with AKR 
inhibitors, CYP inhibitors, or hormonal contraceptives demonstrated that brexanolone 
concentrations remained unchanged in presence of these co-medications. Additionally, the 
concentration of brexanolone remained essentially unchanged in subjects with hepatic 
impairment (who might have some level of overall enzymatic inhibition of the liver due to their 
hepatic impairment). All these results suggest that brexanolone is unlikely to have any clinically 
relevant drug interactions as a victim. 

Figure 7. %R[ 3ORWV RI %UH[DQRORQH $8& DW �� DQG �� ȝJ�NJ�K LQ WKH SUHVHQFH DQG DEVHQFH 
of CYP inhibitors (CYPinh). 

Source: Applicant’s Figure, Summary of Clinical Pharmacology Studies. 
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Figure 8. %R[ 3ORWV RI %UH[DQRORQH $8& DW �� DQG �� ȝJ�NJ�K LQ WKH SUHVHQFH DQG DEVHQFH RI 
ibuprofen (IBU)—A clinical AKR inhibitor. 

Source: Applicant’s Figure, Summary of Clinical Pharmacology Studies. 

Figure 9. %R[ 3ORWV RI %UH[DQRORQH $8& DW �� DQG �� ȝJ�NJ�K LQ WKH SUHVHQFH DQG DEVHQFH 
of hormonal contraceptives (Contra). 

Source: Applicant’s Figure, Summary of Clinical Pharmacology Studies. 

Therefore, we believe the potential for any clinically relevant drug-drug interactions with 
brexanolone either as a victim or as a perpetrator is low. 
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7 Sources of Clinical Data and Review Strategy 

7.1. Clinical Effectiveness Studies 

Studies submitted by the Applicant and evaluated for efficacy are listed in Table 37. (A complete 
Table of submitted studies can be found in Section IO. I: Safety Review Approach.) These studies 
were randomized, double-blind, and placebo-controlled and were completed in the United States. 

Table 37.Stud.1es E l t d tor Effi1cacy.va ua e 

Study 
547-PPD- Phase 

NCT 
Number 

Population Studied 
(Baseline HAM-D) 

Centers 
Enrolling 
Patients 

Placebo Brexanolone 
Total 

N 

202A 2 026I4547 
Severe PPD (~26) 

4 11 IO 2I 

202B 3 02942004 
Severe PPD (~26) 

32 43 79a 138 

202C 3 029420I7 
Moderate PPD 
(20 to 25) 

32 53 5I I08 

•Brexanolone 60 ~tg/kg/h, n=38; brexanolone 90 ~tg/kg/h, n=41. 

Studies 202A, B, and C used one "lllllbrella" protocol. Brexanolone dosing was as previously 
described (90 µg/kg/h; Section I. I: Product Information) . Important individual study differences 
were: 

• 	 Study 202B included an additional brexanolone arm (60 µg/kg/h) . In the 60 µg/kg/h group, 
dosage titration was as follows: 30 µ.g/kg/h for 4 hours, 60 µg/kg/h for 52 hours, 30 µ.g/kg/h 
for 4 hours. 

• 	 Studies 202A and 202B enrolled patients with severe PPD; Study 202C enrolled patients 
with moderate PPD. 

Effects were observed over time for the first 60 hours. The primaiy endpoint for the 202 Studies 
was change from baseline in HAM-D at 60 hours (i.e., the end of the infusion). The secondaiy 
endpoint for Studies 202B and C was the change from baseline in HAM-D at 30 days. 

Compliance with Good Clinical Practices 

The Applicant attested to compliance with good clinical practice for all three efficacy studies in 
accordance with the International Conference on Ha1monisation (ICH) guidelines and with 2 I 
CFR paits 50, 56, and 3 I2. 
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Data Quality and Integrity 

The submission contains all required components of the electronic common technical document 
(eCTD). The overall quality and integrity of the application appear to be acceptable. Requests for 
additional information from the applicant throughout the review process were addressed in a 
timely fashion. 

Financial Disclosure 

See Section 22.2: Financial Disclosure. 

7.2. Review Strategy 

The biostatistics and clinical review teams determined that the three randomized, double-blind, 
placebo-controlled studies would be reviewed for efficacy. (See Section 1.3: Risk/Benefit 
Assessment for the discussion of balancing the safety findings against clinical need and the 
effectiveness for this product.) The biostatistics review team conducted an independent analysis 
that confirmed the Applicant’s reported results. 

8 Statistical and Clinical Evaluation of Efficacy 

8.1. 547-PPD-202A 

8.1.1. Study Design 

Overview and Objective 

The primary objective of 202A was to determine if brexanolone, infused intravenously for 60 
hours, reduced depressive symptoms in patients with PPD compared to placebo as assessed by 
the change from baseline in the 17-item Hamilton Depression Rating Scale (HAM-D) total score. 

Trial Design 

This was a multicenter, randomized, double-blind, parallel-group, placebo-controlled study of 
the efficacy, safety, and PK of brexanolone in adult females diagnosed with severe PPD (defined 
as a baseline HAM-D score greater than 26). Eligible patients were randomized in 1:1 ratio to 
receive 60 hours of IV treatment with either brexanolone or placebo. See Figure 10 for a 
schematic representation of the study design. HAMD total score was scheduled to be assessed at 
baseline and at Hours 1, 2, 4, 8, 12, 24, 36, 48, 60, 72 and on Days 7 and 30. 
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Figure 10. Study Design, Study 202A (Applicant’s Figure). 

Source: Applicant’s Clinical Study Report, Figure 1. 

Study Assessments and Endpoints 

The primary efficacy endpoint was change from baseline in HAM-D total score at the end of the 
treatment period (at 60 hours). There was no secondary endpoint for this study. The HAM-D is a 
17-item rating scale with 8 items scored 0 to 2 and nine items scored 0 to 4.  The HAM-D was 
not modified to remove items that might not change in 60 hours (e.g., weight). 

Secondary outcomes included the Barkin Index of Maternal Functioning (BIMF), Clinical Global 
Impression-Improvement (CGI-I), Edinburgh Postnatal Depression Scale (EPDS), Generalized 
Anxiety Disorder 7-item Scale (GAD-7), a rating of healthcare resource utilization (HCRU), 
Patient Health Questionnaire 9-item (PHQ-9), and the Short-form 36 (SF-36). 

The BIMF is a patient reported outcome scale BIMF covers a broad range of functional areas 
(self-care, infant care, mother-child interaction, psychological well-being of mother, social 
support, management, adjustment). This new application of maternal functional status is a 
robust construct where the physical and mental health of the mother is essential to optimal 
functioning. Each item is rated on a scale of 0 (strongly disagree) to 6 (strongly agree) , and 
subscales are drawn from these items. 

The CGI-Severity (CGI-S) item uses a 7-point Likert scale to rate the severity of the patient’s 
illness at the time of assessment, relative to the clinician’s past experience with patients who 
have the same diagnosis. Considering total clinical experience, a patient is assessed on 
severity of mental illness at the time of rating 1 = normal, not at all ill, 2 = borderline 
mentally ill, 3 = mildly ill, 4 = moderately ill, 5 = markedly ill, 6 = severely ill, and 7 = 
extremely ill.
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The EPDS is a patient-rated depressive symptom severity scale specific to the perinatal 
period. The EPDS total score will be calculated as the sum of the 10 individual item scores. 

The GAD-7 is a patient-rated depressive symptom severity scale (Spitzer 2006). Scoring for 
GAD-7 generalized anxiety is calculated by assigning scores of 0, 1, 2, and 3 to the response 
categories, respectively, of “not at all sure,” “several days,” “over half the days,” and “nearly 
every day.” GAD-7 total score for the seven items ranges from 0 to 21, where a score of 0 to 
4 = minimal anxiety, 5 to 9 = mild anxiety, 10 to 14 = moderate anxiety, and 15 to 21 = 
severe anxiety. 

Subject-reported healthcare resource utilization data, including baseline diagnosis history, 
baseline antidepressant treatment history, and healthcare visits, inpatient visits, and 
medication use was collected at screening and on Day 30 of follow-up (or at early 
termination). 

The PHQ-9 is a patient-rated depressive symptom severity scale. To monitor severity over 
time for newly diagnosed patients or patients in current treatment for depression, patients 
may complete questionnaires at baseline and at regular intervals thereafter. Scoring is total 
based on responses to specific questions, as follows: “not at all” = 0; “several days” = 1; 
“more than half the days” = 2; and “nearly every day = 3.” 

The Medical Outcomes Study Short Form-36 (SF-36v2) is a 36-item measure of health status 
that has undergone validation in many different disease states (Ware 2007). The SF-36 
covers eight health dimensions including four physical health status domains (physical 
functioning, role participation with physical health problems [role-physical], bodily pain, and 
general health) and four mental health status domains (vitality, social functioning, role 
participation with emotional health problems [role-emotional], and mental health). In 
addition, two summary scores, physical component summary (PCS) and mental component 
summary (MCS), are produced by taking a weighted linear combination of the eight 
individual domains. The SF-36v2 is available with two recall periods: the standard recall 
period is 4 weeks and the acute recall period is 1 week. This study will use the acute version, 
which asks patients to respond to questions as they pertain to the past week. Higher SF-36 
scores indicate a better state of health. The SF-36 requires approximately 10 minutes to 
complete and can be self-administered or completed by interview in person or by telephone. 

Safety assessments included the Columbia Suicide Severity Rating Scale (C-SSRS) and the 
Stanford Sleepiness Scale (SSS; Study 202A only).  See Section 10: Review of Safety for more 
information on these scales. 

See Table 38 for the schedule of study assessments. 
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Table 38. Schedule of Assessments for 547-PPD-202 Umbrella Protocol. 

Assessments 
Scree nine T reatment Follow-up 
0 -7 to -1 0 1 02 0 3 0 3 0 7 012• 0141

' 02111 0 30 
HO H2 H4 HS H12 H18 H24 H30 H36 H42 H48 H54 H60 H66 H72 

History and 
Physical x x x 

Vital si1ms x x x x x x x x x x x x x x x x x x 
EKG x x x 

Pulse Oximetrv• x x x x x x x x x x x x x 
Clinical Labs x x x 

Pretmancv Testc x x x 
C-SSRS x x x x x x x x 
HAM-D x x x x x x x x x x x x x x x 
CGT-S x x 
CGI-1 x x x x x x x x x x x x 

MADRS x x x x x x x x x x 
BIMF, SF-36b x x x x x 

EPDS, GAD-7, 
PH0 -9 x x x x x x 
HCRU x x x x x x x x x x x x x x x x x x x x x 
sss• x x x x x x x x x x x x x x x 
•study 202A only (pulse oximetry not recorded on case report forms). 

bStudies 202B and Conly. 

cserum at screening; urine all other times. 
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Statistical Analysis Plan 

The statistical plan was finalized before the data were unblinded. The Efficacy Population 
included all randomized subjects who started the infusion of study drug and had a valid baseline 
HAM-D assessment and at least one post-baseline HAM-D assessment. This analysis population 
was used for all efficacy analyses. 

The change from baseline in HAM-D total score at all post-baseline visits was analyzed using a 
mixed effects model for repeated measures (MMRM), the model included center, treatment, 
baseline HAM-D total score, assessment time point, and time point-by-treatment as explanatory 
variables. Center was planned to be treated as a random effect, while all other explanatory 
variables were treated as fixed effects. However, due to the fact that several sites had a small 
number of subjects enrolled, center was removed from the final MMRM models. An 
unstructured covariance structure was used to model the within-subject errors. The Kenward-
Roger approximation was used to estimate denominator degrees of freedom. The primary 
comparison was between SAGE-547 and placebo treatment groups at the 60-hour time point. 
Model based point estimates (i.e., LS means, 95% confidence intervals, and p-values) were 
reported for each time point. In case of convergence issues, other covariance structures were to 
be used, including autoregressive (AR (1)), compound symmetry, and variance components with 
each model fit to find the covariance structure with the best fit. No missing data would be 
imputed. There was no planned method for handling missing data. There was no planned 
subgroup analysis. 

An interim analysis of the placebo group was planned to be conducted by an independent 
statistician for sample size re-estimation purposes when at least 16 subjects had completed 
HAM-D efficacy assessments through 60 hours. Based on the interim observed placebo response 
rate only, the independent statistician would communicate one of the following messages back to 
the Applicant: (1) “No adjustment to the sample size is required” or (2) “Increase the sample size 
by 5 subjects per group.” Because the Applicant would be kept uninformed of any unblinded 
information during and after the interim analysis, and there was no analysis of drug effect, no 
statistical adjustment would be made to the level of significance for any hypothesis testing at the 
end of the study. 

Biometric Reviewer Comment: The Statistical Analysis Plan (SAP) was not submitted during the 
IND stage. Therefore, FDA did not review the SAP. FDA was concerned about the original plan 
of treating center as a random effect because it was not clear if the center effect followed a 
normal distribution. 

Protocol Amendments 

The 202A protocol was amended twice as follows (only substantive changes presented): 
x December 22, 2015 

o	 added optional breastmilk PK sampling 
o	 HQGHG �� ȝJ�NJ�K LQIXVLRQ DW Hour 52 and added the 8-hour taper (previously, the 


��ȝJ�NJ�K LQIXVLRQ UDQ XQWLO +RXU ���
 
o	 pulse oximetry assessment was changed from collection at specific timepoints to 
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continuous monitoring (checked every 2 hours) during the infusion 

x June 30, 2016 
o	 Parts 202B and C were added to the existing 202A protocol 

Clinical Reviewer Comment: None of the amendments altered study integrity. Continuous pulse 
oximetry improved study safety; however, values were not recorded on case report forms nor 
submitted with the NDA. The taper was in response to convulsions seen in animal studies when 
large brexanolone doses were withdrawn. There were no convulsions in any of the human 
studies. 

8.1.2. Study Results 

Patient Disposition 

This trial was conducted in four centers in the United States. A total of 23 subjects were 
screened; two were screening failures, leaving 21 subjects (10 SAGE-547, 11 placebo) 
randomized and treated. All 21 subjects completed the study and were included in the planned 
analyses. 

Protocol Violations/Deviations 

There were no protocol violations. Eight brexanolone and seven placebo patients had minor 
protocol deviations (e.g., missing an assessment at a certain time point). One brexanolone and 
two placebo patients had major protocol deviations. 

x	 Subject � EUH[DQRORQH �� ȝJ�NJ�K� ,QLWLDOO\ EHOLHYHG WR EH WDNLQJ ��� PJ FORQD]HSDP DW (b) (6)

baseline. After the start of the infusion, it was discovered that she was taking 6 mg 
clonazepam daily. The clonazepam was discontinued during the infusion, restarted at 2 mg 
on Day 4, and discontinued again on Day 9. 

x	 Subject ; placebo: A pump error caused the infusion to stop at Hour 21. It was 
restarted without incident at Hour 24. 

Hour 48.5. 

(b) (6)

(b) (6)x	 Subject ; placebo: The infusion was interrupted for localized edema from Hour 46 to 

Table of Demographic Characteristics 

All subjects (100%) were female. A summary of the other demographic data is presented in 
Table 39. 
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Tabl 39 D emo2raph"1c Ch tud 202A.e . aracteristics, S y 

Characteristic 

Age, years 
Mean (SD) 

Median 
Min, Max 

Race, n (%) 
AA/Black 

White 
Ethnicity, n (%) 

Hispanic 
Non-hispanic 

Height, cm 
Mean(SD) 

Median 
Min, Max 

Weight, kg 
Mean (SD) 

Median 
Min, Max 

BMI, kg/m~ 

Mean(SD) 
Median 

Min, Max 

Placebo 
(n=ll) 

28.8 (4.6) 
28 

22, 36 

6 (55%) 
5 (45%) 

0 
11 (100%) 

161.7 (6.7) 
162 

151 , 174 

77.0 (22.3) 
73.5 

53.3, 122.6 

29.3 (7.8) 
28.2 

21.0, 45.0 

Brexanolone 
90 µg/kg/h 

(n=l O) 

27.4 (5 .3) 
27 

20, 40 

7 (70%) 
3 (30%) 

0 
10 (100%) 

162 (7 .1) 
164 

153, 175 

86.7 (28.8) 
76.5 

49.7, 130.7 

32.7 (9 .9) 
30.5 

20.4, 47.1 

Clinical Reviewer Comment: This was a ve1y small, Phase 2 study and cannot be expected to 
adequately represent the diversity ofthe U.S. population. However, African-American/black 
patients were well-represented. 

Other Baseline Characteristics 

Concomitant antidepressant and benzodiazepine medications were allowed. See Table 40 for 
antidepressant use at baseline in Study 202A. 
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T bl 40 A .d ase 1ne, ya e . ntI epressant useat B r Stud 202A. 

Antidepressant 

Any antidepressanta 
Bupropion 
Citalopram 
Escitalopram 
Fluoxetine 
Nortriptylineb 
Sertraline 
Trazodoneb 
Venlafaxine 

Placebo 
(n=ll) 

3 
2 
1 
1 
2 
1 
2 
1 
2 

Brexanolone 
90 µg/kg/h 

(n=l O) 
3 
1 
0 
0 
1 
0 
2 
1 
0 

•several patients were on multiple antidepressants at the start ofthe study. 

bRecorded as used for insomnia. 


Treatment Compliance and Rescue Medication Use 


Because the study diug was administered as an infusion in a monitored setting, compliance was 

100%. 


"Rescue antidepressant use" (Table 41) was defined as either of the following at Day 4 or later: 

• fuitiation of a new antidepressant 

• Any increase in dose for a medication previously taken at a stable, lower dose 


The Applicant defined an tidepressant medications as those with an " [Anatomical Therapeutic 
Chemical] ATC 3 code N06A or N05A, or with indication containing te1ms depression, 
postpartum depression, major depression, PPD, MDD, or mood." 

e . dTabl 41 R escue AntI.d epressant Use, Stu lY 202A. 

Antidepressant 
Placebo 
(n=ll) 

Brexanolone 
90 µg/kg/h 

(n=l O) 
fuitiation ofNew Antidepressant or 
fucrease in Antidepressant Dose 

3a 3 

•one patient had initiation of nortriptyline for sleep. 

Clinical Reviewer Comment: All six patients who met the criteria for use ofa "rescue 
antidepressant" were also taking antidepressants at baseline. Put another way, all subjects 
taking an antidepressant at baseline were thought to require some change to their regimen after 
exposure to study drug. However, there was no difference between brexanolone andplacebo 
groups. 

Efficacy Results: Primary Endpoint 
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The single, primary efficacy endpoint was change from baseline in HAMD total at Hour 60. The 
primru.y analysis result is summru.·ized in Table 42. There were no missing data for the primru.y 
endpoint. Figure 11 displays the histogram of the magnitude of improvement from baseline in 
HAM-D total at Hour 60. 

Table 42. Primary Analysis Results on Change-from-Baseline in HAM-D Total at Hour 60, 
St udly 202A. 

Placebo 
(n=ll) 

Brexanolone 
90 µg/kg/h 

(n=lO) 
Mean score at Baseline (SD) 28.8 (1.99) 28. 1 (1.29) 
Mean Score at Hour 60 (SD) 19.7 (9.59) 7.5 (8.72) 
LS Mean Change from Baseline (SE) -8.8 (2.80) -21.0 (2.94) 
Placebo -subtracted Difference (95% CD -12.2 (-20.8, -3.7) 
P-value 0.008 
Source: Biostatistics Reviewer's Analysis ( dqshamd.xpt). 

Figure 11. Histogram of the Magnitude of Improvement from Baseline in HAM-D Total at 
Hour 60, Study 202A. 
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ID Placebo • SAGE-547 I 
Source: Biostatistics Reviewer 's Analysis (dqshamd.xpt). 

The time course of the treatment effect is graphically presented in Figure 12 and Figure 13. 
There was a numerically greater change from baseline for the SAGE-547 group at all time points 
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through Day 30 and the effect appeared maximal at 24 to 36 hours, after which it appeared stable 
for 30 days. 

Figure 12. Least Squared Mean Difference and 95% Confidence Interval of Treatment 
Effect Over Time, Study 202A. 

Source: Biostatistics Reviewer’s Analysis (dqshamd.xpt). 

Figure 13. Least Squared Mean (±SE) Change-from-Baseline over Time in HAM-D Total 
Score, Study 202A. 

Source: Biostatistics Reviewer’s Analysis (dqshamd.xpt). 

A sample-size re-estimation analysis was conducted by an independent CRO statistician when 16 
subjects had completed HAM-D efficacy assessments through Hour 60. As a result of this 
analysis, the independent statistician communicated that no increase in the planned sample size 
was required. As there was no analysis of drug effect and Sage was kept blinded to the data and 
uninformed of the interim results (i.e., response rates) until final database lock, no statistical 
adjustment was made to the level of significance for hypothesis testing at the end of the study. 

This trial was conducted in the United States. All subjects were adult females. Because of the 
small sample size of the study, no subgroup analysis by age, gender and race was performed.
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Efficacy Results: Secondary Endpoints 

Study 202A included no prespecified secondary endpoints. 

Dose and Dose Response 

Study 202A did not explore dose response. 

Durability of Response with Continued Administration 

Brexanolone is delivered as a one-time infusion. The Applicant did not investigate durability of 
response with continued administration. 

Persistence of Effect 

APPEARS THIS WAY ON ORIGINAL
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Study 202A did not prespecify any secondary endpoints. Nevertheless, the placebo-adjusted least 
squared mean change for the HAM-D at Day 30 was -11.9 (SE=4.1; p=0.0095). 

8.2. 547-PPD-202B 

8.2.1. Study Design 

Overview and Objective 

The primary objective was to determine if SAGE-��� LQIXVHG LQWUDYHQRXVO\ DW XS WR �� ȝJ�NJ�K 
for 60 hours reduces depressive symptoms in subjects with severe PPD compared to placebo 
injection, as assessed by the change from baseline in HAM-D total score, and to compare two 
doses of SAGE-���� �� ȝJ�NJ�K DQG �� ȝJ�NJ�K� 

Trial Design 

The trial design was similar to the design of Trial PPD-202A with the principal difference being 
the inclusion of an additional dose arm and stratification by antidepressant use at baseline, as 
suggested by FDA. Follow-up visits at Day 14 and 21 were added by amendment in January 
2017, but earlier patients were not assessed at these time points. The sample sizes at these two 
visits were, therefore, smaller than the sample sizes at the other visits (i.e., Days 7, 30). Subjects 
were randomly assigned to one of three treatment groups (brexanolone �� ȝJ�NJ�K� brexanolone 
�� ȝJ�NJ�K� RU SODFHER� LQ D ����� UDWLR� 7R DFKLHYH D ����� EDODQFH DPRQJ WKH treatment groups 
while maintaining the blind, all subjects were randomized in a 2:2:1:1 to ��� ȝJ�NJ�K� �� 
ȝJ�NJ�K� SODFHER IRU �� ȝJ�NJ�K� SODFHER IRU �� ȝJ�NJ�K� DQG the two placebo groups were then 
combined for analysis. 

This trial was conducted entirely in the United States. The trial design is presented in Figure 14. 
HAM-D total score was scheduled to be assessed at baseline and Hours 1, 2, 4, 8, 12, 24, 36, 48, 
60, 72 and Days 7, 14, 21, and 30 (see Table 38). Entry criteria were a diagnosis of PPD starting 
during the third trimester or within 4 weeks of delivery and a HAM-' VFRUH RI � ��� 
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Figure 14. Study Design, Study 202B (Applicant Figure). 

Source: Clinical Study Report Figure 1. 

Study Assessments and Endpoints 

The change from baseline in HAM-D total score at the end of the treatment period (Hour 60) was 
the primary efficacy endpoint. The change from baseline in HAM-D total score at Day 30 was 
the pre-specified secondary efficacy endpoint. 

Statistical Analysis Plan 

The statistical analysis plan (SAP) was evaluated in the statistical review dated 12/13/2016 in 
DARRTS under IND 122279. The statistical plan was finalized before data lock. The Efficacy 
Set included all randomized subjects who started the infusion of study drug and who had a valid 
baseline HAM-D assessment and at least one postbaseline HAM-D assessment. This analysis 
population was used for all efficacy analyses. All the post-baseline assessments of the efficacy 
population were used in all efficacy analysis. There was no interim analysis. Subgroup analyses 
by age, race, baseline antidepressant use, baseline BMI, onset of PPD within 4 weeks of delivery, 
and family history of PPD were planned. A sensitivity analyses based on Missing Not at Random 
(MNAR) to handle missing data was pre-specified. 

Change from baseline to each postbaseline assessment time point in HAM-D total score was 
analyzed using MMRM. The model included the change from baseline at each visit time point as 
the dependent variable, center (pooled), treatment, baseline antidepressant use, baseline HAM-D 
total score, visit time point, and visit time point-by-treatment interaction terms as explanatory 
variables. All explanatory variables including pooled center were treated as a fixed effect in the 
primary analysis. To control the type I error rate for conducting multiple comparisons, the 
approach in Figure 15 was utilized.
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Figure 15. Multiple Testing Method, Study 202B (Applicant Figure). 

Source: Clinical Study Report Figure 2. 

Protocol Amendments 

The 202B protocol was amended twice as follows (only substantive changes presented): 
x January 31, 2017 

o	 removed the Stanford Sleepiness Scale, added the SF-36 and HCRU 
o	 Clarified follow-ups (7, 12, and 30 days for 202A; 7, 14, 21, 30 days for 202B and 202C) 
o	 Stratified enrollment by baseline antidepressant use 
o	 Removed pulse oximetry assessment 
o	 Removed the breast milk PK sub-study from the PPD-202 Umbrella Protocol 

x	 March 16, 2017 
o	 Shortened requirement for pumping and discarding breastmilk based on data and advice 

from FDA (from 12 to 7 days) 

Clinical Reviewer Comment: None of the amendments altered study integrity. It is unfortunate 
that we have no pulse oximetry data from the studies. 

8.2.2. Study Results 

Patient Disposition 

This trial was conducted in 32 centers in the United States. One hundred thirty-eight subjects 
were randomized into the study, 122 of whom received study drug (43 placebo, 38 brexanolone 
�� ȝJ�NJ�K� DQG �� brexanolone �� ȝJ�NJ�K�� 2I WKH VXEMHFWV ZKR UHFHLYHG VWXG\ GUXJ� QLQH 
discontinued the study early (one placebo, three brexanolone �� ȝJ�NJ�K� ILYH brexanolone 90 
ȝJ�NJ�K�� 1R VXEMHFW ZLWKGUHZ IURP WKH VWXG\ EHFDXVH RI DQ $(� 7KH ,77 SRSXODWLRQ FRQWDLQV DOO
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122 randomized subjects who received study drug. Of the 122 subjects, 119 (97.5%) had a 
primary efficacy endpoint assessment (Hour 60) and 113 (92.6%) had the pre-specified 
secondary endpoint assessment (Day 30). 

Protocol Deviations 

There were no protocol violations (i.e., a protocol deviation that reduces the quality or 
completeness of the data, makes the informed consent document inaccurate, or impacts a 
subject's safety, rights, or welfare). 

$OO SDWLHQWV LQ WKH EUH[DQRORQH �� ȝJ�NJ�K DUP �Q ���� �� SDWLHQWV LQ WKH EUH[DQRORQH ��ȝJ�NJ�K 
arm, and 33 patients in the placebo arm had protocol deviations. Most were considered minor 
(e.g., an assessment performed out of window). Four brexanolone �� ȝJ�NJ�K SDWLHQWV and two 
EUH[DQRORQH �� ȝJ�NJ�K patients had more serious protocol deviations. 

patients with a HAM-D of 20 to 25). 

x Subject EUH[DQRORQH �� ȝJ�NJ�K� Patient’s baseline HAM-D score was 25, but she 
was randomized to 202B (202B was for patients with a HAM-' RI � ��� ���& ZDV IRU 

x Subject EUH[DQRORQH �� ȝJ�NJ�K� Patient’s infusion was calculated based on the 
wrong weight (79 kg versus actual weight of 53 kg). 

x	 Subject ; bre(b) (6)

(b) (6)

[DQRORQH �� ȝJ�NJ�K: Patient’s coagulation labs were not processed by 
the lab. 

x Subject EUH[DQRORQH �� ȝJ�NJ�K� 3DWLHQW¶V DQWLGHSUHVVDQW GRVH ZDV QRW VWDEOH LQ WKH 
14 days prior to screening (patient had discontinued bupropion 19 days before infusion). 

x Subject (b) (6) EUH[DQRORQH �� ȝJ�NJ�K� 3DWLHQW¶V VFUHHQLQJ XULQDO\VLV ZDV QRW GRQH� 
x Subject EUH[DQRORQH �� ȝJ�NJ�K� 3DWLHQW¶V EDVHOLQH +$0-D score was 23, but she 

was randomized to 202B (202B was for patients with a HAM-' RI � ��� ���& ZDV for 
patients with a HAM-D of 20 to 25). 

Clinical Reviewer Comment: I do not believe these deviations would have had a significant effect 
on the study’s efficacy results. The mis-assignment of patients with “moderate” rather than 
“severe” PPD to the Study did not confound the interpretation of the results. 

Table of Demographic Characteristic 

All subjects (100%) were female. The study was conducted entirely in the United States. A 
summary of the other demographic data is presented in Table 43. 
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Table 43.Demo2raph"1c Ch aract eri.stics, Study 202B. 

Characteristic 
Placebo 
(n=43) 

Brexanolone 
60 µg/kg/h 

(n=38) 

Brexanolone 
90 µg/kg/h 

(n=41) 
Age, years 

Mean (SD) 27.2(6.1) 27.7 (6.5) 27.5 (6.1) 
Median 27 27 27 

Min, Max 18, 42 18, 42 19, 42 
Race, n (%) 

AA/Black 15 (35%) 12 (32%) 8 (19%) 
Am Indian/ Alaskan Native 1 (2%) 0 0 

Asian 0 0 1 (2%) 
Native Hawaiian/Pacific Islander 0 0 1 (2%) 

White 27 (63%) 25 (66%) 29 (70%) 
Other 0 1 (3%) 2 (5%) 

Ethnicity, n (%) 
Hispanic 

Non-hispanic 
7 (16%) 

36 (84%) 
3 (8%) 

35 (92%) 
7 (17%) 

34 (83%) 
Height, cm 

Mean (SD) 165.4 (8.0) 164.1 (6.5) 164.3 (6.7) 
Median 164.4 165.0 163.0 

Min, Max 145.0, 180.3 147.3, 178.5 149.8, 180.3 
Weight, kg 

Mean (SD) 81.8 (23.4) 87.1 (20.8) 80.7 (20.5) 
Median 74.9 85.5 82.7 

Min, Max 48.1, 142.3 48.5, 134.7 52.2, 125.0 
BMI, kg/m~ 

Mean (SD) 29.9 (8.2) 32.3 (7.4) 29.8(7.1) 
Median 28.6 31.7 29.3 

Min, Max 17.9, 51.7 20.2, 48.0 19.0, 50.7 

Clinical Reviewer Comment: The 2015 US. Census data reports 77% ofthe population is white, 
13% is African American/black, and 6% is Asian; Hispanics make-up 18% ofthe population. 
The Study 's enrollment does not reflect the exact racial and ethnic make-up ofthe country, but 
(for a study ofits size) the Applicant did well, enrolling at least one Alaskan Native/American 
Indian and one Native Hawaiian/Pacific Islander as well as a substantial African­
American/black population. There were minor differences in proportions ofpatients ofdifferent 
races and ethnicities between arms, but I do not feel this represents a significant problem in 
interpreting the study 's results. The mean/median ages appear to well-represent the population 
ofinterest (i.e., not skewed to younger or older mothers). 

Differences in weight/BM! between arms are not likely to affect results because brexanolone 
dosing is weight-based, but the mean weights between the brexanolone 60 and 90 µglkglh arms 
were not statistically different (t-test 1.4; p =0.17). 
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Other Baseline Characteristics 


See Table 44 for baseline characteristics of interest in Study 202B. Table 43 includes 

medications with potential antidepressant action being taken at baseline. 


Table 44. Baseline Patient Characteristics, Study 202B. 


Characteristic 

Prior antidepressant treatment, n 
(%) 
Onset of PPD, n (%) 

Third Trimester 
Within 4 weeks of delive1y 

Previous episodes of depression, n 
(%) 

1 
2 
3 

>3 
Previous episodes of PPD, n (%) 

Yes 
Severity of Depression at Baseline 

HAM-D, Mean (SD) 
EPDS, Mean (SD) 

Placebo 
(n=43) 

14 (33%) 

14 (33%) 
29 (67%) 

12 (28%) 
3 (7%) 
1 (2%) 

0 

16 (37%) 

28.6 (2.5) 
21.7 (3.0) 

Brexanolone 
60 µg/kg/h 

(n=38) 

15 (40%) 

10 (26%) 
28 (74%) 

8 (21%) 
4 (11%) 

0 
0 

12 (32%) 

29.0 (2.7) 
21.7 (3.4) 

Brexanolone 
90 µg/kg/h 

(n=41) 

13 (32%) 

8 (20%) 
33 (80%) 

7 (17%) 
2 (5%) 

0 
1 (2%) 

10 (24%) 

28.4 (2.5) 
19.9 (3.7) 

Clinical Reviewer Comment: The groups were fairly well-matched at baseline. Although there 
were numerical differences in the proportions ofpatients who were diagnosed within 4 weeks of 
delive1y, the difference between the brexanolone 90 µglkg/h andplacebo groups was not 
significant (Chi square=J.8, p =0.18) . The mean HAM-D at baseline indicates that, on average, 
the patients ' PPD was, indeed, severe (defined by the Applicant as~ 26) . 
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Tabl 45 A nfdI e 1ca on sea Ulye . epressant M d. ti U t B ase rme, St d 202B.a 

Class Medication 

At least one antidepressant 

SNRI 
Duloxetine 
Venlafaxine 
Citalopram 
Escitalopram 

SSRI Fluoxetine 
Paroxetine 
Seitraline 

TCA Clomipramine 
Bupropion 

Other Mi11azapine 
Antidepressants Trazodone 

V 011ioxetine 
Aripiprazole 

Other Drngs Cariprazine 
Quetiapine 

Placebo 
(n=43) 

14 (33%) 
0 
0 
0 

1 (2%) 
2 (5%) 
2 (5%) 

7 (16%) 
0 

1 (2%) 
0 

2 (5%) 
1 (2%) 
1 (2%) 

0 
1 (2%) 

Brexanolone 
60 µg/kg/h 

(n=38) 
14 (37%) 

0 
0 

1 (3%) 
2 (5%) 
2 (5%) 

0 
7 (18%) 

0 
4 (11%) 

0 
1 (3%) 

0 
0 
0 

1 (3%) 

Brexanolone 
90 µg/kg/h 

(n=41) 
13 (32%) 

1 (2%) 
1 (2%) 

0 
0 

1 (2%) 
0 

9 (22%) 
1 (2%) 
1 (2%) 
2 (5%) 
1 (2%) 

0 
1 (2%) 
1 (2%) 
1 (2%) 

•Patients could be taking more than one ofthese chugs. 

Clinical Reviewer Comment: One-third ofthe 202B patients were on an antidepressant at the 
start ofthe trial. The enrolled sample is representative ofpatients both already taking a 
psychotropic medication and those not already taking a psychotropic medication. However, 
patients were on a wide variety ofmedications and it is impossible to say how brexanolone 
interacts with any individual drug or class. 

Treatment Compliance and Rescue Medication Use 


Because the study diug was administered as an infusion in a monitored setting, compliance was 

100%. 


Table 46 presents rescue antidepressant use in the study. 


Tabl 46 R escue A St ud 202B .
e . n 1 f depressant U se, ly 

Rescue Antidepressant 
Placebo 
(n=43) 

Brexanolone 
60 µg/kg/h 

(n=38) 

Brexanolone 
90 µg/kg/h 

(n=41) 
fuitiation ofNew Antidepressant or 
fucrease in Antidepressant Dose, n (%) 3 (7%) 4 (11%) 5 (12%) 

Efficacy Results: Primary E ndpoint and Prespecified Secondary Endpoints 

A summaiy of statistical significance for the primaiy and prespecified secondaiy efficacy 
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endpoints according to the pre-specified testing procedure is summarized in Table 47. All 
prespecified comparisons were considered statistically significant based on the testing procedure. 
No sensitivity analysis was perfo1med because of the negligible level ofmissing data. Figure 16 
and Figure 17 display the histograms of the magnitude of improvement from baseline in HAM-D 
total at Hour 60 and Day 30, respectively. 

T bl 47 P nmary Effi1cacy and S econ ary 1cacy R s,. u ly a e . d Effi esu It St d 202B. 

Timepoint 
Placebo 
(n=43) 

Brexanolone 
60 µg/kg/h 

(n=38) 

Brexanolone 
90 µg/kg/h 

(n=41) 

Hour 60 

Mean score at Baseline (SD) 28.6 (2.54) 29.0 (2 .70) 28.4 (2.47) 
Mean Score at Hour 60 (SD) 14.6 (7.55) 9.2 (7 .01) 10.7 (5.78) 
LS Mean Change from Baseline 
(SE) 

-14.40 (1.15) -19.5 (1.23) -17.7 (1.19) 

Placebo-subtracted Difference (95% CI) -5.5 (-8.8, ­
2.2) 

-3.7 (-6.9, ­
0.5) 

P-value (unadjusted) 0.0013 0.0252 
Significance (MCP-adjusted) Yes Yes 

Day30 

Mean Score at Baseline (SD) 28.6 (2.54) 29.0 (2 .70) 28.4 (2.47) 
Mean Score at Day 30 (SD) 14.7 (9.46) 9.1 (7 .97) 11.0 (8.34) 
LS Mean Change from Baseline 
(SE) 

-13.8 (1.32) -19.5 (1.44) -17.6 (1.40) 

Placebo-subtracted Difference (95% CI) -5.6 (-9.5, ­
1.8) 

-3.8 (-7.6, ­
0.0) 

P-value (unadjusted) 0.0044 0.0481 
Si!mificance (MCP-adiusted) Yes Yes 

MCP=Multiple comparison procedures. 
CI were not adjusted with multiplicity. 
Source: Biostatistics Reviewer's Analysis (adqspri.xpt) . 
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Figure 16. Histogram of the Magnitude of Improvement from Baseline in HAM-D Total at 
Hour 60, Study 202B. 

Source: Biostatistics Reviewer’s Analysis (adqspri.xpt). 
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Figure 17. Histogram of the Magnitude of Improvement from Baseline in HAM-D Total at 
Day 30, Study 202B. 

Source: Biostatistics Reviewer’s Analysis (adqspri.xpt). 

As displayed in Figure 18, all treatment groups showed a decrease in HAM-D total score over 
the first 72 hours, with numerically greater change from baseline for both brexanolone groups at 
all time points starting at Hour 24. As in Study 202A, the full drug-placebo difference was 
REVHUYHG DW �� KRXUV� ZKHQ D GRVH RI �� ȝJ�NJ�K ZDV XVHG LQ ERWK WUHDWPHQW JURXSV� 
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Figure 18. Least Squared Mean (±SE) Change-from-Baseline over Time in HAM-D Total 
Score, Study 202B (Applicant Figure). 

Note: the significance at each timepoint was not adjusted for multiplicity. 
Source: Clinical Study Report Figure 3. 

Further exploratory subgroup analyses on the primary endpoint were assessed by age group (18 
to 24 vs. 25 to 45), race, baseline antidepressant use, baseline BMI, onset of PPD, and family 
history of PPD. Results are shown in Figure 19.
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Figure 19. Least Squared Mean Difference between Brexanolone and Placebo (with 95% 
Confidence Interval) for Change-from-Baseline at Hour 60 in HAM-D Total Score Based 
on MMRM Analysis by Subgroup, Study 202B. 

APPEARS THIS WAY ON ORIGINAL

Source: Biometrics Reviewer’s Analysis (adsl.xpt and adqspri .xpt). 

Biostatistics Reviewer Comment: The estimates in the smaller subgroups are subject to large 
sampling variation, but no apparent subgroup differences were observed. 

Exploratory Endpoints 

The Applicant defined response as a reduction of HAM-D score of at least 50% compared with 
baseline. Remission was having a HAM-' VFRUH � �� At Hour 60 and Day 30, more patients on 
brexanolone �ERWK WKH �� DQG WKH �� ȝJ�NJ�K DUPV� than placebo reached response (see Figure 
20). At Hour 60, more patients receiving EUH[DQRORQH �� ȝJ�NJ/heached remission than patients 
receiving placebo. 
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Figure 20. Percentages of Patients Reaching Response and Remission, Study 202B. 

* 

† 

* 

† 

† 

*=p<0.01; †=p<0.05 when compared to placebo arm. P-values for these exploratory endpoints did not take into
 
account multiplicity adjustment.
 
Source: Clinical reviewer’s analysis.
 

Table 46 includes exploratory endpoints from Study 202B. These results represent a range of 
patient experience with the drug (in addition to the primary and pre-specified secondary 
endpoints). Of note, CGI-I response is defined as a score of 1 (very much improved) or 2 (much 
improved). There were no statistically significant differences in any of the eight sub-scores of the 
SF-36 or on the HCRU (data not shown). 

Clinical Review Comment: Although few results were statistically significant, numerically results 
are consistent with the primary and prespecified endpoints. 
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e 48 E xp ora ory E d . t StUldy 202BTabl . l t n 1pom s, . 

Timepoint 

Hour 60 

Day30 

Scale 

CGI-I 

GAD-7 

EPDS 

PHQ-9 

CGI-I 

GAD-7 

EPDS 

PHQ-9 

BIMF 

Parameter 

Response, % 
LS Mean Change 
from Baseline (SE) 
LS Mean Change 
from Baseline (SE) 
LS Mean Change 
from Baseline (SE) 
Response, % 
LS Mean Change 
from Baseline (SE) 
LS Mean Change 
from Baseline (SE) 
LS Mean Change 
from Baseline (SE) 
LS Mean Change 
from Baseline (SE) 

Placebo 
(n=43) 

56 

-7.7 (7.2) 

-8.7 (1.0) 

-7.9 (1.1) 

52 

-8.5 (7.3) 

-9.2(1.1) 

-9.5 (1.1) 

20.4 (2.8) 

Brexanolone 
60 µg/kg/h 

(n=38) 
84* 

-8.1 (7.3) 

-1 0.3 (1.1) 

-8.8 (1.2) 

sot 

-9.9 (6.8) 

-12.8 (1.3)1 

-12.0 (1.3) 

29.0 (3.0)t 

Brexanolone 
90 µg/kg/h 

(n=41) 
82t 

-7.3 (6.4) 

-9.8 (1.1) 

-8.9 (1.2) 

72t 

-8.9 (6.5) 

-11.0 (1.3) 

-11.9 (1.2) 

25.4 (3.0) 

*=p<0.01 ; t =p<0.05 when compared to placebo arm. P-values for these exploratory endpoints did not take into 

account multiplicity adjustment. 

Source: Applicant's analysis. 


Dose and Dose Response 

In Study 202B, the Sponsor explored a brexanolone target dose of 60 µ.g/kg/h. The 60 µg dose 
was not directly compared to the 90 µg dose, but it showed numerically greater HAM-D score 
reductions and significant separation from placebo earlier than the 90 µ.g dose. Explorato1y 
endpoints ofpercentage ofpatients reaching response and remission also show a greater effect 
for the 60 µg aim. 

Clinical Reviewer Comment: The 60 µg arm begins to separate from the 90 µg arm at Hour 24­
when both groups are receiving 60 µg/kg/h. This indicates that patients in the 60 µg arm may be 
inherent~y differentfrom those in the 90 µg arm, and that differences in the two groups may not 
be attributable to the brexanolone dose. Error bars in the HAM-D measurements from the 60 
and 90 µg arms overlap at most time points (other than Hour 36). This seems to indicate that 
although the 60 µg arm appears better than the 90 µg arm, there is no meaningful difference 
between their HAM-D scores. It is clear, however, that there is no suggestion that the 90 µg dose 
has a greater effect. 
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Durability of Response with Continued Administration 

Brexanolone is delivered as a one-time infusion. The Applicant did not investigate durability of 
response with continued administration. 

Persistence of Effect 

See Table 47. 

8.3. 547-PPD-202C 

8.3.1. Study Design 

Overview and Objective 

The primary objective was to determine if brexanolone LQIXVHG LQWUDYHQRXVO\ DW XS WR �� ȝJ�NJ�K 
for 60 hours reduces depressive symptoms in subjects with moderate PPD compared to placebo 
injection as assessed by the change from baseline in HAM-D total score. 

Trial Design 

The trial design was very similar to the design of Trial 547-PPD-202A with the principal 
differences being the addition of randomization stratification by antidepressant use at baseline, 
the larger study size, and the severity of PPD in patients enrolled (moderate in 202C versus 
severe in 202A and B). Randomization was initially un-stratified. Starting in January 2017, 
following a recommendation from FDA, randomization was stratified by antidepressant use at 
baseline. Follow up visits at Day 14 and 21 were added in January 2017. Therefore, the sample 
sizes at these two visits are smaller than the sample sizes of the other visits. Eligible subjects 
were randomized in 1:1 ratio to receive 60 hours of IV treatment with either brexanolone 
injection or placebo. 

The trial was conducted entirely in the United States. The study design is presented in Figure 21. 
HAM-D total score was scheduled to be assessed at baseline and Hours 1, 2, 4, 8, 12, 24, 36, 48, 
60, 72 and Days 7 and 30 (see Table 38). Entry criteria were a diagnosis of PPD starting during 
the third trimester or within 4 weeks of delivery and a HAM-D score of 20 to 25. 
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Figure 21. Study Design, Study 202C (Applicant Figure). 

Source: Clinical Study Report Figure 1. 

Study Assessments and Endpoints 

The change from baseline in HAM-D total score at the end of the treatment period (Hour 60) was 
the primary efficacy endpoint. The change from baseline in HAM-D total score at Day 30 was 
the prespecified secondary efficacy endpoint. 

Statistical Analysis Plan 

The SAP was evaluated in the statistical review dated 12/13/2016 in DARRTS under IND 
122279. The Efficacy Set included all randomized subjects who started the infusion of study 
drug and who had a valid baseline HAM-D assessment and at least one postbaseline HAM-D 
assessment. This analysis population was used for all efficacy analyses. There was no interim 
analysis. Subgroup analyses by age group (18 to 24 vs. 25 to 45), race, baseline antidepressant 
use baseline BMI, onset of PPD, and family history of PPD were planned. A sensitivity analysis 
based on Missing Not at Random (MNAR) to handle missing data was pre-specified. 

Change from baseline to each assessment time point in HAM-D total score was analyzed using 
MMRM. The model included the change from baseline at each visit time point as the dependent 
variable, center (pooled), treatment, baseline antidepressant use, baseline HAM-D total score, 
visit time point, and visit time point-by-treatment interaction terms as explanatory variables. All 
explanatory variables including pooled center were treated as a fixed effect in the primary 
analysis. An unstructured covariance structure was used to model the within-subject errors. If 
there was a convergence issue with the unstructured covariance model, Toeplitz, Autoregressive 
(1), then compound symmetry covariance structure was to be used, following this sequence until 
convergence was achieved. If convergence was not achieved, no results were reported.

 116 
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 

Reference ID: 4405747 



  
 

 

  

 

 

 

 
 

  

   
 

NDA 211371 Multi-disciplinary Review and Evaluation 
ZULRESSO (brexanolone) 

Protocol Amendments 

Studies 202B and 202C were conducted concurrently. See Section 8.2.1 for the list of protocol 
amendments. 

8.3.2. Study Results 

Patient Disposition 

This trial was conducted in 32 centers in the United States. One hundred and eight subjects were 
randomized, 104 of whom received study treatment (51 brexanolone and 53 placebo). Of the 
subjects who received study treatment, four discontinued the study early (three brexanolone and 
one placebo). One subject from the brexanolone group withdrew from the study because of an 
AE. Of the 104 subjects, 101 (97.1%) had primary efficacy endpoint assessment (Hour 60) and 
100 (96.1%) had the pre-specified secondary endpoint assessment (Day 30). 

Protocol Deviations 

There were no major protocol violations (i.e., a protocol deviation that reduces the quality or 
completeness of the data, makes the informed consent document inaccurate, or impacts a 
subject's safety, rights, or welfare). 

There were 41 protocol deviations in the brexanolone arm and 45 deviations in the placebo arm. 
Most were considered minor (e.g., an assessment performed out of window). Three brexanolone 
patients and four placebo patients had major protocol deviations. 

x Subject ; brexanolone: Patient’s infusion rates were not calculated correctly and the (b) (6)

patient received a lower than appropriate dose. Her coagulation parameters were not 
assessed. 

x Subject ; brexanolone: Patient’s baseline HAM-D score was 26, but she was 
randomized to 202C (202B was for patients with a HAM-

(b) (6)

' RI � ��� ���& ZDV IRU SDWLHQWV 
with a HAM-D of 20 to 25). 

x Subject ; brexanolone: Patient’s antidepressant dose was not stable in the 14 days 
prior to screening (patient had discontinued escitalopram 9 days before screening). 

x Subject ; placebo: Patient’s antidepressant dose was not stable in the 14 days prior to 
screening (patient had discontinued sertraline and initiated paroxetine 13 days before 
screening). 

x Subject ; placebo: Patient’s Hour 60 HAM-D was collected 20 min prior to window 
because assessment was scheduled during sleeping period. 

x Subject ; placebo: Patient randomized despite HAM-D score of 19 (202B was for 
patients with a HAM-' RI � ��� ���& ZDV IRU SDWLHQWV ZLWK D +$0-D of 20 to 25). 

x Subject ; placebo: Patient did not have Hour 60 HAM-D. 

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

Clinical Reviewer Comment: It seems unlikely that these deviations would have affected the 
efficacy results. 
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Table of Demographic Characteristics 

All subjects (100%) were female. The study was conducted entirely in the United States. A 
summa1y of the other demographic data is presented in Table 49. 

Tabl 49 D emo2raph"1c Ch aracteristics, Study 202C .e . 

Characteristic 
Placebo 
(n=53) 

Brexanolone 
90 µg/kg/h 

(n=51) 
Age, years 

Mean (SD) 27.3 (5.9) 28.2(6.1) 
Median 27 27 

Min, Max 18, 44 19, 42 
Race, n (%) 

AA/Black 19 (36%) 22 (43%) 
White 33 (62%) 29 (57%) 
Other 1 (2%) 0 

Ethnicity, n (%) 
Hispanic 

Non-hispanic 
14 (26%) 
39 (74%) 

10 (20%) 
41 (80%) 

Height, cm 
Mean (SD) 162.6 (8.4) 164.3 (6.2) 

Median 161.3 164.0 
Min, Max 142.0, 184.0 152.0, 181.0 

Weight, kg 
Mean (SD) 86.6 (24.5) 87.3 (24.8) 

Median 82.0 84.2 
Min, Max 50.8, 159.7 44.9, 150.2 

BMI, kg/m~ 

Mean (SD) 32.6 (8.2) 32.2 (8.5) 
Median 32.5 30.6 

Min, Max 21.5, 52.2 18.0, 52.0 

Clinical Reviewer Comment: As with 202B, mean/median ages do not appear skewed. 

Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs) 

See Table 50 for baseline characteristics of interest in Study 202B. Table 51 includes 
medications with potential antidepressant action being taken at baseline. 
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Table 50. Baseline Patient Characteristics, Study 202C. 

Characteristic 

Prior antidepressant treatment, n (%) 
Onset of PPD, n (%) 

Third Trimester 
Within 4 weeks of delive1y 

Previous episodes ofdepression, n (%) 
1 
2 
3 

>3 
Previous episodes ofPPD, n (%) 

Yes 
Severity of Depression at Baseline 

HAM-D, Mean (SD) 
EPDS, Mean (SD) 

Placebo 
(n=53) 

19% 

12 (23%) 
41 (77%) 

15 (28%) 
3 (6%) 
3 (6%) 

0 

21 (40%) 

22.7 (1.6) 
18.5 (4.0) 

Brexanolone 
90 µg/kg/h 

(n=51) 
24% 

11 (22%) 
40 (78%) 

13 (26%) 
4 (8%) 

0 
0 

23 (45%) 

22.6 (1.6) 
18.8 (3.9) 

Clinical Reviewer Comment: The groups were well-matched at baseline. The mean HAM-D at 
baseline indicates that, on average, the patients ' PPD was, indeed, moderate (defined by the 
Applicant as a HAM-D score o/20 to 25). 

e 51 A n 1 fdepressant M d. tion U t B ase rme, St Uldy 202C aTabl . e 1ca sea . 

Class Medication 
Placebo 
(n=53) 

Brexanolone 
90 µg/kg/h 

(n=51) 
At least one antidepressant 15 (28%) 12 (24%) 

SNRI 
Duloxetine 0 1 (2%) 
Venlafaxine 1 (2%) 2 (4%) 

SSRI 

Citalopram 2 (4%) 0 
Escitalopram 2 (4%) 3 (6%) 
Fluoxetine 1 (2%) 0 
Paroxetine 1 (2%) 0 
Sertraline 5 (10%) 6 (12%) 

Other Antidepressants 
Bupropion 1 (2%) 1 (2%) 
Miitazapine 1 (2%) 0 
Trazodone 1 (2%) 0 

Other Drngs 

Aripiprazole 0 1 (2%) 
Lamotrigine 1 (2%) 0 
Lithium 0 1 (2%) 
Quetiapine 2 (4%) 0 

•Patients could be taking more than one ofthese chugs. 
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Clinical Reviewer Comment: One-quarter ofthe 202Cpatients were on an antidepressant at the 
start ofthe trial. As with 202B, the enrolled sample is representative ofpatients both already 
taking a psychotropic medication and those not already taking a psychotropic medication. 
However, patients were on a wide variety ofmedications and it is impossible to say how or 
whether brexanolone interacts with any individual drug or class. 

Treatment Compliance and Rescue Medication Use 

Because the study diug was administered as an infusion in a monitored setting, compliance was 
100%. 

Table 52 presents rescue antidepressant use in the study. 

e . epressant U ly Tabl 52 R escue Anf1d se, St ud 202C . 

Rescue Antidepressant 
Placebo 
(n=53) 

Brexanolone 
90 µg/kg/h 

(n=51) 
fuitiation ofNew Antidepressant or 
fucrease in Antidepressant Dose, n (%) 7 (13%) 5 (10%) 

Efficacy Results: Primary Endpoint and Prespecified Secondary Endpoints 

A summaiy of statistical significance for the primaiy and the prespecified secondaiy efficacy 
endpoints according to the hierarchical testing procedure is provided in Table 53. The primaiy 
efficacy endpoint was considered statistically significant. But the Day 30 data did not show an 
effect. No sensitivity analysis was perfo1med because of the negligible amount ofmissing data . 
Figure 22 and Figure 23 display the histograms of the magnitude of improvement from baseline 
in HAM-D total at Hour 60 and Day 30, respectively. 
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T bl 53 P . St d .a e . nmary Effi1cacy and S econdary Effi1cacy Resu Its, u ly 202C 

Timepoint 
Placebo 
(n=53) 

Brexanolone 
90 µg/kg/h 

(n=51) 

Hour 60 

Mean score at Baseline (SD) 22.7 (1.59) 22.6 (1 .56) 
Mean Score at Hour 60 (SD) 10.7 (5.52) 8.5 (5.94) 
LS mean Change from Baseline (SE) -12.1 (0.77) -14.6 (0.78) 
Placebo -subtracted Difference (95% CI) -2.5 (-4.5 , -0.5) 
P-value (unadjusted) 0.0160 
Si!mificance (MCP-adiusted) Yes 

Day30 

Mean score at Baseline (SD) 22.7 (1.59) 22.6 (1.56) 
Mean Score at Day 30 (SD) 7.6 (6.34) 8.4 (6.54) 
LS mean Change from Baseline (SE) -15.2 (0.93) -14.7 (0.96) 
Placebo -subtracted Difference (95% CI) 0.5 (-2.0, 3.1) 
P-value (unadjusted) 0.6710 
Significance (MCP-adjusted) No 

MCP=Multiple comparison procedures. 

Source: Biostatistics Reviewer's Analysis (adqspri.xpt) based on Applicant's Clinical Study Reports. 


Figure 22. Histogram of the Magnitude of Improvement from Baseline in HAM-D total at 
Hour 60, Stud 202C. 

40 
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ID PLACEBO • SAGE-547 90ug/kg/hour I 
Source: Biostatistics Reviewer's Analysis (adqspri.xpt) . 
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Figure 23. Histogram of the Magnitude of Improvement from Baseline in HAM-D total at 
Day 30, Study 202C. 

Source: Biostatistics Reviewer’s Analysis (adqspri.xpt). 

As displayed in Figure 24, both treatment groups showed a decrease in HAM-D total score over 
the first 72 hours, with numerically greater change from baseline for the SAGE-547 group at all 
time points through Day 21. 
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Figure 24. Least Squared Mean (±SE) Change-from-Baseline over Time in HAM-D Total 
Score, Study 202C (Applicant Figure). 

Source: Clinical Study Report Figure 2. 

Clinical Reviewer Comment: In the first 14 days, improvement in the brexanolone arm was 
similar to that observed in Study 202B. However, the placebo group in 202C had a much more 
robust response after 14 days and the brexanolone group was not significantly different from 
placebo at Day 30. Indeed, this might be a function of random effect in the small sample size, but 
could indicate that moderate PPD is more likely to respond to placebo or spontaneously resolve 
over time. 

Further exploratory subgroup analyses on the primary endpoint were assessed by age group (18 
to 24 vs 25 to 45), race, baseline antidepressant use, baseline BMI, onset of PPD, and family 
history of PPD. Results are shown in Figure 25. No apparent subgroup differences were 
observed.

 123 
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 

Reference ID: 4405747 



  
 

 
 

   

   
 

NDA 211371 Multi-disciplinary Review and Evaluation 
ZULRESSO (brexanolone) 

Figure 25. Least Squared Mean Difference between Brexanolone and Placebo with 95% CI 
for Change-from-Baseline at Hour 60 in HAM-D Total Score, Study 202C. 

APPEARS THIS WAY ON ORIGINAL

Source: Biometrics Reviewer’s Analysis (adsl.xpt and adqspri.xpt). 

Exploratory Endpoints 

At Hour 60, more patients on brexanolone than placebo reached response (reduction of HAM-D 
score by at least 50% compared with baseline) and remission (HAM-' VFRUH � �� see Figure 26). 
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Figure 26. Percentages of Patients Reaching Response and Remission, Study 202C. 

* 

† 

*=p<0.01; †=p<0.05 when compared to placebo arm. P-values for these exploratory endpoints did not take into 

account multiplicity adjustment.
 
Source: Clinical reviewer’s analysis.
 

Table 54 includes exploratory endpoints from Study 202C. These results represent a range of 
patient experience with the drug (in addition to the primary and pre-specified secondary 
endpoints). Only the Hour 60 CGI-I showed a statistically significant effect. There were no 
statistically significant differences in any of the eight sub-scores of the SF-36 or on the HCRU 
(data not shown). 
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e . n 1pom s, yTabl 54 E xploratory E d . t St ud 202C . 

Timepoint 

Hour 60 

Day30 

Scale 

CGI-I 

GAD-7 

EPDS 

PHQ-9 

CGI-I 

GAD-7 

EPDS 

PHQ-9 

BIMF 

Parameter 

Response,% 
LS Mean Change from Baseline 
(SE) 
LS Mean Change from Baseline 
(SE) 
LS Mean Change from Baseline 
(SE) 
Response,% 
LS Mean Change from Baseline 
(SE) 
LS Mean Change from Baseline 
(SE) 
LS Mean Change from Baseline 
(SE) 
LS Mean Change from Baseline 
(SE) 

Placebo 
(n=53) 

56 

-6.4 (0.8) 

-7.0 (0.9) 

-6.9 (1.0) 

79 

-9.9 (0.9) 

-11.2 (1.0) 

-11.8 (0.9) 

24.9 (2.3) 

Brexanolone 
90 µg/kg/h 

(n=51) 
80* 

-7.6 (0.9) 

-8.8 (1.0) 

-8.1 (1.0) 

81 

-10.2 (0.9) 

-10.8 (1.0) 

-12.3 (0.9) 

25.0 (2.4) 

*=p<0.01 when compared to placebo rum. P-values for these exploratory endpoints did not take into account 

multiplicity adjustment. 

Source: Applicant's analysis. 


Dose and Dose Response 


There was no exploration of dose response in this study. 


Durability of Response with Continued Administration 


Brexanolone is delivered as a one-time infusion. The Applicant did not investigate durability of 

response with continued administration. 


Persistence of Effect 


See Table 53. 


9 Integrated Review of Effectiveness 

9.1. Assessment of Efficacy Across Trials 

9.1.1. Primary Endpoints 

The efficacy ofbrexanolone in the treatment of PPD has been evaluated in three placebo­
controlled studies (two in subjects with severe PPD, one in subjects with moderate PPD). All the 
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studies were conducted in the United States. The change from baseline in HAM-D total score at 
the end of the treatment period (at 60 hours) was the primaiy efficacy endpoint for all three 
studies. The prima1y efficacy results of the three positive studies are summarized in Table 55. 

Table 55. Primary Efficacy Results (Change in HAM-D Total at Hour 60) for Positive 
Effi1cacy St ud. 1es. 

Study Placebo 
Brexanolone 
60 U!!:/lq~/h 

Brexanolone 
90 u2/k2/h 

202A 

12/15/2015 ­
06/22/2016 

Severe PPD 
(HAM-D ~26) 

n 11 - 10 
Mean score at Baseline (SD) 28.8 (1 .99) - 28.1 (1.29) 
Mean Score at Hour 60 (SD) 19.7 (9 .59) - 7.5 (8.72) 
LS mean Change from 
Baseline (SE) 

-8.8 (2 .80) - -21.0 (2 .94) 

Placebo -subtracted Difference (95% CI) - -12.2 (-20.8, ­
3.7) 

P-value (unadjusted) - 0.008 
Sie:nificance (MCP-adiusted) - Yes 

202B 

8/1/2016 ­
10/19/2017 

Severe PPD 
(HAM-D ~26) 

n 43 38 41 
Mean score at Baseline (SD) 28.6 (2 .54) 29.0 (2.70) 28.4 (2.47) 
Mean Score at Hour 60 (SD) 14.6 (7 .55) 9.2 (7.01) 10.7 (5.78) 
LS mean Change from 
Baseline (SE) 

-14.40 
(1.15) 

-19.5 (1.23) -17.7 (1.19) 

Placebo -subtracted Difference (95% CI) 
-5.5 (-8.8, ­

2.2) 
-3.7 (-6.9, -0.5) 

P-value (unad.iusted) 0.0013 0.0252 
Sie:nificance (MCP-adiusted) Yes Yes 

202C 

07/25/2016 ­
10/11/2017 

Moderate PPD 
(HAM-D20­

25) 

n 53 - 51 
Mean score at Baseline (SD) 22.7 (1.59) - 22.6 (1.56) 
Mean Score at Hour 60 (SD) 10.7 (5 .52) - 8.5 (5.94) 
LS mean Change from 
Baseline (SE) 

-12.1 (0.77) - -14.6 (0.78) 

Placebo -subtracted Difference (95 % CD - -2.5 (-4.5, -0.5) 
P-value (unad.iusted) - 0.0160 
Sig:nificance (MCP-adjusted) - Yes 

MCP=Multiple comparison procedures. 

Source: Biostatistics Reviewer's Analysis (dqshamd.xpt, adqspri.xpt). 


9.1.2. Secondary and Other Endpoints 

The change from baseline in HAM-D total score at Day 30 was the prespecified secondary 
efficacy endpoint for 202B and 202C. There was no prespecified secondaiy efficacy endpoint in 
202A. The secondaiy efficacy results are summarized in Table 56. The Applicant is seeking 
labeling claims based on time course of treatment response, remission rate, and CGI-1. 

Biometrics and Clinical Reviewer Comments: The plot ofbrexanolone 's treatment response time 
course should be presented in the product labeling without indications ofstatistical significance. 
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Table 56. Secondary Efficacy Results (Change in HAM-D Total at Day 30) for Positive 
Effi 1cacv Stud. 1es. 

Study Placebo 
Brexanolone Brexanolone 
60 u~/kQ/h 90 u~/kQ/h 

n 43 38 41 
Mean score at 

28.6 (2.54) 29.0 (2 .70) 28.4 (2.47) 
202B Baseline (SD) 

Mean Score at Day 
14.7 (9.46) 9.1 (7 .97) 11.0 (8.34) 

8/1/2016 ­ 30 (SD) 
10/19/2017 LS mean Change -13.8 (1.32) -19.5 (1.44) -17.6 (1.40) 

from Baseline (SE) 
Severe PPD Placebo -subtracted Difference 

-5.6 (-9.5, -1.8) -3.8 (-7.6, -0.0) 
(HAM-D ::::26) (95% Cl) 

P-value (unadjusted) 0.0044 0.0481 
Si2nificance (MCP-ad_justed) Yes Yes 

n 53 - 51 

202C 
Mean score at 

22.7 (1.59) 22.6 (1.56) 
Baseline (SD) -

07/25/2016 ­
Mean Score at Day 

7.6 (6.34) - 8.4 (6.54) 30 (SD) 
10/1112017 

LS mean Change -15.2 (0.93) - -14.7 (0.96) 
from Baseline (SE) 

Moderate PPD 
Placebo -subtracted Difference(HAM-D 20­
(95% Cl) - 0.5 (-2.0, 3.1) 

25) 
P-value (unadjusted) - 0.6710 
Significance (MCP-adjusted) - No 

MCP=Multiple comparison procedures. 

Source: Biostatistics Reviewer's Analysis (dqshamd.xpt, adqspri.xpt). 


9.1.3. Subpopulations 

The effect of brexanolone in population subgroups has been consistent across age group (18 to 
24 vs 25 to 45), race, baseline antidepressant use, baseline BMI, onset of PPD, and family 
histo1y of PPD in 202B and 202C. Subgroup analysis was not perfo1m ed on 202A because of the 
small sample size (21 subjects in total). 

9.2. Additional Efficacy Considerations 

9.2.1. Considerations on Benefit in the Postmarket Setting 

Based on the proposed postmarketing use of the product and the product's REMS (see separate 
Division of Risk Management review), it is expected that brexanolone will be used in the same 
manner it was studied. 
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9.2.2. Other Relevant Benefit 

Not applicable for this application. 

9.3. Integrated Assessment of Effectiveness 

The three studies presented by the Applicant provide substantial evidence of effectiveness for 
brexanolone in the treatment of postpartum depression. The studies demonstrate a clinically 
meaningful effect because the improvement in depressive symptoms is both consistent with the 
effects of other antidepressants and occurs much more quickly (after 60 hours versus 4 weeks). 

10 Review of Safety 

10.1. Safety Review Approach 

The safety data supporting this application are largely based on the Phase 2 study 202A and the 
Phase 3 studies 202B and 202C; all three were randomized, double-blind, placebo-controlled, 
multicenter studies of 60-hour brexanolone infusions in women with PPD. These studies are 
described in more detail in Section 7.1: Clinical Effectiveness Studies. The  Integrated 
Assessment of Safety (Section 10.10) summarizes the review of safety and provides an overall 
safety assessment. The Benefit-Risk Assessment (Section 1.3) weighs the safety findings against 
clinical need and the possibility of effective treatment for this product. Table 57 contains all 
Applicant-submitted studies. The Applicant provided safety data from all trials at submission and 
no mid-review safety update was required. 

The Agency did not issue clinical holds for this development program. The review team 
identified loss of consciousness as the primary safety concern related to this product (see Section 
10.4.1). 
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Table 57. Studies Submitted for Safety Review. 
Indication Study 

547-PPD­
201 

PPD 202A 
202B 
202C 

547-CLP­
101 

102 

Clinical 
103 
104 

Phaimacology 
105 
106 
107 
108 

Essential 547-ETD-
Tremor 201 

Phase Description 

2 
Open-label, baseline HAM-D ::'.::20 

2 PBO-controlled, baseline HAM-D ::'.::26 
3 PBO-controlled, baseline HAM-D ::'.::26 
3 PBO-controlled, baseline HAM-D 20 to 25 

1 
Healthy males, radio-labelled brexanolone for 
metabolism and excretion 

1 Double-blind, human abuse study 
1 Hepatic impaiiment study 
1 Renal impaiiment study 
1 Drng-drng interaction study with phenvtoin 
1 QT study 
1 Oral bioavailability/food-effect study 
1 Breast Inilk brexanolone concentrations 

2 Cross-over followed by open-label 

N 

4 

21 
138 
108 

8 

138 
32 
17 
29 
30 
8 
12 

25 

Note that the randoinization for 202B included two brexanolone aim s. Therefore, the 
randoinization ratio was 2 brexanolone: 1 placebo for this study. Combining all brexanolone 
aims from 202B with the brexanolone aim s from 202A and C (which had 1: 1 randoinization 
ratios) raises the possibility ofSimpson's Paradox (a statistical phenomenon where trends in 
subgroups disappear or reverse when groups with different randoinization ratios ai·e combined) . 
To counter this possibility, data are presented for 60 and 90 µg/kg/h doses sepai·ately as well as 
combined. 

Clinical Reviewer Comment: Detailed reviews ofthe Phase I studies can befound in the Clinical 
Pharmacology Section (Section 6) and the consultant reviews from the Controlled Substance 
Staffand the QT Interdisciplinmy Review Team (separate from this Unireview) . 

The Applicant's adverse event dataset contained flags for treatment emergent adverse events and 
whether the adverse event occurred during study drug infusion. For my primmy AE analysis, I 
selected data from the PPD-202 studies with a "Y"for these flags. 

10.2. Review of the Safety Database 

10.2.1. Overall Exposure 

The PPD studies 202A, 202B, and 202C all included a similai· dosing regimen (see Section 1.1 
Product Introduction and Table 58.). These studies used the same titration schedule to target a 
brexanolone dose of 90 µ.g/kg/h. Study 202B also included an aim with a target brexanolone 
dose of 60 µg/kg/h. All patients in these studies received a brexanolone or placebo infusion for 
60 hours. 
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Table 58. Safety Population, Size, and Denominators. 

Clinical Trials Placebo 
(n= 107) 

Brexanolone Tar~et 
Dose 60J1g/kg/h 

(n= 38) 

Brexanolone Tar~et 
Dose 90Jig/kg/h 

(n= 102) 
PPD-202A 11 - 10 
PPD-202B 43 38 41 
PPD-202C 53 - 51 

Studies CLP-102, 106, and ETD-201 included dosing greater than 90 µg/kg/h (see Table 59.) 

Je . 1es w1Tabl 59 B r exanolone St ud. ·thDoses >90'U!!/k /h . 
Study Dose (µg/kg) Duration of n 

Exposure 
Single dose 120 6 

Single dose 150 6 
CLP-102 Single dose 180 6Dose 

Selection 
 Single dose 210 6 

Phase 
Single dose 240 6 

Single dose 270 6 

CLP-102 180 Single dose 
403Treatment 

270 Single dose Phase 


1 h 
120 

1 h 273CLP-106 150 

1 h 180 

S h 120 
163EDT-201 

8 h 150 
•same subjects received all listed doses for this protocol. 

10.2.2. Relevant characteristics of the safety population: 

For a discussion of the patients' demographic characteristics, see Sections 8.1.2 (202A), 8.2.2 
(202B), and 8.3.2 (202C). 

10.2.3. Adequacy of the safety database: 

Brexanolone is intended for use as a single, 60-hour infusion and not for chronic or chronic 
intennittent use. The Agency agreed that the exposures in the PPD development program were 
sufficient to suppo1i subinission of the NDA. 
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10.3. Adequacy of Applicant’s Clinical Safety Assessments 

10.3.1. Issues Regarding Data Integrity and Submission Quality 

The data quality was acceptable for review. Datasets, study reports, and patient narratives were 
consistent. Initial adverse event datasets included treatment group, but not the specific dose 
patients were receiving at the time of the AE. An information request yielded a new ISS AE 
dataset with this information. Additional information requests: 

x Requested information on the infusion setting (location, protocols, available staff, etc.) 
x Requested additional details on loss of consciousness/syncope cases 
x Requested time since delivery before infusion for 202B and C patients 
x Requested method of delivery (vaginal versus Cesarean section) for 202B and C patients (the 

Applicant did not collect this data) 

The Applicant responded in a timely and complete manner to these requests. 

10.3.2. Categorization of Adverse Events (AEs) 

The Applicant used the Medical Dictionary for Regulatory Activities (MedDRA) Version 19.1 
for their ISS submission. Studies that relied on earlier MedDRA versions were recoded based on 
Lower Level Terms. AEs, treatment-emergent AEs (TEAEs), and serious AEs (SAEs) were 
appropriately defined. During infusions, AEs were collected as per Table 38. For the Phase 3 
studies, AEs were collected through the 30-day follow-up. The severity of AEs was classified 
based on the following: 

x Mild (discomfort noticed, but no disruption to daily activity) 
x Moderate (discomfort sufficient to reduce or affect normal daily activity, but was not 

hazardous to health; prescription drug therapy may have been employed to treat the AE) 
x	 Severe (inability to work or perform normal daily activity and represented a definite hazard 

to health; prescription drug therapy and/or hospitalization may have been employed to treat 
the AE) 

Clinical Reviewer Comment: The Applicant’s AE monitoring and severity determinations are 
reasonable. I also examined the Applicant’s mapping of verbatim-to-preferred terms for the 
Phase 3 studies. The mapping was acceptable. Sedation and somnolence were split based on the 
verbatim terms, but combined in my analysis. 

Note that the PPD-202 studies were conducted in a monitored healthcare setting. Therefore, 
adverse events that may have triggered a hospital visit (by definition a serious AE) in an 
outpatient clinical setting may not have in this situation (i.e., investigators may have had a 
higher threshold for referring to a higher level of care). 

10.3.3. Routine Clinical Tests 

Clinical laboratory assessments were collected at screening, 72 hours after the start of infusion 
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(12 hours after the end of the infusion), and at Day 7. Laboratory studies included hematology, 
coagulation parameters, serum chemistries (including liver function tests), and thyroid 
stimulating hormone. Patients received a serum pregnancy test at screening and a urine 
pregnancy test on Day 1 and Day 30. 

Vital signs and EKGs were collected as per Table 38. Vital signs included temperature, 
respiratory rate, heart rate, and blood pressure supine and standing. Vital signs were waived 
between the hours of 2300 and 0600 if the patient was sleeping. 

Clinical Reviewer Comment: The laboratory tests and collection schedule for labs, vital signs, 
and EKGs were reasonable. Although the Applicant did not collect clinical labs during the 
infusion, the collection at 72 hours balanced the need for clinical labs at a time near the infusion 
with the burden of blood collection for the patients (who were also getting blood draws for PK 
measurements during the infusion). 

The Applicant collected several exploratory labs (estrogen, progesterone, progesterone 
metabolites, oxytocin, tryptophan, kynurenine), but these were not included in the submitted 
analysis dataset. 

10.4. Safety Results 

There were no deaths in this development program. 

10.4.1. Serious Adverse Events 

There were two SAEs in this development program. 

x Subject 6WXG\ ���%� �� ȝJ�NJ�K DUP� 25-year-old white female: 2 days after 
completing the infusion, she reported suicidal ideation and intentional overdose on Percocet, 
Norco, and Flexaril. The patient informed her boyfriend of the overdose. Acetaminophen 
levels in the emergency department were inconsistent with the reported overdose amount 
(estimated fewer than five pills consumed). The emergency department noted the patient had 
a complex social situation (was married, but also had a boyfriend) and believed she was 
“attention seeking.” The patient was not admitted. 

x Subject 6WXG\ ���&� �� ȝJ�NJ�K DUP� ��-year-old white female: syncope/altered 
state of consciousness (see Section 10.4.1: Loss of Consciousness for more details). 

Clinical Reviewer Comment: The presentation of Subject appears consistent with 
borderline personality disorder. Although having borderline personality disorder does not 

(b) (6)

preclude a concurrent diagnosis of PPD, I believe the suicidal ideation and intentional overdose 
are much more likely the result of a personality disorder than either the PPD or a drug effect. 
See Section 10.4.2: Suicidal Ideation and Behavior for a discussion of the C-SSRS results. 
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10.4.2. Dropouts and/or Discontinuations Due to Adverse Effects 

Four patients discontinued study diug because ofadverse effects: 

• 	 Subject ltif<& Study 202B, placebo aim; discontinued study diug after 59 hours of 
infusion due to infusion site extravasation. 

• 	 Subject ltiJ<& Study 202B, brexanolone 60 µ.g/kg/h aim; discontinued study diug after 57 
hours of infusion due to infusion site pain. 

• 	 Subject ltiH
6 

Study 202C, brexanolone 90 µ.g/kg/h aim; discontinued study di11g after 8 
hours of infusion due to SAEs of syncope and altered state of consciousness. 

• 	 Subject ltiH
6 

Study 202C, brexanolone 90 µ.g/kg/h aim; discontinued study di11g after 37 
hours of infusion due to ve1iigo and presyncope. 

Section 10.4.1: Loss ofConsciousness, contains more details on Subjects ________ 
))\6 

_ 

Clinical Reviewer Comment: Aside from complications from the IVprocedures (which affected 
the placebo arm as well)-and the loss-of-consciousness issue- brexanolone appears well­
tolerated. 

10.4.3. Significant Adver se Events 

Dose reduction and/or intenuption was required in 10 brexanolone patients and three placebo 
patients as per Table 60. For patients whose dose was inte1111pted, only one had recmTence upon 
rechallenge. Subject >11

6 (Study 202A) was randomized to the brexanolone 90 µg/kg/h aim of 
study 202A. She developed somnolence at the 30 µg/kg/h dose that continued through the 
escalation to 60 µ.g/kg/h at Hour 4. The somnolence resolved at Hour 12 after the dose was 
decreased to 30 µg/kg/h . At Hour 24, her dose was increased again to 60 µ.g/kg/h. However, she 
again experienced somnolence and, after approximately 6 hours, the dose was lowered to 30 
µg/kg/h for the remainder of the 60 hours (she never received the 90 µg/kg/h dose) . 

e 	 . n errup ions m Stud· , a nd C. Tabl 60 D ose R d e UCtiODS andi or I t f . 1es 202A B
' 

Treatment Adverse Event n Reduction or 
interruption 

Extremity pain/ edema 1 Intenu pted 
Placebo Infusion site pain 1 Intenupted 

Dizziness 1 Reduced 

Somnolence 2 
Intenupted (1) 
Reduced (1) 

Syncope 3 Intenupted 

Brexanolone 
Infusion site 

pain/ edema/itching 
2 Intenupted 

Infusion site 
extravasation 

1 Intenu pted 

Fatigue 1 Reduced 
Hypo tension 1 Reduced 
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Clinical Reviewer Comment: As with the AEs leading to premature discontinuation, the pattern 
ofAEs leading to dose reductions or interruptions show most were related to complications from 
the IVprocedures or sedation/loss ofconsciousness. 

10.4.4. Treatment Emergent Adverse Events and Adverse Reactions 

Brexanolone adverse events greater than two percent and at least twice the rate ofplacebo are 
presented in Table 61. There were only six AEs rated as severe in five patients (see Table 62). 

Table 61. Adverse Events:;:: 2% and Twice the Rate of Placebo by Treatment Group in 
Studies 202A, B, and C; n (% ). 

Adverse Event Placebo 
(n=107) 

Any 
Brexanolone 

(n=140) 

Brexanolone 
60 µg/kg/h 

(n=38) 

Brexanolone 
90 µg/kg/h 

(n=102) 

Sedation, 
somnolence 

6 (6%) 21 (15%) 8 (21%) 13 (13%) 

Dizziness, 
lightheadedness, 
presyncope, 
ve1iigo 

7 (7%) 17 (12%) 5 (13%) 12 (12%) 

Dry mouth, thirst 1 (1%) 7 (5%) 4 (11%) 3 (3%) 
LOC, syncope - 5 (4%) 2 (5%) 3 (3%) 
Flushing, hot flush - 4 (3%) 2 (5%) 2 (2%) 
Dianhea 1 (1%) 3 (2%) 1 (3%) 2 (2%) 
Oropharyngeal 
pam - 3 (2%) 1 (3%) 2 (2%) 

Tachycardia - 3 (2%) - 3 (3%) 
Dyspepsia, 
indigestion 

- 2 (1%) - 2 (2%) 

At 72 h, one placebo patient and two brexanolone 90 µg/kg/h patients had sedation and two 
brexanolone 90 µ.g/kg/h patients had dizziness/lightheadedness. 

Table 62. Severe AEs in Studies 202A, B, and C. 
Study Treatment n Preferred Term 
202A Placebo 1 

. . 
msomnia 

202B brexanolone 60 ug:/kg/h 1 loss of consciousness, somnolence 

202C 
brexanolone 90 µg/kg/h 

1 
1 

presyncope 
fatigue 

Placebo 1 headache 

Clinical Reviewer Comment: The AE dataset initially provided by the Applicant categorized AEs 
by assigned brexanolone treatment group. I requested that the Applicant also categorize the AE 
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dataset by what treatment the patient was receiving at the time ofthe AE. I present this 
information in Table 63. 

For the calculations in Table 63, I have assumed all brexanolone patients (n= 140) received 30 
and 60 pg/kg/h doses (during titration) . Note also that patients who experienced the same AE at 
multiple doses are counted for each dose. Therefore, the row totals from this table may not 
match total brexanolone numbers in Table 61. 

Table 63. Adverse Events :;:: 2% and Twice the Rate of Placebo by Treatment at the Time of 
the AE in Studies 202A, B, and C; n (%). 

Brexanolone Dose 
Adverse Event 30 µg/kg/h 60 µg/kg/h 90 µg/kg/h 

(n=140) (n=140) (n=102) 

Sedation, 
somnolence 

16 (14%) 7 (5%) -
Dizziness, 
lightheadedness, 7 (5%) 9 (6%) 4 (4%) 
presyncope, 
vertigo 
Dry mouth, thirst 1 (1%) 5 (4%) 1 (1%) 
LOC, syncope 1 (1%) 3 (2%) 1 (1%) 
Flushing, hot flash 1 (1%) 3 (2%) -
Dianhea 1 (1%) 2 (1%) -
Oropharyngeal 

1 (1%) 1 (1%) 1 (1%) 
pam 
Tachycardia 1 (1%) 1 (1%) 2 (2%) 
Dyspepsia, 
indigestion 

- 1 (1%) 1 (1%) 

In examining the distribution ofAEs based on brexanolone dose at the time ofthe AE, there is no 
obvious dose effect. Indeed, sedation AEs are more common during the 30 pg/kg/h dose as 
patients start the infusion and none occurred at the highest dose. This lack ofa dose-response 
for AEs suggests that lowering the dose ofthe infusion would not necessarily lead to better 
tolerability. Although it is possible that AEs diminish with exposure time, this finding informs my 
decision on PMCs (i.e., it would not seem useful to patients to find a lower efficacious dose ifit 
would not improve tolerability) . 

Because there are sedation and dizziness AEs at 72 hours, the label should contain warning 
language regarding driving, etc. at discharge. 

10.4.5. Laboratory Findings 

Numbers of patients with potentially clinically significant hematology and coagulation values are 
presented in Table 64. 

136 

Reference ID 44057 47 



NOA 211371 M ulti-disciplinary Review and Eva luation 
ZULRESSO (brexanolone) 

Table 64. Number of Patients with Potentially Clinically-Relevant Hematology and 
Coa2ulation Values in Studies 202A, B, and C; n (% ). 

Lab Test/ Placebo Any Brexanolone 
Brexanolone Brexanolone 
60 µg/kg/h 90 µg/kg/h 

Day (n=107) (n=140) (n=38) (n=102) 
Hematocrit < 37 % 
Screening 15 (14%) 14 (10%) 2 (5%) 12 (12%) 
72 h 11 (10%) 12 (9%) 4 (11%) 8 (8%) 
Day7 12(11%) 20 (14%) 4 (11%) 16 (16%) 
Hemo2lobin < 12.0 2/dL 
Screening 28 (26%) 29 (21%) 11 (29%) 18 (18%) 
72 h 26 (24%) 31 (22%) 12 (32%) 19 (19%) 
Day7 25 (23%) 38 (27%) 13 (34%) 25 (25%) 
WBC < 4.0 xlO'.!IIL 

Screening 2 (2%) 5 (4%) 1 (3%) 4 (4%) 
72 h 5 (5%) 5 (4%) 1 (3%) 4 (4%) 
Day7 4 (4%) 3 (2%) - 3 (3%) 
Platelets < 150 xlO'.!IIL 
Screening 1 (1%) - - -
72 h - - - -
Dav7 - - - -
INR >1.3 
Screening 3 (3%) 6 (4%) 1 (3%) 5 (5%) 
72 h 2 (2%) 5 (4%) 2 (5%) 3 (3%) 
Day7 6 (6%) 4 (3%) 1 (3%) 3 (3%) 
aPTT >40 sec 
Screening 5 (5%) 8 (6%) 2 (5%) 6 (6%) 
72 h 7 (7%) 5 (4%) 2 (5%) 3 (3%) 
Day7 11 (10%) 6 (4%) 1 (3%) 5 (5%) 

One brexanolone subject (90 Mg/kg/h) had a sennn sodium of 127 mmol/L at Day 7 (139 
mmol/L on Day 3). There were no cases ofhypo- or hyperkalemia. There were five cases oflow 
sernm glucose (less than 4.0 mmol/L) at Day 3; two in the placebo group, one with brexanolone 
60 µg/kg/h dose, and one with brexanolone 90 µg/kg/h. 

Table 65. presents the numbers ofpatients with elevated TSH. 

Table 65. Number of Patients with TSH >4.5 mIUIL in Studies 202A, B, and C; n (% ) . 

Day 
Placebo 
(n=107) 

Any Brexanolone 
(n=140) 

Brexanolone 
60 µg/kg/h 

(n=38) 

Brexanolone 
90 µg/kg/h 

(n=102) 
Screening 1 (1%) 1 (1%) - 1 (1%) 

72 h 3 (3%) 6 (4%) 1 (3%) 5 (5%) 
Day7 2 (2%) 1 (1%) - 1 (1%) 
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There was one patient (Subject (b) (6) Study 202B) in the brexanolone 90 ȝJ�NJ�K JURXS ZKR 
developed ALT and AST elevations approximately seven times the upper limit of normal. The 
subject’s baseline ALT and AST were clinically unremarkable (58 and 43 U/L, respectively). 
However, on Day 3, the patient’s ALT was 373 and AST was 234 U/L. By Day 7 the AST had 
decreased to 51 U/L, but the ALT remained elevated at 192 U/L. At Day 30, the ALT had 
decreased to 29. 7KURXJKRXW WKLV WLPH� WKH SDWLHQW¶V ELOLUXELQ UHPDLQHG ��� WR ���� ȝPRO�/ 
�ZLWKLQ WKH QRUPDO UDQJH RI ��� WR ���� ȝPRO�/�� The patient’s alkaline phosphatase ranged from 
89 to 117 U/L (within the normal range of 30 to 140 U/L). This patient had no relevant medical 
history. In addition to brexanolone, she was taking sertraline. There were no other patients with 
transaminase elevations. 

Clinical Reviewer Comment: There is no pattern consistent with a drug effect in the numbers of 
patients with potentially clinically-relevant hematology, coagulation, serum electrolyte, or TSH 
results. 

$OWKRXJK WKHUH ZDV RQH VXEMHFW LQ WKH EUH[DQRORQH �� ȝJ�NJ�K JURXS ZLWK VLJQLILFDQW $/7 DQG 
AST elevations, the case did not meet criteria for Hy’s Law (no elevation of bilirubin). The 
patient was also taking sertraline, which has been associated with rare instances of marked 
elevations in liver enzymes 2 to 24 weeks after starting the drug (National Institutes of Health, 
2018). Although there is no clear cause for this subject’s transaminase elevations, I believe the 
sertraline is a more likely culprit than the brexanolone, which is an analogue of an endogenous 
hormone. 

10.4.6. Vital Signs 

Numbers of patients with potentially clinically significant heart rate or blood pressure are 
presented in Table 66, Table 67, and Table 68. Figure 27 and Figure 28 show the minimum and 
maximum respiratory rates by drug in Studies 202B and 202C, respectively. Initially, protocols 
required pulse oximetry monitoring every 2 hours. This was amended to continuous pulse 
oximetry in December 2015. In February 2017, the protocol was further amended to completely 
remove the requirement for pulse oximetry. No pulse oximetry data were submitted; case report 
forms did not include a space for reporting pulse oximetry. 
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Table 66. Number of Patients with Potentially Clinically Relevant Heart Rate in Studies 
202A, B, and C; n (%). 

Day/Time 
Placebo 
(n=107) 

Any Brexanolone 
(n=140) 

Brexanolone 
60 µg/kg/h 

(n=38) 

Brexanolone 
90 µg/kg/h 

(n=102) 
Heart Rate > 110 bpm 

Screening - - - -
Baseline - 1 (1%) - 1 (1%) 

2h - 1 (1%) - 1 (1%) 
4 h - 1 (1%) - 1 (1%) 
8h 1 (1%) - - -
12 h - - - -
18 h - - - -
24 h - - - -
30h - 1 (1%) 1 (3%) -
36 h - - - -
42h - 1 (1%) - 1 (1%) 
48 h - 1 (1%) - 1 (1%) 
54h - - - -
60 h - 1 (1%) - 1 (1%) 
66h - 1 (1%) - 1 (1%) 
72 h 1 (1%) 2 (1%) 1 (3%) 1 (1%) 

Day7 1 (1%) 1 (1%) - 1 (1%) 
Day30 - 1 (1%) - 1 (1%) 
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Table 66 continued. 

Placebo Any Brexanolone
Day/Time 

(n=107) (n=140) 

Heart Rate < 50 bpm 
Screening 1 (1%) 3 (2%) 
Baseline 1 (1%) 1 (1%) 

2h 3 (3%) 2 (1%) 
4h - -
8h 1 (1%) -
12 h 1 (1%) -
18 h - 1 (1%) 
24 h 2 (2%) -
30h - -
36 h - -
42h - -
48 h - 1 (1%) 
54h - -
60 h - 1 (1%) 
66h - -
72 h 1 (1%) 1 (1%) 

Day7 2 (2%) -
Dav30 - -

Brexanolone Brexanolone 
60 µg/kg/h 90 µg/kg/h 

(n=38) (n=102) 

1 (3%) 2 (2%) 
1 (3%) -
2 (5%) -

- -
- -
- -
- 1 (1%) 
- -
- -
- -
- -

1 (3%) -
- -
- 1 (1%) 
- -
- 1 (1%) 
- -
- -
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Table 67. Number of Patients with Potentially Clinically-Relevant Supine Systolic Blood 
Pressure in Studies 202A, B, and C; n (%) . 

Day/Time 
Placebo 
(n=107) 

Any Brexanolone 
(n=140) 

Brexanolone 
60 µg/kg/h 

(n=38) 

Brexanolone 
90 µg/kg/h 

(n=102) 
Systolic Blood Pressure > 150 mmH2 

Screening 2 (2%) 3 (2%) 1 (3%) 2 (2%) 
Baseline 3 (3%) 2 (1%) 1 (3%) 1 (1%) 

2h 1 (1%) 1 (1%) - 1 (1%) 
4 h 1 (1%) 2 (1%) - 2 (2%) 
8h 2 (2%) - - -
12 h 2 (2%) 2 (1%) - 2 (2%) 
18 h - - - -
24 h 1 (1%) 1 (1%) - 1 (1%) 
30h 1 (1%) 1 (1%) 1 (3%) -
36 h 1 (1%) 2 (1%) - 2 (2%) 
42h 1 (1%) - - -
48 h 1 (1%) 2 (1%) - 2 (2%) 
54h - 2 (1%) 1 (3%) 1 (1%) 
60 h - 4(3%) 2 (5%) 2 (2%) 
66h - 1 (1%) 1 (3%) -
72 h - 1 (1%) 1 (3%) -

Day7 3 (3%) 1 (1%) 1 (3%) -
Day30 2 (2%) 3 (2%) 1 (3%) 2 (2%) 
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Table 67 continued. 

Placebo Any Brexanolone 
Day/Time 

(n=107) (n=140) 

Systolic Blood Pressure < 90 mmH2 
Screening - -
Baseline 1 (1%) 1 (1%) 

2h 1 (1%) 1 (1%) 
4 h - 2 (1%) 
8h - 1 (1%) 
12 h - 1 (1%) 
18 h - 1 (1%) 
24 h 2 (2%) 3 (2%) 
30h - 4 (3%) 
36 h - 1 (1%) 
42h - -
48 h 1 (1%) 4(3%) 
54h - -
60 h - 1 (1%) 
66h - -
72 h - 2 (1%) 

Day7 1 (1%) 3 (2%) 
Dav30 - -

Brexanolone Brexanolone 
60 µg/kg/h 90 µg/kg/h 

(n=38) (n=102) 

- -
- 1 (1%) 

1 (3%) -
- 2 (2%) 
- 1 (1%) 
- 1 (1%) 
- 1 (1%) 

1 (3%) 2 (2%) 
- 4 (4%) 
- 1 (1%) 
- -

2 (5%) 2 (2%) 
- -
- 1 (1%) 
- -
- 2 (2%) 
- 3 (3%) 
- -
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Table 68. Number of Patients with Potentially Clinically-Relevant Supine Diastolic Blood 
Pressure in Studies 202A, B, and C; n (%). 

Day/Time 
Placebo 
(n=107) 

Any Brexanolone 
(n=140) 

Brexanolone 
60 µg/kg/h 

(n=38) 

Brexanolone 
90 µg/kg/h 

(n=102) 
Diastolic Blood Pressure > 100 mmH2 

Screening 1 (1%) 2 (1%) 1 (3%) 1 (1%) 
Baseline 1 (1%) 1 (1%) - 1 (1%) 

2h 1 (1%) - - -
4 h 1 (1%) 1 (1%) - 1 (1%) 
8h - 1 (1%) - 1 (1%) 
12 h - - - -
18 h - - - -
24 h - 1 (1%) - 1 (1%) 
30h - - - -
36 h 1 (1%) 1 (1%) - 1 (1%) 
42h - - - -
48 h - - - -
54h - - - -
60 h - - - -
66h - - - -
72 h - - - -

Day7 2 (2%) - - -
Day30 - 1 (1%) 1 (3%) -
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Table 68 continued. 

Placebo Any Brexanolone 
Day/Time 

(n=107) (n=140) 

Diastolic Blood Pressure < 60 mmH2 
Screening 2 (2%) 5 (4%) 
Baseline 8 (7%) 7 (5%) 

2h 10 (9%) 10 (7%) 
4 h 7 (7%) 18 (13%) 
8h 5 (5%) 10 (7%) 
12 h 5 (5%) 7 (5%) 
18 h 3 (3%) 4 (3%) 
24 h 12(11%) 7 (5%) 
30h 7 (7%) 12 (9%) 
36 h 4 (4%) 11 (8%) 
42h 1 (1%) -
48 h 5 (5%) 13 (9%) 
54h 8 (7%) 9 (6%) 
60 h 6 (6%) 6 (4%) 
66h 2 (2%) 3 (2%) 
72 h 9 (8%) 7 (5%) 

Day7 7 (7%) 6 (4%) 
Dav30 1 (1%) -

Brexanolone Brexanolone 
60 µg/kg/h 90 µg/kg/h 

(n=38) (n=102) 

2 (5%) 3 (3%) 
2 (5%) 5 (5%) 
3 (8%) 7 (7%) 
3 (8%) 15 (15%) 
3 (8%) 7 (7%) 
3 (8%) 4 (4%) 

- 4 (4%) 
2 (5%) 5 (5%) 

4 (11%) 8 (8%) 
3 (8%) 8 (8%) 

- -
4 (11%) 9 (9%) 
1 (3%) 8 (8%) 
3 (8%) 3 (3%) 
1 (3%) 2 (2%) 
2 (5%) 5 (5%) 

- 6 (6%) 
- -

There were fewer patients with blood pressure measurements while standing (values not 
presented), but the results were similar to supine blood pressure. Only one patient (Study 202C, 
brexanolone 90 µ.g/kg/h aim) was orthostatic by blood pressure criteria alone (standing heart rate 
was not measured). Other patients with postural dizziness were not 01thostatic. 
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Figure 27. Minimum and Maximum Respirations per Minute by Drug Assignment in Study 
202B. 

Source: Clinical Reviewer generated.
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Figure 28. Minimum and Maximum Respirations per Minute by Drug Assignment in Study 
202C. 

Source: Clinical Reviewer generated. 

Clinical Reviewer Comment: For all vital sign measurements, if the patient was asleep at night, 
the vitals were waived. Therefore, because the patients started the infusion in the morning, there 
are few values at 18 and 42 hours after the start of the infusion. Although sustained 
measurements of blood pressure greater than 140/90 define hypertension, I chose a slightly 
higher threshold for determining clinically significant elevated blood pressure in order to 
account for minor elevations associated with experimental procedures. I did the same for heart 
rate. 

There was a male subject who experienced apnea during the thorough QT Study (see Section 
10.4.1: Loss of Consciousness). Because of this, and a respiratory signal in some nonclinical 
studies (see Section 5.5.1: General Toxicology), I chose to graphically represent the minimum 
and maximum respiratory rates for patients by drug assignment. As shown in Figures Figure 27 
and Figure 28, brexanolone was not associated with a pattern of respiratory distress (more 
respirations per minute than placebo) nor with respiratory depression (fewer respirations per 
minute than placebo). It is unfortunate that the Applicant discontinued pulse oximetry 
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monitoring. Based on the case ofapnea and the possibility that brexanolone could act like a 
barbiturate at the GABAA receptor, I recommend continuous pulse oximetry monitoring during 
infusions. The consequences ofallowing the infusions to continue after loss ofconsciousness is 
unclear. Including continuous pulse oximetly monitoring will allow for intervention in the event 
the patient "loses consciousness" while sleeping. This should be included in the label. 

I do not feel there is a pattern ofvital sign values consistent with a drug effect. Although there 
are some time points where more patients on brexanolone appeared to have low diastolic blood 
pressure (36 h), there were other infusion time points when more patients on placebo had low 
diastolic bloodpressure (24 h). These.fluctuations are most likely an artifact ofthe sample sizes. 

10.4.7. Electrocardiograms (ECGs) 

Table 69 presents potentially clinically relevant PR and QTc intervals. The QT interval was 
con ected using Fridericia's fo1mula. The QT Interdisciplinaiy Review Team evaluated the 
Applicant's thorough QT study (CLP-106) in a separate document. Their findings are 
summarized in Section 10.3.13: QT. 

Table 69. Number of Patients with Potentially Clinically-Relevant ECG Findings, in 
Studies 202A, B, and C; n (% ). 

Placebo 
Any Brexanolone Brexanolone 

Day/Time (n=107) Brexanolone 60 µg/kg/h 90 µg/kg/h 
(n=140) (n=38) (n=102) 

PR Interval > 200 msec 
Screening 1 (1%) 4 (3%) 1 (3%) 3 (3%) 

48h 1 (1%) 3 (2%) 1 (3%) 2 (2%) 
Dav7 2 (2%) 3 (2%) 2 (5%) 1 (1%) 

QTc Interval > 460 msec 
Screening 2 (2%) 3 (2%) 1 (3%) 2 (2%) 

48h 2 (2%) 1 (1%) - 1 (1%) 
Day7 1 (1%) 2 (1%) - 2 (2%) 

QTc Interval < 350 msec 
Screening - - - 1 (1%) 

48h 1 (1%) 2 (1%) 1 (3%) 1 (1%) 
Day7 - - - -

Clinical Reviewer Comments: I do not feel there is a pattern ofECG interval values consistent 
with a drug effect. 

10.4.8. QT 

As per the QT Interdisciplina1y Review Team's (IRT) conclusions: 

No significant QTc prolongation effect ofbrexanolone (SAGE-547) treatment (a 5-hour 
intravenous infusion staiiing at a rate of 60 µ.g/kg/h and increasing each hour to 90, 120, 150, 
and 180 µ.g/kg/h) was detected in TQT study 547-CLP-106. The lai·gest upper bound of the 
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2-sided 90% CI for the mean difference between brexanolone treatment and placebo was 
below 10 ms, the threshold for regulato1y concern as described in ICH El4 guidelines. The 
largest lower bound of the two-sided 90% CI for the LiLiQTcF for moxifloxacin was greater 
than 5 ms, and the moxifloxacin profile over time is adequately demonstrated ... indicating 
that assay sensitivity was established (p. l ; QT IRT Review archived by Moh Jee Ng on July 
26, 2018). 

The IRT recommends the following language be included in the Phamacodynamics section of 
labeling: 

The effect ofbrexanolone on the QTc interval was evaluated in a Phase 1 randomized, 
placebo and positive controlled, double-blind, three-period crossover thorough QTc study in 
30 healthy adult subjects. At 1.9-fold of the therapeutic exposmes for highest recommended 
clinical dose, brexanolone did not prolong the QT c interval to any clinically relevant extent 
(p. 2). 

10.4.9. Immunogenicity 

Not applicable to this application. 

10.5. Analysis of Submission-Specific Safety Issues 

10.5.1. Loss of Consciousness 

There were six patients with loss ofconsciousness, syncope, or presyncope in Studies 202A, B, 
and C (see Table 70). Patient bll& appeared to have a vasovagal reaction to a blood draw. 
Patient 16n6 reported dizziness and ve1iigo that improved when she sat down (she never lost 
consciousness). The remaining four patients seemed to experience an abrnpt onset of deep sleep. 

Table 70. Cases of Loss of Consciousness, Synco e, Pres e in Studies 202A, B, and C. 
Subject Dose at time of 

Timeline: Nearest PK
ID Demographics Description of Event LOCEvent 

to Event (ng/mL)
Stud 

(b)(6 
31 yo, AA 

16H6 
BMI 28.1 kg/m2 

-Vasovagal syncope during 78 days after delivery 
(202B) h/oMDD 

venipuncture for PK sampling 60 

Medication 
(repo1ted fear of needles) 

-medroxyprogesterone 

25 yo, W 
-Infusion pwnp malfunction, dose 

BMI40kg/m2 unclear 
-BP !ability before and during the 

40 days after delivery 
event (71/48 to 140/101 mmHg) 0815 : Infusion start 

h/o anxiety (b) (6) 

Medication 
-LOC occurred 14 h after starting 90• 2005 : 79.3 

(202B) 90µg/kg/h (actual dose unclear) 
-labetalol 2238: LOC 
-lansoprazole 

-LOC x 30 sec, "as if in deep, (b) (61 

sound sleep" 
-promethazine 

-Infusion stopped; felt well after 10 0805 : 102 
-acetaminophen 

imn 
28 yo, W -Infusion pwnp malfunction, dose 30• (6)16 
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(202B) 

r (b) (6! 

(202B) 

l(ljf(6~ 

(202C) 

BMI 35 kg/m' 
82 days after delivery 
Medication 
-none 

24yo, W 
BMI29kg/m2 

185 days after delivery 
h/o anxiety, MDD 
Medication 
-ASA/acetaminophen/ 
caffeine 

25 yo, W 
BMI30kg/m2 

189 days after delive1y 
h/o anxiety, MDD 
Medication 
-se1traline (since 2016) 
-single dose ondansetron 

unclear 
-Asked ifthe dmg made one 
sleepy, then fell fo1ward 
"abmptly"; snoring 
-No change in vitals 
-Infusion stopped; recovered after 
14min 
-Reported dizziness 20 h after 
starting 60 µg/kg/h 
-10 h later was extremely 
somnolent and unaware of 
surroundings 
-Infusion stopped; improved after 
15 min, resolved after 45 min 
-Reported dizziness 5 h after 
starting 60 µg/kg/h 
-Was eating Jell-0 when abmptly 
dropped spoon and became 
unresponsive 
-Opened eyes to verbal stimuli 
after 10 min, but not responsive for 
1 h 
-Sent to emergency depa1tment 
-No memory for event 

60 

60 

0845 : Infusion sta1t 
1016: LOC 
1235: 29.5 

(1>)161 

1110: Infusion start 
(1>)161 

1102: 152 
2200: LOC 
2319: 103 

C_(b11j 
0937: liifusion sta1t 
1741 : 51.6 
1815: Syncope 

Table 70 continued. 
Subject 

ID 
Stud 

Demogr aphics Description of Event 
Dose at time of 

LOCEvent 
Timeline: Nearest PK 
to Event (ng/mL) 

36yo,AA 
BMI 51 kg/m2 

115 days after delivery -Reported dizziness and 
h/oHTN somnolence at 30 and 60 µg/kg/h 

(lj)(6 

(202C) 
Medication 
-medroxyprogesterone 

-Presyncope/vertigo 13 h after 
starting 90 µg/kg/h 

90 
0750: 82.l 

-methadone (since 2012) -Sat down and presyncope resolved 1115: Presyncope 
-metoprolol after 10 min, vertigo after 2 h 1400: 138 
-naproxen 
-lisinopril/HCTZ 

AA=African-American, ASA=aspirin, BMI=body mass index, BP=blood pressure, HCTZ=hydrochlorothiazide, 
HTN=hype1tension, h/o=history of, LOC=loss of consciousness, MDD=major depressive disorder, W=white, 
yo=year old. 
•Because of IV pump malfunction, actual dose unclear. PK samples from these patients do not indicate abnonnally 

high doses, but the Applicant repo1ts a biphasic elimination and that the diug is rapidly cleared. 

Subject bf<
6 

in Study CLP- I 06 (cardiac repolarization study) also lost consciousness. This 
subject was a 55-year-old man with no repo1ied past medical histo1y. He developed somnolence, 
confusion, dizziness, and less than I minute of apnea while receiving brexanolone 150 µg/kg/h. 
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His blood level was 144 ng/mL. He was not obese. This was the only subject in this or the other 
development programs for brexanolone with apnea. 

Clinical Reviewer Comments: Most of the LOC events resolved when the infusion was 
interrupted with no lasting effects. However, Patient (b) (6) was not fully responsive for an 
hour and had amnesia for the LOC events. The subject with apnea is also concerning. None of 
the women in the PPD studies experienced apnea. It is possible that the apneic event is a result 
of the subject falling into a deep sleep, but the subject had no history of sleep apnea and was not 
obese. 

There is no discernable pattern to the LOC events. Dosing, time elapsed since start of dose, 
blood levels, BMI, past medical history, and medication all varied. I considered the possibility 
that LOC might be related to women who had Cesarean deliveries (i.e., surgical patients). 
However, although the Applicant did not collect method of delivery, time since delivery indicates 
this is an unlikely explanation. Removing the case of presyncope and the vasovagal reaction, we 
are left with white females in their 20s. However, most study patients were in their 20s and most 
patients were white—and there is not a plausible mechanism that would result in racial 
differences in the absence of a PK effect. It is possible that the cases with an infusion pump 
malfunction experienced increased dosing, but brexanolone blood levels do not support this. 

Because the events are sudden, unpredictable, and require intervention (i.e., stopping the 
infusion), delivery of the infusion will require constant monitoring for the safety of the patient 
and her infant. Patients will all require dose titration and taper. But, in accordance with the 
treatment protocol used, may also require dose adjustment based on tolerability. Coupled with 
the possibility of apnea, supervision must be from a medical professional and peripheral oxygen 
saturation must be monitored (pulse oximetry). 

10.5.2. Suicidal Ideation and Behavior 

The Applicant used the Columbia Suicide Severity Rating Scale (C-SSRS) to establish lifetime 
suicidal ideation and behavior at baseline as well as to monitor for these AEs during the study. 
Results are presented in Table 71. 
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Table 71. C-SSRS Results durin2 Studies 202A, B, and C; n (%). 

Day Event Placebo 
(n=107) 

Any 
Brexanolone 

(n=140) 

Brexanolone 
60 µg/kg/h 

(n=38) 

Brexanolone 
90 µg/kg/h 

(n=102) 

Baselinea 

None 72 (67%) 83 (59%) 18 (47%) 65 (64%) 
SI 28 (26%) 42 (30%) 15 (39%) 27 (26%) 
SB 7 (7%) 15(11%) 5 (13%) 10 (10%) 

Day2 
None 103 (96%) 135 (96%) 37 (97%) 98 (96%) 

SI 3 (3%) 3 (2%) - 3 (3%) 
SB - - - -

Day3 
None 104 (97%) 132 (94%) 37 (97%) 95 (93%) 

SI 3 (3%) 3 (2%) - 3 (3%) 
SB - - - -

Day4 
None 104 (97%) 135 (96%) 37 (97%) 98 (96%) 

SI 3 (3%) 1 (1%) - 1 (1%) 
SB - - - -

Day7 
None 101 (94%) 123 (88%) 35 (92%) 88 (86%) 

SI 5 (5%) 9 (6%) 1 (3%) 8 (8%) 
SB - 2 (1%) 1 (3%) 1 (1%) 

Day 14b 
None 

62 (98%) 
n=63 

75(91%) 
n=82 

23 (100%) 
n=23 

52 (88%) 
n=59 

SI 1 (2%) 4 (5%) - 4(7%) 

SB - 1 (1%) - 1 (2%) 

Day 21b 
None 

58 (92%) 
n=63 

79 (96%) 
n=82 

21 (91%) 
n=23 

58 (98%) 
n=59 

SI 4 (6%) 2 (2%) 1 (4%) 1 (2%) 
SB - - - -

Day30 
None 100 (93%) 124 (89%) 35 (92%) 89 (87%) 

SI 5 (5%) 5 (4%) - 5 (5%) 
SB - - - -

SB=suicidal behavior (including non-suicidal self-injurious behavior); SI=suicidal ideation. 
•Baseline values are lifetime incidence. 

t>visits 14 and 21 were added to Studies 202B and C via amendment and include less patients. 


Clinical Reviewer Comment: Unfortunately, the baseline C-SSRS values represent lifetime 
suicidal ideation and behavior rather than a baseline for the current depressive episode. 
Therefore, it is difficult to put thefirst few data points into context. 

Visits on Day 7 and 14 appear to capture afew individuals with suicidalbb~haviors-all in the 
brexanolone groups. However, one individual on Day 7 is Subject 

11 
(discussed earlier in 

Section 10.3.6: Serious Adverse Events) and one individual (Subject ltif<& reported non-
suicidal self-injurious behavior on both Day 7 and Day 14. 
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Considering that the behaviors captured on Days 7 and 14 either do not represent suicidal intent 
or are better accounted for by an underlying personality disorder, there does not appear to be a 
drug-related suicide signal for brexanolone in the submitted data. However, suicide events are 
so rare it would be impossible to conclude there is no underlying signal with the number of 
subjects exposed thus far. Previous suicide signals in antidepressants required pooling ofstudies 
and thousands ofpatients for detection. 

10.6. Clinical Outcome Assessment (COA) Analyses Informing 

Safety/Tolerability 


Study 202A included the Stanford Sleepiness Scale (SSS): a patient-repo1ted, Like1t-type scale 
assessing sleepiness from 1 ("feeling active, vital, ale1t, or wide awake") to 7 ("no longer 
fighting sleep, sleep onset soon; having dream-like thoughts"). The SSS was administered as per 
Table 38 unless the patient was asleep. Results are presented in Table 72. Most patients were 
sleeping at the 18-, 42-, and 66-hour time points and no data from those times are presented in 
the table. 

Table 72. Studv 202A SSS Results; Mean (SD). 

Time Parameter 
Placebo 
(n=ll) 

Brexanolone 
90 µg/kg/h 

(n= lO) 

Baseline 
Mean (SD) 
Min, Max 

2.6 (2) 
1, 6 

2.7 (1) 
1, 4 

2 h 
Mean (SD) 
Min, Max 

3.0 (1) 
1, 6 

2.8 (1) 
1, 5 

4h 
Mean (SD) 
Min, Max 

2.3 (1) 
1, 4 

3.0 (2) 
1, 7 

8 h 
Mean (SD) 
Min, Max 

2.6 (2) 
1, 5 

2.2 (2) 
1, 6 

12 h 
Mean (SD) 
Min, Max 

2.5 (1) 
1, 4 

3.6 (2) 
1, 5 

24 h 
Mean (SD) 
Min, Max 

2.6 (1) 
1, 5 

1.9 (1) 
1, 3 

30 h 
Mean (SD) 
Min, Max 

1.4 (1) 
1, 2 

2.0 (1) 
1, 4 

36 h 
Mean (SD) 
Min, Max 

2.1 (1) 
1, 3 

2.0 (2) 
1, 6 

48 h 
Mean (SD) 
Min, Max 

1.8 (1) 
1, 3 

1.5 (1) 
1, 3 

54 h 
Mean (SD) 
Min, Max 

1.5 (1) 
1, 3 

1.3 (1) 
1, 3 

60 h 
Mean (SD) 
Min, Max 

2.0 (1) 
1, 4 

1.4(1) 
1, 4 

72 h 
Mean (SD) 
Min, Max 

1.7 (1) 
1, 3 

1.4 (1) 
1, 3 
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Clinical Reviewer Comment: Considering the most common AEs with brexanolone are sedation-
related, it is quite surprising that drug and placebo arms in 202A did not consistently differ in 
their self-report of somnolence (either mean or maximum), especially because three 202A 
brexanolone patients actually had AEs of mild to moderate sedation/somnolence. This may 
reflect poor scale validity or a chance finding from extremely small sample sizes. 

10.7. Safety Analyses by Subgroups 

Table 73 describes the incidence of AEs by age. Although there are several points at which a 
break could be made, this analysis uses the median age of 27 as a cut-point. 

Table 74 describes the incidence of AEs by race. Patients who were not either African-
American/black or white were too few to include in the racial analysis (one American 
Indian/Alaskan Native, one Native Hawaiian/Pacific Islander, one Asian, and four “other”). 

Table 74 describes the incidence of AEs by weight. Brexanolone is dosed by weight. Heavier 
women received a larger dose. Dividing patients at 85 kg produced similar sample size numbers 
for the placebo and brexanolone groups. To account for body type, AEs are also presented by 
BMI (Table 75). 

Table 76 describes the incidence of AEs by baseline antidepressant and benzodiazepine use. 
There were no AEs in the single patient receiving a benzodiazepine, but not receiving an 
antidepressant. Table 77 describes the incidence of sedation/somnolence and 
dizziness/lightheadedness/presyncope/vertigo in Study 202C patients based on concomitant 
opioids. There were no concomitant opioids in Study 202A. ,Q 6WXG\ ���%� RQH �� ȝJ�NJ�K 
SDWLHQW� WZR �� ȝJ�NJ�K patients, and three placebo patients received opioids. None of these 
SDWLHQWV UHSRUWHG D VHGDWLRQ�VRPQROHQFH $(� RQH �� ȝJ�NJ�K SDWLHQW UHSRUWHG GL]]LQHVV� 

A caveat to all subgroup analyses is the resulting extremely small sample sizes. Therefore, group 
differences must be quite large to be potentially clinically meaningful. 

Table 73. Adverse Events � 2% and Twice the Rate of Placebo by Treatment Group and by 
Age in Studies 202A, B, and C; n(%). 
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Adverse Event 

Placebo 
n (o/o) Any Brexanolone 

Brexanolone 
60 mcg/kg/h 

Brexanolone 
90 mcg/kg/h 

<27 
years 
(n=47) 

~27 
years 
(n=60) 

<27 
years 
(n=64) 

~27 
years 
(n=76) 

<27 
years 
(n=l7) 

~27 
years 
(n=21) 

<27 
years 
(n=47) 

~27 
years 
(n=55) 

Sedation, 
somnolence 

4 (9%) 5 (8%) 8 (13%) 
13 

(17%) 
3 (18%) 5 (24%) 5 (11 %) 8 (15%) 

Dizziness, 
lightheadedness, 
presyncope, 
ve1t igo 

2 (4%) 5 (8%) 9 (14%) 8 (11%) 1 (6%) 4 (19%) 8 (17%) 4 (7%) 

Dry mouth, thirst 0 1 (2%) 9 (14%) 3 (4%) 2 (12%) 2 (10%) 2 (4%) 1 (2%) 
LOC, syncope 0 0 3 (5%) 2 (3%) 1 (6%) 1 (5%) 2 (4%) 1 (2%) 
Flushing, hot 
flush 

0 0 3 (5%) 1 (1%) 1 (6%) 1 (5%) 2 (4%) 0 

Dian hea 0 1 (2%) 0 3 (4%) 0 1 (5%) 0 2 (4%) 
Orophaiyngeal 
pain 

0 0 1 (2%) 2 (3%) 0 1 (5%) 1 (2%) 1 (2%) 

Tachycardia 0 0 3 (5%) 0 0 0 3 (6%) 0 
Dyspepsia, 
indigestion 

0 0 1 (2%) 1 (1%) 0 0 1 (2%) 1 (2%) 

Clinical Reviewer Comment: Flushing/hot flush and tachycardia appeared more common on the 
younger age group while diarrhea was more common in the older age group . Given the small 
numbers ofpatients with events and the largely arbitrary cut-point, I do not exp ect that these 
differences are clinically meaningful. 
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Table 74. Adverse Events 2::: 2% and Twice the Rate of Placebo by Treatment Group and by 
Race in Studies 202A, B, and C; n (%). 

Adverse Event 
Placebo 

Any 
Brexanolone 

Brexanolone 
60 µg/kg/h 

Brexanolone 
90 µg/kg/h 

AA 
(n=40) 

White 
(n=65) 

AA 
(n=49) 

White 
(n=86) 

AA 
(n=12) 

White 
(n=25) 

AA 
(n=37) 

White 
(n=61) 

Sedation, 
somnolence 

2 
(5%) 

4 
(6%) 

9 
(18%) 

12 
(14%) 

4 
(33%) 

4 
(16%) 

5 
(14%) 

8 
(13%) 

Dizziness, 
lightheadedness, 
presyncope, 
vertigo 

1 
(3%) 

6 
(9%) 

3 
(6%) 

14 
(16%) 0 

5 
(20%) 

3 
(8%) 

9 
(15%) 

Dry mouth, thirst 
0 

1 
(2%) 

3 
(6%) 

4 
(5%) 

1 
(8%) 

3 
(12%) 

2 
(5%) 

1 
(2%) 

LOC, syncope 
0 0 

1 
(2%) 

4 
(5%) 0 

2 
(8%) 

1 
(3%) 

2 
(3%) 

Flushing, hot flush 
0 0 

2 
(4%) 

2 
(2%) 0 

2 
(8%) 

2 
(5%) 0 

Dianhea 
0 

1 
(2%) 

1 
(2%) 

2 
(2%) 0 

1 
(4%) 

1 
(3%) 

1 
(2%) 

Oropharyngeal 
pam 0 0 

2 
(4%) 

1 
(1%) 

I 
(8%) 0 

1 
(3%) 

1 
(2%) 

Tachycardia 
0 0 

1 
(2%) 

2 
(2%) 0 0 

1 
(3%) 

2 
(3%) 

Dyspepsia, 
indigestion 0 0 0 

1 
(1%) 0 0 0 

1 
(2%) 

AA=African-American/black. 

Clinical Reviewer Comment: There appears to be a consistent pattern ofincreased 
dizziness/vertigo in white patients; however, this pattern is also true in the placebo group. 
Therefore, this observation is not consistent with a drug effect. 
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Table 75. Adverse Events 2::: 2% and Twice the Rate of Placebo by Treatment Group and by 
Weh?ht in Studies 202A, B, and C; n 1% ). 

Adverse Event 

Placebo 
Any 

Brexanolone 
Brexanolone 
60 µg/kg/h 

Brexanolone 
90 µg/kg/h 

gJ5 
kg 

(n=62) 

>85 
kg 

(n=45) 

gJ5kg 
(n=76) 

>85kg 
(n=64) 

gJ5kg 
(n=18) 

>85kg 
(n=20) 

gJ5kg 
(n=58) 

>85kg 
(n=44) 

Sedation, 
somnolence 

4 
(6%) 

2 
(4%) 

10 
(13%) 

11 
(17%) 

2 
(1 1%) 

6 
(30%) 

8 
(14%) 

5 
(1 1%) 

Dizziness, 
lightheadedness, 
presyncope, 
vertigo 

4 
(6%) 

3 
(7%) 

11 
(14%) 

6 
(9%) 

4 
(22%) 

1 
(5%) 

7 
(12%) 

5 
(11%) 

Dry mouth, thirst 1 
(2%) 

0 
4 

(5%) 
3 

(5%) 
2 

(11%) 
2 

(10%) 
2 

(3%) 
1 

(2%) 
LOC, syncope 

0 0 
3 

(4%) 
2 

(3%) 
1 

(6%) 
1 

(5%) 
2 

(3%) 
1 

(2%) 
Flushing, hot flash 

0 0 
1 

(1%) 
3 

(5%) 0 
2 

(10%) 
1 

(2%) 
1 

(2%) 
Dianhea 

0 
1 

(2%) 
1 

(6%) 0 0 
2 

(5%) 
Oropharyngeal 
pam 

0 0 0 
3 

(5%) 
0 

1 
(5%) 

0 
2 

(5%) 
Tachycardia 

0 0 
3 

(4%) 
0 0 0 

3 
(5%) 

0 

Dyspepsia, 
indigestion 

0 0 
2 

(3%) 
0 0 0 

2 
(3%) 

0 
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Table 76. Adverse Events 2::: 2% and Twice the Rate of Placebo by Treatment Group and by 
BMI in Studies 202A, B, and C; n (% ). 

Adverse Event 

BMI (kg/m2
) : 

Placebo Any Brexanolone 

<25 
(n=28) 

25-<30 
(n=26) 

30­
<40 

(n=37) 

2:::40 
(n=16) 

<25 
(n=33) 

25­
<30 

(n=32) 

30­
<40 

(n=49) 

2:::40 
(n=26) 

Sedation, 
somnolence 

2 
(7%) 

1 
(4%) 

3 
(8%) 0 

4 
(12%) 

4 
(13%) 

7 
(14%) 

6 
(23%) 

Dizziness, 
lightheadedness, 
presyncope, 
vertigo 

2 
(7%) 

1 
(4%) 

1 
(3%) 

3 
(19%) 

4 
(12%) 

7 
(22%) 

3 
(6%) 

3 
(12%) 

Drv mouth, thirst 1 (4%) 0 0 0 3 (9%) 1 (3%) 2 (4%) 1 (4%) 
LOC, syncope 0 0 0 0 0 3 (9%) 1 (2%) 1 (4%) 
Flushing, hot flash 0 0 0 0 1 (3%) 0 2 (4%) 1 (4%) 
Dianhea 

0 0 0 
1 

(6%) 0 1 (3%) 1 (2%) 1 (4%) 

Oropharyngeal 
pam 

0 0 0 0 0 0 1 (2%) 2 (8%) 

Tachvcardia 0 0 0 0 2 (6%) 0 1 (2%) 0 
Dyspepsia, 
indigestion 

0 0 0 0 1 (3%) 0 1 (2%) 0 

Clinical Reviewer Comment: Because the brexanolone dose is weight-based, heavier women 
received a larger brexanolone dose. Based on the data in Table 7 4, there is no consistent pattern 
ofAEs in either weight group. For example, more ofthe heavier women in the brexanolone 60 
pg/kg/h group experienced sedation (30% versus 11% in the lighter group)- however, this 
pattern was not true in the 90 pg/kg/h group. Likewise, when grouped by BML there is no 
consistent pattern ofAEs. 
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Table 77. Adverse Events 2::: 2% and Twice the Rate of Placebo by Treatment Group and 
Baseline Antidepressant and Benzodiazepine Medication in Studies 202A, B, and C; n (% ). 

Adverse Event Placebo Any Brexanolone 

AD Only 
(n=21) 

AD+ 
Benzo 
(n=5) 

Neither 
(n=80) 

AD Only 
(n=23) 

AD+ 
Benzo 
(n=ll) 

Neither 
(n=106) 

Sedation, 
somnolence 

1 (5%) 0 5 (6%) 4 (17%) 5 (45%) 12 (11%) 

Dizziness, 
lightheadedness, 
presyncope, 
vertigo 

2 (10%) 2 (40%) 3 (4%) 4 (17%) 3 (27%) 10 (9%) 

Drv mouth, thirst 0 0 1 (1%) 1 (4%) 1 (9%) 5 (5%) 
LOC, syncope 0 0 0 1 (4%) 0 4(4%) 
Flushing, hot 
flash 

0 0 0 2 (9%) 0 2 (2%) 

Dianhea 1 (5%) 0 0 3 (13%) 0 0 
Oropharyngeal 
pam 

0 0 0 0 1 (9%) 2 (2%) 

T achvcardia 0 0 0 0 0 3 (3%) 
Dyspepsia, 
indigestion 

0 0 0 0 1 (9%) 1 (1%) 

AD=antidepressant, Benzo=benzodiazepine 

Clinical Reviewer Comment: A greater percentage ofpatients on antidepressants and 
brexanolone (26%) reported sedation AEs compared with patients on brexanolone alone (11%), 
placebo and antidepressants (4%), or placebo alone (6%). Patients on benzodiazepines as well 
as antidepressants had an even greater percentage reporting sedation and dizziness AEs. 
However, the sample sizes are small and there are similar absolute numbers ofpatients 
reporting these AEs in both the medication groups. Nevertheless, it is consistent with physiology 
that benzodiazepines (which act at a GABA receptor site distinct from that ofbrexanolone) and 
antidepressants (because sedation is largely related to non-GABAergic mechanisms such as 
histamine blockade) wouldproduce additive sedation and dizziness-type AEs in patients taking 
brexanolone. Indeed, a similar pattern ofdizziness AEs is observed in the placebo patients (those 
on an antidepressant and a benzodiazepine had a higher percentage reporting these AEs than 
those on an antidepressant and those on an antidepressant had a higher percentage reporting 
these AEs than those on neither drug) . 

Labeling should reflect this possible additive risk for sedation and dizziness. 

158 


Reference ID 44057 47 



NOA 211371 M ulti-disciplinary Review and Eva luation 

ZULRESSO (brexanolone) 


Table 78. Sedation and Dizziness AEs by Concomitant Opioid Use in Study 202C; n (%). 

No Opioids Concomitant Opioids 

Adverse Event Placebo 
(n=48) 

Brexanolone 
90 µg/kg/h 

(n=46) 

Placebo 
(n=5) 

Brexanolone 
90 µg/kg/h 

(n=5) 
Sedation, 
somnolence 

2 (4%) 6 (13%) 0 2 (40%) 

Dizziness, 
lightheadedness, 

3 (6%) 4 (9%) 0 1 (20%) 
presyncope, 
vertigo 

Clinical Reviewer Comment: A greater percentage ofpatients in Study 202C who received an 
opioid during the study reported sedation and dizziness AEs compared with patients who did not 
receive an opioid. This analysis includes as-needed opioids as well as chronic opioids. Although 
the sample sizes are extremely small- and only Study 202C included enough patients on an 
opioid reporting the AEs ofinterest- additive sedation is consistent with known physiology and 
drug pharmacodynamics. Therefore, I recommend labeling reflect the possible additive risk for 
sedation and dizziness in patients receiving brexanolone and a concomitant opioid. 

10.8. Specific Safety Studies/Clinical Trials 


Not applicable to this application. 


10.9. Additional Safety Explorations 

10.9.1. Human Carcinogenicity or Tumor Development 


Not applicable to this application. 


10.9.2. Human Reproduction and Pregnancy 


Not applicable to this application. 


10.9.3. Pediatrics and Assessment of Effects on Growth 


Not applicable to this application. 


10.9.4. Overdose, Drug Abuse Potential, Withdrawal, and Rebound 

As per the Controlled Substance Staffs review, preclinical and clinical findings indicate that 
brexanolone has abuse potential similar to that ofbenzodiazepines. 

The preclinical evaluation of the abuse potential ofbrexanolone includes receptor binding 
studies, functional studies, and animal behavioral studies, which demonstrate the following: 
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x Receptor binding studies indicate that brexanolone has significant affinity for GABA-

chloride channels, androgen, progesterone, and GABA-benzodiazepine receptors.
 

x Functional studies indicate that brexanolone acts as an agonist at GABA receptor sites. 
x In general animal behavioral studies, brexanolone produces dose-dependent depressant 

effects such as sedation and muscle relaxation in rats and dogs and decreased locomotion in 
mice. 

x In a drug-discrimination study in rats, brexanolone produces full generalization to the 
benzodiazepine, midazolam (>99%). This suggests that brexanolone produces effects that are 
similar to a sedative with known abuse potential. 

x	 A physical dependence study conducted in rats was not conclusive, as the positive control, 
midazolam, did not produce a strong withdrawal signal upon abrupt discontinuation. 

Clinical studies with brexanolone further support that brexanolone produces subjective effects 
comparable to benzodiazepines, based on the following: 

x	 A human abuse potential study produced dose-dependent subjective effects indicative of 
abuse potential. $W WKH KLJK GRVH WHVWHG ���� ȝJ�NJ�,9��-hour infusion) brexanolone 
produced Drug Liking scores similar to those of alprazolam 3 mg. 

x	 In phase2/3 double-blind studies, no events of euphoria were reported; however, sedation 
was reported in 4-30% (mean 5.7%) of subjects on brexanolone and 0-2% (mean 0.9%) of 
subjects on placebo. Somnolence, which may not necessarily be an abuse related adverse 
event (AE), was reported as an AE separate from sedation and occurred at higher rates in the 
active drug group compared to placebo. 

10.10. Safety in the Postmarket Setting 

10.10.2. Safety Concerns Identified Through Postmarket Experience. 

Not applicable to this application. 

10.10.3. Expectations on Safety in the Postmarket Setting 

Brexanolone will be the subject of a REMS (see separate Division of Risk Mitigation review). 
The healthcare setting will monitor safety and will report infusion-related adverse events to the 
REMS. 

10.11. Integrated Assessment of Safety 

The Applicant submitted sufficient information to adequately assess brexanolone’s safety profile. 
The Agency’s major safety concern is the possibility of LOC during the infusion (6 of 140 
women exposed to brexanolone). After examining dose, timing of dose, blood level, concurrent 
medications, available medical history, and patient characteristics (e.g., age, body mass index) 
we found no relationships between these factors and the LOC events. Because LOC can be 
abrupt, and there is no way to predict the event, the Agency did not feel the risk could be 
mitigated solely through labeling. Therefore, this product will be approved with a REMS to 
mitigate the risk of adverse events associated with sedation and sudden LOC caused by 
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brexanolone. Aside from the risk ofsedation and LOC, brexanolone appeared reasonably well­
tolerated. 

11 SUM1\1ARY AND CONCLUSIONS 

Conclusions and Recommendations 

Evidence of brexanolone' s effectiveness as a 60-hour infusion in treating PPD was assessed in 
three controlled studies: 547-PPD-202A, 202B, and 202C. The primary efficacy endpoint in 
these studies was change from baseline on the Hamilton Depression Scale at 60 hours after start 
of the brexanolone infusion. All three studies showed a statistically significant reduction in l'J>PEAASTAis 

depressive symptoms with brexanolone infusion. Dosages of 90 f'lila!}.d.gO f'lil~~ WAY ON ORIG 

studied, the larger dosage in both of the phase 3 studies, the smaller dosage in only one. The 
higher dosage did not show a greater effect, but did not appear to cause more adverse reactions. 
It will be the recommended dosage. 

The Applicant submitted sufficient infonnation to adequately assess brexanolone's safety profile. 
The Agency's major safety concern is the possibility of LOC during the infusion (6of140 
women exposed to brexanolone). After examining dose, timing of dose, blood level, concurrent 
medications, available medical histo1y, and patient characteristics (e.g., age, body mass index) 
we found no relationships between these factors and the LOC events. Because LOC can be 
abrnpt, and there is no way to predict the event, the Agency did not feel the risk could be 
mitigated solely through labeling. Brexanolone will be approved with a REMS mitigate the risk 
of adverse events associated with sedation and LOC. Aside from the risks of sedation and LOC, 
brexanolone appeared reasonably well-tolerated. 

Considering the seriousness of PPD, the lack of identified effective treatments, and the risks and 
benefits ofbrexanolone, the review team recommends approval. We do not believe additional 
studies are needed prior to marketing to fuiiher characterize the LOC risk. However, we 
recommend additional efficacy studies to determine whether the infusion can be given in an 
intenupted manner (only during the daytime) or sho1iened-potentially broadening available 
administration settings. 

x x Ix 

Jinglin Zhong, PhD Peiling Yang, PhD Hsien Ming (James) Hung, PhD 
Prima1y Statistical Reviewer Statistical T earn Leader Biometrics Division Director 
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PEJ\"RSTAfSWAY Of.rORIGltilAI:x 

Bernard Fischer, MD 
Primary Clinical Reviewer & T earn Leader 
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12 Advisory Committee Meeting and Other External Consultations 

The Agency convened a joint meeting of the Psychopharmacologic Drugs Advisory Committee 
and the Drug Safety and Risk Management Advisory Committee on November 2, 2018. Three 
voting questions and three discussion questions were presented to the Committees. The complete 
discussion is available in the public record via the transcript of the meeting. 

1.		 VOTE: Has substantial evidence been presented by the Applicant to support a claim of 
effectiveness for brexanolone for the treatment of postpartum depression? 

Result: Yes: 18 No: 0	 Abstain: 0 

2.		 VOTE: Has the Applicant adequately characterized the safety profile of brexanolone for the 
treatment of postpartum depression? Do you believe the loss of consciousness events have 
been characterized sufficiently to enable safe use of brexanolone? 

Result: Yes: 16 No: 2	 Abstain: 0 

3.		 VOTE: Given the efficacy as presented, and when used in a certified facility by qualified 
staff and as outlined in the FDA’s proposed REMS, do the benefits outweigh the risks of 
brexanolone for the treatment of postpartum depression? 

Result: Yes: 17 No: 1	 Abstain: 0 

4.		 DISCUSSION: 7KHUH LV HYLGHQFH WKDW ERWK D �� ȝJ�NJ�K DQG D �� ȝJ�NJ�K GRVH �DIWHU �� 
hours) are effective. Please discuss, if approved, which dose should be the recommended 
dose. 

x 6WDUW DW �� ȝJ�NJ�K ZLWK WKH RSWLRQ WR GHFUHDVH WKH GRVH WR �� ȝJ�NJ�K EDVHG RQ WROHUDELOLW\ 
x 6WDUW DW �� ȝJ�NJ�K ZLWK WKH RSWLRQ WR LQFUHDVH WKH GRVH WR �� ȝJ�NJ�K EDVHG RQ UHVSRQVH 

The Committees agreed with the Agency that the starting dose could not be determined based on 
the Applicant’s data. They declined to recommend a starting dose, deferring to the Agency. 

5.		 DISCUSSION: Discuss whether the FDA’s proposed REMS would ensure safe use of 
brexanolone. If no, please discuss what additional safeguards would be needed. 

Individual Committee Members’ Actions to Address Committees’ Concerns:
 
Recommendations:
 
x Simplify the dosing regimen. x	 The approved dosing regimen will be based 

on the way the drug was studied. However, 
postmarketing studies will examine whether 
the duration of the infusion can be shortened. 
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• 	 Use a sedation scale at 
predetermined intervals during the 
infusion. 

• 	 Develop a standardized order set to 
be used nationally . 

• 	 Consider using capnography rather 
than pulse oximetry for monitoring. 

• 	 Limit the infusion setting to 
inpatient facilities only. 

• 	 The use ofa particular scale may complicate 
delive1y (based on determining which scale 
or scales should be used, whether training is 
necessary, etc.). The REMS will require 
checksfor excessive sedation at regular 
intervals. 

• 	 The Applicant has discussed their intent to 
develop such an order set. 

• 	 The Agency believes pulse oximetry is 
adequate and the limited availability of 
capnography could present an access issue 
for patients in need oftreatment. 

• 	 The Agency weighted the risks and benefits 
ofthis limitation. We believe it would limit 
access to patients while not offering a 
proportional increase in safety. 

(ti)(4 

• 

6. 	 DISCUSSION: Ifapproved, what additional data will be needed to support safe use of 

brexanolone at home and address outstanding issues? 

The Committees recommended the Applicant determine the utility ofbrexanolonefor a wider 
population (e.g., bipolar depression, suicidal ideation, patients with psychosis), whether the 
infusion could be given in interrupted pulses (e.g., during waking hours for 3 days) , andfind the 
optimal dosage. 

13 	Pediatrics 

The Applicant and FDA agreed to a randomized, double-blind, placebo-controlled stud 
adolescents 15 to less than 18 ears old with PPD. The Ai:mlicant 
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14 Labeling Recommendations 

14.1. Prescription Drug Labeling 

The table below summarizes significant changes to the proposed prescribing info1m ation made 
by FDA. This labeling was under negotiation at the time of this review. The remainder of this 
section will only focus on high-level issues. 

Summaiy of Significant Labeling Changes (High level changes and not direct quotations) 
Section Proposed Labelin2 Approved Labelin2 

Hb?hli2hts 
Boxed Waining See comments below in FPI Black Box Warning for more 

information. 
fudications and Usage See comments below in FPI Indications and Usage for more 

information. 
Dosage an d Administration See comments below in FPI Dosage and Administration for 

more information. 
Warnings and Precautions See comments below in FPI Warnings and Precautions for 

more information. 
Adverse Reactions See comments below in FPIAdverse Reactions for more 

information. 
Use in Specific Populations See comments below in FPI Use in Specific Population for 

more information. 
Full Prescribing Information 
Boxed Waining .. 1m4l ~ ltil<''j 

wammgwas was removed from 
added. the boxed wainin!Z. 

{tif('I 

1. fudications and Usage ZULRESSO is indicated for Retained. 
the treatm ent ofpostpartum 
depression (PPD). 

2. Dosage an d Dosing, prepai·ation and This language was edited to 
Administration administration language was simplify instructions. 

provided. 
(6Jl'I -

4. Conti·aindications ZULRESSO is 
{tif('I 

5. Warnings and Precautions Clinical Worsening an d Excessive sedation was 
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Suicide Risk, Sedation, added. Suicidal thoughts and 
Potential Interactions with behaviors was retained, but 
CNS Depressants and modified for applicability to 
Impaired Alertness sections brexanolone. 
were ~rovided. 

1--~~~~~~~~~~~1--~-

<1>r<<t 	 The table ofadverse reactions 
was limited to those observed 
dming infusion and at a 
higher rate than in placebo. 

6. 	 Adverse Reactions 

Warnings and precautions 
were edited. 

7. 	 Dmg Interactions This language was provided. Language for increased risk 
ofsedation with concomitant 
use of CNS depressants was 
maintained. The increased 
risk ofsedation with 
antidepressants was added. 

8. 	 Use in Specific Pregnancy, lactation, Section 8.1: Data obtained 
Populations pediatric use, hepatic and from published literature on 

renal impaiiment were apoptotic neurodegeneration 
discussed. with diugs that enhance 

GABAergic inhibition was 
added to this section. 

9. 	 Dmg Abuse and FDA is recommending 
Dependence Schedule IV. 

mcg/kg reported euphoric 
mood compared to none 
administered placebo. 
9.3 De endence 
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I 

4

!b>< The cases of IV pump 
malfunction resulting in 
overdosage were added to 
this section. 

10. Overdosage 

LJ Management of 
Overdose 
In case of overdose, stop the 
infusion immediately and 
initiate suppo1tive measmes 

(bl(4 
as necessai-v. I 

I 
I 

(b)(4J
11. Description Revised for claritv. I 

I betadex -,...,,..,___,..--.,.-­
s u l fob u ty l ether sodium. 
Added a second established 
phaimacological class 
"nemoactive steroid." 

12. Clinical Phaimacology 12.1 Mechanism of Action 12.1 Mechanism ofAction: 
(tiH4l Language was edited. 

12.2 Pha1macodynamics: 
Section was added. 

12.3 Phaimacokinetics: This 
language was edited for 12.3 Pha1macokinetics 

!6H4 
claritv. I 16n4~ 

.~ was 
removea. Betaaex Sulfobutyl 
Ether Sodium 
Pha1macokinetics was added. 

13. Nonclinical Toxicology Retained. 

fliavenot:I 
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perfo1med. Brexanolone was 
not genotoxic when tested in 
an in vitro microbial 
mutagenicity (Ames) assay, 
an in vitro micronucleus 
assay in human peripheral 
blood lymphocytes, and an in 
vivo rat bone maiTow 
micronucleus assay. <~ 

brexanolone 
was associatea with 
decreased mating and feitility 
indices. 
The overview of the clinical This section was edited to 14. Clinical Studies 

(bl{l
development program is 
provided. Primai·y endpoint 
results are displayed in a 
chaii, and the Change from 
Baseline in HAM-D Total 
Score Over Time Da s in 

)JT4 

is displayed in a 

16. How Supplied/ Storage How Supplied This section was edited when 
and Handling ZULRESSO is supplied as the Applicant provided 

I 00 mg brexanolone in 20 additional data on length of 
mL single-use vials (5 storage of the diluted product. 
mglmL). 

111114 Storage and Handling 
Store ZULRESSO at 2°C to 
8°C (36°F to 46°F). Do not 
freeze. Store protected from 
li t. 

1 7. Patient Counseling Patients ai·e advised to read Counseling points on the 
the FDA-approved patient ZULRESSO Risk Evaluation 
labeling (Medication Guide). and Mitigation Strategy 
Counseling points were (REMS) was added. 
provided for Suicide 
Thoug!J.ts and Behaviors, 

(bf{l c . , oncom1tant 
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15 Risk Evaluation and Mitigation Strategies (REMS) 

Refer to the separate REMS review and Applicant-submitted documents for more details. The 
REMS goal is to mitigate the risk of serious harm resulting from excessive sedation and loss of 
consciousness during the ZULRESSO infusion by: 

i.	 Ensuring that ZULRESSO is administered only to patients in a medically supervised 
setting that provides monitoring while ZULRESSO is administered. 

ii.	 Ensuring pharmacies and healthcare settings that dispense ZULRESSO are certified. 
iii.	 Ensuring that each patient is informed of the adverse events of excessive sedation and 

loss of consciousness and the need for monitoring while ZULRESSO is administered. 
iv.	 Enrollment of all patients in a registry to characterize the risks and support safe use. 

Healthcare settings and pharmacies that dispense ZULRESSO will be certified to dispense and/or 
administer ZULRESSO. Healthcare settings will enroll patients in the ZULRESSO REMS 
registry. The Applicant will provide training materials for healthcare settings and pharmacies. 
They will also develop patient education material, a healthcare provider REMS letter, and 
establish and maintain a REMS program website. 

16 Postmarketing Requirements and Commitments 

16.1.	 Postmarketing Requirements (PMRs) 

16.1.1. Pediatric Research Equity Act (PREA) PMR 3535-1 

Given that adolescents also experience PPD, the Applicant has agreed to conduct a randomized, 
double-blind, placebo-controlled, parallel-group study evaluating the efficacy and safety of 
brexanolone in adolescent females ages 15 to less-than-18 years, diagnosed with PPD. 

16.1.2. PMR 3535-2 

Based on data from published animal studies that reported that administration of drugs that 
enhance GABAergic inhibition to neonatal rats caused widespread apoptotic neurodegeneration 
in the developing brain, the Applicant has agreed to conduct an animal neurotoxicity study to 
determine if these effects will be observed with brexanolone. 

16.2.	 Postmarketing Commitments (PMCs) 

The Applicant studied target dosages of 60 and 90 μg/kg/h for their infusions. The review team 
felt that, although both dosages appeared effective (with a favorable benefit:risk ratio), the 90 
μg/kg/h target had more supportive evidence. However, we noted that most (over 65%) of the 
observed effect occurred within the first 24 hours (when all dosage schedules were receiving 60 
μg/kg/h). It is unclear whether the dosage needs to reach 90 μg/kg/h to observe a clinical effect 
and/or whether the infusion needs to continue for 60 hours. We are requesting the Applicant to 
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(6Jlll 
stud this by conducting two 

...___,,__...,,-~...,,....,.-~~-,...--.,..~~..,-~~~~~~~~--

to evaluate the efficacy and safety of alternate dosing regimens. ,__ _. 

16.2.1. PMC 3535-3 

(bJllll For this PMC, the Applicant will study 
---~~~~~~~~~~~~~~--

16.2.2. PMC 3535-4 

For this PMC, the A licant will stud the effect of intenu ted infusions 

Ifbrexanolone appears safe and effective using this regimen, it may 
s1grn icant y mcrease the number of settings where patients could receive the diug. 
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Tiffany R. Farchione, MD 

Acting Division Director 
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18 Division Director (OCP) 
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Mehul Mehta, PhD 
Director 
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19 Division Director (OB) 
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Hsien Ming (James) Hung, PhD 
Director 
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20 Division Director (Clinical) 
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Tiffany R. Farchione, MD 
Acting Division Director 
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21 Office Director (or designated signatory authority) 
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Robe1i Temple, MD 
Deputy Director of Clinical Science 
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22.2. Financial Disclosure 

licant could not obtain financial disclosure fo1ms from two sub-investigators at ltir<& 

However, the site did not emoll patients. 

\ U'l\UStud PPD-201. (bJ<& was a principal investigator for the PPD-202 studies 
but did not paii icipate in collecting the outcome measures. 

(b1\& received stock options for service on the 
---.,._,,--.,-­
was a sub-investigator for the PPD-202 studies 
not participate in collecting the outcome measures. 
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Covered Clinical Study (Name and/or Number): 547-PPD-202B, -202C 

Was a list of clinical investigators provided: Yes No (Request list from 
Applicant) 

Total number of investigators identified: 334 

Number of investigators who are Sponsor employees (including both full-time and part-time 
employees): 0 

Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 2 

If there are investigators with disclosable financial interests/arrangements, identify the number 
of investigators with interests/arrangements in each category (as defined in 21 CFR 54.2(a), (b), 
(c) and (f)): 

Compensation to the investigator for conducting the study where the value could be 
influenced by the outcome of the study: 0 

Significant payments of other sorts: 1 

Proprietary interest in the product tested held by investigator: 0 

Significant equity interest held by investigator: 1 

Sponsor of covered study: 0 

Is an attachment provided with details 
of the disclosable financial 
interests/arrangements: 

Yes No (Request details from 
Applicant) 

Is a description of the steps taken to 
minimize potential bias provided: 

Yes No (Request information from 
Applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3): 2 

Is an attachment provided with the 
reason: 

Yes No (Request explanation from 
Applicant) 
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22.3. Nonclinical Pharmacology/Toxicology 

ADME/PK 

Table 79: PK of brexanolone in mice and rats following single oral administration of 20 
mg/kg brexanolone in 30% SBECD 

Parameter Mice Rats 
AUC1ast (ng.h/mL) 9.16 59.3 
Cmax (ng/mL) 13 12.1 
T 112 (h) NA 2.46 
Truax (h) 0.5 0.5 
F(%) 0.563 2.32 
AUC1a51 : area under the cwv e from zero to the time of the last quantifiable concentration; Cmax: maximum plasma 
concentration; T 112 : tenninal elimination half-life; T max: time to reach maximum plasma concentration; F: 
bioavailability; NA: not available 
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Figure 29: Proposed metabolic pathways for brexanolone in rats 

Source: Applicant’s Table, Pharmacokinetics Written Summary, p.53. 
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Figure 30: Proposed metabolic pathways for brexanolone in dogs 

Source: Applicant’s Table, Pharmacokinetics Written Summary, p.55. 
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Table 80: Summary of transporter inhibition for brexanolone metabolites M133 (SGE-
03211), M136 (SGE-03212), and M137 (SGE-03227) 

Source: Applicant’s Table, Pharmacokinetics Written Summary, p.69. 
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Table 81: Inhibition of CYP and UGT isoforms by brexanolone 

Source: Applicant’s Table, Pharmacokinetics Written Summary, p.56. 
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Table 82: Inhibition of CYP Isoforms by brexanolone metabolites M133 (SGE-03211), 
M136 (SGe-03212), M137 (SGE-02080) 

Source: Applicant’s Table, Pharmacokinetics Written Summary, p.58. 

A 28-Day Intravenous Infusion Toxicity Study of SAGE-547 in the Albino Rat Followed by 
a 28-Day Recovery Period/Study No. SSN-01272 

Observations and Results 

Mortality 

APPEARS THIS WAY ON 
ORIGINAL
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Table 83: Preterminal mortalities in the 28-day repeat dose rat toxicity study 
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SAGE-547 
Dose Lent Animal Study 

(m !!/ko/day) :'Iiumber Day Status b :"lotewortb,- Findinos 
The animal condition quickly deteriorated and it was 
observed to have decreased activity le\·el, weakness, 

hunched posnire, skin pallor, erected fur, brown fur staining 

60 
Female No. 

5602 10 UE 
(periorbital and muzzle), and eyes partially closed, leading 
to euthanasia. Low platelet count was noted for this animal 
on the day of death. There were no other abnonnal clinical 
observations noted on the days preceding death, which was 

arttibuted to the thrombosis with bacteria at the infusion 
site. 

The animal condition quickly deteriorated and it was 
observed to have decreased activity le\·el, weakness, 

hunched posture, signs ofdehydr.1tion, thin, wam1 to touch, 

60 
Female No. 

5516 
29 UE 

red fur staining (periorbital and muzzle), eyes partially 
closed and labored breathing, leading to euthanasia. 

Elevated white blood cells, low platelets and reticulocyte 
counts were noted for this anin1al on the day ofdeath. The 

death of this animal was attributed to the inflammation with 
bacteria at the infusion site. 

The animal condition quickly deteriomed and it was 

60 
Female No. 

5520• 9 UE 
observed to have decreased acti,·ity level, weakness, lying 

on side, skin pallor, erected fur, brown fur staining (muzzle) 
and eyes partially closed, leading to euthanasia. The cause 

ofdeath of this animal is undetermined. 
• Capbsol dose of 3000 mg/kg/day 
b UE = Unscheduled euthanasia; FD = Found dead 

< Accidental death 

• Toxicokinetic study (gross examination only) 

Source: Applicant' s Table, SSN-01272, p.33. 

Clinical Signs 

Table 84: Clinical signs in the 28-day repeat dose rat toxicity study 

Dose SAGE-547 (mg/kg) 0 0 10 30 60 
Amount SBECD (mg/kg) 0 3000 500 1500 3000 

Parameter Sex Observations/No. of Rats 

Decreased Activity 
M 12/3 90/15 3515 81/14 180/16 
F 8/4 17/7 19/5 122/13 106/15 

Limited Usage of 
hindlimbs 

M 0 0 2/1 12/1 9/3 
F 0 0 0 5914 0 

Hunched Posture 
M 0 4/4 0 0 511 
F 0 212 0 212 212 

Limited usage ofhindlimbs and/or hunched posture noted for vehicle-dosed rats may be 
associated with the presence of masses and/or other procedural-related lesions (inflammation 
and/or bacterial sepsis) observed at the infusion site. 

Gross Pathology 
Pale discoloration of the kidney was noted in most rats that received the vehicle and enlargement 
of kidneys was noted in most VCM and 1 -2 HDM, VCF, MDF, and HDF. The findings in the 
kidney were not observed at the end of the recove1y period. 
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Table 85: Vehicle-related gross pathology findings in the 28-day rat repeat dose study 

Source: Applicant’s Table, SSN-01272, p.40. 

The masses noted at the infusion site of some rats were located at the tip or entry of the catheter 
into the iliac vein and up to the catheter tip, the kidney, or occasionally the liver. The masses 
were pale, firm, and varied in size (10X10X7 mm to 55X15X15 mm) and a pale thick material 
was generally noted at the cut surface. These masses and the swelling at the infusion site 
correlated with microscopic findings of moderate to severe neutrophilic inflammation that often 
contained bacteria. Other macroscopic changes were noted in miscellaneous tissues and were 
thought to be secondary to the bacteria-related neutrophilic inflammation at the infusion site. 

Table 86: Infusion site gross pathology findings in the 28-day rat repeat dose study 

Source: Applicant’s Table, SSN-01272, p.40. 

Organ Weights 
There were no microscopic findings observed in the ovaries to correlate with the decreased ovary 
weights. The increased kidney weights correlated with microscopic findings of tubular 
vacuolation in VC and HD groups. 
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Table 87: Organ weight findings in the in the 28-day rat repeat dose study 

Source: Applicant’s Table, SSN-01272, p.42. 

Table 88: Organ weight findings after the recovery period in the 28-day rat repeat dose 
study 

Source: Applicant’s Table, SSN-01272, p.43. 

Histopathology 
Peer Review: Yes 
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Histological Findings: 

Table 89: SBECD-related histopathologic findings in the 28-day rat repeat dose study 

Source: Applicant’s Table, SSN-01272, p.45. 
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Table 90: SBECD-related histopathologic findings after the recovery period in the 28-day 
rat repeat dose study 

Source: Applicant’s Table, SSN-01272, pp. 48-49. 

Other findings noted across all groups, including saline control, were related to the continuous 
infusion and included neutrophilic inflammation, bacteria, thrombosis, and inflammation (Table 
90). The septic phlebitis also resulted in secondary changes observed throughout the rat. The 
findings related to the continuous infusion are not a concern clinically due to the much shorter 
duration of the clinical infusion (2.5 days vs. 28 days). After the recovery period, the incidence 
and severity were decreased for the infusion site changes (Table 91). 
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Table 91: Infusion site histopathologic findings in the 28-day rat repeat dose study 

Source: Applicant’s Table, SSN-01272, p.46. 

Table 92: Infusion site histopathologic findings after the recovery period in the 28-day rat 
repeat dose study 

Source: Applicant’s Table, SSN-01272, p.49. 
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A 28-Day Study of SAGE-547 by Intravenous Infusion in Beagle Dogs with a 28-Day 
Recovery Period/Study No. SSN-01273 

Methods 
Dosing administration was interrupted for five dogs during the study for the following reasons: 
x Elevated body temperature that did not respond to non-steroidal anti-inflammatories 

(dogs were maintained on saline infusion until dosing resumed). 
o	 On Day 11 for No. 2506 (VCF). Dosing resumed on Day 12. 
o On Day 17 for No. 2002 (VCM). Dosing resumed on Day 19. 

x Surgical repairs on the infusion catheters (dosing resumed the day following surgery). 
o 

o	 The dosing was extended for Nos. 4006 (MDM) and 3502 (LDF)so they could 
receive 28 days of dose administration. The dose administration for No. 5504 
(HDF) was not extended due to the clinical condition of the dog. 

Observations and Results 

Mortality 
A VCF (No. 2506) was euthanized on Day 17 due to poor/deteriorating condition. A HDF (No. 
5505) was euthanized on Day 26 due to a severely swollen hind limb that precluded continuation 
of dosing. The cause of the poor clinical condition for No. 2506 and swollen hind limb for No. 
5505 was attributed to an inflammatory reaction (associated with bacteria for No. 2506) at the 
infusion site and considered unrelated to drug or vehicle administration. The infusion site was 
characterized as having marked mixed cells to predominantly neutrophilic inflammation. The 
bacteriological culture of the infusion site swab yielded Pseudomonas aeruginosa. Hematology 
and clinical chemistry parameters that had changes prior to termination compared to predose 
values for Animal Nos. 2506 and 5505 are shown in Table 92. Microscopic findings noted in 
multiple organs (kidney, heart, lung, skeletal muscle, subcutaneous tissue, bone marrow, and 
spleen) of one or both dogs were considered secondary to the inflammatory reaction at the 
infusion site. 

Table 93: Changed hematology and clinical chemistry parameters for Animal Nos. 2506 
and 5505 prior to termination compared to predosing values in 28-day dog repeat dose 
study 

Parameter No. 2506 No. 5505 
Red blood cells p16% p21% 

192 
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 

Reference ID: 4405747 



  
 

 

 

 
 

 
 

  
  

  
  

   
  

NDA 211371 Multi-disciplinary Review and Evaluation 
ZULRESSO (brexanolone) 

Parameter No. 2506 No. 5505 
Hematocrit p19% p27% 
Hemoglobin p22% p28% 
Platelet counts p81% p74% 
Fibrinogen n41% n171% 
Leukocytes n119% 
Neutrophils n149% 
Monocytes n270% 
Large unstained cells n550% 
Alkaline phosphatase n696% n740% 
Total bilirubin n71% n167% 
Triglycerides n844% 
Globulin n56% 
Cholesterol n57% 
Creatine kinase p44% 
Glucose p32% p26% 
Albumin p41% p51% 
A/G ratio p60% p68% 
Calcium p19% p26% 
Phosphorus p25% p14% 
Potassium p4% p25% 

Clinical Signs 
The incidence of clinical signs, except increased body temperature, is listed in Table 93. Test 
article-related clinical signs were limited to a MDM (No. 4006) which had a non-sustained 
convulsion 4 days after the end of dose administration on Day 35. Because of a dosing holiday, 
this dog received an additional two days of dose administration to complete 28 days of dosing 
and the last taper dose ended on Day 31. The Applicant could not determine the toxicological 
significance of the finding because it was “…noted in a single mid dose animal during the 
recovery period and well after the termination of dose administration.” 

Vehicle-related clinical signs included abnormal gait, decreased activity, lying on side, pale skin, 
weak, tremors, hunched posture, increased body temperature (noted in animals being followed 
by the veterinary group), reduced appetite, and limited usage of hindlimb/forelimb which 
generally occurred dose-dependently. These signs, except increased body temperature, generally 
occurred during the first week of dosing, were transient, and were not observed by the end of the 
28-day recovery period. Increased body temperature that required Carprofen® treatment was 
observed from one to three times in 5 VCMs (Nos. 2001, 2002, 2003, 2005, 2006), 1 MDM (No. 
4006), 2 HDM (Nos. 5001 and 5004), 2 VCFs (Nos. 2503 and 2506), and 1 HDF (No. 5504). 
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Table 94: Incidence of clinical signs in 28-day dog repeat dose study 

Source: Applicant’s Table, SSN-01273, p.36. 

Hematology 
Increases in white blood cells, neutrophils, and monocytes are consistent with inflammation. 
Increases in fibrinogen were observed in VC (54% M, 80% F), LD (41% M, 37% F), MD (79% 
M, 38% F), and HD (93% M, 118% F) vs SC. 

Table 95: SBECD-related hematology changes in 28-day dog repeat dose study 

Source: Applicant’s Table, SSN-01273, p.38. 
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Clinical Chemistry 

Table 96: SBECD-related clinical chemistry changes in 28-day dog repeat dose study 

Source: Applicant’s Table, SSN-01273, p.39. 

Gross Pathology 
Pale discoloration of the kidney was noted in dogs from all vehicle dosed groups and 
enlargement of kidneys was noted in most VCM and 1 HDM, VCF, and LDF and correlated 
microscopically with tubular vacuolation. The findings in the kidney were not observed at the 
end of the recovery period. Enlargement of the iliac and/or mediastinal lymph nodes was noted 
in all vehicle dose groups and correlated with macrophage vacuolation observed microscopically. 
Enlargement of the lymph nodes was still observed after the recovery period. 

Table 97: SBECD-related gross pathology findings in the 28-day dog repeat dose study 

Source: Applicant’s Table, SSN-01273, p.41. 
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Table 98: SBECD-related gross pathology findings after the recovery period in the 28-day 
dog repeat dose study 

Source: Applicant’s Table, SSN-01273, p.42. 

Findings at the infusion site were observed regardless of vehicle or dose group and correlated 
microscopically with inflammation and/or thrombosis at the infusion/surgical site. Procedure 
related findings at the infusion site partially recovered following the recovery period. 

Table 99: Infusion site gross pathology findings in the 28-day dog repeat dose study 

Source: Applicant’s Table, SSN-01273, p.42. 

Table 100: Infusion site gross pathology findings after the recovery period in the 28-day 
dog repeat dose study 

Source: Applicant’s Table, SSN-01273, p.43. 

Organ Weights 
The increased kidney weights correlated with microscopic findings of tubular vacuolation in 
vehicle dosed dogs. The increased liver and spleen weights may also correlate with findings of 
vacuolation in these organs. The increased liver weight for HD males and females compared to 
VC is most likely unrelated to test article but associated with individual variability and the small 
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number of dogs. For example, HDF No. 5004 had an increased liver weight due to a moderate 
chronic passive congestion that was not test article related and VC Nos. 2501 and 2503 had 
lower individual liver weights. 

Table 101: Organ weight findings in the in the 28-day dog repeat dose study 

Source: Applicant’s Table, SSN-01273, p.44. 

Histopathology 
Peer Review: Yes
 

Histological Findings: Vehicle-related vacuolation was observed multiple organs. 
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Table 102: SBECD-related histopathologic findings in 28-day dog repeat dose study 
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Source: Applicant’s Table, SSN-01273, pp.46-48. 
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Table 103: SBECD-related histopathologic findings after the recovery period in the 28-day 
dog repeat dose study 
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Table 104: Infusion site histopathologic findings in the 28-day dog repeat dose study 

Source: Applicant’s Table, SSN-01273, p.49. 

A Fertility and Early Embryonic Development to Implantation Study with SAGE-547 by 
Intravenous Infusion in Male Rats/Study No. SSN-01274 

Observations and Results 

Mortality 

Table 105: Summary of unscheduled deaths in fertility and early embryonic development 
study in male rats 
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Source: Applicant’s Table, SSN-01274, pp.35-36. 

Necropsy 
Minimal to mild vacuolation of macrophages in the interstitial tissue of the testis and epididymis 
were observed in control and HD groups (LD and MD groups were not evaluated 
microscopically) and is most likely vehicle related; however, because LD and MD groups were 
not examined microscopically a dose-response cannot be established (Table 105). 
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Table 106: Summary of SBECD-related microscopic findings 

Source: Applicant’s Table, SSN-01274, p.42. 

Pale discoloration and enlargement of the kidney were observed in the control and HD group, but 
not in the LD or MD group. Because controls and HD group received the highest dose of 
SBECD (2250 mg/kg/day compared to 500 and 1500 mg/kg/day for LD and MD), the findings in 
the kidney are most likely vehicle related. There were no histopathological findings in the 
kidney. 

Infusion site findings: Macroscopic findings at the infusion site (for example, mass, swelling, 
thick) were observed in all groups with similar incidence and correlated microscopically with 
vascular/perivascular inflammation. The lesion was characterized by accumulation of neutrophils 
admixed with fibrin and/or necrotic cellular debris in the center of the vein. The wall of the vein 
and surrounding tissues were effaced/infiltrated by various amounts of macrophages with 
variable number of lymphocytes and plasma cells. Bacteria were noted within the cellular 
debris/center of the lesion and there was moderate thrombosis in several rats. Mild to marked 
macrophage vacuolation infiltrating the tissue within and around the vascular/perivascular 
inflammation were observed in most rats with masses at the infusion site (Table 105). Findings at 
the infusion site could be vehicle related or related to the continuous infusion; however, because 
there was no saline control to compare to the vehicle group it is unclear from this study. 
Nevertheless, results from the 28-day rat general toxicology study suggests that the inflammation 
and masses at the infusion site are procedure related, while the vacuolation is vehicle related. 

Study of Fertility and Early Embryonic Development to Implantation of SAGE-547 by 
Intravenous Infusion in Female Rats/Study No. SSN-01271 

Necropsy 
Macroscopic findings were limited to findings at the infusion site (caudal vena cava), which 
were generally of low incidence, present in all groups including the controls (without a 
difference in incidence across groups), and were thought to be related to the experimental 
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procedure and/or vehicle. Enlarged iliac lymph nodes were observed in 1/22 controls, 1/22 MD, 
and 4/22 HD and correlated with macroscopic findings at the infusion site; therefore, they were 
considered secondary. 

Offspring 
The overall incidence of litters and fetuses with malformations in all dose groups were within the 
laboratories historical control range (affected litters 0 – 14%; affected fetuses 0 – 1%). There 
were no external variants noted. The overall incidence of litters and fetuses with visceral variants 
were within the laboratories historical control range (affected litters 0 – 33%; affected fetuses 0 – 
4%). The overall incidence of litters and fetuses with skeletal variants were within the 
laboratories historical control range for test article-dosed groups (affected litters 46 – 100%; 
affected fetuses 9 – 58%); however, the overall incidence of fetuses with skeletal variants was 
slightly above the historical control range for the control group. This was due to a high number 
of fetuses with incomplete ossification of the parietal and interparietal bones in the skull. 

Table 107: Offspring data from rat embryo-fetal development study 

Parameter 0 mg/kg 15 mg/kg 30 mg/kg 60 mg/kg 
Total number of litters examined 21 22 21 21 
Number of fetuses examined 280 277 268 285 
Fetuses with malformations 
(litters) 

2(1) 
0.7%(4.8% 

) 

1(1) 
0.4%(4.5% 

) 

1(1) 
0.4%(4.8% 

) 

3(2) 
1.1%(9.5%) 

Fetuses with visceral variants 
(litters) 3(2) 

2%(9.5%) 
3(3) 

2.2%(14%) 

2(2) 
1.5%(9.5% 

) 

1(1) 
0.7%(4.8%) 

Fetuses with skeletal variants 
(litters) 

85(19) 
61%(90%) 

48(17) 
35%(77%) 

52(18) 
39%(86%) 

61(18) 
43%(86%) 

A Dosage Range-Finding Embryo-fetal Development Study of SAGE-547 by Continuous 
Infusion in Rabbits/Study No. SSN-755 

A preliminary dose range finding study for female New Zealand White rabbits was conducted in 
two phases: 1) toxicity phase (n= 3/group) and 2) pregnancy phase (n = 6/group). For the toxicity 
phase, non-pregnant rabbits were dosed with 0, 15, 30, and 60 mg/kg/day by continuous IV 
infusion for 14 days. Because of severe clinical signs, the dose was lowered from 60 mg/kg to 45 
mg/kg on Day 3 and the group was terminated on Day 4. Clinical signs began ~30 minutes after 
dosing began and included decreased activity, partly closed eyes, moderate to severe 
uncoordinated gait, repetitive behavior (head and eye movements from left to right), limited 
usage of hind limbs, tremors and/or lying on side. The rabbits were unresponsive and unable to 
eat or drink. When dosing was stopped, the rabbits returned to normal; however, the rabbits 
exhibited the same clinical signs ~2 hours after dosing started with 45 mg/kg. The 45 mg/kg was 
considered above an MTD. Severe uncoordinated gait was noted at 30 mg/kg/day during the first 
2 days of dosing and decreased activity was noted at 15 and 30 mg/kg from Day 1 to Day 8. At 
15 mg/kg/day one rabbit (No. 2602) showed respiratory changes on Day 7, and a second rabbit 
(No. 2503) had decreased activity, weakness, respiratory changes and prostration 
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beginning on Day 6 and was euthanized on Day 8. There was no effect on body weight or food 
FRQVXPSWLRQ DW ��� PJ�NJ� 

For the pregnancy phase, pregnant rabbits were dosed with 0, 15, 30, 45, and 7.5 mg/kg/day by 
continuous IV infusion from gestational day (GD) 7 – 19 (infusion pump stopped on morning of 
GD20). Because of severe clinical signs (severe pharmacologic effects), the 45 mg/kg dose 
group was terminated on PND8. Clinical signs included decreased activity, partly closed eyes, 
uncoordinated gait, decreased muscle tone, tremors, lying on side, chewing action, repetitive 
behavior (head and eye movements from left to right), decreased respiratory rate, and for one 
animal, irregular respiratory rate. The rabbits were unresponsive and unable to eat or drink. 
Dose-dependent decreased activity was observed DW ���� PJ�NJ� $ FRQYXOVLRQ RFFXUUHG LQ RQe 
30 mg/kg dosed female ~4 hours after dosing stopped on GD 29 while the doe was being 
manipulated for TK sampling. Body weight gain and food consumption were not affected during 
GRVH DGPLQLVWUDWLRQ� KRZHYHU� GHFUHDVHG ERG\ ZHLJKW JDLQ �Ļa��� DQG IRRG FRQVXPSWLRQ �Ļ��� 
at 30 mg/kg) compared to controls were observed DW ���� PJ�NJ GXULQJ WKH SRVW GRVH SHULRd (GD 
20 – 29). There was a slight increase in the number of late resorptions and post-implantation loss 
at 30 mg/kg. Malformations were observed in 1 fetus (1 litter) at 0 mg/kg, 2 fetuses (2 litters) at 
15 mg/kg, and 4 fetuses (2 litters) at 30 mg/kg (Table 107). TK parameters are shown in Table 
108. Based on the results of this study, doses of brexanolone at 7.5, 15, and 30 mg/kg/day were 
selected for the main study reviewed in detail in this section. 

Table 108: Summary of malformations observed in pregnant rabbits dosed with 
brexanolone from gestational day 7 – 19 

Malformation 0 mg/kg 7.5 mg/kg 15 mg/kg 30 mg/kg 
Thinning of the median or entire region of 
the diaphragm 

1 (1) 3(1) 

dilated ascending aorta, stenosis of the 
pulmonary trunk or aortic arch, and 
membranous heart septum defect 

1(1) 1(1) 

shortened digits of the left hindpaw and 
polydactyly of the fore- and hindpaws 

1(1) 
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Table 109: Mean TK parameters in female rabbit on GD7 

Source: Applicant’s Table, SSN-755, p.32. 

A Continuous Intravenous Infusion Embryo-fetal Development Study of SAGE-547 in 
Rabbits/Study No. SSN-825 

Observations and Results 

Offspring 
There were no test article-related malformations (Table 109 and Table 110). The overall 
incidence of litters and fetuses with malformations in all dose groups were within the 
laboratories historical control range (affected litters 0 – 27%; affected fetuses 0 – 6.1%). There 
was no test article-related effect on external or visceral variants. The overall incidence of litters 
and fetuses with external and visceral variants were within the laboratories historical control 
range (affected litters 0 – 56%; affected fetuses 0 – 12.3%). The overall incidence of litters and 
fetuses with skeletal variants were within the laboratories historical control range (affected litters 
18 – 100%; affected fetuses 2 – 62%). 
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Table 110: Offspring data from rabbit embryo-fetal development study 

Parameter Omg/kg 7.5 mg/kg 15 mg/kg 30 mg/kg 
Total number of litters examined 22 20 16 12 
Number of fetuses examined 196 156 126 75 
Fetuses with malfo1mations 
(litters) 

0 4(4) 
2.6%(20%) 

1(1) 
0.8%(6.3% 

) 

0 

Fetuses with external and visceral 
variants (litters) 

4(4) 
2%(18%) 

5(4) 
3.2%(20%) 

1(1) 
0.8%(6.3% 

) 

2(2) 
2.7%(17%) 

Fetuses with skeletal variants 
(litters) 

44(18) 
22%(81%) 

45(19) 
29%(95%) 

53(14)* 
42%(88%) 

25(10) 
33%(83%) 

* p:::: 0.001 

Table 111: Summary of malformations observed in rabbit embryo-fetal development study 

Malfo1mation Omg/kg 7.5 mg/kg 15 mg/kg 30 mg/kg 

trnncus arteriosus and an absent 
interventricular septum 

1(1) 

hydrocephaly 1(1) 
ao1iic arch dilation, stenosis of the 
pulmonaiy trnnk and membranous 
ventricular septum defect 

1(1) 

gastroschisis and herniated abdominal 
muscles 

1(1) 

omphalocele 1(1) 

A Continuous Intravenous Infusion Pre and Postnatal Study of SAGE-547 in the Rat/Study 
No. SSN-01263 

Observations and Results 

Fo Dams 
Mortality: Dams that were found dead or were pretenninally euthanized with undete1mined 
cause of death were all pregnant (Table 111). Infusion site masses could be a contributing factor 
to the death; however, similai· or lai·ger infusion site masses were present in rats that survived to 
te1minal euthanasia. Litters from dams that were found dead during the lactation period were 
euthanized. 
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Table 112: F0 Dams with undetermined cause of death in rat pre- and postnatal 
development study 

Dose No. Day of Death Clinical Signs 
158 GD 21 Found dead 
166 GD 22 Found dead 
151 PND 16 Found dead 

0 mg/kg 

156 PND 20 

Unscheduled Decreased activity, dehydrated, prominent 
backbone, hunched posture, thin, weak, 
labored breathing, eyes partly closed, 
pallor skin, fur erect 

30 mg/kg 355 GD 20 Found dead 

451 GD 13 

Unscheduled Abnormal gait, decreased activity, 
prominent backbone, cold to touch, 
dehydrated, hunched posture, pallor skin, 
fur erect 

60 mg/kg 

474 PND 0 

Unscheduled Decreased activity, loss of consciousness, 
cold to touch, lying on side, weak, deep 
and labored breathing, red liquid and 
mucoid discharge from vagina and vulva 

462 PND 14 Found dead 

Clinical Signs: There were no test article-related clinical signs. Adverse clinical signs were noted 
in dams of all groups (including the control) and included decreased activity, prominent 
backbone, cold to touch, dehydration, hunched posture, labored breathing, thinness and/or skin 
pallor. Most the dams noted with these clinical signs had a large infusion site mass, which could 
contribute to the poor condition. These signs have also been observed in other tox studies with 
rats. 

Uterine Content: As mentioned previously; 1 control, 1 LD, and 1 HD were euthanized due to 
signs of dystocia. All had infusion site masses, which may have contributed to their inability to 
litter by impeding the birth canal. In addition; 2 control, 4 LD, 3, MD, and 3 HD had no 
remaining pups on PND 0 or 1; 1 control, 2 MD, and 1 HD dams failed to litter; and 1 control 
was not pregnant. Because there was no dose-dependency and findings occurred in all groups it 
is unlikely test article or vehicle related. 

Necropsy: Other macroscopic findings noted in all groups, including vehicle, were infusion site 
mass, spleen enlargement, lymph node enlargement (iliac, renal, mediastinal and/or mandibular 
lymph nodes) and adrenal gland enlargement (Table 112). However, except for adrenal 
enlargement, there was no dose vehicle- or test article-dose response for these findings. The 
infusion site masses were quite large (most masses 25x10x6 mm or greater) and many extended 
to the kidney, liver, and/or invaded into the underlying skeletal muscle regardless of SBECD 
dose. Green material consistent with bacterial infection was noted in the infusion site masses of 1 
control, 1 LD, and 4 HD. The spleen and lymph node enlargement is consistent with systemic 
inflammation from the infusion site masses. The adrenal gland enlargement and the small thymus 
is likely from the stress of the systemic inflammation. 
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Table 113: Macroscopic findings in F0 dams in the pre- and postnatal development study 

Source: Applicant’s Table, SSN-01263, p.57. 

Toxicokinetics: Test article was not detected in plasma samples of 1 LD (No. 256), 1 MD (No. 
356), and 1 HD (No. 456) dam on PND 4 and 1 LD (No. 267) dam on PND 20 in addition to 
control F0 dams. Test article was not detected in F1 pups plasma samples, except for 1 LD litter 
from dam No. 256 (46.6 ng/mL) and 1 MD litter from dam No. 356 (226 ng/mL) on PND 4. 
Samples were re-assayed and these results were confirmed. The Applicant states that there is no 
documentation of a mix-up with the sample tubes at time of blood collection and/or processing; 
however, it is biologically implausible that dam Nos. 256 and 356, that were bled while on 
continuous infusion, would have no quantifiable plasma levels, while their pups had measurable 
levels at the same times, contrary to all other litters on PND 4. In addition, no test article was 
detected in pup plasma on PND 20. Therefore, the observation of plasma levels in those litters on 
PND 4 could be an experimental error that could not be explained. This reviewer does not 
consider this as a major issue to compromise the results obtained from this study. 
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Table 114: Plasma concentration of brexanolone in F0 Dams 

Source: Applicant’s Table, SSN-01263, p.52. 

Impurities 

: Bacterial Reverse Mutation Assay in Salmonella typhimurium and Escherichia 

 was negative for mutagenicity in bacterial cells in a valid Ames test. 

Test system: Salmonella typhimurium strains TA1535, TA1537, TA98, and TA100 and 
Escherichia coli strain WP2 uvrA� GRVHV � ���� �J�SODWH LQ '062� ��- S9  
Study is valid: Yes 
Study reviewed by: Dr. Baishali Kanjilal 

coli/Study No. SSN-01667 
Key Study Findings 
x
GLP compliance: Yes 

(b) (4)

(b) (4)

A 14-Day Intravenous (1 Hour) Infusion Toxicity Study of
Sprague Dawley Rats/Study No. SSN-01667 
Key Study Findings 

(b) (4)x No -related findings were observed for any endpoints at doses up 
to 0.15 mg/kg/day for 14-days. 

GLP compliance: Yes 
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Methods: 	 16
>1

4 in 250 mg/mL SBECD were co-administered to male and 
16 4 16 4female rats at >1 mg/kg/da >1 via IV infusion (1 

hour/day) for 14 days. Standard toxicology endpoints were used. 
Study reviewed by: Dr. Julie Frank 

22.4. 	 OCP Appendices (Technical documents supporting OCP 

recommendations) 


22.4.1. Summary of Bioanalytical Method Validation 

LC-MS/MS bioanalytical methods were developed and validated according to FDA and EMA 
guidances (FDA 2001, EMA 2012). 

The bioanalytical methods utilized for the quantitation ofbrexanolone in human plasma, urine, 
and breast milk were demonstrated to be accurate, precise, selective, and robust. Independent 
lots ofblank matrix were tested and found to have no interference with the quantitation of 
brexanolone in the matrices validated. Evaluation of stability was canied out at sample 
collection, sample preparation, and sample analysis, as well as the storage conditions used to 
ensure that there was no effect on the concentration of the analyte. 

(6) (4! 
In the human plasma methods, 

{llf(ll
Bioanal .ical methods were develo ed and validated b 

or the analysis ofbrexanolone in 
uman plasma ana urme samples. B1oanalyt1cal metnodS for aetennination ofbrexanolone in 

161 4human breast milk were develo~ed and validated b (bll' . The methods utilized r .....___ 
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fu addition to brexanolone, methods to measure SBECD and free/total oin inhuman 
(6Jlll 

~lasma samples were develo ed and validated by 
--~~~~~~~~~~~~~~~-

Validation Summaiy ~or Detennination ofBrexanolone in Human Plasma by LC-MS/MS 

\ • al:idation ParaJDt!tu 

I 
SSN-~97 

{tif(lll F~~~1 

ValidationD ate:; • '1:7 Sep 2013 - 18 Nov 2016 13 Aug2015 - 24 AugW16 

Matrix (Anticoagulant) Hummplasma (KiEDTA) Humm pla,-ma ~TA) 

A:=.y Rmge (nglmL) 1.00 ro 500 1.00 to 500 

&iler-ence Sr.mdard SAGE-547 SAGE-547 

Lot#8 Lot# 407-14-01-58 

Internal Stmdan:I SGE-135 SAGE-547-df 

Lot # Z370P24 Lot # Z370P38 

&iler-eixe Cmve Range {nPml.) 1.00, 2.00. w .o, 20.0, 100, 200. 1.00, 2.00, 10.0, 4-0.0, 100, 300, 
400, 500 450, 500 

QC Leve.ls (ngi'mL) 1.00, 3.·00, 150, 380 1.00, 3.00, 35.0, 400 

llOQ {nglmL) 1.00 1.00 

ULOQ(~) 500 500 

Dilution.al l:ntegtity l000 ng,'ml. (100-fold dilution) 2500 ng,"ml. (IO-fold dilution) 

Intra-A:=.y Precision(%CV) and LLOQ: LLOQ: 
Accuracy(~{, RE) ~'.CV: 6.4 - 13.2; %RSD: 4.9 - 12.5; 

~'.RE: ­7.2 - 8.0 %Bias: -5.8 - 1.0 

LQC, M.QC and HQC: LQC, MQC andHQC: 

~'.CV: 1.5 - 4.4; '%RSD: 2.0 - 7.8; 

~'.RE: 0.7 - 7.7 %Bias.: -2.0 - 6.3 

Inter-A:=.y Precision("/oCV) and LLOQ: LLOQ: 
Accuracy("la Diff. from Nominal) ~'.CV= 11.2; %RSD=S.2 ; 

~'.RE = 1.0 %Bias = -1.9 

LQC, MQC and HQC: LQC, MQC andHQC: 

~'.CV: 2-4 - 4. 7; %RSD: H - 5.2; 
~'.RE: 2.7 - 5.3 %Bias: 0.9 - 3.8 

Freez.eflba"l\i Stability in M.a.tri."" iFour Cycles at .20~ C Fn-e Cycle:; ar ·lO- -30° c 

Fn-e Cycle:; ar-60 - ~so° C 

Amlyte St!bility in Froz.mlt.fairix 1077 day.; ill -20° c W9 days at -10. -30° C 
(I.TS) 65 day:; 3t -80° C 376 days at -60 • -80° C 

Whole Blood Stibility 2 hours on ice 2 hours at room temperature and on 
wet ice 

Analyte Stibility in Matrix at Room 5 hour.; 24 hours 
Temperarure 

Matri..'C Factor 1.03 (I.QC) and0.991 (HQC) ISTD no:rm:alized MF: 
(MF) 0.996 (I.QC) and 0.966 (HQC) 
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Validation Summaiy for Detennination of Brexanolone in Human Urine and Breast Mille by LC­
MS/MS 

, . alicfalion Parameter S.SN-01-t!O (13-S~SJ) 
r<6Hil~ 

SSl'\-OlU9 (l-t-8716) 

rm~ 
SS:"-01482 (8323~43) 

j <bHilj 

Validation Dates • 05Aug2014 - 25 Mar 
2015 

30 July 2015 - 15 Jan 
201 6 

10 Sep 2015 - 03 Dec 2016 

Matrix Human bIBast milk Human urine Hwna:n urine 

Assay R=ge {nYml.) 5.00 - 2500 L00 - 500 L00 - 500 

Reference Standard SAGE-547 

Lot# s 
SAGE-547 

Lot# 407-14"01-58 

SAGE-547 

Lot# 407-14-01-58 

Intemai Stmd.ard SGE-B5 
Lot#Z370P24 

SGE-135 
Lot# Z370P24 

SAGE-547-d4 
Lot#Z370P3S 

Refeil!nce Curve Range 
(Dgfml.) 

5.00, 10.0, 50.0, 100, 500, 
1000, 2000, 2500 

LOO, 2.00, 10.0, 20.0, 100, 
200, 400, 500 

LOO, 2.00, 10.0, 40.0, 100, 
300, 450, 500 

QC Len is {ng/ml.) 5.00, 15.0, 750, ]900 LOO, 3.00, 150, 380 LOO, 3.00, 35.0, 400 

LLOQ (nYml.) 5.00 LOO LOO 

ULOQ (ngfmL) 5000 500 500 

Dilutional Integrity 5000 ngfmL (50-fold 
dilution) 

1000 ngfmL (10-fo!d 
dilution) 

2500 aglmL (IO-fold 
dilution) 

Intra-Assay Precision 
(%CV) and Accuracy r.-• 
RE) 

ILOQ: 

%CV: 7.0 - 7.8; 
%RE:7.0 - 122 

LQC, MQC and HQC: 
%CV: U - 4.4; 

%RE: -5.3 - 7.4 

LLOQ: 

~{.CV: l7 - 1L4; 

~~: -9.9 - 6.0 

LQC, MQC mdHQC: 
~{.CV: l.6- 5.7; 

~~: -5.0 - 8.7 

LLOQ: 

~'.RSD: 6.1 ­ 7.3; 

~'.Bias: -3 .7 - 4.0 

LQC, MQC and HQC: 

~'.RSD: l.2 - 5.9; 
~'.Bias: -5.3 - 5.0 

, . alicfalion Pa raUM-ter S.SN-01-t!O (13-S~SJ) 

r CblT"J 
SSl'\•OlH9 ( U -8716) 

r 6H"I 
S.SN-01482 fU3B~.t3) 

r n"~ 
Inter-Assay Precision 
(%CV) and Accuracy ("/e 
Diff. from Nominal) 

LLOQ: 

'%CV = 7.2; 
·~~=9.0 

LQC, MQC and HQC: 
%CV:2.4 - 5.9; 

%RE: -1.2 - 4.2 

llOQ: 

~.CV: 9.6; 
~.U: -1.9 

LQC, MQC and HQC: 
~.CV: 2. 7 - 4.3; 
~{JIB: -4.0 - 7.7 

LLOQ: 
~'.RSD: 7.0; 

~'.Bias: -0.2 

LQC, MQC and HQC: 
%RSD: 2.0 - 5.9; 

%Bias: -0.6 - 0.3 

Freezellhaw Stability in 
Matt-Lx 

fourC)~ls at -20~C Four eye.~ at -20~ C Fi~~ cycles a:f -10 to -30° C 

Six cycles at .60 to --8~ C 

Anal;-te Stability in Frozen 
Matrix (LTS) 

651 da)'!i at-20" C 157 days at-20"C 85 da;'!i at -10 - -30~C 

273 days at -60 - -80° C 

Anal;-te Stability in Matrix. 
at Room Temperature 

22 hours and S 1 minutes 20boUl'5 24 houn 

Matrix factor 
(?.1F) 

1.02 (LQC) and 0. 992 
(RQC) 

0.974 (LQC) and0.988 
(HQC) 

!STD nomWized MF: 
0.938 (LQC) and 0.969 
(HQC) 

·E.~ldates 
Abbtui:a.tiom: CV = coefficient ofraJ-iation; HQC = high quality conirol; IS'ID = mtemal sblldard; KiEDTA or 
KiEDTA = potass;ium eihy!enedi:a.miDetetraacetic acid; llOQ = l=-ef" limit ofquantitation; LQC = low quality 
coml'ol; LTS = long tenn stability; MF = matrix factor; MHQC= medium-high quality cOillrol; MQC = medium 
quality control; QC = quality control ~le; RE = relative emn~ RSD = !'e!ative standard de\-iation; ULOQ = upper 
limit ofquantification. 
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Validation Summaiy for Detennination of SBECD and Phenytoin in Human Plasma by LC­
MS/MS 

\ •alidation Par:unt'ter 2891 (Captisol, RGKI2 (Total pht':oytoin, RCKJ2 (Fru Pht'nytoin, 
j{blT4l iPPD) PPD) 

Validation Date.>• 16 Jan2015 - 12 A~g 201 6 09 JUD 201 6 - 28 Sep 2017 15 Jun 2016 - 29 Sep 2017 

Maui"! (A.1llicoa.,"U!ant) Human plilSDla Human plasma (Sodium Humanp!aso:a (Sodium 

<KlEDTA) • Heparin) Heparin) 

.~Range 2.00 - 200 µ@1ml.. 20.0 -10,000 ~/ml.. for­ 20.0 - 2000 ngfml.. for fiee 
total phenytoin phmytoin 

Referenee Standard Captisol Ph<mytoin Pltenyroin 

RS-04.1\-050026 Lot# JOE090 Lot# JOE.090 

Intemal Standard Captisol -G Pltenytoin~ Phen)otoin~ 

Lot # CD-74-72 Lot # BDG 7430.l Lot # BDG 7430.1 

Refere=e Cm1:e Range 2.00, 5.oo, rn.o,20.0, so.o, 20.0, 40.0, 75.0, 250, 800, 20.0, 30.0, 50.0, 125, 300, 
100, 150, 200µg!ml. 3000, 8000, l0,000 ngi'mL 750, 1600, 2000 nefml.. 

QC Levels 2.00, 6.00, 80.0, 170 µgfml.. 50.0, 125, 450, 1500, 7500 20.0, 40.0, 80.0, 200, 500, 
ng/mL 1500~ml.. 

LLOQ 2.00 µglmL 20.0 nglml. 20. 0 ~lml.. 

ULOQ 200 J.l@'mL 10,000~mL 2000 ~ml.. 

[)ihrtio.n.al Integrity 800 µglmL ( lO-fold 450 ¥ 'ml. (2.5-fold 4000 ~ml. (5-fold 
dilnti.on) cli!ufion); dilution) 

20,000 ~mL (10-fold 
cli!ufion) 

Intra-Assay Precision LLOQ: LLOQ: LLOQ: 
(%CV) and Accuracy ·~'. ~.CV: 9.0; ".CV: l.55 -4.92; o/oRSD: 1.89 - 2.31;
RE) 

~.U: 15 %RE: 0.133 ­ 7.23 %Bias: 6.04 ­ 9.88 
LQC, MQC md HQC: LQC, 1.MQC, MQC and LQC. LMQC., MQC, 

~'oCV: 2.6 - 8.7 ; HQC: ?.IBQC, and HQC: 

Y.RE: -0.5 - 11 o/.CV: l.96 - 5.04; %CV: 0.346 - 26J ; 
o/.RE: --0.0843 - 7.1 5 %RE: -4.24- 8.44 

Inle.r-.AssayPrecision KiEDTA.: LLOQ: LLOQ: 
(%CV) and Accuracy ~'. NA %CV: 3.68 -4.45; %R.SD: 2.50;
[)iff. from Nominal) 

Sodium hepalm pl.a= b: "•RE: 4.49 ­ 4.79 %Bi.as: 815 
LLOQ: LQC, MQC and HQC: LQC, LMQC, MQC, 

~.CV = 14; ".CV: 2.94 - 4.60; MHQC, and HQC: 

~.U= S . O "•RE: 1.14 - 5.29 %CV: LOO ­ 12.2; 

LQC, MQC md HQC: %RE: 2.60 - 7.72 

~.CV: 5.1- 9.S; 

~.U: -4.1 ­ 2.0 

freez.eflbaw Stability in Fi••e cycles at ..:S0° C Five cycles a.I -20° C or - five cyclesat · 200 C or -
Mabe 70"'C 70°C 
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\ ·:1Jid3tion P:ir:imeler 2891 (Cap tiwl,
l (l>Jllll 

RGKD (Tobi phen~-toin, 

iPPD) 

RGKJl (Fl'ffPheayloin, 

PPD) 

Anal}~e Stability in 
Frozen M:a.trix (LTS) 

578 days at -20° c 
386 days at -80° c 

478 days a.I -200 C or -70° 
c 

473 day.; at -20° COT ­700 
c 

Whole Blood Stability KiEOTAp!a.s:ma ~ 

NA 
2 hours at room 
temperature oron tee 

NA 

Sodium hepaim pl.a.sma: 

2 hours at 2-S~ C 

Analyte St!bility in 
Mati1x at Room 
Temperature 

22bours 25hours 26 hours at room 
fempe!'3!1JTe in lmman 
plasma and plasma. 
lilb-ation; l hour at 37 °C 
in human pla.s:tw 

Mab1x Factor 

(MF) 

KiEOTAp!a.s:ma ~ 

NA 

Sodium hepa.im plasma: 

0..95 (LQC) 3lld l.l (HQC) 

Lot-to-lot reo--pon.se 
consistency was 
dl!lllOm'!rated 

Lot-to-lot response 
consistmcy \\'35 

demon::trared for he 

Pbm)Toin 

• Experimental dates 
• The method was initially validated for hmnm sodiumheparinplasma, and partial ,-alidated for hum.m ~A 

pb=ia. The !>tudy sample 'l'i'i!S coll.e<:ted with KiEDTA. The l-ilidation data for KiEDTA plasma is :i:ho\\u in this 
ra.ble.. 

Abbre,;i.~ons: CV =~fficient of...-ari.ation; HQC = high quality control; !STD = internal st3lldard; K1EDTA or 
KJEDTA = potassium ethyfenediaminetetraacetic acid; ILOQ = lower limitofquantitation; I.MQC= low­
medium quality control; LQC = lowquality eontrol; I.TS = long teJm stability; MF = matrix factor, MHQC = 
medium-high qualityconlrol; MQC =~quality control; NA = DOI a•Ailible; QC = qualityconlrol >am;>le; 
RE= rel.a.tin error; RSD =relam;e tt.mdazd d!!'iia1ion; ULOQ =upper limit ofquantification. 
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A stable isotopic-labeled brexanolone was employed as the internal standard for the program. 
The structures of brexanolone (SAGE-547) and the internal standard (SGE-135) are shown 
below: 
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APPEARS THIS WAY ON ORIGINAL
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22.4.2. Pharmacometrics Review 

Population PK Analyses 

The Applicant conducted two population PK analyses. Report 547-clp-108-exploratory-rep.pdf 
describes the analyses to assess plasma PK and the relationship with breast milk PK acquired 
from n=12 subjects in Phase 1 Study 108. Report 547-pop-pk.pdf describes analyses to assess 
plasma PK from 5 clinical studies from Phase 1, Phase 2, and Phase 3. 

Population PK in Plasma in PPD Patients (547-pop-pk) 

Report 547-pop-pk is titled “Pharmacokinetic Analysis of Brexanolone Exposure in Patients with 
Post-Partum Depression”. The Applicant conducted population pharmacokinetic analyses for 
brexanolone following continuous IV infusion in patients with post-partum depression. The 
purpose of this analysis is to model the plasma concentration-time profile and assess the impact 
of covariates on brexanolone PK. 

Data from the following clinical studies were included in the analysis: 

APPEARS THIS WAY ON ORIGINAL
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Table 115: Studies and Trials Included in the Population PK Analyses 

Study ID Study Information Dose Regimen Description of Data 
547-CLP-108 An Open-Label Study Continuous IV infusion of Rich PK: pre-infusion and 

(Phase 1b) Evaluating Concentrations of SAGE-547 administered as: at 12, 24 (before infusion 
Allopregnanolone Following �� ȝJ�NJ�K IRU � K �+ � WR H 4), rate change), 36, 48, 56, 60 
Administration of SAGE-547 �� ȝJ�NJ�K IRU �� K �+ � WR + ���� (before infusion end), 61, 
Injection in the Breast Milk of �� ȝJ�NJ�K IRU �� K �+ �� WR + ���� 62, 64, and 72 hours after 
Adult Lactating Women (n = 12) �� ȝJ�NJ�K IRU � K �+ �� WR + ���� the start of infusion 

�� ȝJ�NJ�K IRU � K �+ �� WR + ��� Sparse PK: Day 7 
547-PPD-201 An Open-Label Proof-of- Continuous IV infusion of SAGE- Rich PK: At 30 minutes, 

(Phase 2a) Concept Study Evaluation the 547 administered as: and at 1, 2, 3, 4, 6, 12, 24, 
Safety, Tolerability, ���� ȝJ�NJ�K IRU � K �+ � WR + ��� 36, 40, 44, 48, 60 h after 
Pharmacokinetics, and Efficacy �� ȝJ�NJ�K IRU � K �+ � WR + ��� infusion onset, and at 72 h 
of SAGE-547 Injection in the ���� ȝJ�NJ�K IRU � K �+ � WR + ���� after infusion onset (12 h 
Treatment of Adult Female �� ȝJ�NJ�K IRU �� K �+ �� WR + ���� post-infusion) 
Patients with Severe Postpartum ���� ȝJ�NJ�K Ior 4 h (H 48 to H 52), 
Depression �� ȝJ�NJ�K IRU � K �+ �� WR + ���� 
(n= 4) ���� ȝJ�NJ�K IRU � K �+ �� WR + ��� 

547-PPD- A Multicenter, Randomized, Subjects were randomized in a 1:1 Rich PK: pre-infusion, 4 
202A Double-Blind, Parallel-Group, ratio. Continuous IV infusion of (just prior to infusion rate 

(Phase 2) Placebo-Controlled Study blinded study drug (SAGE-547 or change), 8, 12, 24 (just prior 
Evaluating the Efficacy, Safety, PBO) administered as: to infusion rate change), 30, 
and Pharmacokinetics of SAGE- �� ȝJ�NJ�K IRU � K �+ � WR + ��� 36, 48, 60 h after infusion 
547 Injection in the Treatment of �� ȝJ�NJ�K IRU �� K �+ � WR + ���� onset, , and at 72 h after 
Adult Female Subjects with �� ȝJ�NJ�K IRU �� K �+ �� WR + ���� infusion onset (12 h post-
Severe Post-Partum Depression �� ȝJ�NJ�K IRU � K �+ �� WR + 56), infusion) 
(n= 21) �� ȝJ�NJ�K IRU � K �+ �� WR + ��� 

547-PPD- A Multicenter, Randomized, Subjects were randomized to one of Same as Trial 202A 
202B Double-Blind, Parallel-Group, three treatment groups (SAGE-547 

(Phase 3) Placebo-Controlled Study 
Evaluating the Efficacy, Safety, 
and Pharmacokinetics of SAGE-
547 Injection in the Treatment of 
Adult Female Subjects with 
Severe Post-Partum Depression 
(n=122) 

�� ȝJ�NJ�K� 6$*(-��� �� ȝJ�NJ�K� 
or 
PBO) in a 1:1:1 ratio. 
�� ȝJ�NJ�K arm: 
�� ȝJ�NJ�K IRU � K �+ � WR + ��� 
�� ȝJ�NJ�K IRU �� K �+ � WR + ���� 
�� ȝJ�NJ�K IRU � K �+ �� WR + ��� 
90 ȝJ�NJ�K arm: 
Same regimen as used in Study 
202A. 
PBO arms received matching 
volumetric flow rate and infusion 
duration as brexanolone arms. 

547-PPD- A Multicenter, Randomized, Same as Trial 202A Same as Trial 202A 
202C Double-Blind, Parallel-Group, 

(Phase 3) Placebo-Controlled Study 
Evaluating the Efficacy, Safety, 
and Pharmacokinetics of SAGE-
547 Injection in the Treatment of 
Adult Female Subjects with 
Moderate Post-Partum 
Depression (n=104) 

Data points were excluded from analyses if one or more of the following conditions were met: 
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x Absolute residual variability larger than three times the expected residual standard 
deviation (|CWRES| > 6) 

x � ��� QJ�P/� 7KHUH ZHUH 123 [8%] samples measuring greater than 500 ng/mL which the 
Applicant considers not biologically plausible. In addition, these tended to be site-
specific, and might have been the result of an incorrect PK sampling procedure. 

x PK samples that were between 100 and 500 ng/mL, if, after scrutiny, were identified as 
NLQHWLFDOO\ LPSODXVLEOH GHILQHG DV REVHUYHG FRQFHQWUDWLRQ EHLQJ � � [ WKH SUHGLFWHG 
concentration (based on preliminary modeling from data on file) and if there was no 
adverse event associated with it. There were 17 (1.04%) samples meeting this criteria (2 
were excluded a prior due to suspected sampling errors). 

The Applicant states that several observations were inconsistent with the expected pattern based 
on recorded dosing; however, these were still retained in the dataset (provided the above 
conditions were met). 

[Reviewer comment: The Applicant’s rationale for excluding PK samples is acceptable. 
However, the proportion of PK samples that were excluded was unexpectedly high (8%).] 

The PK dataset included PK samples from 156 subjects. There were 1337 PK samples acquired 
post-dosing, of which 46 were below the lower limit of quantification (BLQ). There were 152 
PK samples acquired pre-dosing of which all 152 were BLQ. At 120 hours after infusion onset 
(60 hours after the completion of the 60-hour infusion), a total of 30 PK samples were above the 
lower limit of quantification. 

Model Description 

Structural Model: The base structural model is a 2-compartment model. PK parameters include 
CL, V1, V2, and Q. 
Allometric Scaling: CL, V1, Q, and V2 had allometric scaling applied using body weight 
normalized to 82.9 kg, the population median body weight. 
Inter-individual variability: exponential 
Residual variability: proportional error model 
Covariates: No covariates were included in the final model. The Applicant performed stepwise 
covariate modeling to investigate covariate effects. Potential CL covariates tested for were age, 
albumin, ALP, ALT, AST, bilirubin, BMI, creatinine clearance (CLCR), and race. Potential 
covariates tested on V1 as well as V2 included age and BMI. BMI was also tested as a covariate 
on Q. In addition to pre-specified covariate analyses, concomitant antidepressants were 
determined by graphical assessment to have no impact on brexanolone Cmax or AUC0-�. 

Final model parameter estimates are shown in the table below. 
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Table 116: PK Parameter Estimates for Final PK Model (Run 1038) in Patients with Post-
Partum Depression 

Source: Sequence 0001, 547-pop-pk.pdf, page 37 of 151 

The IIV for Cl and V1 were estimated to be 21.1% CV and 147% CV, respectively. 

Figure 31: Visual Predictive Check for Final PPK Model (Run 1038) By Treatment Arm 

Source: Sequence 0001, 547-pop-pk.pdf, page 43 of 151 

[Reviewer comment: The DV vs PRED and DV vs IPRE plots provided in the study report (not 
shown) do not present any obvious signs of systematic bias. However, these plots demonstrate a 
modest number of PK samples in the range of 50 to 100 ng/mL which are underpredicted. 
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The CWRES vs PRED plot provided in the study report (not shown) shows no systematic bias for 
WKH �� ȝJ�NJ�K GRVH OHYHO DQG PRGHVW XQGHUSUHGLFWLRQ IRU WKH �� ȝJ�NJ�K GRVH OHYHO IURP �� WR �� 
ng/mL. However, the underprediction in that concentration range may be due to the modest 
QXPEHU RI 3. VDPSOHV LQ WKDW FRQFHQWUDWLRQ UDQJH IRU WKH �� ȝJ�NJ�K GRVH JURXS� 

The VPC indicates that the central tendency of the predictions do not show any systematic bias 
except for under-predictions at the 24-KRXUV DIWHU LQIXVLRQ RQVHW DQG RQO\ LQ WKH �� ȝJ�NJ�K 
patient group. The highest end of the exposure distribution across the population tends to be 
PRGHVWO\ RYHUSUHGLFWHG SDUWLFXODUO\ LQ WKH �� ȝJ�NJ�K SDWLHQW JURXS DQG WR D OHVVHU H[WHQW LQ WKH 
�� ȝJ�Ng/h patient group. There is also a modest under prediction of the lowest end of the 
H[SRVXUH GLVWULEXWLRQ DFURVV WKH SRSXODWLRQ IRU ERWK WKH �� ȝJ�NJ�K SDWLHQW JURXS DV ZHOO DV WKH 
�� ȝJ�NJ�K SDWLHQW JURXS� 

Overall, the population PK model for brexanolone represents the central tendency of the PK 
data well and is less accurate at predicting the extreme plasma concentration values. 

There are no label statements based on population PK modeling using this population PK model. 
There are label statements proposed for section 8.2 Lactation based on another population PK 
model, the model built from plasma and milk PK data from Study 108 (please refer to the section 
regarding Population PK in Milk in PPD Patients for details).] 

Simulated Exposure at Low and High Dose Levels 

The Applicant conducted PK simulations to assess the distribution of expected plasma 
brexanolone exposures throughout the proposed 60-hour regimen for each of the studied dosing 
regimens; 

Low dose 
regimen 

High dose 
regimen 

Time period 

30 ȝJ�NJ/h �� ȝJ�NJ/h 0-4 hours 
�� ȝJ�NJ/h �� ȝJ�NJ/h 4 to 24 hours 
�� ȝJ�NJ/h �� ȝJ�NJ/h 24 to 52 hours 
�� ȝJ�NJ/h �� ȝJ�NJ/h 52 to 56 hours 
�� ȝJ�NJ/h �� ȝJ�NJ/h 56 to 60 hours 

The results of the Applicant’s PK simulations are shown in Figure 32 below.
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Figure 32: Simulated 5th, soth, and 95th percentile of simulated brexanolone Plasma 
4
Concentration over time~ Following Administration with the !bll 60 


µg/kg/h !bll
4 (Red) and the 90 µg/kg/h !bl
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The shaded area represents 95% prediction interval and the median (solid line) for each time point in a simulated 
population of1000 individuals. 

Source: Sequence 0001, 547-pop-pk.pdf, page 53of151 

[Reviewer comment: The Applicant utilized the PK simulations presented in Figure 32 above to 
inform dose selection in their Phase 3 program. Please refer to section 3.3.2for details.] 
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Population PK in Milk in PPD Patients (547-CLP-108-exploratory-rep) 

Report 547-clp-108-exploratory-rep is titled “Exploratory Report: Model Development for 
Brexanolone in Milk, Study CLP-108”. 

The Applicant conducted analyses to examine the relationship between plasma and breast milk 
concentrations of brexanolone. Data used in the analysis were collected from study 547-CLP-
108. The study information is summarized in Table 116 below. 

Table 117: Summary of Study 108 Trial Features 
Study ID Study Information Dose Regimen Description of Data 

547-CLP-108 
(Phase 1b) 

An Open-Label Study 
Evaluating Concentrations of 
Allopregnanolone Following 
Administration of SAGE-547 
Injection in the Breast Milk of 
Adult Lactating Women (n = 12) 

Continuous IV infusion of 
SAGE-547 administered as: 
�� ȝJ�NJ�K IRU � K �+ � WR + ��� 
�� ȝJ�NJ�K IRU �� K �+ � WR + ���� 
�� ȝJ�NJ�K IRU �� K �+ �� WR + ���� 
�� ȝJ�NJ�K IRU � K �+ �� WR + ���� 
�� ȝJ�NJ�K IRU � K �+ �� WR + ��� 

Rich PK: pre-infusion and 
at 12, 24 (before infusion 
rate change), 36, 48, 56, 60 
(before infusion end), 61, 
62, 64, and 72 hours after 
the start of infusion 
Sparse PK: Day 7 

[Reviewer comment: The infusion regimen administered in Study 108 is identical to the regimen 
utilized in Phase 3 and proposed by Applicant for use in the label.] 

There were a total of 144 plasma samples and 337 breast milk samples from the n=12 women 
enrolled in Study 108. 

Model Description 

Structural Model: The base structural model is a 2-compartment model. PK parameters include 
CL, V1, V2, and Q. 
Allometric Scaling: CL, V1, Q, and V2 had allometric scaling applied using body weight 
normalized to 80.25 kg, the population median body weight 
Inter-individual variability: exponential 
Residual variability: proportional 
Covariates: None tested 

Final model parameter estimates and key diagnostic plots are presented in Table 117 below. 
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Table 118: PK Parameter Estimates for Final PK Model (Run 167) Linking Brexanolone 
Plasma Concentration to Brexanolone Breast Milk Concentration in Post-Partum Healthy 

Volunteers 
Source: Sequence 0001, 547-clp-108-exploratory-rep.pdf, page 11 of 70 

Key diagnostic plots are presented below.
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Figure 33: Visual Predictive Check for Plasma Brexanolone - Final Model (Run 167) -
Study 108 

TOP PLOT: The 10th, 50th, and 90th percentiles of observed data are represented as solid blue and dashed blue lines. The 
simulated data are represented by the shaded regions. The 95% CI of the 10th, 50th, and 90th percentiles of the simulated data are 
displayed as the top grey region (CI for the 90th percentile), the middle green region (CI for the 50th percentile) and bottom grey 
region (CI for the 10th percentile). The darker and darkest shades of green refer to regions where the green region overlaps with 
one or both grey regions, respectively. 
BOTTOM PLOT: The blue line represents the probability that the measurement is BLQ. The green shaded area represents the 
95% CI of the estimated probability. 

Source: Sequence 0001, 547-clp-108-exploratory-rep.pdf, page 12 of 70
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Figure 34: Visual Predictive Check for Milk Brexanolone - Final Model (Run 167) - Study 
108 

TOP PLOT: The 10th, 50th, and 90th percentiles of observed data are represented as solid blue and dashed blue lines. The 
simulated data are represented by the shaded regions. The 95% CI of the 10th, 50th, and 90th percentiles of the simulated data are 
displayed as the top grey region (CI for the 90th percentile), the middle green region (CI for the 50th percentile) and bottom grey 
region (CI for the 10th percentile). The darker and darkest shades of green refer to regions where the green region overlaps with 
one or both grey regions, respectively. 
BOTTOM PLOT: The blue line represents the probability that the measurement is BLQ. The green shaded area represents the 
95% CI of the estimated probability. 

Source: Sequence 0001, 547-clp-108-exploratory-rep.pdf, page 12 of 70 

[Reviewer comments: The reviewer compared the plasma PPK model parameters for the single-
study PPK analyses (model 167; Study 108) with the plasma PPK model from the multi-study 
PPK analysis built using Phase 1, Phase 2, and Phase 3 PK data (model 1038; Studies 108, 201, 
202A, 202B, 202C). The PK estimates from Run 1038 are used as the basis for comparison of the 
plasma PK parameter estimates from the two plasma PPK models (see APPEARS THIS WAY ON ORIGINAL
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Table 118 below). 
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Table 119: Comparison of Plasma PK Parameter Estimates From Run 167 (Study 108) and 
Run 1038 (5 Studies) 

PK 
Parameter 

Run 1038 
(Studies 108, 201, 

202A, 202B, 
202C; 

N=156) 

Run 167 
(Study 
108; 

N=12) 

% diff from 
Run 1038 

CL 89.8 L/h 73.5 L/h - 18% 
V1 117 L 123 L + 5% 
Q 37.9 L/h 23.4 L/h - 38% 
V2 470 L 701 L + 49% 

Overall, the V1 parameter estimate for Model 1038 appears comparable to Model 167. 
However, the Q and V2 estimates differ by -38% and +49%, respectively. The differences in 
parameter estimates in Run 167 comapred to Run 1038 are likely due to the smaller sample size 
in Run 167 compared to Run 1038. 

The VPC plot for plasma PK concentrations (figure not included in this review) shows that the 
model is able to capture the central tendency of the observed data well. However, the extreme 
values of the simulated data (e.g. 10th percentile and 90th percentile) demonstrate lower 
precision and generally do not represent the observed data as well. 

The same observations are apparent for the VPC for brexanolone in milk. Overall, the model 
appears to capture the central tendency of brexanolone milk concentration profile but is less 
accurate at predicting extreme milk concentration values. 
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Estimating Milk:Plasma Ratio 

The approach of modeling the milk brexanolone concentration as a proportion of the plasma 
brexanolone concentration (using a partition coefficient) assumes a constant concentration ratio 
for brexanolone in milk:plasma. However, the observed PK data demonstrate variability in the 
milk:plasma concentration ratio throughout and after the infusion duration. However, during the 
period of maximum brexanolone infusion, the Applicant’s milk:plasma ratio estimate of 1.36 is 
comparable to the Reviewer’s estimate of the ratio of observed milk concentration to observed 
plasma concentration (see Figure 35 below). 

Figure 35: Plot of Brexanolone Concentration in Milk and Plasma During and After 
Infusion in Study 008 

The PK data are stratified by the infusion rate throughout the 60-hour treatment period in Study 108. The PK data after infusion 
are grouped together (60-168 hours). The white and red box plots represent the brexanolone concentration in milk and plasma 
across all subjects across all time points collected within the specified time interval for milk and plasma, respectively. The 
“Ratio” represents the value of the median concentration of brexanolone in milk across all subjects and all samples collected 
within the specified time interval divided by the median for plasma within the same time interval. 

The variability in the ratio at different periods over time is likely a factor contributing to the 
width of the 95% CI of the ratio estimate (ratio estimate is 1.36, 95% CI is 0.858 to 2.16). Use of 
the 1.36 ratio may lead to modest over or underprediction for any PK simulations of the up-
titration or down-titration period. However, the 1.36 ratio appears to be a reasonable estimate 
for the prediction of the milk concentration during the period of maximum infusion rate. ] 
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Estimating Relative Infant Dose from Breast Milk 

The applicant utilized the results of the population PK analyses report from study 108 to derive a 
relative infant dose (RID). The methodology was that laid out by Bennett and Notarianni (1996)1 

where [relative dose in milk] = [milk conc] * [milk vol per day] * 100% / [maternal daily dose]. 
The Applicant’s RID estimates are summarized in Table 119 below. 

Table 120: Applicant’s Calculation of Maximum Brexanolone Relative Infant Dose (RID) 
Observed 
Plasma 

AUC24-48, 
ng*h/mL 

Predicted 
Milk 

AUC24-48, 
ng*h/mL (a) 

Predicted Average 
Brexanolone in Milk from 

24-48h, ng/mL (b) 

Predicted Daily 
Dose in Milk, 
ng/kg/day (c) 

Predicted 
RID, % 

(d) 

Minimum 462 628 26.18 3927 0.1818% 

Median 1760 2394 99.73 14960 
0.6926 

% 
Maximum 3410 4638 193.2 28980 1.342 % 

a Computed as 1.36*Plasma AUC 
b Milk AUC divided by 24 hours 
c Based on feeding rate of 150 mL/kg/day 
G &RPSXWHG DV LQIDQW GRVH GLYLGHG E\ PDWHUQDO GRVH ��� ȝJ�NJ�K
�� K� 
���� �%HQQHWW ����� 

Source: Sequence 0001, summary-clin-pharm.pdf, page 56-57 of 76 

The computation of relative infant dose starts with the observed plasma AUC24h-48h value which 
RFFXUV GXULQJ WKH WLPH SHULRG ZKHQ WKH LQIXVLRQ UDWH LV DW WKH PD[LPXP YDOXH RI �� ȝJ�NJ/h. 
Using the maximum observed AUC24h-48h value of 3410 ng*h/mL, and the milk:plasma partition 
coefficient of 1.36 (estimated from PPK modeling), the Applicant estimates a milk AUC24h-48h 

value of 4638 ng*h/mL (3410*1.36 = 4637.6 = 4638). The milk AUC is used to derive the 
average brexanolone concentration in milk over the time period of 193.2 ng/mL (48-24 = 24 
hours duration; 4638/24 = 193.2). Using 150 mL/kg/day as an estimate of daily breast milk 
consumption for an infant, the daily dose of brexanolone expected to enter the infants mouth via 
breast milk is 28980 ng/kg/day (193.2 * 150 = 28980). The expected oral brexanolone dose for 
infants of 28980 ng/kg/day (assuming 100% bioavailability) is then divided by the maximum 
DGXOW LQIXVLRQ UDWH RI �� ȝJ�NJ/h to obtain the RID of 1.342% [28980 / (90*24*1000) * 100% = 
1.342%]. 

The Applicant points out that while the oral bioavailability in infants is unknown, absolute oral 
bioavailability in adults is <5%. The Applicant concludes that as the RID is <10% when 
assuming 100% bioavailability, the risk exposing infants to brexanolone via breast milk at the 
proposed dose regimen is acceptable. 

[Reviewer comment: The Applicant estimates a 193.2 ng/mL as the maximum brexanolone 
concentration in breast milk during the period where the infusion is at the maximum rate of 90 

1 Bennett PN, Notarianni LJ, Risk from drugs in breast milk: an analysis by relative dose. Br J Clin Pharmacol., 1996; 
42:P673-4. Abstract. 
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ȝJ�NJ�GD\� 7KH PD[LPXm milk concentration is estimated by obtaining the observed maximum 
plasma AUC during 24-48 hours, diving by 24 hours to obtain a maximum plasma concentration 
during 24-48 hours, and multiplying by the 1.36 milk:plasma ratio to estimate the maximum milk 
concentration during this time period. 

The reviewer conducted a sensitivity analysis of the RID estimate. The Applicant utilized their 
observed plasma exposure and estimated milk:plasma ratio to estimate milk exposure. The 
maximum predicted milk exposure of 193.2 ng/mL was predicted based on the maximum 
REVHUYHG SODVPD $8& GXULQJ WKH SHULRG RI �� ȝJ�NJ�K LQIXVLRQ UDWH� +RZHYHU� DV WKH SURSRVHG 
dose regimen for the label is identical to the dose regimen utilized in Study 108, and since milk 
concentration was measured in Study 108, the reviewer assessed the effect of using the observed 
milk concentration (rather than predicted milk concentration) to estimate the RID. 

The reviewer derived RID estimates based on the observed maximum, observed median, and 
observed minimum milk concentrations from study 108. Other than using the observed minimum, 
median, and maximum milk concentrations observed from 24-52 hours after infusion start, the 
Reviewer utilized the same RID estimation method as the Applicant. The results are shown in 
Table 120 below. 

Table 121: Reviewer’s Calculation of Maximum Brexanolone Relative Infant Dose (RID) 
Observed Average Brexanolone in Milk 

from 24-52 hours after infusion start, 
ng/mL (b) 

Predicted Daily 
Brexanolone Dose in Milk, 

ng/kg/day (a) 

Predicted 
RID, % (b) 

Minimum 43.3 6495 0.3% 
Median 108 16200 0.75% 

Maximum 254 38100 1.76% 
a Based-on feeding rate of 150 mL/kg/day 
b Computed as infant dose GLYLGHG E\ PDWHUQDO GRVH ��� ȝJ�NJ�K
�� K� 
���� �%HQQHWW ������ 

The maximum observed milk concentration across all subjects and across all time points is 254 
ng/mL and occurs in patient 2006 at approximately 35.6 hours after infusion start (during the 90 
ȝJ�NJ/h infusion time period). The apparent worst-case scenario is RID of 1.76% which 
represents the highest observed milk concentration in the entire study which occurred while the 
LQIXVLRQ ZDV DW WKH PD[LPXP UDWH RI �� ȝJ�NJ/h (see the computation below used to derive the 
maximum predicted RID cited in Table 120). 

254ܮ݉݃݊ × 150݇݃× ܮ݉ݕܽ݀ × 100% %ܦܫܴ =ݕܽ݀ ݏ×1000݃ߤ݃݊ = 90݇݃× ݃ߤݎݑ݋݄ ×24 ݎݑ݋݄ 1 1 1.76%
	

Overall, the 1.34% RID estimate obtained using the Applicant’s predicted milk concentration is 
comparable to the 1.76% RID estimate obtained using the maximum observed milk 
concentration. 
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Considering the width of the 95% CI of the 1.36 ratio used to derive the Applicant’s RID (0.858 
– 2.16) as well as the effect of using maximum observed milk concentration versus maximum 
predicted milk concentration, the reviewer is recommending that the RID listed in the label 
(1.34%) be changed to “1% to 2%”. If neonates or infants have comparable oral bioavailability 
from milk to adults with the oral brexanolone formulation (i.e., <5%), effective relative infant 
dose could be < 0.05% to 0.1%. 

The administration of SBECD to infants via the breast milk is not expected to pose a clinically-
relevant safety or tolerability issues. Please refer to section 6.3.2.3. Should patients 
receiving brexanolone treatment continue breast feeding? for details. ] 
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22.4.3. Summary of Clinical Pharmacology Studies 

CLINICAL PHARMACOLOGY STUDY REVIEW 

Mass Balance Study 

Study# 547-CLP-101 Study Period: 15-June-2015 to 23-July-2015 

NDA 
211371 Zulresso Brexanolone 
IV infusion 

Title 

Objective 
s: 

A Phase 1 Study to Investigate the Metabolism and Excretion of [14C]-SAGE-547 
Following Single 
Intravenous Dose Administration in Healthy Male Subjects 

Primary: 
• To detennine mass balance and routes ofelimination of [14C]-SAGE-547 following 
intravenous 
(IV) administration ofa single infusion, target dose 90 µg/kg/h (containing approximately 
0.0048 µCi/µg), over a period of4 hours of [14C]-SAGE-547 in male subjects. 
• To assess the phaimacokinetics (PK) of SAGE-547 and its metabolites following a 
single target 
dose of90 µg/kg/h of SAGE-547 over a period of4 hours. The dose contained 
approximately 
0.0048 µCi/µg using [14C]-SAGE-547. 
• To dete1mine the whole blood, plasma, wine, and feces concentrations of total 
radioactivity. 

Secondary: 
• To characterize and identify metabolites of [14C]-SAGE 547 in plasma, urine, and 
feces; 
• To further dete1mine the safety and tolerability ofa single IV dose of [14C]-SAGE-547 
in male 
subjects. 

Study Design: 

APPEARS THIS WAY ON ORIGINA[ 
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This study was an opem~Jabel, nonrand.omiz~ metabolism and excretion study to investiga1 
mass balance of [14C~-SAGE-547 administered as a single IV infusion, wifh a target dose oi 
90 Jlg!kg/h (containing approximate]y 0.0048 ~tCi/~tg), over a period of4 hours. Eight heaJl 
male suibjects were enrolled mthe study at a single clinical site to ensure a mininuun ofsi!x 
subj ects completed the study_ A scllematic ofthe study des ign is presented in Table 2_ The 
protocol js provided in Appendix 16. l .l _ 

Potential subjects were screened to assess their eligibility to enter the shldy within 28 days 
(Days -28,to -1) prior to dosing on Day l _ For all snbjects. routine screening procedures W€ 

performed, as outllned in Table 3. 

Subjeds were confined at the clrical site .from ilie time of Check-in (Day -1) until clinic 
dischargeleady termination (ET) for a minimum confmement of 7 days postdose {Day 8) ar 
m.a..wnun.1 confinement of 13 days postdose (Day 14)- Clinic dischargeJET was based on 
subj ects meeting the follm\'ing discharge criteria: 

• 	 .Plasma radioactivity reached levels below the limit ofquantitation (BLQ) in 
two consecutive samples, and; 

• 	 Greater than or equal to 90% of the dose was recovered, or, 

• 	 Less than or equal to 1%, ofthe radioactive dose was reoovered in urine and fec.e 
mm consecutive 24-hour ooUect:iion intervals~ 
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Sample collection and subject confinement continued until discharge criteria were met_ 

On Day l, subjects were administered a single IV infusion of[14C]-SAGE-547. with a target 
dose of90 ~iglkglh (containing approximately 0.0048 pCil~Lg), over .a period of4 hours_ Bl0< 
and other matrices for PKanalysis \llere collected at the time points specified in Table 3_ 

Safety assessments, inch1ding physical examinations, 12-lead electrocardiograms (ECGs), vi1 
signs. How Do Yoll Feel? inquiries~ and cfutical laborator y evaluations, were perfom1ed at 
screening, at specified times during the study, and/or at clinic discharge/ET. 

Table 2: Study Design 

Se1~eening Cberk-in Dosing P KIR..·ulio::um,i ty Sampling Clinfr Disda:arg 
Eady Terminati• 

Days -28 to -2 Day -1 Day 1 Day ] to Day 81]4 Day 8 to Day [t 

. - Confinement -. 
•I Subj ects u"eTe discharged from the clinic star ting oo.D ay S if plasma radioaeti•iity reached lei;els below the liD 

quantitation in mro consecutive samples. and if ~90% of the d~e v.'Jls reco•·ered or if~l~~ of the radioactive ci 
was reco•·ered in wine and feces for two consecutive 24-hour collection i.utei-.-als. Subjects that did not meet 
discharge critem :>tayed in the clinic until either they had met discharge 1crite1i a or until the maximum .stay on 
Day 14. 

APPEARS THIS WAY ON ORIGINA[ 


Product Used: 

Test pm dud , dose and mode of adlministration, batd1 number: 

Subjects received a single IV inn.won of [Hq-SAGE-547 at ai dooe of90 ~lg/kglh (containing 
appro:!cimately 0.0048 µCil~tg) . over a period of4 hours. Unit doses we.re fommlated from snlfobutyl 
.ether bet~-cydodextrin (SBECD), SAGE-547 Injection 5 mg/mL (Lot No_B130545), [14C]-SAGE-54~ 
(aka 4-l[HCJ-SAGE-547) (Lot No. 60232MAY] 5~0 l), and Sterile \Vater for Injection.. 

Route of IV infusion 
Administration 
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PK Sampling 
Times and 
Parameters 

Blood samples for PK analysis of SAGE-547 in plasma were collected at 
Day 1 (predose); and at 2, 3, 4 (just prior to the end of infusion, while the 
pump was still on), 4.5, 5, 6, 8, 12, 24, 36, and 48 hours after the start of 
infusion; 
and approximately every 24 hours until Clinical Discharge/ET. 

Blood samples for PK analysis of total radioactivity in whole blood and 
plasma were collected at Day 1 (predose); and at 2, 3, 4 (just prior to the 
end of infusion, while the pump was still on), 4.5, 5, 6, 8, 12, 24, 36, and 
48 hours 
after the start of infusion; and approximately every 24 hours until Clinical 
Discharge/ET. 

Blood samples for metabolite profiling and ID were collected at Day 1 
(predose); and at 2, 3, 4 (just prior to the end of infusion, while the pump 
was still on), 4.5, 5, 6, 8, 12, 24, 36, and 48 hours after the start of 
infusion; and approximately every 24 hours until Clinical Discharge/ET. 

Urine samples were collected at Day 1 (predose, the last void within 1 hour 
prior to dosing); at 0 to 6, 6 to12, and 12 to 24 hours postdose; and 
approximately every 24 hours until Clinical Discharge/ET. 

Fecal samples were collected predose (Check-in [Day -1] from -24 to 0 
hours); Day 1 at 0 to 6, 6 to12, and 12 to 24 hours postdose; and 
approximately every 24 hours until Clinical Discharge/ET. 
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Safety 
Parameters 
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PK Moieties Sage-547 and all major circulating metabolites 

PD Endpoint(s) None 

Statistical 
Methods 
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APPEARS THIS WAY ON ORIGINAL
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Analytical Method 
Method Type 

Analytes 

LC/MS/MS I Matrix I Plasma 

Sage-547 and all major circulating metabolites 

P" Yes 
• Method validated prior to use 

r No 
Talidation 

P" Yes 
• Method validation acceptable 

r No 

tudy 
ample 
uialysis 

• Samples analyzed within the established stability period P" Yes 

r No 

• Quality control samples range acceptable P" Yes 

r No 

• Chromatograms provided P" Yes 

r No 

• Accuracy and precision of the calibration curve acceptable P" Yes 

r No 

• Accuracy and precision of the quality control samples acceptable P" Yes 

r No 

• Overall perfonnance acceptable P" Yes 

r No 

Study Population: 

• Healthy male between the ages of 18-55 years of age. 
• N= 8 subjects 
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Table 1: Demography of subjects 


Inclusion Crietria:
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Exclusion Criteria:
	

APPEARS THIS WAY ON ORIGINAL
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7'PPEA~STAl~W7'YU 

PK Results 

PHA.Rt'\1ACOKl1\TETI CS RESl:LTS: 

• 	 The overall mean recovery ofradioactivity in urine and feces was approximately 89% of the 
administered radioactive dose, measw"ed over 312 hotu'S from the stati of infusion. Most oft 
administered radioactivity (85.6%) was recovered in the first 144 hours (7 days) after start of 
infusion. 

• 	 Fecal and urinary excretion were comparable indicating no predominate route ofelimination 
SAGE-547; 472% and 41.8% of the radioactivity administered was recovered in feces and u 
respectively, by 312 hours after start of the infusion. 

• 	 Urinary excretion ofunchanged SAGE-547 was negligible (less than 1 % of administered do~ 

• 	 SAGE-547 was quickly eliminated from plasma, in a biphasic marn1er, with mean trn of 
approximately nine hours. 

• 	 Total radioactivity was slowly eliminated, \\Jith mean t112 of approximately 56 and 45 hours ii 
plasma at1d whole blood, respectively. 

• 	 SAGE-547 represented approximately 2% of total radioactivity in plasma (as assessed by Al 
indicating that metabolites are a major component of the circulating total radioactivity in p~ 

• 	 Metabolite profiling and identification results showed that metabolic clearance was the 
predominant route of elimination of SAGE-547 in hmnans after an IV infusion due to the 
prevalence ofnumerous unidentified metabolites, the low exposme of SAGE-547 in plasma, 
the absence of SAGE 547 in excreta. 

• 	 Low association ofradioactivity with blood cells was observed as the mean whole blood-to-I 
AUCO--o:o ratio was 0.515. 
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Safety Results 
Was there any death or serious adverse r Yes P- No r NA 
events? 

SAFETY RESULTS: 

• 	 A single IV infusion of 90 ~tg/kg/h [14C]-SAGE-547 over 4 hours was generally well tolerati 
this group ofhealthy male subjects_ 

• 	 There were no serious adverse events or discontinuations due to treatment~emergent adverse 
events_ 

• 	 All adverse event s were mild in severity. Mild somnolence \Nas the most commonly report1 
treatment-emergent adverse event (50.0%) and \Nas considered to be related to study drug. 
Somnolence was commonly experienced as starting during the infusion and continuing for 
approximately 1 to 3 hours follo\lling the end ofinfusion_ 

• 	 No clinically significant findings in clinical chemistry, hematology, urinalysis, vital signs, E 
or physical examinations were noted in this study. 

• 	 Most subjects experienced sleepiness as measured by the Stanford Sleepiness Scale \\rith pe~ 
levels of sleepiness occmring at 4 hours after start of the infusion_ 
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The most frequently reported treatment-emergent adverse event was somnolence (50.0%). All 
remaining treatment-emergent adverse events were reported by one or two subjects each. 
Additional treatment-emergent adverse events that could be related to sedation included 
dizziness (two subjects [25.0%]), headache (two subjects [25.0%]) and fatigue (one subject 
[12.5%]). Events of dizziness may have been a central effect because they were not obviously 
associated with hypotension. 
All treatment-emergent adverse events were mild in severity. All events of somnolence and 
fatigue were considered related to the study drug, and all events of headache, dizziness, 
abdominal distension, and diarrhea were considered possibly related to the study drug. 
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APPEARS THIS WAY ON ORIGINAL.! 


Overall Sponsor Conslusions 

• 	 SAGE-547 clearance from plasma is rapid (approximately 72 Uh); it is eliminated from plas 
a biphasic manner (tin of approximately 9 hours). Uri.nary excretion of unchanged SAGE-5£ 
negligible (less than 1 % ofadministered dose). SAGE-54 7 appears to be extensively meta be 
fecal and urinary excretion were comparable indicating no predominate route of elimination 
radioactivity. 

• 	 Metabolite profiling and identification results showed that metabolic clearance was the 
predominant route of elimination of SAGE-54 7 in humans after an IV infusion due to the 
prevalence of numerous unidentified metabolites, the low exposure of SAGE-547 in plasma, 
the absence of SAGE 54 7 in excreta. 

• 	 SAGE-547 was well-tolerated at a dose of 90 ~lg/kg/h for 4 hours in healthy male subjects. 

• 	 Somnolence was reported as the most common treatment-emergent adverse event (50.0% of 
subjects) and most subj ects experienced sleepiness with peak Stanford Sleepiness Scale scor• 
corresponding to maximum plasma concentrations ofSAGE-547. 

Reviewer Comments and Conclusions 

1. 	 Studv Design: This was an Open Label, Single Center, Single Dose, Phase I study in 
healthy male subjects to assess the mass-balance and investigate the metabolism and 
excretion of14C-SAGE 547 following a single IV infusion. The overall study design was 
acceptable since: 

o 	 It was a single dose study conducted with the requisite amount ofradioactive 
tracer to adequately isolate and quantitate circulating metabolite(s). 

o 	 IVdose was chosen because it is the intended route ofadministration. 
o 	 18-55-year-old, healthy adult male were included 
o 	 Adequate number ofsubjects (N= 8) were included in the study 
o 	 The.final to-be-marketed formulation ofSAGE 547 was used in this study. 

2. 	 Protocol deviation: No major protocol deviations were reported. 

3. 	 Data Analysis (i.e .. anv outliers etc) : There were no outliers and the PK data from all 
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subjects were included in the analysis. 

4.	 Bioanalytical Method: A validated bio-analytical methodology was used which was 
acceptable. 

5.	 Inclusion and Exclusion Criteria: The subject inclusion and exclusion criteria were 
acceptable since: 

- Healthy adult males between 18-55 years of age were included. Female subjects were 
excluded from the study to align with regulatory guidance. The regulatory reason for not 
including female subjects is contained in the “as low as (is) reasonably achievable” 
principle prescribed by both the US Food and Drug Administration (FDA) and Nuclear 
Regulatory Commission, (i.e., radiation exposure to female subjects should be kept “as 
low as reasonably achievable” and if possible, kept at zero potential for radiation 
exposure by not including females in metabolism and excretion studies and only 
enrolling/dosing male subjects). 

- The study excluded subjects who took any prescription medications/products or any OTC, 
nonprescription preparations (including vitamins, minerals, herbal supplements etc.) 
within 7 days prior to check-in or during the study. This ensured that the PK of SAGE 
547 is not impacted by extrinsic factors. 

- The study only included healthy subjects and thus excluded subjects with organ disease 
or organ impairments (i.e., hepatic or renal impairments) that may have either 
compromised subject safety or interfered with the evaluation of PK, mass balance of 
SAGE 547. 

6.	 Pharmacokinetic findings: We agree with the sponsor’s PK, mass balance and metabolite 
identification analysis and conclusions from the study. 
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CLINICAL PHARMACOLOGY STUDY REVIEW 

PK Study in Hepatic Impaired 

Study# 547-CLP-103 Study Period: 23-Dec-2015 to 23-May-2016 

NDA 211371 Zulresso Brexanolone IV 
infusion 

Title 

Objectives: 

OPEN-LABEL, NONRANDOMIZED, SINGLE-DOSE, PARALLEL GROUP, SAFETY, 
TOLERABILITY, AND PHARMACOKINETIC STUDY OF SAGE-547 
ADMINISTERED BY 
INTRA VENOUS INFUSION TO HEALTHY SUBJECTS AND SUBJECTS WITH 
HEPATIC IMPAIRMENT 

The objectives of this study were to evaluate the pha1macokinetic (PK) 
profile and the safety and tolerability of SAGE-547 in subjects with hepatic 
impaiiment compared to healthy subjects. 

Study Design: 

l\I ethodology: SAGE-547 Injection is a proprietary formulation of allopregnanofone (scientific name), al 
referred to as brexanolone (USAN). Throughout this study report, "concentrations of SAGE-S4 7" is syno 
\'\iith "concentrations of allopregnanolone". 

This was an open-label nonrandomized, parallel-group study that inves tigated the safety, tolerability, and 
profile of SAGE-547 as a single intravenous (IV) infusion administered over a period of4 hours to subjec 
mild, moderate, or severe hepatic impairment and he-althy subjects with normal hepatic function (control). 
doses administered \Vere 30 ~ig/kg/h for 1 hour, follo·wed by 60 ~Lglkg/h for 1 hour, and follo\ved by 90 ~t-g 
for 2 hours. Each subject i.t1 the control cohort was to be demographically comparable to at least one subj1 
impaire.d hepatic function with respect to age (± 10 years), sex, and body mass index (BMI; ± 20%). Subj 
with severe hepatic disease \Vere only to be enrolled aBer the mild, moderate, and control cohorts complet 
the interim PK and safety analyses demonstrated that the participation ofsubjects with severe hepatic imp 
would not be contraindicated. 

There were up to four cohorts in this study. The mild, moderate, and control cohorts were to enroll eight i 
each, and up to eight subjects were to be enrolled in the severe cohort, for a total ofup to 32 subjects at m 
sites in the United States. Subject.:; were assigned into cohorts based on d1eir level ofhepatic function in 
accordance \vith the Child-Pugh classification. 
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l\lethodology (continued): Following a Screening Period ofup to 27 days. subjects who met eligibility c 
were admitted to the clinical site on Day -1 (Check-in) and received SAGE-547, as a single-IV infusion of 
30 ~1,g/kg/h for 1 hour, 60 ~t-g/kg/h for 1 hour, and 90 ~iglkg/h for 2 hours, on Day L SAGE-547 was admil 
by trained study personnel. Subjects were discha:cged from the clinical site on Day 3 (if appropriate as 
determined by the Investigator) and returned for a Follow-Up Visit on Day 7 (± l day) postdose. Serial bl 
samples for determination ofplasma concentrations of SAGE-547 were collected prior to dose administr.11 
various time points and with each dose escalation through 4 hours Gust prior to the end of infusion, while 
pump was still on), and up to 48 hours after the start of infusion~ Urine samples \.Vere collected predose, 0 
to 6, 6 to 8, 8 to 12 hours postdose, and then from 12 to 24 and 24 to 48 hours postdose. 

After the mild, moderate, and control cohorts cornpleted SAGE-547 administration, interim safety and PK 
analyses were conducted prior to including subjects with severe hepatic impairment in the study. Additio1 
interim data reviews may have occurred at any time, ifdeemed appropriate based on safety, tolerability, 01 

information. Results of interim analyses may have led to potential changes in the design of the study, ind 
alterations in PK and/or clinical laboratory blood sampling times; and/or a change in the dose or dosing re 
given to subjects; or may have led to decisions to exclude a cohort (subjects with severe liver impairment) 
on overall assessment of safety and PK dat~. Such changes would not have constituted a protocol deviatic 

Number of subject (planned and anaJyzed): 

Up to 32 subjects (eight per cohort) were planned and 32 (8 per cohort) were analyzed. 

Diagnosis and main cri teria for inclusion : Subjects with hepa.tic impairment (as classified by Child-Pt 
scoring criteria [mild: Child-Pugh Grade A, score five to six; moderate: Child-Pugh Grade B, score 5( 

nine; or severe: Child-Pugh Grade C, score ten to 15]) or healthy subjects 

Test product~ dose and mode of administration, batch number: 

SAGE-547 Injection 5 mg/ml., diluted with sterile water for injection. Continuous IV infosion at increas 
doses over 4 hours: 30 ~iglkg/h for l hour, 60 ~tg/kg/h for 1 hour, and 90 ~tg/kg/11 for 2 hours. The study< 
number for SAGE-547was B 150493. 

Duration of treatment: 4 hours 

Table 2.: Study Cohorts 

Cohort Desmptiooa ofHe~tic Function• 
Points from Child-
Pu,gjlAssessme:nt 

Number ·of 
Subjects Dose ofSAGE-047 

1 ~fil~ bepafa: impaiTT"A<>nt <=<'Oedroperam·e ri.ik) fu::e ro si'lt ei,ght 

2 

3 

~fodemte hEp:!.tic impamueot 
(rooderate ope:a1ive ris.k) 

Severe h!?patic impainl!ent (poor opemtive ri.s.k)i. 

se>l!ll to n.im.e 

!ten to 15 

ei,ght 

illp to egbt 

30 pg.kg·h fu:r l !I.our, 
60 J1g,kg.ih for l hour, :md 
~ ~tg};,gih fur 2 hams 

-t Nocm.il hepatic: mmaioll (cc:mtrcil~ m.oaapplic:able ei,ght 

• Hepatic function. v.-:;; d<&ermi!ned us:img t!ie C1liild-~ i;,.;se;smmt. 

k Subjects uilh se\"ere bepaJicimpa~ u-en o:!lly to be emolfed :ttte:r t!ie mild, mademte, a:!ld CJOll.trol cohOOs CJompi&:ed a:od 
dJe inta:im !PK. slid ~ anal)se; d~ted that the!·~tiOD ofs:mbj eds \\itb SE\re!'E! hepatic i:mp:rim1£m v.'1!1lld llOt be 
contmi:Ddjci.ted 
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Stnd1y Design Schematic 

Scre~ning 

Days ­ 2 8 to ­ 2 

lnpati~nt Confinement P~1iod 

T111eatment (I) ..\ss~ssment'i and 
Che-ck-in and .-\.ss.~~nnents. Clinic Discharge 

Day -1 Day 1 (I), Day 2 Day3 

Follow-u,p \"is.it 

Day 7 (± 1 day) 
T =treatment 

#\PPEARSTHIS"WAY'ON ORIGlf\.IA 

Product Used: 

Test product~ dos.e and mode of aclminfatration, batch number : 


SAGE-547 Injection 5 mg/mL, diluted w-ith sterile w-ater for injection_ Continuous IV infusion at increas 

doses over 4 hours: 30 ~.1.g/kg/h for 1 hour, 60 ~Lg/kg/b for 1 hour, and 90 ~tg/kg/h for 2 hours_ The study c 

number for SAGE-547 was B 150493_ 


Route of Administration 

IV infusion 

PK Sampling Times and 
Parameters 

Pha1macokinetic blood samples were collected on Day 1, Hour 0 
(predose ), 30 minutes, approximately 60 minutes (just prior to 
dose adjustment from 
30 µg/kg/h to 60 µg/kg/h), 90 minutes, approximately 120 
minutes (just prior to dose adjustment from 60 µg/kg/h to 90 
µg/kg/h), 150 minutes, 210 minutes, 
approximately 240 minutes (just prior to end of infusion, while 
pump was still on) after the sta1t of infusion, and at 0.5, 1, 2, 3, 4, 
8, 12, 20, 32, and 44 hours 
after the end of the infusion. Additionally, a PK sample was 
collected just prior to any unplanned dose adjustment (i.e., in the 
event that a subject became overly 
sedated or dosing of severe hepatic impaiiment subjects). If the 
infusion duration was less than 240 minutes, then a PK sample 
was to be collected iust prior to 
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end of infusion, while pump was still on, and then post-infusion 
samples were to be collected at the same time points after the end 
of the infusion as specified 
above. Additional blood samples to determine unbound 
concentration and fraction unbound of SAGE-547 were collected 
approximately 60 minutes after the 
start of infusion (just prior to dose adjustment from �� ȝJ�NJ�K WR 
�� ȝJ�NJ�K� DQG MXVW SULRU WR WKH HQG RI WKH LQIXVLRQ� ZKLOH WKH 
pump was still on (above for 
PK samples apply, excluding post-infusion time points). Urine 
samples were collected predose and within 0 to 4, 4 to 6, 6 to 8, 8 
to 12, 12 to 24 (Day 2), and 
24 to 48 hours (Day 3 [Clinic Discharge]) postdose. 

Safety Parameters 

Safety data (including laboratory values and AEs) were reviewed 
on an ongoing basis throughout 
the course of the study by the Medical Monitoring team 

 and any 
findings were discussed with 
Sage. 

PK Moieties Sage-547 

PD Endpoint(s) None 

Statistical Methods 

The Safety Population consisted of all subjects who started the 
infusion of SAGE-547. The PK Population 
consisted of all subjects who started the infusion of SAGE-547 
and had evaluable PK data. Summary statistics 
and statistical analyses were performed for subjects included in 
the relevant analysis populations (Safety/PK). 
Plasma concentrations and PK parameters were summarized by 
hepatic function status cohort using descriptive 
statistics; supporting figures were presented, as appropriate. The 
effect of hepatic impairment in the mild, 
moderate, and severe cohorts (test cohorts) was compared to the 
control cohort (reference cohort). The dosenormalized 
PK parameters AUC0-� DQG &PD[ ZHUH ORJ WUDQVIRUPHG �EDVH H� 
prior to statistical analysis and 
analyzed using Proc Mixed procedure in SAS®. The model 
included hepatic function cohorts fixed effect. Least 
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squares mean differences were calculated between the subjects 
with mild, moderate, and severe hepatic 
impairment and subjects with normal hepatic function. The 
residual variance from the mixed model was used to 
calculate the 90% confidence interval for the difference between 
the test and reference cohorts. These values 
were back-transformed to give the ratio of geometric least square 
means of the test cohorts relative to the 
reference cohort and the 90% confidence interval for the ratio. No 
adjustment was made for multiplicity. For 
each hepatic impairment cohort, the cohort was concluded to be 
bioequivalent to the control cohort if the 90% 
confidence interval for the ratio of geometric means for the 
respective hepatic impairment cohort were contained 
within the interval of 80% to 125% of the reference cohort for 
both dose-normalized Cmax and AUC0-�� 
Treatment-emergent AEs were summarized by hepatic function 
cohort, severity, and relationship to the study 
drug. Chemistry, hematology, coagulation, vital sign, ECG, and 
SSS data were summarized along with the 
changes from baseline by hepatic function cohort. 
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Analytical Method 
Method Type 

Analytes 

LC/MS/MS I Matrix I Plasma 

Sage-54 7, metabolites were not assessed 

P" Yes 
• Method validated prior to use 

r No 
Talidation 

P" Yes 
• Method validation acceptable 

r No 

• Samples analyzed within the established stability period P" Yes 

r No 

• Quality control samples range acceptable P" Yes 

r No 

• Chromatograms provided P" Yes 

tudy r No 
ample • Accuracy and precision of the calibration curve acceptable P" Yesuialysis 

r No 

• Accuracy and precision of the quality control samples acceptable P" Yes 

r No 

• Overall perfonnance acceptable P" Yes 

r No 

Study Population: 

• N= 32 subjects (8 per coho1t: 4 coho1ts= heathy, mild HI, moderate HI and severe HI) 

Number of subject (planned and analyzed): 


Up to 32 subjects (eight per cohort) were planned and 32 (8 per cohort) were analyzed. 


Diagnosis and m ain criteria for inclusion: Subjects with hepatic impairment (as classified by Child-Pt 
scoring criteria [mild: Child-Pugh Grade A, score five to six; moderate: Child-Pugh Grade B, score s1 
nine; or severe: Child-Pugh Grade C, score ten to 15]) or healthy subjects 
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Table 1: Demography of subjects 


Inclusion Crietria:
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Exclusion Criteria:
	

APPEARS THIS WAY ON ORIGINAL
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35. Use ofany medications (prescription or over-the-.oounter), or foods rich in flavonoids 
(such as .cranberries) or juice (such as pineapple juice) primarily metabolized by 
C)tochrome iP450 (CYP) 2C9 (CYP2C9), as in vitro s tudies indicate SAGE-547 has the 
potential to alter the metabolism of CYP1C9 substrates when administered 
concomitantly. 

36. Use ofany medications (prescription or over-the-.oounter), foods., or juices that are strong 
inhibitors and/or inducers ofCYP2C8, CYP2C9, CYP2Cl9, CYP3A4, uridine 5'­
diphospho-glucurono:syltransferase 2B7 (UGT2B7) and UGT?-13 i 7. 

37. Use ofany medications (prescription or over-the-.oounter), herbal tea, energy drinks, 
herbal products (eg, St. John' s Wort, milk thistle), or supplement/supra-therapeut:ic doses 
ofvitamins within 14 days prior to Day 1 and throughout the duration of the study, v..>ith 
the exception of those approved by the Investigator, Medical Monitor, and/or Sage. The 
exceptions, allowed as needed, were: prespecified medications (eg, antiviral, 
antihypetten.sives, diuretics, insulin, cholesterol-lowering agents, beta blockers, opioids) 
with a stable dose regimen established >30 day~ prior to study start and over-the-eounter 
analgesics (other than antiplate lets) and stool softener. 

38. Use ofantiplatelets or anticoagulants within 30 days prior to study dmg administration 
and throughout the study. 

39. Use ofbenzodiazepines within 14 days, and antiepileptic medications: within 30 days, 
prior to study dmg administration and throughout the study. 

New drugs were reviewed on a case-by-case basis by the Im·estigator, Medical Monitor, and/or 
Sage and were prohibited, unless deemed acceptable by the Investigator, Medical Monitor, 
andfor Sage. 

PK Results 

APPEARS THIS WAY ON ORIGINA[ 
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Table 8: 	 Ph;u macokiuetic Parametet"i of Total SAGE-~.:17 in Plasma Folloning 
lntrnwnous Infusion to Healthy Subjects aud Subjec~ Tiith Hepatic 
Impairment (Pik'lrmacokinetic Population) 

Hfpalic Impairment Cohol't 

I\onn.11 Function ~fild :Moderate Senre 

Parameter (unils) ~= 8 N=8 N =8 N =8 

Cmu(ny'mL) 85.2 (28.9)• 80.4 (35.0) 67.4 (23.6)" 49.1 (35.7) 

DNCmu 3l6 (291)" 300 (35.2) 251 (23.5)" 182 (35.1) 
(nglmLlmg!kg) 

tr::JIX~ (h) 4.00 (3.92-4.00)" 3.97 (3.50-4.00) 3.92 (2.50-4.00)1 4.00 (2.50-4.50) 

AUC>.(h*nglmL) 286 (213)" 259 (25.5) 259 (24.7)• 225 (19.4) 

DNAUCo.. 1080 (20.2) 965 (25.8) 963 (24.7)" 834 (19.1) 
(h*ngmIJmWJ.:g) 

AU~(h*ny'ml.) 3l4 (17.7)< 282 (20.9}' 291 (28.9)< 241 (13.7)c 

DN AUC.0.­ USO (16.2}' 1050 (21.2}' 1080(28.9)" 892 (13.5)c 
(h*ngmIJmWJ.:g) 

l.z (llh) 0.103 (56.6)' 0.1 74 (23.5)• 0.0612 (70.2)" 0.0540 (72.2)~ 

t v2d (h) 7.58 (4.1 l)c 4.07 (0.942)1 13.2 (7.09)" 14.8 (7.49)" 

CL (l.lhllg) 0.856 (17. 7)' 0.953 (2U)1 0.924 (28.9)" 1.12 (13.5)" 

v. (Ukg) 8.33 (68.7)' 5.47 (2 1-6)" 15.1 (42_3)• 20.7 (63.&)• 

v.. (l i kg) 3.28 (74.9)' 2.21 (27.5)• 6.46 (453)< l 0.9 (78.1)< 
Abbreviations: ).;z . apparent terminal elimination rate eonstmt; AUCo.. =areai under the plasma c-oncentration-ti:we 
om't! from time zero up 10 the time ofthe 1.a...-t qumrifiable pla= collOBltration; AUCc..., =area under the: pbsma 
e:oncenlntion-time cun-e from time zero eldrapol.a.ted to :infucity; CL= total clearance; C,..., =time to m ni1mim 

ob<-.-ei·ved plasma concentt-ation; CV = roefficient ofvariation; ON AUCo.. = dOGA?-nonnaliz.ed AUC:O.,; ON AU4... = 
do<-..e--nonnaliz.ed AUCi,,e; DN c_.. = dose-nonn.ilized C. ,.,; SD = standard de..iation; ti~ = appa!rent tenninal 
elimimrion IWf-!ifi; t,,.., =time to mu::imwn olY..en't!d plasma c.oocatrarion; Vu = \-olume ofdistribution illsteady­
mte; V. =;-olume of distnoution during the ten:Dinal pba!ll! 
" N=7 
b Median (min, mLx) presented fort_... 

'N=6 
d Arithmetic mean (SD) pres;ented for t i.. 

Note: Geometric mean (CV"/e) data are presented unless othern-ise stated. 

For Subjec:r (bl15l nonm.l), all phanmc:olcineric parameter.; exc.ept for D~ AUCs were excluded from descriptn-e 

mti....·tics since_the subjed n:OO\-ed 60 µ~ instead of 9Q ~~~·'h for the bsr 50 minutes ofthe 4-hour infusion. 

For Subject (bf(& moderate) , all phannacokinet:ic parameters were e.'tc:luded from descriptn-e statistics sm the 

subject' s plasmap~ticprofile was considered anomalous. 

AUCo...., ON AUCo.... i..,L"" CL, V,, and V e:ould notbe c:alcul.a.ted for Subjects (bl\5 (mild), ltil (& 


(moderate), (tl) 16f(se.-ei-e) , md (b) (SJ(normal) smce iv and t,. coo.ld not be reliably e:;timared. 

Source: Table 14.2.2.l 
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Table 9: 	 Ph;umacoki:uetic Parameters ofl>nbonnd SAGE-547 in Plasma Following 
Iutrnw uous Infusion to Healthy Subjects and Subject-; Tiith Hepatic 
Impairment (Pharmacokinetic Population) 

Hepatic Impairment Cohort 

:'iormal Function :Mild ~ioderate Senr·e 

Parameter (units) I\""=8 N=8 1' = 8 ~ = 8 

C-.,. (nglml..) 0.536 (28.9f 0.554 (28.0) 0.636 (19. Tl 0.569 (34.6) 

DN Cm...... (nwmIJm~g) l.99 (29.2)"" 2.07 (28.2) 2J6(19.2f 2.11 (34.1) 

AU<4.,u (h*ngfmL) l.80(2U)' 1.79 (21.0) 2.44 (28.9)' 2.61 (21.3) 

DNAUCo...11 6.74 (20.3) 6.66 (21.2) 9.07 (28.5)' 9.66 (21.1) 
(h*ng/ml.Jm§"kg) 

AU<4-,11 (h*ngfmL) 1.97 (19.2)1> 1.90 (19.7)• 2.67 (32.5)" 2.86 (2 lJ)b 

DNAU~ 7.32 (l7.6)' 7.09 (19.8)• 9.94 (32.2)" 10.6 (2L2)b 
(h*ng/ml.Jm§"kg) 

CL,, (llhllg) 137 (19.3)• 141 (19.&)' 101 (32.2)b 94.4 (2L2)b 

v.... (I.Jlg) 1330 (69.6)• 810 (22.1)' 1640 (58.6)b 1750 (58.l)b 

V..... (Vkg) 524 [16 .7)" 327 (26.6)" 703 (57J)b 918 (71.7)b 

f., 0.00625 (14.6) 0.00690 (11.7) 0.00955 (2L8) 0.0116 (14.1) 
Abbrei;iatiolllS: AUC:O... =~a UDdeT the plasma concentration-time cun-e from time zero up ta the time ofthe last 
qu=filiable plasma c:onoamation; AUC.... =area mider the plasma c:oncmtrarion-time curve from time zero 
e..'Ctrapolated to infinity; CL = tobl ~; c ..... =time to maximum obsen-ed plasma c:oncemration; CV = 
coefficient oh.-aiiatian; DN AUC:O... = dose-narm.iliz.ed AUC...; DN AUC- = dose-normalized AU4.,.; DN c_ = 
dose-nonna.lized C...; t = fraction unbound; V .. =~-olume of<tistnbution at steady-state; V, = i;olmne of 
di.siribution during the terminal phase 
"N = 7 
"N = 6 
Note: Geometric mean (CV°/e) .data are presented unless o:then\U!, stated. 
For Subjecr (b) <

5l(nazmal), all pbarmacokineric: p~ exc.ept for DX AUCs uwe excluded from desc:riptn-e 
stati...."'tics ~~ subjed recen-ed 60 µg:.lkgfh instead of90 ~·1dlq~·b for the l.atst 50 minutes oftbe 4-bour infusion. 
For Subject (Ii) (SJ moderate), all pharmaeokinetic parameters were e.~luded from descripfu-e statistics since the 
subject's plasma phe.nnac:okinetic prnfile was considered anomalous. bllS il I 
AUC-0..., DN AU . A,,. t CL, V,, and V...._c::oul.d notbe calc:tda~ for Subjects (mild), bl 

6 

(moderate), (b) <6 (~·ere), md bJ (61rnonmJ) ~ I.., and t,. could not be reliably e::timared. 
Source Table 14.2.2.2 
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Based on the statistical analysis, geometric LS mean DN AUC0-��X values were similar between 
the mild hepatic impairment cohort and normal hepatic function cohort, while the geometric LS 
mean DN AUC0-��X values for the moderate and severe hepatic impairment cohorts were 35.9 and 
44.9% higher, respectively, than the normal hepatic function cohort (Table 11). Geometric LS 
mean DN Cmax,u values were generally similar across all hepatic function cohorts, being 
approximately 3.9%, 18.9%, and 6.1% higher for the mild, moderate, and severe hepatic 
impairment cohorts, respectively, when compared with that of the normal hepatic function 
cohort. For each parameter and each comparison, the 90% CI was not entirely contained within 
the interval of 80 to 125%. It is notable that 90% CIs excluded unity only for DN AUC0-��X for 
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the moderate and severe impaiiment cohorts. 

Ta.bit" 11: 	 Statistical Analysis of tht" Unlbound Plasma fharmacokin~tic Parameters of 
SAGE-54 7 (Pla.airmacokint' tic Population) 

909'{1 Cl for GeoDJe"tricRatio of Geometric b 
P2rlllllt!tu Hep~tic Geomeni:c LS Me-am (l'est to LS Me:m. Rlrtioc or 
(anits) F1111d io11 Coborl :s l.SMea:n• Compui54ln R.efennce [~]) (I.est to R.efen:are) 

DNAU~u ~fil.d 7 7-(i'9 ),1ild'\.>~ 96.9 (1&.7, 1193) 
(h~'ml./Wg'kg) 

~.ode:rate 6 9.94 :Mod.eIJ!te"' KOJJml 135.9 (109.5, 1158.7) 

Severe 6 l OJS Se>t.we n Nocma! 144.9 (1 16.7, 179.8) 

Nomllll. 7 732 - - -

DN C.-... :\fil.d 8 U 17 i\fild \'S M=.l 103.9 (81.3, 132.8) 
(ng/mllm~/kg) 

~!.oderate 7 136 1t.1oderate\"S l\:onml 118.9 (92 .l , 153.l ) 

Se\we 8 2.11 Se\we \'S Nocma! lO<H (83 .O~ 135.7) 

Nomial. 7 t .99 - - -
A'b«e\iati.ons: AU~= area 1.ll1der the plasma CO:oc&Ltrl!.ti.o.o.-iiDle Cl!L."i\-e from time .zero exb:l.polated to mmmy: C.1 = 
~o:nfufence jnten'BI; C....,. = time to ma.tlmmn obsen'ed plasma co:n.ce:ntmtion; DN = dose nonmf:ized; IS = least square; 
Subj b) <

5 mode:mte beir.itic i:mpmment cohon) l'!.'1!15 excluded from. stati:srical amlJ3is for !DN Cmu. since·ibe Sllb~'s ptas:ma. 
p~o.kinetic profile w-..s c~..rei aJ10Jl!l!.loll5 (DN AUCo-.. could not be calculated fur this subject) . Subject iT51'norma1. 
h-epatic fmldjjon c:dlort) was ei-:duded from smli.sric2.l. analysis for DN C....,. OOc:e !!he subject receil'ed 60 u~'lgih imtr.:d of 
90 ~·:tgi'h fur thi! llast 50 minute; ofcbe 4-h.au" infilijCJD_.:>i:n.ce1~ :l.Ild t~ co'l!!dnot be Ieliably' estima.:ed, DN Al:Q.... could not 
be cakulatedfo:r the following 5UbjKts.: (llf<5J mild), (b) 

16 (mOOcrale}, (b) 16 (severe), :md (bf<61(uon:n&). 
• 	Least ~ me.m; from the mW}'S:is of\'mi:mce model of Illl1lirnl logdam \\we l!r.\ll$f.omied brl to the linear scale u;jng me 

eJo;."J)lmelltiaJ fimcti.OIL 
~ IS ~fean di:trerex:ebel:\\\:!611. te>t and refs'ex:'I! af log Cil!llifomied. dam were trall5fimned iOOck to the limear sade (expressed:;,,; 

ape,rcmr). 
• 90% 'lDmid.em:e inten'lil! fo:r the LS mem difMrence oflog ttllll.Sfu.rmed dam \\-ere tl:!Jlifomr£d bad>: to the linear scale 

(e..,;ptessed a; a percelll:). 
Source: Table l.J.23 .2; Listing 161.5.7 

Safety Results 
Was there any death or serious adverse r Yes F No r NA 
events? 
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In addition to changes in ellZjme ftmction and liver blood flow, hepati.c impairment i.s known to 
cause changes in the amouut. and composition ofplasma proteins. Incre~ing degrees ofhepatic 
.impairment result .in changes in SAGE-547 phannac.O:kiuetics that are cliarac~terirtic ofaltered 
protein binding. Diminished p lasma p£otem binding liberates SAGE-:547, thns enabling its 
accelerated dearanoe from blood leading to the rank-ordered decrease in exposure to total 
(bonnd + nnbonn.dl) SAGE-54 7 that was. ob3ented l\i'ith increased degree of impairmeut 

Follov.'ing co·:r.reciion for protein binding, an innease in exposure to 1mb01md SAGE-547 and ai 

corresponding decrease in de.arance ofunbound SAGE-547 was obseni-ed as impairment 
increased. Bec"1nse SAGE-547 i.s a high clearance, high extraction. compound, this change i.s 
most likely related to changes in hepatic clearance proc.esses such as fo;er blood fiow .a$ opposed 
t:o decreased int,rinsic enzyme activity. 

The largest m."l~tude change in e.xpoSW"e to unbound SAGE-547 was obsetv·ed in AUCO-® for 
fhe severe hepatic impairment cohort, which exhibited a 144.~b incr~ compared to the 
normal hepatic function cohort. In contex.t, therre is ai 150% margin between. 60 and 90 µglkglh, 
ilie doses cw::rently undet" investigation for postpartum depression and a 167% 1llllf'gll between 
90 and 150 µ:!¥kglh, tche doses 1mder study in .super~reftactory status epilepticus. While tche 
present srudy was not p-01.vered to make formal inferences related to safety outcomes, it is 
impo11ant to note that changes in unbound concentrations of SAGE-547 were not associated wdh 
increased tq>01'ts of sonmolence or other safety findings in the hepatic .impairment cohorts. 

An IV infusion ofSAGE-547 was generally well tolerated by subjects wit:h mild, moderate, or 
~vere hepatic impaitment and healthy :subjectcS with normal! hepatic function. 

In consideration ofthe observed pbatmacokinetic changes that are of a similar magnitude to the 
range ofstudied doses., as weU as tile safety results that demonstrate SAGE-547 was well 
tolerated in this population, this stadry does not indicate the need for dose adjustment in subjects 
with .hepatic impairment. 

Reviewer Comments and Conclusions 

7. 	 Studv Design: This was an Open Label, non-randomized, Multi Center, Single Dose, 
Parallel group, safety, tolerability and PK study ofSAGE-547 administered by IV 
infusion to healthy subjects and subjects with hepatic impairment. The overall study 
design was acceptable since: 

o 	 It was a single dose study conducted at the target dose level (90 ug/kglh). 
o 	 IVdose was chosen because it is the intended route ofadministration. 
o 	 Males andfemales, between the age of18 and 75 years were included. 
o 	 The subjects in control group were matched and balanced with subjects in hepatic 

impaired groups w.r.t., age, sex and BM!. 
o 	 Adequate number ofsubjects (N= 32; with 8 subjects per cohort) were included in 

the stud 

271 

Reference ID 44057 47 

http:nnbonn.dl


  
 

 

 

   
 

NDA 211371 Multi-disciplinary Review and Evaluation 
ZULRESSO (brexanolone) 

o The final to-be-marketed formulation of SAGE 547 was used in this study. 

8. Protocol deviation: No major protocol deviations were reported. 

9. Data Analysis (i.e., any outliers etc.): Data from subject # (b) (6)(moderate hepatic 
impairment cohort) were not included in the PK analysis. Plasma concentrations were 
like other subject during the 4 hours of infusion but were anomalously high at 30 min 
after the infusion had been stopped. Though not documented by study personnel, it is 
likely that the PK sampling might have been performed from the same port used for the 
drug infusion leading to sample contamination. 

10. Bioanalytical Method: A validated bio-analytical methodology was used which was 
acceptable. 

11. Inclusion and Exclusion Criteria: The subject inclusion and exclusion criteria were 
acceptable since: 

- The control group in this study was the matched healthy subjects without hepatic 
impairment (i.e., comparable to at least one subject with impaired hepatic function with 
respect to age [±10 years], sex, and BMI [±20%]), which is a standard design element in 
clinical pharmacology studies designed to inform dosage recommendations for patients 
with hepatic dysfunction. 

- The study excluded use of any medications (prescription or over-the-counter), or foods 
rich in flavonoids (such as cranberries) or juice (such as pineapple juice) primarily 
metabolized by cytochrome P450 (CYP) 2C9 (CYP2C9), as in vitro studies indicate 
SAGE-547 has the potential to alter the metabolism of CYP2C9 substrates when 
administered concomitantly. 

- The study excluded use of any medications (prescription or over-the-counter), foods, or 
juices that are strong inhibitors and/or inducers of CYP2C8, CYP2C9, CYP2C19, 
CYP3A4, uridine 5'­
diphospho-glucuronosyltransferase 2B7 (UGT2B7) and UGT2B17. This is acceptable 
because it minimized the chance of any drug interactions. 

12. Pharmacokinetic findings: We agree with the sponsor’s PK analysis and the conclusions 
from the study. 

Overall Conclusion: 
No dose adjustments are recommended for patients with hepatic impairment. 
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CLINICAL PHARMACOLOGY STUDY REVIEW 

PK Study in Renal Impaired 

Study# 547-CLP-104 Study Period: 16-Feb-2016 to 22-June-2016 

NDA 
211371 Zulresso Brexanolone 
IV infusion 

Title 

Objective 
s: 

Open-Label, Nomandomized, Single-Dose, Parallel-Group, Safety, Tolerability, 
and Phaimacokinetic Study of SAGE-547 Administered by Intravenous Infusion 
to Healthy Subjects and Subjects with Renal hnpaiiment 
The objectives of this study were to evaluate: 

•PK profile of SAGE-547 in subjects with severe renal impai1ment compared to 
healthy subjects; 
• Safety and tolerability of SAGE-547 in subjects with severe renal impaii·ment 
compared to healthy subjects; and 
•PK profile, safety, and tolerability of SAGE-547 in subjects with mild and 
moderate renal impaiiment (if emolled) compared to healthy subjects 

Study Design: 

PPEARS THISW:4.'Y01'1--URfGlf'JA[ 
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This \JO'<IS an open-fabel, .nonrandomraed, paralle1-grnnp study that investigated the safe~, 
tolerability, and PK profile of SAGE-547 as ai single int"ravenous (IV) infusion administe,red over 
a period of 4 homi; to subjects with severe renal impairment (Cohort 1) and healthy subj ects with 
normal renal fonc1ion (Cohort 2; controls). Additional cohorts ofsnbjects v.iith mild and 
moderate renal impainnent were to be added, ifnecess ary. based on results of the interim 
analy~.is. The dos.es administet'ed were 30 ~tg/kg/h for 1 hour, folfowed by 60 ~tg/kg/b for 1 ihonr, 
and followed by 90 µgJk!ifih for 2 hours. For all subj eots . renal oohott assignment was 
detennined by estimated gfomeiular filtration rate (eGFR), as calculated using ·the Modli:fication 
of Diet in Renal Disease {MDRD) ,equation. 

Snbject5 were assigned to'cohorts based on their level ofrenal impaimlent in accordance wiru 
the National Kidney Foundation guidelines (Kidney Disease Outcomes: Quality Jnifiab\·e Cliuical 
Practice Guidelines for Cib:ronic Kidney D isease 2002) . Subjects in the severe renal impairment 
cohort were ~lected based on eGFR values that were represented by the range shov..n io Table 2. 
Each :subject milie control cohort V>'<IS to lbe demographically comparable to at least one subject 
with impaired renal :function ivith respect to aige (±10 years), sex , race, and body mass: index 
(B~; ±20%) {see Seciion 9.8). In order to more closely match demographics, control subjects 
were to be selected after subjects wiili severe n~wd impaianent had been enrolled. 

Table 2: Stllldy Cohcn·ts 

Cohort !'.'\"umber ofSubjK'rt'ia Renal lmpairrment Coborrtb ~era (mLJmina. 7 3 m~~.d 

1 8 St!'".-ere 15 to 29 

2 8 Normal (comrol) ~ 

Addition al Cohort'>~ 

3 s ~fi.ld 60 to 89 

4 8 Moda-afe 30 to 59 

eGFR. =e:mmated glomemfar :filtration nte;~IDRD=Moomca.tion of Diet in&!nal I>Bease; min = minllte 
a 	A robl of16 subjects lili'EJle to ibe emo!!ed (eight subjec<ts per 'eohort). Depending on tire le5U!ts oftbe inruim 

analysis, addibonal cohom of subject5 voi.th mild amd moderate renal impalllDl!Dt may ~-e been enrolled (eight 
s11cbjero. pEI" cohm:t). 

b Stages ofrenal i.mpai!nnent \\'l!l-e ba~d on Kidney Disease OufooIDl!5 Quality fuitiafa1! OWical Practice 
Guidelines for Chrome Kidney ~ from the National Kidney FoUllldati.on m2002. 

c eGfiR: Estimate ofGFR lili'a.S based on the 1IDRD equation. 
d iFor co:nnal. control robjects who 1'\'aJI! o~dertba:n70 y~ of age, eGFR'~ >75 mllminfL73m2 were 

accepted. 
Scrnrce: Gmdan.ce for h!!dnsn-y, Food andDrug Administration, PhJirull~tics in Patients ti.i.th 1'mp:a.ired Renal 

Fu:m.ctioo-Study De5ign, Data Amlym. and Impact on Dosing .andl.ab eling. March 2010, Cacal iPhan:cacology, 
Draft Rei.iision l . 

FoHowing a Screening Period ofllJI> to 11 days. subjects who met eligibility critet1a we.re 
admitted to the clinical re!eafch unit on Day-1 (check-w). On Day·l =r.ubjects were 
administered SAGE-547, as a cominuous IV in:fusion ove.r a period of 4 h01irs; the dose regime 
\"·as 30 µ;glkg/h for ] hour, 60 µg/kg/h for 1 hour, and 90 µgll--glh for 2 hours. Subjeds remain 
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m the cfuiic ilmtil Day 3 (Cfulic Diilcfuiige) and retumed for a Follow-Up V1s1t, which was to be 
scheduled on Day 8 (± 1 day) postdose. 

Serial blood samples for detennin.ation ofplasma concentrations ofSAGE-547 and 
sulphobutyletlher beta eye lodextrin (SBECD) were collected prior fo dose administratcion, at 
variom. time pointcs during the 4-hour .info~ions (indudingju.st prior to the end of infusion, while 
tJre pump was still on), and up to 44 hours after the end of the infusion. Ifthe infusion chvation 
was less tJian 240 minutes, then a PK sample was coUected just priot" to the end of the infusion, 
while tlhe pump was still on, and then post-infusion sample'> were collected up to 44 hou1-s after 
t<he end ofthe i.nfti.~ion. Urine samples were collected predo-se, approximately every 2 to 4 hours 
up to 12 hours postdose, and then from 12 to 24 and 24 to 48 hours postdose. 

Safety-related as"SeSsmeuts included physical examinations, 12-lead elec.troc.ardiogrnms (ECGs), 
vitcal signs, adverse events (.AEs), Coh.unbia-Suicide Severity Rating Scale (C-SSRS), and 
clinical laboratory evaluations. These assessments were performed at screening, at specified 
times during the study (Inpatient Con.finemen.t Period), and at the Follow-Up Vi.sit (see Table 4). 
Sedation was as5eSSed ming the Stanford Sleepiness Scale (SSS) at spec.med times, or as 
deemed necessary, and was used t.o determine ifit was safe t.o proceed with the dosing regimen 
or if dose adjustments needed to be made (Section 95 .1. l.7). For this pmpose, the SSS was to 
be perl'onned aft:er all othtt assessments so that subjects were as awake as possible, or subjects 
were to be awakened, ifnecessary, and imi rncted to report their leve] of sleepiness. All AEs, 
whether vohmteered, elicited, or noted on physical examination, wei-e to be recorded throughout 
t<he study (ie, from screening, Day -1 ( che.ck-in) through the remainder of the Inpat<ient 
Confinement Period [Days] , 2, and 3 (Clinic Discharge)] and the Follow-Up Visit). 

Thi'> study was a reduc.ed d~gn in c;ubjects with severe renal impairment (Cohort 1) and 
su.bjectcs wfoh nocmal renal function (Coho11 2 I[controlsD- Subjects w ith mild and/or moderate 
renal impaiiment \\'ere only to be emolled after the severe renal impaii:meut and control cohorts 
had completed Day 3 (Clinic Discharge) and the interim. analysis had been perfotmed. Ifa 
two-fold or g.reate.r increa<;e in total e.xposure was o.bsen•ed in the severe renal impaiiment cohort 
compared to controls, then a full renal impairment study was to be conducted and additional 
su.bjectcs with mild and .moderate :renal impairment were to be enrolled. The interim analysis did 
not show a rn•o-fold or greater increase in total exposure in the severely imp.aired cohort 
compared to controls, so the study was completed as a reduced study, with no additional subjects 
enrolled. 

The study design schematic is shown in Figme 1. 

Fign~ l : Smd)- Design Schema tic 

I InpanentConfinemt!nt P~riod I 
Treatme.nt (1) As;e;~m.ent; :md 

Scl"ffnine: Cbedr-in and A~sessments Clinic Di~h.uee f ollow-U"P Yisit 
Days -28 to -2 Dav-1 Dav l ffi, Day 2 [)ay 3 Dav 8 (±1 dav) 

A copy oftihe clinical protocol is provided in Appendix 16.1.L A sample CRF (nniqne pages 
only) is providedin Appendix 16.l.2. 
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1'umber of o;uhj.1tet (planned :10d :u.1.:lb-zed) :. 

Up to 32 sribj ects (eight ps-1ooliio:rt) 1'\--s;e p!~ and l 7 (nine subjects in the se\""ere r;enal impallmen.t col 
md.eight Sl!l.bj eots mthe nomial ~ fimcliom. cohort} WHE! emo!fed D aeaJ.yzed. 

Dfa,goo®.s :mdl main ~ri.t!!.ri.'11 for inchW.cm: Subjects ·\\iith l"enal impainnent (a:; clas:ri£.ed ·b)· e.GFR [.se'\"E 
:moderate, or mildD or l?ea!thy:mbjeds 

Teo;t product, ,cfose·an d mode ofadloinis:tntion. bart€'h numkr. 

SAGE-547 fujecti.o:m. 5 mgfml., diluted with :;terile ivafa foriajecti.om.. Continuous. IV infusion of SAGE­
:increa:cing doses 1o't·er4 h-oun: 30 JL~l'hr for 1 hour, 60 Jtg/k~thr for 1 hour, and 90 µgjkgihr fo:r 2 ho~ 

The ~drug lot Dllmber for .SAGE-547 \vasB15049.3. 

APPEARS-THIS"WAY'UffURIGlffAL: 

Product Used: 

I e>t produd, dose and mo d!e ofa d:minis.twa·rion. bateb :number. 
SAGE-547 fujection 5 mgfml., diluted 1vith.sten!e water for injection. C.ontinUOU5 IV m!liusronof SAGE-547 a 
increasing doses o~·er 4 lwurs: 30 ~Lefkgihr for 1 hour, 6{I ~Lgf.k~ibr for l hour, and 90 ~kg/hr for 2 hom~ 
The studydmg lot munbe:r fo:m: SAGE-547 ivasB150493. 

IV infusion 
Route of 
Administration 

For each subject, the following PK parameters were calculated based on 
the model 
independent approach and, whenever possible, based on the total plasma 
concentrations of SAGE-547 and 

PK Sampling 
Times and 
Parameters 

SBECD: max imum obse1ved plasma concentration (Cmax), dose 
nonnalized Cmax (DN Cmax), time to maximum 
obse1ved plasma concentration (tmax), area under the semm 
concentration/time cmve (AUC)O-t, DN AUCO-t, 
AUCO-oo, DN AUCO-oo, apparent tenninal elimination rate constant (A.z), 
apparent terminal elimination half-life 
(t'l-2), total clearance (CL), Vz, and Vss. 
Unbound PK parameters for SAGE-547 may have been calculated using 
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Safety 
Parameters 

fu. 
For each subject, the following urinary PK parameters were calculated, 
whenever possible, for SAGE-547 
concentrations: amount of SAGE-547 or metabolite excreted into urine 
over a collection interval, cumulative 
amount of SAGE-547 or metabolite excreted into urine, percent of 
administered dose excreted as SAGE-547 
into urine over a collection interval, cumulative percent of administered 
dose excreted as SAGE-547 into urine, 
and renal clearance calculated only for SAGE-547. 

Pharmacokinetic blood samples were collected on Day 1, Hour 0 
(predose), 30 minutes, approximately 60 minutes (just prior to dose 
adjustment from 
�� ȝJ�NJ�K WR �� ȝJ�NJ�K�� �� PLQXWHV� DSSUR[LPDWHO\ ��� PLQXWHV �MXVW 
SULRU WR GRVH DGMXVWPHQW IURP �� ȝJ�NJ�K WR �� ȝJ�NJ�K�� ��� PLQXWHV� ��� 
minutes, 
approximately 240 minutes (just prior to end of infusion, while the pump 
was still on) after the start of infusion, and at 0.5, 1, 2, 3, 4, 8, 12, 20, 32, 
and 44 hours 
after the end of the infusion. Additionally, a PK sample was to be 
collected just prior to any unplanned dose adjustment (i.e., in the event 
that a subject became 
overly sedated or dosing of severe renal impairment subjects). If the 
infusion duration was less than 240 minutes, then a PK sample was 
collected just prior to 
the end of infusion, while the pump was still on, and then post-infusion 
samples were collected at the same time points after the end of the 
infusion as specified above up to 44 hours after the end of the infusion. 
Urine samples were collected predose and within 0 to 4, 4 to 6, 6 to 8, 8 to 
12, 12 to 24, and 24 to 48 hours 
(Day 3 [Clinic Discharge]) postdose 

Safety-related assessments included physical examinations, 12-lead 
electrocardiograms (ECGs), vital 
signs, adverse events (AEs), Columbia-Suicide Severity Rating Scale (C-
SSRS), and clinical laboratory 
evaluations. These assessments were performed at screening, at specified 
times during the study (Inpatient 
Confinement Period), and at the Follow-Up Visit. Sedation was assessed 
using the Stanford Sleepiness Scale 
(SSS) at specified times, or as deemed necessary, and was used to 
determine if it was safe to proceed with the 
dosing regimen or if dose adjustments needed to be made. For this 
purpose, the SSS was to be performed after 
all other assessments so that subjects were as awake as possible, or 
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subjects were to be awakened, if necessary, 
and instructed to report their level of sleepiness. All AEs, whether 
volunteered, elicited, or noted on physical 
examination, were to be recorded throughout the study (i.e., from 
screening, Day -1 (check-in) through the 
remainder of the Inpatient Confinement Period [Days 1, 2, and 3 (Clinic 
Discharge)] and the Follow-Up Visit). 

PK Moieties Sage-547 

PD Endpoint(s) None 

Statistical 
Methods 

All PK analyses were conducted using the PK Population, defined as all 
subjects who started the infusion of 
SAGE-547 and had at least one quantifiable PK concentration. Plasma 
concentrations and PK parameters for 
SAGE-547, SBECD, and any metabolite of SAGE-547 (if assayed) were 
summarized by renal impairment 
group using descriptive statistics and supporting figures were presented as 
appropriate. 
The effect of renal impairment in the severe cohort (test cohort in the 
reduced study design) was compared to 
the control cohort (reference cohort) using the PK SDUDPHWHUV $8&� DQG 
Cmax for SAGE-547 and SBECD. The 
3. SDUDPHWHUV $8&� DQG &PD[ IRU 6$*(-547 and SBECD were log-
transformed (base e) prior to statistical 
analyses and analyzed using the Proc Mixed procedure in SAS®. The 
model included renal function group as a 
fixed effect. 
Mean differences were calculated between the subjects with severe renal 
impairment and subjects with normal 
renal function. The residual variance from the mixed model was used to 
calculate the 90% confidence interval 
(CI) for the difference between the test and reference cohorts. These 
values were back transformed to give the 
ratio of geometric least-squares means of the test cohorts relative to the 
reference cohort and the 90% CI for the 
ratio. No adjustment was made for multiplicity. For each renal impairment 
cohort, the cohort was concluded to 
be bioequivalent to the control cohort if the 90% CI for the ratio of 
geometric means for the respective renal 
impairment cohort were contained within the interval of 80% to 125% of 
the reference cohort for both Cmax and 
$8&�� 
The Safety Population comprised all subjects who started the infusion of 
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SAGE-547. Adverse events were 
classified by type, incidence, severity, and causality. The overall incidence 
of AEs was summarized using the 
Medical Dictionary for Regulatory Activities (MedDRA) Version 18.0 
coding system and classified by system 
organ class and preferred term. Subjects were counted once per preferred 
term. 
Safety data from vital signs, clinical laboratory measures, ECG, SSS, and 
concomitant medication usage were 
also summarized. 
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Analytical Method 
Method Type LC/MS/MS I Matrix I Plasma 

Analytes 
Sage-54 7, metabolites were not assessed 

P" Yes 
• Method validated prior to use 

r No 
Talidation 

P" Yes 
• Method validation acceptable 

r No 

tudy 
ample 
uialysis 

• Samples analyzed within the established stability period P" Yes 

r No 

• Quality control samples range acceptable P" Yes 

r No 

• Chromatograms provided P" Yes 

r No 

• Accuracy and precision of the calibration curve acceptable P" Yes 

r No 

• Accuracy and precision of the quality control samples acceptable P" Yes 

r No 

• Overall perfonnance acceptable P" Yes 

r No 

Study Population: 

• N= 17 subjects (Health with n01mal renal function= 8; Severe renal impairment = 9) 

r\"umber of -.ul1jKt (pb.nnedl and :in.'lllyz~) :·

lip to 32 subjeots (eigltt :per ooho:rt) were ~arrmed..and. 17 (nine subje.cis: mth-e se\"e£e rem.al.:imp.a.ll:mmt coli 
md.eight subj ects mthe normal1!l!:J!\ill fimction1oo!tmt) Wt!:l"e- enrol!ed armd.aml;""Ze.d. 
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Table 1: Demography of subjects 


Inclusion Crietria:
	

APPEARS THIS WAY ON ORIGINAL
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Exclusion Criteria:
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PK Results 

• 	 Systemic exposure, based on Ccnax and DN AUC-o=, to total SAGE-547 was 34.2% 
and 29.6% lower, respectively, in the severe renal impairment cohort compared wifu 
the noimal t'ellal function. coho11; the 90% Cls for the geometric LS mean ratios.were 
not con.fained entirely \\i"i thin t.he interval of80% to 125%, indic-ating that equivalence 
between subjects with severe renal impairment and those with normal renal function 
could not be concluded. 

·• 	 SAGE-547 was highly plasma protein bound, y;<i.th geometric me-an fraction unbowid 
values of0.00683 and 0.00661 for thenonnal renal funct~onand seven~ impa:llment 
coho11s.. respectively. 

• 	 Systemic exposure, based on Cnn,u and DN AUCo4>.U. to unbound SAGE-547 was 
34.0% and 30.6% lower, respectively, in the s.evere .reual imp.ainnent cc0hort 
compared with the normal renal function cohort; the 90% Cls for the geometri.c LS 
mean ratios were not contained entire!y within the interval of800/o to l 25%. 
indicating that ·equivalence between subjects with severe renal impairment: and those 
with nomial r;enal function could not be oonduded. 

• 	 Renal excretion ofunchanged SAGE-547 was negligible, with less than 0.1% ofthe 
dose excreted in mine over the 48-hour collection period iu all subjects. 

,. 	 Systemic exposure, based on Cmax and DN AUCG.= to the e."<.cipient SBECD was 
1.72- and 5.5l -fold higher, respectively, in the severe renal impaim1ent cohort 
compared with the normal renal mnction cohort; the 90% Cls for fhe geometric LS 
mean ratios were entirely above the i:nter•ral of 80% to 125%. 

Figure: Arithmetic Mean Plasma Concentration-Time Profiles of Total SAGE-547 
Following Intravenous Infusion of SAGE-547 Injection to Subjects with Normal Renal 
Function and Subjects with Severe Renal Impairment 

APPEARS THIS WAY ON ORIGINA[ 
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Table8: 	 Summary of Plasm a and Cumulatin Uri:Jia1·y Pliu marnkinetic Parnmete1·s 
of Total SAGE-54 7 Follov;ing lntrannous I11fusio11 of SAOE-54 7 Injection to, 
Subjer t"> 'llitl1 :'\ormal Renal Fumtiou and Subj ects wirth Senre Renal 
Impairment (Phar macokinetic Popula tion) 

iRu1al Impairment Cohort 

Normru Se,.-ere 


Parameter (units) 
 N = S N = 9 


C..u.(ng/ml.) 
 983 (17.9) 64.7 (243)1' 


t..-(b)" 
 3.98 (3.50, 4.00) 3.:50 (2.5{1, 4.001 

AUC<i.. (h*ng.'inL) 312 (17.4) 233 (25.6)1' 


DN AU~ (b*n.gfml.lmgilg)1 
 1160 (17.0) 861 (21 .0) 


AUCo,.., (h*nglwl.) 
 216 (262)< 


DNI AU~ (h*ngfm!Jmg}kg) 


32:7 (17.1) 

1220 (16.6) 8:57 (20.6)1' 


lz (lib) 
 0.1 17 {39.6)G 


t lf2 (h)d! 


0.0981 (61.0) 

&. 12 (4.56) 6.11 (2.40Y 


CL (Uhll ,g) 
 US (24.8)G 

V4(Ukg) 

0.821 (16.6) 

S.37 (60.9) 10.0 (28.6)<' 


v.. (IA,g) 
 3.80 (2.82)<•3.0I (55.8) 

CumA~(mg)a 0.00800 (0.00319)1 0.00176 (0.000700)1 


Cmn '~fec>..<>t (%i 
 0.0358 (0.0120)" 0.00829 (0.00353)• 


CL11. (llhl'kg)c11 
 0.000290 (0.0000'881)1 0.0000877 (0.0000314)• 

Abbratiations: AUCo.i = area m:ider the p!aisma oo:n.oeentrarion-time cmi.-e from time 0 {How- 0) up to the time ofthe 
last quantifiable plasma c~mration; AUCo...., =are-a under the plasma concentrati.on-iime cunre from time 0 

(Hour 0) extrapolated to infinity; CL =total clearance; Ci.J. =rmal cle~; C.- =.mr.rimum observed plasma 

concentration;. Cum AE!G41 = ,C'UDJll!atn-e 2llllOW!lt o:f' SAGE-547 1excreted mt<> mine up to 48 hours postdose; 

Cum %Fe~ = cumulafa-e pei-cent ofadministered dcr~ excreted as SAGE-:547 mto urine up to 48 hours postdose; 

DN = dose oorma!ized; PK = pharmarokllr.etic; SD = standard de•iation; =apparent te:m:rinal el.im:ination half~li&; 


t-& =time to maximum observed plasma ccmce:ntrati.on; ).;:r_ =apparent tami.nal elimination rate constant; V.,. = 

volume ofdistributi<>n ait steady-state;. V ~= volume o:I distiibution dwm,g the temllnal phase 

Note: Geometric mem (CV•A.) d.at! are pre;ented wtless o'lhernise stated. 

Fo:r Subject n5 sei.-ere), ).,. and :A..r<lependem pa:ramet&s (AUCo...., DN AUCo...,, ~. CL V,, and V,.,) -were 

excluded from _~tii.,"E! statistics since t'A, exceeded halfthe total sampling mtei•dl. (24 hours).


16 (sei.­Fo:r Subject (bJ ere), all PKparameters e."l:e:e,pt for DN A.UC.s '\\-ere excluded D-om cfesaipti,·e stati..1ic:s due to 
dose reduction to 60 µgikgfh for the final 70 minutes ofinfusion. 
For Subject bH

5
I(no1mal), 0.-, Cum Ae,, and Cum %Fe oould not be calculated after 6 hours sine.e mine '-oid for 

the colledion ~od of 6 to B hom-s was dropped by subject. 
For Subject lbH5f(sei.·e:re), ,.., and ).,,....dependent pa:raml!ters (AUC~DN AliC:O...., tv., CL, V,, and V..) cou!d iwt be 
calculated ~.).,. and t,,. could not be reliably e:;timaM 
For Subject (b) 16 (sei.·e:re), all PK parameters e.-.ceyt for DN AU Cs '\\-ere ~duded&om desciiptii.;e stati..-tic:s as 

subject had dO"..e taper b eginning at 1.:5 hours and did not r;ece\.'e complete 4-hour infusi:oo. 

aN = ?. 

" Mecfum (min, i:mx) presented for t-... 

c N = S_ 


d Arithmetic me.an (SD) p~ented fort,,., Cum Ae.,~.u, Cum ~'Ofeo-.~ md C4. 
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Table 9: 	 Summary of Plasma Pharmacokinetic P ru-ameters ofl:nbonnd SAGE-547 
FolloTii ng lutm..-enous Infusion of SAG.E-5.t7 Injection to Subject<; ''ith 
:'.\"ormal Renal Function and Subject<; Tiith Senre Renal Impairm ent 
(Phannacokiuetic Population) 

Par ameter (units) 

~n:d lmpairmmt Cohort 

J\orm."\l 

N = S 

Se;ue 

N = 9 

C,,...,. (ngfmL) 

fl.UC...,. (h*nglmL) 

DN AUC...,. (h~ml.Jmg:lkg) 

AUCO... " (h*ngfml.) 

DN AUC......,.. (h*nglmllmp'kg) 

CL.(Uhlkg) 

V...,. {Ilkg) 

v..._. (I.Jkg) 

f, 
-

0.671 (23.6) 

213 (205} 

7.95 (20.3) 

2..23 (20.4) 

&.3 ] (20. 1) 

120 (20. 1) 

1230 (62.7) 

44] (5&.6) 

0.00683 (16-4) 

0.443 (33-5)" 

U9 (30.0)" 

5.70 (27.9) 

].60 (35.9)" 

5.76 (30.8}1 

166 (34.9)" 

1410 (262 )" 

535 (20.6)" 

0.00661 (26.4) 
.Abbrl!\utlons: AUC = area under the plasma conoemranon,time cmn; AUCo...,. =unbound area under the plasma 

concentration-time c-wi.-e from time 0 (Hour 0) up to the time ofthe wt qua.ntifiab!.e plasma concentration 
AUCii... =area Ulll!er the plasma concentration-time curve from time 0 (HOOl" 0) el[trapo~ to infinity; AUC.,...,,.. = 
unbound are.a under the plasma C'.O!K'elllration-time C"\lll"'E! from time 0 (Hour 0) exirapolated to infinity CL. = 
unbound tottl clear.mc:e; C.... =maximum ob~-ed pl.asma conoenlration; C,,..._. =maximum obzl!li;-ed plasma 
concentration; D~ = dO"""-e nonnali:ud; fu =fraction =bound; PK= pharmaookinetic; ti~ = appa:rent lamina! 
elimination bal.f-lifu; A.z = apparent terminal elimination rate rol'.l151:ant; V,. = unbound volume ofdistnlmtion at 
steady-state; V ... = unbound ~-olume of<lislnb:ution during the terminal phase 
Geomemc mem ~CV%) da.ta :m presented. 
For Subjec (b) <5 m-ere), A., and:kr<iependent panmeten (AU~.., DN AUC......,., CL., V ""' and V..,..) v.we 
e.""Ccluded fr m de:-.>Criptive statistics since ti.. e.""Cceeded half the total sampling inten;al (24 hours). 
For Subject (b) <5>sev&e), all PK parameters e.""Ccept for DN AUCs Wl 'lt! excluded Ji-om de5ctlptive statistics due to 
dO'""..e redudicm_It> 60 µg,'kg:lh for the final 70 minutes of infusion. 
For Subjec1 b) <61(m-ere), A., and:kr<iependent panmeten (AU~.•• DN AUC....,.., Cl.., V'""' and V..,..) could not 
be cakulated sincy A., and t~ could not be reliably estimated. 
For Subject (b) <5>s~·&e), all PK parameters e.""Ccept for DN AUCs Wl 'lt! excluded Ji-om de5ctlpti•·e statistics .15 

subject bad dose taper beginning at ] _5 homs and did not recei~-e complete 4-hour infusion. 
"N=7. 
11 N=5. 

291 

Reference ID 44057 47 

http:SAG.E-5.t7


NOA 211371 Multi-disciplinary Review and Eva luation 
ZULRESSO (brexanolone) 

Table 10: 	 Statistical Ana lyses of th.e Plasma Fharmacokinetic Paramete1'S ,of T,otal am.di 
U oboundl S.AGE-547 (Pha1·m acoki::netic P'opn]a tion) 

Renal l ml)::tiirment ~ometriC' Ratio of~metn.~• 90%1 Ch of the 
P arameter (unit~) Coh.ort ~ LSMe;nn;i Com,p::i1ison LS ~Iea1u; (%) Ratio' 

C11.u (ng/mL) Noi:nul 

Seii·ere 

8 

7 

98.3 

64.7 

Seve.re vs.. 
Nonna! 65.8 (54.4, 79 ..7) 

ON AUCo...c 
(h*J?gfmIJmgll:g) 

Normal 

Se.ere 

8 

7 

1220 

857 

Se\11!H! 1;;5.. 

Nollnal 70.4 (59.5, 83-3) 

Cu.a.,u~lmL) ~o:i:mal 

Sl!\-e.re 

8 

7 

0.671 

0.443 

Se\·ere \'!>.. 

Nor.ma! 66.0 (S U , 85-3) 

(55.1 , 87-3) 
DNAt:C.....:... 
(h~g'milmg/k{;:) 

-

Noi:nul 

Se.ere 

8 

7 

8-3 1 

S..76 

Severe 't·s.. 
Nonna! 69.4 

..
Abbre>ut:J.oDG: AL~ = .ill-ea un.da- the p!asma c~trahon-t1me cmi.'E firom tune 0 (.Hom 0) emapol.amd to 
infinity; AUCc.....,.. =unbound area mide.- the plasma ool!l.Centration-tiime cm"'"e from time 0 (Bour 0) extrapo!a.ted to 
infullty; Cl = confidence interval; c_= ma....Qmll!Ill oosen·ed pla5llla concentration; Cu.u,. = maxinmm. o'bsai.-ed 
[pbsoncoll:Cell.tratioa; DN = do!:;e oo~ LS =lea.-t sqUMe5; t~=apparent tenninal e.liminafion balf-life 
The C...... and c_ ... datat for Subject Ill> < 

5 (s.e\11!l"E! 1"E!nal impmment cob.mt) were excluded fiu m statistical analyses, 
ai; dte subject !bad dose taper beginming at 1.5 hours and did not receive eomp!ete 4-hom· mfusion. 
The C,.,.1 <!ind C- ... data for Subject (bTI5 (s.e\·a-e i"E!nal impmmmt cohmt) were excluded fi-o:m statistical analyses 
due to dose· :reduction to 60 pglkg/h for the final 70 minutes ofthe i.nfu5Wn. 
The D~ A.UC.-~ imd IL'! A.UCo..c..u data for Subject ITT5 (severe renal impairment 'cohort) \\'Ell! excluded from 
statistic.al analyses ~ t ,., ~ceeded half the total s~!i.11g inter\.U (24 hours) .. 
"' Least square:; :me.ms from the ana!ysjs oh-;uimce model of maima! log data were transfoIIDed back to th£ illnear 

scale using the 1e.'CpOneJ!.ti.:al fimdio:n.. 
b .Least squares mem difference ber:v.-een test md i-eference of log-b.-;ms;!onned. data \ve:re tramfomied back to the 

linear scale (expr5sed as a percent). 
c 900'. Cls for t1!ie LS mean diffe:renc:e of!og-0--.:.nsformed data u'El·e transformed hack to the lin.ear scale· (expre5sed 

as a percent).. 
Souroe: Table 14.. 2.3.1 <md Table14!2 ..3.2 

Effect on Excipient (SBECD) 

APPEARS THIS WAY ON ORIGINAL: 
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Table 11: 	 Summary Pfasma Pharmacokinetic Pai-ameters of SBECD Follolling 
Intra...-euous Infusion of S . .\.GE-:5H Injection to Subjects mth Kormal Renal 
Function and Subjects mth Senre Renal I mpainnent (Pharmacokinetic 
PopnL1tion) 

P 3r:imeter (UDits) 

~n.~l lmp3irlllentCohort 

l\orm."\l 

N = S 

Se;ue 

N = 9 

c ..... (µg/mL) 

t,-~'f 

AUCo.. (h*µ!efml.) 

D~ AUC... (h•µg!mllmglkg) 

AUC'.o..o (h*µ~1ml.) 

D~ AUC..... (b*µ~ 

~(lib) 

tin (b)< 

CL (!Jh.lkg) 

V. (L'kg) 

v..{LJkg) 
-

40_5 ('lU) 

3-98 (3.50, 4JIO) 

133 (19.7) 

9.96 (19. l) 

146 (19.2) 

10.9 ( l&.5) 

0.440 (4 1.6) 

l.70 (0.820) 

0.0920 ( l&.5) 

0.209 (46. l) 

0.218 (28.8) 

69.7 (13.0)" 

3-98 (2.50, 4.50)1 

769 (24.0)1 

56.4 (24.0) 

799 (24.5)" 

60.0 (22.1) 

O.OS88 (33.3)" 

8.14 (2.39)" 

0.0167 (23.0)" 

0.188 (l3.7)" 

0.187 (1U)" 
.Abbm;utions: AUC =ai·ea under the .c:un-e; AUCiM =i!11!3 under the plasma. co~on-tmie c:un·e from time 0 

(Hour 0) up to the time of lbe last quanrifia.ble plasma conoentntion; AUCo.,,_ =ai-ea under the plasma. concentration­
time cm·ve from time •O (Hour 0) extrapolated to infinity; CL = total cleara=e; C.... = maximlllllo bsen .-ed plasma. 
co!ll'elllration; D~ = dose nonnalized; PK = pbanmcokinetic; SD = standard deviation; t>~ = apparent tenninal 
elim ination balf-lifu; t,.,.. =time to maximumob--..en-ed p.las:ma concentration; l,z = appaiert temllnal elimination 
rate conmnt; V,. = volume of dism.lroiionat stead:y-sta.14?!; V. =\-olume ofdislnliution d:urin,g ihe terminal pbze 
Nore: Geometijc m.!m (CV%) data ill1! presented 1JD!ess otberRise sta.ted. 
For Subject (b) (S (se>·ere), all PK parameters ""~.Ut for DN AUCs l\-et-e excluded !-om de5ctlpti..-e sta.tb-tics due to 
dose reduction to 60 µ~•kglh for the final 70 minutes of infusion. 
For Subj~! (b) (SJ 51!\1!11!) , all PK parameters except for DN AUCs l\'el1! excluded from de=iptin ::;tati...-t:ics as 
~bjed: bad dor..e taper be~ ar ] .5 houn and d:id not r&ei\-e complete 4-hour infusion. 
0 N = 7. 
b Median (min, ma..-:) presented for t_.. 
c Arithmetic mean (SD) presented for t ;o.. 
Source: Table 14.22.l 
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T able ll : 	 Statistical Ana tysis of the Plasm a PliannaC'okinetiC' Param etet'<J of SBECD 
(Pha1·maroki11etir P opulation) 

Par:unetu Rt!nal lmpail'lllt!nt Geome1rfo R atio of Geometric 90% Cls of'the 
(UDin) Cohort N LS M un• Comp::uison "LS Menus (~•) Ratio' 

c_(ugfmL) Nonna! 

Se\-era 

8 

7 

4Q.5 

69.7 

Se\wel"S. 
INorma.1 

112..3 (146.4, 202.8) 

DN AUC.... 
(h*p~lkg) 

Nonna! 8 10.9 Se•.-ere vs. 
INorma.1 S.Sl.6 (4642, 65.S.4) 

Seve~ 9 60.0 
Abbreuatlons: AU~, =;uea under the plasma ~oecentrab.on-tune cun.-e from tune 0 (Hour 0) extra_oolated to 
infinity; a = confidence inten-.tl; c_ = maximum absen·ed plasma collC!eiltration; DN = dose no11mlix.ed; 
LS = l.e.ast ~ - l 
The C.,,.. daa for Subj ecr (b) 16 

sawe renal impairment cohort) \\~-e excluded from statistical aIJ3.lr...e;, as the 
subject bad d~ at 1.5 homs and did not receive complete 4-hour infusion....e taper be~ 
lbe C.,,,.. data for Subj ect (b) (S)sa ·ere rem! impairment rohort) \\~-e e."tcluded Ji-om statistical analyses due to dose 
reduction to 60 µ~~b for the fiD.a.l 70 minut~ ofthe infwion. 
• 1.ea...'i square; me;m:;; from ibe anaJym of \4rimoe model ofnatural log data \\we transformed b.ac:k to lhe ~ 

scale using the exponential function 
b Least squares mem diffe-ence ibem·een lecst md reference of log-nansf01med data were trmsfonned back to the 

!.ine.arscale (~sed as a percent) . 
c 90"/e Cis for the LS me.an differeDC!e oflog-transformed data wei-e transformedback to the lmearscale (e."Cpre:ised 

as: a percent). 
Source: Table 14.233 

Safety Results 
Was there any death or serious adverse r Yes F No r NA 
events? 

• ' 	 ~o .subj ect died or ba:d a sei-i.ous or severe TEAE. 

• A total of h\'O ofthe l 7 subjects eiq>&ie.nc~ed a total of four TE.AEs; both subj eds \\'ere in the sevei;e 
renal impairment cohort. All four TEA.Es 1"~ mi!d and cons:idei-ed pos;.i'bly related to study ~ 

• 	 Th.ere uwe no disoontimiatioru: or dose adjushoents d:ue to TEAEs; ho....'e>er, m'O subjed"i milhe 
sei.reJ!I! renal i.mpa.irment cohort had infusion rate raduclions., v.i.th .subsequent early te:i.rmimation of 
mfhsion moneofthe subjecb, b.'"lSed on SSS findings, as .specified in the protocol 

• 	 i\tle4D increases from baseline m SSS score ••tere greatest bem't!En 1am3 homs after the start ofthe 
im..fu.cioo., .and.were sl..igb:d1· greater for subj eds .mtlte .se\-ere renal ~ cohort '-ersus ilhe n.01mal 
renal fimction cohort. 

• 	 Laboratory test results, •'it:al signs, and ECG p~rs li.\~re U!ll1emarkable o•~ the coUTSe ofthe 
.study. 

• 	 ~opost-infusion suicidal idea.ti.om. or bel!ia:•-iors 1vere repclted •"ia CSSR.S. 

Overall Sponsor Conslusions 
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This open-label, nourandomized, parallel-group study of subjects with severe renal impainnent 
and healthy subjects with normal renal function demonstrated that administration of a 4-hour IV 
infusion of SAGE-547 resulted in modestly decreased exposure to SAGE-547 in subjects v.'ith 
severe renal imp.ainnent as compared to he.althy oontrols_ SAGE-547 was well tolerated in thic; 
.:;tudy. 

Reviewer Comments and Conclusions 

13. Studv Design: This was an Open Label, non-randomized, Multi Center, Single Dose, 
Parallel group, safety, tolerability and PK study ofSAGE-547 administered by I V 
infusion to healthy subjects and subjects with renal impairment. The overall study design 
was acceptable since: 

o 	 It was a single dose study conducted at the target dose level (90 ug/kglh). 
o 	 I V dose was chosen because it is the intended route ofadministration. 
o 	 Males andfemales, between the age of18 and 75 years were included. 
o 	 The subjects in control group were matched and balanced with subjects in renal 

impaired groups w.r.t., age, sex and BMI. 
o 	 Adequate number ofsubjects (N= 17; with 8 subjects in normal and 9 subjects in 

severe cohort) were included in the study 
o 	 The final to-be-marketed formulation ofSAGE 547 was used in this study. 

14. Protocol deviation: No major protocol deviations were reported. 

15. Data Analysis (i.e .. anv outliers etc.): There were no outliers and the PK data from all 
subjects were included in the analysis. 

16. Bioanalvtical Method: A validated bio-analytical methodology was used which was 
acceptable. 

17. Inclusion and Exclusion Criteria: The subject inclusion and exclusion criteria were 
acceptable since: 

The control group in this study was the matched healthy subjects without renal 
impairment (i.e., comparable to at least one subject with impaired renal function with 
respect to age [±JO years}, sex, and BM! [±20%}), which is a standard design element in 
clinical pharmacology studies designed to inform dosage recommendations for patients 
with renal dysfunction. 
The study excluded use ofany medications (prescr;ption or over-the-counter), orfoods 
rich inflavonoids (such as cranberries) orjuice (such as pineapple juice) primarily 
metabolized by cytochrome P450 (CYP) 2C9 (CYP2C9), as in vitro studies indicate 
SAGE-547 has the potential to alter the metabolism of CYP2C9 substrates when 
administered concomitantly. 
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- The study excluded use of any medications (prescription or over-the-counter), foods, or 
juices that are strong inhibitors and/or inducers of CYP2C8, CYP2C9, CYP2C19, 
CYP3A4, uridine 5'­
diphospho-glucuronosyltransferase 2B7 (UGT2B7) and UGT2B17. This is acceptable 
because it minimized the chance of any drug interactions. 

18. Pharmacokinetic findings: We agree with the sponsor’s PK analysis and the conclusions 
from the study. 

Overall Conclusion: 
No dose adjustments are recommended for patients with renal impairment. However, due to the 
potential accumulation of SBECD, caution should be used in patients with moderate and severe 
renal impairment and use is not advised in patients with ESRD and eGFR < 15 mL/min/1.73 m2. 
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CLINICAL PHARMACOLOGY STUDY REVIEW 

Drug Interaction Study- Effect ofSAGE 547 on Pllenytoin 

Study# 547-CLP-105 Study Period: 04-Mar-2016 to 19-June-2016 

NDA 211371 Zulresso Brexanolone IV 
infusion 

Title 

Objectives: 

A PHASE 1, OPEN-LABEL, TWO-PERIOD, SINGLE-SEQUENCE CROSSOVER 
STUDY TO 
EVALUATE THE EFFECT OF INTRAVENOUS SAGE-547 ON THE 
PHARMACOKINETIC PROFILE, 
SAFETY, AND TOLERABILITY OF ORAL PHENYTOIN IN HEALTHY 
SUBJECTS. 

The objectives ofthis study were to examine the effect ofSAGE-547 on the 
pharmacokinetic (PK) 
ofa single oral dose ofphenytoin in healthy subjects and to compare the safety and 
tolerability of a single dose of 
oral phenytoin alone and in the presence ofSAGE-547 in healthy subjects. 

Study Design: 

9,.1. Overall Study Desiga and t>lan: Desc1·iption 

This was a single-center, open-label, two-period, single-sequence c:rassovef" study investigating 
the effect ofSAGE-547 ou.the PX profile, safety, and 1o.lembility of a single oral dose of 
phenytoin administered to healthy subje.cts. In Period 1, all subjects received pheny1oin as an 
oral dose ai 300 mg, administered as three 100-mg capsules . In Period 2, SAGE-547 was 
administered as an intravenous (IV) infusion foe 110 hours (see Table 2 fm details ofdosing). At 
6 hours after the .stmt of the SAGE-547 infusion., a single oral dose of 300 mg phenytoin was 
administered as tlu-ee 100-mg c.apsules (see Figure 1 for a schematic ofthe study design). 

Table 2: SAGE-547 Infusion Type a ndl Dmrati.011 

Study Day (D) Hour(H)• Type :ind Duration ofSAGE-5~7 Infu sion Description 

D l 

H(-6) fo H(-S) 

H(-5) mH(-4) 

Titration infusion 

l lwur 

l .lwur 

30 ~i.gt'kglh 

60 ~ig.t'kgth 

DltoD5 H(-4) toH96 

M.a.imenance infusion 

l OOhours 90 ~ig.•'kglb. 

DS 

H96 to H100 

HlOOto Hl()4"' 

I ;wer iM.icicra 
4hours 

4hoon 

60 ~i.gt'kglb. 

30 ~ig.t'kgib. 

a. R.eferell.'C:ed to phenyfoin adn:rinistration. 
b The infusion ofSAGE-547 was complete at the end of Hour 104 (110 hours after the start ofdie SAGE-547 

infusion). Subjects m!rE! di.x~d from the clinical re.searehunit on Day 6. 
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Figu~e I : Study Des~ 

Period 1 

Phel"l'IO::O n 300 fl"I: 

l 

P8 lod 2 

Pl"l!f'tftol" 300 me 


l 
: : - SI: Ir• PK prahb --~ 

&'.11'1!!/'l,J.,,, : In , lDD trs ;rt 9:1 ~1:1'hr m l'tftla/-r
,......- - 4 - , 
' 1h• ' 	 I 

.MJ lll:fll:{llr : : 30~1/'hr 

1tt "I hrs 

Nofe: Potenful subjects wera scree.med \\iidrin 28 days prior ito study enby(ie, prior fo,Checl-m on Day -1 of 
Period 1) to assess their eligibility to 1enter the study. 

Period l : Eligible subjects were admitted to ifhe clinical reseru-ch tunit fo.r Check-in.(Day -l of 
Period l [PlD-1]). On Day 1 (P lDil). subjects received a singJe 300-:mg oral dose ofphenyt.o.in, 
administered as three 100-mg 1capsules, at approximately ifhe same time 1ofday as scheduled in 
Period 2. Subjects remained at it!he dinica1 research unit for at least 96,hours post-do.se fm 
collection ofserial b1ood samples for !PK analysis and safety monitoring until clinic discharge on 
Day 5 (P1D5). 

Period .2: Afttt a washout ofat least 14 days after file dose ofphenyt.oin, subjects retumed t10 ifhe 
dinic.al! res earch nnit on Day-1 for Clleck-in (PID-1) . The following.morning (P2Dl). subjects 
Welie administem-ed SAGE-547 byW infusion as sho'Wll! in Table 2. A single oral dose of 
~hen~oinwas ad.ministered 6 h_o1us after ithe start ofSAGE-547 infusion. 

The decision to establish the ~hommaintenance dose of90 µglkglh before a:dministratioo. of 
pheoyitoin mPeriod 2 was ibased on rtihe followmg requirements: 

I . 	 Ensure that the 90-ilglkglh dose level was tolerated by !the subjects prior to administration 
of the phenytoin dose; and 

2. 	 Ensure that SAGE-547 was d ose to steady state fo:r a maximum drug-drug inteca.ction 
effect 

Blood samples fo:r !PK analysis were collected at various time points from. the start ofthe 
SAGE-547 IV infusion until 96 hours a.ftec the dose of phenytoin ( 102 hours afte.t" the start of the 
SAGE-.54 7 infusion). Safetymoni.tori.ng was ongoing from. screening Dll.til dischaf'ge from ifhe 
clinic.al! re.search nnit on Day 6 (P2D6). A Final Clinic Visit was scheduled an Day 13 
(P2D13±1 day). 
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Phen::y1oin doID.n.g occ.uned at approximately the same time ofday in !Period 1 and Period 2. The 
timing ofmeals in relation to phenytoin dosing \.Vas: the same W. Period 1 and Period 2.. Fa.sting 
Fequirements were the same for p ,efiod 1 and Period 2 (at least a 6-hour fast prior t.o dosing and 
at least a 4-hour fast postdose ofphenj1oin). 

Safety-related assessments .inchided physical e~aminations, 12-lead eledrocardiognuns (ECGs), 
electroencephalog.mms, vital signs, adverse events (AE:s), the Columbia Suicide Severity Rating 
Sc.ale (C-SSRS), pulse oxi.metry• (at an]' time during the drug infbsion, as deemed necessary by 
1he Inves tigator), and clinical laboratory e'i>'alnations . These assessments wet"e petformed at 
sc.reeomg, at specified times <bring the study (Inpatient Confinement Periods), and at the Final 
Clinic Visit Sleepiness vlas assessed using the Stanford Sleepiness Scale (SSS) at ~cified 
times, or as deemed necessary, and was DSed to detennine \Vb.ether it v.~s safe to proceed \vith 
tile dosing regimen or ifit \.Vas neces<JlUY to adjust the dose. For this pmpo.se, the SSS was 
performed afte-r all other assessments so ilia1 subjecti:; were as awake as possible, or subjects were 
awakened, ifnecessary , and instmcted to report their l.evel of sleepinesK D ose adjustmentc; may 
have been necessary for SAGE-547 if the :subjects bee.rune f,oo sleepy, based on the SSS sc-0res, 
or if the.re appeared to be a signific.ant pattern of other dtilig-related AEs in addition to the SSS 
scores. 

Phenytoin was adm1nistered at approximat~ly the :same time ofday m Petiod l and Period 2 . 
Far.ting:reqwements were the .same for Period 1 and Peti od 2 {at [east a 6-hou:r fast prior to 
1do.sing and at le.as t a 4-hour &st postdose ofphenyto in) . EKcept as part ofdose ad.ministrati.on, 
subjeds restricted their consumption ofv.iat.er for 1 hour prior to d ose and for 2 hours po.stdose; 

at aU other times during the study, :subjects way have conswned i.vattt on an ad libitmn basis. 

Reference 1dierapy, do~ and mode of'a chniuis1ra.ti0Dj bi.deb numD-.u: Not applicable 

DuFa·non of tff:llhmeot: Period l : Single 01al do--~ ofphenytom 

Period 2: 5-d:.y (102 hom-s) trearti:uent pell.ad follol\-ed by an8-hom dose-bps- period 

Table 3 : Study Drugs 

~tud,,;Drng 
OO:wtin (E.l:tended-Re!le..a.'>e P beoytoiu. Sodium 

C~p·mle~, t:"nited State~ Pharm:uo~fa) SAGE-5-&7 lnje~tfon 

Forma oral capsule sohitio:n 

Strength 100 mg x. 3 (300 mg) S mglmL 

Supplier I (6Jl4j (b) (4L 

r -
J\.fanufucturer Pfuer 

-a Specific ingradient;.lpm'liy \\'Im!! identified m ilii! certificate of ;mafyru (or eqm~) that was supplied with the 
study drug(s). 
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#\PPEA~TAIS'WAY ON ORIGlf\.IAL: 

Product Used: 

Tes;t product,, de>-.e nm.cl mode ofadm:i:nistrnti:oo, batclb. oumbu: 

Perio.d. l : ~ 300 mg o:ral 
Period 2: Sin,gfe I\IT infusio:n ,of.SAGE-547 at~ doses oi.·er 110 hours. 
T~trati.o:n: 30 gg.i'kg1'hr for l hour, 60 µ,g.l.kg/hr :for 1 hOUJr 
Maintenance~ 90 µg{lg.i'br fur 100 hours 
Taper: 60 J.l!g/kg/br for 4 hours., 30 µglkglhr for 4 boor; 

Phenytoin 300 mg oral after 6 :hours ofSAGE-:54 7 infusion 

IV infusion 

Route of Administration 

PK Sampling Times and 
Parameters 

Pharmacokinetics: For each subject, the following PK 
parameters were calculated, whenever possible, 
based on the total plasma concentrations of phenytoin, according 
to the model independent approach: 
Cmax, tmax, AUCO-t, AUCO-oo, 'Az, and tYi . 
fu addition, unbound PK parameters for phenytoin may have 
been calculated using fu. 
Total and unbound plasma concentrations and fu of SAGE-547 
were reported 

Safety Parameters 

Safety: Safety-related assessments, including physical 
examinations, 12-lead electrocardiograms, 
electroencephalograms, vital signs, adverse events (AEs), the 
Columbia Suicide Severity Rating Scale (C-SSRS), 
pulse oximetiy (at any time during the chug infusion, as deemed 
necessary by the fuvestigator), and clinical 
laborato1y evaluations. These assessments were peifo1med at 
screening, at specified times during the study 
(fupatient Confinement Periods), and at the Final Clinic Visit. 
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Sleepiness was assessed using the Stanford 
Sleepiness Scale (SSS) at specified times, or as deemed 
necessary, and was used to determine whether it was safe 
to proceed with the dosing regimen or if it was necessary to 
adjust the dose. For this purpose, the SSS was 
performed after all other assessments so that subjects were as 
awake as possible, or subjects were awakened, if 
necessary, and instructed to report their level of sleepiness. Dose 
adjustments may have been necessary for 
SAGE-547 if the subjects became too sleepy, based on the SSS 
scores, or if there appeared to be a significant 
pattern of other drug-related AEs in addition to the SSS scores. 

PK Moieties Sage-547 

PD Endpoint(s) None 

Statistical Methods 
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Analytical Method 
Method Type LC/MS/MS I Matrix I Plasma 

Analytes 
Sage-547, Phenytoin 

P" Yes 
• Method validated prior to use 

r No 
Talidation 

P" Yes 
• Method validation acceptable 

r No 

tudy 
ample 
uialysis 

• Samples analyzed within the established stability period P" Yes 

r No 

• Quality control samples range acceptable P" Yes 

r No 

• Chromatograms provided P" Yes 

r No 

• Accuracy and precision of the calibration curve acceptable P" Yes 

r No 

• Accuracy and precision of the quality control samples acceptable P" Yes 

r No 

• Overall perfonnance acceptable P" Yes 

r No 

Study Population: 

• N=29 

Diag.no'ii'> and main rr'riteria for indus:i:oo: Healthy male md female subje<:b aged 18 to 55 year-~ i:nclusi."t"e 
nilth a body mas3 index of10 to 30 ikglm2, inclu:i,;e, and \veigbt ~l00 kg 

Table 1: Demography of subjects 
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Inclusion Crietria:
	

APPEARS THIS WAY ON 
ORIGINAL
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Exclusion Criteria:
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PK Results 

Table9: 	 Summary ,of Plasma Pharmacokinetic P:u<tmete1"S for Total and Unbound 
Phenytoin Folloning a Single Oral Do'l.e ofPbeuJioiu Alone or 
C<>-Adulluistel'ed 'llith Iutrnnoous Wmion of SAGE-547 (Phiumacolriuetlc 
Popufation) 

Parameter (writs) 
Pbeu~itoiu 3Jooe 

N =!8 
SAGE-~47 plus Pbm~itoiu 

N =!6 

Total 

C,_(rtg{mL) 27685 5 (19.34) 2534.75 (3 1.12) 

t...(h')' 5.02 (200 - 12.00) 6.58 (2.00 - 12.00) 

AUCo.. (h*ng/mL) 100722.18 (28.70) 92377.53 (33.S9)b 

AUG..,., (h*n~mL) 103207.00 (30.28) 9339L74 (33.86)• 

tan (h)" 14.81 (4.17) 13.98 (2.81)0 

Unbound 

c"""'"' (.WmL) 339.48 (22.92) 324.22 (3129) 

AUCo.. .• (h~ml.) 12350.40 (29.89) 11731.49 (32.60)'> 

AUCo..o.• (h*ng{ml.) 12655.0S (3 LS1) 11833.44 (32.85)'< 

t:. 0.12 (8.78) 0.13 (1 0.74) 

Abbre\11ab.ons: AUC6..,. =area. under the plasma coo.cen.b.-ab:on-tune cw...-e fi:om tJ:DJe zen> ell.irapolated to infinity; 
AUG..,..,. = mibound area wider fhe plasma concemrati.o:n-t:ime curre &om lime zero eidrapolated to :infinity; 

AUCo.. = area under the plasma concentration -time cun·e from lime zero up to the lime of the last quantifiable 

iPWm> coll!Ce1d:J:aiion; AUCo..,11 =onbowtd area under the plasma concentration-time cwve ttom time zero up to the 

time ofthe !last quamifiab~ p lasma concentration; C.U,. = time to maximum observed plasma concemration; C,,..,,. = 

unbound lime to maximum observedplasma COrteell.b.-alion; CV =coefficient of variation; r. =iii-action unbound; 

SD = standard dm ation; ti... = apparent temllna] elimination half-life; t , .... = time to maximum obsen·ed plasma 

concentration 

Note: Geometric mean (~'.) data are presen.ted unless othernise stated. 

" Median (mininmm . m.;x:imnm). 

l>N = 24. 

'N= 25. 

d Arithmeiic mean (SD). 
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Table 10: 	 Statistical Analysis of the Plasma Pharmacokinetk Par ameters of Tot.al and 
Unbound Phen)1oin (Pha1macokinetic Population) 

Parameter 
(units) Comp:iris.on Tevt Reference I e1t Refe~11ce 

Ratio o ( 

C..ometric 
LS :\Ierui~ (Test 

to Referl!Dce) 

90% CI for 
C..om etiir LS 
1\lienn Rntio of 

(Tut to Reference) 

Tot:tl 

C.,..(ngfmL) 

AUC- (h*ng/mL) 

A(Test) \-s B (ru) 

A(Test) n B (ru) 

26 

25 

28 

28 

2534.7 

95825.6 

1768.6 

103207.0 

0.916 

0.928 

(0.852, 0.983) 

(0.8'93, 0.966) 

UnboUlld 

c • ....,. (~ml.) 
AUCo...c,. (h*ng/mL) 

f. 

A (Test)"'" B (ru) 

A (Test)"'" B (ru) 

A (Test) \-s B (ru) 

26 

25 

26 

28 

28 

28 

325.2 

1223&.l 

OJ 

339.5 

12655.1 

0.1 

0.958 

0.967 

1.046 

(O.S84, 1.038) 

(0.929, 1.007) 

(1.018, 1.076) 

Abbreviations: AUCo.... =areoa under the plasma c.oncentrafion-til!E cmve ii-om time Zlel'O extrapolated to infinity; AUCo..,1• = 

unbound area under the plasma concentration-time cun-e from time zero extrapolated to infinity; Cl : confidence intei;.al; C-, = 

time to ma:...Qmum obsen·ed pla5ma coneentration; C....,. = unbowid time to maximum obsen.-ed plasma co1J:centratiou; 

!;, =fraction unbo=d; LS =!eastsquare'>; PK =phannacokinetic 

Treatment A = phenytoin p!us SAGE-547; Treatment B = phen)foin alone 

The PK par.unetei-s \ve-e analyzed using a linear mixed model, 'l'iith treatment as a fi.'ted effect and subj ect"S as a random ·effect 

Source.: Table 14.2.1.5; listing 16.2.6.l 


P.HAR.,IACOKil\ITICS RIStT. TS: 

SAGE-54q had no effect o:n the S}"Stemr.e ~'Jl0.51.ll'E to phenytoin 1viih the 9G% Cls of the .g:eome,tric LS me; 


ratioo fo:r phen;ioin AU~ md 4.u fully co:ntaim.ed within the 0.8-0 to, 1.25 boundarie:.. The fraetio:m. of 

um.1xnmd phen;tom in the plaslllal was ll;OT affected \\ihen adminiiztel'ed ais S_o\GE-541 plus phenytoie.. The l 

of tmboundSAGE-541 u-a.s sm ril ar ~--hen ad:mi:niste:Fed before and aftei· ph.en}iuiin. These ...uues aire cons~ 


with prim SAGE-547 e~ence. 


Safety Results 
Was there any death or serious adverse r Yes P" No r NA 
events? 
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Overall Sponsor Conslusions
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Systemic exposure to phenytoin was similar when administered alone and in combination \\i 
an IV infosiou ofSAGE-547. an in vitro inhibitor ofCYP2C9. The 90% Cls of the geomet1 
LS mean rntios for phenytoin AUCo..oo and Cmax \Vere entirely contained \Yi thin the 0.80 to 1. 
boundaries. Arithmetic mean t~was also comparable between the two tt"eatment conditions 
values of 14.8 and 14.0 hours for phenytoin administered alone and in combination with 
SAGE-547, respectively. The unbound fraction of phenytoin in plasma was similar when 
administered alone (0.12) and in combination with SAGE-54 7 (0 .13). indicating a minimal 
inipact of SAGE-547 on the plasma protein binding ofphenytoin. There was no significant 
difference in systemic exposure. based on AUCo-00,u and Cmax,u. \Yhen phenytoin \Vas adn1i1li! 
with SAGE-547 . The geometric mean total SAGE-547 concentration observed just prior to 
phenytoin dosing (81 .10 ng/m.L) was similar to those observed at selected time points foHo\: 
phenytoin administration tlu·oug,hout the constant SAGE-547 infusion (geometric mean ran~ 
70.42 to 94.14 ng/mL): these values are consistent with prior SAGE-547 experience. The 
fraction of SAGE-54 7 protein binding was also similar across time points (post-phenytoin d 
indicating that phenytoin did not impact SAGE-547 plasma protein binding. 

SAGE-547 bad no effect o:m. the sy:stamc expo:51.1re to ph.eoytoin. The fraction ofi!m.bound·phenytoin m·plasm; 
'l.\'<!<5 :not affected v.·h.em SAGlE-547 plus phenyt.oin '1"'<1:i ad:i.nini.-tered. 

The ifractioo ofunbound SAGE-547 was similarwhen administered lbefoTe and after pbenymin. I~nlne::; 
consistent '!.\~ piior SAGE.-547 1e'XpE:li ence. 

An IV i.n.fus:ionof SAGE-547, a!on.~ or admmistaed togeths-v.;itb..a. single da,,;e ofphen}ioin, v.-.u; gener.tlly "'' 
to.erated by this ,grolip' ,ofhealthy male and f~ma_Je subjed5.. 'There "Were 1Hl seiio-iB a:d"~~· ievenh; di.ree subje 
disooil!±inned study drug ;md the stwly due to TR~. Somnolence 'l.\ias the moot commonly :repO"rled TE...\£ 2.I 

was :reporfed by a gre.ate:r percent.lge ofsubjects during the achnini...13.'ation ofS.AGE-547 (prior fo, or together 
withphenytoin) iooDJ?ared 'l.vittb phen;fo:in alone. 

SAGE-547 was gen.e:ir.illy well tolerated and no clinic.ally cigoilkaint ·!:rends mthe safelly data collected1vere IH 

in this study. 

Reviewer Comments and Conclusions 

19. Studv Design: This was an Open Label, 2 period, single sequence cross-over study to 
evaluate the effect ofSAGE-547 administered as an IV infusion on the PKprofile, safety 
and tolerability oforal phenytoin in healthy subjects: 
o 	 The dose ofSAGE-547 in this study (90 µglkglh) is the antidpated clinical dose, 

which has been previously administered in postpartum depression andfound to be 
well-tolerated. 

o 	 IVdose was chosen because it is the intended route ofadministration. 
o 	 The dose ofphenytoin was 300 mg, because the maintenance dose in patients with 

epilepsy is 300 mg/day or above. Also, the starting dose ofphenytoin is up to 1000 mg 
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in divided doses. 
o Phenytoin was dosed in fasted state to mitigate any interactions with food. 
o Wash-out for 14 days is adequate because the T1/2 of phenytoin is around 22 hours. 
o Males and females, between the age of 18 and 55 years were included. 
o Adequate number of subjects (N= 29) were included in the study 
o The final to-be-marketed formulation of SAGE 547 was used in this study. 

20. Protocol deviation: No major protocol deviations were reported. 

21. Data Analysis (i.e., any outliers etc.): There were no PK outliers. One subject was not 
used in PK data since there was no venous access. Additionally, 2 other subjects were 
dosed with phenytoin but could not be dosed with SAGE 547. 

22. Bioanalytical Method: A validated bio-analytical methodology was used which was 
acceptable. 

23. Inclusion and Exclusion Criteria: The subject inclusion and exclusion criteria were 
acceptable since: 

- The study excluded use of any medications (prescription or over-the-counter), or foods 
rich in flavonoids (such as cranberries) or juice (such as pineapple juice) primarily 
metabolized by cytochrome P450 (CYP) 2C9 (CYP2C9), as in vitro studies indicate 
SAGE-547 has the potential to alter the metabolism of CYP2C9 substrates when 
administered concomitantly. 

- The study excluded use of any medications (prescription or over-the-counter), foods, or 
juices that are strong inhibitors and/or inducers of CYP2C8, CYP2C9, CYP2C19, 
CYP3A4, uridine 5'­
diphospho-glucuronosyltransferase 2B7 (UGT2B7) and UGT2B17. This is acceptable 
because it minimized the chance of any drug interactions. 

24. Pharmacokinetic findings: We agree with the sponsor’s PK analysis and the conclusions 
from the study. 

Overall Conclusion: 
The present study demonstrates that SAGE-547 has no effect on the systemic exposure to 
phenytoin. Furthermore, the fraction of unbound phenytoin in plasma was not affected when 
SAGE-547 plus phenytoin was administered. Therefore, no dose adjustments are recommended 
for patients on Phenytoin who got concomitant SAGE 547. 
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CLINICAL PHARMACOLOGY STUDY REVIEW 

Oral BA ofSAGE 547 

Study# 547-CLP-107 	 Study Period: 14-July-201 7 to 24-Aug-2017 

NDA 211371 Zulresso Brexanolone 
IV infusion 

Title 

Objective 
s: 

A Phase 1b Single Ascending Dose Study to Detennine the Oral Bioavailability, Safety, 

Tolerability, Pharmacokinetics, and Food Effect ofSAGE-547 in Healthy Adult Subjects 


Obj~tfre~: Th.e priin.uy objecrn-e of the study \vas:: 

• 	 To deteim:iee ihe oral bioavailability and phannaookinetie::; (PK) of SAGE-541 iJn healthy s: 
aged 18 to 65 ye;ns. 

The seco:mdaJ:y obj ecti•·es of this srudy l\'l!l"l!; 

• 	 To cleteun:iRe the effect of a high-fat meal on oral bioa•4ila.bility of SAGE-547. 

• 	 '['o a5Se55 the safety a:md tolei:-ability of oral SAGE-547 in lieaHhy subjects. 

Study Design: 

Mi:~tbod.olog:11-: SJ\GE-547 lnj ectio:m. is aipYoprietu:y formula.ti.om. ofallopregnanolom.e ('.icientiiic mime), ; 
refe:rred to a5 bre:x:mo!oJ?.e (United Stat:~ Adopted Name) _ Ihroug'Jiiout th.is shldy ~ ·"'iie:m. :re.fimmg 
treatment girmip, SAGE-547 Injection i:s frequ.ently s1h.o1te:ned to SAGE-54 7. fmthetr" ""co~e:n:trarions of 
SA.GE-.547" is synmiyw.ous with "'oonceniI'arionsofallopl'e'~!oI?.e" or ..co:nce:mi1rations ofbre·KimDiODJ 

T1iris. l\la.J a tbJ;ee-part, Phaise Ib, open-label 5twiy to ~s the oral bioavailab ility and PK ofSA.GE-547 
Injection. The study ako as~ed the potential effect offood on the oral bioai.railability fo1.lcnring oral 
2dm:inisir.:.ti.on of SAGB-547 Injeciiom. and the safety amid tol erability of01"ally adnllmiste!ed. S..i\GE-547 
Injection. 

for reach p;u:t, eli,gible .:ulJj ee:t were admitted. to the unit cm Day- I and. :remained com.fined in the unit uni 
48-b.nur :postdooe ~smet?.ts tve.re completed. 

Subj ects n---eTe: scree::ned on one or mor;e i.-isits beimree,n Day -2.8 md Dary -1. On Day -1 , eligi.Me subjert. 

admitted fo,the milt and began an 'OVeJ:ni,ght £:des lroms). O eair liqWds 1ve:re:permitted up to 2 hoor.; b 

dosing. 


P art 1 (Oml adm:irni'5trotioo - fm;ted} 1\lil.S open-fabel, Mith a single~· do--~ design.to ei..Uuate d 
bioin-aibbility and PK of roraDy administered 5.Pi.GE-547 lnjecti.on in :bealthy adnlt men and v;;u.men. On 
reach :illbject receii.'l!d a sin,g!e or.tl dose of5.AGE-5-.:t7 after ;an 8-!hour fL.""t. Subj ee:t were requested to Sl1 

the S..4G£...541 dose .all ato:m.ce,, follov.."ed by 240 mL of water_ ...i\s:ide from the water gir..-en ,dm.mg doz~ 
subj ects \Ye.re Mt pemritted food rQT liquidsuntil they were gn-m a meal appnnrimately 4! hours .after dosi 
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~letbodo1o~.. (t'o:ntinued): A maximum offour cohorts were p1anned inPai1 l ofthis study, "''ith ei,ght 
stibjeets in ea.ch cohort. AftN the·oi.-emight fast, Gohoit 1 re::eived SAGE-:547 3-0 :mg. If~eater tbm 
four subj ects had plasma eoI!:f!E:Il1J.'ai:ions below th.e .limit ofq'll.2Dtificati.on 1ofthe assay for at least 50% oftli 
samp'ting times: in the first 14 hour.; post.dose, dor..e escalation was to occur. Hol\"eVer; dose 1e:;calation stop 
criteria were met following1ihe fu:st oohmt and 30 mg'\\'35 the selected dose for Pat 2. 

~<lll avail.ab.~ ruety2 to!e:rab.ility2 and plaslll2l concentration data tJhrou.gh 14! hours pootdor..e fo;r each eou:iplE 
oohi>rt inPait l wer;e rei.liien'E!d by the Safety:Rle'\-iew Committee (SRC)_ The SR.C .de;::.ided whether to initi 
the next cohort, and if imitiat.e~ ~temll:ned the dor~ 

P art l (Oml admini~tr:ltion-fed) :· The 1oolh.o:rt ofsribjects in Part l who receii.-ed the oral SAGE-547 d< 
.se!ected for :iPa:rt 2 refumed 11 days later fnr Pait 1. Afte:r ai ~8-hmi:r fast, subj ects were gi"1rem ai mgh-fat m 
Thirty minutes later, they 1"We administered lite same 01-a! dooe that they reeei;;ed in Part 1 (30 mg). 

P art 3 O!lltr:innomi admin:h rtntion): Subj ee:ts who·pai:rticipated in Pait1 rettnned. S .days bte:r and rece.i 
1continuou:s m.tra\-ei!MJIUS ([V) irnfbsitlll. o:f S~i!l..G:E-54160 pglkg.'b. adm:inb.-tHed. ~ a period of4 hoUIS in ]I'; 

for each :paJ:t, subject i\"ae ~&om. the: unit <dter completion of the 48~1b.our pootdose as:=e~ 
proi;.-?ded disc.h.'lr~ was medically appropi:iiafe, in die op:inio:n o:fthe mvestigatoT. Subject;; ratumed for a. ~ 

f ollov..--up Vcit o:n Day 1 (::i::l daf). :Blood ~!es to measure· pb 5llla. collOl'ntrati.om:> ofallopregnanolo:ru 
'bl.en at 't'<!lriOU:i time :points D\Om predose until 24 Jliours postdose in each parl of the study. 

l\"mnbe:r of 'ilttlbjoec;ls (phoned :m.d. an.11,.·n d}: 

Up to 40 subj ects ~eight pe­ ·ooh.mt for up to f:om rooho1rt:s) were planned. Nine subjects (oE.E!· rooho:rt o:f eight 
subj ects plm one replacement subj ect) were dosed and aJl!l3.lyzecl 

.Oiagoosis ;rmd mmu ccrite:ri.'ll fol' indusfo:n: Hea.1tby male and female subjects aged ~18 to ::?65 years at the 
time·rofscreeming, in good :physical heahli '\\iith '!Kl clinicallysigni:ficmil: findings, as detennim.ed by the 
Im-estigator, on physical eKallllllation, 11-.!ead electroca:rdiogram (ECG), or dmical laboratory te.m at SC11eer 
or admission. were eligi"b!e for emollment. 

T nt il!lrodud, dose an d m.o de ofa d:min.fatrationt batll'b num'be-r : 

30 mg SAGE-547 Injectioo 5 mg/mL ~ as an oral solution 1vhen fasted (Pait 1) ror after a high-fat 
meal (fed, Palt ::!). 

The SAGE-547 Injection lot nlllD.bEr used for oral administratioI!! was lB 160556. 

Referce:n~e ithe:rnP}-, 1dose· and mode of :idmin:isitratiou, hatd1 !llwn_beir: 

IV (Pat 3): Con.timions IV linm;ron ofSAGE-547 Injection 60 µg.'kgfh administ&ed for 4 ~- The 
SAGE.-547 fujectiol!I. ilot numbal\ias B l60556_ 

Dul'ation of rtreatme:nt: Eight ~Kh r;eceived hvo o:ral SAGE-54 7 do..es and one I'V SAGE-547 dor.,,e. 
.o..ddi.tionally,, one SLLbject '\\laS a repbceme:nt for Part 2 and Pait 3 and.received. one oral dose mPart 2 and. ion 
IVdo~m.Pm 3 . 

PPEARS THIS WAY ON ORIGINAQ 
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Product Used: 

Te'>~ [produd , d!ose :rn.d. mo de of :11h11mistr:1·tion b :it rrb nu.m'lltN : 

30 mg SAGil-547 Jnjecfio:n 5 mg/mL atlm:inistered as an oral .solufion wfl'en fasted (PCJ.t 1) ·OT alter a high-fa 

meal (fed, Pait 2). 


The SAGE-547 Injection lot number used fb:r oru administration. was B160556. 


Route of 
Administration 

Oral and IV infusion 

PK Sampling 
Times and 
Parameters 

Pharmacokinetics: Plasma samples were obtained from all cohorts for 
analysis for concentrations of allopregnanolone and, ifneeded, 
metabolites of allopregnanolone. Derived PK param eters were 
calculated, including area under the plasma concentration curve (AUC) 
from the time of dosing extrapolated to infinity (AUCOoo), AUC from 
the time of dosing to the last quantifiable concentration (AUCO-t), the 
apparent te1minal elimination half-life (tYi), maximum observed plasma 
concentration (Cmax), time to reach maximum plasma concentration 
(tmax), apparent total body clearance, and the absolute bioavailability 
for subjects receiving an IV dose. For the food-effect analysis, the log­
transfo1med AUC and Cmax were compared across food conditions. 
For the IV infusion dosing, AUCOoo, AUCO-t, tYi, Cmax, tmax, total 
body clearance, and steady-state volume of distribution were estimated. 

Safety Parameters 

Safety: Safety-related assessments included physical examinations, 12­
lead ECGs, vital signs, AEs, Columbia Suicide Severity Rating Scale 
(C-SSRS), and clinical laboratory evaluations. These assessments were 
perfo1med at specified times during the study. Subject 's alertness 
levels, assessed using the Stanford Sleepiness Scale (SSS) at specified 
times, were used to dete1mine if it was safe to proceed with the dosing 
regimen or ifdose adjustments needed to be made. 

PK Moieties Sage-547 
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PD Endpoint(s) None 

Statistical Methods APPEARS THIS WAY ON ORIG NAL

The Safety Population, defined as all subjects who were administered study drug, was used to 
provide descriptive statistics summaries of safety data. Adverse events (AEs) were coded using 
Medical Dictionary for Regulatory Activities version 19.1. The overall incidence of AEs was 
displayed by system organ class and by preferred term. The incidence of AEs was also presented 
by maximum severity and relationship to study drug. Vital signs, clinical laboratory measures, 
ECG, C-SSRS, and SSS data were summarized. Out-of-range safety endpoints were categorized 
as low or high, where applicable. Treatment-emergent AEs were summarized. All AEs 
(including those that occurred pretreatment) were listed. 

The PK Population was defined as all subjects for whom at least one evaluable PK sample was 
available. The calculated PK parameters were summarized using descriptive statistics, including 
n, mean, standard deviation, median, minimum, and maximum values, and listed by subject. In 
addition, PK data collected in this study may have been combined with data from other studies 
for population-PK and exposure-response analyses. 
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Analytical Method 
Method Type LC/MS/MS I Mab:ix I 

Analytes 
Sage-547 

Plasma 

P" Yes 
• Method validated prior to use 

r No 
Talidation 

P" Yes 
• Method validation acceptable 

r No 

tudy 
ample 
uialysis 

• Samples analyzed within the established stability period P" Yes 

r No 

• Quality control samples range acceptable P" Yes 

r No 

• Chromatograms provided P" Yes 

r No 

• Accuracy and precision of the calibration curve acceptable P" Yes 

r No 

• Accuracy and precision of the quality control samples acceptable P" Yes 

r No 

• Overall perfonnance acceptable P" Yes 

r No 

Study Population: 

• N= 8 subjects, healthy male and female, 18-65 years 

l\"'umber of wlbj~ts. (pl:inued :m.d an."'11,·zed): 

Up to 40 sribjects (e:ight per1oolh.o:rt for up to fom cohorts) \\"m!pbn.ned.. Nine robjects (one cob.cut o:f' 1ei~ 
stlbj ects plm o.n.e·repla.ceme:ttt subject) were dosed and amlyzed_ 
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Table 1: Demography of subjects 


Inclusion Crietria:
	

APPEARS THIS WAY ON ORIGINAL
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Exclusion Criteria:
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PK Results 

Blood samples were taken following oral (30 mg) or IV infusion (60 µg/kg/h for 4 hours) 
administration in order to derive PK parameters of SAGE-547. Phannacokinetic parameters of 
SAGE-547 are presented in Tables below. 

The tmax following oral achninistration of SAGE-547 30 mg was generally 1 hour. Following IV 
infusion, tma.x was generally at the end of the infusion ( 4 hours). Quantifiable plasma concentrations 
of SAGE-547 were observed for up to 2 to 12 hours following oral achninistration of SAGE-547 30 
mg to fasted subjects and up to 3 to 12 hours following a high-fat meal. 

The mean bioavailability (F) of SAGE-547, calculated from AUCo-t values, was low (< 5%) when 
achninistered to subjects either in the fasted state or in fed state. A high-fat meal reduced the Cmax 
by ~50% and AUC by ~10% compared to fasted state PK in oral dosing. 
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Me'~ ?:~ Conce~~r•tio~ ?:o:ile of A::opreqn;molone Fo11oxing A.O..~ini~~r•tio~ of SA'G=E.-5~1 


(~.ll ?-.rt~ > - Line•r 3'= ~1e 


( ?h•~co!ti~et~c Fopu:-tio~) 


60 

~o 

40i 
.e. " -ii-- Oral SAGE-54730~ (Fasted) 
~ ----+--- Oral SAGE-54730~ (Fe.d) 

---.1t- IVSACE-547 240ug/1:g 
.! 
c 

30 
:I;!.. 
" s 
u :o 

10 

0 

0 I : 3 4 6 s 10 12 18 24 

Kouina! Tiim (h) 

.3'W!:'ln..ary PK Pa..roamet.e r o ! .P...:lopr e g;n.a.nolone F'oll .owin9 ?..:0...-:'.ini._,.;ra:eio::: o f s.._~-547 


I V Par-~ 3 


(?h•.~colt.ir..e~;.c Popu:. .;i:eio:::) 


AOCO - t ;..uco -~nf O=:i: 
? ;u :t Tre;i.e?I:..e :t:-:; .SlJb] e ct D (ho::•::g/ m.!.I (h.:r'ng/ ,-;L ) (ng / mL] = ( h r ) e!/2 (ho: ) v... (mL. 

3 rv :3>~-547 240 (b)(6 HS 2;;4 ., 52. £. E. 6.;i 273• 
ug/ ~..g 

362 41l4 0l es_,_ 11.5" 254• 

:?56 21;.. '16 .3 11). 9 " ~~4 · 

3 ' ' 3z:., 59. l : . 2-. :zec• 
3 07 317 .:2. 1 q_g 161 

2E5 2?1" 5~.3 13.5" 4ee 1 

:?ES 276" 55.7 6 .h 244 • 
3 05 313.. n.e ~ . ! -. llS1 

N e l e ! l 
V.e-.n 29:?.4 317. 0 Cl . ll 3.5 4.9 l6lC 

SD 44.f3 t~'!I.. 12 . 12 0 . 7 6 ~- ~U! 

~_in 2'15 317 46 5 161 

M~d..ioa!'I. 2as. o 317 . 0 57.4 '1. 0 q_g 1£lC 

>".-ix 36:? 317 00 5 161 

CV% 15 . 3 N.". 2 0 _,. 2L6 NA ~ 

C-eome~ric: Me= :289. 6 317. 0 co _ I) lBlC 

CV% Ge ec'.e tr.ic Ke•~ 14 .C: N?. :. 9.~ ~U! 
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::h.:.mm.1lry o.! ~.llopreqn..nolone PK ?~_r;;m:te'="e% !o:lo'Wi~g 0r..1 Ji..ci...."":'.in.i~-zr aeion of 30 =.q 3AGE-S47 

f•~":-ed 5t• e-e ~-r::. ­

( ?h•~~ok.ine~~c Fopu: 01.1'ion) 


SubJ e Ct. 
P a r;;. Trea~=-~n~ rD 

(6)(6l Or.a l s..~.GE-547 30 mg 
( ! ..~ ::;._~) 

AlJCC-~ 1'..0C 0- i nf ~ou: ~::'.OU1 1'1 / 2 CL/~ 
(h.r•nq/ ::-L) (h.r•nq/ ::-.l.) (n9/ ml. ) ( hr ) (h.:: J (L}h/ l:.9) <• 

1 . n 9 . 0 6 0l 5.32 l c. 9 ,. 3!1 . a .. 

l'i . ~ 19. l ll . l 0 .5 l.:! 2 0 .: 4. . 

H 67 . 4 ... 19 H.3.. 5.4h 7. 

23..li 25.90l 16 . l 0 .5 La... 13 .1.a 4. 

zo .6 ?2.5' 7.Z2 1.5 l.5 13.1 .s.1 
11.l 13.1 -. 5.0 1 1.5 1.2.a 21 . 7 ,. ? . . 

7 .49 9. 35 0l Lle l l. l ;o 31 . 9 .. 2 . . 

3 . 12 2.ea 0 . 

n 
M~~ 

SD 
l-1:._n 

Med.1-.n 

Joi= 


CV% 

Geom.e t-ric Me= 


CV'< Geome:;.ric: ~e-..~ 


8 

16.E55 
1 3 . Q20 f 

3 . 12 

14 . 250 

H. 00 
7'1. 3 

i2 . e~a 

9·3. 7 

2 


21. 1 


2.55 


19 


2L l 


23 


12 . l 


21. 0 

12.l 

9. 0 95 

5. 7743 

2.83 
€. 701) 

:9. 00 

6'3.5 

7.625 

71 . 2 

1.0 

o.ae 

1.0 

2 

n. e 

2 
1. .. 

C. 2: 

l.<l 

2 
15.7 

2 

16.9 

4.53 

H 

16.9 

2 0 

26.e 

16.c 
27.C 

a .e 
2 .2. 

0 . 

4.a 
1 . • 

SS 

8u.~ry ? K Par-.. ~ter o f ~~lop~c~-.noloT.e ~ollow~n.g Ora l ~:.~ts2t:.on o .! SAGE- 5q7"":' -

! eci. St- a~e P~r~ ~ 

(?h~~co~_:_r.et:. c Fopu:.atio~) 

:3ub3 e ct ;;.:JCc-~ ;>.:JCO- inf C'm.~r. ";.::".;ut t~/2 CL/~ 

P • r"";. Tre;;i ~::-.ent rD (h :r • r.q/ :-:-L ) (h :r ' nq/ :-:-.L) (ng/ ml.) (h :c ) (h :c ) ( L / h / kq) 

2 O r a: SAGE:.-547 30 mg 
(bl\6 

9 .lC 11.~.. a.e 1. 033 l.7a 33.2a 2 
(f'e d ) 

40 .a 44 .?a 7 .32 ~ 2.9a e ~2 4a 7 
zq 27 . l tl. 35 l 2 l'i.S 4 

1 0 .5 Z26 a 2.36 l 1=1 . C;;i l.qo., 2 

l.5. 2 23. ' " 3.91 1 a.ea 15.oi;a 3 

S.39 l.89 2 l 

~.es 2.~s : .s l 

~-32 15.l.;i. 3.36 o.s 5. 7 ;i 23.2• 0 

n 8 l 6 a 1 

Me-.n H.278 Z7 .l 3 .930 : .s 2. 0 17. 5 2 . 

30 12. 5715 N?. : . 9460 i. :o n.r. NA z. 
Y.:..n 4. 3:? 27 Le9 1 2 18 0 

Meci.~an 9 . !30 27 . l 3_5ec :. o 2. 0 l'i.S 2 . 

Y.= 40 .SO 27 7 .32 " 2 ia 7 

CV% es. : NA <; 9 .S 72.l lI?. NA 0 

Geometr~c ?J..e ;m 1 0 .6:9 27.l 3.552 l'i. 5 

CV% Ge onte -;.ric Me ;i..YoJ 95.: N?. 5 0 .3 !"'­
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S~ry o=e he Focci E5:ec~ se-~1~tic &:. 3....~•ly~~~ 

(?n.::::m.oa.c:o~i::e'C~ c: ?opu:.;ii;.ior.] 

~0% Con_f ide.n-:e lr..;.e_:cv01.1. 

: n t r a -CV Lowe r Bour.~ Upper 6c 

em..."' (uq/ mL I 7 31. 0 3. 5 81 a.on a2.se 01 . oe 

riUCO-t (nq•h/ :o!.J 1 31. i 1:2. 015 13 . ·: og 	 €3. 42 120 . 5' 

PHAR,IACOKINI:TICS RESULTS: 

• 	 The~ follo\ving oral administration of SAGE-547 30 mg was general.]y 1 hour. Follow 
infusion. t l!l3."I was generally at the end ofthe infusion (4 hours). 

• 	 The oral bioavailability of SAGE-54 7, calculated from AU4-r values, \Vas lnw when adrr 
to fasted subjects and was similar when administered after a high-fat meal 

• 	 Following oral administration of SAGE-547 30 mg after a high-fat meal, the Cnwc values 1 

average less than half those following administration in the fasted state. OveraU, the AU< 
values were ibroadly similar. 

Safety Results 
Was there any death or serious adverse ! Yes P- No I NA 
events? 
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Overall Sponsor Conslusions
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Reviewer Comments and Conclusions 

25. Studv Design: This was a cross-over study design to evaluate the oral bioavailability of 
SAGE-547 administered as an oral dose vs. IV infusion in healthy adult subjects: 
o 	 The oral dose ofSAGE-547 was 30 mg. This was similar to a total IV dose when 

infused at the rate of90 µglkg/h to a 70 kg subject over 4 hours. 
o 	 IVdose was chosen because it is the intended route ofadministration. 
o 	 Males andfemales, between the age of18 and 65 years were included. 
o 	 Adequate number ofsubjects (N= 8) were included in the study 
o 	 The final to-be-marketed formulation ofSAGE 547 was used in this study. 

26. Protocol deviation: No major protocol deviations were reported. 

27. Data Analvsis (i.e., anv outliers etc.): There were no PK outliers. 

28. Bioanalytical Method: A validated bio-analytical methodology was used which was 
acceptable. 

29. Inclusion and Exclusion Criteria: The subject inclusion and exclusion criteria were 
acceptable since: 

The study excluded use ofany medications (prescr;ption or over-the-counter), orfoods 
rich inflavonoids (such as cranberries) orjuice (such as pineapple juice) primarily 
metabolized by cytochrome P450 (CYP) 2C9 (CYP2C9), as in vitro studies indicate 
SAGE-547 has the potential to alter the metabolism ofCYP2C9 substrates when 
administered concomitantly. 
The study excluded use ofany medications (prescr;ption or over-the-counter), foods, or 
juices that are strong inhibitors and/or inducers ofCYP2C8, CYP2C9, CYP2CI 9, 
CYP3A4, uridine 5'­
diphospho-glucuronosyltransferase 2B7 (UGT2B7) and UGT2B17. This is acceptable 
because it minimized the chance ofany drug interactions. 

30. Pharmacokinetic findings: 	We agree with the sponsor's PK analysis and the conclusions 
from the study. 

Overall Conclusion: 
We agree with the sponsor's analysis and conclusions. 
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CLINICAL PHARMACOLOGY STUDY REVIEW 

Transfer ofSAGE 547 in Breast Milk ofLactating Women 

Study# 547-CLP-108 Study Period: 19-June-2017 to 22-July-2017 

NDA 
211371 Zulresso Brexanolone 
IV infusion 

Title 

Objectives 

An Open-Label Study Evaluating Concentrations of Allopregnanolone 
Following 
Administration of SAGE-54 7 Injection in the Breast Mille of Adult Lactating 
Women 

The primary objective of the study was to assess the concentration of 
allopregnanolone in breast millc samples after a 60-hom intravenous (IV) 
infusion of SAGE-547 Injection in lactating women. 

The secondary objectives of the study were to: 
• Assess the concentration of allopregnanolone in plasma after a 60-hom infusion 
of IV infusion of 
SAGE-547 Injection in lactating women; and 
• Assess the safety and tolerability of a 60-hom IV infusion of SAGE-547 
Injection in lactating 
women. 

Study Design: 

APPEARS TRIS WAY ON 

ORIGINAL 
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This lNas a Phase 1b , opeu-label study designed to evaluate the concentration of 
allopreguanolone in breast milk ofadult factating women folJhwing a 60-hom i.nfinsion ofSAGE­
547 Injection. 

Subjects undenvent scre..en.ing procedures at the Screening Visit to detem:Jine eligibility. 
Subjects continued breastfeeding or maximally pumping breast milk from Day -7 to predose 
Day 1 ofthe study. Subjects. \\.·ere required to temporarily cease giving breast milk to tueir 
infant(s) from just prior to receilv·ing sh:Jdy dmg infusion (predose on Day 1) until the c.ompletion 
of the Day 7 Visi:t. Subjects maximally pumped aU breast milk predose Day 1 through the Daiy 7 
Visit . 

Subjects wece confined to the study center from predose on Day 1 tmtil after the 72-hour 
.assessments on Day 3. Subjects began a continuous IV infusion ofSAGE-547 Injection on 
Day L The dosing regimen. •was as follov.'S: 30 J!~gJhr (0 to 4 hours), tchen 60 ~lg/kg/hr (4 to 
24 hours), tchen 90 itglkg/hr (24 t-0 52 hours), followed by 60 ~Lg/kg/hr (52 to 56 hollf'S), and 
30 itglk§lhr (56 to 60 hours). The prntoc-01 allowed for ~se adjustment in the case ofintolerable 
adverse events. Breast milk was pumped aud collected predose and at least evety 12 uo1u-s 
thmugh011t the Treatment Period and thereafter tmough tche Day 7 Visit. The date, time, and 
lv'Olume of e.ach expressed sample was recorded, and the entire sample ·was frozen for analysis.. 
After discharge, subjects continued to pump and collect breast milk and brought the frozeu 
samples to the study site at fihe Day 7 \risit. Blood samples were coUected at pre-defined 
ti.mepomts and blood and breast milk •were analyzed for concentrations ofaUopregnanolone. 

Study-specific assessments for safety and phrumacokinetics (PK) ouk-0tne meastu·es \llere 

completed at prespe<:ified times over a 72-hour period during the Treatment Period (fable 3). 

A follow~up visit was conducted on Day 7 on an outpatient basis. Subjects were allo\"\l·ed to 
resume breastfeeding after the Day 7 study ;;i.sit1. 

ri\'umber of 'iubjec ts (!Pbnoed and au.."l'lr)·zed): & rol!ment continued until eight subjedi had p:rro•-ided 
<malyzable b reao..-t milk 5am1u~s for at least sL'tcbys; out ofthe se\.·en days ofcollection. 'Ti.veh"'e subjects were 
1e:irJTolled to achiei."'e this goal 

Diagoom and main C>;r,iteri.'1 for indu.sfo:n: Healthy '\\'Omenb~~ IS and 45 ye~ ohge,, inehisin~ and 
~.6 months po:."tpartwn.;rt screer:ringwho U'Elre .beta.ting and m:aximnally pumping breast milk or acti~ 
breastfeeding from Day-7 to screening. 

Te'Slt prodod, dose awl mode of admim:s.t1ution batch num'b-el'~ SAGE-547 !njedion \"Vas admi.:ni,-iered as 
60-hour IV iniirioo (1;\iith increa:iing doses to 52 hours follo.....-e«by tapering dor.-4!5 to 60 J!ioi.m). 

The study drug lot Immber for SAGE-547 Injection was Bl60267. 
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The specific mfi:ision dose ofSAGE-547 Injection '!.Vas calculated based on \>\'-eight for each 
subject at Soreemng. SAGE-547 Injection was administered as a 60-honr IV i.n.fi.ision, according 
to the schedule in Table 2. Infusion bags and lines were changed e'\-ery 24 hours. 

Tablf 2: I n.fn siou R ates 

Time [point 
))a,- l. 
oto-:& hours 

Dav I 
-t to .2-l bOW'S 

Diay 2-J 
24 io 5? hours 

Da,- 3 
5:! to 56 houFS 

Dav 3 
56 to i60 hours 

DD.St' 30 !lg/kgihr 6{) µglkglbr 90 µpJ'kglhr 60 !Lg}kglh:r 30 ~ngikgibr 

The study dtug (lot number B 1600267) was provided to fue clinic.al site by the 
suppliec/manufacn.irer. 

APPEARS TRIS WAY ON ORIGINA[ 

Product Used: 

Te~lf! produll't, dose 3n.d mode of3dminisb3bonJ, b3rtll'b number : SAGE-547 Inj ection 1vas admi:ni!:.terad as a 
6()-hom IV in:fusioo (uiifh increasing doses to :52 hours followed by bpering dcr.,es to 60 hoW5). 

The study drug lot munbe:r for SAGE-547 Injection l\<ts Bl 60:267. 

IV infusion 
Route of 
Administration 

PK Sampling 
Times and 
Parameters 

Pharmacokinetics: Blood samples for analysis ofplasma concentrations 
of allopregnanolone were collected at 
regular time points throughout the three days of the Treatment Period and 
at Follow-up . 
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Subjects were instructed to express/pump and retain all breast milk 
whenever they felt the need to express breast 
milk, at least every 12 hours, from Day 1 to the Day 7 Visit. 

Blood samples for analysis of plasma concentrations of allopregnanolone 
were collected pre-infusion and at 12, 24 (before infusion rate change), 
36, 48, 56, 60 
(before infusion end), 61, 62, 64, and 72 hours after the start of infusion. 
Samples were also collected on Day 7. Pharmacokinetic blood draws 
during the 
Treatment Period had a window of ±10 minutes. 

Breast milk was collected pre-infusion, at least every 12 hours between 
Hour 0 and Hour 72, and on Days 4, 5, 6, and 7. Subjects were instructed 
to 
express/pump and retain all breast milk whenever they felt the need to 
express breast milk (at least every 12 hours) from Day 1 to the Day 7 
Visit. The date, 
time, and volume of each expressed sample were recorded, and the entire 
sample was frozen for analysis; it was possible that not all samples were 
analyzed as 
ideal and sample timing may have been refined with cumulative 
knowledge from previous samples. When possible, expression of breast 
milk samples 
occurred within ±1 hour of the collection of blood samples for 
pharmacokinetic analysis, including the predose sample. A key time point 
for collection was 48 
hours after the start of the infusion, which covered the period 36 hours 
and 48 hours after the start of the infusion, when the maximum dose was 
being 
administered. 

Safety 
Parameters 

Safety: Safety was assessed by adverse events (AEs), vital signs, clinical 
laboratory measures, 
electrocardiograms (ECGs), and suicidal ideation and behavior was 
evaluated with the Columbia Suicide 
Severity Rating Scale (C-SSRS). 

PK Moieties Sage-547 

PD Endpoint(s) None 

Statistical 
Methods 
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Analytical Method 
Method Type LC/MS/MS I Matrix 

Analytes 
Sage-547, Phenytoin 

I Plasma 

P" Yes 
• Method validated prior to use 

r No 
Talidation 

P" Yes 
• Method validation acceptable 

r No 

tudy 
ample 
uialysis 

• Samples analyzed within the established stability period P" Yes 

r No 

• Quality control samples range acceptable P" Yes 

r No 

• Chromatograms provided P" Yes 

r No 

• Accuracy and precision of the calibration curve acceptable P" Yes 

r No 

• Accuracy and precision of the quality control samples acceptable P" Yes 

r No 

• Overall perfonnance acceptable P" Yes 

r No 

Study Population: 

• N= 12 (Healthy adult females, 22-42 years) 

Table 1: Demography of subjects 
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Inclusion Crietria:
	

APPEARS THIS WAY ON 
ORIGINAL
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Exclusion Criteria:
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PK Results 

All predose plasma samples were BQL (i.e., ~l ng/mL) for allopregnanolone. The mean plasma 
concentration increased with dose titration and declined with the dose tapering as shown in 
figure. 

figure 1: Mean Plasma Concentration-Time Profiles (.\rithmetic ~lean and Standard 

De,ia6011) of Allopregnanolone (Pltarmacokinetic Set} 


Llnur ~€':tie 


l--e- N=11I 

125 

100 

::J' 

~ 
z 75Q 

i 
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w g 50 

25 
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Note: The limit ofqw.Dtinc:ation ior plasma was l nglml The pre-dose CXICCSUrations ofallopregnano~ooe for all 
subjeds were BQL, therefore, no bas.eliDe correction 'Ir.IS perfoaned. JXPPEAffS'THfS'WAY"O­

----ORIGJNAL---­

12 24 36 48 56 64 72 168 
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Table 6: 	 Summary (Geometric l'Iean and 95% Confidem·e Interrnl of GM) of Plasma 
Pharmaeokinedc Parameters of Aflopregnanolooe (Pilrnrmncoldn etks Se·t) 

:PK P:ur:uDl'ter s 

Caa.., ng/ml.. 

T-., h0 

c_.,..., nglmL 

c .. , ~1mL 

AUCMo. n.;g•hfml. 

AUC1.i...u, ngoh.linL 

AUCo.., ng•hfmL 

AUCo....,, ng•b!mL 

Tbil, h 

R1 adjust!d 

tm, h 

l..c, lJh 

CL, Llh 

V,, L 

:\" 

ll 

11 

11 

ll 

11 

11 

ll 

11 

ll 

11 

11 

11 

11 

11 

Gi..'f 

89.67 

47.83 

70.56 

80.()7 

3358.38 

2257.91 

3557.76 

3736.51 

72.00 

0.93 

11.34 

0.06 

87.48 

143Ll6 

95% CI 

{74.19. 1083 9) 

(4 7.83, 55.83) 

(61.86, 80.48) 

(70.9 1, 90.41) 

(299'8.58, 376U5) 

(1979.49, 2575.50) 

(3 177.60, 3983.40) 

(3309. B , 421 9.09) 

(72 .00, 72.00) 

(0.90, 0 .97) 

(9.79, B .14) 

(0.05, 0 .07) 

(78.76. 97.18) 

(1224.80, 1671-30) 

" Tire com:entratlon data foc Subject- (ti) (&lR'eTE! futed but excluded from ilie statistical analysis due to 

discon.timiation ofinfusion 

b Median (min, max) reported for r ,_ 

Source: Table 14.2.2 


fudividual subjects' concentrations of allopregnanolone in 
breast milk over time are shown in Figure 2. Because breast milk collection times varied by 
subject, mean concentration of allopregnanolone over time could not be directly compared with 
the mean plasma concentration over time, so the data are summarized individually. 
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Milk-to-Plasma Ratio: Results of a study to examine the amount of brexanolone in breast milk, 
CLP-108, demonstrated that the milk concentrations were found to be 1.36-fold greater than plasma. 

In order to compute the relative infant dose of brexanolone, the highest observed maternal range of 
$8& YDOXHV IURP �� WR �� KRXUV ZDV XVHG� ZKHQ WKH PD[LPXP �� ȝJ�NJ�K LQIXVLRQ ZDV JLYHQ �PPD-
202C Pharmacokinetic Report GF30KT). Using these data, the relative infant dose (RID) was 
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calculated, as shown in Table below. 

T able 7: Calculation of l\farimum Br exanolon e Relatin Infant Dose (RID) 

Pla~ma 
AUC2w.s, 
ng.hlmL 

Minimum 462 

Median 1760 

Plasma 
At'Cu-n. 
ng.hfmL 

Maximum 3410 

Milk 
• .\UCU-11", 
ng.WmL 

628 

2394 

Milk 
.\UCz.wt, 
ng.hlmL 

4638 

AHrage Daily Dose in RJDd,% 
BreL1nolone llilk<, 
in Milkb, ng/kg/da)· 
ng/mL 

26.l& 3927 0.1818 

99.73 14960 0.6926 

An ragt Dail\· Dost in RIDd,% 
Bruanolont Mitkc, 
in Milk\ nglkglday 
ng/mL 

193.2 28980 L342 
•Computed as 1.36*?1.filk AUC 
b ~!ilk AUC .fajded by 24 hours 

' Based on feeding rate of 150 mLJkefday 

d Computed as in£mt dose divided by maternal dose (90 µ~kglb*24 h) *I 00% {Beonett 1996) 


Based on Literature (British Jomnal of Clinical Phaimacology, 42, 673-4, 1996), any chug with a 
Relative Infant Dose (RID) of <10% constitutes a low risk to an infant who is breast fed dming 
achninistration of the drng. The maximum RID for brexanolone, calculated for the 90 µg/kg/h dose 
for Hour 24 to Hour 48 ofthe infusion, is 1.3%. Additionally, the oral bioavailability ofbrexanolone 
is known to be <5%. Taken together, this suggests that the risk to an infant who is breast fed dming 
the 60-hour infusion is low. 

Safety Results 
Was there any death or serious adverse events? 

• 	 No stibj ects died •Of' md a se1ious 01' se~·ei'E! treatment-emergent ad't'eF...e e..-ent (IB.4E). One subject 

dis.continued dosing due to TEAEs (oedema, pain, and l'E!dn.ess at the infusion site). 


• 	 A total of seven ofthe 12 subjects expeienced IBAEs (5S3%). The~ frequently reported TE..o.I.s 

weJ'E! in the Gena'al Disorders and .~tionSite Gonditiom System Organ~ (SOQ : infusic 

site pain and infusion site swelli.o;g in six sabjects (5CW. ) each and infusion site erythema in four subj~ 


(33.3~~)-

• 	 Tv.'O subject> (16. ~fo) e3p1U-ienced moderate TR..!\Es; both SU:bjecb rrepmlin;g moderate infusion site !Par yes 
.i\11 other TEA& wei'E! 1'E!ported as mild 

• 	 l\PPEAASTAISWA'i'T'l.'-'O subjects (16.~fo) expeiiem.ced TEAEs comidered by the investigator to be re.lated fo shdy dmg- (i~ No 
ONORIGNAL 

v.ith nau.sea and one v.--ith abnoruJal drea.ms). 	 r NA 

• 	 Labontory test results., •-ital signs, and ECG parameters we re w:xremaikab!e over the cour5e of the siU<l 

• 	 TheJ:'E! v.as oo e•-iden'C:e suggesting ihat administration ofSAGE-:547 lnjecti.on was a:;;sociafed with m 

increase m suicidal ideation or bebai.-ior in this study as assessed by C-SSRS_ 


Adverse events were repo1i ed for 58.3% (7112) of subjects. Two subjects experienced TEAEs 
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that were moderate in intensity: One subject experienced moderate infusion site edema, infusion 
site erythema, and infusion site pain, and one subject experienced moderate infusion site pain 
and infusion site swelling. The rest of the reported TEAEs were mild 

Overall Sponsor Conclusions
	

APPEARS THIS WAY ON ORIGINAL
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This: open-label study was designed to evaluate the concentration ofallopregnanolone in breas1 
milk ofaduU lactating women after a 60-hour IV i.n.filsion ofSAGE-547 fujection. SAGE 547 
was l.vell-tolerated in this population ofadult lactating women. There were no deaths, SAEs, 
.severe AEs, or clinic.ally signific.ant lab-Oratory evahiatiom. One subj eot discontim.i.ed study drug 
at H47 due to moderate infos i.on site reactions. 

Over tJie course ofthe 60-hour infu..sion, the mean piasma concentration incre.ased during dose 
tination and dedined dm'ing dose taper. For all subjects, the concentration ofallopregnanolone 
in plasma was. approaching the lowest quantifiable limit (1 nglmL) by Day 3 and all subjects • 
plasma concentrations ofallopreguanolone were near or below the quantifiable limit by Day 7. 
In general, changes in allopreguanolone concentrations in.breast milk followed a pattem similar 
to that seen for changes in allopregnanolone concentrations in plasma. At Hour 160, the 
concentrations ofallopregn.anolone in breast milk were rapidly declining in parallel with plasma 
levels . By Hour 72, all subjects were approaching the lowest quantifiable limit (5 ~mL), and 
by Hour 96, Bl.JQ levels were obsav ed. All but one subject (11of12 subj ec4s) were below the 
limit of quantification at Houc 144 with values of<5 nglniL The remaining subj ect's levels: 
wer:e <10 ngfmL and r:emame.d there through Hour 168. There was no apparent accumul.ation of 
allopreguano!one i.n plasma oc breast milk. 

l\PPEJ\RS-TAIS-W~Y-01\mRIGI -­

Reviewer Comments and Conclusions 

31. Studv Design: This was an Open Label study evaluating the concentrations of 
allopregnanolone in breast milk of lactating women following the administered ofSAGE­
547 as an IV infusion at the proposed clinical dose and duration. 
o The dose ofSAGE-547 in this study (90 µglkglh) is the antidpated clinical dose, 

which has been previously administered in postpartum depression andfound to be 
well-tolerated. 

o I V dose was chosen because it is the intended route ofadministration. 
o Healthy females, between the age of18 and 42 years were included. 
o Adequate number of subjects (N= 12) were included in the study 
o Thefinal to-be-marketed f ormulation ofSAGE 547 was used in this study. 

32. Protocol deviation: No majorprotocol deviations were reported. 

33. Data Analvsis (i.e .. anv outliers etc.): There were no PK outliers. PKparameters were 
calculated excluding 1 subject due to the discontinuation ofinfusion in this subject. 

34. Bioanalytical Method: A validated bio-analytical methodology was used which was 
acceptable. 
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35. Inclusion and Exclusion Criteria: The subject inclusion and exclusion criteria were 
acceptable since: 

- The study excluded use of any medications (prescription or over-the-counter), or foods 
rich in flavonoids (such as cranberries) or juice (such as pineapple juice) primarily 
metabolized by cytochrome P450 (CYP) 2C9 (CYP2C9), as in vitro studies indicate 
SAGE-547 has the potential to alter the metabolism of CYP2C9 substrates when 
administered concomitantly. 

- The study excluded use of any medications (prescription or over-the-counter), foods, or 
juices that are strong inhibitors and/or inducers of CYP2C8, CYP2C9, CYP2C19, 
CYP3A4, uridine 5'­
diphospho-glucuronosyltransferase 2B7 (UGT2B7) and UGT2B17. This is acceptable 
because it minimized the chance of any drug interactions. 

36. Pharmacokinetic findings: We agree with the sponsor’s PK analysis and the conclusions 
from the study. 

Overall Conclusion: 

Based on concentrating of SAGE 547 in mothers plasma vs. milk, it is observed that the milk 
concentrations were 1.36-fold greater than plasma. However, the comparison of the effective dosage 
(in ug/kg/day) for the child vs. mother clearly demonstrates that maximal dosage in child is ~29 
ug/kg/day vs. ~ 2160 ug/kg/day in mother. Therefore, in the worst-case scenario, only ~ 1% of the 
dose (normalized by weight) is orally delivered to the child. Additionally, the oral bioavailability of 
brexanolone is known to very poor <5%. Therefore, eventually only ~ 0.05% of the dose (normalized 
by weight) is available systemically in the child. Thus, we agree that the risk to an infant who is 
breast fed during the 60-hour infusion is low. 

Thus, we recommend that it is acceptable for nursing mothers to continue to breast-feed during the 
infusion. 

APPEARS THIS WAY ON ORIGINAL
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22.4.4. Summary of In Vitro Studies 

fu Vitro Studies 
Solubility and LogD 

Study# SSN-409 
Title: Tier 1 (Solubility and LogD) Analysis of Selected Compounds 
EDR link: \ \cdsesub 1\evsprod\NDA2ll3 71\0001 \m4\42-stud-rep\422-pk\4223-distrib\ssn­
408\ 

• Objective: 
The objective of this Tier 1 study was to conduct the following experiments: solubility, and 
distribution coefficient (LogD) 

• 	 Methods: 
Solubilitv 
Compound stocks (l OmM in DMSO) were diluted to 10 µ.Min phosphate buffered saline 
(PBS) with and without 0.02% Cremophor in glass vials: final DMSO concentration was 
0.1 %. The solutions were sonicated for 1 minute and shaken for 1 hour at room 
temperature (typically 24°C). Samples were taken for both direct analysis 
(precentrifugation) and solubility determination. 

LogD 
Standards consisting of steroids with known LogD were nm for HPLC/MS and their 
retention times were used to constru ct a linear standard curve with LogD versus RT. 
Compounds were typically injected at 20 µM in MeOH and nm lmder the same conditions 
as the standards. LogD was assessed by comparison of RT with the standard curve. 

• 	 Analytical Method: HPLC/MS 

• 	 Results and Conclusions: 

Sample 

SAGE-547 

LogD 

4.87 

Solubility (µM) in 0.1 % DMSO 

Without Cremophor With 0.02% Cremophor 

3.3 8.8 

• 	 Reviewer 's Comments: 
• 	 Sponsor 's conclusions for solubility and LogD seem to be 

acceptable. 

2. Plasma Protein Binding 

Study# SSN-01423 
Title: fu Vitro Protein Binding of SAGE-547 in Human Plasma, Isolated Human Semm 
Albumin, and Isolated Human al -Acid Glycoprotein 
EDR link: \ \cdsesub 1\evsprod\NDA2ll3 71\0001 \m4\42-stud-rep\422-pk\4223-distrib\ssn­
0 l 423\ 

• Objective: The objectives of this study were to dete1mine 
concenti·ation dependence of protein binding to human plasma 
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proteins, and to examine the relative affinities to serum albumin 
�+6$� RU Į�-acid glycoprotein (AAG). 

x Methods: 
Protein binding was determined by equilibrium dialysis at 37°C under an atmosphere of 
5% CO2 and saturated relative humidity for 6 hours at 750, 1000, 1500, 2000, and 4000 
ng/mL (2.5, 3.1, 4.7, 6.3, 12.6 μM) SAGE-547 in human plasma, HSA (45 mg/mL) and 
AAG (1.0 mg/mL). The dialysis time was established based on data from the time-to-
equilibrium experiment. 

Equations: 
1.	 Protein Binding by Equilibrium Dialysis
 
Percent Drug Bound = [(Cm – Cd) / Cm] x 100
 
Percent Drug Unbound = 100 – Percent Bound
 
where:
 
Cd Concentration of test article in dialysate (ng/mL)
 

Cm Concentration of test article (ng/mL) in matrix (plasma, HSA, or AAG) 

2. Recovery for Equilibrium Dialysis 

where:
 
Cm Concentration of test article (ng/mL) in matrix (plasma, HSA, or AAG)
 
Cd Concentration of test article in dialysate (ng/mL)
 
Co Original concentration of test article (ng/mL) in matrix (plasma, HSA, or AAG) 

prior to loading the dialysis device
 
Vm Nominal volume (mL) of the matrix (donor side)
 
Vd Nominal volume (mL) of the dialysate (receiver side)
 
Vo Nominal volume (mL) of the original matrix added to the dialysis device
 

x Analytical Method: LC-MS/MS 
Limit of quantitation 1 ng/mL 
Curve Range: 1 – 500 ng/mL 

x Results: 
1. Time to Equilibrium 

Table 1. Percent bound and unbound SAGE-547 in human plasma (4000 ng/mL) after 
dialysis at 37°C for 3, 4, 5, 6, and 7 hours.
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DNU Data not used due to sample preparation error.
 
NA Not applicable.
 
Rep Replicate.
 
SD Standard deviation.
 
a Standard deviation applies to both bound and unbound percentages.
 

Mean unbound SAGE-547 was 0.2% among all time points. Mean percent recovery 
ranged from 94.9 to 100% among all incubation time points. A 6-hour incubation time 
was chosen as the equilibration time for all subsequent experiments. 

Table 2. Percent bound and unbound SAGE-547 in human plasma at various 
concentrations after dialysis at 37°C for 6 hours. 
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Table 3. Percent bound and unbound SAGE-547 in HSA solution (45 mg/mL) at
 
various concentrations after dialysis at 37°C for 6 hours. 

Table 4. Percent bound and unbound SAGE-547 in AAG solution (1.0 mg/mL) at 
various concentrations after dialysis at 37°C for 6 hours. 

x	 Sponsor’s conclusions: 
1.	 SAGE-547 was highly protein bound to human plasma and HSA (fraction unbound of 

0.2% for both matrices). 
2.	 SAGE-547 was poorly bound to AAG (fraction unbound of 46.0%). 
3.	 There was no evidence of concentration dependence in any of the matrices over the 
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range of750 to 4000 ng/mL (2.5 to 12.6 ~LM) for SAGE-547. 

• 	 R eviewer's Comments: 
1. 	 The test concentrations of SAGE-547 (2.5 to 12.6 µM) were higher than the clinical 

relevant exposures (< 120 nglmL or 0.36 µM), possibility due to the analytical 
challenges associated with determining the plasma protein binding of highly bound 
compound. 

2. 	 Positive and negative controls were missing in this study. 
3. 	 The mean percent recovery of plasma protein binding for AAG among all 

concentrations ranged from 28.3 to 33. 7%, possibility due to compound solubility or 
nonspecific binding issues to the dialysis device. Poor recovery in the plasma protein 
binding assay may lead to inaccurate measurement ofplasma protein binding. Thus, it 
is inconclusive to say SAGE-547 was poor~y bound to AAG. 

4. 	 A high plasma protein binding of> 99% for SAGE-547 was confirmed in both studies 
SSN-01423 and SSN-408. Thus, despite the issues discussed above, the sponsor 's 
conclusion for plasma protein binding ofSA GE-547 seems to be reasonable. 

Study# SSN-408 
Title: Plasma Protein Binding Analysis of Selected Compounds 
EDR link: \\cdsesubl \evsprod\NDA211371 \0001 \m4\42-stud-rep\422-pk\4223-distrib\ssn­
408\ 

• 	 Objective: The objectives of this study were to dete1mine the 
plasma protein binding of SAGE-547 in mouse, rat, dog and 
human plasma. 

• 	 Methods: Plasma was incubated at 3 7°C for 6 hours in wells 
with at a nominal concentration of 10 µM of SAGE-547, SGE­
565, SGE-708, SGE-746 and SGE-808 using equilibrium 
dialysis. Aliquots of the incubated sample were removed, 
extracted, and analyzed using an LC-MS/MS system. The free 
and bound concentrations for each compound was dete1mined. 
Positive control for high plasma protein binding [ warfarin (10 
µM)] were tested in parallel. 

• 	 Analytical Method: LC-MS/MS method (LLOQ = 0.0061 µM, 
2 ng/mL). However, this method was not validated, and SAGE­
54 7 was quantified by using the fit against the calibration curve. 

• Results: 
Tabl 1 P rote1D ffIDd.ID!! 0f SAGE-547.ID Mouse, Rat, D02,andHuman Plasmae 	 . 

Plasma Protein Binding 
SAGE-547 SGE-565 SGE-708 SGE-746 SGE-808 Warfarin 

Mouse 99.7% 98.2% 95.6% 95.8% 96.1% 77.0% 
Rat 99.6% 96.2% 97.3% 93.1% 93.4% 99.2% 
Dog 99.7% 95.4% 97.0% 89.7% 94.5% 95.1% 
Human 99.2% 98.9% > 98.5% 97.4% 98.8% 99.0% 
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• 	 Sponsor's conclusions: In all species, plasma protein binding 
for SAGE-547, SGE-565, SGE-708, SGE-746 and SGE-808 
were >99% at 10 µM . 

• 
• 	 R eviewer's Comments: 

1. 	 The test concentration of SAGE-547 (JO µM) were higher than its clinical relevant 
exposures (< 0.38 µM), possibility due to the difficulty of determining the plasma 
protein binding offor high~y bound compound. 

2. 	 The recovery for the equilibrium dialysis assay was not reported. 
3. 	 A high plasma proteibin binding of> 99%/or SAGE-547 was confirmed in both studies 

SSN-01423 and SSN-408. Thus, despite the issues discussed above, the sponsor's 
conclusion for SAGE-547 seems to be reasonable. 

Study# SSN-02178 
Title: Plasma protein binding detennination with SGE-03211 and SGE-03212 in human 
plasma by rapid equilibrium dialysis 
EDR link: \\cdsesub 1\evsprod\NDA2ll3 71\0001 \m4\42-stud-rep\422-pk\4223-distrib\ssn­
02 l 78\ 

• 	 Objective: The pmpose of this in vitro study was to dete1mine 
plasma protein binding of test a1ticles SGE-03211 and SGE­
03212 in human plasma. 

• 	 Methods: Human adult and pediatric plasma were incubations 
at 37°C for 3 homs in wells with SGE-03211 and SGE-03212 
using equilibrium dialysis. Aliquots of the incubated sample 
were removed, extracted, and analyzed using an LC-MS/MS 
system. The free and bound concentrations for each compound 
was dete1mined. Positive controls for high plasma protein 
binding [ warfarin (10 µM)] and low plasma protein binding 
[linezolid (10 µM)] were tested in parallel. 

• 	 Analytical Method: LC-MS/MS method. 

• Results: 
Table 1. Results of Plasma Protein Binding and Recovery of SGE-03211, SGE-03212, 
Warfarin and Linezolid in Human Plasma. 
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Cone. 	 % B ound % Recovered 
Compound Species 

(µM) A B c Mean SD A B c M ean SD 

SGE-0321 J 0.3 
Human 
(adult) 

99.4 99.3 99.4 99.4 0.028 106 165 93 121 38 

SGE­ 0321J 
Human 
(adult) 

99.9 100 JOO JOO 0.045 160 151 162 158 5.7 

SGE-03212 0.3 
Human 
(adult) 

98.l 98.8 98.8 98.6 0.38 99 87 95 94 5.9 

SGE­ 03212 
Human 
(adult) 

99.7 99.7 99.7 99.7 0.014 108 122 104 11 1 9.5 

Warfarin JO 
Human 
(adult) 

99.4 99.2 99.5 99.4 0. 12 102 69 82 84 16 

Linezolid 10 
Human 
(adult) 

47.2 48.8 54. 1 50.0 3.6 62 67 59 63 3.6 

• 	 Sponsor's conclusions: 
1. 	 Plasma protein binding of SGE-03211 was high, with percent binding values 

ranging from 99.3 to 100% across the two concentrations tested (at 0.3 µM and 3 
µM). 

2. 	 Plasma protein binding of SGE-03212 was high, with percent binding values 
ranging from 98.1 to 99.7% across the two concentrations tested (at 0.3 µMand 3 
µM). 

3. 	 Relative recovery of SGE-03211 and SGE-03212 (compared to the non-dialyzed 
spiked plasma standards) ranged from 93-165% for SGE-03211 and 87-122% for 
SGE-03212 over the two concentrations tested. High% recovered values(>100%) 
resulted in some of the dialyzed donor samples relative to test article concentration 
in the non-dialyzed spiked plasma sample, which indicated potential non-specific 
binding of the test aiiicle in the non-dialyzed spiked plasma condition. Since 
percent plasma protein binding was calculated without the data from the non­
dialyzed spiked plasma condition, the high relative recovery values had no impact 
on the plasma protein binding results of the test aiiicles. 

• Reviewer's Comments: 
The plasma protein binding for SGE-03227 (Ml37), which is the 3rd major circulating 
metabo!Ue, was not determined. Since SGE-03227 is an inactive metabolite ofSAGE-547, 
the determination ofplasma protein binding for Ml3 7 is recommended but not required. 

3. In Vitro Drug Metabolism Studies 

Study # SSN-594 
Title: Reaction Phenotyping of SAGE-547 
EDR link: \\cdsesubl \evsprod\NDA211371 \0001 \m4\42-stud-rep\422-pk\4224-metab\ssn­
594\ 

• Objective: 
To detennine the role of human cytochrome P450 (CYP), UDP-glucuronosyltransferases 
(UGT) and flavin-containing monooxygenase (FMO) enzymes in the metabolism of 
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SAGE-547.
 

x Methods: 
SAGE-��� �� ȝ0� ZDV LQFXEDWHG ZLWK UHFRPELQDQW KXPDQ &<3 HQ]\PHV �U&<3�$�� 
rCYP2B6, rCYP2C8, rCYP2C9, rCYP2C19, rCYP2D6 and rCYP3A4, 50 pmol CYP per 
incubation), UGT enzymes (rUGT1A1, 1A4, 1A8, 1A9, 2B7, 2B15 and 2B17) and human 
FMO enzymes (FMO1, FMO3 and FMO5, 0.25 mg/mL) for 60 min. After specific 
incubation time, reaction was terminated by stop reagent. And the remaining amount of 
SAGE-547 was quantified. 

x	 Analytical Method: LC-MS/MS 

x	 Results: 
1.	 Disappearance of SAGE-547 was observed following a 60-minute incubation with 

recombinant CYP2C8 (34%), CYP2C9 (72%), CYP2C19 (99%), and CYP3A4 
(100%). Incubations with the remaining recombinant human CYP enzymes evaluated 
resulted in less than 16% substrate disappearance. 

Figure 1. MHWDEROLVP RI 6$*(í��� �� ȝ0� DIWHU �� min incubation by recombinant 
KXPDQ 8*7 HQ]\PHV ����� PJ SURWHLQ�P/� � ȝ0 6$*(í���� 

2.	 When incubated with recombinant UGT enzymes, disappearance of SAGE-547 was 
observed with UGT2B7 (63%) and UGT2B17 (51%). Incubations with the other 
recombinant human UGT enzymes evaluated resulted in less than 13% substrate 
disappearance. 
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Figure 2. Metabolism of SAGE-547 (1 µ.M) after 60 min incubation by a panel of 
recombinant human FMO enzymes (0.25 mg/mL) 1 µM SAGE- 547. 

3. FMO enzymes did not metabolize SAGE-547. 
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Figure 3. Metabolism of SAGE-547 (1 µ.M) after 60 min incubation by a panel of 
recombinant human FMO enzymes (0.25 mg/mL) 1 µM SAGE-547. 

• Sponsor's conclusions: 
SAGE-547 was metabolized by CYP2C8, CYP2C9, CYP2C19, CYP3A4, UGT2B7 and 
UGT2B 17 in vitro and these enzymes may be involved in the biotransfonnation of SAGE­
547 in vivo. 

• Reviewer's Comments: 
Though in vitro studies suggested that CYPs and UGTs may be involved in the metabo/;sm 
ofSAGE-547, the in vivo mass-balance and metabo!Ue ID study clearly demonstrate that 
the metabolites of SAGE-547 were mainly formed via non-CYP based pathways. SAGE­
547 undergoes biotransformation via the following main pathways: I) reduction of the C­
20 keto moiety, presumably by an en=yme of the aldo-keto reductases (A.KR) family, 2) 
epbneri:;ation at the C-3 hydroxy position, and 3) sulfonation or glucuronidation ofSAGE­
547 and the corresponding 5a-pregnan-3,20 diol metabo!Ues. 

Based on in vitro data, the sponsor's conclusion that SAGE-547 is a substrate ofCYPs and 
UGTs is reasonable, although if may have overestimated the contribution of CYPs and 
UGTs to overall systemic clearance for SAGE-547 due to the use ofa recombinant system 
(which over-expresses a single en:;yme to artifkally high levels) and the absence of 
competing en:;ymes and reactions in the in vitro recombinant system. Based on the in vivo 
data, it is reasonable to conclude that the non CYP based pathways namely- UGTs, AKRs 
and sulfotransferases (SULTs) contribute extensively to the biotransformation of SAGE­
547. 

4. In Vitro Drug Interaction Studies 
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Study # SSN-01924 
Title: fu Vitro Evaluation of SAGE-547 as an fuhibitor of Cytochrome P450 (CYP) and 
UDP-Glucuronosyltransferase (UGT) Enzymes in Human Liver Microsomes 
EDR link: \\cdsesubl \evsprod\NDA211371 \0001 \m4\42-stud-rep\422-pk\4224-metab\ssn­
01924\ 

• Objective 
To evaluate the ability of SAGE-547 to inhibit, in vitro, select CYP and UGT enzymes 
in human liver microsomes (namely CYP1A2, CYP2C19, CYP2D6, CYP3A4/5, 
UGTlAl, UGT1A3, UGT1A4, UGT1A6, UGT1A9, UGT2B7, UGT2B15 and 
UGT2Bl 7) with the aim of ascertaining the potential of SAGE-547 to inhibit the 
metabolism of concomitantly administered chugs. 

• Methods 
• Direct inhibition potential for CYP and UGT enzymes in 

human liver microsomes (HLM) 
HLM from a pool of 200 individuals were incubated with marker substrates 
(typically at approximately Km) for CYP1A2, CYP2Cl9, CYP2D6, CYP3A4/5, 
UGTIAI, UGTIA3, UGTIA4, UGTIA6, UGTIA9, UGT2B7, UGT2Bl5 and 
UGT2Bl 7 in the presence (0.03 to 30 µM) or absence of SAGE-547. Residual 
enzyme activities were measured following adding aliquot of co-factors for CYP 
assays (NADPH-generating system) and UGT assays (UDPGA). The assays were 
automatically terminated at the appropriate time by the addition of the appropriate 
internal standard and stop reagent. 

• Time-dependent and metabolism-dependent inhibition 
potential for CYP enzymes in HLM: 

To distinguish between time-dependent and metabolism-dependent inhibition for 
CYPIA2, CYP2Cl9, CYP2D6 and CYP2A4/5, SAGE-547 was preincubated with 
HLM for 30 min without and with an NADPH-generating system, respectively, prior 
to the incubation with the marker substrates. Following the 30-min preincubation 
period, marker substrates (0.03 to 30 µM) were automatically added, and the 
incubations were continued as described previously to measure residual enzyme 
activity. Known direct and metabolism-dependent inhibitors of CYP enzymes and 
known director inhibitors of UGT enzymes were included as positive controls in all 
experiments. 

Table 1. Summaiy of assay conditions to measure microsomal CYP and UGT enzyme 
activity 
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x Analytical Method: LC-MS/MS 

x Results 
Table 2. Summary of results: In vitro evaluation of SAGE-547 as an inhibitor of human CYP 
and UGT enzymes in HLM 
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Table 3. Positive control inhibition data for IC50 determinations 

x	 Sponsor’s conclusions 
x	 SAGE-547 is not a direct or time-dependent inhibitor for 

major CYP enzymes. 
x	 SAGE-547 is a direct inhibitor of UGT1A3, UGT1A4, 

UGT2B7, UGT2B15, UGT2B17 and CYP2C19 with IC50 

YDOXHV UDQJLQJ IURP ��� WR �� ȝ0� 
x	 Greater than 20% direct inhibition of UGT1A9, CYP1A2 and 

CYP3A4/5-PHGLDWHG PLGD]RODP �ƍ-hydroxylation and 
WHVWRVWHURQH �ȕ-K\GUR[\ODWLRQ DFWLYLW\ ZDV REVHUYHG DW �� ȝ0 
SAGE-547; however, the inhibition was insufficient to 
calculate an IC50 value. 

x	 There was little or no evidence of direct inhibition of 
UGT1A1, UGT1A6 or CYP2D6 by SAGE-547, and there 
was little or no evidence of time- or metabolism-dependent
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inhibition of any of the CYP enzymes evaluated by SAGE­
547. 

• Reviewer's Comments: 
• 
• 	 We agree with the sponsor's conclusion that SAGE-547 is not 

a direct or time-dependent inhibitor of clinical relevance for 
the major CYP enzymes. 

According to the draft dntg interaction guidance, the predicated ratio ofvictim drug's 
AUC in the presence and absence of an inhibitor for basic models of reversible 
inhibition is calculated as following. 

Table 3. Predicted ratio of victim dmg's AUC in the presence and absence of an 
inhibitor 

CYP&UGT 
isoform 

Basic Models ofReversible Inhibition 

JC50 (µM) K; (µM) lmaxu (µM) ~ R1 
CYP2CJ9 29 ± 6 14.5 0.038 1.003 
UGTIA3 21 ± 5 10.5 0.038 1.004 
UGTIA4 26 ± 8 13 0.038 1.003 
UGT2B7 23 ± 5 11.5 0.038 1.003 

UGT2Bl5 6.3 ± 1.3 3. 1 0.038 I .OJ 
UGT2Bl7 1.7 ± 0.2 0.9 0.038 1.04 

Estimated Cmax values at the steady state in humans at 90 µg/kglh dose were 0.38 JIM 
(J 20 nglmL). Thus lmax.u = 0.38 * 1% JIM = 0.038 JIM. Assuming competitive mode of 
inhibition, K; = 0.5xJC50 

*According to the draft drug interaction guidance, considering uncertainties in the 
protein binding measurements, the unbound fraction in plasma should be set to 1% 
(fraction unbound in the vlasma (fu.p) = 0.01) ifexve1irnentallv determined to be< 1%. 

The calculated R1 values were smaller than the recommended cutoff value of 1.02 for 
CYP2C19, UGTJA3, UGTJA4, UGT2B 7, and UGT2Bl5. Per Guidance 
recommendation, in vivo studies to evaluate the inhibition potential for CYP2Cl9, 
UGTIA3, UGTJA4, UGT2B 7, and UGT2BI 5 are not required. 

SAGE-547 was identified to be a potent inhibitor for UGT2Bl 7 (JC50 = 1.7 µM), 
indicating it may have the potential to inhibit the metabolism of a UGT2Bl7 substrate 
drug. However, there is no specific citations ofclinically relevant DD!s ascribed to this 
en:;yme, and there is limited information on Us role in the clinical ADME ofdrugs. Tims, 
an additional in vivo study to evaluate the inhibition potential for UGT2Bl7 is not 
re uired. 

Study# SSN-412 
Title: In Vitro Evaluation of SAGE-547 as an Inhibitor of CYP2C9 in HLM 
EDR link: \\cdsesub 1\evsprod\ND A2l l 3 71\0001 \m4\42-stud-rep \422-pk\4 224-metab \ssn­
412\ 
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x Objective: 
To evaluate the ability of SAGE-547 to inhibit CYP2C9 in HLM. 

Methods: 
Determination of IC50 values 
To evaluate SAGE-547 as a direct, time-dependent and metabolism-dependent inhibitor of 
CYP2C9 activity, HLM from a pool of sixteen individuals were incubated with marker 
substrate (diclofenac, Km ��� � ��� ȝ0� � ȝ0� LQ WKH SUHVHQFH RU DEVHQFH RI 6$*(-547 
(0.03 – �� ȝ0�� 7R GLVWLQJXLVK EHWZHHQ WLPH-dependent and metabolism-dependent 
inhibition, SAGE-547 was preincubated with HLM for 30 minutes without and with an 
NADPH-generating system, respectively, prior to the incubation with the marker substrate. 
Determination of a Ki value 
Further evaluation of direct inhibition of CYP2C9 by SAGE-547 was also conducted with 
pooled HLM and marker substrate (diclofenac, 1.8 – �� ȝ0�� DW PXOWLSle concentrations, in 
the presence and absence of SAGE-547 (0.1 – � ȝ0� WR GHWHUPLQH WKH .i value and 
mechanism for direct inhibition. Known direct (sulfaphenazole) and metabolism-dependent 
inhibitors (tienilic acid) of CYP2C9 were included as positive controls in the experiments. 

Analytical Method: LC-MS/MS 
x Results: 

Under the experimental conditions examined, SAGE-547 directly inhibited CYP2C9 with 
an IC50 YDOXH RI ���� ȝ0� $IWHU IXUWKHU HYDOXDWLRQ RI GLUHFW LQKLELWLRQ� 6$*(-547 was 
found to be a mixed inhibitor of CYP2C9 with a Ki YDOXH RI ����� ȝ0� 7KHUH ZDV QR 
evidence of time-dependent inhibition or metabolism-dependent inhibition of CYP2C9 by 
SAGE-547. 

Table 1. In vitro evaluation of SAGE-547 as an inhibitor of human CYP2C9 

Figure 1. Inhibition of CYP2C9 by SAGE-547: Ki determination 
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x	 Sponsor’s conclusions: 
1.	 SAGE-547 directly inhibited CYP2C9 with an IC50 YDOXH RI ���� ȝ0� 7KHUH ZDV 

no evidence of time-dependent inhibition or metabolism-dependent inhibition of 
CYP2C9 by SAGE-547. 

2.	 After further evaluation of direct inhibition, SAGE-547 was found to be a mixed 
inhibitor of CYP2C9 with a Ki YDOXH RI ����� ȝ0� 

x	 Reviewer’s Comments: 

1.	 According to the draft drug interaction guidance, the predicated ratio of victim drug’s 
AUC in the presence and absence of an inhibitor for basic models of reversible inhibition 
is calculated as following. 

Table 2: Predicted ratio of victim drug’s AUC in the presence and absence of an inhibitor 
CYP 

isoform 
Basic Models of Reversible Inhibition 

IC50 (μM) Ki (μM) Imax,u (μM) * R1 

2C9 0.41 0.256 ����� ȝ0 1.15 
Estimated Cmax values at the steady state in humans at 90 ȝJ�NJ�K GRVH ZHUH ���� ȝ0 

(120 ng/mL). Thus Imax,u ���� î �� ȝ0 ����� ȝ0� 51 = 1 + (Imax,u / Ki) 

* According to the draft drug interaction guidance, considering uncertainties in the 
protein binding measurements, the unbound fraction in plasma should be set to 1% 

(fraction unbound in the plasma (fu,p) = 0.01) if experimentally determined to be < 1%. 

The calculated value of R1 = 1.15 is larger than the recommended cutoff value of 1.02 for 
CYP2C9. Per Guidance recommendation, an in vivo study to evaluate the inhibition 
potential for CYP2C9 is required. 

The potential for CYP2C9 inhibition has been assessed in study CLP-105 using oral 
phenytoin as a CYP2C9 substrate. Phenytoin PK were not significantly different in the 
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presence ofSAGE-547 over a 110-hour infusion; therefore, meaningful PK interaction of 
SAGE-547 with dntgs metaboli=ed via CYP2C9 is unlikely. 

2. 	 Since alpha value is determined to be 83.5, the inhibition type is more likely to be 
competitive rather than mixed. 

Study # SSN-01539 
Title: In Vitro Evaluation ofSAGE-547 as an Inhibitor of CYP2B6 and CYP2C8 in HLM 
EDR link: \ \cdsesub 1 \evsprod\ND A2113 71\0001 \m4\42-stud-rep \422-pk\4 224-metab \ssn­
01539\ 

• Objective: 
To evaluate the ability of SAGE-547 to inhibit CYP2B6 and CYP2C8 in vitro in HLM. 

• Methods: 
To evaluate SAGE-547 as a direct, time-dependent and metabolism-dependent inhibitor of 
CYP2B6 and CYP2C8 activity, HLM from a pool of 200 individuals were incubated with 
marker substrates in the presence or absence of SAGE-547. To distinguish between time­
dependent and metabolism-dependent inhibition, SAGE-547 was preincubated with HLM 
for 30 min without and with an NADPH generating system, respectively, prior to the 
incubation with the marker substrates. Known direct and metabolism-dependent inhibitors 
of CYP enzymes were included as positive controls in all experiments. 

Table 1. Sllllllllru.y of assay conditions to measure microsomal CYP2B6 and CYP2C8 
enzvme act1v1tles 

Marker 
Substrate 

Km (µM) Substrate 
cone. (µM) 

SAGE-547 
concentration (µM) 

CYP2B6 Efavirenz 5.45 ± 0.98 5 0.03, 0.1, 0.3, 1, 3, 10, 30 

CYP2C8 Amodiaquine 2.44 ± 0.19 2 0.03, 0.1, 0.3, 1, 3, 10, 30 

• 	 Analytical Method: LC-MS/MS 
• Results: 

Table 2. In vitro evaluation of SAGE-547 as an inhibitor ofhlllllan CYP2B6 and CYP2C8 

Enzymt Substratt 

Direct Inhibition Time-dependent Inhibition Metabolism-dependent Inhibition 

Zero-min preincub:ition 30·min pn•inc ub.iti on w it hout 
NAOPH 30·min preineubotion with NADPH Potentl~I ror 

metabolism· 
depend@nt 
inhibition cICro(µM) • Maximum Inhibition 

ObStrVed (%) b 
IC50 (µM) • Maximum Inhibition 

observed (%) • 
IC.50 (µM) • Maximum Inhibition 

observed (4V•) b 

CYP2B6 Eravirenz ~ 30 30 ~ 30 26 >30 37 Little or no 

CYP2C8 Amoo1aqu1ne 23 . 7 49 17 . 5 53 20± 4 52 Lnue or no 

a Average data (i.e .. percent of control activity) obtained from duplicate samples tor each test article concentration were used to calculate !Coo values. 

1> Maximum 1nt1i1>ition 01>se111ea (%) iS ca1cu1atea WiUl Ule roao111ing roonuta: Maximum ilhil>itlon 01>servea (%) =100% - tne minillum percent solvent 


control for any test article concentralioo 


Metabolism-Oependent inhibi!ion was determined by comparison of ICoo values for samples preilcubated with and without NADPH.generating system. 
by comparison of the observed inhibition (%) for all preincubation conditions and by visual inspection of the 1c., plots. 

Table 3. Positive control inhibition data 

359 

Reference ID 44057 47 



NOA 211371 M ulti-d isciplinary Review and Eva luat ion 
ZULRESSO (brexanolone) 

Enzym e Substr:1te 
Type of 

inhibition Inhibitor 
Zero-m in 

preineub:1t ion 
(% inhibition) 

30-Min pr•ineub:1tion 
plus NAOPH 
(% inhibit ion) 

lncre:.se in inhibition 
lifter preineub3tion 

(%) 

CYP28 6 Etavirenz 
Dr ect 750 µM orpneoaanne 73.8 NA NA 
MDI 30 )JM Phencydidine 0 53.2 53.2 

CYP2C8 Amooiaquine 
Dr eel 0.05 µM MonleluKast 79.8 NA NA 
MDI 5 µM Gemfibrozil glucuronide 0 56.9 56.9 

NA Not app11cao1e 

In cases Where inhibil ioo is notobserved, the percent inhiM ion is reported as •zero" . 


• 	 Sponsor's conclusions: 
1. 	 SAGE-547 is a direct inhibitor of CYP2C8 with an IC so value of 23 µM. 
2. 	 SAGE-547 is a weak inhibitor for CYP2B6 with approximately 30% inhibition 

observed at 30 µM. 
3. 	 There was little or no evidence of time- or metabolism-dependent inhibition of 

CYP2B6 or CYP2C8 by SAGE-547. 

• 	 Reviewer's Comments: 
According to the draft dmg interaction guidance, the predicated ratio of victim dntg 's 
A UC in the presence and absence ofan inhibitor for basic models ofreversible inhibition 
is calculated as following. 

Table 4: Predicted ratio ofvictim dntg's AUC in the presence and absence ofan inhibitor 
CYP 

isoform 
Basic Models of Reversible Inhibition 

ICso (~LM) Ki (~LM) 1 Imax.u (µM) z R i 
2C8 23 11.5 0.038 µM 1.003 

Estimated Cmax values at the steady state in humans at 90 µg/kg/h dose were 0.38 µM 
(120 ng/mL). Thus Imax.u = 0.38 * 1 % µM = 0.038 µM. R1 = I + Omax.u I K;)
1K; is calculated assuming competitive mode ofinhibition. 
2According to the draft dmg interaction guidance, considering unce11ainties in the 
protein binding measw-ements, the unbound fraction in plasma should be set to 1 % 
(fraction unbound in the plasma (fu,p) = 0.01) if experimentally detemiined to be < 
1%. 

The calculated value ofR1 = 1.003 turned out to be smaller than the recommended cutoff 
value of1.02for CYP2C8. Per Guidance recommendation, an in vivo study to evaluate the 
inhibition potential for CYP2C8 is not warranted. 

Study # SSN-02080 
Title: In Vitro Evaluation of SGE-03211 (M133), SGE-03212 (M136) and SGE-03227 
(M137) as Inhibitors of Cytochrome P450 (CYP) Enzymes in HLM 
EDR link: \ \cdsesub 1 \evsprod\ND A2 l l 3 71\0001 \m4\42-stud-rep \422-pk\4 224-metab \ssn­
02080\ 

• 	 Objective: 
To evaluate the ability of SGE-03211, SGE-03212 and SGE-03227 to each inhibit 
cytochrome P450 (CYP) enzymes in HLM (namely CYP1A2, CYP2B6, CYP2C8, 
CYP2C9, CYP2Cl9, CYP2D6 and CYP3A4/5 [using two different substrates]). 

• Methods: 
HLM from a pool of 200 individuals were incubated with marker substrates (based on 
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internal Km or S50 data) in the presence or absence of test article. To distinguish between 
time- and metabolism-dependent inhibition, each test article was preincubated with HLM 
for 30 min without and with an NADPH-generating system, respectively, prior to the  
incubation with the marker substrates. Known direct and metabolism-dependent inhibitors 
of CYP enzymes were included as positive controls in all experiments. 

Table 1. Summary of assay conditions to measure microsomal CYP enzyme activity – 
direct, time- and metabolism-dependent inhibition of enzymes by SGE-03211, SGE-03212 
and SGE-03227 

x Analytical Method: LC-MS/MS 

x Results: 
Table 2. Summary of results: In vitro evaluation of SGE-03211 as an inhibitor of human 
CYP enzymes in HLM 

Table 3.In vitro evaluation of SGE-03212 as an inhibitor of human CYP and UGT 
enzymes in HLM 

APPEARS THIS WAY ON 
ORIG NAL
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Table 4. In vitro evaluation of SGE-03227 as an inhibitor of human CYP enzymes in HLM
 

Sponsor’s conclusions 
1.	 SGE-03211 directly inhibited CYP2B6, CYP2C8, CYP2C9 and CYP3A4/5 mediated 

metabolism with IC50 YDOXHV RI ��� ��� �� DQG �� ȝ0� UHVSHFWLYHO\� A maximum of 51, 
39, 32 and 36% direct inhibition of CYP1A2, CYP2C19, CYP2D6 -mediated 
metabolism, respectively, were observed in the presence of SGE-03211 concentrations 
XS WR ��� ȝ0� DQG WKH DVVRFLDWHG ,&50 YDOXHV ZHUH UHSRUWHG DV ! ��� ȝ0� 

There was no evidence of metabolism-dependent inhibition of any of the CYP enzymes 
evaluated by SGE-03211. 

2.	 SGE-03212 directly inhibited CYP1A2, CYP2B6, CYP2C8, CYP2C9 and CYP3A4/5 
(as measured E\ PLGD]RODP �ƍ-K\GUR[\ODWLRQ DQG WHVWRVWHURQH �ȕ-hydroxylation) 
activities with IC50 YDOXHV RI ��� ��� ��� ��� �� DQG �� ȝ0� UHVSHFWLYHO\� A maximum 
of 25 and 30% direct inhibition of CYP2C19 and CYP2D6 activities, respectively, was 
observed in the presence of SGE-����� FRQFHQWUDWLRQV XS WR ��� ȝ0� DQG WKH 
associated IC50 values ZHUH UHSRUWHG DV ! ��� ȝ0� 

After a 30-min preincubation with pooled HLM in the presence of NADPH cofactor, 
SGE-03212 caused metabolism-dependent (i.e., time- and NADPH-dependent) 
inhibition of CYP3A4/5-PHGLDWHG WHVWRVWHURQH �ȕ-hydroxylation. 
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There was no evidence of metabolism-dependent inhibition of CYP1A2, CYP2B6, 
CYP2C8, CYP2C9, CYP2C19, CYP2D6 or CYP3A4/5-PHGLDWHG PLGD]RODP �ƍ-
hydroxylation by SGE-03212. 

3.	 SGE-03227 directly inhibited CYP2B6, CYP2C8 and CYP3A4/5 (as measured by 
PLGD]RODP �ƍ-hydroxylation and WHVWRVWHURQH �ȕ-hydroxylation) activities with a 
maximum of 26, 23, 22 and 21% inhibition observed, respectively, in the presence of 
SGE-����� FRQFHQWUDWLRQV XS WR ��� ȝ0� DQG WKH DVVRFLDWHG ,&50 values were reported 
DV ! ��� ȝ0� 7KHUH ZDV QR direct inhibition of CYP1A2, CYP2C9, CYP2C19 or 
CYP2D6 activities by SGE-03227. 

There was no evidence of metabolism-dependent inhibition of any of the CYP enzymes 
evaluated by SGE-03227. 

x	 Reviewer’s Comments 
1.	 Direct inhibition 

Though SGE-03211 is a direct inhibitor for CYP2B6, CYP2C8, CYP2C9 and CYP3A4/5, 
theIC50 values ranging from 17 -91 μM, that are 100’s of fold higher than clinical 
concentrations. SGE-03212 is a direct inhibitor for CYP1A2, CYP2B6, CYP2C8, CYP2C9 
and CYP3A4/5 with IC50 values ranging from 13 – 85 μM (that are 100’s of fold higher 
than clinical concentrations). SGE-03227 is not a direct inhibitor for tested CYP enzymes. 

2.	 Time-dependent inhibition 
A IC50 fold shift of greater than 1.5 is considered a significant shift and the compound is 
classed as a time dependent inhibitor. The IC50 fold shift values for SGE-03211 and SGE­
03212 are calculated as following. 

Enzyme Zero-min 
preincubatio 
n 
(μM) 

30-min 
preincubatio 
n without 
NADPH(μM) 

30-min 
preincubatio 
n with 
NADPH 
(μM) 

Fold 
-shift 
1 

Fold 
-shift 
2 

Fold 
-shift 
3 

SGE­
0321 
1 

CYP1A2 > 100 56 ± 2 49 ± 4 > 
1.8 

1.1 >2.0 

CYP2B6 49 ± 4 27 ± 5 27 ± 3 1.8 1.0 1.8 
CYP2C8 17 ± 1 18 ± 1 13 ± 1 0.9 1.4 1.3 
CYP2C9 40 ± 5 68 ± 11 63 ± 7 0.6 1.1 0.6 
CYP3A4/5 
(midazolam) 

91 ± 10 55 ± 9 36 ± 3 1.7 1.5 2.5 

CYP3A4/5 
(Testosterone 
) 

> 100 > 100 73 ± 9 NA >1.4 >1.4 

SGE­
0321 
2 

CYP1A2 84 ± 6 40 ± 1 45 ± 4 2.1 0.9 1.8 
CYP2B6 42 ± 3 31 ± 4 30 ± 4 1.4 1.0 1.4 
CYP2C8 12 ± 1 12 ± 1 8.3 ± 0.9 1.0 1.4 1.4 
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CYP2C9 85 ± 19 > 100 82 ± 9 < 1 1.2 1.0 
CYP3A4/5 13 ± 3 13 ± 2 12 ± 2 1.0 1.1 1.1 
(midazolam) 
CYP3A4/5 57 ± 6 81 ± 10 42 ± 6 0.7 1.9 1.4 
(Testosterone 
) 

Fold-shift 1 = IC50 (Zero-min preincubation) / IC50 (30-min preincubation without NADPH)
 
Fold-shift 2 = IC50 (30-min preincubation without NADPH) / IC50 (30-min preincubation with NADPH)
 
Fold-shift 2 = IC50 (Zero-min preincubation) / IC50 (30-min preincubation with NADPH)
 

For SGE-03211, fold-shift 2 and fold-shift 3 were greater than 1.5 for CYP3A4/5 using 
midazolam as the substrate, indicating both reversible and time dependent inhibition. 
Fold-shift 2 and fold-shift 3 were also greater than 1.4 for CYP3A4/5 using testosterone as 
the substrate. 

For SGE-03212, fold-shift 2 was great than 1.5 for CYP3A4/5 using testosterone as the 
CYP3A4/5 substrate, indicating a potential for time-dependent inhibition of CYP3A4/5. 
However, this observation was not repeatable using midazolam as the substrate. In 
addition, increased IC50 when preincubated with NADPH as comparing to zero-minute 
incubation is a rare case with unclear reasons. Thus, considering data from both 
midazolam and testosterone, it is likely there is no time-dependent inhibition for CYP3A4/5 
by SGE-03211. 

Large fold-shift 1 (>1.5 fold) was observed for CYP1A2 and CYP2B6 for SGE-03211 and 
CYP1A2 for SGE-03212, indicating potential non-NADPH mediated metabolism of test 
compound into a more potent inhibitor species. 

For CYP2C9, a greater IC50 value was observed after pre-incubation for 30 min as 
compared to zero-min incubation. The reason for this change is unknown. 

In sum, SGE-03211 showed time-dependent inhibition for CYP1A2, CYP2B6, and 
CYP3A4/5. However, it is noteworthy, that even though the time dependent shift was 
observed, the IC50 values were all 10 μM or much higher. 

3.	 The total concentrations for metabolites (at highest dose of 90 ug/kg/h) are anticipated as 
follows: 
- M133 = ~210 ng/mL = ~ 630 nM 
- M136 = ~ 225 ng/mL = ~ 675 nM 
- M137 = ~ 225 ng/mL = ~ 675 nM 

Direct inhibition 
According to the draft drug interaction guidance, the predicated ratio of victim drug’s 
AUC in the presence and absence of an inhibitor for basic models of reversible inhibition 
is calculated as following. 

Table 5. Predicted ratio of victim drug’s AUC in the presence and absence of an inhibitor 
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Metabolite 
s 

Basic Models ofReversible Inhibition 

CYP 
isoform 

JC50 
(µM 
) 

K; 
(µM)l 

Plasma 
Protein 
Binding 

2 

Imax 
(µM) 

lmax,11 (µM} R1 

SGE­
03211 

(M133) 

2B6 49 24.5 1% 0.63 0.063 1.003 
2C8 17 8.5 1.007 

1.0032C9 40 20 
SGE­
03212 

(M136) 

2B6 42 21 1.4% 0.675 0.0095 1.0005 
2C8 12 6 1.002 
3A4/5 13 6.5 1.002 

Imax,11 = !max *Plasma protein binding%. R1 = 1 + (Imax,11 I 
KJ
1K; is calculated assuming competitive mode ofinhibition. 
2According to the draft drug interaction guidance, 
considering uncertainties in the protein binding 
measurements, the unbound fl-action in plasma should be 
set to 1 % (fraction unbound in the plasma (fu,p) = 0. 01) if 
experimental~y determined to be < 1%. 

The calculated values turned out to be smaller than the recommended cutoffvalue of 1.02 
for CYP2B6, CYP2C8, CYP2C9 and CYP3A4/5 for SGE-03211 and SGE-03212. Per 
Guidance recommendation, an in vivo study to evaluate the inhibition potential for CYP­
mediated drug interactions is not warranted. 

Time-dependent inhibition 
Although time-dependent inhibition ldnetic constants were observed for CYP1A2, CYP2B6, 
and CYP3A4/5 for SGE-03211. Considering relatively low clinical exposure ofSGE-03211 
(Imax,u = 0.063 µM) as compared to Us JC50 values (27 - 49 µM), the like/;hoodfor CYP­
mediated dmg interaction by SGE-03211 is low. Further in vivo drug interaction studies 
are not required. 

4. 	 The sponsor has not assessed the UGT inhibition potential for the major circulating 
metabo!Ues. The in vitro determination of UGT inhibition potential by major circulating 
metabo!Ues is recommended. 

Study# SSN-411 
Title: In Vitro Evaluation of SAGE-547 as an Inducer of Cytochrome P450 Expression in 
Cultured Human Hepatocytes 
EDR link: \\cdsesub 1\evsprod\ND A2 l 1371\0001 \m4\42-stud-rep \422-pk\4 224-metab \ssn-411 \ 

• Objective 
To investigate the effects of treating primaiy cultures of c1yopreserved human hepatocytes 
with SAGE-547 on the expression of CYP1A2. CYP2B6, CYP3A4 and UGT1A9. 

• 	 Methods 
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Three cryopreserved preparations of cultured human hepatocytes from three separate livers 
were treated once daily for three consecutive days with dimethyl sulfoxide (DMSO, 0.1% 
v/v, vehicle control), acetonitrile (1% v/v, vehicle control), flumazeQLO ��� ȝ0� QHJDWLYH 
control), one of six concentrations of SAGE-��� ����� ���� �� �� �� RU �� ȝ0� RU RQH RI WKUHH 
NQRZQ KXPDQ &<3 LQGXFHUV� QDPHO\� RPHSUD]ROH ��� ȝ0�� SKHQREDUELWDO ���� ȝ0� DQG 
ULIDPSLQ ��� ȝ0�� $IWHU WUHDWPHQW� WKH FHOOV ZHUH LQFXEDWHG in situ with the appropriate 
marker substrates for the analysis of phenacetin O-dealkylation (marker for CYP1A2),  
EXSURSLRQ K\GUR[\ODWLRQ �PDUNHU IRU &<3�%�� DQG PLGD]RODP �ƍ-hydroxylation (marker 
for CYP3A4/5) by LC/MS/MS. Following the in situ incubation, the same hepatocytes from 
the same treatment groups were harvested with 
Buffer RLT to isolate RNA, which was analyzed by qRT-PCR to assess the effect of SGE-
102 on CYP2B6, CYP2C9, CYP3A4 and UGT1A9 mRNA levels. 

x Analytical Method: LC-MS/MS 
x Results 

Figure 1. CYP1A2 activity fold increase: The effect of treating cultured human hepatocytes 
with SAGE-547 (SGE-102) or prototypical inducers on the rate of phenacetin O-dealkylase 
activity 

Fold increase = fold change – 1 

CYP1A2 activity: Treatment of hepatoc\WHV ZLWK XS WR �� ȝ0 6$*(-547 had little or no 
effect (individual range of 0.202- to 1.09-fold) in CYP1A2 activity from all three 
hepatocyte cultures. However, there were decreases in CYP1A2 activity at concentrations 
DERYH ��� ȝ0 6*(-102 in HC3-22 (12.9, 13.5, 13.2, 30.7 and 29.3% for 0.5, 3, 5, 30 or 50 
ȝ0� UHVSHFWLYHO\� DQG DW �� DQG �� ȝ0 6$*(-547 in HC10-1 (19.4 and 79.8%, 
respectively). 

Figure 2. CYP2B6 activity fold increase: The effect of treating cultured human hepatocytes 
with SAGE-547 or prototypical inducers on the rate of bupropion hydroxylase activity 
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Fold increase = fold change – 1 

Figure 3. CYP2B6 mRNA fold increase: The effect of treating cultured human hepatocytes 
with SAGE-547 on CYP2B6 mRNA levels 

mRNA Fold increase = fold change – 1 

Figure 4. CYP2B6 mRNA percent positive control: The effect of treating cultured human 
hepatocytes with SGE-102 on cytochrome P450 (CYP mRNA levels) 

CYP2B6 activity: Treatment of cultured human hepatocytes with SAGE-��� �XS WR �� ȝ0� 
had little to no effect (<2.0-fold change) on CYP2B6 activity in hepatocyte culture HC3-22, 
but caused increases in CYP2B6 activity of 3.18- and 2.46-fold, in HC10-1 and HC5-25 at 
�� ȝ0 6*(-102, respectively and 4.21-fold in HC5-�� DW �� ȝ0 6$*(-547. There was a 
concentration-dependent increasing trend in all three cultures; however, a 2.0-fold change 
was never reached in culture HC3-22. 
CYP2B6 mRNA levels: 7UHDWPHQW RI KHSDWRF\WHV ZLWK XS WR �� ȝ0 6$*(-547 had little 
or no effect (individual range of 0.915- to 2.82-fold) in CYP2B6 mRNA levels with the 
exception of HC5-�� DW �� ȝ0 6*(-102 which reached 2.82-IROG DW �� ȝ0� 
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Figure 5. CYP2C9 mRNA fold increase: The effect of treating cultured human hepatocytes 
with SAGE-547 on CYP2C9 mRNA levels 

mRNA fold increase = fold change – 1 

CYP2C9 mRNA levels: 7UHDWPHQW RI FXOWXUHG KXPDQ KHSDWRF\WHV ZLWK XS WR �� ȝ0 
SAGE-547 caused little to no change in CYP2C9 mRNA levels (individual range of 0.786-
to 1.28-fold). 

Figure 6. CYP3A4/5 activity fold increase: The effect of treating cultured human 
hepatocytes with SAGE-��� RU SURWRW\SLFDO LQGXFHUV RQ WKH UDWH RI PLGD]RODP �ƍ-
hydroxylase activity 

Fold increase = fold change – 1 
Figure 7. CYP3A4 mRNA fold increase: The effect of treating cultured human hepatocytes 
with SAGE-547 on CYP3A4 mRNA levels. 

mRNA fold increase = fold change – 1 

CYP3A4/5 activity: WUHDWPHQW RI KHSDWRF\WHV ZLWK XS WR �� ȝ0 6*(-102 had little or no 
effect (individual range of 0.120- to 1.38-fold) in CYP3A4/5 activity. However, two 
cultures, HC10-1 and HC3-22, resulted in concentration-dependent decreases in CYP3A4/5 

368 
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 

Reference ID: 4405747 



  
 

 
 

  
  

 

 

   
 

 

 

 
     

 
    

 

 
 

   
 

NDA 211371 Multi-disciplinary Review and Evaluation 
ZULRESSO (brexanolone) 

DFWLYLW\ �GHFUHDVHG E\ ���� DQG ����� DW �� ȝ0 6$*(-547, respectively, compared to the 
vehicle control). 
CYP3A4/5 mRNA levels: WUHDWPHQW RI KHSDWRF\WHV ZLWK XS WR �� ȝ0 6$*(-547 had little 
or no effect (individual range of 0.732- to 1.66-fold) in CYP3A4 mRNA levels, however 
slight decreases in CYP3A4 mRNA levels were observed in all three cultures of hepatocytes 
������ ���� DQG ����� DW ���� � DQG �� ȝ0 LQ +&��-�� ����� DW �� ȝ0 LQ +&�-22; and 
����� DW � ȝ0 6*(-102 in HC5-25). 

Figure 8. UGT1A9 mRNA fold increase: The effect of treating cultured human hepatocytes 
with SAGE-547 on UGT1A9 mRNA levels 

mRNA fold increase = fold change – 1 

UGT1A9 mRNA levels: Treatment of cultured human hHSDWRF\WHV ZLWK XS WR �� ȝ0 
SAGE-547 caused decreases in UGT1A9 mRNA levels in all three cultures of hepatocytes 
������ ����� ����� ����� ���� DQG ����� DW ���� ���� �� �� �� DQG �� ȝ0 6*(-102 in HC10-1, 
���� DQG ����� DW �� DQG �� ȝ0 6*(-102 in HC3-22 and 15.6, 19.9 and 12.6% at 3, 30 and 
�� ȝ0 6$*(-547 in HC5-25). The decreases observed in mRNA fold were concentration 
dependent in hepatocyte culture HC10-1. 

x Sponsor’s conclusions: 
7UHDWPHQW RI FXOWXUHG KXPDQ KHSDWRF\WHV ZLWK XS WR �� ȝ0 ������� QJ�P/� SAGE-547 
caused little or no increase in CYP1A2 or CYP3A4 activities or in CYP3A4 mRNA levels, 
or in CYP2C9 and UGT1A9 mRNA levels. SAGE-547 yielded equivocal results with 
CYP2B6, showing a modest concentration-dependent increase (above 2-fold) in activity but 
only one donor demonstrated a concomitant increase in CYP2B6 mRNA. 

x	 Reviewer’s Comments: 
1.	 )RU &<3�%�� D � �-IROG LQFUHDVH LQ P51$ DQG D UHVSRQVH � ��� RI WKH UHVSRQVH RI WKH 

positive control was observed at 50 μM in HC5-25 hepatocyte cultures, indicating 
SAGE-547 is an inducer for CYP2B6. However, the systemic exposure of SAGE-7 (Iu,max 
= 0.038 μM) is more than 100 fold lower than the concentration that shown potent 
induction (50 μM). Additionally, given that brexanolone is going to be marketed as a 
one time infusion product, clinical exposure to brexanolone is expected only for a short 
duration of time (<5 days) which makes the induction of enzymes very unlikely. Thus, 
the potential for clinical drug interaction mediated by CYP2B6 induction is low, and no 
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further in vivo assessment for CYP2B6 induction ;s reqidred. 

2. 	 Although the spedfic activUy ofthe induced CYPs determine the relative change in drug 
metabo/;sm activUy at the protein level, ;n some cases both induction and ;nhibUion may 
occur, masldng the level of ;nductfon when catalytic activUy only ;s measured. SAGE­
547 is not an ;nhibitor for CYP3A4/5. However, two metabolites (e.g., SGE-03211 and 
SGE-03212) were detemdned to be inhibUors ofCYP3A4/5. Thus, it ;s possible that the 
concentration dependent decrease in CYP3A4/5 activUy was SAGE-547 metabolites at 
relatively high in vitro exposures. Moreover, the mRNA expression after three-day 
treatment ofSAGE-547 was analy=edfor CYP3A4/5. The results show that there was no 
s;gnif1cant change (;ndividual range of 0. 732- to 1.66-fold) ;n the mRNA expression in 
three cultures of hepatocytes, indicating no induction potential for CYP3A4/5. In 
additfon, the systemic exposure ofSAGE-547 (0.036 µM) was signifkant~y lower than 
the concentratfons that shown potent induction for CYP3A4/5 (> 3 µM) . Thus, SAGE­
547 is unlikely to induce CYP3A4/5 during c/;nical use. 

3. 	 The Positive and negative controls for UGT1A9 d;d not work. Thus, the results for 
UGT1A9 is inconclusive. 

Study# SSN-01925 
Title: In Vitro Evaluation of SAGE-547 as an Inducer ofCYP1A2 in Cultured Human 
Hepatocytes 
EDR link: \\cdsesub 1\evsprod\NDA2l13 71\0001 \m4\42-stud-rep\422-pk\4224-metab\ssn­
0 l 925\ 

• Objective: 
To evaluate the effect of SAGE-547 (0.3 to 25 µM) on the expression of CYP1A2 in three 
cultures ofprimaiy cryopreserved human hepatocytes. 

• Methods: 
This study was designed to allow any inductive effects of SAGE-547 to be classified 
relative to a clinically relevant CYP1A2 inducer, namely omeprazole (an AhR activator) 
(Pai·kinson et al. 2013). To this end, three preparations of cultured human hepatocytes from 
three separate livers were treated once daily for three consecutive days with DMSO (0.1% 
v/v, vehicle control), flumazenil (25 µM, negative control), one of six concentrations of 
SAGE-547 (0.3, 1, 3, 10, 15 or 25 µM) or a known human CYP1A2 inducer, namely, 
omeprazole (50 µM). 
After treatment, the cells were harvested with Buffer RLT to isolate RNA, which was 
analyzed by qRT-PCR to assess the effect of SAGE-547 on mRNA levels. 

• 	 Analytical Method: LC-MS/MS 
• Results: 

Figure 1. CYP1A2 mRNA fold change: The effect of treating cultured human hepatocytes with 
SAGE-547 on CYP1A2 mRNA levels 
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• Sponsor's conclusions: 
Treatment of cultured human hepatocytes with up to 25 µ.M SAGE-547 had little or no 
effect (i.e.,< 2-fold change) on CYP1A2 mRNA levels. 

• Reviewer's Comments: 
The sponsor's conclusions seem reasonable. 

Study# SSN-01157 
Title: (SAGE-547) SGE-00102-03-A: Assessment as an Inhibitor of P-gp, BCRP and MRP-2 
in Human Caco-2 Cells 
EDR link: \ \cdsesub 1 \evsprod\ND A2 l l 371\0001 \m4\42-stud-rep \422-pk\4 224-metab \ssn­
01157\ 

• Objective: 
To assess whether SAGE-547 (SGE-00102-03-A) is an inhibitor of BCRP, P-gp or MRP-2 
using Caco-2 cells. 
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x Methods: 
Caco-2 cells were co-GRVHG ZLWK HLWKHU �� ȝ0 URVXYDVWDWLQ �%&53 VXEVWUDWH� UHSRUWHG .m = 
�� �0�� RU �� ȝ0 WDOLQRORO �3-pg and MRP-2 substrate, reported Km = 100 μM) alone or 
with SAGE-��� DW FRQFHQWUDWLRQV RI ����� ���� ���� �� DQG �� ȝ0� 

x Analytical Method: 
x Results: 

x Sponsor’s conclusions: 
SAGE-547 does not appear to be an inhibitor of BCRP, P-gp or MRP-2. This is evidenced 
by its inability to block the efflux of the BCRP substrate (rosuvastatin) and the P-gp/MRP-2 
substrate (talinolol) in a dose-dependent manner. The addition of SAGE-547 over a 
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concentration range of 0.25 to 25 µM did not significantly change the permeability or efflux 
of the substrates. The binning of rosuvastatin and talinolol remained the same with or 
without SAGE-547 at any of the concentrations tested. 

• Reviewer's Comments: 
The study done to determine the BCRP inhibition potent;al of SAGE-547 clearly 
demonstrates that the efflux ratio for the probe substrate was decreased signiflcantly. 
However, it ;s poss;ble that this change ;n the efflux ratio ;s due to an inaccurate 
measurement of the absolute value of A to B permeabUity for rosuvastatin, as an 
abnormally high efflux ratio of84. 7for the substrate without any concomitant med;cations. 
In addition, there is no dose-response for SAGE-547 between 0.25 to 25 µM for the 
permeabi/;ty or ejJlux ratio of the substrate. Therefore, we agree with the sponsor 's 
conclusion that SAGE-547 ;s a non-;nhibitor ofPg-p, BCRP and MRP2. 

Study# SSN-01311 
Title: In vitro Interaction Studies of SAGE-547 with human BSEP, MRP3 and MRP4 Efflux 
(ABC) Transpo1ters, and with human MATEl, MATE2-K, OATl, OAT3, OATPlBl, 
OATP1B3, OCTl and OCT2 Uptake Transpo1ters 
EDR link: \\cdsesub 1 \evsprod\ND A2 l l 3 71\0001 \m4 \42-stud-rep \422-pk\4 224-metab \ssn­
01311 \ 

• Objective: 
The pmpose of this study was to provide data on the interaction of SAGE-547 with the 
human ABC (efflux) transporters: BCRP, BSEP, MDRl, MRP3 and MRP4; and the human 
SLC (uptake) transpo1ters: MATEl, MATE2-K, OATPlBl, OATP1B3, OATl, OAT3, 
OCTl and OCT2. 

• Methods: 
Kinetic solubility assessment of SAGE-547 in assay buffers 
The aqueous solubility of SAGE-547 was detennined by optical microscopy evaluation (20 
x magnification) for all buffers, and in addition by spectrophotometric measurements for 
uptake and VT buffers. 
Non-specific binding assays 
The non-specific binding of SAGE-547 (at 0.2 and 2 µ.M) was dete1mined by incubating 
SAGE-547 in tissue culture plates in the absence of cells or membranes. Samples in 
triplicates were taken after the appropriate incubation time and the amount of SAGE-547 in 
the wells was dete1mined using liquid scintillation counting. 
Transpo1ter assays 

1. Vesicular transport inhibition and substrate assays 
Vesicular transpo1t assays were perfo1med with inside-out membrane vesicles prepared 
from cells overexpressing human ABC transpo1ters BSEP, MRP3 and MRP4. SAGE­
54 7 was incubated with membrane vesicle preparations and the probe substrate. 
Incubations were caITied out in the presence of 4 mM ATP or AMP to distinguish 
between transpo1ter-mediated uptake and passive diffusion into the vesicles. After 
specific incubation time, reactions were quenched by adding ice-cold washing buffer 
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and immediate filtration. The filters were washed, dried and the amount of substrate 
inside the filtered vesicles was determined by liquid scintillation counting. 

2. Experimental method for vesicular transport substrate assay 
The accumulation of SAGE-547 into membrane vesicles was determined using inside-
out membrane vesicles prepared from cells overexpressing the human BSEP transporter 
as well as from control cells. Two incubation time points (2 and 20 min) and two 
FRQFHQWUDWLRQV ���� DQG ��� ȝ0� RI 6$*(-547 were tested in the presence of ATP or 
AMP, to determine whether SAGE-547 is actively transported into the vesicles.  
Reactions were quenched by the addition of ice-cold washing buffer and immediate 
filtration. The amount of accumulated SAGE-547 retained inside the vesicles was 
determined by liquid scintillation counting. 
3. Experimental method for uptake transporter inhibition experiments 
Uptake experiments were performed using CHO, MDCKII, or HEK293 cells stably 
expressing OAT1, OAT3, OATP1B1, OATP1B3, OCT1, OCT2, MATE1 and MATE2-
K. After specific incubation time with containing the probe substrate and SAGE-547 
������� ������ ������ ������ ������ ����� DQG ���� ȝ0�� UHIHUHQFH LQKLELWRU RU VROYHQW 
(for controls), cells were washed with ice cold HK buffer and lysed. Radiolabelled probe 
substrate transport was determined by measuring an aliquot from each well for liquid 
scintillation counting. 
4. Experimental method for uptake transporter substrate experiments 
The uptake of SAGE-547 by OAT1, OAT3, OATP1B1, OATP1B3, OCT1, OCT2, 
MATE1 and MATE2-K were determined using cells overexpressing the respective 
uptake transporter and control cells, at two incubation time points (2 and 20 min) and at 
WZR FRQFHQWUDWLRQV ���� DQG ��� ȝ0� RI 6$*(-547 to determine whether or not SAGE-
547 was actively taken up into the cells. The amount of SAGE-547 in the cell lysate was 
determined by liquid scintillation counting. 
5. Experimental method for bidirectional permeability (substrate assessment) 
Bidirectional transport of SAGE-547 was determined through parental MDCKII, 
MDCKII-BCRP and MDCKII-MDR1 cell monolayers. Cells were preincubated in assay 
buffer for 10 minutes to allow cells adjusting to the medium. Assay buffer containing 
SAGE-��� DW WZR FRQFHQWUDWLRQV ����� DQG ��� ȝ0� ZDV WKHQ DGGHG WR WKH DSSURSULDWH 
aSLFDO ���� ȝ/� RU EDVRODWHUDO FKDPEHU ���� ȝ/�� 7KH SUD]RVLQ �%&53� RU GLJR[LQ 
(MDR1) efflux ratio was determined as a positive control for BCRP or MDR1 function, 
respectively. 

x Analytical Method: liquid scintillation counting 
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x Results: 
Kinetic solubility assessment 
SAGE-��� ZDV VROXEOH XS WR � ȝ0 LQ DVVD\ EXIIHUV IRU YHVLFXODU DQG XSWDNH WUDQVSRUW 
assays, yet precipitated at higher concentrations. 

Vesicular transport inhibition assays 
SAGE-547 did not influence the BSEP, MRP3 or MRP4-mediated probe substrate 
DFFXPXODWLRQ XS WR WKH KLJKHVW FRQFHQWUDWLRQ RI � ȝ0� 
Vesicular transport substrate assays 
The ATP-dependent accumulation of SAGE-547 in BSEP expressing  and control vesicles 
was similar in the presence of ATP and AMP (ATP-dependent fold accumulation values 
were < 2), indicating no active accumulation of SAGE-547. 
Uptake transporter inhibition assays 
SAGE-547 inhibited the OCT1- and OCT2-mediated metformin accumulation at the applied 
concentrations in a dose-dependent manner with a maximum inhibition of 80 % for OCT1 
and 45% for OCT2. The calculated IC50 YDOXH IRU 2&7� ZDV ���� ȝ0� $V WKH LQKLELWLRQ GLG 
not reach 50%, no IC50 was calculated for OCT2. 
SAGE-547 did not influence the transporter-mediated probe substrate accumulation at the 
applied concentrations in the other uptake transporter inhibition assays (MATE1, MATE2-
K, OAT1, OAT3, OATP1B1 and OATP1B3). 
Uptake transporter substrate assays 
Accumulation of SAGE-547 was similar in the OATP1B1, OATP1B3 and OCT1-
expressing and the control cells for all transporters tested (transporter specific fold 
accumulation values were < 2), indicating no active accumulation of SAGE-547. 
Monolayer substrate assays 
Permeability of SAGE-547 measured in the MDCKII (parental), MDCKII-BCRP and 
MDCKII-MDR1 monolayer was similar in both apical to basolateral (A-B) and basolateral 
to apical (B-A) direction, indicating SAGE-547 is unlikely to be a substrate for either BCRP 
or MDR1. 

Table 1. Summary of the obtained results 

APPEARS THIS WAY ON 
ORIG NAL
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Inhibition results Substrate results 

Maximum Maximum efflux 
Transpor ter and 	 ICsoinhibition 	 ratio or fold Subst rate 

assay type 	 (µM)
(% of control) accumulation 

BCRPML NT NT - 1 ER Unlikely 

MDRI ML NT NT - 1 ER Unlikely 

BSEPVT NIO NIO < 2 fold Unlikely 

MRP3 VT NIO NA NT NT 
MRP4 VT NIO NA NT NT 

MATE ! UPT NIO NA NT J\l'f 

MATE2-K UPT NIO NA NT NT 


OATlUPT NIO NA NT NT 

OAT3UPT NIO NA NT J\l'f 


OATP!Bl UPT NIO NA < 2 fold Unlikely 

OATP1B3 UPT NIO NA < 2 fold Unlikely 


OCTI UPT 80 0.41 < 2 fold Unlikely 


OCT2UPT 45 NA NT NT 

ML: Monolayer assay. NIO: no imeraction observed. defined as inhibition being <20%. NA: not applicable. NT: 

not tested. UPT : 11ptake assay VT: vesic11lar transport assay 


• 	 Sponsor's conclusions: 
1. 	 SAGE-547 did not inhibit human efflux transpo1ters BSEP, MRP3 and MRP4 up to the 

highest soluble concentration of2 µM. 
2. 	 SAGE-547 was not detected as and is therefore unlikely a substrate of human efflux 

transpo1ters BCRP, BSEP and MDRl . 
3. 	 SAGE-547 did not significantly inhibit (no or <20% inhibition) human uptake transpo1ters 

MATEl, MATE2-K, OATl, OAT3, OATPlBl and OATP1B3, but inhibited human uptake 
transpo1ters OCTl and OCT2 in a dose dependent manner (OCTl : ICso = 0.41 µM, OCT2: 
maximum relative inhibition = 45%). 

4. 	 SAGE-547 was not detected as and is therefore unlikely a substrate of human uptake 
transpo1ters OATPlBl , OATP1B3 and OCT I. 

• 	 Reviewer's Comments: 
1. 	 According to the FDA draft guidance for dmg interaction, since SAGE-547 is 

minimally excreted in the urine, in vitro studies to evaluate whether the dmg is a 
substrate for renal transporters of OATl/3, OCT2, MATEl and MATE2-K are not 
required. 

2. 	 OCTl: lmax,ullC5o = 0.0053 10.41 = 0.01, which is smaller than the cut-offvalue of 
0. 1. Thus, the in vivo DD! study is not required. 

Study: # SSN-02081 
Title: fu vitro futeraction Studies of SGE-03211 (M133), SGE-03212 (M136), and SGE-03227 
(M137) with human BCRP, BSEP, MDRl , MRP3 and MRP4 Efflux (ABC) Transporters, and 
with human MATEl, MATE2-K, OATl, OAT3, OATP l Bl, OATP1B3, OCTl and OCT2 
Uptake T ranspo1iers 
EDR link: \\cdsesub 1 \evsprod\ND A2 l 1371\0001 \m4 \42-stud-rep \422-pk\4 224-metab \ssn­
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02081\ 
• Objective: 

The purpose of this study was to provide data on the interaction of SGE-03211 (M133), 
SGE-03212 (M136), and SGE-03227 (M137) with the human ABC (efflux) transporters: 
BCRP, BSEP, MDRl, MRP3 and MRP4; and the human SLC (uptake) transpo1iers: 
MATEl, MATE2-K, OATl, OAT3, OATPlBl, OATP1B3, OCTl and OCT2. 

• Methods: 
1. Vesicular transport inhibition and substrate assays 
Vesicular transpo1i assays were perfo1med with inside-out membrane vesicles prepared 
from cells overexpressing BCRP, BSEP, MDRl, MRP3, MRP4. M133, M136 and 
M137 (2.5 and 25 µM) were incubated with membrane vesicle preparations and the 
probe substrate. Incubations were caITied out in the presence of 4 mM ATP or AMP to 
distinguish between transpo1ier-mediated uptake and passive diffusion into the vesicles. 
After specific incubation time, reactions were quenched by adding ice-cold washing 
buffer and immediate filtration. The filters were washed, dried and the amount of 
substrate inside the filtered vesicles was dete1mined by liquid scintillation counting. 

2. Experimental method for uptake transporter inhibition experiments 
Uptake experiments were perfo1med using MDCKII, or HEK293 cells stably expressing 
OATl, OAT3, OATPlBl, OATP1B3, OCTl, OCT2, MATEl and MATE2-K. After 
specific incubation time with containing the probe substrate and M133, M136 and M137 
(2.5 and 25 µM), reference inhibitor or solvent (for controls), cells were washed with ice 
cold HK buffer and lysed. Radiolabelled probe substrate transpo1i was dete1mined by 
measuring an aliquot from each well for liquid scintillation counting. 

Table 1. Test aiticles and transporter assays requested by Sage Therapeutics 

Test article Transporter Assay Applied 
concentration 

rang~ 

BCRP 
BSEP 

MORI 
MRP3 

Vesicular transport 
assay 2.5 and 25 µM 

MRP-l 

SGE­03211 , MATE I 

SGE-032 12 and MATE2-K 
SGE-03227 OAT I 

OAT.l 

OATPIBI 

Uptake transporter 
assay 

2.5 and 25 µM 

0ATPIB3 

OCTJ 

OCT2 

• Analytical Method: 
• Results: 

Table 1. Summaiy of the obtained results 
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x Sponsor’s conclusions: 
Vesicular transport inhibition assays 
1.	 SGE-03211 inhibited the following efflux transporters: BCRP, BSEP, MDR1 and 

MRP4, with a maximum of 24%, 88%, 46% and 71%, respectively. SGE-03211 showed 
no interaction with the human MRP3. 

2.	 SGE-03212 inhibited the following efflux transporters: BSEP, MDR1, MRP3 and 
MRP4, with a maximum of 89%, 42%, 78% and 81%, respectively. SGE-03212 showed 
no interaction with the human BCRP. 

3.	 SGE-03227 inhibited the following efflux transporters: BSEP, MRP3 and MRP4, with a 
maximum of 89%, 99% and 32%, respectively. SGE-03227 showed no interaction with 
the human BCRP and MDR1. 

Uptake transporter inhibition assays 
4.	 SGE-03211 inhibited the following uptake transporters: OAT3, OATP1B1, OATP1B3 

and OCT1, with a maximum of 44%, 90%, 98% and 35%, respectively. SGE-03211 
showed no interaction with the human MATE1, MATE2-K, OAT1 and OCT2 
transporters. 

5.	 SGE-03212 inhibited the following uptake transporters: OAT3, OATP1B1 and 
OATP1B3, with a maximum of 61%, 90% and 95%, respectively. SGE-03212 showed 
no interaction with the human MATE1, MATE2-K, OAT1, OCT1 and OCT2 
transporters. 

6.	 SGE-03227 inhibited the following uptake transporters: OAT1, OATP1B1, OATP1B3 
and OCT1, with a maximum of 27%, 53%, 54% and 23%, respectively. SGE-03227 
showed no interaction with the human MATE1, MATE2-K, OAT3 and OCT2 
transporters. 

x	 Reviewer’s Comments: 
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All three metabolites are BSEP inhibitors (~ 50% inhibition at 2.5 μM). BSEP is expressed 
on the canalicular membrane of hepatocyte, where it functions in the secretion of bile salts 
from the liver into the bile canaliculi. Although the intracellular concentrations of 
metabolites are not known, considering the systemic exposure (~ 0.65 μM), these 
metabolites could have the hypothetical potential to cause BSEP inhibition in vivo. It has 
been reported that BSEP inhibition is associated with cholestatic liver injury. Thus, the 
clinical safety information for potential liver toxicity was further reviewed, and there no 
sign for bile flow reduction or liver damage during the treatment of SAGE-547. Thus, an 
additional clinical study to assess the impact of BSEP inhibition by SAGE- 547 is not 
required. 
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22.5. Additional Clinical Outcome Assessment Analyses 

[ Add your Text and Figures/Tables Here] 
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EXECUTIVE SUMMARY 

Study 547-CLP-102 was a randomized, double-blind, active- and placebo-controlled, double-
dummy, 6-way crossover study to determine the abuse potential of single doses (90 µg/kg IV) 
intravenously administered SAGE-547 compared to placebo and 2 doses (1.5 mg and 3 mg) of 
alprazolam in healthy, nondependent, recreational central nervous system (CNS) depressant 
users. 

Of the 40 subjects who were randomized to the Treatment Phase, 36 subjects (80%) were 
included in the PK Population and 25 subjects (62.5%) completed the study. The reviewer’s 
analysis was based on the completers. This study was designed before the FDA 2017 guidance 
was published. Thus, the test value (or margin) for each test was zero. The primary endpoint was 
Emax of Drug Liking VAS. Per CSS request, this reviewer also studied five secondary abuse 
potential measures: High VAS, Good Effects, Bad Effects, Overall Drug Liking VAS, and Take 
Drug Again VAS. 

The statistical analysis results show that: 
• The mean of Emax for Drug Liking was significantly higher for alprazolam 1.5 mg and 

3.0 mg compared to placebo, thereby establishing the study validity. 

•	 On the average, the responses to SAGE-547 90 μg/kg were significantly lower than those 
to both doses of alprazolam for the primary and five selected secondary endpoints. There 
was no significant mean (or median) difference between SAGE-547 90 μg/kg and 
placebo. 

•	 On the average, the responses to SAGE-547 180 μg/kg were significantly lower than 
those to both doses of alprazolam for the primary and five selected secondary endpoints 
except the primary endpoint for the comparison of SAGE-547 180 μg/kg versus 1.5 mg 
alprazolam (p=0.029). However, the responses to SAGE-547 180 μg/kg were 
significantly larger than those to placebo. 

•	 On the average, the responses to SAGE-547 270 μg/kg were not significantly different 
from those to both doses of alprazolam for the primary endpoint and selected secondary 
endpoints except Bad Effects Emax. SAGE-547 270 μg/kg had significantly lower mean 
of Bad Effects Emax compared to both doses of alprazolam. 

In summary, the therapeutic dose of SAGE-547 (90 µg/kg) is not euphoric, and has less liking, 
and high as well as take drug again compared to alprazolam. However, the mid dose of SAGE­
547 showed significantly higher mean response to placebo, and the high dose of SAGE-547 did 
not show significantly lower mean response to alprazolam 3.0 mg for the primary endpoint and 
the selected secondary endpoints. The rapidly raising mean response of SAGE-547 at hour 0.5 
and less sedative effects raise more concern of the abuse potential of SAGE-546. Based on both 
the primary and secondary analyses, this reviewer concludes that the abuse potential of SAGE­
547 may not be lower than alprazolam. 
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1 INTRODUCTION 

1.1 Overview 

1.1.1 Background Information 

Sage Therapeutics has submitted NDA 211371 for brexanolone (5mg/mL) intravenous injection 
for the treatment of postpartum depression (PPD). The compound was investigated under IND 
122279 and received breakthrough therapy on 8/23/16. The Sponsor’s application included a drug 
abuse potential assessment (Study 547-CLP-102), which was part of a Phase 1 program in 
support of the development of brexanolone. This consult review responded to a request by the 
Controlled Substance Staff (CSS) to review this study. 

SAGE-547 injection (hereafter referred to as “SAGE-547”) is a proprietary formulation of 
allopregnanolone, also referred to as brexanolone, an endogenous neuroactive steroid and major 
metabolite of progesterone, which is unscheduled. Allopregnanolone has been available as an 
unscheduled substance for several decades. Based on the available evidence, there were no 
signals of abuse, misuse, diversion, dependence or withdrawal with allopregnanolone using a 
variety of public post-marketing data sources. The Sponsor stated that, “the abuse potential and 
physical dependence potential of brexanolone is low, which supports the proposed 
recommendation that brexanolone should not be scheduled as a controlled substance”. The Joint 
Meeting of the Psychopharmacologic Drugs Advisory Committee and the Drug Safety and Risk 
Management Advisory Committee was scheduled on 11/2/2018. 

1.1.2 Specific Studies Reviewed 

The applicant, Sage, submitted one list of preclinical and clinical study reports related to abuse 
potential assessment that were conducted and cited in the NDA submission. This review only 
focuses on the human abuse potential study 547-CLP-102 (Table 1). 

Table 1: List of Studies Included in this Review 
Study ID 
(Duration) 

Location Design Primary 
Endpoints 

Treatments Number of 
Subjects 

547-CLP- 1 site in R, DB, AC, PC, MD, Emax for A: placebo [PBO] 40 randomized 
102 CANADA 6-arms crossover to Drug Liking B: alprazolam 1.5 mg PO [ALZ1.5] and 25 subjects 

evaluate the abuse C: alprazolam 3.0 mg PO [ALZ3.0] completed all 
12/21/2015 potential of D: SAGE-547 90 µg/kg IV [SAGE90] treatment periods 
– 8/8/2016 intravenously E: SAGE-547 180 µg/kg IV [SAGE180] 

administered drug F: SAGE-547 270 µg/kg IV [SAGE270] 
Abbreviations: DB = double blind; PC = placebo-controlled; AC = active-controlled; R = randomized; MD=multi-dose 

1.2 Data Sources 

All data was supplied by the applicant to the CDER electronic data room in SAS transport format.  
The data and final study report for the electronic submission were archived under the network 
path location \\...\211371.enx. The information needed for this review was contained in 
submission modules 5.3.4 modules and datasets. 
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2 STATISTICAL EVALUATION 

2.1 Data and Analysis Quality 

Data for study 547-CLP-102 was submitted on 4/19/2018 (NDA 211371/S0001). In general, the 
data and analysis quality are acceptable. 

2.2 Human Abuse Potential Stud 547-CLP-102 

2.2.1 Overview 

547-CLP-102 was a randomized, double-blind, active- and placebo-controlled, double-dummy, 6­
way crossover study to determine the abuse potential of intravenously administered SAGE-547 in 
healthy, nondependent, recreational central nervous system (CNS) depressant users. 

Objectives of the Study 
The primary objective of the study was to assess the abuse potential of intravenously infused 
SAGE-547 relative to placebo and orally administered alprazolam (schedule C-IV) in 
nondependent, recreational central nervous system (CNS) depressant users. 

Secondary Objectives were mainly to assess the pharmacokinetics (PK) of SAGE-547 in plasma 
when administered by intravenous (IV) infusion in nondependent, recreational CNS depressant 
users and to assess the safety of intravenously infused SAGE-547 relative to placebo and orally 
administered alprazolam in nondependent, recreational CNS depressant users. 

Reviewer’s comment: This review report wasonly for the primary objective of the study 

2.2.1.1 Study Design 

In order to determine the appropriate maximum dose of SAGE-547 to be used in the main study, 
this study was conducted in 2 parts: Part A (Dose Selection Phase) and Part B (Treatment Phase). 
The purpose of Part A was conducted an exploratory Dose Selection Phase to identify the 
appropriate doses of SAGE-547 to be used in the Treatment Phase (Part B). The study objectives 
were addressed in Part B. 

Dose Selection Phase (Part A): consisted of a Screening Visit, Dose Selection Visit, and Follow-
Up Visit. The Dose Selection Phase employed an exploratory single-dose, randomized, double-
blind, placebo-controlled study to evaluate the safety and tolerability of escalating dose of SAGE­
547 given as an IV infusion over 1 hour.  Each SAGE-547 dose level was tested in cohorts of 
eight new subjects. With subjects in each cohort randomized to receive a dose of either SAGE­
547 (n=6) or placebo (n=2). 

Within 30 days of screening, eligible subjects were admitted to the research clinic on Day -1 for 
their Dose Selection Visit and dosed on Day 1 with blinded drug, either SAGE-547 or matching 
placebo, infused over 1 hour.  Subjects were discharged on Day 2, approximately 24 hours after 
dosing, at the discretion of the investigator or designee.  Subjects returned for a safety Follow-Up 
Visit 5 to 10 days after dosing or at the time of early withdrawal from the study. 

Reference ID: 4345461 
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Dose selection began with a SAGE-547 dose of 60 µg/kg administered via a 1-hour IN infusion, a 
dose approximating those that have been previously shown to be well tolerated in past studies in 
conscious subjects. After the completion of each cohort, available safety data were un-blinded 
and reviewed by the Investigator, Sage, and designees.  Following the review, dose escalation 
occurred if a higher dose could have been safely administered and if a maximum dose had not 
been identified. Subsequent cohorts were dosed with the next higher dose in 30 µg/kg increments, 
with a maximum of eight cohorts (60, 90, 120, 150, 180, 210, 240, and 270 µg/kg).  The 
maximum dose (270 µg/kg) represented a three-fold increase in the maximum therapeutic dose 
planned for the postpartum depression clinical development program (90 µg/kg). 

Treatment Phase (Part B): was a single-dose, randomized, double-blind, and placebo- and 
active-controlled cross-over study with 7 treatment visits per subject. 

The abuse potential of 3 doses of SAGE-547 (90 µg/kg IV, 180 µg/kg IV, or 270 µg/kg IV) was 
compared to that of placebo or 1.5 mg and 3.0 mg alprazolam (active control) in healthy, male 
and female, nondependent, recreational CNS depressant users. Subjects participated in a 
Screening Visit, one 5-day Qualification Phase, a Treatment Phase consisting of six 3-day in-
clinic Treatment Visits (each separated by a minimum 7-day washout period), and a safety 
Follow-up visit. 

Within 30 days of a standard medical screening, subjects attended a randomized, double-blind 
Qualification Phase in which they received either 2.0 mg alprazolam (treatment Y) or matching 
placebo (treatment X) in a cross-over manner, each separated by approximately 48 hours, to 
ensure that subjects could discriminate and show positive effect of the positive control effects of 
alprazolam. 

Following Qualification, it was planned that approximately 45 healthy female and male subjects 
aged 18 to 55 years (inclusive), who had used CNS depressants for recreational, nontherapeutic 
reasons at least five times in the past year and at least once in the 8 weeks prior to screening and 
were non-substance or alcohol dependent within the past 2 years and who had passed the 
pharmacologic qualification, were randomized in the Treatment Phase. The treatments in the 
Treatment Phase were: 

• Treatment A (placebo [PBO]) 
• Treatment B (alprazolam 1.5 mg PO [ALZ1.5]) 
• Treatment C (alprazolam 3.0 mg PO [ALZ3.0]) 
• Treatment D (SAGE-547 90 µg/kg IV [SAGE90]) 
• Treatment E (SAGE-547 180 µg/kg IV [SAGE180]) 
• Treatment F (SAGE-547 270 µg/kg IV [SAGE270]) 

Subjects were to receive all six treatments in the order specified by the treatment sequence 
according to a 6x6 Williams square design below: 

However, there was an error in the specification of the actual randomization schedule, rather than 
using the 6x6 Williams square design; subjects received all sex treatments in the order specified 
below. This issue was discussed in section 2.2.2.2 in this review. 
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Treatment visits were separated by a washout interval of at least 7 days. Subjects returned for the 
safety follow-up visit approximately 5 to 10 days following the last study drug administration. 

2.2.1.2 Abuse Potential Measures 

The following pharmacodynamics assessments were administered to evaluate the subjective and 
objective effects of SAGE-547. 

Primary endpoint: was the maximum (peak) effect (Emax) for Drug Liking (“at this moment”), 
assessed as a bipolar (0 to 100 point) visual analog scale (VAS): Emax of Drug Liking VAS 

Secondary endpoints: were included for the following measures: 
•	 Balance of effects: 

− Drug Liking VAS (Emin, and TA_AUE) 
− Overall Drug Liking VAS (Emax/Emin, end-of-day and next day scores) 
− Take Drug Again VAS (Emax, end-of-day and next day scores) 

•	 Positive effects:
 
− High VAS (Emax and TA_AUE)
 
− Good Effects VAS (Emax and TA_AUE)
 

•	 Negative effects:
 
− Bad Effects VAS (Emax and TA_AUE)
 

•	 Other drug effects: 
− Alertness/Drowsiness (Emax, Emin, TEmax, Temin,  and TA_AUE) 
− Agitation/Relaxation (Emax, Emin, TEmax, Temin,  and TA_AUE) 
− Any Effects VAS (Emax, TEmax, and TA_AUE) 

•	 Objective assessment of drug effects:
 
− Choice Reaction Time (CRT)
 
o	 Total Reaction Time (TRT) (CFBmax and TA_AUE) 
o	 Recognition Reaction Time (RRT) (CFBmax and TA_AUE) 
o	 Motor Reaction Time (MRT) (CFBmax and TA_AUE) 
o	 % Correct (CFBmin and TA_AUE) 

•	 Percentage correct responses (Emin and TA_AUE)
 
− Divided Attention Test (DAT)
 
o	 Mean of 3 Flights RMS (Emax and CFBmax) 
o	 Mean of 3 Flights % Over Road (Emin and CFBmin) 
o	 Mean of 3 Flights Furthest Diagonal Distance (Emax and CFBmax) 
o	 Mean of 3 Flights Mean Hit Latency (Emax and CFBmanx) 
o	 Mean of 3 Flights False Alarms (Emin and CFBmin) 
o	 Target Hits (%) (Emin and CFBmin) 
o	 Stanford Sleepiness Scale (Score) (Emax and TEmax) 
o	 Sternberg Short Term Memory (SSTM) Task (Dprime, Pooled (Emin and 

CFBmin) 
o	 Mean Hit Reaction Time (Emax and CFBmax) 
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Reviewer’s Comments: There were too many abuse potential measures in this study. After 
discussed with the CSS reviewer, this reviewer only focused on the secondary endpoints above in 
bold. 

2.2.1.3 Analysis Population and Sample Size 

For subjects randomized in the treatment phase, most subjects were male (76%), White (76%), 
and not Hispanic or Latino (92%). The mean (SD) age was 39.0 (7.9) years and ranged from 28 to 
53 years (See Table 11 in Appendix. for detail). The primary analysis was based on the completer 
population. No imputation was performed for any missing measurements. A total of 40 subjects 
were randomized to the treatment phase and 25 subjects completed all 6 treatment periods. 

The sponsor claimed that as determined by a paired t-test with a 2-sided significance level of 
0.05, a sample size of 24 subjects had at least 90% power to detect a difference of 15 in Drug 
Liking VAS Emax (bipolar scale) with a standard deviation (SD) of 20. Assuming an 
approximate 25% dropout rate, 36 subjects (six subjects per sequence) were to be randomized 
into the treatment phase, with the intention to complete approximately 24 subjects (four subjects 
per sequence). 

2.2.1.4 Statistical Methodologies used in the Sponsor’s Analyses 

The primary endpoint analyses were based on Drug Liking VAS Emax and the following 
pairwise treatment comparisons were performed: 

•	 Each dose of alprazolam (1.5 mg, 3.0 mg) compared with placebo 
•	 Each dose of SAGE-547 (low, intermediate, high) compared with each dose of 

alprazolam (1.5 mg, 3.0 mg) 
•	 Each dose of SAGE-547 (low, intermediate, high) compared with placebo 

The treatment comparison analyses were performed using a mixed-effects model for a crossover 
study. The model included effects for treatment sequence, treatment, and period as fixed effects, 
baseline (pre-dose) measurement as a covariate, where applicable, and subject nested within 
treatment sequence as a random effect. Contrasts were used to calculate least square means for 
each treatment, pairwise differences between treatments, and the corresponding 95% confidence 
intervals and p-values for each difference between treatments. 

The residuals from the mixed-effect model were investigated for normality using the Shapiro-
Wilk W-test. Parameters were analyzed as having a normal distribution if the probability value is 
≥0.05. Parameters that did not meet this criterion were analyzed nonparametrically. 
Nonparametric tests of overall treatment effect were assessed using Friedman’s test (using a Freq 
procedure); pairwise treatment comparisons were assessed using the sign test on the within-
subject differences (using a Univariate procedure). 

For study validity purposes, the primary endpoint, Emax for Drug Liking VAS, was compared 
between the investigational positive control (alprazolam) and placebo. The comparison would 
assess the null hypothesis that the mean difference in Emax VAS for Drug Liking for alprazolam 
minus placebo was less than or equal to 0 against the alternative hypothesis that the mean 

Reference ID: 4345461 

9 



  

      
  

        

    
    

 
 

    
 

 
       
       

 
 

    
     

 
            

 

             
 

              
 

     
   

 
 

    
    

   
 

  
 

  
  

 
  

  
 

  
  

  
 

    
 

   
 
 
 

difference was greater than zero. The hypotheses could be expressed as the following (where 𝜇𝜇𝐴𝐴 is 
the mean for alprazolam and 𝜇𝜇𝑃𝑃 is the mean for placebo): 

H0: 𝜇𝜇𝐴𝐴 − 𝜇𝜇𝑃𝑃 ≤ 0 vs H1: 𝜇𝜇𝐴𝐴 − 𝜇𝜇𝑃𝑃 > 0 

If statistically significant, it would confirm the sensitivity of the study and allow for the 
comparison of the other pairwise comparisons including SAGE-547 doses. 

The Univariate procedure in SAS software returns a two-sided p-value (noted “P > |M|”). To get 
a one-sided p-value focusing on upper tail (noted “P > M”), the following transformation had to 
be made regarding the sign of M (statistic M being the sign test value). 

•	 If M is positive, then P > |M| = (P < - M) + (P > M) leading to P > M = (P > |M|) / 2. 
•	 Else if M is negative then P > |M| = (P < M) + (P > - M) leading to P > M = 1 – ((P > 

|M|) / 2). 

Reviewer’s comment: According to FDA Guidance for Industry: Assessment of Abuse Potential of 
Drugs published in January 2017, hierarchically testing the following three hypotheses for mean 
differences: 

1.	 H0: µc - µp ≤ δ1 versus Ha: µc - µp > δ1, where δ1 > 0. 

2.	 H0: µc - µT ≤ δ2 versus Ha: µc - µT > δ2, where δ2 ≥ 0. 

3.	 H0: µT - µp ≥ δ3 versus Ha: µT - µp < δ3, where δ3 >0. 

The actual values of δ1, δ2, and δ3 should be pre-specified in the protocol according to such 
factors as subjective measures, drug class, and route of drug administration. All tests are at 0.05­
alpha significance level. 

The Statistical Analysis Plan (SAP) for this study was finalized on 9/27/2016, before the guidance 
was published.  Therefore, it is acceptable the sponsor’s analyses using margin as 0 with a 
significance level of 0.025 (1-sided) except the comparison between test drug and placebo. 

2.2.1.5 Changes in the Conduct of the Study 

The Statistical Analysis Plan (SAP) was finalized on 9/27/2016.  As the sponsor reported, the 
following changes were made in the planned statistical analysis. 

1.	 Due to the randomization schedule error, Section 6.10.1 has been updated to 
remove the inclusion of a first-order carryover effect and skip the first stage of the 
analysis which was planned to test the carryover effect at the 25% significance 
level. Instead, it will be assumed that there is no first-order carryover effect. The 
assumption of no carryover effect is considered acceptable based on the 6-day 
washout between treatment periods and the estimated half-lives of the study drugs 
used. 

2.	 The confidence intervals for the mixed effects models were changed from 90% to 
95% CIs. 

3.	 The Wilcoxon rank test was changed to the sign test. 
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2.2.1.6 Sponsor’s Summary and Conclusions 
Summary 
•	 The Emax for Drug Liking was significantly higher for alprazolam 1.5 mg and 3.0 mg 

compared to placebo, thereby establishing study validity. 

•	 The Emax for Drug Liking, Good Effects, High Effects, and Any Effects was significantly 
lower for SAGE-547 90 μg/kg and 180 μg/kg compared to alprazolam 1.5 mg. There was 
no significant difference between SAGE-547 270 μg/kg and alprazolam 3.0 mg. 

•	 The Emax for Drug Liking, Good Effects, High Effects, and Any Effects was significantly 
higher for both SAGE-547 180 μg/kg and 270 μg/kg compared to placebo. For SAGE-547 
90 μg/kg, the Emax for Good Effects, High Effects, and Any Effects was significantly 
higher compared to placebo. The difference between SAGE-547 and placebo increased 
with increasing dose of SAGE-547. 

•	 Drowsiness and sleepiness ratings were significantly lower (ie, less drowsiness/sleepiness) 
for SAGE-547 90 μg/kg and 180 μg/kg compared to alprazolam. The SAGE-547 270 
μg/kg dose produced sedative effects similar to alprazolam. 

•	 Performance on motor, attention, and short-term memory tasks were generally better for 
all SAGE-547 doses compared to each alprazolam dose. 

Conclusion 
Alprazolam demonstrated effects consistent with the known profile for abuse potential as a 
Schedule IV controlled substance. 

The therapeutic dose of SAGE-547 (90 μg/kg) demonstrated some potential for abuse, but did not 
differentiate from placebo on several parameters including Emax and TA_AUE for Drug Liking. 
The SAGE-547 90 μg/kg dose also had minimal effects on drowsiness, relaxation, and sleepiness 
and did not show evidence of decreasing short-term memory or attention. 

Supratherapeutic doses of SAGE-547 did not exceed the abuse potential or performance effects of 
alprazolam. On many parameters, the supratherapeutic SAGE-547 dose (180 μg/kg) demonstrated 
significantly less abuse potential and better performance on motor and attention tasks compared 
to both alprazolam doses. The supratherapeutic SAGE-547 dose (270 μg/kg) demonstrated abuse 
potential in the range of therapeutic alprazolam doses, but was associated with less 
drowsiness/sleepiness and often better performance on attention and short-term memory tasks 
compared to alprazolam 3.0 mg. 

2.2.2 Reviewer’s Assessment 

This reviewer focused on the primary endpoint Emax of Drug Liking VAS and selected 
secondary endpoints (High VAS, Good Effects, Bad Effects, Overall Drug Liking VAS, and Take 
Drug Again VAS). All analyses were based on completer population. In the reviewer’s tables and 
figures PBO, ALZ1.5, ALZ3.0, SAGE90, SAGE180, and SAGE270 denote placebo, alprazolam 
1.5 mg, 3 mg, SAGE-547 90 µg/kg IV, 180 µg/kg IV, and 270 µg/kg IV, respectively. 

This reviewer followed the sponsor’s SAP, all analyses used margin as 0 with a significance level 
of 0.025 (1-sided) and based on the completer population. The heat maps in this report were using 
the heat map methods proposed by Chen and Wang (2012). 
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2.2.2.l Missing Data Issue 

All sponsor 's analyses were based on the PD population. According to FDA guidance, all 
analyses in this review were based on the completer population. 

Figure 1 - 3 show the individual time course response profiles for two doses of alprazolam and 
high dose of SAGE-547 for Drug Liking VAS. The orange line separates the responses by 
gender. The subjects above the orange line are females, and the subjects below the orange line are 
males. Colors blue, white, and red denote dislike, neutral and like, respectively. The grey color 
indicates missing data. From Figure 1, one may see that for ALZ3.0 24% (6/25), 36% (9/25), 
24% (6/25) and 16% (4/25) of subjects have missing data at hours 0.66, 1, 1.33, and 1.66, 
respectively. The missing data situation for ALZ3 is similar to what has been observed in past 
human drug abuse potential studies which included alprazolam 3 mg as a positive control. Figure 
2 showed much less missing data for ALZl.5 than observed for ALZ3.0, only one subject had 
missing data at hour 2. Figure 3 shows that only one subject had missing data at hour 1 for 
SAGE270. 

Figure 1: Individual Time Course Response Profiles for Drug Liking VAS (ALZ3) 
l I 

0 5 25 30 35 40 45 50 55 60 65 70 75 60 85 90 95 100 

0.33 	 0 .66 1.33 1.00 2 3 12 24 

Time (h) 

Figure 2: Individual Time Course Response Profiles for Drug Liking VAS (ALZl.5) 
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Figure 3: Individual Time Course Response Profiles for Drng Liking VAS (SAGE270) 
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12 2-t 

In past Human Abuse Potential (HAP) studies with alprazolam as a positive control, some 
sponsor repo1ted that all subjects with missing data points in the alprazolam 3 mg treatment 
period had somnolence sufficient to prevent them from providing an accurate assessment (i.e. fell 
asleep) and were not easily awakened. It is standard practice at the site conducting the study to 
attempt to arouse the subject at least once. If the subject is extremely sedated and is not easily 
aroused, the investigator must assess the subject in order for the collection of PD data to be 
skipped. The similar situation may also occur in this study. 

Because this was a crossover study and the prima1y endpoint was Emax, the missing data were 
not imputed in either the Sponsor 's analysis or the reviewer 's analysis. Since SAGE270 had the 
similar missing status as ALZl.5, therefore, in this reviewer' s opinion, ALZl.5 may be a proper 
dose of the active control in this study. 

2.2.2.2 Study Design Issues 

According to the sponsor 's repo1i, during the conduct of the study, after the initiation of 
the Qualification an d Treatment Phases, it was discovered that the 6x6 Williams square 
design was incoITectly implem ented in th e randomization schem e of th e study. The order 
of treatments within sequence in the final randomization schem e was not th e same as 
defined in the Williams square design table provided in th e protocol. 

6x6 Williams square design table: 
Treatment bv Per iod 

Treatment Sequence 1 2 3 4 5 6 
I A B F c E D 
2 B c A D F E 
3 c D B E A F 
4 D E c F B A 
5 E F D A c B 
6 F A E B D c 

Implemented design table: 
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T reut ment Treatments b,· Per iod 
Seq uence I 2 3 -' s 6 

I A B c D E F 
2 B c D E F A 

3 c D E F A B 

-' D E F A B c 
5 E F A B c D 
6 f _'\ B c D E 

Note: 
• Treatment A (placebo [PBOD 
• Treatment B (alprazolam 1.5 mg PO [ALZl.5]) 
• Treatment C (alprazolam 3.0 mg PO [ALZ3.0J) 
• Treatment D (SAGE-547 90 µg/kg IV [SAGE90]) 
• Treatment E (SAGE-547 180 µg/kg IV [SAGE180]) 
• Treatment F (SAGE-547 270 µ.g/kg IV [SAGE270]) 

The second design table shows placebo after the high dose of SAGE-547 and the low dose of 
SAGE-547 after the high dose of alprazolam. As shown in Figure 4, the heat map indicates a 
possibility ofca.nyover effects. For example, subjects < 

11 
>< 

5 took placebo after taking 
the high dose of test d.Iug, and had scores ofEmax of Drug Liking 70 and 74 for placebo, 
respectively. 

Figure 4: Heat Map for Emax of Drug Liking VAS by Sequence and Treatment (N=25) 
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The statistical model used in the reviewer's analysis was the linear mixed-effects model with 
pe1iod, sequence, treatment, and the first-order carryover effect as fixed effects, subject as a 
random effect. The first-order carryover effect was significant only for the primary endpoint (p­
value=0.1394 < 0.25 alpha level). This reviewer performed the sensitivity analyses for the 
primary endpoint. The analysis results based on the model including the first-order carryover 
effect were similar to those excluding the first-order ca.nyover effect (see Table 12 and Table 3 
for the details). The analysis results based on the first period data from the PD population (N=33) 
were similar to those based on the all data from completer population (N=25) (see Table 13 and 
Table 3 for the details). Therefore, this reviewer concluded that there were some carryover 
effects due to the design issue. However, the ca.nyover effects did not significantly change the 
conclusion of the p1imaiy analysis. Therefore, the first-order ca.nyover effect was dropped from 
the model in both reviewer's primary and seconda1y analyses. 
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2.2.2.3 Placebo Response 

Thirty six percent (9/25) ofsubjects had placebo responses (Emax > 60) to Drng Liking VAS, as 
shown in Figure 8. As shown in Figure 5 and Figure 6, the individual time course response 
profiles of SAGE-547 90 µg/kg and placebo are similar. The mean Emax ofDrng Liking of 
placebo responses is 59.8 with a standard deviation of 13.7 (see Table 2). The large placebo 
responses may reduce the mean difference between SAGE-547 90 µg/kg and placebo. Hence 
there may be a sedous consequence ofconcluding no abuse potential ofSAGE-547 90 µg/kg, 
when it may not be trne. 

Figure 5: Individual Time Course Response Profile for Placebo for Drng Liking VAS (N=25) 
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Figure 6: Individual Time Course Response Profile for SAGE-547 90 µg/kg for Drng Liking 
VAS (N=25) 
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2.2.2.4 Primary Analysis 

2.2.2.4.l Descriptive Statistics 
The plimaiy PD measure for this study was the 0- to 100-point bipolar VAS score for Drug 
Liking. A score of0 indicates strong disliking, a score of 50 indicates neither liking nor disliking, 
and a score of 100 indicates strong liking. As showed in Table 2, the third qua1t iles ofALZl.5 
and ALZ3.0 ai·e 100. It means that even for a schedule IV diug, alprazolam, the Emax ofDrug 
Liking VAS is extremely large in approximately 25% of subjects. One may notice that the means 
and medians of the differences between alprazolam two doses and SAGE-547 low and mid doses 
ai·e all positive. The means and medians of the differences between SAGE-547 and placebo are 
all positive. SAGE270 are lower than ALZ3.0 and higher than ALZl.5 in te1m ofmean of Emax 
ofDrug Liking VAS. 

Table 2 Summaiy Statistics for Emax ofDrug Liking VAS (N=25) 
TRT or Comparison Mean Std Minimum Ql Median Q3 Maximum 

PBO 

ALZL5 

ALZ3.0 
SAGE90 

SAGE180 
SAGE270 

59.8 
82.l 

89.5 

62.8 
75.7 

86.9 

13.7 
16.6 

15.6 

16.4 
16.5 

133 

50 
51 

51 

50 
50 

51 

50 
7 1 

75 

51 
67 
76 

51 
76 

100 

55 
72 

90 

69 
100 

100 

69 
82 

100 

100 
100 

100 

100 
100 

100 

ALZL5vs PBO 
ALZ3.0 vs PBO 

223 
29.7 

17.6 
17.2 

-1 
0 

11 
17 

20 
3 1 

32 
49 

50 
50 

ALZ3.0 vs SAGE90 
ALZL5 vs SAGE90 
SAGE90 vs PBO 

26.7 
193 

3.0 

19.7 
20.l 

18.8 

-1 
-25 

-45 

10 
2 
-1 

24 
19 

0 

49 
34 

13 

50 
50 

50 

ALZ3.0 vs SAGE180 
ALZL5 vs SAGE180 
SAGE180 VS PBO 

13.8 
6.4 

15.9 

18.2 
15.5 

18.0 

-15 
-20 

-24 

0 

0 

0 

6 
2 

16 

25 
17 

22 

50 
48 

50 

ALZ3.0 vs SAGE270 
ALZL5 vs SAGE270 
SAGE270 VS PBO 

2.6 
-4.8 
27.2 

12.l 
11.l 
16.4 

-23 
. 33 

0 

-1 
-10 
15 

0 
.3 

26 

4 

0 

42 

30 
22 
50 

Fi ire 7: Mean Time Course Profiles for Dru Likin VAS (N=25) 
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As shown in Figure 7, the mean Dmg Liking VAS scores for the subjects took with SAGE-547 increase 
rapidly, with a steep rate of1ise and drop rapidly after 2 hours then gradually approach to baseline value 
after 4 hours. The onset ofeffect is at approximately 0. 5-hour post-dose for mid and high doses of 
SAGE-547. On contract, the curves for ALZ3.0 and ALZI.5 increase gradually and reach the peak around 
hour 4 and gradually drop to baseline at hour 24. The peak mean response ofALZ3.0 is larger than that 
ofALZI.5 and lower than SAGE270. The profile for SAGE90 is ve1y similar to that of placebo. 

In the heat map (Figure 8), the intensity ofblue indicates the degree of the disliking, the intensity ofred 
indicates the degrees of the liking and white denotes neutral score of50. From this graph, one may notice 
that some subjects have high placebo responses. The responses to SAGE90 and PBO are ve1y similar. 
Overall, more subjects highly like ALZl.5, ALZ3.0, and SAGE270 compared to SAGE90 and SAGE180. 
The light pink in the catego1y [51 , 60] occurs in many subjects for PBO and SAGE90. One may notice 
that in Table 2, the medians ofEmax ofDmg Liking VAS are 55 and 51 for SAGE90 and PBO 
respectively. 

Figure 8: Heat Map for Emax ofDmg Liking VAS by Treatment (N=25) 

0 S 10 1S 20 2S 30 3S 40 4S SO 55 60 6S 70 7S BO BS 90 95 100 

(bl\6 

pCH CL 111 Tl TM 

Treatment 


(Note: in the figure, CH=ALZ3.0, CL=ALZl.5, P=PBO, TH=SAGE270, 1L=SAGE90, and 1M=SAGE180) 


Because this was a crossover study, the dose response curves for the test dmg relative to the active control 
and placebo may be also useful. As show in Figure 9, positive dose responses of SAGE-547 were 
obse1ved. 
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Figure 9: Dose Response Curves of SAGE-547 and Alprazolam in difference from Placebo for Emax of
 
Drug Liking (n=25)
 

2.2.2.4.2 Inferential Statistics 

The statistical model used in the reviewer’s analysis was the linear mixed-effects model with period, 
sequence, and treatment as fixed effects, and subject as a random effect. There were no significant period 
and sequence effects. The reviewer checked assumptions in the model for the equal variances and the 
normality. The normal assumption was not violated for Drug Liking VAS. However, the assumption of 
equal variances was not satisfied. The SAS proc mixed procedure can adjust the unequal variances using 
Tukey-Kramer’s method. All tests were at a significance level of 0.025 (1-sided). 

As show on Table 3, the mean of Emax for Drug Liking is significantly higher for alprazolam 1.5 mg and 
3.0 mg compared to placebo, thereby establishing study validity. The mean response to SAGE-547 90 
μg/kg is significantly smaller than that to each of alprazolam. There is no significant mean difference 
between SAGE-547 90 μg/kg and placebo. On the average, the responses to SAGE-547 180 μg/kg are 
significantly lower than those to 3.0 mg dose of alprazolam only. LSmean of Emax of Drug Liking 
produced by SAGE-547 180 μg/kg (75.8) was not statistically significantly smaller than those produced 
by alprazolam 1.5 mg (81.9). However, the responses to SAGE-547 180 μg/kg are significantly larger 
than those to placebo. LSmean of Emax of Drug Liking produced by SAGE-547 270 μg/kg (86.9) was not 
statistically significantly smaller than those produced by alprazolam 1.5 mg (81.9) and by alprazolam 3.0 
mg (89.7). 

Figure 10 graphically displays the treatment comparison of Emax of Drug Liking VAS. The markers 
represent the mean difference between the treatments and bar represent the 95% confidence interval of the 
mean difference. The markers fall in the negative area of Emax indicates that the SAGE-547 doses are 
numerically or significantly lower than comparator in term of Emax.  The bar touched the 0 line indicates 
that the treatment comparison is not statistically significant. 
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Table 3: Statistical Analysis Results for Emax of Drug Liking (Completer Population) 
Statistic 

SAGE90 
N=25 

SAGE180 
N=25 

SAGE270 
N=25 

ALZ1.5 
N=25 

ALZ3.0 
N=25 

PBO 
N=25 

Emax 

Mean (STD) 

Median 

Q1, Q3 

Min, Max 

LS mean (SE) 

62.8 (16.4) 

55 

51, 69 

50, 100 

62.3 (3.8) 

75.7 (16.5) 

72 

67, 82 

50, 100 

75.8 (3.3) 

86.9 (13.3) 

90 

76, 100 

51, 100 

86.9 (2.8) 

82.1 (16.6) 

76 

71, 100 

51, 100 

81.9 (3.1) 

89.5 (15.6) 

100 

75, 100 

51, 100 

89.7 (3.2) 

59.8 (13.7) 

51 

50, 69 

50, 100 

59.80 (3.5) 

Treatment Comparisons 

Comparison LS Mean Difference (SE) 95% Confidence Interval p-value 

ALZ1.5 vs PBO 

ALZ3.0 vs PBO 

22.1 (3.3) 

29.9 (3.4) 

(15.3, 28.8) 

(23.0, 36.9) 

<.0001 

<.0001 

ALZ3.0 vs SAGE90 

ALZ1.5 vs SAGE90 

SAGE90 vs PBO 

27.4 (3.7) 

19.6 (3.6) 

2.5 (4.0) 

(19.9, 34.9) 

(12.3, 26.9) 

(-5.6, 10.6) 

<.0001 

<.0001 

0.2677 

ALZ3.0 vs SAGE180 

ALZ1.5 vs SAGE180 

SAGE180 vs PBO 

13.9 (3.2) 

6.1 (3.1) 

16.0 (3.5) 

(7.4, 20.4) 

(-0.29, 12.4) 

(8.8, 23.2) 

<.0001 

0.0304 

<.0001 

ALZ3.0 vs SAGE270 

ALZ1.5 vs SAGE270 

SAGE270 vs PBO 

2.8 (2.7) 

-5.1 (2.5) 

27.1 (3.1) 

(-2.8, 8.3) 

(-10.4, 0.2) 

(20.9, 33.4) 

0.1572 

0.9709 

<.0001 
Note: All p-values were from the one-sided t test with 0 025 alpha level, and adjusted by Tukey -Kramer’s method for unequal variances 

Figure 10: Treatment Comparisons for Emax of Drug Liking VAS 

Table 4 displays the primary analysis results based on the PD population.  Compare with Table 3, the 
significant differences are a). The mean produced by 180 µg/kg of SAGE-547 were significantly lower 
than those produced by 1.5 mg of alprazolam for Emax of Drug Liking; b). The mean produced by 270 
µg/kg of SAGE-547 was significantly larger than 1.5 mg of alprazolam. According to FDA guidance, this 
review’s analyses results were based on the completer population. 
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Table 4: Statistical analysis results for Drug Liking VAS (PD population) 
Statistic 

SAGE90 
N=32 

SAGE180 
N=32 

SAGE270 
N=32 

ALZ1.5 
N=33 

ALZ3.0 
N=31 

PBO 
N=30 

Emax 

Mean (STD) 

Median 

Q1, Q3 

Min, Max 

LS mean (SE) 

65.1 (17.3) 

60 

51, 75 

50, 100 

64.5 (3.3) 

75.2 (16.0) 

73 

66.5, 81 

50, 100 

75.5 (2.9) 

87.3 (12.7) 

88 

77, 100 

51, 100 

87.5 (2.2) 

82.4 (16.0) 

78 

71, 100 

51, 100 

82.8 (2.5) 

88.4 (16.5) 

100 

73, 100 

50, 100 

87.8 (3.0) 

58.7 (13.0) 

51 

50, 100 

50, 100 

58.7 (3.1) 

Treatment Comparisons 

Comparison LS Mean Difference (SE) 95% Confidence Interval p-value 

ALZ1.5 vs PBO 

ALZ3.0 vs PBO 

24.1 (3.1) 

29.1 (3.5) 

(17.9, 30.3) 

(22.1, 36.1) 

<.0001 

<.0001 

ALZ3.0 vs SAGE90 

ALZ1.5 vs SAGE90 

SAGE90 vs PBO 

23.4 (3.8) 

18.3 (3.4) 

5.7 (3.8) 

(31.0, 15.8) 

(11.5, 25.2) 

(-2, 13.4) 

<.0001 

<.0001 

0.0717 

ALZ3.0 vs SAGE180 

ALZ1.5 vs SAGE180 

SAGE180 vs PBO 

12.3 (3.3) 

7.3 (2.9) 

16.8 (3.4) 

(5.7, 19.0) 

(1.4, 13.1) 

(10.0, 23.6) 

0.0003 

0.0080 

<.0001 

ALZ3.0 vs SAGE270 

ALZ1.5 vs SAGE270 

SAGE270 vs PBO 

0.3 (2.8) 

-4.8 (2.2) 

28.8 (2.9) 

(-5.4, 6.0) 

(-9.4, -0.1) 

(23.0, 34.6) 

0.4564 

0.9778 

<.0001 
Note: All p-values were from the one-sided t test with 0 025 alpha level, and adjusted by Tukey -Kramer’s method for unequal variances 

2.2.2.5 Secondary Analyses 

Per the CSS reviewer Dr. Shalini Bansil’s requests, the reviewer’s secondary analyses included abuse 
potential measures: High VAS, Good Effects, Bad Effects, Overall Drug Liking VAS, and Take Drug 
Again VAS. All analyses were based on the completer population. 

The same methodologies as the primary analysis were used in the secondary analyses. Among five 
secondary measures, the normal assumption of the model is satisfied for Good Effects VAS, and High 
VAS. The pairwise comparisons were assessed using paired T-test or Sign-test for those secondary 
endpoints which the normal assumption of the model is no satisfied. The 95% confidence intervals were 
the distribution free 95% confidence limits. 

2.2.2.5.1 Descriptive Statistics 

High VAS 

High Effects VAS in on a unipolar scale; a score of 0 indicates feeling not at all high and a score of 100 
indicates feeling extremely high. As shown in the heat map (Figure 11), the Emax of high VAS had the 
similar pattern as that for the Emax of Drug Liking VAS (Figure 8).  
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Figure 11: Treatment Comparison for High 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
))16 

CH CL p TH TL TM 

Treatment 

Good Effect and Bad Effect VAS 

Good Effects VAS is on a unipolar scale; a score of 0 indicates feeling good effects not at all and a score 
of 100 indicates feeling good effects extremely. Bad Effects VAS is on a unipolar scale; a score of0 
indicates feeling bad effects not at all and a score of 100 indicates feeling bad effects extremely. 

Before making conclusion, the reviewer examined data from SAGE-547 270 µg/kg as well as alprazolam 
3 mg for Good Effect VAS and Bad Effect VAS using bar plots since the high dose of the test drng is the 
big concern based on the p1ima1y analysis. 

The bar plot compares the Emax ofGood Effects VAS and Emax of Bad Effects VAS for individual 
subjects on the same plot (Figure 12 and Figure 13). The light blue indicates Emax ofGood Effects VAS, 
and the darker color indicates Emax of Bad Effects VAS. Each subject has two bars standing one in front 
of the other on the graph. Ifone bar is higher than the other, this bar is put behind the other bar. For 
example, Subject #20 had 100 and 46 for Emax ofGood Effects VAS and Emax of Bad Effects VAS, 
respectively. The graph shows the bar for Good Effects VAS behind that for Bad Effects VAS. Ifonly 
one color shows on the bar, it means that either the other Emax is zero or the values of two Emaxs are the 
same. For identifying the latter case, a star is marked on the bar. 

From Figure 12 for alprazolam 3.0 mg, one may see that approximately 72% (18/25) subjects had score 
80 or above, and 60% (15/25) had at least 90 for Emax ofGood Effects VAS. As shown in Figure 13, 
approximately 56% (14/25) subjects did not expedence any bad effects from SAGE-547 270 µg/kg. For 
those expe1ienced bad effects, only 2 of them had larger bad effects than good effects. Ten out of 25 
subjects had Emax of Good Effects of 100. Therefore, more subjects showed large good effects and small 
bad effects for SAGE-547 270 µg/kg dose compared to their responses to alprazolam 3 mg. 
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Figure 12: Good Effects Emax versus Bad Effects Emax for Alprazolam 3 mg 
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Figure 13: Good Effects Emax versus Bad Effects Emax for 270 µg/kg of SAGE-547 
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As shown in Figure 14, mean Good Effects VAS scores for the placebo condition were near 0 at all time 
points (range from 0 to 12.7). Mean Good Effects scores following administration of alprazolam (1.5 mg 
and 3.0 mg doses) increased rapidly, peaked around 2 to 4 hours and remained above 50 for 3 to 6 hours 
after dosing. For the 90 µg/kg dose of SAGE-547, mean scores peaked at 1 hour and were less than 30 at 
all evaluations. For the 180 and 270 µg/kg doses of SAGE-547, mean scores increased rapidly, were 
above 50 for 1 to 2 hours, and returned rapidly toward placebo levels. 
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As shown in Figure 15, mean of Bad Effects VAS scores were low following administration of all 
treatments. The highest mean of Bad Effects VAS score of 22.2 was observed for alprazolam 3.0 mg at 80 
minutes after dosing. Note that the mean responses in mean time course profiles at early hours may not be 
based on 25 observations during to missing data occurred at early time points, especially, for alprazolam 
3.0 mg. 

Figure 14: Mean time course profiles for Good Effects VAS 

Figure 15: Mean time course profiles for Bad Effect 

Overall Drug Liking VAS 

Overall Drug Liking VAS is on a bipolar scale. The scores 0, 50 and 100 denote strong disliking, neither 
liking nor disliking, and strong liking, respectively. 

The means for Overall Drug Liking VAS scores at hours 8 and 24 are presented in Figure 16.  Mean of 
Overall Drug Liking scores following administration of alprazolam were greater than placebo at 8 and 24 
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hours. Mean ofOverall Drng Liking scores for the SAGE-547 90 µg/kg and 180 µg/kg doses were less 
than those of both alprazolam doses at both time points assessed. Mean of Overall Drng Liking scores for 
the highest SAGE-547 dose (270 µg/kg) were like the lower alprazolam dose (1.5 mg). 

Figure 16: Treatment Comparisons for Emax ofOverall Drng Liking VAS 
100 
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~.. 50 
c 40"' ti 

== 30 
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CL CH p TL TM TH 

• Hour 8 79.04 87.12 57.04 59.24 70.32 76.32 

• Hou r 24 82.12 90.08 51.96 58.6 70.64 76.2 

(Note: in the figure, CH=ALZ3.0, CL=ALZl.5, P=PBO, TH=SAGE270, 1L=SAGE90, and 1M=SAGE180) 

As showed in Figure 17, the Emax of Overall Drng Liking VAS had the similar pattern as that for the 
Emax of Drng Liking VAS (Figure 8). 

Figure 17: Treatment Comparisons for Emax ofOverall Drng Liking VAS 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
- - ---(ti)(6 

pCH CL TH Tl TM 

II 

Treatment 

(Note in the figure, CH=ALZ3.0, CL=ALZl.5, P=PBO, TH=SAGE270, 1L=SAGE90, and 1M=SAGE180) 

Take Drug Again VAS 

Take Drng Again VAS is on a unipolar scale. The scores 0, 50, and 100 denote definitely not take dmg 
again, not sure take dmg again, and definitely take diug again, respectively. 
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Mean of Take Drug Again scores following administration of alprazolam were larger than for placebo at 
hours 8 and 24. The mean of Take Drug Again VAS scores for all doses of SAGE-547 were less than 
both doses of alprazolam, but greater than placebo. The score for the highest SAGE-547 dose (270 μg/kg) 
approached the score for the lowest alprazolam dose (1.5 mg) (Figure 18). 

Figure 18: Treatment Comparison for Take Drug Again 

(Note: in the figure, CH=ALZ3.0, CL=ALZ1.5, P=PBO, TH=SAGE270, TL=SAGE90, and TM=SAGE180) 

2.2.2.5.2 Inferential Statistics 

Tables 5 – 9 are summary statistics for 6 treatments in the study and for the treatment differences between 
SAGE-547 and alprazolam (or placebo) for Emaxs of six selected secondary endpoints (High VAS, Good 
Effects, Bad Effects, Overall Drug Liking VAS, and Take Drug Again VAS). Some descriptive figures 
are presented in Appendix. 

Table 5: Summary Statistics and Testing Results for Emax of High VAS 
Statistic 

SAGE90 
N=25 

SAGE180 
N=25 

SAGE270 
N=25 

ALZ1.5 
N=25 

ALZ3.0 
N=25 

PBO 
N=25 

Emax 

Mean (STD) 

Median 

Q1, Q3 

Min, Max 

LS mean (SE) 

23.2 (33.0) 

2 

0, 50 

0, 100 

20.0 (6.8) 

49.4 (35.6) 

64 

14, 76 

0, 100 

47.1 (6.5) 

69.5 (31.1) 

78 

50, 100 

1, 100 

67.2 (6.2) 

73.3 (28.0) 

80 

58, 100 

0, 100 

70.7 (5.3) 

79.0 (27.9) 

91 

70, 100 

8, 100 

76.4 (5.7) 

9.8 (20.1) 

0 

0, 7 

0, 73 

8.0 (6.4) 

Treatment Comparisons 

Comparison LS Mean Difference (SE) 95% Confidence Interval p-value 

ALZ1.5 vs PBO 

ALZ3.0 vs PBO 

62.7 (5.2) 

68.4 (5.6) 

(52.2, 73.2) 

(57.1, 79.7) 

<.0001 

<.0001 

ALZ3.0 vs SAGE90 

ALZ1.5 vs SAGE90 

SAGE90 vs PBO 

56.4 (6.0) 

50.7 (5.6) 

12.1 (6.6) 

(43.9, 68.8) 

(39.1, 62.3) 

(-1.7, 25.8) 

<.0001 

<.0001 

0.0418 

ALZ3.0 vs SAGE180 

ALZ1.5 vs SAGE180 

SAGE180 vs PBO 

29.3 (5.7) 

23.6 (5.3) 

39.1 (6.3) 

(17.7, 40.8) 

(12.7, 34.5) 

(26.3, 52.0) 

<.0001 

<.0001 

<.0001 

ALZ3.0 vs SAGE270 

ALZ1.5 vs SAGE270 

SAGE270 vs PBO 

9.2 (5.3) 

3.5 (4.8) 

59.2 (6.0) 

(-1.7, 20.0) 

(-6.5, 13.5) 

(47.0, 71.5) 

0.0480 

0.2397 

<.0001 
Note: All p-values were from the one-sided t test with 0 025 alpha level, and adjusted by Tukey -Kramer’s method for unequal variances 

Reference ID: 4345461 

25 



  

  
  

 
  

 
 

 
 

 
 

 

       

       

       

       

       

 

    

    

    

       

     

    

     

     

      

     

      

     
    

 
  

  
 

  
 

 
 

 
 
 

 

       

       

       

       

  

    

     

     

     

     

     

     

     

      

     

     

     
    

 

 
   

  
 

  
 

 
 

 
 
 

 

            

       

       

       

  

    

     

Table 6: Summary Statistics and Testing Results for Emax of Good Effects VAS 
Statistic 

SAGE90 
N=25 

SAGE180 
N=25 

SAGE270 
N=25 

ALZ1.5 
N=25 

ALZ3.0 
N=25 

PBO 
N=25 

Emax 

Mean (STD) 

Median 

Q1, Q3 

Min, Max 

LS mean (SE) 

29.5 (34.0) 

17 

0,60 

0, 100 

29.1 (6.5) 

68.2 (30.9) 

74 

56, 100 

0, 100 

68.9 (5.4) 

84.3 (19.3) 

87 

80, 100 

33, 100 

85.0 (4.3) 

80.7 (23.5) 

93 

68, 100 

25, 100 

80.9 (4.8) 

83.7 (17.5) 

90 

75, 100 

51, 100 

84.7 (4.0) 

21.4 (30.4) 

4 

0, 100 

0, 100 

21.5 (6.0) 

Treatment Comparisons 

Comparison LS Mean Difference (SE) 95% Confidence Interval p-value 

ALZ1.5 vs PBO 

ALZ3.0 vs PBO 

59.4 (6.3) 

63.2 (5.8) 

(46.5, 72.3) 

(51.3, 75.0) 

<.0001 

<.0001 

ALZ3.0 vs SAGE90 

ALZ1.5 vs SAGE90 

SAGE90 vs PBO 

55.5 (6.3) 

51.8 (6.7) 

7.6 (7.7) 

(42.7, 68.4) 

(38.0, 65.5) 

(-7.9, 23.2) 

<.0001 

<.0001 

0.1635 

ALZ3.0 vs SAGE180 

ALZ1.5 vs SAGE180 

SAGE180 vs PBO 

15.78 (5.2) 

12.0 (5.8) 

47.4 (6.8) 

(5.2, -26.3) 

(0.3, 23.8) 

(33.6, 61.2) 

0.0023 

0.0224 

<.0001 

ALZ3.0 vs SAGE270 

ALZ1.5 vs SAGE270 

SAGE270 vs PBO 

-0.4 (4.0) 

-4.1 (4.7) 

63.5 (6.0) 

(-8.7, 7.9) 

(-13.8, 5.6) 

(51.3, 75.7) 

0.5353 

0.8034 

<.0001 
Note: All p-values were from the one-sided t test with 0 025 alpha level, and adjusted by Tukey -Kramer’s method for unequal variances 

Table 7: Summary Statistics and Testing Results for Emax of Bad Effects VAS 
Statistic 

SAGE90 
N=25 

SAGE180 
N=25 

SAGE270 
N=25 

ALZ1.5 
N=25 

ALZ3.0 
N=25 

PBO 
N=25 

Emax 

Mean (STD) 

Median 

Q1, Q3 

Min, Max 

12.6 (29.7) 

0 

0, 5 

0, 100 

17.4 (28.3) 

1 

0, 25 

0, 100 

17.7 (28.5) 

0 

0, 22 

0, 100 

36.7 (34.3) 

28 

7, 54 

0, 100 

49.1 (34.6) 

46 

15, 77 

0, 100 

6.4 (16.1) 

0 

0, 0 

0, 50 

Treatment Comparisons a 

Comparison Mean (STD)/ Median (Q1, Q3) 95% Confidence Interval p-value 

ALZ1.5 vs PBO 

ALZ3.0 vs PBO 

30.3 (39.5) T 

42.7 (33.7) T 

(14.0, 46.6) 

(28.8, 56.6) 

0.0004 

<.0001 

ALZ3.0 vs SAGE90 

ALZ1.5 vs SAGE90 

SAGE90 vs PBO 

35 (10, 58) S 

24.1 (43.5) T 

0 (0, 0) S 

(11, 47) 

(6.2, 42.1) 

(0, 0) 

<.0001 

0.0053 

0.5078 

ALZ3.0 vs SAGE180 

ALZ1.5 vs SAGE180 

SAGE180 vs PBO 

31.7 (43.8) T 

19.3 (41.0) T 

0, (0, 7) S 

(13.6, 49.8) 

(2.4, 36.2) 

(0, 2) 

0.0007 

0.0135 

0.0225 

ALZ3.0 vs SAGE270 

ALZ1.5 vs SAGE270 

SAGE270 vs PBO 

40 (10, 58) S 

19.0 (37.2) T 

0 (0, 15) S 

(10, 58) 

(3.6, 34.4) 

(0, 7) 

0.0009 

0.0087 

0.1796 
Note: a: T indicated the pairwise comparisons were assessed using paired T-Test and S indicated the pairwise comparisons were assessed using Sign-test 
P-value was 1-sided p-value 

Table 8: Summary Statistics and Testing Results for Emax of Overall Drug Liking VAS 
Statistic 

SAGE90 
N=25 

SAGE180 
N=25 

SAGE270 
N=25 

ALZ1.5 
N=25 

ALZ3.0 
N=25 

PBO 
N=25 

Emax 

Mean (SD) 

Median 

Q1, Q3 

Min, Max 

59.6 (19.6) 

51 

50, 68 

16, 100 

73.0 (21.0) 

72 

60, 87 

19, 100 

78.4 (22.9) 

75 

69, 100 

0, 100 

84.0 (16.9) 

84 

74, 100 

39, 100 

91.6 (15.4) 

100 

92, 100 

51, 100 

58.7 (20.9) 

50 

50, 66 

0, 100 

Treatment Comparisons a 

Comparison Mean (STD)/ Median (Q1, Q3) 95% Confidence Interval p-value 

ALZ1.5 vs PBO 24 (6, 50) S (11, 50) <.0001 
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ALZ3 .0 vs PBO 32 (13, 50) s ( 18, 50) <.0001 

ALZ3 .0 vs SAGE90 32.0 (25.4) T (21.5, 42 .5) <.0001 

ALZl.5 vs SAGE90 24.4 (24.7) T (14.12, 34.6) <.0001 

SAGE90 vs PBO 0 (0, 16) 5 (0, 4) 0.2379 

ALZ3 .0 vs SAGE180 18.6 (25.4) T (8.1, 29.1) 0.0006 

ALZl.5 vs SAGE180 5 (0, 13) s ( 1, 13) 0.0015 

SAGE180 vs PBO 14.2 (23.9) T (4.4, 24.1) 0.0033 

ALZ3 .0 vs SAGE270 0 (0, 3) 5 (0, 25) 0.0768 

ALZl.5 vs SAGE270 0(-4, 14) 5 (0, 7) 0.4807 

SAGE270 vs PBO 20 (3, 26) s (7, 25) <.0001 

Note: a: T md1cated the pauw!Se compansons were assessed usmg palfed T-Test and S indicated the palfw1Se compansons were assessed usmg Sign-test 
P-value was I-sided p-value 

T bl 9 S a e ummarv s dTtat1stlcs an estrng Resu ts £ Eor maxof T k D . vsa e mg Agarn A 
S AGE9 0 S AGE180 SAGE2 70 ALZl.5 ALZ3.0 PBO 

S tat istic N= 25 N=25 N= 25 N= 25 N= 25 N= 25 

Em ax 

Mean (SE) 34.6 (7 .734) 57.08 (7 .75) 69.32 (6.74) 81.6 (5 .43) 85.88 (4.99) 25 .52 (7.46) 

Median 25 66 73 100 100 0 

Ql , Q3 0, 55 17, 100 50, 100 71, 100 70, 100 0, 52 

Min, Max 0, 100 0, 100 0, 100 0, 100 0, 100 0, 100 

Tre a tment Co mparison s • 

Comparison Mea n (STD)/ Me dian (Q l , Q3) 9 50/o Confidence I nte rval p-va lue 

ALZl.5 vs PBO 50 ( 17, 100) s (34, 100) < .0001 

ALZ3 .0 vs PBO 54 (45, 100) s (45, 100) < .0001 

ALZ3 .0 vs SAGE90 49 ( 10, 100) s (11, 100) < .0001 

ALZl.5 vs SAGE90 50 (0, 100) s (1, 100) 0 .0106 

SAGE90 vs PBO 8 (0, 36) 5 (0, 35) 0 .0127 

ALZ3 .0 vs SAGE180 14 (0, 83) 5 (0, 33) 0 .0007 

ALZl.5 vs SAGE180 14 (0, 36 ) 5 (0, 29) 0 .0192 

SAGE180 vs PBO 31.6 (43.0) T (13.8, 49.3) 0 .0006 

ALZ3 .0 vs SAGE270 16.6 (39.2) T (0.4, 32.7) 0 .0226 

ALZl.5 vs SAGE270 12.3 (36.7) T ( -2.9, 27.4) 0 .0536 

SAGE270 vs PBO 38 (16, 73) s (16, 72) < .0001 

Note: a: T md1cated the pauw!Se compansons were assessed usmg palfed T-Test and S indicated the pamv1Se compansons were assessed usmg Sign
P-value was I-sided p-value 

Table 10 summaries the treatment comparison results for the abuse potential measures reviewed. The sign 
(>) shows that on the average, A was greater than B. The ( <) sign denotes that on the average, A was 
smaller than B. S and NS note significant difference and nonsignificant difference, respectively. 

Table 10 Summaiyo t e esu tsf h R fi·om s· 'fi 12.Ill icance T £ h Abests or t e use p . I M otentia easures Reviewed 

-test 

Treatment 
Comparison 

Drug 
Liking • 

Overall Drug 
Liking b 

High . Good 
Effects • 

Bad 
Effects• 

T ake Drug 
Again b 

ALZl.5 vs PBO s (>) s (>) s (>) s (>) s (>) s (>) 

ALZ3.0 VS PBO s (>) s (>) s (>) s (>) s (>) s (>) 

ALZ3.0 VS SAGE90 s (>) s (>) s (>) s (>) s (>) s (>) 

ALZl.5 vs SAGE90 s (>) s (>) s (>) s (>) s (>) s (>) 

SAGE90 VS PBO NS(>) NS(>) NS(>) NS(>) NS(>) s (>) 

ALZ3.0 vs SAGE180 s (>) s (>) s (>) s (>) s (>) s (>) 

ALZl.5 VS SAGE180 NS(>) s (>) s (>) s (>) s (>) s (>) 

SAGE180 vs PBO s (>) s (>) s (>) s (>) s (>) s (>) 

ALZ3.0 VS SAGE270 NS(>) NS(>) NS(>) NS(<) s (>) s (>) 

ALZl.5 vs SAGE270 NS(<) NS(>) NS(>) NS(<) s (>) NS(>) 

SAGE270 vs PBO s (>) s (>) s (>) s (>) NS(>) s (>) 

Note: a: based on nuxed model; b : based on stgn-test or paned t-test. 
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2.2.3 Conclusion 

As showed in Table 10, this study demonstrated that: 

•	 The mean of Emax for Drug Liking was significantly higher for alprazolam 1.5 mg and 3.0 mg 
compared to placebo, thereby establishing the study validity. 

•	 On the average, the responses to SAGE-547 90 μg/kg were significantly lower than those to both 
doses of alprazolam for the primary and five selected secondary endpoints. There was no 
significant mean (or median) difference between SAGE-547 90 μg/kg and placebo. 

•	 On the average, the responses to SAGE-547 180 μg/kg were significantly lower than those to 
both doses of alprazolam for the primary and five selected secondary endpoints except the 
primary endpoint for the comparison of SAGE-547 180 μg/kg versus 1.5 mg alprazolam 
(p=0.029). However, the responses to SAGE-547 180 μg/kg were significantly larger than those 
to placebo. 

•	 On the average, the responses to SAGE-547 270 μg/kg were not significantly different from those 
to both doses of alprazolam for the primary endpoint and selected secondary endpoints except 
Bad Effects Emax. SAGE-547 270 μg/kg had significantly lower mean of Bad Effects Emax 
compared to both doses of alprazolam. 

In summary, the therapeutic dose of SAGE-547 (90 µg/kg) is not euphoric, and has less liking, and high 
as well as take drug again compared to alprazolam. However, the mid dose of SAGE-547 showed 
significantly higher mean response to placebo, and the high dose of SAGE-547 did not show significantly 
lower mean response to alprazolam 3.0 mg for the primary endpoint and the selected secondary 
endpoints. The rapidly raising mean response of SAGE-547 at hour 0.5 and less sedative effects raise 
more concern of the abuse potential of SAGE-547. Based on both the primary and secondary analyses, 
this reviewer concludes that the abuse potential of SAGE-547 may not be lower than alprazolam. 

3 REFERENCE 
Chen, L, Wang, Y. Heat Map Displays for Data from Human Drug Abuse Potential Crossover Studies. 
Drug Information Journal. (2012) 46:6, 701-707. 
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4 APPENDIX 

Table 11: Demographics and Baseline Characteristics (Completer Population, Treatment Phase) 
Treatment Sequence 

Characteristics 
ABCDEF 

N=6 
BCDEFA 

N=3 
CDEFAB 

N=5 
DEFABC 

N=3 
EFABCD 

N=4 
FABCDE 

N=4 
OVERALL 

N=25 
Gender, N (%) 

Male 
Female 

5 (83.3) 
1 (16.67) 

2 (66.7) 
1 (33.3) 

4 (80.0) 
1 (20.0) 

2 (66.7) 
1 (33.3) 

3 (75.0) 
1 (25.0) 

3 (75.0) 
1 (25.0) 

19 (76.0) 
6 (24.0) 

Age (years) 
Mean (SD) 
Min, Max 
Median 

37.0 (8.0) 
28, 50 
36.5 

43.0 (12.2) 
29.0, 51.0 

49.0 

36.2 (4.0) 
30.0, 40.0 

37.0 

38.7 (6.5) 
32.0, 45.0 

39.0 

40.8 (6.0) 
33.0, 46.0 

42.0 

41.0 (12.8) 
29.0, 53.0 

41.0 

39.0 (7.9) 
28.0, 53.0 

39.0 
Race, N (%) 

White 
Black/African American 
Other 

4 (66.7) 
2 (33.3) 

0 

3 (100) 
0 
0 

4 (80.0) 
1 (20.0) 

0 

1 (33.3) 
1 (33.3) 
1 (33.3) 

4 (100) 
0 
0 

3 (75.0) 
0 

1 (25.0) 

19 (76.0) 
2 (8.0) 
4 (16.0) 

Ethnicity, N (%) 
Hispanic/Latino 
Not Hispanic/Latino 

1 (16.7) 
5 (83.3) 

0 
3 (100) 

1 (20.0) 
4 (80.0) 

0 
3 (100) 

0 
4 (100) 

0 
4 (100) 

2 (8.0) 
23 (92.0) 

Height (cm) 
Mean (SD) 
Min, Max 
Median 

172.2 (10.2) 
157.5, 185.6 

173.2 

168.5 (9.2) 
163.0, 179.1 

163.4 

178.4 (10.4) 
162.5, 187.4 

183.8 

172.1 (11.1) 
160.8, 182.9 

172.7 

173.0 (6.0) 
166.4, 178.6 

173.5 

172.0 (6.4) 
165.0, 179.1 

172.0 

173.1 (8.7) 
157.5, 187.4 

173.5 
Body Weight (kg) 

Mean (SD) 
Min, Max 
Median 

77.1 (11.3) 
62.7, 92.1 

74.8 

71.4 (15.1) 
56.2, 86.3 

71.8 

88.5 (22.2) 
57.2, 107.9 

96.4 

81.8 (11.8) 
74.5, 95.4 

75.6 

77.5 (7.6) 
70.8, 85.9 

76.7 

77.2 (9.2) 
66.9, 88.1 

76.8 

79.3 (13.6) 
56.2, 107.9 

75.6 
Body Mass Index (kg/m2) 

Mean (SD) 
Min, Max 
Median 

26.2 (4.3) 
19.9, 31.2 

27.4 

25.0 (3.4) 
21.0, 27.0 

26.9 

27.3 (4.1) 
21.7, 31.2 

28.5 

27.6 (2.3) 
25.0, 29.2 

28.5 

26.0 (2.6) 
22.4, 28.5 

26.5 

26.1 (2.3) 
23.7, 28.4 

25.1 

26.4 (3.2) 
19.9, 31.2 

27.0 

Table 12: Statistical Analysis Results for Emax of Drug Liking (Completer Population) 

Statistic 

SAGE-547 
90 

µg/kg/IV 
N=25 

SAGE-547 
180 

µg/kg/IV 
N=25 

SAGE-547 
270 

µg/kg/IV 
N=25 

Alprazolam 
1.5 mg 
N=25 

Alprazolam 
3.0 mg 
N=25 

Placebo 
N=25 

Emax 

Mean (STD) 62.8 (16.4) 75.7 (16.5) 86.92 (13.3) 82.1 (16.6) 89.5 (15.6) 59.8 (13.7) 

Median 55 72 90 76 100 51 

Q1, Q3 51, 69 67, 82 76, 100 71, 100 75, 100 50, 69 

Min, Max 50, 100 50, 100 51, 100 51, 100 51, 100 50, 100 

LS mean (SE) 53.3 (8.2) 68.5 (6.2) 89.4 (5.3) 87.4 (6.4) 100.8 (5.5) 57.3 (6.0) 

Treatment Comparisons 

Comparison LS Mean Difference (SE) 95% Confidence Interval p-value 

ALZ1.5 vs PBO 

ALZ3.0 vs PBO 

30.1 (8.7) 

43.5 (7.8) 

(12.5, 47.7) 

(27.9, 59.1) 

0.0006 

<.0001 

ALZ3.0 vs SAGE90 

ALZ1.5 vs SAGE90 

SAGE90 vs PBO 

47.5 (10.3) 

34.1 (11.1) 

-4.0 (10.7) 

(26.5, 68.5) 

(11.8, 56.5) 

(-25.7, 17.8) 

<.0001 

0.0018 

0.6436 

ALZ3.0 vs SAGE180 

ALZ1.5 vs SAGE180 

SAGE180 vs PBO 

32.3 (8.0) 

18.9 (8.9) 

11.2 (8.5) 

(16.1, 48.4) 

(0.9, 36.9) 

(-5.9, 28.4) 

0.0001 

0.0202 

0.0967 

ALZ3.0 vs SAGE270 

ALZ1.5 vs SAGE270 

SAGE270 vs PBO 

11.4 (7.0) 

-2.0 (8.1) 

32.1 (7.6) 

(-2.9, 25.6) 

(-18.6, 14.6) 

(16.8, 47.5) 

0.0570 

0.5945 

<.0001 
Note: All p-values were from the one-sided t test with 0 025 alpha level, and adjusted by Tukey -Kramer’s method for unequal variances 
Note: The model included the first order carryover effect 
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Table 13: Statistical Analysis Results for Emax of Drug Liking 
(PD Population in the First Period Only) 

Statistic 

SAGE-547 
90 

µg/kg/IV 
N=7 

SAGE-547 
180 

µg/kg/IV 
N=7 

SAGE-547 
270 

µg/kg/IV 
N=6 

Alprazolam 
1.5 mg 

N=7 

Alprazolam 
3.0 mg 

N=6 
Placebo 

N=7 
Emax 

Mean (STD) 62.9 (16.5) 69.0 (9.1) 86.5 (20.3) 80.6 (14.7) 93.5 (12.1) 57.4 (12.5) 

Median 55 70 98 76 100 50 

Q1, Q3 51, 75 65, 75 73, 100 69, 100 91, 100 50, 72 

Min, Max 50, 94 51, 79 51, 100 62, 100 70, 100 50, 79 

LS mean (SE) 62.9 (6.2) 69.0 (3.4) 86.5 (8.3) 80.6 (5.6) 93.5 (4.9) 57.4 (4.7) 

Treatment Comparisons 

Comparison LS Mean Difference (SE) 95% Confidence Interval p-value 

ALZ1.5 vs PBO 

ALZ3.0 vs PBO 

23.1 (7.3) 

36.1 (6.8) 

(7.2, 39.1) 

(21.0, 51.1) 

0.0042 

0.0001 

ALZ3.0 vs SAGE90 

ALZ1.5 vs SAGE90 

SAGE90 vs PBO 

30.6 (7.9) 

17.7 (8.4) 

5.4 (7.8) 

(13.1, 48.2) 

(-0.5, 35.9) 

(-11.7, 22.6) 

0.0014 

0.0279 

0.2508 

ALZ3.0 vs SAGE180 

ALZ1.5 vs SAGE180 

SAGE180 vs PBO 

24.5 (6.0) 

11.6 (6.5) 

11.6 (5.9) 

(11.0, 38.0) 

(-3.0, 26.2) 

(-1.3, 24.4) 

0.0013 

0.0538 

0.0367 

ALZ3.0 vs SAGE270 

ALZ1.5 vs SAGE270 

SAGE270 vs PBO 

7.0 (9.6) 

-5.9 (10.0) 

29.1 (9.5) 

(-15.2, 29.2 ) 

(-28.5, 16.7) 

(7.1, 51.0) 

0.2441 

0.7163 

0.0079 
Note: All p-values were from the one-sided t test with 0 025 alpha level, and adjusted by Tukey -Kramer’s method for unequal variances 

Figure 19: Mean time course profiles for High VAS 
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Figure 20: Treatment Comparison for Good Effects Emax 
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Figure 21 : Treatment Comparison for Bad Effects Emax 
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	1 Executive Summary 
	1 Executive Summary 
	1.1. Product Introduction 
	1.1. Product Introduction 
	Brexanolone (SAGE-547; proposed trade name Zulresso) is chemically identical to the endogenous human hormone allopregnanolone. It is a new molecular entity (NME) with the proposed indication of treatment of postpartum depression (PPD). Although its mechanism of action is unknown, it appears to be a positive allosteric modulator of gamma-aminobutyric acid type A (GABAA) receptors with a binding site distinct from benzodiazepines. Brexanolone is available as a 5mg/mL solution in sulfobutyl ether beta-cyclodex
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	x 
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	x 
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	.. KRXUV DW .. ȝJ.NJ.KRXU 

	x 
	x 
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	x 
	x 
	. KRXUV DW .. ȝJ.NJ.KRXU 


	The product would be given once per episode of PPD. 
	Figure 1. Dose and Timing for Brexanolone Administration. 
	Figure
	=New infusion bag required.
	Figure

	=
	1.2. Conclusions on the Substantial Evidence of Effectiveness 
	1.2. Conclusions on the Substantial Evidence of Effectiveness 
	The Applicant submitted two positive, adequate, and well-controlled trials that met the evidentiary standard for the demonstration of brexanolone’s effectiveness for the treatment of postpartum depression. The studies demonstrate a clinically meaningful effect because the improvement in depressive symptoms on the Hamilton Depression Rating Scale (HAM-D) is both consistent with the effects of other, approved antidepressants and occurs much quicker than other available treatments (after 60 hours versus 4 week
	•.. DQG UHVSRQVH .D UHGXFWLRQ in total score of at least 50%) also supported brexanolone’s effectiveness.  The Clinical Global Impression of Improvement (CGI-I) also showed statistically significant and clinically meaningful differences from placebo.  Although few of the other experimental endpoints were statistically significant, they all revealed a trend of decreasing depressive symptoms with brexanolone.  Notably, these included several patient-rated scales (e.g., the Barkin Index of Maternal Functioning
	17 
	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	1.3. Benefit-Risk Assessment 
	1.3. Benefit-Risk Assessment 
	Benefit-Risk Integrated Assessment 
	Benefit-Risk Integrated Assessment 

	Brexanolone (to be marketed as Zulresso) is chemically identical to the endogenous human hormone allopregnanolone. It is a new molecular entity not currently marketed anywhere in the world for any indication. Brexanolone’s proposed indication is treatment of postpartum depression (PPD). PPD is a major depressive episode with onset during pregnancy or within 4 weeks of delivery. As with other forms of depression, it is characterized by sadness and/or anhedonia and may present with symptoms such as cognitive 
	The endogenous hormone allopregnanolone increases during pregnancy and reaches a peak during the third trimester. After delivery, allopregnanolone levels abruptly fall. Initially, the Applicant believed brexanolone might be effective for PPD as an allopregnanolone replacement. However, researchers have found that allopregnanolone levels do not predict PPD. Brexanolone’s mechanism of action is, therefore, unknown. It appears to be a positive allosteric modulator of GABAA receptors with a binding site distinc
	Brexanolone is administered as a 60-hour infusion—including a titration and taper—ZLWK D WDUJHW GRVH RI .. ȝJ.NJ.K. One submitted study LQFOXGHG D WDUJHW GRVH RI .. ȝJ.NJ.K IRU WKH ..-hour infusion. Evidence of efficacy was assessed in three controlled studies: 547-PPD-202A, 202B, and 202C. The primary efficacy endpoint in these studies was change from baseline on the Hamilton Depression Scale at 60 hours after start of the brexanolone infusion. All three studies showed a reduction in depressive symptoms wi
	The Applicant submitted sufficient information to adequately assess brexanolone’s safety profile. The Division did not require the exposure numbers suggested for chronic conditions (based on the International Council of Harmonisation guidance) because the drug is administered as a one-time infusion. The Agency’s major safety concern is the possibility of sudden loss of consciousness (LOC) during the infusion (6 of 140 women exposed to brexanolone). After examining dose, timing of dose, blood level, concurre
	18 
	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	Reference ID: 4405747 
	Considering the seriousness ofPPD, the lack ofidentified effective treatments, and the risks and benefits ofbrexanolone, the review team recommends approval. We do not believe additional studies are needed to further characterize the LOC risk. However, we recommend additional efficacy studies to determine whether the infusion can be given in an intenupted manner (e.g., only during the daytime) or sho1tened-potentially broadening available administration settings. We will require a nonclinical postmarketing 
	Dimension Evidence and Uncertainties 
	Dimension Evidence and Uncertainties 
	Conclusions and Reasons 
	Figure
	PPD is potentially debilitating and life­within 4 weeks of delive1y. Although diagnosis uses the same 
	• PPD is a major depressive episode with onset during pregnancy or 
	threatening. It affects a substantial number of criteria, the timing ofonset may indicate a different etiology than 
	U.S. women. PPD is defined as major non-postpartum depression. 
	depressive disorder "with post-(or peri-) 
	partum onset." However, the tllning of this condition suggests a somewhat different 
	•
	•
	•
	Approximately 12% ofU.S. women experience PPD. 

	•
	•
	Women with PPD are at risk for suicide and have impaiiments in daily 


	etiology compared to non-postpa1tum major 
	etiology compared to non-postpa1tum major 
	function (including maternal-infant bonding). 

	depression (involving ho1mone level fluctuations). 
	• 
	• 
	• 
	There are no mugs approved specifically for PPD. 

	• 
	• 
	Drngs approved for treatment ofmajor depressive disorder can be used .to treat PPD. .


	There is little evidence from controlled trials 
	that available antidepressant treatments are treat PPD. Almost all studies are small and include confounding 
	• There is little dii·ect evidence that available antidepressants adequately 
	effective for PPD. In addition, all available treatments (such as concuITent psychotherapy). 
	antidepressant treatments requii·e weeks before 
	their effect is seen. .electroconvulsive therapy) require several weeks to demonstrate an .antidepressant effect. .
	• 
	• 
	• 
	• 
	All available antidepressant treatments (including psychotherapy and 

	The data submitted with this NDA meets the 547-PPD-202A, 202B, and 202C. The primary efficacy endpoint in all 

	•
	•
	The evidence ofbrexanolone's effectiveness comes from three studies: 


	evidentiaiy standard for approval. A majority three studies was change from baseline in the Hamilton Depression 
	ofwomen with PPD who receive the .Rating Scale (HAM-D) at Hour 60. All three studies were randoinized, .
	brexanolone infusion are expected to see .double-blind, and placebo-controlled. .
	benefit in theii· depressive symptoms. These 
	benefits are expected to occur more quickly 
	benefits are expected to occur more quickly 
	• 202A was a Phase 2 roof-of-conce t stud 
	Figure
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	Reference ID 44057 47 
	Dimension Evidence and Uncertainties µg/kg/h (n=lO) to placebo (n=l 1) in patients with severe PPD (HAM­D > 26). Brexanolone was significantly superior to placebo with a least square mean difference of -12.2. • 202B was a Phase 3 study comparing brexanolone 90 µg/kg/h (n=45) and brexanolone 60 µg/kg/h (n=47) to placebo (n=46) in patients with severe PPD (HAM-D > 26). Brexanolone 60 µg/kg/h was significantly superior to placebo with a least square mean difference of-5.5. Brexanolone 90 µg/kg/h was significan
	20 .
	Reference ID 44057 47 .
	Dimension Evidence and Uncertainties (LOC) in 6 patients exposed to brexanolone (4%). We observed no relationship between LOC and dose, timing of dose, blood level, concunent medications, available medical histo1y, and patient characteristics (e.g., age, body mass index). LOC was abrnpt in some cases. All resolved within 60 min after immediately stopping the infusion; no other intervention was required. •Minor adverse reactions occuning in >2% ofpatients exposed to any brexanolone, and twice the rate of pla
	21 .
	Reference ID 44057 47 .
	The patient experience data that was submitted as pa1t of the application, include: 
	The patient experience data that was submitted as pa1t of the application, include: 
	The patient experience data that was submitted as pa1t of the application, include: 
	Section where discussed, if applicable 

	~ 
	~ 
	Clinical outcome assessment (COA) data 
	Section 8: Statistical and Clinical Evaluation of Efficacy 

	TR
	~ 
	Patient reported outcome (PRO): EPDS, GAD-7, PHQ-9, BIMF, SF-36, HCRU 
	Section 8 

	TR
	D 
	Observer repo1ted outcome (ObsRO) 

	TR
	~ 
	Clinician r eported outcome (ClinRO): HAM-D (Response/Remission), CGI-1 
	Section 8 

	TR
	D 
	Perfo1mance outcome (PerfO) 

	D 
	D 
	Qualitative studies (e.g., individual patient/caregiver interviews, focus group interviews, expe1t interviews, Delphi Panel, etc.) 

	D 
	D 
	Patient-focused diug development or other stakeholder meeting summaiy repo1ts 

	D 
	D 
	Observational survey studies designed to capture patient experience data 

	D 
	D 
	Natural history studies 

	D 
	D 
	Patient preference studies (e.g., submitted studies or scientific publications) 

	D 
	D 
	Other: (Please specify) 

	Patient experience data that was not submitted in the application, but were considered in this review. 
	Patient experience data that was not submitted in the application, but were considered in this review. 

	D 
	D 
	Input info1med from paiticipation in meetings with patient stakeholders 

	D 
	D 
	Patient-focused diug development or other stakeholder meeting summaiy repo1ts 

	D 
	D 
	Observational survey studies designed to capture patient experience data 

	D 
	D 
	Other: (Please specify) 


	1.4. Patient Experience Data Patient Experience Data Relevant to this Application: 
	o 
	o 
	Patient experience data was not submitted as pait of this application. 
	I


	BIMF=Barkin Index ofMatemal Functioning; CGI-I=Clinical Global In1pression-Improvement; EPDS=Edinbmgh Postnatal Depression Scale; GAD-7=Generalized Anxiety Disorder 7-item Scale; HAM-D=Hamilton Rating Scale for Depression PHQ-9=Patient Health Questionnaire (9-item); SF-36=Sho1t-form 36. 
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	x .
	Figure
	Tiffany R. Farchione, MD Cross-Disciplinary Team Leader 





	2 Therapeutic Context 
	2 Therapeutic Context 
	2.1. Analysis of Condition 
	2.1. Analysis of Condition 
	PPD is a major depressive episode with onset during pregnancy or within 4 weeks of delivery. As with other forms of depression, it is characterized by sadness and/or anhedonia and may present with symptoms such as cognitive impairment, feelings of worthlessness or guilt, or suicidal ideation (see Table 1 for major depressive episode diagnostic criteria). Indeed, the most common cause of maternal death after childbirth in the developed world is suicide (Oates, 2003). A depressive episode at this time in a wo
	Table 1. Diagnostic Criteria for a Major Depressive Episode.
	a 

	A 
	A 
	A 
	Five or more symptoms for 2 weeks (one of which must be either depressed mood or anhedonia) 
	1. Depressed mood most of the day nearly every day 2. Anhedonia most of the day nearly every day 3. Significant weight loss or gain 4. Insomnia or hypersomnia 5. Psychomotor agitation or retardation 6. Fatigue or loss of energy 7. Feelings of worthlessness or excessive guilt 8. Diminished ability to think or concentrate; indecisiveness 9. Recurrent thoughts of death; suicidal ideation or attempt 

	B 
	B 
	Symptoms cause clinically significant distress or functional impairment 

	C 
	C 
	The episode is not attributable to the physiological effects of a substance or another medical condition 

	D 
	D 
	The episode is not better explained by a psychotic illness 

	E 
	E 
	There has never been a manic or hypomanic episode 


	American Psychiatric Association, 2013. 
	a

	PPD is symptomatically indistinguishable from an episode of major depression. However, the timing of its onset has led to its recognition as a distinct illness. 
	Many hormones are neuroactive. Because of the changes in hormone concentrations during pregnancy, they have been attractive targets for PPD investigations. The concentration of allopregnanolone, an endogenous derivative of progesterone, increases during pregnancy, reaches a peak during the third trimester, then abruptly falls after delivery. As recently reviewed by McEvoy and colleagues (2018), allopregnanolone is a potent GABA-ergic regulator. At low concentrations, it acts as a positive allosteric modulat
	As allopregnanolone levels rise during pregnancy, GABAA receptors are down-regulated. Animal models have shown that the receptors return to previous concentrations within 48 hours of delivery. Because total allopregnanolone levels have not consistently correlated with PPD, it is possible the symptoms are more closely related to impairment in peripartum GABA receptor up-or down-regulation (or even changes in receptor subunits) and not necessarily to an abrupt decrease in allopregnanolone concentrations. 
	Per the Applicant, they had hypothesized that, in women experiencing PPD, returning the allopregnanolone concentration to that of the third trimester would ameliorate symptoms. Brexanolone dosing was, therefore, based on returning women to pre-delivery levels of allopregnanolone. The initial titration was meant for women to develop tolerance for the associated sedation. The taper was meant to prevent withdrawal symptoms from a GABA-active agent. Because the Applicant believed the dose was well-tolerated, th
	2.2. Analysis of Current Treatment Options There are no drugs specifically approved to treat PPD. Drugs approved for the treatment of major depressive disorder (MDD) are used to treat PPD (see Table 2); however, efficacy data are sparse. Non-drug treatments, such as electroconvulsive therapy (ECT), repetitive transcranial magnetic stimulation (rTMS), and psychotherapy, are also used. 
	All available depression treatments show a delay in time-to-effect. Antidepressant drugs take approximately 4 weeks to demonstrate efficacy. Similarly, a course of ECT is twice per week for 4 or 5 weeks, rTMS is given daily for 4 to 6 weeks, and psychotherapy usually involves 8 to 20 weekly sessions. 
	Tabl 2 D ru2s A,pprove df'.or Treatment ofMa tor epress1ve n· 1sorder.
	. D
	e . 
	Class Monoamine oxidase inhibitor (MAOI) Tricyclic Antidepressant (TCA) Tetracyclic Triazolopyridine Aminoketone Selective Serotonin Reuptake Inhibitor (SSRI) SSRI/5HT IA Pa1tial Agonist Serotonin-Norepinephrine Reuptake Inhibitor (SNRI) 
	Class Monoamine oxidase inhibitor (MAOI) Tricyclic Antidepressant (TCA) Tetracyclic Triazolopyridine Aminoketone Selective Serotonin Reuptake Inhibitor (SSRI) SSRI/5HT IA Pa1tial Agonist Serotonin-Norepinephrine Reuptake Inhibitor (SNRI) 
	Class Monoamine oxidase inhibitor (MAOI) Tricyclic Antidepressant (TCA) Tetracyclic Triazolopyridine Aminoketone Selective Serotonin Reuptake Inhibitor (SSRI) SSRI/5HT IA Pa1tial Agonist Serotonin-Norepinephrine Reuptake Inhibitor (SNRI) 
	Drug isocarboxazid tranylcypromine phenelzine selegiline desipramine protriptyline doxepine imipramine nortriptyline amitriptyline trimipramine mirtazapine trazodone bupropion fluoxetine sertraline paroxetine citalopram escitalopram vortioxetine vilazodone venlafaxine duloxetine desvenlafaxine levomilnacipran 
	Initial Approval 1959 1961 1961 2006 1964 1967 1969 1973 1977 1977 1979 1996 1981 1985 1987 1991 1992 1998 2002 2013 2011 1997 2004 2008 2013 
	Route of Administration oral oral oral transdermal oral oral oral oral oral oral oral oral oral oral oral oral oral oral oral oral oral oral oral oral oral 


	3 Regulatory Background .
	3.1. U.S. Regulatory Actions and Marketing History 
	3.1. U.S. Regulatory Actions and Marketing History 
	Brexanolone has not been approved or marketed in the United States. 
	3.2. Summary ofPresubmission/Submission Regulatory Activity 
	3.2. Summary ofPresubmission/Submission Regulatory Activity 
	On June 17, 2014, the Sponsor submitted Investigational New Drng (IND) application 122279 for brexanolone with the intention ofproviding documentation to support the initiation ofa phase 2a study, entitled "An Open-Label Proof-of-Concept Study Evaluating the Safety, Tolerability, Phaimacokinetics, and Efficacy ofSage-547 Injection in the Treatment of Adult Female Patients 
	On October 20, 2017, the Division communicated an Agreed Initial Pediatric Study Plan, which included plans to conduct a clinical study evaluating the efficacy, safety,  of brexanolone in adolescent females (age 15 to less than 18 years) with PPD. 
	with Severe Postpartum Depression.” The Division determined that the protocol was safe to proceed and sent the May Proceed letter on July 31, 2014. 
	Brexanolone was granted Breakthrough Therapy Designation on August 23, 2016 for the treatment of postpartum depression (PPD). The Breakthrough Therapy designation was based on the results of an open-label study (terminated early for efficacy after four patients had a large response) and a phase 2 randomized, double-blind, placebo-controlled study (Study 547-PPD202A). 
	-

	A Type B, IND Multidiscipline Guidance Meeting was held on November 2, 2016 with the Agency to discuss nonclinical and clinical development plans to support product approval. 
	The Applicant submitted a Proposed Pediatric Studies Request on November 21, 2017. On March 20, 2018, the Division communicated a Written Request to the Sponsor that included a required randomized, double-blind, placebo-controlled, parallel-group study evaluating the efficacy and safety of brexanolone in adolescent females, 15 years to less than 18 years of age, with PPD. 
	The Sponsor met with the Division on January 18, 2018 for a pre-NDA meeting to discuss the data cut-off date for studies to be included in the NDA, content and format of the integrated summaries of safety and effectiveness, and content and search terms of the abuse liability package. The Sponsor then submitted the NDA on April 19, 2018. 



	3.3. Foreign Regulatory Actions and Marketing History 
	3.3. Foreign Regulatory Actions and Marketing History 
	Brexanolone has not been approved or marketed in any other country. 



	4. Significant Issues from Other Review Disciplines Pertinent to Clinical Conclusions on Efficacy and Safety 
	4. Significant Issues from Other Review Disciplines Pertinent to Clinical Conclusions on Efficacy and Safety 
	4.1. Office of Scientific Investigations (OSI) 
	4.1. Office of Scientific Investigations (OSI) 
	Three sites were selected for inspection (Table 3). Site 05 was selected because the site impacted efficacy results and there was no history of inspection. Site 39 was selected for high enrollment and because there was no history of inspection. Site 17 was selected because: 
	x 
	The site impacted efficacy results 
	Site Number 
	Site Number 
	Site Number 
	Site Information 
	Study Participation and Enrollment3 
	Inspection Dates (2018) 
	Classification 

	05 
	05 
	David Grainger, MD Wichita, KS 
	547-PPD-202B n=5 
	August 27-30 
	No Action Indicated 

	17 
	17 
	Heather Hanison, DO Orem, UT 
	547-PPD-202B n=27 547-PPD-202C n=9 
	August 23-24, 27-31 September 05, 10-14, 17-19 
	Official Action Indicated 

	39 
	39 
	David J. Johnson, MD Owensboro, KY 
	547-PPD-202B n=24 547-PPD-202C n=27 
	July 09-13 
	Voluntary Action Indicated 


	• .
	• .
	• .
	There was high emolhnent 

	• .
	• .
	There was no histo1y ofinspection 

	• .
	• .
	There were several major protocol violations 

	• .
	• .
	OSI received a complaint that a subinvestigator pre-signed rating scales (before administering the instruments) 


	Table 3. Sites Selected for Inspection. 
	•see section 7 .1: Clinical Effectiwness Studies for more details. 
	Data collection for the phase 3 studies began on paper, but h'ansitioned to using a tablet with an audio recording ofthe rating interviews. During the po1iion of the study when data was collected on paper, inspectors found poor record-keeping at Site 17 regarding the timing of interview assessments. Paper records were kept for 22 patients at this site; 7 of these patients had problematic timing for the primaiy efficacy assessment: the Hamilton Depression Rating Scale (HAM-D; Table 4). 
	Table 4. Patients with Assessment Timing Problems at Site 017. 
	Subject ID 
	Subject ID 
	Subject ID 
	Assessment Time 
	HAM-D Start Time 
	Next Assessment Start Time 
	Calculated Time to Complete HAM-D 

	tJ -
	tJ -
	(b)(6 I 
	Hour 12 Hour4 
	2240 1123 
	2242 1125 
	2 min 3 min 

	,_ 
	,_ 
	Hour72 
	0826 
	0829 
	3 min 

	,_ 
	,_ 
	Hour 36 
	1941 
	1943 
	2 min 

	-
	-
	Day21 
	1055 
	1057 
	2 min 

	H 
	H 
	HourO Hour 12 
	0705 2008 
	0707 2010 
	2 min 2 min 


	The Site and Applicant's hypothesis regai·ding these inegularities was that the interview for the HAM-D provided info1mation for several of the scales that were used and that the rater could be 
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	Figure
	moving between scales as the interview progressed. The OSI reviewer found the explanation inadequate because: 
	1. .
	1. .
	1. .
	It is poor practice to move between scales during the interview, 

	2. .
	2. .
	The Applicant only hypothesized what happened rather than asking the rater (who still worked at the site) to make "a definitive statement regarding how he conducted the assessments" (OSI repo1i, p. 5). 


	Once the assessments were recorded (audio and using a tablet), agreement between the Site 17 rater and a central rater was 97% for the primaiy efficacy endpoint (HAM-D at Hour 60). 
	Clinical Reviewer Comment: Based on my own prior experience conducting interviews for research studies, it is not uncommon to move between similar rating scales during an interview. Neither is it uncommon to put the date and time on the documents before starting the interview or after the interview as one is completing the forms. Coupled with the overall picture ofefficacy in the three studies and the agreement between the Site 17 and central raters, I am comfortable accepting the datafrom Site 17. 
	4.2. Product Quality 
	4.2. Product Quality 
	The Office of Pha1maceutical Quality recommended approval ofthis application from a product quality perspective. The dmg product is supplied in vials of 100 mg brexanolone in 20 ml ofa sterile colorless preservative-free aqueous solution (5 mg/mL). The dmg product is intended for dilution by a phaimacist prior to administration. The 60-hour infusion begins with a staiiing dose of30 mcg/kg/h for 4 hours, which is increased to 60 mcg/kg/h for 20 hours, and fuiiher increased to 90 mcg/kg/h for 28 hours. The do
	In-use stability studies found that the diluted solutions can be stored for a maximum of 12 hours at room temperature as longer storage can suppo1i adventitious microbial growth. Studies found that the diluted product can be stored for up to 96 hours at refrigerated conditions prior to the 12 hours room temperature infusion. Therefore, the 60-hour infusion will generally require the preparation offive infusion bags. Additional bags will be needed for patients weighing ~90 kg. 
	Figure
	single brexanolone concentration and by vaiying the infusion rate, as this was 
	thought to be more in line with common practice. 
	As the diug substance is ve1y water insoluble, a considerable quantity ofa cyclodextrin solubilizer is employed, betadex sulfobutyl ether sodium. This is also known by one ofits brand names, Captisol. Each vial contains 5 g ofthis excipient (250 mg/mL). The diluted diug product was found to be compatible with just one type of infusion tubing (polyolefin, non-DEHP, non­latex IV bag and the PVC, non-DEHP, nonlatex, no filter tubing system). An initial extractable study to on polyethylene-lined nitroglycerin i
	A 36-month drug product expiry period was found acceptable (refrigerated storage). Unused residual brexanolone will need to be discarded each day (i.e., should not be used for the next day’s doses). 
	4.3. Clinical Microbiology 
	The label instructions indicate that the drug product can be administered via intravenous (IV) infusion at . The drug product is to be diluted with sterile water for injection first and further diluted with 0.9% sodium chloride injection. In the original NDA submission, the Applicant provided in-use stability data that supported the storage of the reconstituted product up to hours under refrigerated conditions 
	followed by 12 hours at room temperature conditions. As part of a quality information amendment (submitted December 13, 2018), the Applicant provided additional data that supported refrigerated storage conditions to up to 96 hours for the IV bag admixture. 
	Figure

	Longer refrigerated storage could simplify the preparation process which may reduce medications errors by allowing all bags for a single patient’s 60-hour infusion period to be prepared at one time. 


	4.4. Devices and Companion Diagnostic Issues 
	4.4. Devices and Companion Diagnostic Issues 
	Not applicable to this application. 


	5 Nonclinical Pharmacology/Toxicology 
	5 Nonclinical Pharmacology/Toxicology 
	5.1. Executive Summary 
	5.1. Executive Summary 
	This application submitted by Sage Therapeutics is a 505(b)1 NDA for Zulresso (brexanolone). The proposed indication is for the treatment of postpartum depression (PPD). Brexanolone is a formulation of allopregnanolone in sulfobutyl ether beta-cyclodextrin (SBECD; Captisol) for intravenous (IV) administration. The maximum recommended human dose (MRHD) is 90 μg/kg/h (130 mg/day for a 60-kg body weight) with a dosing regimen consisting of a 4-hour dose titration at 30 μg/kg/h, a 20-hour dose titration at 60 μ
	Allopregnanolone is an endogenous neuroactive steroid and a metabolite of progesterone. Allopregnanolone and other neuroactive steroids bind with high affinity to GABAA receptors and act as GABAA receptor modulators. The binding site for neuroactive steroids on GABAA receptors is distinct from those of GABA, benzodiazepines, and barbiturates. Brexanolone (SAGE-547) was shown to potentiate GABA-mediated currents in mammalian cells expressing 
	Į1ȕ2Ȗ2 UHFHSWRU VXEXQLWV. Į4ȕ3į UHFHSWRU VXEXQLWV. DQG Į6ȕ3į UHFHSWRU VXEXQLWV RI *$%$A 
	receptors and to inhibit binding of a GABA receptor antagonist to the picrotoxin/convulsant site on GABAA receptors. A pharmacodynamic drug interaction was observed between four GABAergic compounds (pentobarbital, midazolam, diazepam, and propofol) and brexanolone in vitro. 
	Brexanolone has low oral bioavailability in mice and rats and is highly protein bound in plasma. Brexanolone distributes to the brain rapidly in mice and rats (0.25 to 0.5 hr after IV infusion) with a greater exposure in brain compared to plasma. Brexanolone is extensively metabolized in rats and dogs and there are species differences for the metabolic profiles. In addition, a sex difference was observed for the metabolic profile in rats but not dogs. The three unique human metabolites M133, M136, and M137 
	General toxicology studies with up to 28-days of continuous IV administration in two species (rat and dog) were conducted to support acute use of brexanolone. General toxicities observed in rats and dogs that might have clinical relevance were sedative anesthesia, sedation, and convulsions. Sedative anesthesia was observed rapidly after single bolus IV doses of brexanolone in rats and dogs at 0.75-and 2-times, respectively, the MRHD based on body surface area, which were the lowest doses tested. Signs of se
	General toxicology studies with up to 28-days of continuous IV administration in two species (rat and dog) were conducted to support acute use of brexanolone. General toxicities observed in rats and dogs that might have clinical relevance were sedative anesthesia, sedation, and convulsions. Sedative anesthesia was observed rapidly after single bolus IV doses of brexanolone in rats and dogs at 0.75-and 2-times, respectively, the MRHD based on body surface area, which were the lowest doses tested. Signs of se
	administration in rats at 4-times the exposure at the MRHD, but not at 2-times. Signs of sedation were not observed in the 28-day repeat dose toxicity studies in rats and dogs at 5-and 6-times, respectively, the exposures at the MRHD. It should be noted that there was a lot of individual variability in the observed sedation in animals regardless of the dose level used across studies. 

	A convulsion after dose completion was observed in a single dog in each repeat dose toxicity study-two days after a 5-day infusion at 30 times the exposure at the MRHD, seven hours after a 14-day infusion at 7 times the exposure at the MRHD, and four days after a 28-day infusion at 3 times the exposure at the MRHD. The findings were not observed at 24 times the exposure at the MRHD in the 5-day study, 2 times the exposure at the MRHD in the 14-day study, and at an exposure equivalent to that at the MRHD in 
	Brexanolone was not genotoxic. Brexanolone was not assessed for carcinogenicity because the treatment of PPD with brexanolone infusion is considered acute. 
	Reproductive and developmental toxicity was observed with brexanolone administration in rats and rabbits. Effects on fertility were observed in female and male rats at 4-and 3-times, respectively, the exposures at the MRHD, but not at 1-and 0.8-times, respectively. Female rats showed signs of pseudopregnancy (prolonged estrous cycle, decreased mating and fertility indices, and increased days to mating) which was reversed or partially reversed after dosing stopped and had increased early resorptions and post
	Malformations were not observed in rats or rabbits at exposures up to 5-and 6-times, respectively, the MRHD. However, developmental and reproductive toxicities were observed in rat (decreased fetal weights) and rabbits (increased abortions, increased number of later resorptions, decreased number of live fetuses, increased pre-and postimplantation loss, and 
	Malformations were not observed in rats or rabbits at exposures up to 5-and 6-times, respectively, the MRHD. However, developmental and reproductive toxicities were observed in rat (decreased fetal weights) and rabbits (increased abortions, increased number of later resorptions, decreased number of live fetuses, increased pre-and postimplantation loss, and 
	decreased fetal weights) at 5-and 3-times, respectively the exposures at the MRHD, but not at 2-and 1.2-times, respectively. Fetal toxicity in the rabbit may be related to maternal decreased food consumption and decreased body weight gain/body weight loss that occurred at the same doses as the fetal toxicity. Decreased body weight gain and food consumption for dams were observed in the pre-and postnatal development study in rats during the lactation period which was associated with increased number of dead 

	Published animal studies have reported that administration of drugs that enhance GABAergic inhibition to neonatal rats caused widespread apoptotic neurodegeneration in the developing brain. The window of vulnerability to these effects in rats (PND 0 to 14) corresponds to the period of brain development that takes place during the third trimester of pregnancy in humans and may be up to three years of age. Although allopregnanolone is an endogenous neuroactive steroid, it is not clear if there is a threshold 
	Brexanolone appears to have little-to-no local tolerance toxicity. Brexanolone is not expected to cause photosensitivity based on a low absorbance in the UV-visible spectrum range. In addition, brexanolone showed no sign of dermal irritation, skin sensitization, or hemolytic potential. Brexanolone showed signs of only minor eye irritation (reddening, discharge, and swelling of conjunctivae) in rabbits one-hour postdose that was resolved 24-hours postdose and that was lower than the irritation scores availab
	SBECD is an excipient with known animal toxicology findings including renal tubular vacuolation and foamy macrophages in the liver and lungs of rats and dogs. However, SBECD is an excipient present in approved drugs for IV administration at amounts much higher than will be used in the clinical formulation and for longer durations of dosing than will be used for this indication. Therefore, there are no clinically relevant concerns for the use of this excipient in this formulation at the levels used and for t
	: The Applicant has provided sufficient nonclinical safety information on brexanolone to support approval for short term use in PPD from the Pharmacology/Toxicology perspective. 
	Recommendation

	5.2. Referenced NDAs, BLAs, DMFs 
	5.2. Referenced NDAs, BLAs, DMFs 
	None 
	5.3. Pharmacology 
	5.3. Pharmacology 
	Primary Pharmacology 
	Allopregnanolone is an endogenous neuroactive steroid. It is a metabolite of progesterone that is formed via 5-Į UHGXFWDVH DQG .-Į K\GUR[\-steroid dehydrogenase in the corpus luteum of the ovary, adrenal cortex, and central nervous system (CNS) (Paul et al. 1992). It has been reported that endogenous concentrations of allopregnanolone measured in humans are at their highest in women during the third trimester of pregnancy and are approximately 159 nM (~50 ng/mL) at time of parturition (Luisi et al. 2000) wi
	Allopregnanolone binds stereo-selectively and with high affinity to GABA receptors. The GABA type A (GABAA) receptor is the principal pharmacologic target of neuroactive steroids in the CNS (Paul et al. 1992). The binding site for neuroactive steroids on GABAA receptors is distinct from those of GABA, benzodiazepines, and barbiturates. Neuroactive steroids were originally examined for their sedative-anesthetic properties in the 1940s; however, because of problems with solubility, bioavailability, and pharma
	Brexanolone potently inhibited [S]-TBPS (tert-butylbicyclophosphorothionate; a GABA receptor antagonist) binding to the picrotoxin/convulsant site on GABAA receptors with a Ki = 18 nM and an IC50 = 22 nM (Study No. SSN-403). Brexanolone potentiated GABA-mediated currents from recombinant human GABAA receptors; a concentration dependent enhancement of GABA-evoked currents was observed LQ PDPPDOLDQ FHOOV H[SUHVVLQJ Į1ȕ2Ȗ2 receptor subunits, Į4ȕ3į UHFHSWRU VXEXQLWV. DQG Į6ȕ3į UHFHSWRU VXEXQLWV RI *$%$A recepto
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	Table 5. Brexanolone (SAGE-547) potentiation of recombinant human GABAA Receptors. 
	Figure
	Source: Applicant’s Pharmacology Written Summary, p.11. 
	Consistent with the pharmacology of a GABAA receptor modulator, brexanolone had anticonvulsant properties (dose-dependently) in rodent seizure models, sedative effects, and altered rodent motor function in locomotor activity assays due to sedation (Study Nos. SSN005.2, -009, -111, -197, -583, -591, -667, -714, -728, -734, -423, and -474). These findings are consistent with studies in the literature for allopregnanolone and consistent with findings of sedation/somnolence observed clinically and in animal gen
	-

	Because there is a potential for pharmacodynamic (PD) drug interactions between different classes of GABAergic drugs due to the multiple modulator binding sites present on GABAA receptors, PD drug interaction studies were conducted for brexanolone and four GABAergic compounds (pentobarbital, midazolam, diazepam, and propofol; Study Nos. SSN-647-SGE00102, SSN-685-SGE-00102, SSN-686-SGE-00102, and SSN-1031, respectively). Synergism on the effect of GABAA receptor (either by lowering the EC50 or increasing the
	-

	Table 6. Combination effects of brexanolone and other GABAA receptor modulators at Į1ȕ2Ȗ2 GABAA receptors. 
	Source: Applicant’s Pharmacology Written Summary, p.28. 
	The established pharmacologic class (EPC) for brexanolone was determined to be the following: neuroactive steroid gamma-aminobutyric acid (GABA) A receptor positive modulator. Although brexanolone is a GABAA receptor positive allosteric modulator, which is similar to the EPC for zolpidem (a non-benzodiazepine sedative that binds to the benzodiazepine modulatory site on GABAA receptors), it has been established in the literature that allopregnanolone binds to a different modulatory site on the GABAA receptor
	Established Pharmacologic Class 

	The following three metabolites were identified as unique major human metabolites of brexanolone (sulfate or glucuronide conjugates of C20-reduced forms of allopregnanolone) and were examined for inhibition of [35]-TBPS binding (Study No. SSN-5191): M133 (SGE03211), M136 (SGE-03212), and M137 (SGE0-3227). Binding affinities for the metabolites and brexanolone (for comparison) are shown in Table 7. M133 was the only metabolite for which an IC50 value could be calculated. In an in vitro assay using Ltk (leuko
	Metabolites of Brexanolone 
	S
	-

	Table 7. In vitro binding data for brexanolone and the brexanolone metabolites M133, M136, and M137. 
	Compound 
	Compound 
	Compound 
	IC50 
	Ki 

	Brexanolone 
	Brexanolone 
	22 nM (7 ng/mL) 
	18 nM (6 ng/mL) 

	M133 
	M133 
	310 nM (124 ng/mL) 
	250 nM (100 ng/mL) 

	M136 
	M136 
	>9.5 µM 

	M137 
	M137 
	No inhibition up to 10 µM 


	Table 8. Mean peak current effect of brexanolone metabolite, M133, in a 1p2y2 receptor subunits of GABAA receptors. 
	Concentration 
	Concentration 
	Concentration 
	Mean Peak CmTent Modulation 

	0.01 µM 
	0.01 µM 
	-18.36% 

	0.1 µM 
	0.1 µM 
	-22.12% 

	1 µM 
	1 µM 
	-30.41% 

	10 µM 
	10 µM 
	-59.80% 


	Secondary Pharmacology 
	Brexanolone receptor binding selectivity was assessed in two CEREP screening panels consisting of the same cellular and nuclear receptors, enzymes, and transporters (over 70 targets assessed; Study Nos. SSN-404 and SSN-l 158-SGE-00102) and a second panel containing targets specifically of interest to assess abuse potential (Study No. SSN-01096). Brexanolone inhibited binding of the reference antagonist to progesterone and androgen receptors, to the GABAA receptor (Cr ion channel), and to the Sigma receptor 
	30.1 -18.2). 
	Table 9. Summary of brexanolone-related displacement ofreceptor ligand binding by greater than 50%. 
	Sage Study Number 
	Sage Study Number 
	Sage Study Number 
	SACE-547 Concentration (µM) 
	Inhibition (% ) ofRecepto1· Ligand Binding 

	Cl-iou channel (r) 
	Cl-iou channel (r) 
	BZD ion channel (r ) 
	AR(h) PR (It) 
	Slgmn (h) 
	Slgmn 1 (h) 

	SSN-404 
	SSN-404 
	10" 
	97.2 
	-68.3 
	81.8 60.8 
	<50 
	NT 

	SSN-1158­SGE· 00102 
	SSN-1158­SGE· 00102 
	10• 
	968 
	-80.1 
	86.7 822 
	59.3 
	NT 

	SSN-01096 
	SSN-01096 
	10' 
	NT 
	NT 
	NT NT 
	NT 
	70.6 

	Abbreviacions: AR = androgen recepror; 8ZO = 
	Abbreviacions: AR = androgen recepror; 8ZO = 
	benzodiazepine; Cl = chloride; PR = progesrerone recepror 


	Source: (h) =human recombinant; (r) = rat cerebral cortex; NT= not tested 
	•Equivalent to 3185 ng,'mL Source: Applicant's Phannacology Written Summary, p.18. 
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	In an in vitro screen for nuclear hormone receptors (Study No. SSN-405); brexanolone inhibited activity at the androgen and progesterone receptors, inhibited the beta estrogen receptor, increased activation of the progesterone receptors, and increased activity at the alpha estrogen receptor, all in a concentration-dependent manner (Table 10). The Applicant did not conduct further studies to determine IC50 values because the effects were modest and occurred at concentrations greater than clinical brexanolone
	Table 10. Summary or activity by brexanolone on nuclear receptor ligand binding. 
	Figure
	Source: Applicant’s Pharmacology Written Summary, p.19. 
	Safety Pharmacology 
	CNS safety pharmacology was evaluated as part of the 14-day rat toxicology study using a Functional Observation Battery (FOB). Cardiovascular and respiratory safety pharmacology was evaluated as part of the 14-day dog toxicology study using electrocardiograms and indirect blood pressure measurements and a heated pneumotaches, respectively. 
	Study/Study No. CNS (Rat)/SSN­605 (GLP) hERG Assay/ SSN-634 (GLP) Cardiac Channel Inhibition/ SSN-406 (non-GLP) CV (Dog)/SSN­606 (GLP) Respirato1y (Dog)/ SSN-606 (GLP) 
	Study/Study No. CNS (Rat)/SSN­605 (GLP) hERG Assay/ SSN-634 (GLP) Cardiac Channel Inhibition/ SSN-406 (non-GLP) CV (Dog)/SSN­606 (GLP) Respirato1y (Dog)/ SSN-606 (GLP) 
	Study/Study No. CNS (Rat)/SSN­605 (GLP) hERG Assay/ SSN-634 (GLP) Cardiac Channel Inhibition/ SSN-406 (non-GLP) CV (Dog)/SSN­606 (GLP) Respirato1y (Dog)/ SSN-606 (GLP) 
	Findin2s No adverse findings were noted at exposures 5-to 6-times the clinical exposures at the MRHD. IC50 > 6.6 µM (SAGE-547 insoluble in assay vehicle at higher concentrations), which is greater than 28-times the clinical exposures at the MRHD. IC50 > 30 µM for inhibition of Cavl.2, Navl.5, hERG, Kvl.5, Kv4.3/KChlP2.2, KvLQT I/minK, Kir2.1, and HCN2 channels which is greater than 100-times the clinical exposures at the MRHD. No test article-related effect on ECG parameters at exposures 6-times the clinica


	5.4. ADME/PK .
	Type of Study Absorption (Study Nos. SSN-062, SSN-060, SSN-383, SSN-675, SSN-01201, SSN-01429, SSN-01430) 
	Type of Study Absorption (Study Nos. SSN-062, SSN-060, SSN-383, SSN-675, SSN-01201, SSN-01429, SSN-01430) 
	Type of Study Absorption (Study Nos. SSN-062, SSN-060, SSN-383, SSN-675, SSN-01201, SSN-01429, SSN-01430) 
	Maior Findin2s Oral bioavailability is low for Inice and rats (0.563% and 2.32%, respectively). Table 11: PK of brexanolone in mice, rats, and dogs following single bolus IV administration Parameter Mice a Rats0 Dogsc AUC1ast (ng.h/mL) 407 654 -1200 331 T112 (h) 0.727 0.409 -4 1.61 CL (L/kg/h) 12.2 4.18 -6.89 6.03 Vss (L/kg) 3.97 1.87 -16 1.57 •dose = 5 mg/kg in 30% SBECD; 0 dose = 5 mg/kg in 15 ­30% SBECD; cdose = 2 mg/kg in 26% SBECD; AUC1as1: area under the cwve from zero to the time ofthe last quantifia


	Type of Study 
	Type of Study 
	Type of Study 
	Major Findings 

	Distribution Protein Binding (Study Nos. SSN408, SSN-01423, SSN-02178) Brain Distribution (Study Nos. SSN060, SSN-062, SSN-400, SSN01201, SSN-01429, SSN-01430) In Vivo (Study No. SSN-01206) 
	Distribution Protein Binding (Study Nos. SSN408, SSN-01423, SSN-02178) Brain Distribution (Study Nos. SSN060, SSN-062, SSN-400, SSN01201, SSN-01429, SSN-01430) In Vivo (Study No. SSN-01206) 
	-
	-
	-

	Brexanolone is highly bound to protein (>99%) with no apparent concentration dependent effect on binding. Brexanolone has a higher affinity for human serum DOEXPLQ .+$6. WKDQ Į.-acid glycoprotein (AAG; 99.75% bound vs. 54.02% bound). Brexanolone metabolites M133 and M136 are also highly bound to human plasma proteins (>99% and >98.5%, respectively) and do not show a concentration dependent effect on binding. Brexanolone distributed to the brain in mice and rats rapidly (as soon as 0.25 to 0.5 hr after IV in
	-


	Metabolism In Vitro (Study No. SSN-410, SSN594) 
	Metabolism In Vitro (Study No. SSN-410, SSN594) 
	-

	Brexanolone was rapidly metabolized in mouse, rat, dog, monkey, and human hepatocytes. The major metabolic pathway involves oxidation of the 3-hydroxyl moiety of brexanolone to 3-ketone metabolite, followed by HSLPHUL]DWLRQ WR IRUP .ȕ-epimer brexanolone. Other metabolic pathways include hydroxylation, glucuronidation, hydroxylation followed by JOXFXURQLGDWLRQ RI EUH[DQRORQH RU LWV . ȕ -epimer. These metabolites were formed in all species. CYP2C8, CYP2C9, CYP2C19, CYP3A4, UGT2B7, and UGT2B17 are involved in 
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	Type of Study 
	Type of Study 
	Type of Study 
	Major Findin2s 

	In Vivo 
	In Vivo 

	Rat: 5-hour IV infusion of 14C­
	Rat: 5-hour IV infusion of 14C­
	Brexanolone was extensively metabolized in male and 

	SAGE-547 (Study No. SSN-01206) 
	SAGE-547 (Study No. SSN-01206) 
	female rats to produce 84 radioactive components (See 

	TR
	Figure 29 in Appendix for proposed metabolic pathway). 

	TR
	Hydroxylation followed by glucuronidation was the 

	TR
	predominant biotransfo1mation pathway. The metabolite 

	TR
	profiles were different for males and females; brexanolone 

	TR
	accounted for 33% of total plasma radioactivity in males 

	TR
	while it accounted for only 7% of total plasma 

	TR
	radioactivity in females. Circulating metabolites of 

	TR
	brexanolone accounted for approximately 12% and 43% 

	TR
	of total plasma radioactivity in male and female rats, 

	TR
	respectively. 

	TR
	Table 12: Mean blood and plasma PK parameters for 

	TR
	total radioactivity following a 5-hour IV infusion in 

	TR
	rats 

	TR
	Parameter 
	Male Blood 
	Male Plasma 
	Female Blood 
	Female Plasma 

	TR
	Tmax (h) 
	5 
	5 
	5 
	5 

	TR
	Cmax (ng eq/iz) 
	172 
	277 
	387 
	665 

	TR
	T112 (h) 
	8.02 
	8.45 
	15.11 
	11.1 

	TR
	AUCo-t (ng eq.hr/g) 
	1225 
	2049 
	3621 
	6325 

	TR
	AUCo-oo (ng eq.hr/iz) 
	1355 
	2316 
	5330 
	8110 

	TR
	Tmax = time to reach Cmax; Cmax = maximal concentration observed; 

	TR
	T~ = half-life; AUCa-1 = area under the curve from 0 to T 1as1; AUCo-00 

	TR
	= area under the curve from 0 to infinity; eq = equivalents 14C-SAGE­

	TR
	547 

	Dog: 5-hour IV infusion of 14C­
	Dog: 5-hour IV infusion of 14C­
	Brexanolone was rapidly and extensively metabolized in 

	SAGE-547 (Study No. SSN-871) 
	SAGE-547 (Study No. SSN-871) 
	male and female dogs to produce 48 quantifiable 

	TR
	radioactive components (See Figure 30 in Appendix for 

	TR
	proposed metabolic pathway). Oxidation was the 

	TR
	exclusive biotransfo1mation mechanism identified in 

	TR
	dogs. There was no substantive sex difference. 

	TR
	Table 13: Mean blood and plasma PK parameters for 

	TR
	total radioactivity following a 5-hour IV infusion in 

	TR
	dogs 

	TR
	Parameter 
	Male 
	Male 
	Female 
	Female 


	Type of Study Excretion (Study No. SSN-675, SSN-01206, & SSN-871) Drug Interaction Transporters (Study Nos. SSN­01157, SSN-01311, & SSN-02081) Major Findin2s Blood Plasma Blood Plasma Tmax (h) 5 5 5 5 Cmax (ng eq/g) 1090 1340 1030 1270 T112 (h) 19.1 15.1 18.7 16 AUCo-t (ng 18173 20355 18354 22859 eq.hr/!Z) AUCo-oo 19463 21210 19695 24072(ng eq .hr/!Z) Tmax = time to reach Cmax; Cmax = maximal concentration observed; T~ = half-life; AUCa-1 = area under the curve from 0 to T 1as1; AUC0.oo = area under the cur
	Type of Study 
	Type of Study 
	Type of Study 
	Major Findin2s 

	Enzyme Induction and Inhibition 
	Enzyme Induction and Inhibition 
	Brexanolone inhibited CYP2C9 (IC50 = 0.41 µM & Ki= 

	(Study Nos. SSN-409, SSN-411, 
	(Study Nos. SSN-409, SSN-411, 
	0.256 µM) and UGT2Bl 7 (IC50 = 1.7 ~LM) but did not 

	SSN-412, SSN-01539, SSN-01924, 
	SSN-412, SSN-01539, SSN-01924, 
	substantially inhibit CYP1A2, 2Cl 9, 2C8, 2D6, 3A4, or 

	SSN-01925, & SSN-02080) 
	SSN-01925, & SSN-02080) 
	2B6 isozyme activities or UGTlAl, 1A3, 1A4, 1A6, 1A9, 2B7, and 2Bl5 in human liver microsomes. (see Table 80 in Appendix for ICso values). In an in vitro cytochrome P450 induction assay, 30 -50 µM concentrations of SAGE-547 induced CYP2B6 activity (2.5 -4-times) but showed no effect on CYP1A2 and CYP3A. CYP2B6 mRNA was induced 2.8-times in one of three donor hepatocyte cultures, but CYP1A2, 3A4, 2C9, and UGT1A9 mRNA were unaffected by brexanolone treatment. Brexanolone metabolites M133, M136, and M137 showe

	TK data from general toxicology studies Rat: 28-day continuous IV infusion (Study No. SSN-01272) • Samples collected 24, 96, 240, 384, 528, and 672 hours after the staii ofthe infusion on Day 1 and 2 and 24 hours after the end of infusion on Day 29 • TK parameters were estimated using Phoenix PK softwai·e. • NOAEL is 60 mg/kg. Dog: 28-day continuous IV infusion (Study No. SSN-01273) • Samples collected 24, 168, 336, 504, and 672 hours after the start of the infusion on Day 1 • TK parameters were estimated f
	TK data from general toxicology studies Rat: 28-day continuous IV infusion (Study No. SSN-01272) • Samples collected 24, 96, 240, 384, 528, and 672 hours after the staii ofthe infusion on Day 1 and 2 and 24 hours after the end of infusion on Day 29 • TK parameters were estimated using Phoenix PK softwai·e. • NOAEL is 60 mg/kg. Dog: 28-day continuous IV infusion (Study No. SSN-01273) • Samples collected 24, 168, 336, 504, and 672 hours after the start of the infusion on Day 1 • TK parameters were estimated f
	Dose propo1iionality: approximately dose propo1iional Sex differences: females slightly less than males Table 14: TK of brexanolone in rats following 28-day continuous IV infusion Pai·ameter Sex 10 mg/kg 30 mg/kg 60 m2/k2 AUC24h M 1790 4890 9960 (ng.h/mL) F 1410 4320 8110 Cmax M 93.8 233 464 (ng/mL) F 63.1 219 441 Css M 74.4 204 415 (ng/mL) F 58.8 180 338 AUC24h = AUC(0-672/ 28; C ss = AUC(0-612/ 672 Dose propo1iionality: approximately dose propo1iional Sex differences: females slightly more than males at ~


	Type of Study Major Findin2s • NOAEL is 12 mg/kg. Parameter Sex 12 mg/kg 36 mg/kg 72 mg/kg AUC24h M 1680 5760 12900 (ng.h/mL) F 1820 6960 11300 Cmax M 89.3 310 708 (ng/mL) F 97.3 338 571 Css M 69.9 240 538 (ng/mL) F 75.9 290 471 AUC24h = AUC(a-672/ 28; Css = AUC(a-612/672 Table 16: TK of brexanolone metabolite SGE-136 in dogs following 28-day brexanolone continuous IV infusion Parameter Sex 12 me/k2 36 mg/kg 72 mg/kg AUC24h M 2018 6788 17970 (ng.h/mL) F 1702 6494 14080 Cmax M 99.7 319 986 (ng/mL) F 86 345 7
	Type of Study Major Findings 
	x TK parameters were estimated using WinNonlin PK software. 
	x NOAEL is 7.5 mg/kg 
	Css: concentration at steady state; GD: gestational day 
	Pharmacology Reviewer Comment: Concas et al. reported plasma concentrations in rat: ~10 ng/mL during estrus; ~20 ng/mL GD 10, ~40 ng/mL GD 15 and 19, ~15 ng/mL GD 21 and PND 
	2. Concentrations in rat reproductive studies were 2.5-to 10-times the highest plasma concertation during pregnancy and was 1.6-to 17-times the concentration at the end of pregnancy and to PND 4. 
	5.5. Toxicology 
	5.5. Toxicology 
	Pharmacology Reviewer Comment: Although brexanolone-related findings are discussed in detail in the review below, vehicle-and procedure-related findings are only summarized. Further details regarding vehicle-and procedure-related findings can be found in the Nonclinical Pharmacology/Toxicology Section of the Appendix on page 179 and as noted in the review. 
	5.5.1. General Toxicology 
	5.5.1. General Toxicology 
	A 28-Day Intravenous Infusion Toxicity Study of SAGE-547 in the Albino Rat Followed by a 28-Day Recovery Period/Study No. SSN-01272 
	Key Study Findings 
	Key Study Findings 
	Conducting laboratory and location: GLP compliance: Yes 
	Figure


	x 
	x 
	x 
	,QFUHDVHG ERG\ ZHLJKW JDLQ DW GRVHV •.. PJ.NJ.GD\ IRU PDOHV GXULQJ WKH ILUVW . GD\V RI WKH 

	TR
	VWXG\ DQG •.. PJ.NJ.GD\ IRU IHPDOHV WKURXJKRXW WKH VWXG\ FRPSDUHG WR YHKLFOH FRQWUROV. 

	TR
	Decreased body weight gain at 60 mg/kg/day for males for remainder of dosing and at doses 

	TR
	•.. PJ.NJ.GD\ IRU IHPDOHV IRU WKH ILUVW . GD\V RI WKH UHFRYHU\ SHULRG. 

	x 
	x 
	5HGXFWLRQ LQ RYDU\ ZHLJKW LQ IHPDOHV GRVHG ZLWK •.. PJ.NJ. ZLWKRXW FRUUHODWLQJ 

	TR
	microscopic findings. 

	x 
	x 
	SBECD (vehicle)-related findings in kidney (increased kidney weight, pink coloration, and 

	TR
	vacuolation) and vacuolation in other organs. 

	x 
	x 
	NOAEL is 60 mg/kg/day based on the absence of adverse effects at this dose, which is 5
	-


	TR
	times the human exposure (AUC24h = 1800 ng.h/mL; Css = 74.3 ng/mL) at the MRHD of 90 

	TR
	μg/kg/h. 


	Dose and frequency of dosing: 0 (saline), 0 (vehicle), 10, 30, 60 mg/kg/day 
	Methods 

	Continuous (24 hours/day at a rate of 2 mL/kg/h) Route of administration: IV infusion Formulation/Vehicle: Solution/5 mM Citrate buffer, pH 6 ± 0.2 and 125 mg/mL 
	SBECD diluted in 0.9% saline Amount SBECD: 3000 mg/kg/day VC and HD; 500 mg/kg/day LD; 1500 
	mg/kg/day MD Species/Strain: Rat/Sprague-Dawley Number/Sex/Group: 10/sex/group (main); 6/sex/group (recovery; no LD 
	recovery group) Age: 10 – 11 weeks old Satellite groups: 3/sex/SC and VC and 6/sex/dose group (TK) Deviation from study protocol affecting interpretation of results: No 
	Observations and Results 
	Parameters 
	Parameters 
	Parameters 
	Major findings 

	Mortality 
	Mortality 
	No test article or vehicle related. 12 deaths (9 due to inflammatory reaction or thrombosis associated with bacteria at infusion site; 1 accidental; 1 VC due to hepatocellular necrosis; 1 TK cause of death not determined; see Table 82 in Appendix) 

	Clinical Signs 
	Clinical Signs 
	No test article related effect. Vehicle-related decreased activity starting Day 4 and lasting for 7 days of the recovery period. Vehicle-or procedure-related limited usage of hindlimbs and/or hunched posture. See Table 83 in Appendix. 

	Body Weights 
	Body Weights 
	Males: Increases in body weight gain during first 7 days for all dose groups vs. VC (126, 126, & 132% for LD, MD, & HD, respectively). Decrease in body weight gain at HD for remainder of dosing vs. VC (71% for HD Day 7 to 28). Decreases in body weight gain for HD vs. VC for first 7 days of recovery period but gained similar amounts of weight for the remainder of recovery period. Females: Increases in body weight gain throughout the dosing period at MD and HD vs. VC with largest effect the first 7 days (160 

	Ophthalmoscopy 
	Ophthalmoscopy 
	Unremarkable 
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	Hematology 
	Hematology 
	Hematology 
	No test article or vehicle related effects. Changes noted for white blood cells, neutrophils, lymphocytes, monocytes, eosinophil, platelet, and reticulocyte counts were related to macroscopic and microscopic changes observed at the infusion site and are considered secondary to the infusion site reaction. Changes resolved after recovery period except in instances where evidence of inflammation was still present. 

	Clinical Chemistry 
	Clinical Chemistry 
	Unremarkable 

	Urinalysis 
	Urinalysis 
	Unremarkable 

	Gross Pathology 
	Gross Pathology 
	No test article related effects. Vehicle-related findings in kidney (pale discoloration and enlargement; see Table 84 in Appendix). Findings at infusion site were observed in rats from all groups and are related to bacterial infections (see Table 85 in Appendix). Swelling was not observed at the end of the recovery period and the incidence of the remaining infusion site changes was lower following the recovery period. 

	Organ Weights 
	Organ Weights 
	Decreased ovary weights for MDF and HDF vs. VC (-23 & 26%, respectively); these findings were reversible. Dose-dependent increase in kidney weights for all vehicle dosed groups vs. SC; this finding was still observed after recovery period, but with smaller magnitude. See Table 86 and Table 87 in Appendix. 

	Histopathology Adequate battery: Yes 
	Histopathology Adequate battery: Yes 
	No test article related effects. Vehicle-related findings (mostly vacuolation) were observed in the kidney, bladder, infusion site, lymph nodes, heart, bone femur synovium, and uterus and are consistent with known findings for cyclodextrins; incidence and severity of vehicle-related findings were decreased after the recovery period (Table 88 & Table 89 in Appendix). Findings related to the continuous infusion were observed across all groups (Table 90 & Table 91 in Appendix). 

	Toxicokinetics 
	Toxicokinetics 
	See ADME/PK Section page 43. 


	SC: saline control; VC: vehicle control; LD: low dose; MD: mid dose; HD: high dose 
	A 28-Day Study of SAGE-547 by Intravenous Infusion in Beagle Dogs with a 28-Day Recovery Period/Study No. SSN-01273 
	Key Study Findings 
	x. A convulsion occurred 4 days after completing the 28-day infusion in one male dosed with 36 mg/kg. 
	x Increased severity of SBECD (vehicle)-UHODWHG UHQDO WXEXODU YDFXRODWLRQ LQ PDOHV DW •.. mg/kg and females at 72 mg/kg. 
	x SBECD (vehicle)-related findings included clinical signs, changes in hematology and clinical chemistry parameters, findings in kidney (increased kidney weight, pink coloration, and vacuolation), and increased organ weight and/or vacuolation in other organs. 
	x NOAEL is 12 mg/kg/day based on the convulsion after dosing completion in one 36 mg/kg dog and increased severity of SBECD-related renal tubular vacuolation at •.. PJ.NJ. ZKLFK 
	x NOAEL is 12 mg/kg/day based on the convulsion after dosing completion in one 36 mg/kg dog and increased severity of SBECD-related renal tubular vacuolation at •.. PJ.NJ. ZKLFK 
	is at the human exposure (AUC24h = 1800 ng.h/mL; Css = 74.3 ng/mL) at the maximum recommended human dose of 90 μg/kg/h. 

	Conducting laboratory and location:. 
	GLP compliance: Yes 
	Dose and frequency of dosing:. Route of administration:. 
	Methods. 

	Formulation/Vehicle: Amount SBECD: Species/Strain: 
	Number/Sex/Group:. Age:. Satellite groups/unique design:. 
	Deviation from study protocol affecting interpretation of results: 
	Deviation from study protocol affecting interpretation of results: 
	0 (saline), 0 (vehicle), 12, 36, 72 mg/kg/day Continuous (24 hours/day at a rate of 2 mL/kg/h) IV infusion Solution/5 mM Citrate buffer, pH 6 ± 0.2 and 125 mg/mL SBECD diluted in 0.9% saline 3600 mg/kg/day VC and HD; 600 mg/kg/day LD; 1800 mg/kg/day MD Dog/Beagle 4/sex/group (main); 2/sex/group (recovery; no LD recovery group) 7 – 8 months old No satellite groups. 

	Figure
	At the end of 28 days of continuous IV infusion at a rate of 2 mL/kg/h, the infusion rate was reduced to 1.5 mL/kg/h for 8 hours, then reduced to 1 mL/kg/h for 8 hours, then reduced to 0.5 mL/kg/h for 8 hours before dosing was stopped. 
	Dogs that required surgical repairs of the catheter during the dosing period received anesthesia (propofol or sodium thiopental), antibiotics (benzathine penicillin G and procaine penicillin G), and Carprofen® (non-steroidal anti-inflammatory) and were allowed to fully recover prior to recommencing dose administration the following day. As a result of surgical repairs and elevated body temperature dose administration was interrupted for five dogs during the study. For more details see Appendix, page 192. 
	No 
	Observations and Results 
	Parameters 
	Parameters 
	Parameters 
	Major findings 

	Mortality 
	Mortality 
	No test article or vehicle related. Two deaths (both attributed to an inflammatory reaction; 1 VC due to poor clinical condition; 1 HDF due to severely swollen hind limb that precluded continuation of dosing; see Appendix, page 192 for further details.) 

	Clinical Signs 
	Clinical Signs 
	Test article-related clinical signs were limited to 1 MDM which had a non-sustained convulsion 4 days after the end of dose administration. Vehicle-related clinical signs included abnormal gait, decreased activity, lying on side, pale skin, weak, tremors, hunched posture, increased body temperature, reduced appetite, and limited usage of hindlimb/forelimb which generally occurred dose-dependently. See Appendix, page 194 for further details. 

	Body Weights 
	Body Weights 
	Unremarkable 

	Ophthalmoscopy 
	Ophthalmoscopy 
	Unremarkable 

	ECG 
	ECG 
	Not performed. 

	Hematology 
	Hematology 
	No test article related effects. Vehicle-related findings included decreased red blood cell count, platelet count, hemoglobin, and hematocrit and increased white blood cell count, neutrophil count, monocyte count, and fibrinogen vs. SC (see Table 94 in Appendix). There was no effect after the recovery period. 

	Clinical Chemistry 
	Clinical Chemistry 
	No test article related effects. Vehicle-related findings included increased alkaline phosphatase and decreased creatine kinase, albumin, A/G ratio, and calcium concentrations vs SC (see Table 95 in Appendix). There was no effect after the recovery period. 

	Urinalysis 
	Urinalysis 
	Unremarkable. 

	Gross Pathology 
	Gross Pathology 
	No test article related findings. Vehicle-related findings in kidney (pale discoloration and enlargement) and iliac and mediastinal lymph nodes (enlargement; see Table 96 in Appendix). Findings at infusion site were observed in dogs from most groups and are related to inflammation and/or thrombosis at the infusion site (see Table 98 in Appendix). Vehicle-related and infusion site findings fully or partially recovered at the end of the recovery period (see Table 97 & Table 99 in Appendix). 

	Organ Weights 
	Organ Weights 
	No test article related effects. Vehicle-related increased organ weight changes were observed in the kidney, liver, and spleen (see Table 100 in Appendix). Organ weight changes were not observed after the recovery period. 

	Histopathology Adequate battery: Yes 
	Histopathology Adequate battery: Yes 
	Test article-and vehicle-related findings in the kidney (Table 19). A vehicle dose-dependent increase in renal tubular 
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	vacuolation was observed with an increase in severity for test article groups at •36 mg/kg for males and 72 mg/kg for females; there was no test article-related effect and incidence and severity of vehicle-related findings decreased after the recovery period. Vehicle-related findings (all vacuolation) were observed in the bladder, brain, pituitary gland, bone femur synovium, stomach, GALT, heart, adrenal gland, lung, liver, spleen, epididymis, ovary, uterus, cervix, vagina, lymph nodes, and infusion site an

	Toxicokinetics 
	Toxicokinetics 
	See ADME/PK Section page 43 . 


	SC: saline control; VC: vehicle control; LD: low dose; MD: mid dose; HD: high dose. 
	Table 19. Kidney microscopic findings in 28-day dog repeat dose study. 
	Figure
	Source: Applicant’s Table, SSN-01273, p.46. 
	General toxicology; additional studies 
	. $ VLQJOH GRVH ,9 VWXG\ .VORZ EROXV. DW GRVHV •.. PJ.NJ .6WXG\ 1R. 661-600), a single slow bolus IV study at 20 mg/kg followed by a continuous IV infusion at doses of 8 – 12 mg/kg/h for 6 – 12 hours a day for 3 days (Study No. SSN-600), a 5-day continuous IV infusion study at GRVHV •... PJ.NJ.GD\ .6WXG\ 1R. 661-601), and a 14-day continuous IV infusion study at doses •.. PJ.NJ.GD\ .6WXG\ 1R. 661-605) were conducted in rat. Rapid anesthesia (within 1 min) was observed ZLWK D VLQJOH EROXV GRVH •.. PJ.NJ and 
	. $ VLQJOH GRVH ,9 VWXG\ .VORZ EROXV. DW GRVHV •.. PJ.NJ .6WXG\ 1R. 661-600), a single slow bolus IV study at 20 mg/kg followed by a continuous IV infusion at doses of 8 – 12 mg/kg/h for 6 – 12 hours a day for 3 days (Study No. SSN-600), a 5-day continuous IV infusion study at GRVHV •... PJ.NJ.GD\ .6WXG\ 1R. 661-601), and a 14-day continuous IV infusion study at doses •.. PJ.NJ.GD\ .6WXG\ 1R. 661-605) were conducted in rat. Rapid anesthesia (within 1 min) was observed ZLWK D VLQJOH EROXV GRVH •.. PJ.NJ and 
	Rat

	observed in one male and one female at 96 mg/kg/day resulting in early euthanasia of this dose group on Day 11 and one male at 48 mg/kg/day. The NOEL for poor clinical condition (possibly due to sedation) resulting in premature euthanizing was 18 mg/kg/day (AUC24 = 2910 ng.h/mL for males and 1790 ng.h/mL for females; Cmax = 196 ng/mL for males and 111 ng/mL for females). 

	. $ VLQJOH GRVH ,9 VWXG\ .VORZ EROXV. DW GRVHV •.. PJ.NJ .6WXG\ 1R. 661-599), a single slow bolus IV study at 20 mg/kg followed by a continuous IV infusion at doses of 8 – 48 mg/kg/h for 8 to 10 hours (Study No. SSN-599), a 5-day continuous IV infusion study at doses •... PJ.NJ.GD\ .6WXG\ 1R. 661-602), and a 14-GD\ FRQWLQXRXV ,9 LQIXVLRQ VWXG\ DW GRVHV • .. mg/kg/day (Study No. SSN-606) were conducted in dog. Rapid anesthesia (within 1 min) was observed ZLWK D VLQJOH EROXV GRVH •... PJ.NJ and the MTD for sl
	Dog

	Pharmacology Reviewer Comment: Sedative anesthesia is a concern clinically if there is a rapid administration of dose which might occur in instances of pump malfunction. Consistent with the known pharmacology of neuroactive steroids as sedative anesthetics, slow bolus IV DGPLQLVWUDWLRQ RI GRVHV •.. PJ.NJ LQ UDW DQG •... PJ.NJ LQ GRJ .....-and 2-times the MRHD based on body surface area, respectively), resulted in rapid anesthesia. In contrast, continuous IV infusions at a rate of 2 mL/kg/h at doses up to 60
	A convulsion after dose completion was observed in a single dog in each repeat dose toxicity study—two days after a 5-day infusion at 240 mg/kg/day, seven hours after a 14-day infusion at 72 mg/kg/day, and four days after a 28-day infusion at 36 mg/kg/day (the mid dose). In the case of the convulsion in the 5-day and 14-day studies, dosing was stopped without a taper and the convulsions were thought to be due to the rapid discontinuation of brexanolone, which is consistent with modulation of the GABAA recep
	out. 
	SBECD is not a concern clinically for a 60-hour infusion. In the repeat-dose studies conducted in support ofthis application, SBECD (the vehicle) -related toxicity increased with duration of dosing in rats and dogs. In addition, there appeared to be an increase in severity ofkidney toxicity with the addition ofbrexanolone after 28-days ofdosing in dogs, which was not observed after 14-days ofdosing. Because the duration ofdosing clinically is on~y 60 hours, the increase in vehicle related findings with incr
	Table 20. Comparison of the amount ofSBECD administered by IV for the approved drugs . darone and vonconazole w1·th brexanolone base d on a human b d . ht 0f 60 k 
	.
	.
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	Amiodarone 
	Voriconazole 
	Brexanolone 

	Dmg: SBECD 
	Dmg: SBECD 
	1.8 mg:l8 mg 
	200 mg:3200 mg 
	5 mg:250 mg 

	Amount SBECD on Day 1 
	Amount SBECD on Day 1 
	10 g 
	11.5 g 
	4.0 g 

	Amount SBECD for duration ofdosing 
	Amount SBECD for duration ofdosing 
	7.2 g/day for 14 -21 days 
	7.7g/day for minimum 14 days 
	6.5 gonDay2 2.2 g on Dav 3 

	Cumulative Dose SBECD 
	Cumulative Dose SBECD 
	101-15l g 
	119 g 
	12.7 g 


	5.5.2. Genetic Toxicology 
	In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) .Bacterial Revers Mutation Test/Study No. SSN-635 .Key Study Findings .
	• SAGE-547 was negative for mutagenicity in bacterial cells in a valid Ames test. GLP compliance: Yes Test system: Salmonella typhimurium strains TA1535, TA1537, TA98, and TAlOO and Escherichia coli strain WP2 uvrA (pKMlOl); doses~ 5000 ~Lg/plate in DMSO; +/-S9 Study is valid: Yes 
	In Vitro Assays in Mammalian Cells SAGE-547 In Vitro Micronucleus Test in Human Lymphocytes/Study No. SSN-63 Key Study Findings: 
	• SAGE-547 was negative for clastogenicity in human lymphocytes in a valid in vitro 
	micronucleus assay. GLP compliance: Yes Test system: Human lymphocytes in whole blood culture; doses~ 55 µg/mL in DMSO +S9 and ~ 27.5 ~Lg/mLin DMSO -S9 Study is valid: Yes 
	In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) .SAGE-547: In Vivo Rat Micronucleus Assay/Study No. 637 .Key Study Findings: .
	52 
	Reference ID 44057 47 
	x 
	SAGE-547 was not clastogenic in a valid in vivo micronucleus assay at plasma. concentrations 34-times clinical exposure.. 
	x 
	Mean plasma concentrations of SAGE-547 at 0.25 hours after a slow bolus injection of 30 
	mg/kg was 3315 ng/mL. GLP compliance: Yes Test system: rat, bone marrow micronuclei; two slow bolus intravenous injections of 7.5, 15, and 30 mg/kg spaced 24 hours apart; bone marrow was collected 24 hours after the second dose Study is valid: Yes 

	5.5.3. Carcinogenicity 
	5.5.3. Carcinogenicity 
	5.5.3. Carcinogenicity 
	Because brexanolone use for PPD is considered a short-term treatment (2.5 days), carcinogenicity studies were not conducted. 
	5.5.4. Reproductive and Developmental Toxicology 
	Fertility and Early Embryonic Development 
	Fertility and Early Embryonic Development 

	Study of Fertility and Early Embryonic Development to Implantation of SAGE-547 by Intravenous Infusion in Female Rats/Study No. SSN-01271 
	Key Study Findings 
	x. A dose-GHSHQGHQW LQFUHDVH LQ ERG\ ZHLJKW JDLQ DW GRVHV •.. PJ.NJ.GD\ FRPSDUHG WR FRQWUROV during the premating period and a non-dose-dependent increase in body weight gain from gestational day 0 to 7 which correlated with increased food consumption at 60 mg/kg. A dose-GHSHQGHQW UHGXFWLRQ LQ ERG\ ZHLJKW JDLQ DW GRVHV •.. PJ.NJ.GD\ FRPSDUHG WR FRQWUROV after dosing stopped from gestational day 7 to 13 which correlated with decreased food 
	FRQVXPSWLRQ DW •.. PJ.NJ. 
	x. Brexanolone administration to female rats resulted in a prolongation of the estrous cycle at 
	.. PJ.NJ. GHFUHDVHG PDWLQJ DQG IHUWLOLW\ LQGLFHV DW •.. PJ.NJ. LQFUHDVHG GD\V WR PDWLQJ DW 
	•.. PJ.NJ. DQG LQFUHDVHG HDUO\ UHVRUSWLRQV DQG SRVW LPSODQWDWLRQ ORVV DW .. PJ.NJ. 7KHVH 
	effects reversed or partially reversed after dosing was stopped at 60 mg/kg. 
	x. The NOAEL is 60 mg/kg for maternal toxicity and 10 mg/kg for fertility and reproductive function which is 4.5-times and 0.8-times, respectively, the human exposure (AUC24h = 1800 ng.h/mL; Css = 74.3 ng/mL) at the MRHD. 
	Conducting laboratory and location GLP compliance: Yes 
	Figure

	Methods 
	Methods 

	Dose and frequency of dosing:. 0, 10, 30, and 60 mg/kg/day Continuous (24 hours/day at a rate of 2 mL/kg/h) 
	Route of administration:. IV infusion 
	Formulation/Vehicle:. Solution/5 mM citrate buffer, pH 6 ± 0.2, and 125 mg/mL of SBECD in 0.9% Sodium Chloride 
	Amount SBECD:. 3000 mg/kg/day for VC and HD; 500 mg/kg/day for LD; 1500 mg/kg/day for MD 
	Species/Strain:. Rat/Sprague Dawley 
	Number/Sex/Group:. 22 females/group 
	Satellite groups:. None 
	Study design:. Females were dosed starting 14 days before mating, during mating, and until Gestation Day (GD) 7 and were necropsied on GD 13. Males were not dosed. 
	Unmated females in 0, LD, and MD groups were dosed until completion of the 17-day mating period. Duration of dosing was 23 – 37 days. Because of the low number of HD females that mated, HDF that remained unmated after 9 days of cohabitation were no longer dosed from Study Day 24 and were retained for a recovery period of 4 weeks (Days 24 – 52) to determine reversibility. HDF were mated a second time until they mated or Day 66 for females that did not mate. Rats that failed to mate were necropsied 8 days aft
	Deviation from study protocol 
	affecting interpretation of results:. No 
	Observations and Results 
	Parameters 
	Parameters 
	Parameters 
	Major findings 

	Mortality 
	Mortality 
	None 

	Clinical Signs 
	Clinical Signs 
	No test article related effects. 

	Body Weights 
	Body Weights 
	Premating period: A dose-dependent increase in body weight gain for dosed females vs. VC (125, 150, & 213% for LD, MD, and HD, respectively) which correlated with a 15% increase in food consumption for HDFs vs. VC. Gestation: A non-dose-dependent increase in body weights and body weight gain for dosed females vs. VC from GD 0 to 7 (dosing period; 144, 100, & 121% for LD, MD, and HD, respectively). A dose-dependent decrease in body weight gain for dosed females vs. VC from GD 7 to 13 (dosing stopped; 78, 67,

	Necropsy Findings 
	Necropsy Findings 
	No test article-related effects. 

	Fertility and Pregnancy Parameters 
	Fertility and Pregnancy Parameters 
	Estrus cycle: An increased incidence of HDF with prolonged periods LQ GLHVWUXV .• . GD\V. .... FRQWUROV. .... /'. .... 0'. DQG ..... HD) during the premating period that continued into the mating period. During the recovery period, the number of HDF with 
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	prolonged diestrus and/or abnormal cycles diminished and by 9 days postdose, effects on estrous cycles were no longer observed. However, after the initiation of the second cohabitation period after the recovery period, 5/17 HDFs showed prolonged periods in diestrus. Mating and Fertility: A dose-dependent decrease in mating and a dose-dependent increase in the mean number of days to mating (Table 21). Following the 4-week recovery period, mating and fertility indices remained lower than VC (not a concurrent 

	Toxicokinetics 
	Toxicokinetics 
	Concentrations of brexanolone in rat plasma samples on Day 7 2hours post syringe change: LD: 67.9 ng/mL; MD: 287 ng/mL; HD: 428 ng/mL 
	-



	VC: vehicle control; LD: low dose; MD: mid dose; HD: high dose, GD: gestation day, HCR: historical control range 
	Table 21. Mating and fertility indices in female rat fertility and early embryonic development study. 
	Figure
	Source: Applicant’s Table, No. SSN-01271, p.33. 
	Table 22. Pregnancy parameters in female rat fertility and early embryonic development 
	t ly. s u d 
	Parameter 
	Parameter 
	Parameter 
	0 mg/kg 
	10 mg/kg 
	30 mg/kg 
	60 mg/kg 
	60 mg/kg R 
	HCD 

	Corpora lutea/rat 
	Corpora lutea/rat 
	16.8 
	18.7 
	18.9 
	18.8 
	19.8 

	Implantations/rat 
	Implantations/rat 
	15.4 
	17.2 
	17.5 
	16.8 
	18.5 

	Preimplantation loss 
	Preimplantation loss 
	8.73% 
	8.46% 
	6.97% 
	11.05% 
	6.82% 
	3.3-20.8% 

	Early resorptions 
	Early resorptions 
	1 
	1.6 
	1.2 
	2.5 
	1.4 
	0.4-1.6% 

	Dead emb1yos 
	Dead emb1yos 
	0 
	0 
	0 
	0 
	0 

	Post implantation loss 
	Post implantation loss 
	6.33% 
	9.03% 
	6.86% 
	15.93% 
	7.01% 
	2.6-10.9 % 

	Live embryos/litter 
	Live embryos/litter 
	14.4 
	15.6 
	16.3 
	14.3 
	17.1 


	R = Recovery; HCD = Historical Control Data .Source: Applicant's Table, Study No. SSN-01271, pp.35 and 63-66. .
	Pharmacology Reviewer Comment: Fertility findings in female rats are not a concern clinically f or a 60-hour infusion. The findings ofincreased body weight gain, estrous cycle changes, 
	decreased mating andfertility indices, and increased days to mating suggest that the female rats 
	are pseudopregnant. This is consistent with allopregnanolone exposure being highest during the 
	3rd trimester ofpregnancy in humans. In addition, these effects are reversed or partially reversed 
	after dosing was stopped at the high dose. Also, it should be noted that rats were dosed for a 
	considerably longer period than humans will be (14 days prior to mating, through mating, and to 
	GD7 compared to 2.5 days in humans). 
	A Fertility and Early Embryonic Development to Implantation Study with SAGE-547 by 
	Intravenous Infusion in Male Rats/Study No. SSN-01274 
	Key Study Findings 
	• .
	• .
	• .
	Twelve premature deaths occmTed that are most likely not brexanolone or SBECD (vehicle) related; however, the cause ofdeath offom rats could not be dete1mined. 

	• .
	• .
	Brexanolone administration to male rats resulted in decreased mating and fe1tility indices at ::'.::30 mg/kg; decreased conception rate and slight increase in days to mating at 45 mg/kg; lower prostate, seminal vesicle, and epidydimal weights at ::'.::30 mg/kg, with non-adverse decreases in seminal vesicle and epidydimal weights at 10 mg/kg; and decreased spe1matozoa count at ::'.::30 mg/kg. 

	• .
	• .
	SBECD (vehicle)-related findings in kidney (discoloration and enlargement) and in testis, epididymis, and infusion site (vacuolation ofmacrophages). 

	• .
	• .
	The NOAEL is 10 mg/kg for fe1tility and reproductive function which is 0.8-times the human exposme (AUC24h = 1800 ng.h/mL; Css = 74.3 ng/mL) at the MRHD. 


	(b)lll
	Conducting laboratory and location 
	GLP compliance: 
	GLP compliance: 
	GLP compliance: 
	Yes 

	Methods 
	Methods 

	Dose and frequency ofdosing: 
	Dose and frequency ofdosing: 
	0, 10, 30, and 45 mg/kg/day 

	TR
	Continuous (24 homs/day at a rate of2 mUkg/h) 

	Route ofadministration: 
	Route ofadministration: 
	IV infusion 

	TR
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	Formulation/Vehicle: 
	Formulation/Vehicle: 
	Formulation/Vehicle: 
	Solution/5 mM citrate buffer, pH 6 ± 0.2, and 125 mg/mL 

	TR
	of SBECD in 0.9% Sodium Chloride 

	Amount SBECD 
	Amount SBECD 
	2250 mg/kg/day for vehicle and HD; 500 mg/kg/day for 

	TR
	LD; 1500 mg/kg/day for MD 

	Species/Strain: 
	Species/Strain: 
	Rat/Sprague Dawley 

	Number/Sex/Group: 
	Number/Sex/Group: 
	22 males/group 

	Satellite groups: 
	Satellite groups: 
	None 

	Study design: 
	Study design: 
	Males were dosed starting 4 weeks before mating, during 

	TR
	mating (14 days), and until termination on day 42 to 44 (41 

	TR
	to 43 days of continuous infusion). Females were not 

	TR
	dosed. 

	Deviation from study protocol 
	Deviation from study protocol 

	affecting interpretation of results: 
	affecting interpretation of results: 
	No 

	Observations and Results 
	Observations and Results 


	Parameters 
	Parameters 
	Parameters 
	Major findings 

	Mortality 
	Mortality 
	Twelve animals were found dead or euthanized prematurely due to poor clinical condition (Table 104 in Appendix): 1 VC, 1 LD, 5 MD, and 5 HD. Cause of death for most was vascular/perivascular inflammation at the infusion site that was sometimes associated with the presence of bacteria. Cause of death for 3 MD and 1 HD were undetermined because there was no evidence of moderate to severe vascular inflammation and no bacteria at the infusion site; however, clinical signs prior to their unscheduled euthanasia w

	Clinical Signs 
	Clinical Signs 
	Decreased activity, prominent backbone, limited usage/swollen limbs and/or paws, dehydration, thinness, and/or partly closed eyes were observed in rats of all groups, including VC, but at a slightly higher incidence at HD. 

	Body Weights 
	Body Weights 
	Increased body weight gain at HD (171%) vs. VC during the first week of dosing; however, body weight gain was similar for the remainder of dosing and body weights were similar to VC on Day 42 (end of dosing). 

	Necropsy findings 
	Necropsy findings 
	Increased incidence of small prostate and seminal vesicles at MD and HD, which correlated with decreased prostate and seminal vesicle weights vs. VC (Table 23 & Table 24). Seminal vesicle weights were decreased at the LD vs. VC; however, these were not considered adverse because the changes were small and mating and fertility were unaffected at LD. Epididymis weights were decreased at all doses vs. VC; however, these were not considered adverse at the LD because the changes were small and sperm parameters a
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	Table
	TR
	and infusion site (see Table 105 in Appendix) and macroscopic findings at the infusion site were observed in all groups (see Appendix page 204). 

	Fertility and Pregnancy Parameters 
	Fertility and Pregnancy Parameters 
	Decreased mating and fertility indices at MD and HD and conception rate at the HD vs. VC (Table 25). Although the mating and fertility index were less than VC at the MD, values were within HCR. Males that had not mated in the first 10 days were given a new mating partner for the last 4 days of the mating period. 6/19 HD rats did not mate with their first partner; 2/6 HD rats mated with their second partner, but only one produced a pregnancy. 4/17 MD rats did not mate with their first partner; 2/4 MD rats ma

	Toxicokinetics 
	Toxicokinetics 
	Concentrations of brexanolone in rat plasma samples on Day 14 2hours post syringe change: LD: 132 ng/mL; MD: 202 ng/mL; HD: 351 ng/mL 
	-



	VC: vehicle control; LD: low dose; MD: mid dose; HD: high dose GD: Gestation Day, HCD: Historical Control Data 
	Table 23. Gross pathology findings in male rat fertility study. 
	Figure
	Source: Applicant’s Table, Study No. SSN-01274, p.39. 
	Table 24. Organ weight changes in male rat fertility study. Source: Applicant’s Table, Study No. SSN-01274, p.40. 
	Table 25. Fertility parameters in male rat fertility study...
	Figure
	Source: Applicant’s Table, Study No. SSN-01274, p.38. 
	Table 26. Summary of sperm evaluation in male rat fertility study. 
	Source: Applicant’s Table, Study No. SSN-01274, p.41. 
	Pharmacology Reviewer Comment: Fertility findings in male rats are not a concern clinically because the patient population is women. However, if additional indications should be examined in the future in which males would be included, the toxicity concerns should be reexamined. Although there are SBECD (vehicle)-related findings in the testis and epididymis, they are most likely due to the proximity of the infusion site to the male reproductive organs. Brexanolone in SBECD is being chronically infused in th
	Embryo-Fetal Development 
	Embryo-Fetal Development 

	A Continuous Intravenous Infusion Embryo/Fetal Development Study of SAGE-547 in the Rat/Study No. SSN-797 
	Key Study Findings x Dose-dependent increase in body weight gain and food consumption early in the dosing period (GD 6 to 9) and decreased food consumption and body weight gain following the end 
	RI GRVLQJ .*' .. WR ... DW •.. PJ.NJ ZLWK QR HIIHFW RQ ERG\ ZHLJKW. 
	x 
	Decreased fetal weights (5%) at 60 mg/kg compared to controls. 
	x 
	The NOAEL is 60 mg/kg for maternal toxicity and 30 mg/kg for fetal development which is 5-times and 2-times; respectively, the human exposure (AUC24h = 1800 ng.h/mL; Css = 74.3 ng/mL) at the MRHD. 
	Conducting laboratory and location:. GLP compliance: Yes. 
	Figure
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	Methods 
	Methods 

	Dose and frequency of dosing:. 0, 15, 30, and 60 mg/kg/day Continuous (24 hours/day at a rate of 2 mL/kg/h) 
	Route of administration:. IV infusion 
	Formulation/Vehicle:. Solution/5 mM citrate buffer, pH 6 ± 0.2, and 125 mg/mL of SBECD in 0.9% Sodium Chloride 
	Amount SBECD:. 3000 mg/kg/day for VC and HD; 750 mg/kg/day for LD; 1500 mg/kg/day for MD 
	Species/Strain:. Rat/Sprague Dawley 
	Number/Sex/Group:. 22 females/group 
	Satellite groups:. 2 controls and 8/dose group (TK) 
	Study design:. Pregnant rats were dosed from gestational day (GD) 6 to 17 (infusion pump stopped on morning of GD 18). The fetuses were delivered by C-section on GD21 and examined. 
	Deviation from study protocol 
	affecting interpretation of results:. No 
	Observations and Results 
	Parameters 
	Parameters 
	Parameters 
	Major findings 

	Mortality 
	Mortality 
	No test article related effect. One control TK (pregnant) euthanized in poor condition on GD 14 with signs of abnormal respiration and discharge from vulva. The cause of death was not determined. 

	Clinical Signs 
	Clinical Signs 
	No test article related effect. 

	Body Weights 
	Body Weights 
	Between GD 6 and 9, body weight gain was increased for HD vs. FRQWUROV .Ĺ..... 2QFH GRVLQJ VWRSSHG .*' .. WR .... ERG\ ZHLJKW JDLQ was dose-GHSHQGHQWO\ GHFUHDVHG DW 0' DQG +' YV. FRQWUROV .Ļ.. DQG 51%, respectively) and HD weighed 18.7 g less than controls on GD 21. Effects on body weight gain correlated with food consumption (increased between GD 6 and 12 and decreased between GD 18 to 21). 

	Necropsy Findings 
	Necropsy Findings 
	No test article related effect. Procedure related findings observed at the infusion site and findings secondary to the procedure related findings observed in the iliac lymph node (See Appendix, page 205 for details). 

	Cesarean Section Data 
	Cesarean Section Data 
	Fetal weights were decreased 5% at the HD compared to controls (Table 27). There was a statistically significant, dose-dependent decrease in the sex ratio; however, the biological significance of this finding is unclear since there was no effect on dead fetuses, post implantation loss, or number of resorptions. In addition, there was no effect on sex ratio in the rat pre-and post-natal development study. 

	Offspring Data 
	Offspring Data 
	No test article-related effect (see Table 106 in Appendix). 

	Toxicokinetics 
	Toxicokinetics 
	See ADME/PK Section page 44. 


	LD: low dose; MD: mid dose; HD: high dose 
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	Tabl 27 C esarean section mmg:s from rat emb f'. l d eve lopment studly. 
	fi
	d.

	e .. rvo-eta 
	Parameter 
	Parameter 
	Parameter 
	0 mg/kg 
	15 mg/kg 
	30 mg/kg 
	60 mg/kg 

	Mean live fetuses/litter 
	Mean live fetuses/litter 
	12.7 
	12.6 
	12.2 
	13.6 

	Post Implantation Loss(%) 
	Post Implantation Loss(%) 
	3.9 
	4.72 
	8.31 
	5.31 

	Mean Sum of Resorptions 
	Mean Sum of Resorptions 
	0.5 
	0.6 
	1.1 
	0.7 

	Mean Early Resorptions 
	Mean Early Resorptions 
	0.5 
	0.6 
	1.1 
	0.6 

	Mean Late Resorptions 
	Mean Late Resorptions 
	0 
	0 
	0 
	0.1 

	Mean sex rate(% males) 
	Mean sex rate(% males) 
	57 
	49 
	45* 
	44* 

	Mean fetus weig:ht (!!) 
	Mean fetus weig:ht (!!) 
	6.086 
	6.234 
	6.150 
	5.758** 

	Mean uterns weight (g) 
	Mean uterns weight (g) 
	108.8 
	106.3 
	104.6 
	106.8 


	*p~0.05; **p~0.01 
	A Continuous Intravenous Infusion Embryo-fetal Development Study of SAGE-547 in Rabbits/Study No. SSN-825 
	Key Study Findings 
	• .
	• .
	• .
	Maternal toxicity occun ed at ~15 mg/kg based on clinical signs ofsedation and reduced food consumption and body weight gain and/or body weight loss during dosing and after dosing stopped. 

	• .
	• .
	Fetal toxicity occuned at~15 mg/kg based on increased abo1iions and number of late resorptions at~15 mg/kg and decrease in the number oflive fetuses and increases in pre-and postimplantation loss at 30 mg/kg. Fetal weights were decreased 13 and 21%at 15 mg/kg and 30 mg/kg, respectively, conelating with delayed ossification in the hyoid and pubic bones. 

	• .
	• .
	The NOAEL is 7.5 mg/kg for maternal toxicity and fetal development which is 1.2-times, the 


	human exposure (AUC24h = 1800 ng.h/mL; Css = 74.3 ng/mL) at the maximum .recommended clinical dose. .
	(6Jlll 
	Conducting laboratory and location: .GLP compliance: Yes .
	Methods 
	Dose and frequency ofdosing: 0, 7.5, 15, and 30 mg/kg/day Continuous (24 hours/day at a rate of2 mL/kg/h) Route ofadministration: IV infusion Fo1mulation/V ehicle: Solution/5 mM citrate buffer, pH 6 ± 0.2, and 125 mg/mL ofSBECD in 0.9% Sodium Chloride 
	Amount SBECD .3000 mg/kg/day for VC and HD; 750 mg/kg/day for LD; 1500 mg/kg/day for MD 
	Species/Strain: .Rabbit/New Zealand White 
	Number/Sex/Group: .22/group 
	Satellite groups: .2 controls and 4/dose group for TK 
	Study design: .Pregnant rabbits were dosed from gestational day (GD) 7 to 19 (infusion pump stopped on morning of GD 20). The fetuses were delivered by C-section on GD 29 and 
	examined. 
	Dosing was based on a preliminary dose range finding study conducted in pregnant rats. The study is summarized in the Appendix, page 206. 
	Deviation from study protocol 
	affecting interpretation of results: No 
	Observations and Results 
	Parameters 
	Parameters 
	Parameters 
	Major findings 

	Mortality 
	Mortality 
	One LD rabbit was found dead on GD12, cause of death was 

	TR
	pericarditis and was not test article related. 1 HD euthanized on 

	TR
	GD15 in poor clinical condition, stopped eating on GD7 till 

	TR
	euthanized. 1 VC, 4 MD, and 7 HD aborted and euthanized (between 

	TR
	GD14 and 27). 

	Clinical Signs 
	Clinical Signs 
	Dose-dependent decrease in activity with onset occurring earlier at MD and HD than at the LD and a dose-dependent increase in incidence of reduced appetite. Other pharmacologic effects observed at the HD include abnormal gait, uncoordinated, headtilt, decreased muscle tone, and/or lying on side. 

	Body Weights 
	Body Weights 
	Dose-dependent decrease in body weight gain during dosing period .Ļ... ... ... DW /'. 0'. +'. UHVSHFWLYHO\. YV. 9&. DQG continuing afWHU GRVLQJ VWRSSHG IURP *'.. WR .. .Ļ.. ... DW /' & MD, respectively, vs. VC). There was a 5% body weight loss from GD16 to 26 at HD. Although HD rabbits gained most of this lost weight back from GD26 to 29, HD rats still weighed 10% less than controls on GD29. Decreased body weight gain and body weight loss correlated with reduced food consumption. Eight HD rabbits had prolon

	Necropsy Findings 
	Necropsy Findings 
	A small increased incidence of pale discoloration of the liver (0, 0, 1, & 3 for VC, LD, MD, & HD, respectively) and heart (0, 3, & 3 for VC, MD, & HD, respectively) and firmness at the infusion site (2, 2, 4, & 5 for VC, LD, MD, & HD, respectively) at the MD and HD; however, no histopathological evaluation was performed so significance of findings is unclear. 

	Cesarean Section Data 
	Cesarean Section Data 
	A dose-dependent increase in the incidence of abortions at the MD and HD, which is at or above the HCR. Many of the rabbits that aborted had prolonged periods of almost no food consumption (<20 g/day) prior to aborting. An increase in the number of late resorptions were observed at the MD and HD. A decrease in the number of live fetuses and an increase in pre-and postimplantation loss were 
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	Offspring Data Toxicokinetics 
	Offspring Data Toxicokinetics 
	Offspring Data Toxicokinetics 
	observed at the HD. One MD and HD rabbit had total litter reso1ption. Fetal weights were decreased 13 and 21 % at the MD and HD, respectively, vs VC. See Table 28. A statistically significant increase in the overall incidence ofskeletal variants at the MD (42% MD vs. 22% VC fetuses), the fetal incidence of incomplete hyoid bone ossification at MD (13% MD vs. 4% LD fetuses), and the litter and fetal incidences ofincomplete ossification ofthe pubic bone at MD and HD (9% MD and HD vs. 0% VC fetuses and 19% MD 


	VC: vehicle control; LD: low dose; MD: mid dose; HD: high dose; GD: gestational day; HCR: historical control range 
	Tabl 28 C esarean secfion fiIlld.m2s from rabb•t b f'. t l d t t d
	e . .1 em ryo-ea eve opmen s u Ly. 
	Parameter 
	Parameter 
	Parameter 
	0 mg/kg 
	7.5 mg/kg 
	15 mg/kg 
	30 mg/kg 
	HCR 

	Total pregnancy rate 
	Total pregnancy rate 
	22/22 
	22122 
	22/22 
	22/22 

	Mean corpora lutea 
	Mean corpora lutea 
	10 
	9.6 
	9.8 
	10 
	8.4 -12.3 

	Mean implantation sites 
	Mean implantation sites 
	9.2 
	8.7 
	8.9 
	8 
	5.7 -10.6 

	Preimplantation loss (% ) 
	Preimplantation loss (% ) 
	6.83 
	10.13 
	8.25 
	20.77* 
	3.5 -38.5 

	Postimplantation loss (%) 
	Postimplantation loss (%) 
	3.01 
	8.77 
	12.86 
	19.85* 
	0.6 -29.1 

	Mean live fetuses 
	Mean live fetuses 
	8.9 
	7.8 
	7.9 
	6.3* 
	4.9 -10 

	Mean total resorptions 
	Mean total resorptions 
	0.3 
	0.9 
	1.1 
	1.8 
	0 -2.4 

	Mean early reso1ptions 
	Mean early reso1ptions 
	0.2 
	0.5 
	0 
	0.4 
	0 -1.7 

	Mean late resorptions 
	Mean late resorptions 
	0 
	0.4 
	1.1 * 
	1.3* 
	0-1.4 

	Abortions 
	Abortions 
	0 
	0 
	4 
	7 
	0-4 

	Mean sex rate (% males) 
	Mean sex rate (% males) 
	44.24 
	50.66 
	41.04 
	50.63 
	37.4 -63.5 

	Mean fetus weight (g) 
	Mean fetus weight (g) 
	42.12 
	41.49 
	36.62* 
	33.21 * 
	36.9 -49.6 

	Mean uterns wei!ilit (!Z) 
	Mean uterns wei!ilit (!Z) 
	516.4 
	476.2 
	455.9 
	348.2 


	HCR = Historical Control Range; *p~0.05 
	Prenatal and Postnatal Development A Continuous Intravenous Infusion Pre and Postnatal Study of SAGE-547 in the Rat/Study No. SSN-01263 
	Key Study Findings 
	• .Maternal toxicity (Fo dams) occmTed at ~30 mg/kg based on body weight loss from postnatal day (PND) 0 to 4, decrease body weight gain from PND 4 to 10, and decreased food 
	consumption during the lactation period at 60 mg/kg and increased number of dead 
	pups/litter at birth and IHZHU OLYH SXSV.OLWWHU DW ELUWK DW •.. PJ.NJ. 
	x Pup developmental toxicity (F1 generation) occurred at 60 mg/kg based on decreased pup viability between PND 0 and 4 with a resulting smaller litter sizes. 
	x A neurobehavioral deficit, characterized by slower habituation in the maximal startle response in the auditory startle test, was observed in F1 generation females of dams dosed with 60 mg/kg. 
	x Learning, locomotor activity, sexual development, mating, and fertility were not affected by brexanolone. 
	x. The NOAEL for maternal toxicity is 10 mg/kg and for pup and post-weaning developmental is 30 mg/kg, which is 0.8-times and 2-times, respectively, the human exposure (AUC24h = 1800 ng.h/mL; Css = 74.3 ng/mL) at the MRHD. 
	Conducting laboratory and location:. GLP compliance: Yes. 
	Figure

	Methods. 
	Methods. 

	Dose and frequency of dosing:. 0, 10, 30, and 60 mg/kg/day Continuous (24 hours/day at a rate of 2 mL/kg/h) 
	Route of administration:. IV infusion 
	Formulation/Vehicle:. Solution/5 mM citrate buffer, pH 6 ± 0.2, and 125 mg/mL of SBECD in 0.9% Sodium Chloride 
	Amount SBECD:. 3000 mg/kg/day for vehicle and HD; 500 mg/kg/day for LD; 1500 mg/kg/day for MD 
	Species/Strain:. Rat/Sprague Dawley 
	Number/Sex/Group:. 24 females/group 
	Satellite groups:. None 
	Study design:. Pregnant rats (F0 Dams) were dosed from gestational day (GD) 6 to Postnatal Day (PND; also referred to as lactation day) 21, 22, or 23. Blood was collected from 5 F0 Dams/group on PND4 and PND20, from 5 F1 Generation Litters/group on PND4, and 5 F1 Generation Litters/group (targeting 1/sex/litter) on PND20 2 – 3 hours post syringe change for TK. 
	Deviation from study protocol 
	affecting interpretation of results:. No 
	Observations and Results 
	Generation 
	Generation 
	Generation 
	Major Findings 

	F0 Dams 
	F0 Dams 
	Mortality: 8 dams were found dead or were preterminally euthanized with undetermined cause of death (Table 111 in Appendix); infusion site masses could be a contributing factor. One VC, 1 LD, and HD euthanized due to signs of dystocia. Two VC, 4 LD, 3 MD, and 3 HD euthanized because there were no remaining live pups on PND 0 or 1. Two VC, 2 MD, and 1 HD euthanized early on GD26 because they failed to deliver pups; 1 VC was not pregnant and 
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	remaining were pregnant but no live fetuses in utero (total resorption or implant site scars observed with the latter suggesting they had littered during the night and cannibalized their litter). 
	: During , dosed rats had increased body weight gain vs. 
	Body weight
	gestation

	9& ZLWK WKH ODUJHVW HIIHFW IURP *'. WR . DW WKH +' .Ĺ... DQG .... IRU 0' 
	and HD, respectively). At the , HD group had a 10% increase in body weight gain vs. VC, which correlated with an 11% increase in food consumption. During , body weight loss was observed at the HD from PND0 to 4 and decreased body weight gain was observed at the LD from PND 4 to 10, the MD from PND 0 to 10, and the HD from PND4 to 10 (Table 29); but, by PND 21, body weights were similar across all groups. At the HD this correlated with a 15% decrease in food consumption from PND 0 to 4 and an overall decreas
	end of gestation
	lactation

	: The gestation length was comparable for all groups and to the HCR (21.3 to 22 days). Gestation index was below the HCR for all groups, including VC (Table 30); the LD group had the highest gestation index suggesting the finding may be vehicle-related (the LD had the lowest level of vehicle). There was a dose-related decrease in the live birth index and the live birth index was below the HCR for all dose groups, while the VC group was within range (Table 30). There was a dose-dependent decrease in live pup
	Uterine Content

	: There were no test article-related macroscopic findings; however, there were vehicle-related findings in the kidney (pale kidneys) consistent with findings from the rat general toxicology study. Other findings were procedure related (see Appendix, page 210). 
	Necropsy

	: Plasma concentrations for test article in F0 Dams on PND4 and 20 are shown in Table 113 in Appendix. 
	Toxicokinetics

	F1 Generation 
	F1 Generation 
	: Pup survival to PND4 was lower at all doses vs. VC; however, there was no dose response at the LD and MD and only the HD group was below the HCR (Table 31). Decreased food consumption and body weight loss noted for HD dams between PND0 and 4 may have contributed to decreased milk production, affecting viability. There was no effect on survival index (PND 7 and 14) and lactation index (PND 21). Effects on survival at the HD correlated with a decrease in total litter size at the HD that was 25% less than VC
	Survival


	Clinical Signs: On PND 0 or 1, 2 males and 1 female pups from a HD litter 
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	were cold to touch and 2 of these pups had empty stomachs and were found dead or missing (presumed cannibalized) the same or next day. On PND 2, 3 males and 5 female pups from a HD litter were cold to touch; however, they survived to PND 4. 
	: No test article-related effect on mean body weight at birth for male and female pups. There was a small, non-significant decrease in body weight gain for male and female pups from PND 4 to 10 (7 – 10%) at the HD vs. VC; however, there was no effect for the remainder of the lactation period and body weights and body weight gain were similar across groups on PND 21. 
	Body Weight

	: There were no test article-related effects on development in the F1 generation (pupillary closure, visual placing, and vaginal opening and preputial separation). 
	Physical development

	: The linear time contrast (slope of habituation) for maximum startle was statistically significantly shallower (i.e., habituation slower) for F1 generation females from HD dams in the auditory startle test with a trend at the MD on PND 55 (Table 33). At the time of testing in the auditory startle test the rats are not exposed to test article; therefore, the effect on startle is persistent. There was no effect on average startle response and the time of maximum startle for females and no differences were ob
	Neurological assessment

	: There was no test article-related effect on estrous cyclicity (number of estrus cycles and average length of cycles), reproductive performance (mean number of days to mating, mating index, fertility index, and conception rate), and ovarian and uterine parameters (mean number of corpora lutea, implantations, pre-and post-implantation loss, and live fetuses) in F1 generation rats. 
	Reproduction

	: There was no test article-related external or internal findings noted in pups that were euthanized or found dead between PND 0 and 7. There was no test article-related macroscopic findings in adult F1 generation rats. Test article was not detected in most F1 generation litters on PND 4 and in all litters on PND 20. The 2 litters which had test article detected on PND 4 could be due to experimental error. 
	Necropsy

	VC: vehicle control; LD: low dose; MD: mid dose; HD: high dose; HCR: historical control range 
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	Table 29. Mean maternal body weight and body weight gain for Fo dams during lactation . th t d tn t l d l t t d
	Ill e ra pre-an pos a a eve opmen s u y. 
	Dose (mg/kg/day) 
	Dose (mg/kg/day) 
	Dose (mg/kg/day) 
	Body Weight (g) 
	Gain (g/% control) 

	PND O 
	PND O 
	PND 4 
	PND 10 
	PND 21 
	PNDO ­4 
	PND 4 -10 

	0 
	0 
	295 
	306 
	326 
	345 
	11/-­
	20/-­

	10 
	10 
	296 
	309 
	326 
	338 
	13/116 
	17/85 

	30 
	30 
	302 
	311 
	326 
	345 
	9/82 
	15175 

	60 
	60 
	307 
	305 
	321 
	346 
	-21-­
	16/80 


	Table 30. Effects on maternal performance at birth in the rat pre-and postnatal development study. 
	Grou1> 
	Grou1> 
	Grou1> 
	Gestation Index (%) 
	Live Birth Index (%) 
	No. Live Pups at Birth/Litter• 
	No. Dead Pups at Birth/Litter 
	l'o. of Dead Pups <Litters Affected) 

	I/ Vehicle control 
	I/ Vehicle control 
	73.9 
	88.2 
	11.7 
	0.3 
	5 (3) 

	2/ 10 mg/kg/day 
	2/ 10 mg/kg/day 
	83.3 
	83.4 
	10.9 
	0.7 
	15 (6) 

	3/ 30 mg/kg/day 
	3/ 30 mg/kg/day 
	75.0 
	80.0 
	10.6 
	1.2 
	24*** (5) 

	4/ 60 mg/kg/day 
	4/ 60 mg/kg/day 
	79.2 
	74.7 
	9.3 
	1.2 
	22*** (5) 

	Historical Control Range 
	Historical Control Range 
	88.9 to 100 
	84.8 to 95.5 
	11.3 to 16.4 
	0 to 1.0 
	-


	*** P :::; 0.001 (Fisher's). 
	• Includes litters with only dead pups, and no live pups, i.e., number of live pups at birth in a litter can be 0. Source: Applicant's Table, Study No. SSN-01263, p.55. 
	Table 31. Mean survival data in F1 generation rats in the rat pre-and postnatal d l t t d
	eve opmen s u ty. 
	Survival (%) 
	Survival (%) 
	Survival (%) 
	Omg/kg 
	10 mg/kg 
	30 mg/kg 
	60 mg/kg 
	HCR 

	Bi1i h (Live Bnih Index) 
	Bi1i h (Live Bnih Index) 
	88.2 
	83.4 
	80 
	74.7 
	84.8 -95.5 

	PND 4 (Viability Index) 
	PND 4 (Viability Index) 
	98.65 
	89.51 
	94.52 
	80.50 
	91.1 -100 

	PND 7 (Survival Index) 
	PND 7 (Survival Index) 
	100 
	99.34 
	100 
	98.53 
	95.5 -100 

	PND 14 (Survival Index) 
	PND 14 (Survival Index) 
	100 
	98.68 
	100 
	99.22 
	94.9 -100 

	PND 21 (Lactation Index) 
	PND 21 (Lactation Index) 
	100 
	98.68 
	100 
	99.22 
	94. 1 -100 


	PND = Postnatal Day; HCR = Historical Control Range 
	Table 32. Mean litter size in F1 generation rats in the rat pre-and postnatal development studly. 
	Litter Size 
	Litter Size 
	Litter Size 
	0 mg/kg 
	10 mg/kg 
	30 mg/kg 
	60 mg/kg 

	PND O 
	PND O 
	12.4 
	11.5 
	11.8 
	9.3 

	PND 4 
	PND 4 
	12.2 
	10.7 
	11.1 
	7.9 

	PND 7 
	PND 7 
	8 
	7.9 
	7.8 
	7.1 

	PND 14 
	PND 14 
	8 
	7.9 
	7.8 
	7.1 

	PND 21 
	PND 21 
	8 
	7.9 
	7.8 
	7.1 


	PND = Postnatal Day 
	68 
	Table 33. Maximum startle for F1 generation female rats in the pre-and postnatal development study. 
	Source: Applicant’s Table, Study No. SSN-01263, p.136. 
	Pharmacology Reviewer Comment: Published animal studies have reported that administration of drugs that enhance GABAergic inhibition to neonatal rats caused widespread apoptotic neurodegeneration in the developing brain (Ikonomidou et al. 2000, Bittigau et al. 2002, Turski and Ikonomidou 2012). The window of vulnerability to these changes in rats (PND 0 to 14) corresponds to the period of brain development that takes place during the third trimester of pregnancy in humans and may be up to three years of age
	5.5.5. Other Toxicology Studies 
	Local Tolerance Study , SSN-01392, SSN-01393, and SSN-01394 were reviewed by Dr. Julie Frank. 
	Nos. RPT57495.0I

	UV-Vis Absorbance Profile ofSAGE-547 (Study No. ; Non-GLP): There was some absorbance noted from 208 to 2IO nm and 240 to 320 nm (maximum absorbance at 285 to 290 nm). However, the molar extinction coefficient at these wavelengths was below IOOO L mor cm-and there was no absorbance in the spectrum from 330 to 720 nm indicating that brexanolone is not photosensitive in the UV-visible region. 
	RPT57495.01
	1 
	1 

	SAGE-547: An AcuteDermal Irritation/Corrosion Study in Rabbits (Study No. SSN-01392; GLP): De1mal administration of 500 mg brexanolone for four hours to three rabbits showed no signs of iITitation (edema, erythema, or eschar) up to 72 hours post dose. 
	SAGE-547: An AcuteEye Irritation/Corrosion Study in Rabbits (Study No. SSN-01393; GLP): Ocular administr·ation of IOO mg brexanolone to three rabbits resulted in reddening of the conjunctivae and discharge was observed I-hour postdose in all three rabbits and chemosis (swelling) of the conjunctivae was observed in one rabbit I-hour postdose. There were no findings 24-hours postdose. Because the severity of the nTitation observed was lower than the iITitation scores available for classification, brexanolone 
	SAGE-547: A Skin Sensitization Study (Buehler Method) in Guinea Pigs (Study No. SSN­01394; GLP): De1mal administr·ation of IOO% brexanolone for 3 weekly 6-hour exposures (on Days I, 8, and I 5) to guinea pigs did not elicit a skin reaction or contact de1matitis. A brexanolone challenge 2 weeks following the last induction exposure (Day 29) also did not elicit a skin reaction or contact de1matitis. 
	Hemolytic Potential ofSAGE-547 Injection on Human Whole Blood (Study No. SSN-638; Non-GLP): Brexanolone (5 mg/mL SAGE-547 in 250 mg/mL SBECD) at concentr·ations of 
	O. I 66 and I .66 mg/mL did not cause hemolysis in fresh human whole blood from two separate donors. 
	4 111
	Nos. INDS-SG20I6-0I, INDS-SG20I6-02, INDS-SG20I6-03, and 1tiH -I7-005). < 
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	Unique Major Human Metabolite Qualification 
	Three metabolites present in human plasma at levels greater than 10% ofdiug related 
	radioactivity were identified in the human ADME study conducted with C-SAGE-547: M133 
	14

	(SGE-03211), M136 (SGE-03212), and M137 (SGE-03277). M133 was obse1ved at 27.6% of 
	total mu g-related exposure and M136 and M137 (these metabolites could not be reliably 
	resolved chromatographically) were 30.5% oftotal drng-related exposure. These metabolites 
	were not detected in rats or dogs. All three metabolites are either sulfate (M133 and M136) or 
	glucuronide (M137) conjugates of C20-reduced fonns ofallopregnanolone (5a-pregnan-3a,20a­
	diol or 5a-pregnan-3~,20a-diol) . Although M133, M136, and M137 are not present in rats or 
	dogs and were not covered in toxicology studies, they are likely to be water soluble since they 
	are Phase II conjugates and thus readily excreted. In addition, M133, M136, and M137 have 
	previously been repo1ied in the literature to be present in the plasma and breast milk offemale 
	humans (Axelson et al. 1983 and Sahlberg et al. 1986). 
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	6 Clinical Pharmacology 
	6.1. Executive Summary 
	The clinical pharmacology of brexanolone is supported by eight clinical studies, including a mass balance study, organ impaired studies, drug-interaction study, thorough QT study, abuse potential study, oral bioavailability study, and lactation study. 
	The proposed dose is 90 mcg/kg/h with a dosing regimen as a one-time continuous intravenous 
	(IV) infusion over a total of 60 hours (2.5 days) as follows: 
	• 
	• 
	• 
	Initiate with a dose of 30 mcg/kg/h and infuse for 4 hours 

	• 
	• 
	Increase dose to 60 mcg/kg/h and infuse for 20 hours 

	• 
	• 
	Increase dose to 90 mcg/kg/h and infuse for 28 hours 

	•
	•
	 Decrease dose to 60 mcg/kg/h and infuse for 4 hours 

	•
	•
	 Decrease dose to 30 mcg/kg/h and infuse for 4 hours prior to completion of therapy 


	The proposed trade name is ZULRESSO. 
	Recommendations 
	The Office of Clinical Pharmacology has determined that there is sufficient clinical pharmacology information provided in the NDA package to support a recommendation of approval for brexanolone. The key review issues with specific recommendations and comments are summarized below: 
	Key Review Issues 
	Key Review Issues 
	Key Review Issues 
	Relevant Clinical Studies 
	Reviewer Recommendations and Comments 

	TR
	The proposed general dosing regimen is 

	Is the proposed 
	Is the proposed 
	Phase 2 study-
	supported by 3 independent clinical studies 

	general dosing regimen acceptable? 
	general dosing regimen acceptable? 
	202A 
	conducted in PPD patients. The proposed regimen utilizing a 90 ȝg/kg/h maximum dose 

	TR
	Phase 3 studies-
	level demonstrated efficacy in moderately-and 

	TR
	202B and 202C 
	severely-depressed PPD patients in 3 clinical trials (202A, 202B, 202C), was well-tolerated, and presented no clinically-relevant safety issues. An alternate treatment regimen utilizing D .. ȝJ.NJ/h maximum dose level was utilized in just a single trial, Trial 202B, and demonstrated efficacy as well. However, the .. ȝJ.NJ/h regimen has demonstrated efficacy in more trials, greater number of patients, and across a wider range of disease severity than WKH .. ȝJ.NJ/h regimen. In addition, targeting .. ȝJ.NJ/h 
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	LQFUHDVLQJ WR .. ȝJ.NJ/h in case of inadequate effectiveness. Details are provided in Section 6.3.2 (Clinical Pharmacology Questions) 

	Are any dose 
	Are any dose 
	Hepatic impairment 
	A dedicated hepatic impairment study 

	adjustments required 
	adjustments required 
	study (#103) 
	demonstrated that brexanolone exposures (i.e., 

	for organ impaired 
	for organ impaired 
	Cmax and AUC) were generally similar in 

	patients? 
	patients? 
	Renal impairment study (#104) 
	hepatic impaired subjects (mild, moderate and severe) compared to normal healthy subjects. Thus, no dose adjustment of brexanolone is recommended for hepatic impaired PPD patients. A dedicated renal impairment study demonstrated that brexanolone exposures (i.e., Cmax and AUC) were generally similar in renal impaired subjects (severe) compared to normal healthy subjects. However, SBECD (solubilizing excipient in brexanolone formulation) exposures were significantly higher in renal impaired subjects. Therefor

	Is it safe for the child 
	Is it safe for the child 
	Lactation study 
	A dedicated open-label lactation study was 

	to breast feed from 
	to breast feed from 
	(#108) 
	conducted to assess the amount of brexanolone 

	patients getting the 
	patients getting the 
	that is getting transferred into the breast milk 

	brexanolone infusion? 
	brexanolone infusion? 
	of lactating mothers during the standard dosing regimen of brexanolone infusion for 60 hrs. Corresponding PK analysis for brexanolone in milk and plasma demonstrated that it gets transferred into the breast milk of nursing mothers. However, due to the low oral bioavailability, the net relative infant dose via the breast milk is likely to be very low 
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	compared to the dose to PPD patients. Therefore, based on extremely low levels of brexanolone in milk and potentially low levels of SBECD in milk, we recommend that it is acceptable for patients to continue breastfeeding during the infusion. The detailed analysis is provided in Section 6.3.2 (Clinical Pharmacology Questions) 
	-



	6.2. Summary of Clinical Pharmacology Assessment 
	6.2.1. Pharmacology and Clinical Pharmacokinetics 
	Brexanolone is a positive allosteric modulator of GABAA receptors that is chemically identical to endogenous allopregnanolone. The precise mechanism of action of brexanolone in the treatment of PPD is not fully understood. Dysregulation of GABA signaling and receptor trafficking, including hypofunction, is thought to be associated with PPD. The rapid onset of PPD symptom relief with brexanolone is thought to be mediated through positive allosteric modulation of both synaptic and extra-synaptic GABAA recepto
	Absorption: Brexanolone is administered as a continuous IV infusion over 60 h. It has low oral bioavailability of <5%. 
	Distribution: The volume of distribution for brexanolone is approximately 3 L/kg, suggesting extensive distribution into tissues. Plasma protein binding is greater than 99%. 
	Elimination: Brexanolone is rapidly cleared with total plasma clearance of approximately 1 L/h/kg. Following intravenous administration of brexanolone, plasma concentrations decline biexponentially with a terminal half-life of approximately 9 hours. 
	Metabolism: In humans, brexanolone is eliminated via biotransformation. Brexanolone is extensively metabolized via non-CYP based pathways via three main routes-Aldo-ketone reductase (AKR’s), glucuronidase (UGT’s) and sulfation (SULT’s). Because brexanolone is extensively metabolized by multiple enzymes (non-CYP based) and via several metabolic pathways, it is unlikely that brexanolone would be a substrate for a metabolic drug interaction with another concomitant drug. 
	Following IV administration of [14C]-labeled brexanolone to healthy subjects, many radiolabeled metabolic products were recovered. Three major circulating metabolites observed were M133, M136 and M137 which were found to be pharmacologically inactive and do not contribute to the overall efficacy of brexanolone. 
	Excretion: Following IV administration of [14C]-labeled brexanolone, there were comparable amounts of drug-related radioactivity in urine (42%) and feces (47%). Urinary excretion of unchanged radiolabeled brexanolone was negligible (less than 1% of administered dose appeared in urine). 
	6.2.2. General Dosing and Therapeutic Individualization 
	General Dosing 
	The recommended maximum dose is 90 mcg/kg/h administered as a continuous intravenous infusion over 60 hours (2.5 days) as follows: 
	x Increasing doses: 30 mcg/kg/h infused for 4 hours, followed by 60 mcg/kg/h infused for 20 
	hours x Maximum maintenance dose: 90 mcg/kg/h infused for 28 hours x Decreasing doses: 60 mcg/kg/h infused for 4 hours, followed by 30 mcg/kg/h infused for 4 
	hours 
	For patients who do not tolerate 90 mcg/kg/h, infusion can be interrupted until the symptoms resolve or a lower dose of 60 mcg/kg/h may be considered. 
	Therapeutic Individualization 
	Hepatic Impairment: A dedicated hepatic impairment study demonstrated that brexanolone exposures (i.e., Cmax and AUC) were generally similar in hepatic impaired subjects (mild, moderate and severe) compared to normal healthy subjects. Thus, no dose adjustment of brexanolone is recommended for hepatic impaired PPD patients. 
	Renal Impairment: A dedicated renal impairment study demonstrated that brexanolone exposures (i.e., Cmax and AUC) were generally similar in renal impaired subjects (severe) compared to normal healthy subjects. However, SBECD (solubilizing excipient in brexanolone formulation) exposures were significantly higher in renal impaired subjects. Therefore, it is recommended that caution should be used in patients with moderate and severe renal impairment due to potential accumulation of SBECD. Serum creatinine lev
	< 15 mL/min/1.73 m
	2

	Postpartum depression patients receiving concomitant medicines: Though brexanolone is extensively metabolized, the major in vivo biotransformation occurs by ketoreduction (via AKR enzymes) and conjugation with a sulfate (via SULT’s) or glucuronide (via UGT’s). Because 
	Postpartum depression patients receiving concomitant medicines: Though brexanolone is extensively metabolized, the major in vivo biotransformation occurs by ketoreduction (via AKR enzymes) and conjugation with a sulfate (via SULT’s) or glucuronide (via UGT’s). Because 
	brexanolone is extensively metabolized by multiple non CYP enzymes and via several metabolic pathways, it is unlikely that brexanolone would be a substrate for a metabolic drug interaction with any other concomitant drug. No dedicated study was done to assess the potential of drug interaction of brexanolone as a victim drug, However, PK analysis from clinical studies demonstrated no effect on PK of brexanolone when concomitant medicines such CYP inhibitors, AKR inhibitors, hormonal contraceptives etc. were 

	Outstanding Issues 
	None. 
	6.3. Comprehensive Clinical Pharmacology Review 
	6.3.1.General Pharmacology and Pharmacokinetic Characteristics 
	Brexanolone is an allosteric modulator of GABAA receptors and chemically identical to the endogenous metabolite of progesterone, allopregnanolone. The brexanolone drug product is a sterile, clear, colorless, 5 mg/mL solution formulated with SBECD. It is provided in a single use vial, diluted prior to use and administered intravenously as a 60-hour continuous infusion. 
	ZULRESSO is indicated for the treatment of postpartum depression (PPD). There is currently no approved product for PPD. 
	The proposed dose is 90 mcg/kg/h with a dosing regimen as a continuous intravenous (IV) infusion over a total of 60 hours (2.5 days) as follows: 
	x Initiate with a dose of 30 mcg/kg/h and infuse for 4 hours x Increase dose to 60 mcg/kg/h and infuse for 20 hours x Increase dose to 90 mcg/kg/h and infuse for 28 hours x Decrease dose to 60 mcg/kg/h and infuse for 4 hours x Decrease dose to 30 mcg/kg/h and infuse for 4 hours prior to completion of therapy 
	Table
	TR
	Pharmacology 

	Mechanism of Action 
	Mechanism of Action 
	Brexanolone is a positive allosteric modulator of GABAA receptors that is chemically identical to endogenous allopregnanolone. The precise mechanism of action of brexanolone in the treatment of PPD is not fully understood. Dysregulation of GABA signaling and receptor trafficking, including hypofunction, is thought to be associated with PPD. The rapid onset of PPD symptom relief with brexanolone is thought to be mediated through positive allosteric modulation of both synaptic and extra-synaptic GABAA recepto
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	as benzodiazepines and alcohol. 

	Active Moieties 
	Active Moieties 
	Brexanolone is the only active moiety. Though there are many circulating metabolites, all the major circulating metabolites were determined to be “inactive”. 

	QT Prolongation 
	QT Prolongation 
	Thorough QTc study demonstrated that there was no prolongation of QT interval and there was no correlation of exposure with QTc prolongation. 

	General Information 
	General Information 

	Bioanalysis 
	Bioanalysis 
	Brexanolone concentrations were measured using validated LC/MS/MS methods. A summary of the method validation reports is included as appendix. 

	Drug exposure at steady state following the therapeutic dosing regimen 
	Drug exposure at steady state following the therapeutic dosing regimen 
	A population PK model developed with data from multiple studies in subjects with PPD demonstrated steady state levels as follows: -At 60 mcg/kg/h = 54 ng/mL -At 90 mcg/kg/h = 79 ng/mL 

	Dose Proportionality 
	Dose Proportionality 
	Brexanolone PK is dose-proportional from 30 mcg/kg/h to 270 mcg/kg/h. 

	Accumulation 
	Accumulation 
	No accumulation is anticipated 

	Absorption 
	Absorption 

	1. Brexanolone is to be administered as an IV infusion. However, an absolute BA study demonstrated <5% oral BA in adults. 2. Brexanolone has low inter-subject PK variability (21% between subjects) 
	1. Brexanolone is to be administered as an IV infusion. However, an absolute BA study demonstrated <5% oral BA in adults. 2. Brexanolone has low inter-subject PK variability (21% between subjects) 

	Distribution 
	Distribution 

	1. Volume of Distribution: 3L/kg. 2. Plasma Protein Binding: >99% 
	1. Volume of Distribution: 3L/kg. 2. Plasma Protein Binding: >99% 

	Elimination 
	Elimination 
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	1.
	1.
	1.
	 Clearance: Brexanolone has a mean total plasma systemic clearance of 1 L/h/kg. 

	2. 
	2. 
	Mean Terminal Elimination half-life: 9 hrs. 

	3.
	3.
	 Primary metabolic pathway(s): Following IV administration of [14C]-labeled brexanolone, there were comparable amounts of drug-related radioactivity in urine (42%) and feces (47%). Urinary excretion of unchanged radiolabeled brexanolone was negligible (less than 1% of administered dose appeared in urine). 

	4. 
	4. 
	Metabolism: In humans, brexanolone is eliminated via biotransformation. Brexanolone is extensively metabolized via non-CYP based pathways via three main routes-Aldo-ketone reductase (AKR’s), glucuronidase (UGT’s) and sulfation (SULT’s). 

	5.
	5.
	 Transporter: Brexanolone and the 3 major circulating metabolites are unlikely to inhibit the transporters (BCRP, OAT1, OAT3, OCT2, OATP1B1, or OATP1B3) at clinically relevant concentrations. 

	6. 
	6. 
	Inhibitor/Inducer to CYP enzymes: In vitro studies suggest that brexanolone and 3 major circulating metabolites are unlikely to inhibit or induce any key CYP enzymes at clinically relevant concentrations except CYP2C9. A dedicated drug interaction study with Phenytoin (2C9 substrate) demonstrated that brexanolone had no effect at clinically relevant dose. 


	6.3.2. Clinical Pharmacology Questions 
	6.3.2.1. Is the proposed general dosing regimen for brexanolone appropriate? 
	Yes. 
	The proposed dose for brexanolone is 90 ȝJ/kg/h with a dosing regimen as a continuous intravenous (IV) infusion over a total of 60 hours (2.5 days) as follows: 
	x Initiate with a dose of 30 ȝJ /kg/h and infuse for 4 hours x Increase dose to 60 ȝJ/kg/h and infuse for 20 hours x Increase dose to 90 ȝJ/kg/h and infuse for 28 hours x Decrease dose to 60 ȝJ/kg/h and infuse for 4 hours x Decrease dose to 30 ȝJ/kg/h and infuse for 4 hours prior to completion of therapy 
	The proposed dose and dosing regimen are identical to the one used in 3 independent short-term efficacy and safety studies (study # 202A, 202B and 202C). All 3 studies demonstrated statistically significant changes in primary endpoint (change from baseline in HAM-D score at 60 h). Additionally, efficacy was demonstrated both in patients with severe PPD (i.e., baseline HAM-D >26) and patients with moderate PPD (i.e., baseline HAM-D 20-25). 
	7KH .. ȝJ.NJ.K dose level SHUIRUPHG QXPHULFDOO\ EHWWHU WKDQ .. ȝJ.NJ.K LQ WHUPV RI WKH SULPDU\ efficacy endpoint (HAM-D assessed at hour 60; end of infusion). +RZHYHU. WKH .. ȝJ.NJ/h dose level appears to present greater reduction in HAM-' VFRUH WKDQ .. ȝJ.NJ/h at hours 12 and 24, time points when patients in the two groups are receiving identical dosages (see Figure 2). 
	Figure 2. Least Squares Mean Change (± Standard Error) in HAM-D Total Score Over Time for Pooled Key Efficacy Studies (Full Analysis Set). 
	Figure
	Source: Applicant’s Summary of Clinical Efficacy, p.59. 
	As the brexanolone terminal elimination half-life is approximately 9 hours, brexanolone elimination is expected to be nearly complete at approximately 45 hours (5-half-lives) after infusion cessation (i.e., by Day 5 after infusion start). However, a difference in the mean HAM
	-

	' VFRUH EHWZHHQ WKH .. ȝJ.NJ.K DUP DQG WKH .. ȝJ.NJ.K DUP LV VWLOO DSSDUHQW DW +RXUV ... GD\ .. 
	and Day 30 (over 27 days after the infusion ends). Overall, these findings suggest that there were other unknown factors that affected the HAM-D scores differently in the patients in the 60 
	ȝJ.NJ.K DUP WKDQ WKH .. ȝJ.NJ.K DUP. 
	Topline safety information suggests that there is no apparent relationship between AE risk and GRVH RU H[SRVXUH. )RU H[DPSOH. $( UDWHV LQ 3%2. .. ȝJ.NJ/h. DQG .. ȝJ.NJ/h arms were 5.6%, 21.1%,12.7% for sedation and 7.5%, 15.8%, 12.7% for dizziness. 
	Overall, both infusion regimens appear to present acceptable safety and efficacy profiles. However, the proposed dose of 90 ȝg/kg/h has been assessed in a larger number of subjects over D ZLGHU UDQJH RI 33' VHYHULWLHV WKDQ .. ȝJ.NJ.K. In addition, the experience wLWK WKH .. ȝJ.NJ/h dose has been replicated in three separate studies. Also, it is more practical to target the high dose and reduce dose if AEs occur than to target the low dose and increase due to inadequate therapeutic benefit (because the full 
	6.3.2.2.. Is an alternate dosing regimen required for patient sub-populations based on intrinsic factors (i.e., age, weight, organ impairments etc.)? 
	No. 
	: All patients being treated for PPD are women and are generally in a narrow age range (child-bearing potential). Age and sex were not found to be 
	: All patients being treated for PPD are women and are generally in a narrow age range (child-bearing potential). Age and sex were not found to be 
	Effect of age, sex and Weight/BMI

	significant as covariates impacting the PK of brexanolone based on the population PK analysis. The body weight was found to be a covariate impacting the PK of brexanolone and therefore, the proposed dosing regimen of brexanolone includes administration of the dose on a per kilogram of body weight basis. 

	Effect of Hepatic Impairment: A dedicated hepatic impairment study (study # 103) demonstrated that brexanolone exposures (i.e., Cmax and AUC) were generally similar in hepatic impaired subjects (mild, moderate and severe) compared to normal healthy subjects. Thus, no dose adjustment of brexanolone is recommended for hepatic impaired PPD patients. 
	Figure 3. Effect of Varying Degrees of Hepatic Impairment on Brexanolone Pharmacokinetics (geometric mean least-squares ratio and 90% confidence intervals). 
	Figure
	Source: Applicant’s Figure, Summary of Clinical Pharmacology Studies. 
	Effect of Renal Impairment: A dedicated renal impairment study demonstrated that brexanolone exposures (i.e., Cmax and AUC) were generally similar in renal impaired subjects (severe) compared to normal healthy subjects. Thus, a marginal 30% reduction in exposure of brexanolone is not clinically relevant and no dose adjustment is recommended. 
	Figure 4. Effect of Severe Renal Impairment on Brexanolone Pharmacokinetics (geometric mean least-squares ratio and 90% confidence intervals). 
	Figure
	Source: Applicant’s Figure, Summary of Clinical Pharmacology Studies. 
	However, SBECD exposures were significantly higher in subjects with renal impairment. Given that SBECD is eliminated by glomerular filtration, its clearance was expected to decrease in patients with renal impairment. Systematic exposure, based on Cmax and AUCinf, for SBECD was 1.7X and 5.5X fold higher, respectively, in severe renal impaired subjects compared with the normal renal function cohort. 
	Figure 5. Effect of Severe Renal Impairment on SBECD Pharmacokinetics (geometric mean least-squares ratio and 90% confidence intervals). 
	Figure
	Source: Applicant’s Figure, Summary of Clinical Pharmacology Studies. 
	SBECD has historically been established as a safe and effective component of IV drugs requiring solubilization. The use, applicability, and tolerability of SBECD in humans has been reviewed extensively because there are seven FDA approved medicines that include SBECD in their IV formulations. 
	Table 34. FDA approved products containing SBECD. 
	Source: Applicant’s Figure, Summary of Clinical Pharmacology Studies. 
	Additionally, several of the FDA approved products are also known to (a) have much higher daily exposure to SBECD than brexanolone and (b) have exposure over a longer duration i.e., several days, contrasted with a shorter duration for brexanolone. 
	Table 35. Daily SBECD Doses in Patients with Severe Renal Impairment for Approved 
	SBECD Containing Products, and for Brexanolone. 
	Source: Applicant’s Figure, Summary of Clinical Pharmacology Studies. 
	Therefore, brexanolone levels are anticipated to be generally similar in renal impaired patients, but SBECD levels are expected to be significantly higher in severe renal impaired subjects. Given the experience with the other approved products with similar or higher SBECD amounts, our labelling recommendation for brexanolone is consistent with those other products (i.e., use with caution in moderate and severe renal impaired patients with close monitoring of the serum creatinine levels and not recommended i
	6.3.2.3. Should patients receiving brexanolone treatment continue breast feeding? 
	Yes, we recommend that it is acceptable for patients to continue breast-feeding during the infusion. 
	Study CLP-108 was a dedicated lactation study designed to evaluate the concentration of brexanolone in breast milk of healthy adult lactating women who are being administered 
	Study CLP-108 was a dedicated lactation study designed to evaluate the concentration of brexanolone in breast milk of healthy adult lactating women who are being administered 
	brexanolone IV infusion. The subjects were given a continuous IV infusion of brexanolone identical to the proposed dosing regimen (i.e., for 60 hrs with a maintenance infusion rate of 90 mcg/kg/h). Breast milk was pumped and collected predose and at least every 12 hours throughout the Treatment Period and thereafter through the Day 7 Visit. Corresponding blood samples were also collected from pre-dose, during the infusion and up to 7 days. Plasma and breast milk samples were analyzed for concentrations of b
	-


	Detectable levels of brexanolone were observed in milk. The brexanolone concentration ratio (i.e., concentration in milk: concentration in plasma) was approximately 1.4. A population PK model was developed to characterize brexanolone levels in milk. 
	Figure 6. Model-Predicted Exposures of Brexanolone in Milk Following the Proposed 90 ȝJ.NJ.K 'RVH 5HJLPHQ IRU 6XEMHFWV ZLWK 33D (Median and 5th to 95th percentiles). 
	Figure
	Source: Applicant’s Figure, Summary of Clinical Pharmacology Studies. 
	To assess the worst-case scenario of the relative infant dose, the applicant utilized the highest observed maternal range of plasma AUC values from 24 to 48 hours, when the maximum 90 
	ȝJ.NJ.K LQIXVLRQ ZDV JLYHQ. 
	Table 36. Applicant’s calculation of Maximum Brexanolone Relative Infant Dose (RID). 
	Source: Applicant’s Table, Summary of Clinical Pharmacology Studies. 
	Because of the relative imprecision of the applicant’s estimate of the milk:plasma concentration ratio and assumptions regarding the calculation of average brexanolone in milk, the review team performed a sensitivity analysis utilizing observed milk concentration (Appendix). The calculated %RID when using observed maximum milk concentration of 254 ng/mL was 1.76%, which is consistent with the estimate provided by the applicant. 
	Brexanolone is dosed as an IV infusion to lactating mothers, whereas brexanolone will get delivered orally (not IV) to a child who is breast-fed. The oral bioavailability of brexanolone is known to be <5% in adults. It is unknown how the oral bioavailability from breast milk in neonates or infants compares to the oral bioavailability in adults from the Applicant’s oral solution formulation. If neonates or infants have comparable oral bioavailability from milk to adults with the oral brexanolone formulation 
	Although the amount of brexanolone dose delivered (via milk) to the infant is negligible, the study did not capture the exact amounts of circulating metabolite(s) of brexanolone or the excipient SBECD getting transferred to the infant. SBECD is known to be eliminated primarily via renal filtration and is also known to impact renal function. However, SBECD levels are expected to be low in breast milk due to its physico-chemical properties (i.e., high molecular weight of 2200 Da, extremely hydrophilic, multip
	Therefore, based on extremely low levels of brexanolone in milk and potentially low levels of SBECD in milk, we recommend that it is acceptable for patients to continue breast-feeding during the infusion. 
	6.3.2.4.. Is clinically relevant drug-drug interaction anticipated in patients receiving brexanolone and other comedications? 
	No. The potential for any clinically relevant drug-drug interactions with brexanolone is low. 
	Brexanolone and the three major circulating metabolites (M133, M136 and M137) were all assessed for their in vitro inhibition potential towards the key metabolizing enzymes (i.e., CYP450’s and UGT’s) as well as the key efflux and influx transporters (i.e., Pgp, BCRP, OATP’s, OAT’s, OCT’s etc.) and determined to be non-inhibitors, except some inhibition of CYP2C9 enzyme. A drug interaction study was conducted using the CYP2C9 substrate phenytoin and brexanolone had no effects on the PK of phenytoin. Addition
	The human mass balance and metabolite identification study demonstrated that brexanolone is extensively metabolized via non-CYP based pathways and is bio-transformed majorly via three main routes: Aldo-ketone reductase (AKR), glucuronidase (UGT) and sulfation (SULT). Contrary to CYP pathways, these enzymatic pathways are usually not inhibited readily by exogenous drugs. Concomitant dosing of other medicines was allowed in the clinical studies conducted for brexanolone. Population PK analysis performed for c
	Figure 7. %R[ 3ORWV RI %UH[DQRORQH $8& DW .. DQG .. ȝJ.NJ.K LQ WKH SUHVHQFH DQG DEVHQFH of CYP inhibitors (CYPinh). 
	Figure
	Source: Applicant’s Figure, Summary of Clinical Pharmacology Studies. 
	Figure 8. %R[ 3ORWV RI %UH[DQRORQH $8& DW .. DQG .. ȝJ.NJ.K LQ WKH SUHVHQFH DQG DEVHQFH RI 
	ibuprofen (IBU)—A clinical AKR inhibitor. 
	Figure
	Source: Applicant’s Figure, Summary of Clinical Pharmacology Studies. 
	Figure 9. %R[ 3ORWV RI %UH[DQRORQH $8& DW .. DQG .. ȝJ.NJ.K LQ WKH SUHVHQFH DQG DEVHQFH of hormonal contraceptives (Contra). 
	Figure
	Source: Applicant’s Figure, Summary of Clinical Pharmacology Studies. 
	Therefore, we believe the potential for any clinically relevant drug-drug interactions with brexanolone either as a victim or as a perpetrator is low. 
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	7 
	7 
	Sources of Clinical Data and Review Strategy 

	7.1. Clinical Effectiveness Studies 
	Studies submitted by the Applicant and evaluated for efficacy are listed in Table 37. (A complete Table ofsubmitted studies can be found in Section IO. I: Safety Review Approach.) These studies were randomized, double-blind, and placebo-controlled and were completed in the United States. 
	Table 37.Stud.1es E l t d tor Effi1cacy.
	va ua e 
	Study 547-PPD-
	Study 547-PPD-
	Study 547-PPD-
	Phase 
	NCT Number 
	Population Studied (Baseline HAM-D) 
	Centers Enrolling Patients 
	Placebo 
	Brexanolone 
	Total N 

	202A 
	202A 
	2 
	026I4547 
	Severe PPD (~26) 
	4 
	11 
	IO 
	2I 

	202B 
	202B 
	3 
	02942004 
	Severe PPD (~26) 
	32 
	43 
	79a 
	138 

	202C 
	202C 
	3 
	029420I7 
	Moderate PPD (20 to 25) 
	32 
	53 
	5I 
	I08 

	•Brexanolone 
	•Brexanolone 
	60 ~tg/kg/h, n=38; brexanolone 90 ~tg/kg/h, n=41. 


	Studies 202A, B, and C used one "lllllbrella" protocol. Brexanolone dosing was as previously described (90 µg/kg/h; Section I. I: Product Information) . Important individual study differences were: 
	• .
	• .
	• .
	• .
	Study 202B included an additional brexanolone arm (60 µg/kg/h). In the 60 µg/kg/h group, 

	dosage titration was as follows: 30 µ.g/kg/h for 4 hours, 60 µg/kg/h for 52 hours, 30 µ.g/kg/h for 4 hours. 

	• .
	• .
	Studies 202A and 202B enrolled patients with severe PPD; Study 202C enrolled patients with moderate PPD. 


	Effects were observed over time for the first 60 hours. The primaiy endpoint for the 202 Studies was change from baseline in HAM-D at 60 hours (i.e., the end ofthe infusion). The secondaiy endpoint for Studies 202B and C was the change from baseline in HAM-D at 30 days. 
	Compliance with Good Clinical Practices 
	The Applicant attested to compliance with good clinical practice for all three efficacy studies in accordance with the International Conference on Ha1monisation (ICH) guidelines and with 2 I CFR paits 50, 56, and 3 I2. 
	Data Quality and Integrity 
	The submission contains all required components of the electronic common technical document (eCTD). The overall quality and integrity of the application appear to be acceptable. Requests for additional information from the applicant throughout the review process were addressed in a timely fashion. 
	Financial Disclosure 
	See Section 22.2: Financial Disclosure. 
	7.2. Review Strategy 
	The biostatistics and clinical review teams determined that the three randomized, double-blind, placebo-controlled studies would be reviewed for efficacy. (See Section 1.3: Risk/Benefit Assessment for the discussion of balancing the safety findings against clinical need and the effectiveness for this product.) The biostatistics review team conducted an independent analysis that confirmed the Applicant’s reported results. 
	8 Statistical and Clinical Evaluation of Efficacy 
	8.1. 547-PPD-202A 
	8.1.1. Study Design 
	Overview and Objective 
	The primary objective of 202A was to determine if brexanolone, infused intravenously for 60 hours, reduced depressive symptoms in patients with PPD compared to placebo as assessed by the change from baseline in the 17-item Hamilton Depression Rating Scale (HAM-D) total score. 
	Trial Design 
	This was a multicenter, randomized, double-blind, parallel-group, placebo-controlled study of the efficacy, safety, and PK of brexanolone in adult females diagnosed with severe PPD (defined as a baseline HAM-D score greater than 26). Eligible patients were randomized in 1:1 ratio to receive 60 hours of IV treatment with either brexanolone or placebo. See Figure 10 for a schematic representation of the study design. HAMD total score was scheduled to be assessed at baseline and at Hours 1, 2, 4, 8, 12, 24, 36
	Figure 10. Study Design, Study 202A (Applicant’s Figure). 
	Figure
	Source: Applicant’s Clinical Study Report, Figure 1. 
	Study Assessments and Endpoints 
	The primary efficacy endpoint was change from baseline in HAM-D total score at the end of the treatment period (at 60 hours). There was no secondary endpoint for this study. The HAM-D is a 17-item rating scale with 8 items scored 0 to 2 and nine items scored 0 to 4.  The HAM-D was not modified to remove items that might not change in 60 hours (e.g., weight). 
	Secondary outcomes included the Barkin Index of Maternal Functioning (BIMF), Clinical Global Impression-Improvement (CGI-I), Edinburgh Postnatal Depression Scale (EPDS), Generalized Anxiety Disorder 7-item Scale (GAD-7), a rating of healthcare resource utilization (HCRU), Patient Health Questionnaire 9-item (PHQ-9), and the Short-form 36 (SF-36). 
	The BIMF is a patient reported outcome scale BIMF covers a broad range of functional areas (self-care, infant care, mother-child interaction, psychological well-being of mother, social support, management, adjustment). This new application of maternal functional status is a robust construct where the physical and mental health of the mother is essential to optimal functioning. Each item is rated on a scale of 0 (strongly disagree) to 6 (strongly agree) , and subscales are drawn from these items. 
	The CGI-Severity (CGI-S) item uses a 7-point Likert scale to rate the severity of the patient’s illness at the time of assessment, relative to the clinician’s past experience with patients who have the same diagnosis. Considering total clinical experience, a patient is assessed on severity of mental illness at the time of rating 1 = normal, not at all ill, 2 = borderline mentally ill, 3 = mildly ill, 4 = moderately ill, 5 = markedly ill, 6 = severely ill, and 7 = extremely ill.
	The EPDS is a patient-rated depressive symptom severity scale specific to the perinatal period. The EPDS total score will be calculated as the sum of the 10 individual item scores. 
	The GAD-7 is a patient-rated depressive symptom severity scale (Spitzer 2006). Scoring for GAD-7 generalized anxiety is calculated by assigning scores of 0, 1, 2, and 3 to the response categories, respectively, of “not at all sure,” “several days,” “over half the days,” and “nearly every day.” GAD-7 total score for the seven items ranges from 0 to 21, where a score of 0 to 4 = minimal anxiety, 5 to 9 = mild anxiety, 10 to 14 = moderate anxiety, and 15 to 21 = severe anxiety. 
	Subject-reported healthcare resource utilization data, including baseline diagnosis history, baseline antidepressant treatment history, and healthcare visits, inpatient visits, and medication use was collected at screening and on Day 30 of follow-up (or at early termination). 
	The PHQ-9 is a patient-rated depressive symptom severity scale. To monitor severity over time for newly diagnosed patients or patients in current treatment for depression, patients may complete questionnaires at baseline and at regular intervals thereafter. Scoring is total based on responses to specific questions, as follows: “not at all” = 0; “several days” = 1; “more than half the days” = 2; and “nearly every day = 3.” 
	The Medical Outcomes Study Short Form-36 (SF-36v2) is a 36-item measure of health status that has undergone validation in many different disease states (Ware 2007). The SF-36 covers eight health dimensions including four physical health status domains (physical functioning, role participation with physical health problems [role-physical], bodily pain, and general health) and four mental health status domains (vitality, social functioning, role participation with emotional health problems [role-emotional], a
	Safety assessments included the Columbia Suicide Severity Rating Scale (C-SSRS) and the Stanford Sleepiness Scale (SSS; Study 202A only).  See Section 10: Review of Safety for more information on these scales. 
	See Table 38 for the schedule of study assessments. 
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	Table 38. Schedule of Assessments for 547-PPD-202 Umbrella Protocol. 
	Assessments 
	Assessments 
	Assessments 
	Scree nine 
	T reatm
	ent 
	Follow-up 

	0 -7 to -1 
	0 -7 to -1 
	0 1 
	02 
	0 3 
	0 3 
	0 7 
	012• 
	0141' 
	02111 
	0 30 

	HO 
	HO 
	H2 
	H4 
	HS 
	H12 
	H18 
	H24 
	H30 
	H36 
	H42 
	H48 
	H54 
	H60 
	H66 
	H72 

	History and Physical 
	History and Physical 
	x 
	x 
	x 

	Vital si1ms 
	Vital si1ms 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 

	EKG 
	EKG 
	x 
	x 
	x 

	Pulse Oximetrv• 
	Pulse Oximetrv• 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 

	Clinical Labs 
	Clinical Labs 
	x 
	x 
	x 

	Pretmancv Testc 
	Pretmancv Testc 
	x 
	x 
	x 

	C-SSRS 
	C-SSRS 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 

	HAM-D 
	HAM-D 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 

	CGT-S 
	CGT-S 
	x 
	x 

	CGI-1 
	CGI-1 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 

	MADRS 
	MADRS 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 

	BIMF, SF-36b 
	BIMF, SF-36b 
	x 
	x 
	x 
	x 
	x 

	EPDS, GAD-7, PH0 -9 
	EPDS, GAD-7, PH0 -9 
	x 
	x 
	x 
	x 
	x 
	x 

	HCRU 
	HCRU 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 

	sss• 
	sss• 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 
	x 


	•study 202A only (pulse oximetry not recorded on case report forms). .bStudies 202B and Conly. .cserum at screening; urine all other times. .
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	Statistical Analysis Plan 
	The statistical plan was finalized before the data were unblinded. The Efficacy Population included all randomized subjects who started the infusion of study drug and had a valid baseline HAM-D assessment and at least one post-baseline HAM-D assessment. This analysis population was used for all efficacy analyses. 
	The change from baseline in HAM-D total score at all post-baseline visits was analyzed using a mixed effects model for repeated measures (MMRM), the model included center, treatment, baseline HAM-D total score, assessment time point, and time point-by-treatment as explanatory variables. Center was planned to be treated as a random effect, while all other explanatory variables were treated as fixed effects. However, due to the fact that several sites had a small number of subjects enrolled, center was remove
	An interim analysis of the placebo group was planned to be conducted by an independent statistician for sample size re-estimation purposes when at least 16 subjects had completed HAM-D efficacy assessments through 60 hours. Based on the interim observed placebo response rate only, the independent statistician would communicate one of the following messages back to the Applicant: (1) “No adjustment to the sample size is required” or (2) “Increase the sample size by 5 subjects per group.” Because the Applican
	Biometric Reviewer Comment: The Statistical Analysis Plan (SAP) was not submitted during the IND stage. Therefore, FDA did not review the SAP. FDA was concerned about the original plan of treating center as a random effect because it was not clear if the center effect followed a normal distribution. 
	Protocol Amendments 
	The 202A protocol was amended twice as follows (only substantive changes presented): x December 22, 2015 
	o. added optional breastmilk PK sampling 
	o. added optional breastmilk PK sampling 
	o. added optional breastmilk PK sampling 

	o. HQGHG .. ȝJ.NJ.K LQIXVLRQ DW Hour 52 and added the 8-hour taper (previously, the ...ȝJ.NJ.K LQIXVLRQ UDQ XQWLO +RXU .... 
	o. HQGHG .. ȝJ.NJ.K LQIXVLRQ DW Hour 52 and added the 8-hour taper (previously, the ...ȝJ.NJ.K LQIXVLRQ UDQ XQWLO +RXU .... 

	o. pulse oximetry assessment was changed from collection at specific timepoints to 
	o. pulse oximetry assessment was changed from collection at specific timepoints to 


	continuous monitoring (checked every 2 hours) during the infusion 
	x 
	June 30, 2016 
	o. Parts 202B and C were added to the existing 202A protocol 
	Clinical Reviewer Comment: None of the amendments altered study integrity. Continuous pulse oximetry improved study safety; however, values were not recorded on case report forms nor submitted with the NDA. The taper was in response to convulsions seen in animal studies when large brexanolone doses were withdrawn. There were no convulsions in any of the human studies. 
	8.1.2. Study Results 
	Patient Disposition 
	This trial was conducted in four centers in the United States. A total of 23 subjects were screened; two were screening failures, leaving 21 subjects (10 SAGE-547, 11 placebo) randomized and treated. All 21 subjects completed the study and were included in the planned analyses. 
	Protocol Violations/Deviations 
	There were no protocol violations. Eight brexanolone and seven placebo patients had minor protocol deviations (e.g., missing an assessment at a certain time point). One brexanolone and two placebo patients had major protocol deviations. 
	x. Subject baseline. After the start of the infusion, it was discovered that she was taking 6 mg clonazepam daily. The clonazepam was discontinued during the infusion, restarted at 2 mg on Day 4, and discontinued again on Day 9. 
	. EUH[DQRORQH .. ȝJ.NJ.K. ,QLWLDOO\ EHOLHYHG WR EH WDNLQJ ... PJ FORQD]HSDP DW 

	x. Subject ; placebo: A pump error caused the infusion to stop at Hour 21. It was restarted without incident at Hour 24. 
	Hour 48.5. 
	x. Subject ; placebo: The infusion was interrupted for localized edema from Hour 46 to 
	Table of Demographic Characteristics 
	All subjects (100%) were female. A summary of the other demographic data is presented in Table 39. 
	Tabl 39 D emo2raph"1c Ch tud 202A.
	e . aracteristics, S y 
	Characteristic Age, years Mean (SD) Median Min, Max Race, n (%) AA/Black White Ethnicity, n (%) Hispanic Non-hispanic Height, cm Mean(SD) Median Min, Max Weight, kg Mean (SD) Median Min, Max BMI, kg/m~ Mean(SD) Median Min, Max 
	Characteristic Age, years Mean (SD) Median Min, Max Race, n (%) AA/Black White Ethnicity, n (%) Hispanic Non-hispanic Height, cm Mean(SD) Median Min, Max Weight, kg Mean (SD) Median Min, Max BMI, kg/m~ Mean(SD) Median Min, Max 
	Characteristic Age, years Mean (SD) Median Min, Max Race, n (%) AA/Black White Ethnicity, n (%) Hispanic Non-hispanic Height, cm Mean(SD) Median Min, Max Weight, kg Mean (SD) Median Min, Max BMI, kg/m~ Mean(SD) Median Min, Max 
	Placebo (n=ll) 28.8 (4.6) 28 22, 36 6 (55%) 5 (45%) 0 11 (100%) 161.7 (6.7) 162 151 , 174 77.0 (22.3) 73.5 53.3, 122.6 29.3 (7.8) 28.2 21.0, 45.0 
	Brexanolone 90 µg/kg/h (n=l O) 27.4 (5.3) 27 20, 40 7 (70%) 3 (30%) 0 10 (100%) 162 (7.1) 164 153, 175 86.7 (28.8) 76.5 49.7, 130.7 32.7 (9.9) 30.5 20.4, 47.1 


	Clinical Reviewer Comment: This was a ve1y small, Phase 2 study and cannot be expected to adequately represent the diversity ofthe U.S. population. However, African-American/black patients were well-represented. 
	Other Baseline Characteristics 
	Concomitant antidepressant and benzodiazepine medications were allowed. See Table 40 for antidepressant use at baseline in Study 202A. 
	T bl 40 A .d ase 1ne, y
	a e . ntI epressant useat B r Stud 202A. 
	Antidepressant Any antidepressanta Bupropion Citalopram Escitalopram Fluoxetine Nortriptylineb Sertraline Trazodoneb Venlafaxine 
	Antidepressant Any antidepressanta Bupropion Citalopram Escitalopram Fluoxetine Nortriptylineb Sertraline Trazodoneb Venlafaxine 
	Antidepressant Any antidepressanta Bupropion Citalopram Escitalopram Fluoxetine Nortriptylineb Sertraline Trazodoneb Venlafaxine 
	Placebo (n=ll) 3 2 1 1 2 1 2 1 2 
	Brexanolone 90 µg/kg/h (n=l O) 3 1 0 0 1 0 2 1 0 


	•several patients were on multiple antidepressants at the start ofthe study. .bRecorded as used for insomnia. .Treatment Compliance and Rescue Medication Use .Because the study diug was administered as an infusion in a monitored setting, compliance was .
	100%. ."Rescue antidepressant use" (Table 41) was defined as either of the following at Day 4 or later: .
	• 
	• 
	• 
	fuitiation ofa new antidepressant .

	• 
	• 
	Any increase in dose for a medication previously taken at a stable, lower dose .


	The Applicant defined antidepressant medications as those with an "[Anatomical Therapeutic Chemical] ATC 3 code N06A or N05A, or with indication containing te1ms depression, postpartum depression, major depression, PPD, MDD, or mood." 
	e . d
	e . d
	Tabl 41 R escue ntIepressant Use, Stu lY 202A. 
	A
	.d 


	Antidepressant 
	Antidepressant 
	Antidepressant 
	Placebo (n=ll) 
	Brexanolone 90 µg/kg/h (n=l O) 

	fuitiation ofNew Antidepressant or fucrease in Antidepressant Dose 
	fuitiation ofNew Antidepressant or fucrease in Antidepressant Dose 
	3a 
	3 


	•one patient had initiation ofnortriptyline for sleep. 
	Clinical Reviewer Comment: All six patients who met the criteria for use ofa "rescue 
	antidepressant" were also taking antidepressants at baseline. Put another way, all subjects 
	taking an antidepressant at baseline were thought to require some change to their regimen after 
	exposure to study drug. However, there was no difference between brexanolone andplacebo 
	groups. 
	Efficacy Results: Primary Endpoint 
	97 
	The single, primary efficacy endpoint was change from baseline in HAMD total at Hour 60. The primru.y analysis result is summru.·ized in Table 42. There were no missing data for the primru.y endpoint. Figure 11 displays the histogram ofthe magnitude of improvement from baseline in HAM-D total at Hour 60. 
	Table 42. Primary Analysis Results on Change-from-Baseline in HAM-D Total at Hour 60, St udly 202A. 
	Table
	TR
	Placebo (n=ll) 
	Brexanolone 90 µg/kg/h (n=lO) 

	Mean score at Baseline (SD) 
	Mean score at Baseline (SD) 
	28.8 (1.99) 
	28. 1 (1.29) 

	Mean Score at Hour 60 (SD) 
	Mean Score at Hour 60 (SD) 
	19.7 (9.59) 
	7.5 (8.72) 

	LS Mean Change from Baseline (SE) 
	LS Mean Change from Baseline (SE) 
	-8.8 (2.80) 
	-21.0 (2.94) 

	Placebo -subtracted Difference (95% CD 
	Placebo -subtracted Difference (95% CD 
	-12.2 (-20.8, -3.7) 

	P-value 
	P-value 
	0.008 


	Source: Biostatistics Reviewer's Analysis ( dqshamd.xpt). 
	Figure 11. Histogram of the Magnitude of Improvement from Baseline in HAM-D Total at Hour 60, Study 202A. 
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	Magnitude of Improvement from Baseline in HAM-D Total ID Placebo • SAGE-547 I 
	Source: Biostatistics Reviewer's Analysis (dqshamd.xpt). 
	The time course of the treatment effect is graphically presented in Figure 12 and Figure 13. There was a numerically greater change from baseline for the SAGE-547 group at all time points 
	through Day 30 and the effect appeared maximal at 24 to 36 hours, after which it appeared stable for 30 days. 
	Figure 12. Least Squared Mean Difference and 95% Confidence Interval of Treatment Effect Over Time, Study 202A. 
	Figure
	Source: Biostatistics Reviewer’s Analysis (dqshamd.xpt). 
	Figure 13. Least Squared Mean (±SE) Change-from-Baseline over Time in HAM-D Total 
	Score, Study 202A. 
	Source: Biostatistics Reviewer’s Analysis (dqshamd.xpt). 
	A sample-size re-estimation analysis was conducted by an independent CRO statistician when 16 subjects had completed HAM-D efficacy assessments through Hour 60. As a result of this analysis, the independent statistician communicated that no increase in the planned sample size was required. As there was no analysis of drug effect and Sage was kept blinded to the data and uninformed of the interim results (i.e., response rates) until final database lock, no statistical adjustment was made to the level of sign
	This trial was conducted in the United States. All subjects were adult females. Because of the small sample size of the study, no subgroup analysis by age, gender and race was performed.
	Efficacy Results: Secondary Endpoints 
	Study 202A included no prespecified secondary endpoints. 
	Dose and Dose Response 
	Study 202A did not explore dose response. 
	Durability of Response with Continued Administration 
	Brexanolone is delivered as a one-time infusion. The Applicant did not investigate durability of response with continued administration. 
	Persistence of Effect 
	Figure
	Study 202A did not prespecify any secondary endpoints. Nevertheless, the placebo-adjusted least squared mean change for the HAM-D at Day 30 was -11.9 (SE=4.1; p=0.0095). 
	8.2. 547-PPD-202B 
	8.2.1. Study Design 
	Overview and Objective 
	The primary objective was to determine if SAGE-... LQIXVHG LQWUDYHQRXVO\ DW XS WR .. ȝJ.NJ.K for 60 hours reduces depressive symptoms in subjects with severe PPD compared to placebo injection, as assessed by the change from baseline in HAM-D total score, and to compare two doses of SAGE-.... .. ȝJ.NJ.K DQG .. ȝJ.NJ.K. 
	Trial Design 
	The trial design was similar to the design of Trial PPD-202A with the principal difference being the inclusion of an additional dose arm and stratification by antidepressant use at baseline, as suggested by FDA. Follow-up visits at Day 14 and 21 were added by amendment in January 2017, but earlier patients were not assessed at these time points. The sample sizes at these two visits were, therefore, smaller than the sample sizes at the other visits (i.e., Days 7, 30). Subjects were randomly assigned to one o
	This trial was conducted entirely in the United States. The trial design is presented in Figure 14. HAM-D total score was scheduled to be assessed at baseline and Hours 1, 2, 4, 8, 12, 24, 36, 48, 60, 72 and Days 7, 14, 21, and 30 (see Table 38). Entry criteria were a diagnosis of PPD starting during the third trimester or within 4 weeks of delivery and a HAM-' VFRUH RI • ... 
	Figure 14. Study Design, Study 202B (Applicant Figure). 
	Source: Clinical Study Report Figure 1. 
	Study Assessments and Endpoints 
	The change from baseline in HAM-D total score at the end of the treatment period (Hour 60) was the primary efficacy endpoint. The change from baseline in HAM-D total score at Day 30 was the pre-specified secondary efficacy endpoint. 
	Statistical Analysis Plan 
	The statistical analysis plan (SAP) was evaluated in the statistical review dated 12/13/2016 in DARRTS under IND 122279. The statistical plan was finalized before data lock. The Efficacy Set included all randomized subjects who started the infusion of study drug and who had a valid baseline HAM-D assessment and at least one postbaseline HAM-D assessment. This analysis population was used for all efficacy analyses. All the post-baseline assessments of the efficacy population were used in all efficacy analysi
	Change from baseline to each postbaseline assessment time point in HAM-D total score was analyzed using MMRM. The model included the change from baseline at each visit time point as the dependent variable, center (pooled), treatment, baseline antidepressant use, baseline HAM-D total score, visit time point, and visit time point-by-treatment interaction terms as explanatory variables. All explanatory variables including pooled center were treated as a fixed effect in the primary analysis. To control the type
	Figure 15. Multiple Testing Method, Study 202B (Applicant Figure). 
	Figure
	Source: Clinical Study Report Figure 2. 
	Protocol Amendments 
	The 202B protocol was amended twice as follows (only substantive changes presented): x January 31, 2017 
	o. removed the Stanford Sleepiness Scale, added the SF-36 and HCRU 
	o. removed the Stanford Sleepiness Scale, added the SF-36 and HCRU 
	o. removed the Stanford Sleepiness Scale, added the SF-36 and HCRU 

	o. Clarified follow-ups (7, 12, and 30 days for 202A; 7, 14, 21, 30 days for 202B and 202C) 
	o. Clarified follow-ups (7, 12, and 30 days for 202A; 7, 14, 21, 30 days for 202B and 202C) 

	o. Stratified enrollment by baseline antidepressant use 
	o. Stratified enrollment by baseline antidepressant use 

	o. Removed pulse oximetry assessment 
	o. Removed pulse oximetry assessment 

	o. Removed the breast milk PK sub-study from the PPD-202 Umbrella Protocol 
	o. Removed the breast milk PK sub-study from the PPD-202 Umbrella Protocol 


	x. March 16, 2017 
	o. Shortened requirement for pumping and discarding breastmilk based on data and advice from FDA (from 12 to 7 days) 
	Clinical Reviewer Comment: None of the amendments altered study integrity. It is unfortunate that we have no pulse oximetry data from the studies. 
	8.2.2. Study Results 
	Patient Disposition 
	This trial was conducted in 32 centers in the United States. One hundred thirty-eight subjects were randomized into the study, 122 of whom received study drug (43 placebo, 38 brexanolone .. ȝJ.NJ.K. DQG .. brexanolone .. ȝJ.NJ.K.. 2I WKH VXEMHFWV ZKR UHFHLYHG VWXG\ GUXJ. QLQH discontinued the study early (one placebo, three brexanolone .. ȝJ.NJ.K. ILYH brexanolone 90 ȝJ.NJ.K.. 1R VXEMHFW ZLWKGUHZ IURP WKH VWXG\ EHFDXVH RI DQ $(. 7KH ,77 SRSXODWLRQ FRQWDLQV DOO
	This trial was conducted in 32 centers in the United States. One hundred thirty-eight subjects were randomized into the study, 122 of whom received study drug (43 placebo, 38 brexanolone .. ȝJ.NJ.K. DQG .. brexanolone .. ȝJ.NJ.K.. 2I WKH VXEMHFWV ZKR UHFHLYHG VWXG\ GUXJ. QLQH discontinued the study early (one placebo, three brexanolone .. ȝJ.NJ.K. ILYH brexanolone 90 ȝJ.NJ.K.. 1R VXEMHFW ZLWKGUHZ IURP WKH VWXG\ EHFDXVH RI DQ $(. 7KH ,77 SRSXODWLRQ FRQWDLQV DOO
	122 randomized subjects who received study drug. Of the 122 subjects, 119 (97.5%) had a primary efficacy endpoint assessment (Hour 60) and 113 (92.6%) had the pre-specified secondary endpoint assessment (Day 30). 

	Protocol Deviations 
	There were no protocol violations (i.e., a protocol deviation that reduces the quality or completeness of the data, makes the informed consent document inaccurate, or impacts a subject's safety, rights, or welfare). 
	$OO SDWLHQWV LQ WKH EUH[DQRORQH .. ȝJ.NJ.K DUP .Q .... .. SDWLHQWV LQ WKH EUH[DQRORQH ..ȝJ.NJ.K 
	arm, and 33 patients in the placebo arm had protocol deviations. Most were considered minor (e.g., an assessment performed out of window). Four brexanolone .. ȝJ.NJ.K SDWLHQWV and two EUH[DQRORQH .. ȝJ.NJ.K patients had more serious protocol deviations. 
	patients with a HAM-D of 20 to 25). 
	x 
	x 
	x 
	Subject EUH[DQRORQH .. ȝJ.NJ.K. Patient’s baseline HAM-D score was 25, but she was randomized to 202B (202B was for patients with a HAM-' RI � ... ...& ZDV IRU 

	x 
	x 
	Subject EUH[DQRORQH .. ȝJ.NJ.K. Patient’s infusion was calculated based on the wrong weight (79 kg versus actual weight of 53 kg). 


	x. Subject [DQRORQH .. ȝJ.NJ.K: Patient’s coagulation labs were not processed by the lab. 
	; bre

	x Subject EUH[DQRORQH .. ȝJ.NJ.K. 3DWLHQW¶V DQWLGHSUHVVDQW GRVH ZDV QRW VWDEOH LQ WKH 
	14 days prior to screening (patient had discontinued bupropion 19 days before infusion). 
	x Subject 
	EUH[DQRORQH .. ȝJ.NJ.K. 3DWLHQW¶V VFUHHQLQJ XULQDO\VLV ZDV QRW GRQH. 
	EUH[DQRORQH .. ȝJ.NJ.K. 3DWLHQW¶V VFUHHQLQJ XULQDO\VLV ZDV QRW GRQH. 
	Figure

	x Subject 

	EUH[DQRORQH .. ȝJ.NJ.K. 3DWLHQW¶V EDVHOLQH +$0-D score was 23, but she was randomized to 202B (202B was for patients with a HAM-' RI � ... ...& ZDV for patients with a HAM-D of 20 to 25). 
	Clinical Reviewer Comment: I do not believe these deviations would have had a significant effect on the study’s efficacy results. The mis-assignment of patients with “moderate” rather than “severe” PPD to the Study did not confound the interpretation of the results. 
	Table of Demographic Characteristic 
	All subjects (100%) were female. The study was conducted entirely in the United States. A summary of the other demographic data is presented in Table 43. 
	Table 43.Demo2raph"1c Ch aract eri.stics, Study 202B. 
	Characteristic 
	Characteristic 
	Characteristic 
	Placebo (n=43) 
	Brexanolone 60 µg/kg/h (n=38) 
	Brexanolone 90 µg/kg/h (n=41) 

	Age, years 
	Age, years 

	Mean (SD) 
	Mean (SD) 
	27.2(6.1) 
	27.7 (6.5) 
	27.5 (6.1) 

	Median 
	Median 
	27 
	27 
	27 

	Min, Max 
	Min, Max 
	18, 42 
	18, 42 
	19, 42 

	Race, n (%) 
	Race, n (%) 

	AA/Black 
	AA/Black 
	15 (35%) 
	12 (32%) 
	8 (19%) 

	Am Indian/ Alaskan Native 
	Am Indian/ Alaskan Native 
	1 (2%) 
	0 
	0 

	Asian 
	Asian 
	0 
	0 
	1 (2%) 

	Native Hawaiian/Pacific Islander 
	Native Hawaiian/Pacific Islander 
	0 
	0 
	1 (2%) 

	White 
	White 
	27 (63%) 
	25 (66%) 
	29 (70%) 

	Other 
	Other 
	0 
	1 (3%) 
	2 (5%) 

	Ethnicity, n (%) Hispanic Non-hispanic 
	Ethnicity, n (%) Hispanic Non-hispanic 
	7 (16%) 36 (84%) 
	3 (8%) 35 (92%) 
	7 (17%) 34 (83%) 

	Height, cm 
	Height, cm 

	Mean (SD) 
	Mean (SD) 
	165.4 (8.0) 
	164.1 (6.5) 
	164.3 (6.7) 

	Median 
	Median 
	164.4 
	165.0 
	163.0 

	Min, Max 
	Min, Max 
	145.0, 180.3 
	147.3, 178.5 
	149.8, 180.3 

	Weight, kg 
	Weight, kg 

	Mean (SD) 
	Mean (SD) 
	81.8 (23.4) 
	87.1 (20.8) 
	80.7 (20.5) 

	Median 
	Median 
	74.9 
	85.5 
	82.7 

	Min, Max 
	Min, Max 
	48.1, 142.3 
	48.5, 134.7 
	52.2, 125.0 

	BMI, kg/m~ 
	BMI, kg/m~ 

	Mean (SD) 
	Mean (SD) 
	29.9 (8.2) 
	32.3 (7.4) 
	29.8(7.1) 

	Median 
	Median 
	28.6 
	31.7 
	29.3 

	Min, Max 
	Min, Max 
	17.9, 51.7 
	20.2, 48.0 
	19.0, 50.7 


	Clinical Reviewer Comment: The 2015 US. Census data reports 77% ofthe population is white, 13% is African American/black, and 6% is Asian; Hispanics make-up 18% ofthe population. The Study 's enrollment does not reflect the exact racial and ethnic make-up ofthe country, but (for a study ofits size) the Applicant did well, enrolling at least one Alaskan Native/American 
	Indian and one Native Hawaiian/Pacific Islander as well as a substantial African­
	American/black population. There were minor differences in proportions ofpatients ofdifferent 
	races and ethnicities between arms, but I do not feel this represents a significant problem in 
	interpreting the study 's results. The mean/median ages appear to well-represent the population 
	ofinterest (i.e., not skewed to younger or older mothers). 
	Differences in weight/BM! between arms are not likely to affect results because brexanolone 
	dosing is weight-based, but the mean weights between the brexanolone 60 and 90 µglkglh arms 
	were not statistically different (t-test 1.4; p=0.17). 
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	Other Baseline Characteristics .See Table 44 for baseline characteristics of interest in Study 202B. Table 43 includes .medications with potential antidepressant action being taken at baseline. .Table 44. Basee Patient Characteistics, Study 202. .
	lin
	r
	B

	Characteristic Prior antidepressant treatment, n (%) Onset of PPD, n (%) Third Trimester Within 4 weeks of delive1y Previous episodes of depression, n (%) 1 2 3 >3 Previous episodes of PPD, n (%) Yes Severity of Depression at Baseline HAM-D, Mean (SD) EPDS, Mean (SD) 
	Characteristic Prior antidepressant treatment, n (%) Onset of PPD, n (%) Third Trimester Within 4 weeks of delive1y Previous episodes of depression, n (%) 1 2 3 >3 Previous episodes of PPD, n (%) Yes Severity of Depression at Baseline HAM-D, Mean (SD) EPDS, Mean (SD) 
	Characteristic Prior antidepressant treatment, n (%) Onset of PPD, n (%) Third Trimester Within 4 weeks of delive1y Previous episodes of depression, n (%) 1 2 3 >3 Previous episodes of PPD, n (%) Yes Severity of Depression at Baseline HAM-D, Mean (SD) EPDS, Mean (SD) 
	Placebo (n=43) 14 (33%) 14 (33%) 29 (67%) 12 (28%) 3 (7%) 1 (2%) 0 16 (37%) 28.6 (2.5) 21.7 (3.0) 
	Brexanolone 60 µg/kg/h (n=38) 15 (40%) 10 (26%) 28 (74%) 8 (21%) 4 (11%) 0 0 12 (32%) 29.0 (2.7) 21.7 (3.4) 
	Brexanolone 90 µg/kg/h (n=41) 13 (32%) 8 (20%) 33 (80%) 7 (17%) 2 (5%) 0 1 (2%) 10 (24%) 28.4 (2.5) 19.9 (3.7) 


	Clinical Reviewer Comment: The groups were fairly well-matched at baseline. Although there were numerical differences in the proportions ofpatients who were diagnosed within 4 weeks of delive1y, the difference between the brexanolone 90 µglkg/h andplacebo groups was not significant (Chi square=J.8, p =0.18) . The mean HAM-D at baseline indicates that, on average, the patients' PPD was, indeed, severe (defined by the Applicant as~26) . 
	Tabl 45 A nfdI e 1ca on sea Uly
	Tabl 45 A nfdI e 1ca on sea Uly
	e . epressant M d. ti U t B ase rme, St d 202B.a 

	Class Medication At least one antidepressant SNRI Duloxetine Venlafaxine Citalopram Escitalopram SSRI Fluoxetine Paroxetine Seitraline TCA Clomipramine Bupropion Other Mi11azapine Antidepressants Trazodone V 011ioxetine Aripiprazole Other Drngs Cariprazine Quetiapine 
	Class Medication At least one antidepressant SNRI Duloxetine Venlafaxine Citalopram Escitalopram SSRI Fluoxetine Paroxetine Seitraline TCA Clomipramine Bupropion Other Mi11azapine Antidepressants Trazodone V 011ioxetine Aripiprazole Other Drngs Cariprazine Quetiapine 
	Class Medication At least one antidepressant SNRI Duloxetine Venlafaxine Citalopram Escitalopram SSRI Fluoxetine Paroxetine Seitraline TCA Clomipramine Bupropion Other Mi11azapine Antidepressants Trazodone V 011ioxetine Aripiprazole Other Drngs Cariprazine Quetiapine 
	Placebo (n=43) 14 (33%) 0 0 0 1 (2%) 2 (5%) 2 (5%) 7 (16%) 0 1 (2%) 0 2 (5%) 1 (2%) 1 (2%) 0 1 (2%) 
	Brexanolone 60 µg/kg/h (n=38) 14 (37%) 0 0 1 (3%) 2 (5%) 2 (5%) 0 7 (18%) 0 4 (11%) 0 1 (3%) 0 0 0 1 (3%) 
	Brexanolone 90 µg/kg/h (n=41) 13 (32%) 1 (2%) 1 (2%) 0 0 1 (2%) 0 9 (22%) 1 (2%) 1 (2%) 2 (5%) 1 (2%) 0 1 (2%) 1 (2%) 1 (2%) 


	•Patients could be taking more than one ofthese chugs. 
	Clinical Reviewer Comment: One-third ofthe 202B patients were on an antidepressant at the start ofthe trial. The enrolled sample is representative ofpatients both already taking a psychotropic medication and those not already taking a psychotropic medication. However, patients were on a wide variety ofmedications and it is impossible to say how brexanolone interacts with any individual drug or class. 
	Treatment Compliance and Rescue Medication Use .Because the study diug was administered as an infusion in a monitored setting, compliance was .100%. .Table 46 presents rescue antidepressant use in the study. .Tabl 46 R escue A St ud 202B ..
	e . n 1 f depressant U se, ly 
	Rescue Antidepressant 
	Rescue Antidepressant 
	Rescue Antidepressant 
	Placebo (n=43) 
	Brexanolone 60 µg/kg/h (n=38) 
	Brexanolone 90 µg/kg/h (n=41) 

	fuitiation ofNew Antidepressant or fucrease in Antidepressant Dose, n (%) 
	fuitiation ofNew Antidepressant or fucrease in Antidepressant Dose, n (%) 
	3 (7%) 
	4 (11%) 
	5 (12%) 


	Efficacy Results: Primary Endpoint and Prespecified Secondary Endpoints A summaiy ofstatistical significance for the primaiy and prespecified secondaiy efficacy 
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	endpoints according to the pre-specified testing procedure is summarized in Table 47. All prespecified comparisons were considered statistically significant based on the testing procedure. No sensitivity analysis was perfo1med because of the negligible level ofmissing data. Figure 16 and Figure 17 display the histograms ofthe magnitude of improvement from baseline in HAM-D total at Hour 60 and Day 30, respectively. 
	T bl 47 P nmary Effi1cacy and S econ ary 1cacy R s,
	. u ly 
	. u ly 
	a e . d Effi esu It St d 202B. 

	Timepoint 
	Timepoint 
	Timepoint 
	Placebo (n=43) 
	Brexanolone 60 µg/kg/h (n=38) 
	Brexanolone 90 µg/kg/h (n=41) 

	Hour 60 
	Hour 60 
	Mean score at Baseline (SD) 
	28.6 (2.54) 
	29.0 (2.70) 
	28.4 (2.47) 

	Mean Score at Hour 60 (SD) 
	Mean Score at Hour 60 (SD) 
	14.6 (7.55) 
	9.2 (7.01) 
	10.7 (5.78) 

	LS Mean Change from Baseline (SE) 
	LS Mean Change from Baseline (SE) 
	-14.40 (1.15) 
	-19.5 (1.23) 
	-17.7 (1.19) 

	Placebo-subtracted Difference (95% CI) 
	Placebo-subtracted Difference (95% CI) 
	-5.5 (-8.8, ­2.2) 
	-3.7 (-6.9, ­0.5) 

	P-value (unadjusted) 
	P-value (unadjusted) 
	0.0013 
	0.0252 

	Significance (MCP-adjusted) 
	Significance (MCP-adjusted) 
	Yes 
	Yes 

	Day30 
	Day30 
	Mean Score at Baseline (SD) 
	28.6 (2.54) 
	29.0 (2.70) 
	28.4 (2.47) 

	Mean Score at Day 30 (SD) 
	Mean Score at Day 30 (SD) 
	14.7 (9.46) 
	9.1 (7.97) 
	11.0 (8.34) 

	LS Mean Change from Baseline (SE) 
	LS Mean Change from Baseline (SE) 
	-13.8 (1.32) 
	-19.5 (1.44) 
	-17.6 (1.40) 

	Placebo-subtracted Difference (95% CI) 
	Placebo-subtracted Difference (95% CI) 
	-5.6 (-9.5, ­1.8) 
	-3.8 (-7.6, ­0.0) 

	P-value (unadjusted) 
	P-value (unadjusted) 
	0.0044 
	0.0481 

	Si!mificance (MCP-adiusted) 
	Si!mificance (MCP-adiusted) 
	Yes 
	Yes 


	MCP=Multiple comparison procedures. 
	CI were not adjusted with multiplicity. 
	Source: Biostatistics Reviewer's Analysis (adqspri.xpt). 
	Figure 16. Histogram of the Magnitude of Improvement from Baseline in HAM-D Total at Hour 60, Study 202B. 
	Figure
	Source: Biostatistics Reviewer’s Analysis (adqspri.xpt). 
	Figure 17. Histogram of the Magnitude of Improvement from Baseline in HAM-D Total at Day 30, Study 202B. 
	Figure
	Source: Biostatistics Reviewer’s Analysis (adqspri.xpt). 
	As displayed in Figure 18, all treatment groups showed a decrease in HAM-D total score over the first 72 hours, with numerically greater change from baseline for both brexanolone groups at all time points starting at Hour 24. As in Study 202A, the full drug-placebo difference was 
	REVHUYHG DW .. KRXUV. ZKHQ D GRVH RI .. ȝJ.NJ.K ZDV XVHG LQ ERWK WUHDWPHQW JURXSV. 
	Figure 18. Least Squared Mean (±SE) Change-from-Baseline over Time in HAM-D Total Score, Study 202B (Applicant Figure). 
	Figure
	Note: the significance at each timepoint was not adjusted for multiplicity. Source: Clinical Study Report Figure 3. 
	Further exploratory subgroup analyses on the primary endpoint were assessed by age group (18 to 24 vs. 25 to 45), race, baseline antidepressant use, baseline BMI, onset of PPD, and family history of PPD. Results are shown in Figure 19.
	Figure 19. Least Squared Mean Difference between Brexanolone and Placebo (with 95% Confidence Interval) for Change-from-Baseline at Hour 60 in HAM-D Total Score Based on MMRM Analysis by Subgroup, Study 202B. 
	Figure
	Source: Biometrics Reviewer’s Analysis (adsl.xpt and adqspri .xpt). 
	Biostatistics Reviewer Comment: The estimates in the smaller subgroups are subject to large sampling variation, but no apparent subgroup differences were observed. 
	Exploratory Endpoints 
	The Applicant defined response as a reduction of HAM-D score of at least 50% compared with baseline. Remission was having a HAM-' VFRUH � .. At Hour 60 and Day 30, more patients on brexanolone .ERWK WKH .. DQG WKH .. ȝJ.NJ.K DUPV. than placebo reached response (see Figure 20). At Hour 60, more patients receiving EUH[DQRORQH .. ȝJ.NJ/heached remission than patients receiving placebo. 
	Figure 20. Percentages of Patients Reaching Response and Remission, Study 202B. 
	* † * † † 
	*=p<0.01; †=p<0.05 when compared to placebo arm. P-values for these exploratory endpoints did not take into. account multiplicity adjustment.. Source: Clinical reviewer’s analysis.. 
	Table 46 includes exploratory endpoints from Study 202B. These results represent a range of patient experience with the drug (in addition to the primary and pre-specified secondary endpoints). Of note, CGI-I response is defined as a score of 1 (very much improved) or 2 (much improved). There were no statistically significant differences in any of the eight sub-scores of the SF-36 or on the HCRU (data not shown). 
	Clinical Review Comment: Although few results were statistically significant, numerically results are consistent with the primary and prespecified endpoints. 
	e 48 E xp ora ory E d . t StUldy 202B
	Tabl . l t n 1pom s, . 
	Timepoint Hour 60 Day30 
	Timepoint Hour 60 Day30 
	Timepoint Hour 60 Day30 
	Scale CGI-I GAD-7 EPDS PHQ-9 CGI-I GAD-7 EPDS PHQ-9 BIMF 
	Parameter Response, % LS Mean Change from Baseline (SE) LS Mean Change from Baseline (SE) LS Mean Change from Baseline (SE) Response, % LS Mean Change from Baseline (SE) LS Mean Change from Baseline (SE) LS Mean Change from Baseline (SE) LS Mean Change from Baseline (SE) 
	Placebo (n=43) 56 -7.7 (7.2) -8.7 (1.0) -7.9 (1.1) 52 -8.5 (7.3) -9.2(1.1) -9.5 (1.1) 20.4 (2.8) 
	Brexanolone 60 µg/kg/h (n=38) 84* -8.1 (7.3) -1 0.3 (1.1) -8.8 (1.2) sot -9.9 (6.8) -12.8 (1.3)1 -12.0 (1.3) 29.0 (3.0)t 
	Brexanolone 90 µg/kg/h (n=41) 82t -7.3 (6.4) -9.8 (1.1) -8.9 (1.2) 72t -8.9 (6.5) -11.0 (1.3) -11.9 (1.2) 25.4 (3.0) 


	to placebo arm. P-values for these exploratory endpoints did not take into .account multiplicity adjustment. .Source: Applicant's analysis. .
	*=p<0.01; t=p<0.05 when compared 

	Dose and Dose Response 
	In Study 202B, the Sponsor explored a brexanolone target dose of 60 µ.g/kg/h. The 60 µg dose was not directly compared to the 90 µg dose, but it showed numerically greater HAM-D score reductions and significant separation from placebo earlier than the 90 µ.g dose. Explorato1y endpoints ofpercentage ofpatients reaching response and remission also show a greater effect for the 60 µg aim. 
	Clinical Reviewer Comment: The 60 µg arm begins to separate from the 90 µg arm at Hour 24­when both groups are receiving 60 µg/kg/h. This indicates that patients in the 60 µg arm may be inherent~y differentfrom those in the 90 µg arm, and that differences in the two groups may not be attributable to the brexanolone dose. Error bars in the HAM-D measurements from the 60 and 90 µg arms overlap at most time points (other than Hour 36). This seems to indicate that although the 60 µg arm appears better than the 
	Durability of Response with Continued Administration 
	Brexanolone is delivered as a one-time infusion. The Applicant did not investigate durability of response with continued administration. 
	Persistence of Effect 
	See Table 47. 
	8.3. 547-PPD-202C 
	8.3.1. Study Design 
	Overview and Objective 
	The primary objective was to determine if brexanolone LQIXVHG LQWUDYHQRXVO\ DW XS WR .. ȝJ.NJ.K for 60 hours reduces depressive symptoms in subjects with moderate PPD compared to placebo injection as assessed by the change from baseline in HAM-D total score. 
	Trial Design 
	The trial design was very similar to the design of Trial 547-PPD-202A with the principal differences being the addition of randomization stratification by antidepressant use at baseline, the larger study size, and the severity of PPD in patients enrolled (moderate in 202C versus severe in 202A and B). Randomization was initially un-stratified. Starting in January 2017, following a recommendation from FDA, randomization was stratified by antidepressant use at baseline. Follow up visits at Day 14 and 21 were 
	The trial was conducted entirely in the United States. The study design is presented in Figure 21. HAM-D total score was scheduled to be assessed at baseline and Hours 1, 2, 4, 8, 12, 24, 36, 48, 60, 72 and Days 7 and 30 (see Table 38). Entry criteria were a diagnosis of PPD starting during the third trimester or within 4 weeks of delivery and a HAM-D score of 20 to 25. 
	Figure 21. Study Design, Study 202C (Applicant Figure). 
	Source: Clinical Study Report Figure 1. 
	Study Assessments and Endpoints 
	The change from baseline in HAM-D total score at the end of the treatment period (Hour 60) was the primary efficacy endpoint. The change from baseline in HAM-D total score at Day 30 was the prespecified secondary efficacy endpoint. 
	Statistical Analysis Plan 
	The SAP was evaluated in the statistical review dated 12/13/2016 in DARRTS under IND 122279. The Efficacy Set included all randomized subjects who started the infusion of study drug and who had a valid baseline HAM-D assessment and at least one postbaseline HAM-D assessment. This analysis population was used for all efficacy analyses. There was no interim analysis. Subgroup analyses by age group (18 to 24 vs. 25 to 45), race, baseline antidepressant use baseline BMI, onset of PPD, and family history of PPD 
	Change from baseline to each assessment time point in HAM-D total score was analyzed using MMRM. The model included the change from baseline at each visit time point as the dependent variable, center (pooled), treatment, baseline antidepressant use, baseline HAM-D total score, visit time point, and visit time point-by-treatment interaction terms as explanatory variables. All explanatory variables including pooled center were treated as a fixed effect in the primary analysis. An unstructured covariance struc
	Protocol Amendments 
	Studies 202B and 202C were conducted concurrently. See Section 8.2.1 for the list of protocol amendments. 
	8.3.2. Study Results 
	Patient Disposition 
	This trial was conducted in 32 centers in the United States. One hundred and eight subjects were randomized, 104 of whom received study treatment (51 brexanolone and 53 placebo). Of the subjects who received study treatment, four discontinued the study early (three brexanolone and one placebo). One subject from the brexanolone group withdrew from the study because of an AE. Of the 104 subjects, 101 (97.1%) had primary efficacy endpoint assessment (Hour 60) and 100 (96.1%) had the pre-specified secondary end
	Protocol Deviations 
	There were no major protocol violations (i.e., a protocol deviation that reduces the quality or completeness of the data, makes the informed consent document inaccurate, or impacts a subject's safety, rights, or welfare). 
	There were 41 protocol deviations in the brexanolone arm and 45 deviations in the placebo arm. Most were considered minor (e.g., an assessment performed out of window). Three brexanolone patients and four placebo patients had major protocol deviations. 
	x Subject 
	; brexanolone: Patient’s infusion rates were not calculated correctly and the 

	patient received a lower than appropriate dose. Her coagulation parameters were not 
	assessed. 
	x Subject ; brexanolone: Patient’s baseline HAM-D score was 26, but she was randomized to 202C (202B was for patients with a HAM-' RI • ... ...& ZDV IRU SDWLHQWV with a HAM-D of 20 to 25). 
	Figure

	x Subject 
	; brexanolone: Patient’s antidepressant dose was not stable in the 14 days prior to screening (patient had discontinued escitalopram 9 days before screening). x Subject 
	; placebo: Patient’s antidepressant dose was not stable in the 14 days prior to screening (patient had discontinued sertraline and initiated paroxetine 13 days before screening). 
	x Subject ; placebo: Patient’s Hour 60 HAM-D was collected 20 min prior to window because assessment was scheduled during sleeping period. 
	x Subject ; placebo: Patient randomized despite HAM-D score of 19 (202B was for patients with a HAM-' RI • ... ...& ZDV IRU SDWLHQWV ZLWK D +$0-D of 20 to 25). 
	x Subject ; placebo: Patient did not have Hour 60 HAM-D. 
	Figure
	Figure
	Clinical Reviewer Comment: It seems unlikely that these deviations would have affected the efficacy results. 
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	Table of Demographic Characteristics 

	All subjects (100%) were female. The study was conducted entirely in the United States. A summa1y ofthe other demographic data is presented in Table 49. 
	All subjects (100%) were female. The study was conducted entirely in the United States. A summa1y ofthe other demographic data is presented in Table 49. 
	Tabl 49 D emo2raph"1c Ch aracteristics, Study 202C .
	e . 
	Characteristic 
	Characteristic 
	Characteristic 
	Placebo (n=53) 
	Brexanolone 90 µg/kg/h (n=51) 

	Age, years 
	Age, years 

	Mean (SD) 
	Mean (SD) 
	27.3 (5.9) 
	28.2(6.1) 

	Median 
	Median 
	27 
	27 

	Min, Max 
	Min, Max 
	18, 44 
	19, 42 

	Race, n (%) 
	Race, n (%) 

	AA/Black 
	AA/Black 
	19 (36%) 
	22 (43%) 

	White 
	White 
	33 (62%) 
	29 (57%) 

	Other 
	Other 
	1 (2%) 
	0 

	Ethnicity, n (%) Hispanic Non-hispanic 
	Ethnicity, n (%) Hispanic Non-hispanic 
	14 (26%) 39 (74%) 
	10 (20%) 41 (80%) 

	Height, cm 
	Height, cm 

	Mean (SD) 
	Mean (SD) 
	162.6 (8.4) 
	164.3 (6.2) 

	Median 
	Median 
	161.3 
	164.0 

	Min, Max 
	Min, Max 
	142.0, 184.0 
	152.0, 181.0 

	Weight, kg 
	Weight, kg 

	Mean (SD) 
	Mean (SD) 
	86.6 (24.5) 
	87.3 (24.8) 

	Median 
	Median 
	82.0 
	84.2 

	Min, Max 
	Min, Max 
	50.8, 159.7 
	44.9, 150.2 

	BMI, kg/m~ 
	BMI, kg/m~ 

	Mean (SD) 
	Mean (SD) 
	32.6 (8.2) 
	32.2 (8.5) 

	Median 
	Median 
	32.5 
	30.6 

	Min, Max 
	Min, Max 
	21.5, 52.2 
	18.0, 52.0 


	Clinical Reviewer Comment: As with 202B, mean/median ages do not appear skewed. 
	Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs) 
	See Table 50 for baseline characteristics of interest in Study 202B. Table 51 includes medications with potential antidepressant action being taken at baseline. 
	Table 50. Basee Patient Characteiscs, Study 202C. 
	lin
	r
	ti

	Characteristic Prior antidepressant treatment, n (%) Onset of PPD, n (%) Third Trimester Within 4 weeks of delive1y Previous episodes ofdepression, n (%) 1 2 3 >3 Previous episodes ofPPD, n (%) Yes Severity of Depression at Baseline HAM-D, Mean (SD) EPDS, Mean (SD) 
	Characteristic Prior antidepressant treatment, n (%) Onset of PPD, n (%) Third Trimester Within 4 weeks of delive1y Previous episodes ofdepression, n (%) 1 2 3 >3 Previous episodes ofPPD, n (%) Yes Severity of Depression at Baseline HAM-D, Mean (SD) EPDS, Mean (SD) 
	Characteristic Prior antidepressant treatment, n (%) Onset of PPD, n (%) Third Trimester Within 4 weeks of delive1y Previous episodes ofdepression, n (%) 1 2 3 >3 Previous episodes ofPPD, n (%) Yes Severity of Depression at Baseline HAM-D, Mean (SD) EPDS, Mean (SD) 
	Placebo (n=53) 19% 12 (23%) 41 (77%) 15 (28%) 3 (6%) 3 (6%) 0 21 (40%) 22.7 (1.6) 18.5 (4.0) 
	Brexanolone 90 µg/kg/h (n=51) 24% 11 (22%) 40 (78%) 13 (26%) 4 (8%) 0 0 23 (45%) 22.6 (1.6) 18.8 (3.9) 


	Clinical Reviewer Comment: The groups were well-matched at baseline. The mean HAM-D at baseline indicates that, on average, the patients' PPD was, indeed, moderate (defined by the Applicant as a HAM-D score o/20 to 25). 
	e 51 A n 1 fdepressant M d. tion U t B ase rme, St Uldy 202C a
	e 51 A n 1 fdepressant M d. tion U t B ase rme, St Uldy 202C a
	Tabl . e 1ca sea . 

	Class 
	Class 
	Class 
	Medication 
	Placebo (n=53) 
	Brexanolone 90 µg/kg/h (n=51) 

	At least one antidepressant 
	At least one antidepressant 
	15 (28%) 
	12 (24%) 

	SNRI 
	SNRI 
	Duloxetine 
	0 
	1 (2%) 

	Venlafaxine 
	Venlafaxine 
	1 (2%) 
	2 (4%) 

	SSRI 
	SSRI 
	Citalopram 
	2 (4%) 
	0 

	Escitalopram 
	Escitalopram 
	2 (4%) 
	3 (6%) 

	Fluoxetine 
	Fluoxetine 
	1 (2%) 
	0 

	Paroxetine 
	Paroxetine 
	1 (2%) 
	0 

	Sertraline 
	Sertraline 
	5 (10%) 
	6 (12%) 

	Other Antidepressants 
	Other Antidepressants 
	Bupropion 
	1 (2%) 
	1 (2%) 

	Miitazapine 
	Miitazapine 
	1 (2%) 
	0 

	Trazodone 
	Trazodone 
	1 (2%) 
	0 

	Other Drngs 
	Other Drngs 
	Aripiprazole 
	0 
	1 (2%) 

	Lamotrigine 
	Lamotrigine 
	1 (2%) 
	0 

	Lithium 
	Lithium 
	0 
	1 (2%) 

	Quetiapine 
	Quetiapine 
	2 (4%) 
	0 


	•Patients could be taking more than one ofthese chugs. 
	119 
	Clinical Reviewer Comment: One-quarter ofthe 202Cpatients were on an antidepressant at the start ofthe trial. As with 202B, the enrolled sample is representative ofpatients both already taking a psychotropic medication and those not already taking a psychotropic medication. However, patients were on a wide variety ofmedications and it is impossible to say how or whether brexanolone interacts with any individual drug or class. 
	Treatment Compliance and Rescue Medication Use 
	Because the study diug was administered as an infusion in a monitored setting, compliance was 100%. 
	Table 52 presents rescue antidepressant use in the study. 
	e . epressant U ly Tabl 52 R escue Anf1d se, St ud 202C . 
	Rescue Antidepressant 
	Rescue Antidepressant 
	Rescue Antidepressant 
	Placebo (n=53) 
	Brexanolone 90 µg/kg/h (n=51) 

	fuitiation ofNew Antidepressant or fucrease in Antidepressant Dose, n (%) 
	fuitiation ofNew Antidepressant or fucrease in Antidepressant Dose, n (%) 
	7 (13%) 
	5 (10%) 


	Efficacy Results: Primary Endpoint and Prespecified Secondary Endpoints 
	A summaiy of statistical significance for the primaiy and the prespecified secondaiy efficacy endpoints according to the hierarchical testing procedure is provided in Table 53. The primaiy efficacy endpoint was considered statistically significant. But the Day 30 data did not show an effect. No sensitivity analysis was perfo1med because ofthe negligible amount ofmissing data. Figure 22 and Figure 23 display the histograms of the magnitude of improvement from baseline in HAM-D total at Hour 60 and Day 30, re
	T bl 53 P . St d .
	a e . nmary Effi1cacy and S econdary Effi1cacy Resu Its, u ly 202C 
	Timepoint 
	Timepoint 
	Timepoint 
	Placebo (n=53) 
	Brexanolone 90 µg/kg/h (n=51) 

	Hour 60 
	Hour 60 
	Mean score at Baseline (SD) 
	22.7 (1.59) 
	22.6 (1 .56) 

	Mean Score at Hour 60 (SD) 
	Mean Score at Hour 60 (SD) 
	10.7 (5.52) 
	8.5 (5.94) 

	LS mean Change from Baseline (SE) 
	LS mean Change from Baseline (SE) 
	-12.1 (0.77) 
	-14.6 (0.78) 

	Placebo -subtracted Difference (95% CI) 
	Placebo -subtracted Difference (95% CI) 
	-2.5 (-4.5, -0.5) 

	P-value (unadjusted) 
	P-value (unadjusted) 
	0.0160 

	Si!mificance (MCP-adiusted) 
	Si!mificance (MCP-adiusted) 
	Yes 

	Day30 
	Day30 
	Mean score at Baseline (SD) 
	22.7 (1.59) 
	22.6 (1.56) 

	Mean Score at Day 30 (SD) 
	Mean Score at Day 30 (SD) 
	7.6 (6.34) 
	8.4 (6.54) 

	LS mean Change from Baseline (SE) 
	LS mean Change from Baseline (SE) 
	-15.2 (0.93) 
	-14.7 (0.96) 

	Placebo -subtracted Difference (95% CI) 
	Placebo -subtracted Difference (95% CI) 
	0.5 (-2.0, 3.1) 

	P-value (unadjusted) 
	P-value (unadjusted) 
	0.6710 

	Significance (MCP-adjusted) 
	Significance (MCP-adjusted) 
	No 

	Figure 22. Histogram of the Magnitude of Improvement from Baseline in HAM-D total at Hour 60, Stud 202C. 
	Figure 22. Histogram of the Magnitude of Improvement from Baseline in HAM-D total at Hour 60, Stud 202C. 


	MCP=Multiple comparison procedures. .Source: Biostatistics Reviewer's Analysis (adqspri.xpt) based on Applicant's Clinical Study Reports. .
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	Figure 23. Histogram of the Magnitude of Improvement from Baseline in HAM-D total at Day 30, Study 202C. 
	Figure
	Source: Biostatistics Reviewer’s Analysis (adqspri.xpt). 
	As displayed in Figure 24, both treatment groups showed a decrease in HAM-D total score over the first 72 hours, with numerically greater change from baseline for the SAGE-547 group at all time points through Day 21. 
	Figure 24. Least Squared Mean (±SE) Change-from-Baseline over Time in HAM-D Total Score, Study 202C (Applicant Figure). 
	Figure
	Source: Clinical Study Report Figure 2. 
	Clinical Reviewer Comment: In the first 14 days, improvement in the brexanolone arm was similar to that observed in Study 202B. However, the placebo group in 202C had a much more robust response after 14 days and the brexanolone group was not significantly different from placebo at Day 30. Indeed, this might be a function of random effect in the small sample size, but could indicate that moderate PPD is more likely to respond to placebo or spontaneously resolve over time. 
	Further exploratory subgroup analyses on the primary endpoint were assessed by age group (18 to 24 vs 25 to 45), race, baseline antidepressant use, baseline BMI, onset of PPD, and family history of PPD. Results are shown in Figure 25. No apparent subgroup differences were observed.
	Figure 25. Least Squared Mean Difference between Brexanolone and Placebo with 95% CI for Change-from-Baseline at Hour 60 in HAM-D Total Score, Study 202C. 
	Figure
	Source: Biometrics Reviewer’s Analysis (adsl.xpt and adqspri.xpt). 
	Exploratory Endpoints 
	At Hour 60, more patients on brexanolone than placebo reached response (reduction of HAM-D score by at least 50% compared with baseline) and remission (HAM-' VFRUH • .. see Figure 26). 
	Figure 26. Percentages of Patients Reaching Response and Remission, Study 202C. 
	* † 
	*=p<0.01; †=p<0.05 when compared to placebo arm. P-values for these exploratory endpoints did not take into .account multiplicity adjustment.. Source: Clinical reviewer’s analysis.. 
	Table 54 includes exploratory endpoints from Study 202C. These results represent a range of patient experience with the drug (in addition to the primary and pre-specified secondary endpoints). Only the Hour 60 CGI-I showed a statistically significant effect. There were no statistically significant differences in any of the eight sub-scores of the SF-36 or on the HCRU (data not shown). 
	e . n 1pom s, yTabl 54 E xploratory E d . t St ud 202C . 
	Timepoint Hour 60 Day30 
	Timepoint Hour 60 Day30 
	Timepoint Hour 60 Day30 
	Scale CGI-I GAD-7 EPDS PHQ-9 CGI-I GAD-7 EPDS PHQ-9 BIMF 
	Parameter Response,% LS Mean Change from Baseline (SE) LS Mean Change from Baseline (SE) LS Mean Change from Baseline (SE) Response,% LS Mean Change from Baseline (SE) LS Mean Change from Baseline (SE) LS Mean Change from Baseline (SE) LS Mean Change from Baseline (SE) 
	Placebo (n=53) 56 -6.4 (0.8) -7.0 (0.9) -6.9 (1.0) 79 -9.9 (0.9) -11.2 (1.0) -11.8 (0.9) 24.9 (2.3) 
	Brexanolone 90 µg/kg/h (n=51) 80* -7.6 (0.9) -8.8 (1.0) -8.1 (1.0) 81 -10.2 (0.9) -10.8 (1.0) -12.3 (0.9) 25.0 (2.4) 


	*=p<0.01 when compared to placebo rum. P-values for these exploratory endpoints did not take into account .multiplicity adjustment. .Source: Applicant's analysis. .
	Dose and Dose Response .There was no exploration of dose response in this study. .Durability of Response with Continued Administration .Brexanolone is delivered as a one-time infusion. The Applicant did not investigate durability of .
	response with continued administration. .Persistence of Effect .See Table 53. .
	9 Integrated Review of Effectiveness 
	9.1. Assessment of Efficacy Across Trials 
	9.1.1. Primary Endpoints 
	The efficacy ofbrexanolone in the treatment of PPD has been evaluated in three placebo­controlled studies (two in subjects with severe PPD, one in subjects with moderate PPD). All the 
	126 
	Reference ID 44057 47 
	studies were conducted in the United States. The change from baseline in HAM-D total score at the end of the treatment period (at 60 hours) was the primaiy efficacy endpoint for all three studies. The prima1y efficacy results of the three positive studies are summarized in Table 55. 
	Table 55. Primary Efficacy Results (Change in HAM-D Total at Hour 60) for Positive Effi1cacy St ud. 1es. 
	Study 
	Study 
	Study 
	Placebo 
	Brexanolone 60 U!!:/lq~/h 
	Brexanolone 90 u2/k2/h 

	202A 12/15/2015 ­06/22/2016 Severe PPD (HAM-D ~26) 
	202A 12/15/2015 ­06/22/2016 Severe PPD (HAM-D ~26) 
	n 
	11 
	-
	10 

	Mean score at Baseline (SD) 
	Mean score at Baseline (SD) 
	28.8 (1 .99) 
	-
	28.1 (1.29) 

	Mean Score at Hour 60 (SD) 
	Mean Score at Hour 60 (SD) 
	19.7 (9.59) 
	-
	7.5 (8.72) 

	LS mean Change from Baseline (SE) 
	LS mean Change from Baseline (SE) 
	-8.8 (2.80) 
	-
	-21.0 (2.94) 

	Placebo -subtracted Difference (95% CI) 
	Placebo -subtracted Difference (95% CI) 
	-
	-12.2 (-20.8, ­3.7) 

	P-value (unadjusted) 
	P-value (unadjusted) 
	-
	0.008 

	Sie:nificance (MCP-adiusted) 
	Sie:nificance (MCP-adiusted) 
	-
	Yes 

	202B 8/1/2016 ­10/19/2017 Severe PPD (HAM-D ~26) 
	202B 8/1/2016 ­10/19/2017 Severe PPD (HAM-D ~26) 
	n 
	43 
	38 
	41 

	Mean score at Baseline (SD) 
	Mean score at Baseline (SD) 
	28.6 (2.54) 
	29.0 (2.70) 
	28.4 (2.47) 

	Mean Score at Hour 60 (SD) 
	Mean Score at Hour 60 (SD) 
	14.6 (7.55) 
	9.2 (7.01) 
	10.7 (5.78) 

	LS mean Change from Baseline (SE) 
	LS mean Change from Baseline (SE) 
	-14.40 (1.15) 
	-19.5 (1.23) 
	-17.7 (1.19) 

	Placebo -subtracted Difference (95% CI) 
	Placebo -subtracted Difference (95% CI) 
	-5.5 (-8.8, ­2.2) 
	-3.7 (-6.9, -0.5) 

	P-value (unad.iusted) 
	P-value (unad.iusted) 
	0.0013 
	0.0252 

	Sie:nificance (MCP-adiusted) 
	Sie:nificance (MCP-adiusted) 
	Yes 
	Yes 

	202C 07/25/2016 ­10/11/2017 Moderate PPD (HAM-D20­25) 
	202C 07/25/2016 ­10/11/2017 Moderate PPD (HAM-D20­25) 
	n 
	53 
	-
	51 

	Mean score at Baseline (SD) 
	Mean score at Baseline (SD) 
	22.7 (1.59) 
	-
	22.6 (1.56) 

	Mean Score at Hour 60 (SD) 
	Mean Score at Hour 60 (SD) 
	10.7 (5.52) 
	-
	8.5 (5.94) 

	LS mean Change from Baseline (SE) 
	LS mean Change from Baseline (SE) 
	-12.1 (0.77) 
	-
	-14.6 (0.78) 

	Placebo -subtracted Difference (95 % CD 
	Placebo -subtracted Difference (95 % CD 
	-
	-2.5 (-4.5, -0.5) 

	P-value (unad.iusted) 
	P-value (unad.iusted) 
	-
	0.0160 

	Sig:nificance (MCP-adjusted) 
	Sig:nificance (MCP-adjusted) 
	-
	Yes 


	MCP=Multiple comparison procedures. .Source: Biostatistics Reviewer's Analysis (dqshamd.xpt, adqspri.xpt). .
	9.1.2. Secondary and Other Endpoints 
	The change from baseline in HAM-D total score at Day 30 was the prespecified secondary efficacy endpoint for 202B and 202C. There was no prespecified secondaiy efficacy endpoint in 202A. The secondaiy efficacy results are summarized in Table 56. The Applicant is seeking labeling claims based on time course of treatment response, remission rate, and CGI-1. 
	Biometrics and Clinical Reviewer Comments: The plot ofbrexanolone 's treatment response time course should be presented in the product labeling without indications ofstatistical significance. 
	Table 56. Secondary Efficacy Results (Change in HAM-D Total at Day 30) for Positive Effi 1cacv Stud. 1es. 
	Study Placebo Brexanolone Brexanolone 60 u~/kQ/h 90 u~/kQ/h n 43 38 41 Mean score at 28.6 (2.54) 29.0 (2.70) 28.4 (2.47) 202B Baseline (SD) Mean Score at Day 14.7 (9.46) 9.1 (7.97) 11.0 (8.34) 8/1/2016 ­30 (SD) 10/19/2017 LS mean Change -13.8 (1.32) -19.5 (1.44) -17.6 (1.40) from Baseline (SE) Severe PPD Placebo -subtracted Difference -5.6 (-9.5, -1.8) -3.8 (-7.6, -0.0) (HAM-D ::::26) (95% Cl) P-value (unadjusted) 0.0044 0.0481 Si2nificance (MCP-ad_justed) Yes Yes n 53 -51 202C Mean score at 22.7 (1.59) 22.
	MCP=Multiple comparison procedures. .Source: Biostatistics Reviewer's Analysis (dqshamd.xpt, adqspri.xpt). .
	9.1.3. Subpopulations 
	The effect of brexanolone in population subgroups has been consistent across age group (18 to 24 vs 25 to 45), race, baseline antidepressant use, baseline BMI, onset of PPD, and family histo1y of PPD in 202B and 202C. Subgroup analysis was not perfo1m ed on 202A because of the small sample size (21 subjects in total). 
	9.2. Additional Efficacy Considerations 
	9.2.1. Considerations on Benefit in the Postmarket Setting 
	Based on the proposed postmarketing use of the product and the product's REMS (see separate Division of Risk Management review), it is expected that brexanolone will be used in the same manner it was studied. 
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	9.2.2. Other Relevant Benefit 
	Not applicable for this application. 
	9.3. Integrated Assessment of Effectiveness 
	The three studies presented by the Applicant provide substantial evidence of effectiveness for brexanolone in the treatment of postpartum depression. The studies demonstrate a clinically meaningful effect because the improvement in depressive symptoms is both consistent with the effects of other antidepressants and occurs much more quickly (after 60 hours versus 4 weeks). 
	10 Review of Safety 
	10.1. Safety Review Approach 
	The safety data supporting this application are largely based on the Phase 2 study 202A and the Phase 3 studies 202B and 202C; all three were randomized, double-blind, placebo-controlled, multicenter studies of 60-hour brexanolone infusions in women with PPD. These studies are described in more detail in Section 7.1: Clinical Effectiveness Studies.The Integrated Assessment of Safety (Section 10.10) summarizes the review of safety and provides an overall safety assessment. The Benefit-Risk Assessment (Sectio
	The Agency did not issue clinical holds for this development program. The review team identified loss of consciousness as the primary safety concern related to this product (see Section 10.4.1). 
	Table 57. Studies Submitted for Safety Review. 
	Indication Study 547-PPD­201 PPD 202A 202B 202C 547-CLP­101 102 Clinical 103 104 Phaimacology 105 106 107 108 Essential 547-ETD-Tremor 201 
	Indication Study 547-PPD­201 PPD 202A 202B 202C 547-CLP­101 102 Clinical 103 104 Phaimacology 105 106 107 108 Essential 547-ETD-Tremor 201 
	Indication Study 547-PPD­201 PPD 202A 202B 202C 547-CLP­101 102 Clinical 103 104 Phaimacology 105 106 107 108 Essential 547-ETD-Tremor 201 
	Phase Description 2 Open-label, baseline HAM-D ::'.::20 2 PBO-controlled, baseline HAM-D ::'.::26 3 PBO-controlled, baseline HAM-D ::'.::26 3 PBO-controlled, baseline HAM-D 20 to 25 1 Healthy males, radio-labelled brexanolone for metabolism and excretion 1 Double-blind, human abuse study 1 Hepatic impaiiment study 1 Renal impaiiment study 1 Drng-drng interaction study with phenvtoin 1 QT study 1 Oral bioavailability/food-effect study 1 Breast Inilk brexanolone concentrations 2 Cross-over followed by open-la
	N 4 21 138 108 8 138 32 17 29 30 8 12 25 


	Note that the randoinization for 202B included two brexanolone aims. Therefore, the 
	randoinization ratio was 2 brexanolone: 1 placebo for this study. Combining all brexanolone 
	aims from 202B with the brexanolone aims from 202A and C (which had 1: 1 randoinization 
	ratios) raises the possibility ofSimpson's Paradox (a statistical phenomenon where trends in 
	subgroups disappear or reverse when groups with different randoinization ratios ai·e combined). 
	To counter this possibility, data are presented for 60 and 90 µg/kg/h doses sepai·ately as well as 
	combined. 
	Clinical Reviewer Comment: Detailed reviews ofthe Phase I studies can befound in the Clinical 
	Pharmacology Section (Section 6) and the consultant reviews from the Controlled Substance 
	Staffand the QTInterdisciplinmy Review Team (separate from this Unireview) . 
	The Applicant's adverse event dataset contained flags for treatment emergent adverse events and 
	whether the adverse event occurred during study drug infusion. For my primmy AE analysis, I 
	selected data from the PPD-202 studies with a "Y"for these flags. 
	10.2. Review of the Safety Database 
	10.2.1. Overall Exposure 
	The PPD studies 202A, 202B, and 202C all included a similai· dosing regimen (see Section 1.1 Product Introduction and Table 58.). These studies used the same titration schedule to target a brexanolone dose of90 µ.g/kg/h. Study 202B also included an aim with a target brexanolone dose of 60 µg/kg/h. All patients in these studies received a brexanolone or placebo infusion for 60 hours. 
	Table 58. Safety Population, Size, and Denominators. 
	Clinical Trials 
	Clinical Trials 
	Clinical Trials 
	Placebo (n= 107) 
	Brexanolone Tar~et Dose 60J1g/kg/h (n= 38) 
	Brexanolone Tar~et Dose 90Jig/kg/h (n= 102) 

	PPD-202A 
	PPD-202A 
	11 
	-
	10 

	PPD-202B 
	PPD-202B 
	43 
	38 
	41 

	PPD-202C 
	PPD-202C 
	53 
	-
	51 


	Studies CLP-102, 106, and ETD-201 included dosing greater than 90 µg/kg/h (see Table 59.) 
	J
	e . 1es w1
	Tabl 59 B rexanolone St ud. ·thDoses >90'U!!/k 
	Tabl 59 B rexanolone St ud. ·thDoses >90'U!!/k 
	/h . 

	Study 
	Study 
	Study 
	Dose (µg/kg) 

	Duration of 

	n Exposure Single dose 
	120 
	6 Single dose 
	6 Single dose 
	6 Single dose 
	150 

	6 

	CLP-102 
	CLP-102 
	CLP-102 
	CLP-102 
	Single dose 

	180 

	6

	Dose .Selection .
	Single dose 
	Single dose 
	Single dose 
	210 

	6 

	Phase 
	Phase 
	Phase 
	Single dose 

	240 

	6 Single dose 
	6 Single dose 
	270 

	6 CLP-102 
	180 
	180 
	180 
	180 
	180 
	180 
	Se dose 
	ingl


	40
	40
	3


	Treatment 

	270 

	Single dose 

	Phase .1 h .
	120 1 h 
	120 1 h 
	120 1 h 
	27
	27
	3


	CLP-106 

	150 1 h 
	180 Sh 
	120 
	120 
	120 
	120 
	120 
	16
	16
	3


	EDT-201 

	8h 

	150 

	•same subjects received all listed doses for this protocol. 
	Figure
	10.2.2. Relevant characteristics of the safety population: 
	For a discussion of the patients' demographic characteristics, see Sections 8.1.2 (202A), 8.2.2 (202B), and 8.3.2 (202C). 
	10.2.3. Adequacy of the safety database: 
	Brexanolone is intended for use as a single, 60-hour infusion and not for chronic or chronic intennittent use. The Agency agreed that the exposures in the PPD development program were sufficient to suppo1i subinission ofthe NDA. 
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	10.3. Adequacy of Applicant’s Clinical Safety Assessments 
	10.3.1. Issues Regarding Data Integrity and Submission Quality 
	The data quality was acceptable for review. Datasets, study reports, and patient narratives were consistent. Initial adverse event datasets included treatment group, but not the specific dose patients were receiving at the time of the AE. An information request yielded a new ISS AE dataset with this information. Additional information requests: 
	x Requested information on the infusion setting (location, protocols, available staff, etc.) x Requested additional details on loss of consciousness/syncope cases x Requested time since delivery before infusion for 202B and C patients x Requested method of delivery (vaginal versus Cesarean section) for 202B and C patients (the 
	Applicant did not collect this data) 
	The Applicant responded in a timely and complete manner to these requests. 
	10.3.2. Categorization of Adverse Events (AEs) 
	The Applicant used the Medical Dictionary for Regulatory Activities (MedDRA) Version 19.1 for their ISS submission. Studies that relied on earlier MedDRA versions were recoded based on Lower Level Terms. AEs, treatment-emergent AEs (TEAEs), and serious AEs (SAEs) were appropriately defined. During infusions, AEs were collected as per Table 38. For the Phase 3 studies, AEs were collected through the 30-day follow-up. The severity of AEs was classified based on the following: 
	x Mild (discomfort noticed, but no disruption to daily activity) x Moderate (discomfort sufficient to reduce or affect normal daily activity, but was not hazardous to health; prescription drug therapy may have been employed to treat the AE) 
	x. Severe (inability to work or perform normal daily activity and represented a definite hazard to health; prescription drug therapy and/or hospitalization may have been employed to treat the AE) 
	Clinical Reviewer Comment: The Applicant’s AE monitoring and severity determinations are reasonable. I also examined the Applicant’s mapping of verbatim-to-preferred terms for the Phase 3 studies. The mapping was acceptable. Sedation and somnolence were split based on the verbatim terms, but combined in my analysis. 
	Note that the PPD-202 studies were conducted in a monitored healthcare setting. Therefore, adverse events that may have triggered a hospital visit (by definition a serious AE) in an outpatient clinical setting may not have in this situation (i.e., investigators may have had a higher threshold for referring to a higher level of care). 
	10.3.3. Routine Clinical Tests 
	Clinical laboratory assessments were collected at screening, 72 hours after the start of infusion 
	Clinical laboratory assessments were collected at screening, 72 hours after the start of infusion 
	(12 hours after the end of the infusion), and at Day 7. Laboratory studies included hematology, coagulation parameters, serum chemistries (including liver function tests), and thyroid stimulating hormone. Patients received a serum pregnancy test at screening and a urine pregnancy test on Day 1 and Day 30. 

	Vital signs and EKGs were collected as per Table 38. Vital signs included temperature, respiratory rate, heart rate, and blood pressure supine and standing. Vital signs were waived between the hours of 2300 and 0600 if the patient was sleeping. 
	Clinical Reviewer Comment: The laboratory tests and collection schedule for labs, vital signs, and EKGs were reasonable. Although the Applicant did not collect clinical labs during the infusion, the collection at 72 hours balanced the need for clinical labs at a time near the infusion with the burden of blood collection for the patients (who were also getting blood draws for PK measurements during the infusion). 
	The Applicant collected several exploratory labs (estrogen, progesterone, progesterone metabolites, oxytocin, tryptophan, kynurenine), but these were not included in the submitted analysis dataset. 
	10.4. Safety Results 
	There were no deaths in this development program. 
	10.4.1. Serious Adverse Events 
	There were two SAEs in this development program. 
	x 
	x 
	x 
	Subject 
	6WXG\ ...%. .. ȝJ.NJ.K DUP. 25-year-old white female: 2 days after 

	TR
	completing the infusion, she reported suicidal ideation and intentional overdose on Percocet, 

	TR
	Norco, and Flexaril. The patient informed her boyfriend of the overdose. Acetaminophen 

	TR
	levels in the emergency department were inconsistent with the reported overdose amount 

	TR
	(estimated fewer than five pills consumed). The emergency department noted the patient had 

	TR
	a complex social situation (was married, but also had a boyfriend) and believed she was 

	TR
	“attention seeking.” The patient was not admitted. 

	x 
	x 
	Subject 
	6WXG\ ...&. .. ȝJ.NJ.K DUP. ..-year-old white female: syncope/altered 

	TR
	state of consciousness (see Section 10.4.1: Loss of Consciousness for more details). 


	Clinical Reviewer Comment: The presentation of Subject 
	appears consistent with borderline personality disorder. Although having borderline personality disorder does not preclude a concurrent diagnosis of PPD, I believe the suicidal ideation and intentional overdose are much more likely the result of a personality disorder than either the PPD or a drug effect. See Section 10.4.2: Suicidal Ideation and Behavior for a discussion of the C-SSRS results. 
	Figure

	10.4.2. Dropouts and/or Discontinuations Due to Adverse Effects 
	Four patients discontinued study diug because ofadverse effects: 
	• .
	• .
	• .
	Subject ltif<& Study 202B, placebo aim; discontinued study diug after 59 hours of infusion due to infusion site extravasation. 

	• .
	• .
	Subject ltiJ<& Study 202B, brexanolone 60 µ.g/kg/h aim; discontinued study diug after 57 hours of infusion due to infusion site pain. 

	• .
	• .
	Subject ltiHStudy 202C, brexanolone 90 µ.g/kg/h aim; discontinued study di11g after 8 hours of infusion due to SAEs ofsyncope and altered state of consciousness. 
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	• .
	• .
	Subject ltiHStudy 202C, brexanolone 90 µ.g/kg/h aim; discontinued study di11g after 37 hours of infusion due to ve1iigo and presyncope. 
	6 



	Section 10.4.1: Loss ofConsciousness, contains more details on Subjects ________ _ 
	))\6 

	Clinical Reviewer Comment: Aside from complications from the IVprocedures (which affected the placebo arm as well)-and the loss-of-consciousness issue-brexanolone appears well­tolerated. 
	10.4.3. Significant Adverse Events 
	Dose reduction and/or intenuption was required in 10 brexanolone patients and three placebo patients as per Table 60. For patients whose dose was inte1111pted, only one had recmTence upon rechallenge. Subject >11(Study 202A) was randomized to the brexanolone 90 µg/kg/h aim of study 202A. She developed somnolence at the 30 µg/kg/h dose that continued through the escalation to 60 µ.g/kg/h at Hour 4. The somnolence resolved at Hour 12 after the dose was decreased to 30 µg/kg/h. At Hour 24, her dose was increas
	6 

	e .. n errup ions m Stud· , a nd C. 
	Tabl 60 D ose R d e UCtiODS andi or I t f . 1es 202A B
	' 
	Treatment 
	Treatment 
	Treatment 
	Adverse Event 
	n 
	Reduction or interruption 

	TR
	Extremity pain/ edema 
	1 
	Intenu pted 

	Placebo 
	Placebo 
	Infusion site pain 
	1 
	Intenupted 

	TR
	Dizziness 
	1 
	Reduced 

	TR
	Somnolence 
	2 
	Intenupted (1) Reduced (1) 

	TR
	Syncope 
	3 
	Intenupted 

	Brexanolone 
	Brexanolone 
	Infusion site pain/ edema/itching 
	2 
	Intenupted 

	Infusion site extravasation 
	Infusion site extravasation 
	1 
	Intenu pted 

	Fatigue 
	Fatigue 
	1 
	Reduced 

	Hypo tension 
	Hypo tension 
	1 
	Reduced 


	Clinical Reviewer Comment: As with the AEs leading to premature discontinuation, the pattern ofAEs leading to dose reductions or interruptions show most were related to complications from the IVprocedures or sedation/loss ofconsciousness. 
	10.4.4. Treatment Emergent Adverse Events and Adverse Reactions 
	Brexanolone adverse events greater than two percent and at least twice the rate ofplacebo are presented in Table 61. There were only six AEs rated as severe in five patients (see Table 62). 
	Table 61. Adverse Events:;:: 2% and Twice the Rate of Placebo by Treatment Group in Studies 202A, B, and C; n (% ). 
	Adverse Event 
	Adverse Event 
	Adverse Event 
	Placebo (n=107) 
	Any Brexanolone (n=140) 
	Brexanolone 60 µg/kg/h (n=38) 
	Brexanolone 90 µg/kg/h (n=102) 

	Sedation, somnolence 
	Sedation, somnolence 
	6 (6%) 
	21 (15%) 
	8 (21%) 
	13 (13%) 

	Dizziness, lightheadedness, presyncope, ve1iigo 
	Dizziness, lightheadedness, presyncope, ve1iigo 
	7 (7%) 
	17 (12%) 
	5 (13%) 
	12 (12%) 

	Dry mouth, thirst 
	Dry mouth, thirst 
	1 (1%) 
	7 (5%) 
	4 (11%) 
	3 (3%) 

	LOC, syncope 
	LOC, syncope 
	-
	5 (4%) 
	2 (5%) 
	3 (3%) 

	Flushing, hot flush 
	Flushing, hot flush 
	-
	4 (3%) 
	2 (5%) 
	2 (2%) 

	Dianhea 
	Dianhea 
	1 (1%) 
	3 (2%) 
	1 (3%) 
	2 (2%) 

	Oropharyngeal pam 
	Oropharyngeal pam 
	-
	3 (2%) 
	1 (3%) 
	2 (2%) 

	Tachycardia 
	Tachycardia 
	-
	3 (2%) 
	-
	3 (3%) 

	Dyspepsia, indigestion 
	Dyspepsia, indigestion 
	-
	2 (1%) 
	-
	2 (2%) 


	At 72 h, one placebo patient and two brexanolone 90 µg/kg/h patients had sedation and two brexanolone 90 µ.g/kg/h patients had dizziness/lightheadedness. 
	Table 62. Severe AEs in Studies 202A, B, and C. 
	Study 
	Study 
	Study 
	Treatment 
	n 
	Preferred Term 

	202A 
	202A 
	Placebo 
	1 
	. . msomnia 

	202B 
	202B 
	brexanolone 60 ug:/kg/h 
	1 
	loss ofconsciousness, somnolence 

	202C 
	202C 
	brexanolone 90 µg/kg/h 
	1 1 
	presyncope fatigue 

	TR
	Placebo 
	1 
	headache 


	Clinical Reviewer Comment: The AE dataset initially provided by the Applicant categorized AEs by assigned brexanolone treatment group. I requested that the Applicant also categorize the AE 
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	dataset by what treatment the patient was receiving at the time ofthe AE. I present this information in Table 63. 
	For the calculations in Table 63, I have assumed all brexanolone patients (n= 140) received 30 and 60 pg/kg/h doses (during titration). Note also that patients who experienced the same AE at multiple doses are counted for each dose. Therefore, the row totals from this table may not match total brexanolone numbers in Table 61. 
	Table 63. Adverse Events :;:: 2% and Twice the Rate ofPlacebo by Treatment at the Time of the AE in Studies 202A, B, and C; n (%). 
	Brexanolone Dose 
	Brexanolone Dose 
	Brexanolone Dose 

	Adverse Event 
	Adverse Event 
	30 µg/kg/h 
	60 µg/kg/h 
	90 µg/kg/h 

	TR
	(n=140) 
	(n=140) 
	(n=102) 

	Sedation, somnolence 
	Sedation, somnolence 
	16 (14%) 
	7 (5%) 
	-

	Dizziness, 
	Dizziness, 

	lightheadedness, 
	lightheadedness, 
	7 (5%) 
	9 (6%) 
	4 (4%) 

	presyncope, 
	presyncope, 

	vertigo 
	vertigo 

	Dry mouth, thirst 
	Dry mouth, thirst 
	1 (1%) 
	5 (4%) 
	1 (1%) 

	LOC, syncope 
	LOC, syncope 
	1 (1%) 
	3 (2%) 
	1 (1%) 

	Flushing, hot flash 
	Flushing, hot flash 
	1 (1%) 
	3 (2%) 
	-

	Dianhea 
	Dianhea 
	1 (1%) 
	2 (1%) 
	-

	Oropharyngeal 
	Oropharyngeal 
	1 (1%) 
	1 (1%) 
	1 (1%) 

	pam 
	pam 

	Tachycardia 
	Tachycardia 
	1 (1%) 
	1 (1%) 
	2 (2%) 

	Dyspepsia, indigestion 
	Dyspepsia, indigestion 
	-
	1 (1%) 
	1 (1%) 


	In examining the distribution ofAEs based on brexanolone dose at the time ofthe AE, there is no obvious dose effect. Indeed, sedation AEs are more common during the 30 pg/kg/h dose as 
	patients start the infusion and none occurred at the highest dose. This lack ofa dose-response 
	for AEs suggests that lowering the dose ofthe infusion would not necessarily lead to better tolerability. Although it is possible that AEs diminish with exposure time, this finding informs my decision on PMCs (i.e., it would not seem useful to patients to find a lower efficacious dose ifit would not improve tolerability) . 
	Because there are sedation and dizziness AEs at 72 hours, the label should contain warning 
	language regarding driving, etc. at discharge. 
	10.4.5. Laboratory Findings 
	Numbers of patients with potentially clinically significant hematology and coagulation values are presented in Table 64. 
	Table 64. Number of Patients with Potentially Clinically-Relevant Hematology and Coa2ulation Values in Studies 202A, B, and C; n (% ). 
	Lab Test/ Placebo Any Brexanolone Brexanolone Brexanolone 60 µg/kg/h 90 µg/kg/h Day (n=107) (n=140) (n=38) (n=102) Hematocrit < 37 % Screening 15 (14%) 14 (10%) 2 (5%) 12 (12%) 72 h 11 (10%) 12 (9%) 4 (11%) 8 (8%) Day7 12(11%) 20 (14%) 4 (11%) 16 (16%) Hemo2lobin < 12.0 2/dL Screening 28 (26%) 29 (21%) 11 (29%) 18 (18%) 72 h 26 (24%) 31 (22%) 12 (32%) 19 (19%) Day7 25 (23%) 38 (27%) 13 (34%) 25 (25%) WBC < 4.0 xlO'.!IIL Screening 2 (2%) 5 (4%) 1 (3%) 4 (4%) 72 h 5 (5%) 5 (4%) 1 (3%) 4 (4%) Day7 4 (4%) 3 (2%
	One brexanolone subject (90 Mg/kg/h) had a sennn sodium of 127 mmol/L at Day 7 (139 mmol/L on Day 3). There were no cases ofhypo-or hyperkalemia. There were five cases oflow sernm glucose (less than 4.0 mmol/L) at Day 3; two in the placebo group, one with brexanolone 60 µg/kg/h dose, and one with brexanolone 90 µg/kg/h. 
	Table 65. presents the numbers ofpatients with elevated TSH. 
	Table 65. Number of Patients with TSH >4.5 mIUIL in Studies 202A, B, and C; n (% ). 
	Day 
	Day 
	Day 
	Placebo (n=107) 
	Any Brexanolone (n=140) 
	Brexanolone 60 µg/kg/h (n=38) 
	Brexanolone 90 µg/kg/h (n=102) 

	Screening 
	Screening 
	1 (1%) 
	1 (1%) 
	-
	1 (1%) 

	72 h 
	72 h 
	3 (3%) 
	6 (4%) 
	1 (3%) 
	5 (5%) 

	Day7 
	Day7 
	2 (2%) 
	1 (1%) 
	-
	1 (1%) 


	There was one patient (Subject
	 Study 202B) in the brexanolone 90 ȝJ.NJ.K JURXS ZKR developed ALT and AST elevations approximately seven times the upper limit of normal. The subject’s baseline ALT and AST were clinically unremarkable (58 and 43 U/L, respectively). However, on Day 3, the patient’s ALT was 373 and AST was 234 U/L. By Day 7 the AST had decreased to 51 U/L, but the ALT remained elevated at 192 U/L. At Day 30, the ALT had decreased to 29. 7KURXJKRXW WKLV WLPH. WKH SDWLHQW¶V ELOLUXELQ UHPDLQHG ... WR .... ȝPRO./ .ZLWKLQ WKH QR
	Figure

	Clinical Reviewer Comment: There is no pattern consistent with a drug effect in the numbers of patients with potentially clinically-relevant hematology, coagulation, serum electrolyte, or TSH results. 
	$OWKRXJK WKHUH ZDV RQH VXEMHFW LQ WKH EUH[DQRORQH .. ȝJ.NJ.K JURXS ZLWK VLJQLILFDQW $/7 DQG AST elevations, the case did not meet criteria for Hy’s Law (no elevation of bilirubin). The patient was also taking sertraline, which has been associated with rare instances of marked elevations in liver enzymes 2 to 24 weeks after starting the drug (National Institutes of Health, 2018). Although there is no clear cause for this subject’s transaminase elevations, I believe the sertraline is a more likely culprit tha
	10.4.6. Vital Signs 
	Numbers of patients with potentially clinically significant heart rate or blood pressure are presented in Table 66, Table 67, and Table 68. Figure 27 and Figure 28 show the minimum and maximum respiratory rates by drug in Studies 202B and 202C, respectively. Initially, protocols required pulse oximetry monitoring every 2 hours. This was amended to continuous pulse oximetry in December 2015. In February 2017, the protocol was further amended to completely remove the requirement for pulse oximetry. No pulse o
	Table 66. Number of Patients with Potentially Clinically Relevant Heart Rate in Studies 202A, B, and C; n (%). 
	Day/Time 
	Day/Time 
	Day/Time 
	Placebo (n=107) 
	Any Brexanolone (n=140) 
	Brexanolone 60 µg/kg/h (n=38) 
	Brexanolone 90 µg/kg/h (n=102) 


	Heart Rate > 110 bpm 
	Screening 
	Screening 
	Screening 
	-
	-
	-
	-

	Baseline 
	Baseline 
	-
	1 (1%) 
	-
	1 (1%) 

	2h 
	2h 
	-
	1 (1%) 
	-
	1 (1%) 

	4 h 
	4 h 
	-
	1 (1%) 
	-
	1 (1%) 

	8h 
	8h 
	1 (1%) 
	-
	-
	-

	12 h 
	12 h 
	-
	-
	-
	-

	18 h 
	18 h 
	-
	-
	-
	-

	24 h 
	24 h 
	-
	-
	-
	-

	30h 
	30h 
	-
	1 (1%) 
	1 (3%) 
	-

	36 h 
	36 h 
	-
	-
	-
	-

	42h 
	42h 
	-
	1 (1%) 
	-
	1 (1%) 

	48 h 
	48 h 
	-
	1 (1%) 
	-
	1 (1%) 

	54h 
	54h 
	-
	-
	-
	-

	60 h 
	60 h 
	-
	1 (1%) 
	-
	1 (1%) 

	66h 
	66h 
	-
	1 (1%) 
	-
	1 (1%) 

	72 h 
	72 h 
	1 (1%) 
	2 (1%) 
	1 (3%) 
	1 (1%) 

	Day7 
	Day7 
	1 (1%) 
	1 (1%) 
	-
	1 (1%) 

	Day30 
	Day30 
	-
	1 (1%) 
	-
	1 (1%) 


	ZULRESSO (brexanolone) 
	Table 66 continued. 
	Placebo Any BrexanoloneDay/Time (n=107) (n=140) Heart Rate < 50 bpm Screening 1 (1%) 3 (2%) Baseline 1 (1%) 1 (1%) 2h 3 (3%) 2 (1%) 4h --8h 1 (1%) -12 h 1 (1%) -18 h -1 (1%) 24 h 2 (2%) -30h --36 h --42h --48 h -1 (1%) 54h --60 h -1 (1%) 66h --72 h 1 (1%) 1 (1%) Day7 2 (2%) -Dav30 --Brexanolone Brexanolone 60 µg/kg/h 90 µg/kg/h (n=38) (n=102) 1 (3%) 2 (2%) 1 (3%) -2 (5%) --------1 (1%) --------1 (3%) ----1 (1%) ---1 (1%) ----
	Table 67. Number of Patients with Potentially Clinically-Relevant Supine Systolic Blood Pressure in Studies 202A, B, and C; n (%) . 
	Day/Time 
	Day/Time 
	Day/Time 
	Placebo (n=107) 
	Any Brexanolone (n=140) 
	Brexanolone 60 µg/kg/h (n=38) 
	Brexanolone 90 µg/kg/h (n=102) 


	Systolic Blood Pressure > 150 mmH2 
	Screening 
	Screening 
	Screening 
	2 (2%) 
	3 (2%) 
	1 (3%) 
	2 (2%) 

	Baseline 
	Baseline 
	3 (3%) 
	2 (1%) 
	1 (3%) 
	1 (1%) 

	2h 
	2h 
	1 (1%) 
	1 (1%) 
	-
	1 (1%) 

	4 h 
	4 h 
	1 (1%) 
	2 (1%) 
	-
	2 (2%) 

	8h 
	8h 
	2 (2%) 
	-
	-
	-

	12 h 
	12 h 
	2 (2%) 
	2 (1%) 
	-
	2 (2%) 

	18 h 
	18 h 
	-
	-
	-
	-

	24 h 
	24 h 
	1 (1%) 
	1 (1%) 
	-
	1 (1%) 

	30h 
	30h 
	1 (1%) 
	1 (1%) 
	1 (3%) 
	-

	36 h 
	36 h 
	1 (1%) 
	2 (1%) 
	-
	2 (2%) 

	42h 
	42h 
	1 (1%) 
	-
	-
	-

	48 h 
	48 h 
	1 (1%) 
	2 (1%) 
	-
	2 (2%) 

	54h 
	54h 
	-
	2 (1%) 
	1 (3%) 
	1 (1%) 

	60 h 
	60 h 
	-
	4(3%) 
	2 (5%) 
	2 (2%) 

	66h 
	66h 
	-
	1 (1%) 
	1 (3%) 
	-

	72 h 
	72 h 
	-
	1 (1%) 
	1 (3%) 
	-

	Day7 
	Day7 
	3 (3%) 
	1 (1%) 
	1 (3%) 
	-

	Day30 
	Day30 
	2 (2%) 
	3 (2%) 
	1 (3%) 
	2 (2%) 


	ZULRESSO (brexanolone) 
	Table 67 continued. 
	Placebo Any Brexanolone Day/Time (n=107) (n=140) Systolic Blood Pressure < 90 mmH2 Screening --Baseline 1 (1%) 1 (1%) 2h 1 (1%) 1 (1%) 4 h -2 (1%) 8h -1 (1%) 12 h -1 (1%) 18 h -1 (1%) 24 h 2 (2%) 3 (2%) 30h -4 (3%) 36 h -1 (1%) 42h --48 h 1 (1%) 4(3%) 54h --60 h -1 (1%) 66h --72 h -2 (1%) Day7 1 (1%) 3 (2%) Dav30 --Brexanolone Brexanolone 60 µg/kg/h 90 µg/kg/h (n=38) (n=102) ---1 (1%) 1 (3%) --2 (2%) -1 (1%) -1 (1%) -1 (1%) 1 (3%) 2 (2%) -4 (4%) -1 (1%) --2 (5%) 2 (2%) ---1 (1%) ---2 (2%) -3 (3%) --
	Table 68. Number of Patients with Potentially Clinically-Relevant Supine Diastolic Blood Pressure in Studies 202A, B, and C; n (%). 
	Day/Time 
	Day/Time 
	Day/Time 
	Placebo (n=107) 
	Any Brexanolone (n=140) 
	Brexanolone 60 µg/kg/h (n=38) 
	Brexanolone 90 µg/kg/h (n=102) 


	Diastolic Blood Pressure > 100 mmH2 
	Screening 
	Screening 
	Screening 
	1 (1%) 
	2 (1%) 
	1 (3%) 
	1 (1%) 

	Baseline 
	Baseline 
	1 (1%) 
	1 (1%) 
	-
	1 (1%) 

	2h 
	2h 
	1 (1%) 
	-
	-
	-

	4 h 
	4 h 
	1 (1%) 
	1 (1%) 
	-
	1 (1%) 

	8h 
	8h 
	-
	1 (1%) 
	-
	1 (1%) 

	12 h 
	12 h 
	-
	-
	-
	-

	18 h 
	18 h 
	-
	-
	-
	-

	24 h 
	24 h 
	-
	1 (1%) 
	-
	1 (1%) 

	30h 
	30h 
	-
	-
	-
	-

	36 h 
	36 h 
	1 (1%) 
	1 (1%) 
	-
	1 (1%) 

	42h 
	42h 
	-
	-
	-
	-

	48 h 
	48 h 
	-
	-
	-
	-

	54h 
	54h 
	-
	-
	-
	-

	60 h 
	60 h 
	-
	-
	-
	-

	66h 
	66h 
	-
	-
	-
	-

	72 h 
	72 h 
	-
	-
	-
	-

	Day7 
	Day7 
	2 (2%) 
	-
	-
	-

	Day30 
	Day30 
	-
	1 (1%) 
	1 (3%) 
	-


	Table 68 continued. 
	Placebo Any Brexanolone Day/Time (n=107) (n=140) Diastolic Blood Pressure < 60 mmH2 Screening 2 (2%) 5 (4%) Baseline 8 (7%) 7 (5%) 2h 10 (9%) 10 (7%) 4 h 7 (7%) 18 (13%) 8h 5 (5%) 10 (7%) 12 h 5 (5%) 7 (5%) 18 h 3 (3%) 4 (3%) 24 h 12(11%) 7 (5%) 30h 7 (7%) 12 (9%) 36 h 4 (4%) 11 (8%) 42h 1 (1%) -48 h 5 (5%) 13 (9%) 54h 8 (7%) 9 (6%) 60 h 6 (6%) 6 (4%) 66h 2 (2%) 3 (2%) 72 h 9 (8%) 7 (5%) Day7 7 (7%) 6 (4%) Dav30 1 (1%) -Brexanolone Brexanolone 60 µg/kg/h 90 µg/kg/h (n=38) (n=102) 2 (5%) 3 (3%) 2 (5%) 5 (5%)
	There were fewer patients with blood pressure measurements while standing (values not presented), but the results were similar to supine blood pressure. Only one patient (Study 202C, brexanolone 90 µ.g/kg/h aim) was orthostatic by blood pressure criteria alone (standing heart rate was not measured). Other patients with postural dizziness were not 01thostatic. 
	Figure 27. Minimum and Maximum Respirations per Minute by Drug Assignment in Study 202B. 
	Figure
	Source: Clinical Reviewer generated.
	Figure 28. Minimum and Maximum Respirations per Minute by Drug Assignment in Study 202C. 
	Figure
	Source: Clinical Reviewer generated. 
	Clinical Reviewer Comment: For all vital sign measurements, if the patient was asleep at night, the vitals were waived. Therefore, because the patients started the infusion in the morning, there are few values at 18 and 42 hours after the start of the infusion. Although sustained measurements of blood pressure greater than 140/90 define hypertension, I chose a slightly higher threshold for determining clinically significant elevated blood pressure in order to account for minor elevations associated with exp
	There was a male subject who experienced apnea during the thorough QT Study (see Section 
	10.4.1: Loss of Consciousness). Because of this, and a respiratory signal in some nonclinical studies (see Section 5.5.1: General Toxicology), I chose to graphically represent the minimum and maximum respiratory rates for patients by drug assignment. As shown in Figures Figure 27 and Figure 28, brexanolone was not associated with a pattern of respiratory distress (more respirations per minute than placebo) nor with respiratory depression (fewer respirations per minute than placebo). It is unfortunate that t
	monitoring. Based on the case ofapnea and the possibility that brexanolone could act like a barbiturate at the GABAA receptor, I recommend continuous pulse oximetry monitoring during infusions. The consequences ofallowing the infusions to continue after loss ofconsciousness is unclear. Including continuous pulse oximetly monitoring will allow for intervention in the event the patient "loses consciousness" while sleeping. This should be included in the label. 
	I do not feel there is a pattern ofvital sign values consistent with a drug effect. Although there are some time points where more patients on brexanolone appeared to have low diastolic blood pressure (36 h), there were other infusion time points when more patients on placebo had low diastolic bloodpressure (24 h). These.fluctuations are most likely an artifact ofthe sample sizes. 
	10.4.7. Electrocardiograms (ECGs) 
	Table 69 presents potentially clinically relevant PR and QTc intervals. The QT interval was con ected using Fridericia's fo1mula. The QT Interdisciplinaiy Review Team evaluated the Applicant's thorough QT study (CLP-106) in a separate document. Their findings are summarized in Section 10.3.13: QT. 
	Table 69. Number of Patients with Potentially Clinically-Relevant ECG Findings, in Studies 202A, B, and C; n (% ). 
	Placebo Any Brexanolone Brexanolone Day/Time (n=107) Brexanolone 60 µg/kg/h 90 µg/kg/h (n=140) (n=38) (n=102) PR Interval > 200 msec Screening 1 (1%) 4 (3%) 1 (3%) 3 (3%) 48h 1 (1%) 3 (2%) 1 (3%) 2 (2%) Dav7 2 (2%) 3 (2%) 2 (5%) 1 (1%) QTc Interval > 460 msec Screening 2 (2%) 3 (2%) 1 (3%) 2 (2%) 48h 2 (2%) 1 (1%) -1 (1%) Day7 1 (1%) 2 (1%) -2 (2%) QTc Interval < 350 msec Screening ---1 (1%) 48h 1 (1%) 2 (1%) 1 (3%) 1 (1%) Day7 ----
	Clinical Reviewer Comments: I do not feel there is a pattern ofECG interval values consistent with a drug effect. 
	10.4.8. QT 
	As per the QT Interdisciplina1y Review Team's (IRT) conclusions: 
	No significant QTc prolongation effect ofbrexanolone (SAGE-547) treatment (a 5-hour intravenous infusion staiiing at a rate of60 µ.g/kg/h and increasing each hour to 90, 120, 150, and 180 µ.g/kg/h) was detected in TQT study 547-CLP-106. The lai·gest upper bound of the 
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	2-sided 90% CI for the mean difference between brexanolone treatment and placebo was below 10 ms, the threshold for regulato1y concern as described in ICH El4 guidelines. The largest lower bound of the two-sided 90% CI for the LiLiQTcF for moxifloxacin was greater than 5 ms, and the moxifloxacin profile over time is adequately demonstrated ...indicating that assay sensitivity was established (p. l; QT IRT Review archived by Moh Jee Ng on July 26, 2018). 
	The IRT recommends the following language be included in the Phamacodynamics section of labeling: 
	The effect ofbrexanolone on the QTc interval was evaluated in a Phase 1 randomized, placebo and positive controlled, double-blind, three-period crossover thorough QTc study in 30 healthy adult subjects. At 1.9-fold of the therapeutic exposmes for highest recommended clinical dose, brexanolone did not prolong the QT c interval to any clinically relevant extent 
	(p. 2). 
	10.4.9. Immunogenicity 
	Not applicable to this application. 
	10.5. Analysis of Submission-Specific Safety Issues 
	10.5.1. Loss of Consciousness 
	There were six patients with loss ofconsciousness, syncope, or presyncope in Studies 202A, B, bll& appeared to have a vasovagal reaction to a blood draw. Patient nreported dizziness and ve1iigo that improved when she sat down (she never lost consciousness). The remaining four patients seemed to experience an abrnpt onset of deep sleep. 
	and C (see Table 70). Patient 
	16
	6 

	Table 70. Cases of Loss of Consciousness, Synco e, Pres e in Studies 202A, B, and C. Subject Dose at time of Timeline: Nearest PKID Demographics Description ofEvent LOCEvent to Event (ng/mL)Stud (b)(6 31 yo, AA 16H6 BMI 28.1 kg/m2 -Vasovagal syncope during 78 days after delivery (202B) h/oMDD venipuncture for PK sampling 60 Medication (repo1ted fear ofneedles) -medroxyprogesterone 25 yo, W -Infusion pwnp malfunction, dose BMI40kg/m2 unclear -BP !ability before and during the 40 days after delivery event (71
	(202B) r (b) (6! (202B) l(ljf(6~ (202C) 
	(202B) r (b) (6! (202B) l(ljf(6~ (202C) 
	(202B) r (b) (6! (202B) l(ljf(6~ (202C) 
	BMI 35 kg/m' 82 days after delivery Medication -none 24yo, W BMI29kg/m2 185 days after delivery h/o anxiety, MDD Medication -ASA/acetaminophen/ caffeine 25 yo, W BMI30kg/m2 189 days after delive1y h/o anxiety, MDD Medication -se1traline (since 2016) -single dose ondansetron 
	unclear -Asked ifthe dmg made one sleepy, then fell fo1ward "abmptly"; snoring -No change in vitals -Infusion stopped; recovered after 14min -Reported dizziness 20 h after starting 60 µg/kg/h -10 h later was extremely somnolent and unaware of surroundings -Infusion stopped; improved after 15 min, resolved after 45 min -Reported dizziness 5 h after starting 60 µg/kg/h -Was eating Jell-0 when abmptly dropped spoon and became unresponsive -Opened eyes to verbal stimuli after 10 min, but not responsive for 1 h 
	60 60 
	0845: Infusion sta1t 1016: LOC 1235: 29.5 (1>)161 1110: Infusion start (1>)161 1102: 152 2200: LOC 2319: 103 C_(b11j 0937: liifusion sta1t 1741 : 51.6 1815: Syncope 


	Table 70 continued. 
	Subject ID Stud 
	Subject ID Stud 
	Subject ID Stud 
	Demogr aphics 
	Description ofEvent 
	Dose at time of LOCEvent 
	Timeline: Nearest PK to Event (ng/mL) 

	TR
	36yo,AA 

	TR
	BMI 51 kg/m2 

	TR
	115 days after delivery 
	-Reported dizziness and 

	TR
	h/oHTN 
	somnolence at 30 and 60 µg/kg/h 

	(lj)(6 (202C) 
	(lj)(6 (202C) 
	Medication -medroxyprogesterone 
	-Presyncope/vertigo 13 h after starting 90 µg/kg/h 
	90 
	0750: 82.l 

	TR
	-methadone (since 2012) 
	-Sat down and presyncope resolved 
	1115: Presyncope 

	TR
	-metoprolol 
	after 10 min, vertigo after 2 h 
	1400: 138 

	TR
	-naproxen 

	TR
	-lisinopril/HCTZ 


	AA=African-American, ASA=aspirin, BMI=body mass index, BP=blood pressure, HCTZ=hydrochlorothiazide, 
	HTN=hype1tension, h/o=history of, LOC=loss ofconsciousness, MDD=major depressive disorder, W=white, 
	yo=year old. 
	•Because ofIV pump malfunction, actual dose unclear. PK samples from these patients do not indicate abnonnally high doses, but the Applicant repo1ts a biphasic elimination and that the diug is rapidly cleared. 
	bf<in Study CLP-I 06 (cardiac repolarization study) also lost consciousness. This subject was a 55-year-old man with no repo1ied past medical histo1y. He developed somnolence, confusion, dizziness, and less than I minute of apnea while receiving brexanolone 150 µg/kg/h. 
	Subject 
	6 
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	His blood level was 144 ng/mL. He was not obese. This was the only subject in this or the other development programs for brexanolone with apnea. 
	Clinical Reviewer Comments: Most of the LOC events resolved when the infusion was interrupted with no lasting effects. However, Patient 
	was not fully responsive for an hour and had amnesia for the LOC events. The subject with apnea is also concerning. None of the women in the PPD studies experienced apnea. It is possible that the apneic event is a result of the subject falling into a deep sleep, but the subject had no history of sleep apnea and was not obese. 
	Figure

	There is no discernable pattern to the LOC events. Dosing, time elapsed since start of dose, blood levels, BMI, past medical history, and medication all varied. I considered the possibility that LOC might be related to women who had Cesarean deliveries (i.e., surgical patients). However, although the Applicant did not collect method of delivery, time since delivery indicates this is an unlikely explanation. Removing the case of presyncope and the vasovagal reaction, we are left with white females in their 2
	Because the events are sudden, unpredictable, and require intervention (i.e., stopping the infusion), delivery of the infusion will require constant monitoring for the safety of the patient and her infant. Patients will all require dose titration and taper. But, in accordance with the treatment protocol used, may also require dose adjustment based on tolerability. Coupled with the possibility of apnea, supervision must be from a medical professional and peripheral oxygen saturation must be monitored (pulse 
	10.5.2. Suicidal Ideation and Behavior 
	The Applicant used the Columbia Suicide Severity Rating Scale (C-SSRS) to establish lifetime suicidal ideation and behavior at baseline as well as to monitor for these AEs during the study. Results are presented in Table 71. 
	Table 71. C-SSRS Results durin2 Studies 202A, B, and C; n (%). 
	Day 
	Day 
	Day 
	Event 
	Placebo (n=107) 
	Any Brexanolone (n=140) 
	Brexanolone 60 µg/kg/h (n=38) 
	Brexanolone 90 µg/kg/h (n=102) 

	Baselinea 
	Baselinea 
	None 
	72 (67%) 
	83 (59%) 
	18 (47%) 
	65 (64%) 

	SI 
	SI 
	28 (26%) 
	42 (30%) 
	15 (39%) 
	27 (26%) 

	SB 
	SB 
	7 (7%) 
	15(11%) 
	5 (13%) 
	10 (10%) 

	Day2 
	Day2 
	None 
	103 (96%) 
	135 (96%) 
	37 (97%) 
	98 (96%) 

	SI 
	SI 
	3 (3%) 
	3 (2%) 
	-
	3 (3%) 

	SB 
	SB 
	-
	-
	-
	-

	Day3 
	Day3 
	None 
	104 (97%) 
	132 (94%) 
	37 (97%) 
	95 (93%) 

	SI 
	SI 
	3 (3%) 
	3 (2%) 
	-
	3 (3%) 

	SB 
	SB 
	-
	-
	-
	-

	Day4 
	Day4 
	None 
	104 (97%) 
	135 (96%) 
	37 (97%) 
	98 (96%) 

	SI 
	SI 
	3 (3%) 
	1 (1%) 
	-
	1 (1%) 

	SB 
	SB 
	-
	-
	-
	-

	Day7 
	Day7 
	None 
	101 (94%) 
	123 (88%) 
	35 (92%) 
	88 (86%) 

	SI 
	SI 
	5 (5%) 
	9 (6%) 
	1 (3%) 
	8 (8%) 

	SB 
	SB 
	-
	2 (1%) 
	1 (3%) 
	1 (1%) 

	Day 14b 
	Day 14b 
	None 
	62 (98%) n=63 
	75(91%) n=82 
	23 (100%) n=23 
	52 (88%) n=59 

	SI 
	SI 
	1 (2%) 
	4 (5%) 
	-
	4(7%) 

	SB 
	SB 
	-
	1 (1%) 
	-
	1 (2%) 

	Day 21b 
	Day 21b 
	None 
	58 (92%) n=63 
	79 (96%) n=82 
	21 (91%) n=23 
	58 (98%) n=59 

	SI 
	SI 
	4 (6%) 
	2 (2%) 
	1 (4%) 
	1 (2%) 

	SB 
	SB 
	-
	-
	-
	-

	Day30 
	Day30 
	None 
	100 (93%) 
	124 (89%) 
	35 (92%) 
	89 (87%) 

	SI 
	SI 
	5 (5%) 
	5 (4%) 
	-
	5 (5%) 

	SB 
	SB 
	-
	-
	-
	-


	SB=suicidal behavior (including non-suicidal self-injurious behavior); SI=suicidal ideation. 
	•Baseline values are lifetime incidence. .t>visits 14 and 21 were added to Studies 202B and C via amendment and include less patients. .
	Clinical Reviewer Comment: Unfortunately, the baseline C-SSRS values represent lifetime suicidal ideation and behavior rather than a baseline for the current depressive episode. Therefore, it is difficult to put thefirstfew data points into context. 
	Visits on Day 7 and 14 appear to capture afew individuals with suicidalbb~haviors-allin the 
	brexanolone groups. However, one individual on Day 7 is Subject 
	brexanolone groups. However, one individual on Day 7 is Subject 
	brexanolone groups. However, one individual on Day 7 is Subject 
	11 
	(discussed earlier in 

	Section 10.3.6: Serious Adverse Events) and one individual (Subject 
	Section 10.3.6: Serious Adverse Events) and one individual (Subject 
	ltif<& reported non-

	suicidal self-injurious behavior on both Day 7 and Day 14. 
	suicidal self-injurious behavior on both Day 7 and Day 14. 
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	Considering that the behaviors captured on Days 7 and 14 either do not represent suicidal intent or are better accounted for by an underlying personality disorder, there does not appear to be a drug-relatedsuicide signal for brexanolone in the submitted data. However, suicide events are so rare it would be impossible to conclude there is no underlying signal with the number of subjects exposed thus far. Previous suicide signals in antidepressants required pooling ofstudies and thousands ofpatientsfor detect
	10.6. Clinical Outcome Assessment (COA) Analyses Informing .Safety/Tolerability .
	Study 202A included the Stanford Sleepiness Scale (SSS): a patient-repo1ted, Like1t-type scale assessing sleepiness from 1 ("feeling active, vital, ale1t, or wide awake") to 7 ("no longer fighting sleep, sleep onset soon; having dream-like thoughts"). The SSS was administered as per Table 38 unless the patient was asleep. Results are presented in Table 72. Most patients were sleeping at the 18-, 42-, and 66-hour time points and no data from those times are presented in the table. 
	Table 72. Studv 202A SSS Results; Mean (SD). 
	Time 
	Time 
	Time 
	Parameter 
	Placebo (n=ll) 
	Brexanolone 90 µg/kg/h (n=lO) 

	Baseline 
	Baseline 
	Mean (SD) Min, Max 
	2.6 (2) 1, 6 
	2.7 (1) 1, 4 

	2 h 
	2 h 
	Mean (SD) Min, Max 
	3.0 (1) 1, 6 
	2.8 (1) 1, 5 

	4h 
	4h 
	Mean (SD) Min, Max 
	2.3 (1) 1, 4 
	3.0 (2) 1, 7 

	8 h 
	8 h 
	Mean (SD) Min, Max 
	2.6 (2) 1, 5 
	2.2 (2) 1, 6 

	12 h 
	12 h 
	Mean (SD) Min, Max 
	2.5 (1) 1, 4 
	3.6 (2) 1, 5 

	24 h 
	24 h 
	Mean (SD) Min, Max 
	2.6 (1) 1, 5 
	1.9 (1) 1, 3 

	30 h 
	30 h 
	Mean (SD) Min, Max 
	1.4 (1) 1, 2 
	2.0 (1) 1, 4 

	36 h 
	36 h 
	Mean (SD) Min, Max 
	2.1 (1) 1, 3 
	2.0 (2) 1, 6 

	48 h 
	48 h 
	Mean (SD) Min, Max 
	1.8 (1) 1, 3 
	1.5 (1) 1, 3 

	54 h 
	54 h 
	Mean (SD) Min, Max 
	1.5 (1) 1, 3 
	1.3 (1) 1, 3 

	60 h 
	60 h 
	Mean (SD) Min, Max 
	2.0 (1) 1, 4 
	1.4(1) 1, 4 

	72 h 
	72 h 
	Mean (SD) Min, Max 
	1.7 (1) 1, 3 
	1.4 (1) 1, 3 


	Clinical Reviewer Comment: Considering the most common AEs with brexanolone are sedation-related, it is quite surprising that drug and placebo arms in 202A did not consistently differ in their self-report of somnolence (either mean or maximum), especially because three 202A brexanolone patients actually had AEs of mild to moderate sedation/somnolence. This may reflect poor scale validity or a chance finding from extremely small sample sizes. 
	10.7. Safety Analyses by Subgroups 
	Table 73 describes the incidence of AEs by age. Although there are several points at which a break could be made, this analysis uses the median age of 27 as a cut-point. 
	Table 74 describes the incidence of AEs by race. Patients who were not either African-American/black or white were too few to include in the racial analysis (one American Indian/Alaskan Native, one Native Hawaiian/Pacific Islander, one Asian, and four “other”). 
	Table 74 describes the incidence of AEs by weight. Brexanolone is dosed by weight. Heavier women received a larger dose. Dividing patients at 85 kg produced similar sample size numbers for the placebo and brexanolone groups. To account for body type, AEs are also presented by BMI (Table 75). 
	Table 76 describes the incidence of AEs by baseline antidepressant and benzodiazepine use. There were no AEs in the single patient receiving a benzodiazepine, but not receiving an antidepressant. Table 77 describes the incidence of sedation/somnolence and dizziness/lightheadedness/presyncope/vertigo in Study 202C patients based on concomitant opioids. There were no concomitant opioids in Study 202A. ,Q 6WXG\ ...%. RQH .. ȝJ.NJ.K SDWLHQW. WZR .. ȝJ.NJ.K patients, and three placebo patients received opioids. 
	A caveat to all subgroup analyses is the resulting extremely small sample sizes. Therefore, group differences must be quite large to be potentially clinically meaningful. 
	Table 73. Adverse Events • 2% and Twice the Rate of Placebo by Treatment Group and by Age in Studies 202A, B, and C; n(%). 
	Adverse Event 
	Adverse Event 
	Adverse Event 
	Placebo n (o/o) 
	Any Brexanolone 
	Brexanolone 60 mcg/kg/h 
	Brexanolone 90 mcg/kg/h 

	<27 years (n=47) 
	<27 years (n=47) 
	~27 years (n=60) 
	<27 years (n=64) 
	~27 years (n=76) 
	<27 years (n=l7) 
	~27 years (n=21) 
	<27 years (n=47) 
	~27 years (n=55) 

	Sedation, somnolence 
	Sedation, somnolence 
	4 (9%) 
	5 (8%) 
	8 (13%) 
	13 (17%) 
	3 (18%) 
	5 (24%) 
	5 (11 %) 
	8 (15%) 

	Dizziness, lightheadedness, presyncope, ve1t igo 
	Dizziness, lightheadedness, presyncope, ve1t igo 
	2 (4%) 
	5 (8%) 
	9 (14%) 
	8 (11%) 
	1 (6%) 
	4 (19%) 
	8 (17%) 
	4 (7%) 

	Dry mouth, thirst 
	Dry mouth, thirst 
	0 
	1 (2%) 
	9 (14%) 
	3 (4%) 
	2 (12%) 
	2 (10%) 
	2 (4%) 
	1 (2%) 

	LOC, syncope 
	LOC, syncope 
	0 
	0 
	3 (5%) 
	2 (3%) 
	1 (6%) 
	1 (5%) 
	2 (4%) 
	1 (2%) 

	Flushing, hot flush 
	Flushing, hot flush 
	0 
	0 
	3 (5%) 
	1 (1%) 
	1 (6%) 
	1 (5%) 
	2 (4%) 
	0 

	Dian hea 
	Dian hea 
	0 
	1 (2%) 
	0 
	3 (4%) 
	0 
	1 (5%) 
	0 
	2 (4%) 

	Orophaiyngeal pain 
	Orophaiyngeal pain 
	0 
	0 
	1 (2%) 
	2 (3%) 
	0 
	1 (5%) 
	1 (2%) 
	1 (2%) 

	Tachycardia 
	Tachycardia 
	0 
	0 
	3 (5%) 
	0 
	0 
	0 
	3 (6%) 
	0 

	Dyspepsia, indigestion 
	Dyspepsia, indigestion 
	0 
	0 
	1 (2%) 
	1 (1%) 
	0 
	0 
	1 (2%) 
	1 (2%) 


	Clinical Reviewer Comment: Flushing/hot flush and tachycardia appeared more common on the younger age group while diarrhea was more common in the older age group . Given the small numbers ofpatients with events and the largely arbitrary cut-point, I do not expect that these differences are clinically meaningful. 
	Table 74. Adverse Events 2::: 2% and Twice the Rate of Placebo by Treatment Group and by Race in Studies 202A, B, and C; n (%). 
	Adverse Event 
	Adverse Event 
	Adverse Event 
	Placebo 
	Any Brexanolone 
	Brexanolone 60 µg/kg/h 
	Brexanolone 90 µg/kg/h 

	AA (n=40) 
	AA (n=40) 
	White (n=65) 
	AA (n=49) 
	White (n=86) 
	AA (n=12) 
	White (n=25) 
	AA (n=37) 
	White (n=61) 

	Sedation, somnolence 
	Sedation, somnolence 
	2 (5%) 
	4 (6%) 
	9 (18%) 
	12 (14%) 
	4 (33%) 
	4 (16%) 
	5 (14%) 
	8 (13%) 

	Dizziness, lightheadedness, presyncope, vertigo 
	Dizziness, lightheadedness, presyncope, vertigo 
	1 (3%) 
	6 (9%) 
	3 (6%) 
	14 (16%) 
	0 
	5 (20%) 
	3 (8%) 
	9 (15%) 

	Dry mouth, thirst 
	Dry mouth, thirst 
	0 
	1 (2%) 
	3 (6%) 
	4 (5%) 
	1 (8%) 
	3 (12%) 
	2 (5%) 
	1 (2%) 

	LOC, syncope 
	LOC, syncope 
	0 
	0 
	1 (2%) 
	4 (5%) 
	0 
	2 (8%) 
	1 (3%) 
	2 (3%) 

	Flushing, hot flush 
	Flushing, hot flush 
	0 
	0 
	2 (4%) 
	2 (2%) 
	0 
	2 (8%) 
	2 (5%) 
	0 

	Dianhea 
	Dianhea 
	0 
	1 (2%) 
	1 (2%) 
	2 (2%) 
	0 
	1 (4%) 
	1 (3%) 
	1 (2%) 

	Oropharyngeal pam 
	Oropharyngeal pam 
	0 
	0 
	2 (4%) 
	1 (1%) 
	I (8%) 
	0 
	1 (3%) 
	1 (2%) 

	Tachycardia 
	Tachycardia 
	0 
	0 
	1 (2%) 
	2 (2%) 
	0 
	0 
	1 (3%) 
	2 (3%) 

	Dyspepsia, indigestion 
	Dyspepsia, indigestion 
	0 
	0 
	0 
	1 (1%) 
	0 
	0 
	0 
	1 (2%) 


	AA=African-American/black. 
	Clinical Reviewer Comment: There appears to be a consistent pattern ofincreased dizziness/vertigo in white patients; however, this pattern is also true in the placebo group. Therefore, this observation is not consistent with a drug effect. 
	Table 75. Adverse Events 2::: 2% and Twice the Rate of Placebo by Treatment Group and by 1% ). 
	Weh?ht in Studies 202A, B, and C; n 

	Adverse Event 
	Adverse Event 
	Adverse Event 
	Placebo 
	Any Brexanolone 
	Brexanolone 60 µg/kg/h 
	Brexanolone 90 µg/kg/h 

	gJ5 kg (n=62) 
	gJ5 kg (n=62) 
	>85 kg (n=45) 
	gJ5kg (n=76) 
	>85kg (n=64) 
	gJ5kg (n=18) 
	>85kg (n=20) 
	gJ5kg (n=58) 
	>85kg (n=44) 

	Sedation, somnolence 
	Sedation, somnolence 
	4 (6%) 
	2 (4%) 
	10 (13%) 
	11 (17%) 
	2 (1 1%) 
	6 (30%) 
	8 (14%) 
	5 (1 1%) 

	Dizziness, lightheadedness, presyncope, vertigo 
	Dizziness, lightheadedness, presyncope, vertigo 
	4 (6%) 
	3 (7%) 
	11 (14%) 
	6 (9%) 
	4 (22%) 
	1 (5%) 
	7 (12%) 
	5 (11%) 

	Dry mouth, thirst 
	Dry mouth, thirst 
	1 (2%) 
	0 
	4 (5%) 
	3 (5%) 
	2 (11%) 
	2 (10%) 
	2 (3%) 
	1 (2%) 

	LOC, syncope 
	LOC, syncope 
	0 
	0 
	3 (4%) 
	2 (3%) 
	1 (6%) 
	1 (5%) 
	2 (3%) 
	1 (2%) 

	Flushing, hot flash 
	Flushing, hot flash 
	0 
	0 
	1 (1%) 
	3 (5%) 
	0 
	2 (10%) 
	1 (2%) 
	1 (2%) 

	Dianhea 
	Dianhea 
	0 
	1 (2%) 
	1 (6%) 
	0 
	0 
	2 (5%) 

	Oropharyngeal pam 
	Oropharyngeal pam 
	0 
	0 
	0 
	3 (5%) 
	0 
	1 (5%) 
	0 
	2 (5%) 

	Tachycardia 
	Tachycardia 
	0 
	0 
	3 (4%) 
	0 
	0 
	0 
	3 (5%) 
	0 

	Dyspepsia, indigestion 
	Dyspepsia, indigestion 
	0 
	0 
	2 (3%) 
	0 
	0 
	0 
	2 (3%) 
	0 


	Table 76. Adverse Events 2::: 2% and Twice the Rate of Placebo by Treatment Group and by BMI in Studies 202A, B, and C; n (% ). 
	Adverse Event BMI (kg/m2) : 
	Adverse Event BMI (kg/m2) : 
	Adverse Event BMI (kg/m2) : 
	Placebo 
	Any Brexanolone 

	<25 (n=28) 
	<25 (n=28) 
	25-<30 (n=26) 
	30­<40 (n=37) 
	2:::40 (n=16) 
	<25 (n=33) 
	25­<30 (n=32) 
	30­<40 (n=49) 
	2:::40 (n=26) 

	Sedation, somnolence 
	Sedation, somnolence 
	2 (7%) 
	1 (4%) 
	3 (8%) 
	0 
	4 (12%) 
	4 (13%) 
	7 (14%) 
	6 (23%) 

	Dizziness, lightheadedness, presyncope, vertigo 
	Dizziness, lightheadedness, presyncope, vertigo 
	2 (7%) 
	1 (4%) 
	1 (3%) 
	3 (19%) 
	4 (12%) 
	7 (22%) 
	3 (6%) 
	3 (12%) 

	Drv mouth, thirst 
	Drv mouth, thirst 
	1 (4%) 
	0 
	0 
	0 
	3 (9%) 
	1 (3%) 
	2 (4%) 
	1 (4%) 

	LOC, syncope 
	LOC, syncope 
	0 
	0 
	0 
	0 
	0 
	3 (9%) 
	1 (2%) 
	1 (4%) 

	Flushing, hot flash 
	Flushing, hot flash 
	0 
	0 
	0 
	0 
	1 (3%) 
	0 
	2 (4%) 
	1 (4%) 

	Dianhea 
	Dianhea 
	0 
	0 
	0 
	1 (6%) 
	0 
	1 (3%) 
	1 (2%) 
	1 (4%) 

	Oropharyngeal pam 
	Oropharyngeal pam 
	0 
	0 
	0 
	0 
	0 
	0 
	1 (2%) 
	2 (8%) 

	Tachvcardia 
	Tachvcardia 
	0 
	0 
	0 
	0 
	2 (6%) 
	0 
	1 (2%) 
	0 

	Dyspepsia, indigestion 
	Dyspepsia, indigestion 
	0 
	0 
	0 
	0 
	1 (3%) 
	0 
	1 (2%) 
	0 


	Clinical Reviewer Comment: Because the brexanolone dose is weight-based, heavier women received a larger brexanolone dose. Based on the data in Table 7 4, there is no consistent pattern ofAEs in either weight group. For example, more ofthe heavier women in the brexanolone 60 pg/kg/h group experienced sedation (30% versus 11% in the lighter group)-however, this pattern was not true in the 90 pg/kg/h group. Likewise, when grouped by BML there is no consistent pattern ofAEs. 
	Table 77. Adverse Events 2::: 2% and Twice the Rate of Placebo by Treatment Group and Baseline Antidepressant and Benzodiazepine Medication in Studies 202A, B, and C; n (% ). 
	Adverse Event 
	Adverse Event 
	Adverse Event 
	Placebo 
	Any Brexanolone 

	AD Only (n=21) 
	AD Only (n=21) 
	AD+ Benzo (n=5) 
	Neither (n=80) 
	AD Only (n=23) 
	AD+ Benzo (n=ll) 
	Neither (n=106) 

	Sedation, somnolence 
	Sedation, somnolence 
	1 (5%) 
	0 
	5 (6%) 
	4 (17%) 
	5 (45%) 
	12 (11%) 

	Dizziness, lightheadedness, presyncope, vertigo 
	Dizziness, lightheadedness, presyncope, vertigo 
	2 (10%) 
	2 (40%) 
	3 (4%) 
	4 (17%) 
	3 (27%) 
	10 (9%) 

	Drv mouth, thirst 
	Drv mouth, thirst 
	0 
	0 
	1 (1%) 
	1 (4%) 
	1 (9%) 
	5 (5%) 

	LOC, syncope 
	LOC, syncope 
	0 
	0 
	0 
	1 (4%) 
	0 
	4(4%) 

	Flushing, hot flash 
	Flushing, hot flash 
	0 
	0 
	0 
	2 (9%) 
	0 
	2 (2%) 

	Dianhea 
	Dianhea 
	1 (5%) 
	0 
	0 
	3 (13%) 
	0 
	0 

	Oropharyngeal pam 
	Oropharyngeal pam 
	0 
	0 
	0 
	0 
	1 (9%) 
	2 (2%) 

	T achvcardia 
	T achvcardia 
	0 
	0 
	0 
	0 
	0 
	3 (3%) 

	Dyspepsia, indigestion 
	Dyspepsia, indigestion 
	0 
	0 
	0 
	0 
	1 (9%) 
	1 (1%) 


	AD=antidepressant, Benzo=benzodiazepine 
	Clinical Reviewer Comment: A greater percentage ofpatients on antidepressants and brexanolone (26%) reported sedation AEs compared with patients on brexanolone alone (11%), placebo and antidepressants (4%), or placebo alone (6%). Patients on benzodiazepines as well as antidepressants had an even greater percentage reporting sedation and dizziness AEs. However, the sample sizes are small and there are similar absolute numbers ofpatients reporting these AEs in both the medication groups. Nevertheless, it is c
	histamine blockade) wouldproduce additive sedation and dizziness-type AEs in patients taking brexanolone. Indeed, a similar pattern ofdizziness AEs is observed in the placebo patients (those on an antidepressant and a benzodiazepine had a higher percentage reporting these AEs than those on an antidepressant and those on an antidepressant had a higher percentage reporting these AEs than those on neither drug). 
	Labeling should reflect this possible additive risk for sedation and dizziness. 
	Table 78. Sedation and Dizziness AEs by Concomitant Opioid Use in Study 202C; n (%). 
	Table 78. Sedation and Dizziness AEs by Concomitant Opioid Use in Study 202C; n (%). 

	No Opioids 
	No Opioids 
	No Opioids 
	Concomitant Opioids 

	Adverse Event 
	Adverse Event 
	Placebo (n=48) 
	Brexanolone 90 µg/kg/h (n=46) 
	Placebo (n=5) 
	Brexanolone 90 µg/kg/h (n=5) 

	Sedation, somnolence 
	Sedation, somnolence 
	2 (4%) 
	6 (13%) 
	0 
	2 (40%) 

	Dizziness, 
	Dizziness, 

	lightheadedness, 
	lightheadedness, 
	3 (6%) 
	4 (9%) 
	0 
	1 (20%) 

	presyncope, 
	presyncope, 

	vertigo 
	vertigo 


	Clinical Reviewer Comment: A greater percentage ofpatients in Study 202C who received an 
	opioid during the study reported sedation and dizziness AEs compared with patients who did not 
	receive an opioid. This analysis includes as-needed opioids as well as chronic opioids. Although 
	the sample sizes are extremely small-and only Study 202C included enough patients on an 
	opioid reporting the AEs ofinterest-additive sedation is consistent with known physiology and 
	drug pharmacodynamics. Therefore, I recommend labeling reflect the possible additive risk for 
	sedation and dizziness in patients receiving brexanolone and a concomitant opioid. 
	10.8. Specific Safety Studies/Clinical Trials .Not applicable to this application. .
	10.9. Additional Safety Explorations 
	10.9.1. Human Carcinogenicity or Tumor Development .Not applicable to this application. .
	10.9.2. Human Reproduction and Pregnancy .Not applicable to this application. .
	10.9.3. Pediatrics and Assessment of Effects on Growth .Not applicable to this application. .
	10.9.4. Overdose, Drug Abuse Potential, Withdrawal, and Rebound 
	As per the Controlled Substance Staffs review, preclinical and clinical findings indicate that brexanolone has abuse potential similar to that ofbenzodiazepines. 
	The preclinical evaluation of the abuse potential ofbrexanolone includes receptor binding studies, functional studies, and animal behavioral studies, which demonstrate the following: 
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	x 
	Receptor binding studies indicate that brexanolone has significant affinity for GABA-.chloride channels, androgen, progesterone, and GABA-benzodiazepine receptors.. 
	x 
	Functional studies indicate that brexanolone acts as an agonist at GABA receptor sites. 
	x 
	In general animal behavioral studies, brexanolone produces dose-dependent depressant effects such as sedation and muscle relaxation in rats and dogs and decreased locomotion in mice. 
	x 
	In a drug-discrimination study in rats, brexanolone produces full generalization to the benzodiazepine, midazolam (>99%). This suggests that brexanolone produces effects that are similar to a sedative with known abuse potential. 
	x. A physical dependence study conducted in rats was not conclusive, as the positive control, midazolam, did not produce a strong withdrawal signal upon abrupt discontinuation. 
	Clinical studies with brexanolone further support that brexanolone produces subjective effects comparable to benzodiazepines, based on the following: 
	x. A human abuse potential study produced dose-dependent subjective effects indicative of abuse potential. $W WKH KLJK GRVH WHVWHG .... ȝJ.NJ.,9..-hour infusion) brexanolone produced Drug Liking scores similar to those of alprazolam 3 mg. 
	x. In phase2/3 double-blind studies, no events of euphoria were reported; however, sedation was reported in 4-30% (mean 5.7%) of subjects on brexanolone and 0-2% (mean 0.9%) of subjects on placebo. Somnolence, which may not necessarily be an abuse related adverse event (AE), was reported as an AE separate from sedation and occurred at higher rates in the active drug group compared to placebo. 
	10.10. Safety in the Postmarket Setting 
	10.10.2. Safety Concerns Identified Through Postmarket Experience. 
	Not applicable to this application. 
	10.10.3. Expectations on Safety in the Postmarket Setting 
	Brexanolone will be the subject of a REMS (see separate Division of Risk Mitigation review). The healthcare setting will monitor safety and will report infusion-related adverse events to the REMS. 
	10.11. Integrated Assessment of Safety 
	The Applicant submitted sufficient information to adequately assess brexanolone’s safety profile. The Agency’s major safety concern is the possibility of LOC during the infusion (6 of 140 women exposed to brexanolone). After examining dose, timing of dose, blood level, concurrent medications, available medical history, and patient characteristics (e.g., age, body mass index) we found no relationships between these factors and the LOC events. Because LOC can be abrupt, and there is no way to predict the even
	brexanolone. Aside from the risk ofsedation and LOC, brexanolone appeared reasonably well­tolerated. 
	11 SUM1\1ARY AND CONCLUSIONS 
	Conclusions and Recommendations 
	Evidence of brexanolone' s effectiveness as a 60-hour infusion in treating PPD was assessed in three controlled studies: 547-PPD-202A, 202B, and 202C. The primary efficacy endpoint in these studies was change from baseline on the Hamilton Depression Scale at 60 hours after start l'J>PEAASTAis depressive symptoms with brexanolone infusion. Dosages of90 f'lil~~ WAY ON ORIG studied, the larger dosage in both of the phase 3 studies, the smaller dosage in only one. The higher dosage did not show a greater effect
	of the brexanolone infusion. All three studies showed a statistically significant reduction in 
	f'lila!}.d.gO 

	The Applicant submitted sufficient infonnation to adequately assess brexanolone's safety profile. The Agency's major safety concern is the possibility of LOC during the infusion (6of140 women exposed to brexanolone). After examining dose, timing of dose, blood level, concurrent medications, available medical histo1y, and patient characteristics (e.g., age, body mass index) we found no relationships between these factors and the LOC events. Because LOC can be abrnpt, and there is no way to predict the event,
	Considering the seriousness of PPD, the lack ofidentified effective treatments, and the risks and benefits ofbrexanolone, the review team recommends approval. We do not believe additional studies are needed prior to marketing to fuiiher characterize the LOC risk. However, we recommend additional efficacy studies to determine whether the infusion can be given in an intenupted manner (only during the daytime) or sho1iened-potentially broadening available administration settings. 
	x x 
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	12 Advisory Committee Meeting and Other External Consultations 
	The Agency convened a joint meeting of the Psychopharmacologic Drugs Advisory Committee and the Drug Safety and Risk Management Advisory Committee on November 2, 2018. Three voting questions and three discussion questions were presented to the Committees. The complete discussion is available in the public record via the transcript of the meeting. 
	1...VOTE: Has substantial evidence been presented by the Applicant to support a claim of effectiveness for brexanolone for the treatment of postpartum depression? 
	Result: Yes: 18 No: 0. Abstain: 0 
	2...VOTE: Has the Applicant adequately characterized the safety profile of brexanolone for the treatment of postpartum depression? Do you believe the loss of consciousness events have been characterized sufficiently to enable safe use of brexanolone? 
	Result: Yes: 16 No: 2. Abstain: 0 
	3...VOTE: Given the efficacy as presented, and when used in a certified facility by qualified staff and as outlined in the FDA’s proposed REMS, do the benefits outweigh the risks of brexanolone for the treatment of postpartum depression? 
	Result: Yes: 17 No: 1. Abstain: 0 
	4...DISCUSSION: 7KHUH LV HYLGHQFH WKDW ERWK D .. ȝJ.NJ.K DQG D .. ȝJ.NJ.K GRVH .DIWHU .. 
	hours) are effective. Please discuss, if approved, which dose should be the recommended dose. 
	x 6WDUW DW .. ȝJ.NJ.K ZLWK WKH RSWLRQ WR GHFUHDVH WKH GRVH WR .. ȝJ.NJ.K EDVHG RQ WROHUDELOLW\ x 6WDUW DW .. ȝJ.NJ.K ZLWK WKH RSWLRQ WR LQFUHDVH WKH GRVH WR .. ȝJ.NJ.K EDVHG RQ UHVSRQVH 
	The Committees agreed with the Agency that the starting dose could not be determined based on the Applicant’s data. They declined to recommend a starting dose, deferring to the Agency. 
	5...DISCUSSION: Discuss whether the FDA’s proposed REMS would ensure safe use of brexanolone. If no, please discuss what additional safeguards would be needed. 
	Individual Committee Members’ Actions to Address Committees’ Concerns:. Recommendations:. 
	x Simplify the dosing regimen. x. The approved dosing regimen will be based on the way the drug was studied. However, postmarketing studies will examine whether the duration of the infusion can be shortened. 
	ZULRESSO (brexanolone) 
	• .
	• .
	• .
	Use a sedation scale at predetermined intervals during the infusion. 

	• .
	• .
	Develop a standardized order set to be used nationally. 

	• .
	• .
	Consider using capnography rather than pulse oximetry for monitoring. 

	• .
	• .
	Limit the infusion setting to inpatient facilities only. 


	• .
	• .
	• .
	The use ofa particular scale may complicate delive1y (based on determining which scale or scales should be used, whether training is necessary, etc.). The REMS will require checksfor excessive sedation at regular intervals. 

	• .
	• .
	The Applicant has discussed their intent to develop such an order set. 

	• .
	• .
	• .
	The Agency believes pulse oximetry is adequate and the limited availability of capnography could present an access issue 

	for patients in need oftreatment. 

	• .
	• .
	The Agency weighted the risks and benefits ofthis limitation. We believe it would limit access to patients while not offering a proportional increase in safety. 


	(ti)(4 
	• 
	6. .DISCUSSION: Ifapproved, what additional data will be needed to support safe use of brexanolone at home and address outstanding issues? 
	The Committees recommended the Applicant determine the utility ofbrexanolonefor a wider population (e.g., bipolar depression, suicidal ideation, patients with psychosis), whether the infusion could be given in interrupted pulses (e.g., during waking hours for 3 days), andfind the optimal dosage. 
	13 .Pediatrics 
	The Applicant and FDA agreed to a randomized, double-blind, placebo-controlled stud adolescents 15 to less than 18 ears old with PPD. The Ai:mlicant 
	Figure
	14 Labeling Recommendations 
	14.1. Prescription Drug Labeling 
	The table below summarizes significant changes to the proposed prescribing info1m ation made by FDA. This labeling was under negotiation at the time ofthis review. The remainder ofthis section will only focus on high-level issues. 
	Summaiy ofSignificant Labeling Changes (High level changes and not direct quotations) Section Proposed Labelin2 Approved Labelin2 Hb?hli2hts Boxed Waining See comments below in FPI Black Box Warning for more information. fudications and Usage See comments below in FPI Indications and Usagefor more information. Dosage and Administration See comments below in FPI Dosage and Administrationfor more information. Warnings and Precautions See comments below in FPI Warnings andPrecautions for more information. Adve
	9.1 9.2 
	Suicide Risk, Sedation, 
	added. Suicidal thoughts and Potential Interactions with 
	behaviors was retained, but CNS Depressants and 
	modified for applicability to Impaired Alertness sections 
	brexanolone. were ~rovided. 
	1--~~~~~~~~~~~1--~
	-

	<1>r<<t .The table ofadverse reactions was limited to those observed dming infusion and at a higher rate than in placebo. 
	6. .Adverse Reactions 
	6. .Adverse Reactions 
	Warnings and precautions 

	were edited. 
	7. .Dmg Interactions 
	This language was provided. 
	Language for increased risk ofsedation with concomitant use ofCNS depressants was maintained. The increased risk ofsedation with antidepressants was added. 
	8. .Use in Specific 
	8. .Use in Specific 
	Pregnancy, lactation, 

	Section 8.1: Data obtained Populations 
	pediatric use, hepatic and 
	from published literature on 
	renal impaiiment were 
	apoptotic neurodegeneration discussed. 
	with diugs that enhance GABAergic inhibition was added to this section. 
	9. .Dmg Abuse and 
	FDA is recommending Dependence 
	Schedule IV. 
	mcg/kg reported euphoric mood compared to none administered placebo. 
	9.3 De endence 
	Figure
	I .
	4
	!b><
	The cases of IV pump 
	malfunction resulting in 
	overdosage were added to 
	this section. 
	10. Overdosage 
	Management of Overdose In case of overdose, stop the infusion immediately and initiate suppo1tive measmes 
	LJ 

	(bl(4 
	as necessai-v. I 
	I I 
	(b)(4J
	11. Description 
	11. Description 
	Revised for claritv. I 

	Figure
	Ibetadex 
	-,...,,..,___,..--.,.-­
	s u l fob u ty l ether sodium. Added a second established phaimacological class "nemoactive steroid." 
	12. Clinical Phaimacology 
	12.1 Mechanism of Action 
	12.1 Mechanism ofAction: 
	(tiH4l 
	Language was edited. 
	12.2 Pha1macodynamics: Section was added. 
	12.3 Phaimacokinetics: This 
	language was edited for 
	12.3 Pha1macokinetics 
	!6H4 
	claritv.I n~ 
	16
	4

	.~was 
	. Betaaex Sulfobutyl Ether Sodium Pha1macokinetics was added. 
	removea

	13. Nonclinical Toxicology Retained. 
	fliavenot:I 
	Figure
	perfo1med. Brexanolone was not genotoxic when tested in an in vitro microbial mutagenicity (Ames) assay, an in vitro micronucleus assay in human peripheral blood lymphocytes, and an in vivo rat bone maiTow micronucleus assay. <~ 
	brexanolone 
	a with decreased mating and feitility indices. 
	was associate

	The overview of the clinical 
	The overview of the clinical 
	The overview of the clinical 
	This section was edited to 

	14. Clinical Studies 

	(bl{l
	development program is 
	provided. Primai·y endpoint 
	results are displayed in a 
	chaii, and the Change from 
	Baseline in HAM-D Total 
	Score Over Time Da s in 
	)JT4 
	is displayed in a 
	16. How Supplied/ Storage How Supplied This section was edited when 
	and Handling ZULRESSO is supplied as the Applicant provided I 00 mg brexanolone in 20 additional data on length of mL single-use vials (5 storage ofthe diluted product. mglmL). 
	111114 
	Storage and Handling Store ZULRESSO at 2°C to 8°C (36°F to 46°F). Do not freeze. Store protected from li t. 
	1 7. Patient Counseling Patients ai·e advised to read Counseling points on the the FDA-approved patient ZULRESSO Risk Evaluation labeling (Medication Guide). and Mitigation Strategy Counseling points were (REMS) was added. provided for Suicide and Behaviors, 
	Thoug!J.ts 

	Figure
	(bf{l c . , oncom1tant 
	15 Risk Evaluation and Mitigation Strategies (REMS) 
	Refer to the separate REMS review and Applicant-submitted documents for more details. The REMS goal is to mitigate the risk of serious harm resulting from excessive sedation and loss of consciousness during the ZULRESSO infusion by: 
	i.. Ensuring that ZULRESSO is administered only to patients in a medically supervised setting that provides monitoring while ZULRESSO is administered. 
	ii.. Ensuring pharmacies and healthcare settings that dispense ZULRESSO are certified. 
	iii.. Ensuring that each patient is informed of the adverse events of excessive sedation and loss of consciousness and the need for monitoring while ZULRESSO is administered. 
	iv.. Enrollment of all patients in a registry to characterize the risks and support safe use. 
	Healthcare settings and pharmacies that dispense ZULRESSO will be certified to dispense and/or administer ZULRESSO. Healthcare settings will enroll patients in the ZULRESSO REMS registry. The Applicant will provide training materials for healthcare settings and pharmacies. They will also develop patient education material, a healthcare provider REMS letter, and establish and maintain a REMS program website. 
	16 Postmarketing Requirements and Commitments 
	16.1.. Postmarketing Requirements (PMRs) 
	16.1.1. Pediatric Research Equity Act (PREA) PMR 3535-1 
	Given that adolescents also experience PPD, the Applicant has agreed to conduct a randomized, double-blind, placebo-controlled, parallel-group study evaluating the efficacy and safety of brexanolone in adolescent females ages 15 to less-than-18 years, diagnosed with PPD. 
	16.1.2. PMR 3535-2 
	Based on data from published animal studies that reported that administration of drugs that enhance GABAergic inhibition to neonatal rats caused widespread apoptotic neurodegeneration in the developing brain, the Applicant has agreed to conduct an animal neurotoxicity study to determine if these effects will be observed with brexanolone. 
	16.2.. Postmarketing Commitments (PMCs) 
	The Applicant studied target dosages of 60 and 90 μg/kg/h for their infusions. The review team felt that, although both dosages appeared effective (with a favorable benefit:risk ratio), the 90 μg/kg/h target had more supportive evidence. However, we noted that most (over 65%) of the observed effect occurred within the first 24 hours (when all dosage schedules were receiving 60 μg/kg/h). It is unclear whether the dosage needs to reach 90 μg/kg/h to observe a clinical effect and/or whether the infusion needs 
	NOA 211371 Multi-disciplinary Review and Evaluation ZULRESSO (brexanolone) 
	(6Jlll 
	stud this by conducting two 
	...___,,__...,,-~...,,....,.-~~-,...--.,..~~..,-~~~~~~~~-
	-

	to evaluate the efficacy and safety of alternate dosing regimens. 
	,___. 
	16.2.1. PMC 3535-3 
	(bJllll 
	For this PMC, the Applicant will study 
	---~~~~~~~~~~~~~~-
	-

	16.2.2. PMC 3535-4 
	For this PMC, the A licant will stud the effect of intenu ted infusions 
	Ifbrexanolone appears safe and effective using this regimen, it may he number of settings where patients could receive the diug. 
	s1grn icant y mcrease t
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	Covered Clinical Study (Name and/or Number): 547-PPD-202B, -202C 
	Was a list of clinical investigators provided: 
	Was a list of clinical investigators provided: 
	Was a list of clinical investigators provided: 
	Yes 
	No (Request list from Applicant) 

	Total number of investigators identified: 334 
	Total number of investigators identified: 334 

	Number of investigators who are Sponsor employees (including both full-time and part-time employees): 0 
	Number of investigators who are Sponsor employees (including both full-time and part-time employees): 0 

	Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 2 
	Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 2 

	If there are investigators with disclosable financial interests/arrangements, identify the number of investigators with interests/arrangements in each category (as defined in 21 CFR 54.2(a), (b), (c) and (f)): Compensation to the investigator for conducting the study where the value could be influenced by the outcome of the study: 0 Significant payments of other sorts: 1 Proprietary interest in the product tested held by investigator: 0 Significant equity interest held by investigator: 1 Sponsor of covered 
	If there are investigators with disclosable financial interests/arrangements, identify the number of investigators with interests/arrangements in each category (as defined in 21 CFR 54.2(a), (b), (c) and (f)): Compensation to the investigator for conducting the study where the value could be influenced by the outcome of the study: 0 Significant payments of other sorts: 1 Proprietary interest in the product tested held by investigator: 0 Significant equity interest held by investigator: 1 Sponsor of covered 

	Is an attachment provided with details of the disclosable financial interests/arrangements: 
	Is an attachment provided with details of the disclosable financial interests/arrangements: 
	Yes 
	No (Request details from Applicant) 

	Is a description of the steps taken to minimize potential bias provided: 
	Is a description of the steps taken to minimize potential bias provided: 
	Yes 
	No (Request information from Applicant) 

	Number of investigators with certification of due diligence (Form FDA 3454, box 3): 2 
	Number of investigators with certification of due diligence (Form FDA 3454, box 3): 2 

	Is an attachment provided with the reason: 
	Is an attachment provided with the reason: 
	Yes 
	No (Request explanation from Applicant) 
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	22.3. Nonclinical Pharmacology/Toxicology 
	ADME/PK 
	Table 79: PK of brexanolone in mice and rats following single oral administration of 20 mg/kg brexanolone in 30% SBECD 
	Parameter 
	Parameter 
	Parameter 
	Mice 
	Rats 

	AUC1ast (ng.h/mL) 
	AUC1ast (ng.h/mL) 
	9.16 
	59.3 

	Cmax (ng/mL) 
	Cmax (ng/mL) 
	13 
	12.1 

	T 112 (h) 
	T 112 (h) 
	NA 
	2.46 

	Truax (h) 
	Truax (h) 
	0.5 
	0.5 

	F(%) 
	F(%) 
	0.563 
	2.32 


	AUC1a51 : area under the cwv e from zero to the time ofthe last quantifiable concentration; Cmax: maximum plasma concentration; T 112: tenninal elimination half-life; T max: time to reach maximum plasma concentration; F: bioavailability; NA: not available 
	Figure 29: Proposed metabolic pathways for brexanolone in rats 
	Figure
	Source: Applicant’s Table, Pharmacokinetics Written Summary, p.53. 
	Figure 30: Proposed metabolic pathways for brexanolone in dogs 
	Figure
	Source: Applicant’s Table, Pharmacokinetics Written Summary, p.55. 
	Table 80: Summary of transporter inhibition for brexanolone metabolites M133 (SGE03211), M136 (SGE-03212), and M137 (SGE-03227) 
	-

	Figure
	Source: Applicant’s Table, Pharmacokinetics Written Summary, p.69. 
	Table 81: Inhibition of CYP and UGT isoforms by brexanolone 
	Figure
	Source: Applicant’s Table, Pharmacokinetics Written Summary, p.56. 
	Table 82: Inhibition of CYP Isoforms by brexanolone metabolites M133 (SGE-03211), M136 (SGe-03212), M137 (SGE-02080) 
	Figure
	Source: Applicant’s Table, Pharmacokinetics Written Summary, p.58. 
	A 28-Day Intravenous Infusion Toxicity Study of SAGE-547 in the Albino Rat Followed by a 28-Day Recovery Period/Study No. SSN-01272 Observations and Results Mortality 
	A 28-Day Intravenous Infusion Toxicity Study of SAGE-547 in the Albino Rat Followed by a 28-Day Recovery Period/Study No. SSN-01272 Observations and Results Mortality 
	Table 83: Preterminal mortalities in the 28-day repeat dose rat toxicity study 

	Figure
	Figure
	SAGE-547 
	SAGE-547 
	SAGE-547 

	Dose Lent 
	Dose Lent 
	Animal 
	Study 

	(m!!/ko/day) 
	(m!!/ko/day) 
	:'Iiumber 
	Day 
	Status b 
	:"lotewortb,-Findinos 

	TR
	The animal condition quickly deteriorated and it was 

	TR
	observed to have decreased activity le\·el, weakness, hunched posnire, skin pallor, erected fur, brown fur staining 

	60 
	60 
	Female No. 5602 
	10 
	UE 
	(periorbital and muzzle), and eyes partially closed, leading to euthanasia. Low platelet count was noted for this animal on the day of death. There were no other abnonnal clinical 

	TR
	observations noted on the days preceding death, which was 

	TR
	arttibuted to the thrombosis with bacteria at the infusion 

	TR
	site. 

	TR
	The animal condition quickly deteriorated and it was 

	TR
	observed to have decreased activity le\·el, weakness, 

	TR
	hunched posture, signs ofdehydr.1tion, thin, wam1 to touch, 

	60 
	60 
	Female No. 5516 
	29 
	UE 
	red fur staining (periorbital and muzzle), eyes partially closed and labored breathing, leading to euthanasia. Elevated white blood cells, low platelets and reticulocyte 

	TR
	counts were noted for this anin1al on the day ofdeath. The death ofthis animal was attributed to the inflammation with 

	TR
	bacteria at the infusion site. 

	TR
	The animal condition quickly deteriomed and it was 

	60 
	60 
	Female No. 5520• 
	9 
	UE 
	observed to have decreased acti,·ity level, weakness, lying on side, skin pallor, erected fur, brown fur staining (muzzle) and eyes partially closed, leading to euthanasia. The cause ofdeath ofthis animal is undetermined. 

	• Capbsol dose of 3000 mg/kg/day 
	• Capbsol dose of 3000 mg/kg/day 


	b UE = Unscheduled euthanasia; FD = Found dead .< Accidental death .
	• Toxicokinetic study (gross examination only) Source: Applicant's Table, SSN-01272, p.33. 
	Clinical Signs 
	Table 84: Clinical signs in the 28-day repeat dose rat toxicity study 
	Dose SAGE-547 (mg/kg) 
	Dose SAGE-547 (mg/kg) 
	Dose SAGE-547 (mg/kg) 
	0 
	0 
	10 
	30 
	60 

	Amount SBECD (mg/kg) 
	Amount SBECD (mg/kg) 
	0 
	3000 
	500 
	1500 
	3000 

	Parameter 
	Parameter 
	Sex 
	Observations/No. ofRats 

	Decreased Activity 
	Decreased Activity 
	M 
	12/3 
	90/15 
	3515 
	81/14 
	180/16 

	F 
	F 
	8/4 
	17/7 
	19/5 
	122/13 
	106/15 

	Limited Usage of hindlimbs 
	Limited Usage of hindlimbs 
	M 
	0 
	0 
	2/1 
	12/1 
	9/3 

	F 
	F 
	0 
	0 
	0 
	5914 
	0 

	Hunched Posture 
	Hunched Posture 
	M 
	0 
	4/4 
	0 
	0 
	511 

	F 
	F 
	0 
	212 
	0 
	212 
	212 


	Limited usage ofhindlimbs and/or hunched posture noted for vehicle-dosed rats may be associated with the presence of masses and/or other procedural-related lesions (inflammation and/or bacterial sepsis) observed at the infusion site. 
	Gross Pathology Pale discoloration ofthe kidney was noted in most rats that received the vehicle and enlargement ofkidneys was noted in most VCM and 1 -2 HDM, VCF, MDF, and HDF. The findings in the kidney were not observed at the end of the recove1y period. 
	Table 85: Vehicle-related gross pathology findings in the 28-day rat repeat dose study 
	Figure
	Source: Applicant’s Table, SSN-01272, p.40. 
	The masses noted at the infusion site of some rats were located at the tip or entry of the catheter into the iliac vein and up to the catheter tip, the kidney, or occasionally the liver. The masses were pale, firm, and varied in size (10X10X7 mm to 55X15X15 mm) and a pale thick material was generally noted at the cut surface. These masses and the swelling at the infusion site correlated with microscopic findings of moderate to severe neutrophilic inflammation that often contained bacteria. Other macroscopic
	Table 86: Infusion site gross pathology findings in the 28-day rat repeat dose study 
	Figure
	Source: Applicant’s Table, SSN-01272, p.40. 
	Organ Weights 
	There were no microscopic findings observed in the ovaries to correlate with the decreased ovary weights. The increased kidney weights correlated with microscopic findings of tubular vacuolation in VC and HD groups. 
	Table 87: Organ weight findings in the in the 28-day rat repeat dose study 
	Figure
	Source: Applicant’s Table, SSN-01272, p.42. 
	Table 88: Organ weight findings after the recovery period in the 28-day rat repeat dose study 
	Figure
	Source: Applicant’s Table, SSN-01272, p.43. 
	Histopathology 
	Peer Review: Yes 
	Peer Review: Yes 
	Histological Findings: 

	Table 89: SBECD-related histopathologic findings in the 28-day rat repeat dose study 
	Figure
	Source: Applicant’s Table, SSN-01272, p.45. 
	Table 90: SBECD-related histopathologic findings after the recovery period in the 28-day rat repeat dose study 
	Figure
	Source: Applicant’s Table, SSN-01272, pp. 48-49. 
	Other findings noted across all groups, including saline control, were related to the continuous infusion and included neutrophilic inflammation, bacteria, thrombosis, and inflammation (Table 90). The septic phlebitis also resulted in secondary changes observed throughout the rat. The findings related to the continuous infusion are not a concern clinically due to the much shorter duration of the clinical infusion (2.5 days vs. 28 days). After the recovery period, the incidence and severity were decreased fo
	Table 91: Infusion site histopathologic findings in the 28-day rat repeat dose study 
	Figure
	Source: Applicant’s Table, SSN-01272, p.46. 
	Table 92: Infusion site histopathologic findings after the recovery period in the 28-day rat repeat dose study 
	Figure
	Source: Applicant’s Table, SSN-01272, p.49. 

	A 28-Day Study of SAGE-547 by Intravenous Infusion in Beagle Dogs with a 28-Day Recovery Period/Study No. SSN-01273 
	A 28-Day Study of SAGE-547 by Intravenous Infusion in Beagle Dogs with a 28-Day Recovery Period/Study No. SSN-01273 
	Methods 
	Dosing administration was interrupted for five dogs during the study for the following reasons: x Elevated body temperature that did not respond to non-steroidal anti-inflammatories (dogs were maintained on saline infusion until dosing resumed). 
	o. On Day 11 for No. 2506 (VCF). Dosing resumed on Day 12. 
	o. On Day 11 for No. 2506 (VCF). Dosing resumed on Day 12. 
	o. On Day 11 for No. 2506 (VCF). Dosing resumed on Day 12. 

	o On Day 17 for No. 2002 (VCM). Dosing resumed on Day 19. x Surgical repairs on the infusion catheters (dosing resumed the day following surgery). 
	o On Day 17 for No. 2002 (VCM). Dosing resumed on Day 19. x Surgical repairs on the infusion catheters (dosing resumed the day following surgery). 


	o 
	Figure
	o. The dosing was extended for Nos. 4006 (MDM) and 3502 (LDF)so they could receive 28 days of dose administration. The dose administration for No. 5504 (HDF) was not extended due to the clinical condition of the dog. 
	Observations and Results 
	Mortality 
	A VCF (No. 2506) was euthanized on Day 17 due to poor/deteriorating condition. A HDF (No. 5505) was euthanized on Day 26 due to a severely swollen hind limb that precluded continuation of dosing. The cause of the poor clinical condition for No. 2506 and swollen hind limb for No. 5505 was attributed to an inflammatory reaction (associated with bacteria for No. 2506) at the infusion site and considered unrelated to drug or vehicle administration. The infusion site was characterized as having marked mixed cell
	Table 93: Changed hematology and clinical chemistry parameters for Animal Nos. 2506 and 5505 prior to termination compared to predosing values in 28-day dog repeat dose study 
	Parameter 
	Parameter 
	Parameter 
	No. 2506 
	No. 5505 

	Red blood cells 
	Red blood cells 
	p16% 
	p21% 
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	Parameter 
	Parameter 
	Parameter 
	No. 2506 
	No. 5505 

	Hematocrit 
	Hematocrit 
	p19% 
	p27% 

	Hemoglobin 
	Hemoglobin 
	p22% 
	p28% 

	Platelet counts 
	Platelet counts 
	p81% 
	p74% 

	Fibrinogen 
	Fibrinogen 
	n41% 
	n171% 

	Leukocytes 
	Leukocytes 
	n119% 

	Neutrophils 
	Neutrophils 
	n149% 

	Monocytes 
	Monocytes 
	n270% 

	Large unstained cells 
	Large unstained cells 
	n550% 

	Alkaline phosphatase 
	Alkaline phosphatase 
	n696% 
	n740% 

	Total bilirubin 
	Total bilirubin 
	n71% 
	n167% 

	Triglycerides 
	Triglycerides 
	n844% 

	Globulin 
	Globulin 
	n56% 

	Cholesterol 
	Cholesterol 
	n57% 

	Creatine kinase 
	Creatine kinase 
	p44% 

	Glucose 
	Glucose 
	p32% 
	p26% 

	Albumin 
	Albumin 
	p41% 
	p51% 

	A/G ratio 
	A/G ratio 
	p60% 
	p68% 

	Calcium 
	Calcium 
	p19% 
	p26% 

	Phosphorus 
	Phosphorus 
	p25% 
	p14% 

	Potassium 
	Potassium 
	p4% 
	p25% 


	Clinical Signs 
	The incidence of clinical signs, except increased body temperature, is listed in Table 93. Test article-related clinical signs were limited to a MDM (No. 4006) which had a non-sustained convulsion 4 days after the end of dose administration on Day 35. Because of a dosing holiday, this dog received an additional two days of dose administration to complete 28 days of dosing and the last taper dose ended on Day 31. The Applicant could not determine the toxicological significance of the finding because it was “
	Vehicle-related clinical signs included abnormal gait, decreased activity, lying on side, pale skin, weak, tremors, hunched posture, increased body temperature (noted in animals being followed by the veterinary group), reduced appetite, and limited usage of hindlimb/forelimb which generally occurred dose-dependently. These signs, except increased body temperature, generally occurred during the first week of dosing, were transient, and were not observed by the end of the 28-day recovery period. Increased bod
	Table 94: Incidence of clinical signs in 28-day dog repeat dose study 
	Figure
	Source: Applicant’s Table, SSN-01273, p.36. 
	Hematology 
	Increases in white blood cells, neutrophils, and monocytes are consistent with inflammation. Increases in fibrinogen were observed in VC (54% M, 80% F), LD (41% M, 37% F), MD (79% M, 38% F), and HD (93% M, 118% F) vs SC. 
	Table 95: SBECD-related hematology changes in 28-day dog repeat dose study 
	Figure
	Source: Applicant’s Table, SSN-01273, p.38. 
	NDA 211371 Multi-disciplinary Review and Evaluation ZULRESSO (brexanolone) 
	Clinical Chemistry Table 96: SBECD-related clinical chemistry changes in 28-day dog repeat dose study 
	Figure
	Source: Applicant’s Table, SSN-01273, p.39. 
	Gross Pathology 
	Pale discoloration of the kidney was noted in dogs from all vehicle dosed groups and enlargement of kidneys was noted in most VCM and 1 HDM, VCF, and LDF and correlated microscopically with tubular vacuolation. The findings in the kidney were not observed at the end of the recovery period. Enlargement of the iliac and/or mediastinal lymph nodes was noted in all vehicle dose groups and correlated with macrophage vacuolation observed microscopically. Enlargement of the lymph nodes was still observed after the
	Table 97: SBECD-related gross pathology findings in the 28-day dog repeat dose study 
	Figure
	Source: Applicant’s Table, SSN-01273, p.41. 
	Table 98: SBECD-related gross pathology findings after the recovery period in the 28-day dog repeat dose study 
	Figure
	Source: Applicant’s Table, SSN-01273, p.42. 
	Findings at the infusion site were observed regardless of vehicle or dose group and correlated microscopically with inflammation and/or thrombosis at the infusion/surgical site. Procedure related findings at the infusion site partially recovered following the recovery period. 
	Table 99: Infusion site gross pathology findings in the 28-day dog repeat dose study 
	Figure
	Source: Applicant’s Table, SSN-01273, p.42. 
	Table 100: Infusion site gross pathology findings after the recovery period in the 28-day dog repeat dose study 
	Figure
	Source: Applicant’s Table, SSN-01273, p.43. 
	Organ Weights 
	The increased kidney weights correlated with microscopic findings of tubular vacuolation in vehicle dosed dogs. The increased liver and spleen weights may also correlate with findings of vacuolation in these organs. The increased liver weight for HD males and females compared to VC is most likely unrelated to test article but associated with individual variability and the small 
	The increased kidney weights correlated with microscopic findings of tubular vacuolation in vehicle dosed dogs. The increased liver and spleen weights may also correlate with findings of vacuolation in these organs. The increased liver weight for HD males and females compared to VC is most likely unrelated to test article but associated with individual variability and the small 
	number of dogs. For example, HDF No. 5004 had an increased liver weight due to a moderate chronic passive congestion that was not test article related and VC Nos. 2501 and 2503 had lower individual liver weights. 

	Table 101: Organ weight findings in the in the 28-day dog repeat dose study 
	Figure
	Source: Applicant’s Table, SSN-01273, p.44. 
	Histopathology 
	Peer Review: Yes. Histological Findings: Vehicle-related vacuolation was observed multiple organs. .
	Table 102: SBECD-related histopathologic findings in 28-day dog repeat dose study 
	Figure
	Figure
	Figure
	Source: Applicant’s Table, SSN-01273, pp.46-48. 
	Table 103: SBECD-related histopathologic findings after the recovery period in the 28-day dog repeat dose study 
	Figure
	Table 104: Infusion site histopathologic findings in the 28-day dog repeat dose study 
	Figure
	Source: Applicant’s Table, SSN-01273, p.49. 
	A Fertility and Early Embryonic Development to Implantation Study with SAGE-547 by Intravenous Infusion in Male Rats/Study No. SSN-01274 Observations and Results 
	Mortality Table 105: Summary of unscheduled deaths in fertility and early embryonic development study in male rats 
	Figure
	Figure
	Source: Applicant’s Table, SSN-01274, pp.35-36. 
	Necropsy 
	Minimal to mild vacuolation of macrophages in the interstitial tissue of the testis and epididymis were observed in control and HD groups (LD and MD groups were not evaluated microscopically) and is most likely vehicle related; however, because LD and MD groups were not examined microscopically a dose-response cannot be established (Table 105). 
	Table 106: Summary of SBECD-related microscopic findings 
	Source: Applicant’s Table, SSN-01274, p.42. 
	Pale discoloration and enlargement of the kidney were observed in the control and HD group, but not in the LD or MD group. Because controls and HD group received the highest dose of SBECD (2250 mg/kg/day compared to 500 and 1500 mg/kg/day for LD and MD), the findings in the kidney are most likely vehicle related. There were no histopathological findings in the kidney. 
	: Macroscopic findings at the infusion site (for example, mass, swelling, thick) were observed in all groups with similar incidence and correlated microscopically with vascular/perivascular inflammation. The lesion was characterized by accumulation of neutrophils admixed with fibrin and/or necrotic cellular debris in the center of the vein. The wall of the vein and surrounding tissues were effaced/infiltrated by various amounts of macrophages with variable number of lymphocytes and plasma cells. Bacteria we
	Infusion site findings

	Study of Fertility and Early Embryonic Development to Implantation of SAGE-547 by Intravenous Infusion in Female Rats/Study No. SSN-01271 
	Necropsy 
	Macroscopic findings were limited to findings at the infusion site (caudal vena cava), which were generally of low incidence, present in all groups including the controls (without a difference in incidence across groups), and were thought to be related to the experimental 
	Macroscopic findings were limited to findings at the infusion site (caudal vena cava), which were generally of low incidence, present in all groups including the controls (without a difference in incidence across groups), and were thought to be related to the experimental 
	procedure and/or vehicle. Enlarged iliac lymph nodes were observed in 1/22 controls, 1/22 MD, and 4/22 HD and correlated with macroscopic findings at the infusion site; therefore, they were considered secondary. 

	Offspring 
	The overall incidence of litters and fetuses with malformations in all dose groups were within the laboratories historical control range (affected litters 0 – 14%; affected fetuses 0 – 1%). There were no external variants noted. The overall incidence of litters and fetuses with visceral variants were within the laboratories historical control range (affected litters 0 – 33%; affected fetuses 0 – 4%). The overall incidence of litters and fetuses with skeletal variants were within the laboratories historical 
	Table 107: Offspring data from rat embryo-fetal development study 
	Parameter 
	Parameter 
	Parameter 
	0 mg/kg 
	15 mg/kg 
	30 mg/kg 
	60 mg/kg 

	Total number of litters examined 
	Total number of litters examined 
	21 
	22 
	21 
	21 

	Number of fetuses examined 
	Number of fetuses examined 
	280 
	277 
	268 
	285 

	Fetuses with malformations (litters) 
	Fetuses with malformations (litters) 
	2(1) 0.7%(4.8% ) 
	1(1) 0.4%(4.5% ) 
	1(1) 0.4%(4.8% ) 
	3(2) 1.1%(9.5%) 

	Fetuses with visceral variants (litters) 
	Fetuses with visceral variants (litters) 
	3(2) 2%(9.5%) 
	3(3) 2.2%(14%) 
	2(2) 1.5%(9.5% ) 
	1(1) 0.7%(4.8%) 

	Fetuses with skeletal variants (litters) 
	Fetuses with skeletal variants (litters) 
	85(19) 61%(90%) 
	48(17) 35%(77%) 
	52(18) 39%(86%) 
	61(18) 43%(86%) 


	A Dosage Range-Finding Embryo-fetal Development Study of SAGE-547 by Continuous Infusion in Rabbits/Study No. SSN-755 
	A preliminary dose range finding study for female New Zealand White rabbits was conducted in two phases: 1) toxicity phase (n= 3/group) and 2) pregnancy phase (n = 6/group). For the toxicity phase, non-pregnant rabbits were dosed with 0, 15, 30, and 60 mg/kg/day by continuous IV infusion for 14 days. Because of severe clinical signs, the dose was lowered from 60 mg/kg to 45 mg/kg on Day 3 and the group was terminated on Day 4. Clinical signs began ~30 minutes after dosing began and included decreased activi
	A preliminary dose range finding study for female New Zealand White rabbits was conducted in two phases: 1) toxicity phase (n= 3/group) and 2) pregnancy phase (n = 6/group). For the toxicity phase, non-pregnant rabbits were dosed with 0, 15, 30, and 60 mg/kg/day by continuous IV infusion for 14 days. Because of severe clinical signs, the dose was lowered from 60 mg/kg to 45 mg/kg on Day 3 and the group was terminated on Day 4. Clinical signs began ~30 minutes after dosing began and included decreased activi
	beginning on Day 6 and was euthanized on Day 8. There was no effect on body weight or food 

	FRQVXPSWLRQ DW •.. PJ.NJ. 
	For the pregnancy phase, pregnant rabbits were dosed with 0, 15, 30, 45, and 7.5 mg/kg/day by continuous IV infusion from gestational day (GD) 7 – 19 (infusion pump stopped on morning of GD20). Because of severe clinical signs (severe pharmacologic effects), the 45 mg/kg dose group was terminated on PND8. Clinical signs included decreased activity, partly closed eyes, uncoordinated gait, decreased muscle tone, tremors, lying on side, chewing action, repetitive behavior (head and eye movements from left to r
	GRVH DGPLQLVWUDWLRQ. KRZHYHU. GHFUHDVHG ERG\ ZHLJKW JDLQ .Ļa... DQG IRRG FRQVXPSWLRQ .Ļ... at 30 mg/kg) compared to controls were observed DW �... PJ.NJ GXULQJ WKH SRVW GRVH SHULRd (GD 20 – 29). There was a slight increase in the number of late resorptions and post-implantation loss at 30 mg/kg. Malformations were observed in 1 fetus (1 litter) at 0 mg/kg, 2 fetuses (2 litters) at 15 mg/kg, and 4 fetuses (2 litters) at 30 mg/kg (Table 107). TK parameters are shown in Table 
	108. Based on the results of this study, doses of brexanolone at 7.5, 15, and 30 mg/kg/day were selected for the main study reviewed in detail in this section. 
	Table 108: Summary of malformations observed in pregnant rabbits dosed with brexanolone from gestational day 7 – 19 
	Malformation 
	Malformation 
	Malformation 
	0 mg/kg 
	7.5 mg/kg 
	15 mg/kg 
	30 mg/kg 

	Thinning of the median or entire region of the diaphragm 
	Thinning of the median or entire region of the diaphragm 
	1 (1) 
	3(1) 

	dilated ascending aorta, stenosis of the pulmonary trunk or aortic arch, and membranous heart septum defect 
	dilated ascending aorta, stenosis of the pulmonary trunk or aortic arch, and membranous heart septum defect 
	1(1) 
	1(1) 

	shortened digits of the left hindpaw and polydactyly of the fore-and hindpaws 
	shortened digits of the left hindpaw and polydactyly of the fore-and hindpaws 
	1(1) 
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	Table 109: Mean TK parameters in female rabbit on GD7 
	Source: Applicant’s Table, SSN-755, p.32. 
	A Continuous Intravenous Infusion Embryo-fetal Development Study of SAGE-547 in Rabbits/Study No. SSN-825 
	Observations and Results 
	Offspring 
	There were no test article-related malformations (Table 109 and Table 110). The overall incidence of litters and fetuses with malformations in all dose groups were within the laboratories historical control range (affected litters 0 – 27%; affected fetuses 0 – 6.1%). There was no test article-related effect on external or visceral variants. The overall incidence of litters and fetuses with external and visceral variants were within the laboratories historical control range (affected litters 0 – 56%; affecte
	Table 110: Offspring data from rabbit embryo-fetal development study 
	Parameter 
	Parameter 
	Parameter 
	Omg/kg 
	7.5 mg/kg 
	15 mg/kg 
	30 mg/kg 

	Total number oflitters examined 
	Total number oflitters examined 
	22 
	20 
	16 
	12 

	Number offetuses examined 
	Number offetuses examined 
	196 
	156 
	126 
	75 

	Fetuses with malfo1mations (litters) 
	Fetuses with malfo1mations (litters) 
	0 
	4(4) 2.6%(20%) 
	1(1) 0.8%(6.3% ) 
	0 

	Fetuses with external and visceral variants (litters) 
	Fetuses with external and visceral variants (litters) 
	4(4) 2%(18%) 
	5(4) 3.2%(20%) 
	1(1) 0.8%(6.3% ) 
	2(2) 2.7%(17%) 

	Fetuses with skeletal variants (litters) 
	Fetuses with skeletal variants (litters) 
	44(18) 22%(81%) 
	45(19) 29%(95%) 
	53(14)* 42%(88%) 
	25(10) 33%(83%) 


	*p:::: 0.001 Table 111: Summary of malformations observed in rabbit embryo-fetal development study 
	Malfo1mation 
	Malfo1mation 
	Malfo1mation 
	Omg/kg 
	7.5 mg/kg 
	15 mg/kg 
	30 mg/kg 

	trnncus arteriosus and an absent interventricular septum 
	trnncus arteriosus and an absent interventricular septum 
	1(1) 

	hydrocephaly 
	hydrocephaly 
	1(1) 

	ao1iic arch dilation, stenosis ofthe pulmonaiy trnnk and membranous ventricular septum defect 
	ao1iic arch dilation, stenosis ofthe pulmonaiy trnnk and membranous ventricular septum defect 
	1(1) 

	gastroschisis and herniated abdominal muscles 
	gastroschisis and herniated abdominal muscles 
	1(1) 

	omphalocele 
	omphalocele 
	1(1) 


	A Continuous Intravenous Infusion Pre and Postnatal Study of SAGE-547 in the Rat/Study No. SSN-01263 
	Observations and Results 
	Fo Dams Mortality: Dams that were found dead or were pretenninally euthanized with undete1mined cause ofdeath were all pregnant (Table 111). Infusion site masses could be a contributing factor to the death; however, similai· or lai·ger infusion site masses were present in rats that survived to te1minal euthanasia. Litters from dams that were found dead during the lactation period were 
	euthanized. 
	Table 112: F0 Dams with undetermined cause of death in rat pre-and postnatal development study 
	Dose 
	Dose 
	Dose 
	No. 
	Day of Death 
	Clinical Signs 

	TR
	158 
	GD 21 
	Found dead 

	TR
	166 
	GD 22 
	Found dead 

	TR
	151 
	PND 16 
	Found dead 

	0 mg/kg 
	0 mg/kg 
	156 
	PND 20 
	Unscheduled 
	Decreased activity, dehydrated, prominent backbone, hunched posture, thin, weak, labored breathing, eyes partly closed, pallor skin, fur erect 

	30 mg/kg 
	30 mg/kg 
	355 
	GD 20 
	Found dead 

	TR
	451 
	GD 13 
	Unscheduled 
	Abnormal gait, decreased activity, prominent backbone, cold to touch, dehydrated, hunched posture, pallor skin, fur erect 

	60 mg/kg 
	60 mg/kg 
	474 
	PND 0 
	Unscheduled 
	Decreased activity, loss of consciousness, cold to touch, lying on side, weak, deep and labored breathing, red liquid and mucoid discharge from vagina and vulva 

	462 
	462 
	PND 14 
	Found dead 


	: There were no test article-related clinical signs. Adverse clinical signs were noted in dams of all groups (including the control) and included decreased activity, prominent backbone, cold to touch, dehydration, hunched posture, labored breathing, thinness and/or skin pallor. Most the dams noted with these clinical signs had a large infusion site mass, which could contribute to the poor condition. These signs have also been observed in other tox studies with rats. 
	Clinical Signs

	: As mentioned previously; 1 control, 1 LD, and 1 HD were euthanized due to signs of dystocia. All had infusion site masses, which may have contributed to their inability to litter by impeding the birth canal. In addition; 2 control, 4 LD, 3, MD, and 3 HD had no remaining pups on PND 0 or 1; 1 control, 2 MD, and 1 HD dams failed to litter; and 1 control was not pregnant. Because there was no dose-dependency and findings occurred in all groups it is unlikely test article or vehicle related. 
	Uterine Content

	: Other macroscopic findings noted in all groups, including vehicle, were infusion site mass, spleen enlargement, lymph node enlargement (iliac, renal, mediastinal and/or mandibular lymph nodes) and adrenal gland enlargement (Table 112). However, except for adrenal enlargement, there was no dose vehicle-or test article-dose response for these findings. The infusion site masses were quite large (most masses 25x10x6 mm or greater) and many extended to the kidney, liver, and/or invaded into the underlying skel
	Necropsy

	Table 113: Macroscopic findings in F0 dams in the pre-and postnatal development study 
	Source: Applicant’s Table, SSN-01263, p.57. 
	: Test article was not detected in plasma samples of 1 LD (No. 256), 1 MD (No. 356), and 1 HD (No. 456) dam on PND 4 and 1 LD (No. 267) dam on PND 20 in addition to control F0 dams. Test article was not detected in F1 pups plasma samples, except for 1 LD litter from dam No. 256 (46.6 ng/mL) and 1 MD litter from dam No. 356 (226 ng/mL) on PND 4. Samples were re-assayed and these results were confirmed. The Applicant states that there is no documentation of a mix-up with the sample tubes at time of blood coll
	Toxicokinetics

	Table 114: Plasma concentration of brexanolone in F0 Dams 
	Figure
	Source: Applicant’s Table, SSN-01263, p.52. 
	Impurities 
	: Bacterial Reverse Mutation Assay in Salmonella typhimurium and Escherichia 
	 was negative for mutagenicity in bacterial cells in a valid Ames test. 
	Test system: Salmonella typhimurium strains TA1535, TA1537, TA98, and TA100 and Escherichia coli strain WP2 uvrA. GRVHV • .... •J.SODWH LQ '062. ..-S9 Study is valid: Yes Study reviewed by: Dr. Baishali Kanjilal 
	coli/Study No. SSN-01667 Key Study Findings xGLP compliance: Yes 
	A 14-Day Intravenous (1 Hour) Infusion Toxicity Study ofSprague Dawley Rats/Study No. SSN-01667 
	Key Study Findings x No 
	Figure

	-related findings were observed for any endpoints at doses up to 0.15 mg/kg/day for 14-days. GLP compliance: Yes 
	in 
	Methods: .>1in 250 mg/mL SBECD were co-administered to male and 
	16
	4 

	164 164female rats at >1mg/kg/da >1via IV infusion (1 hour/day) for 14 days. Standard toxicology endpoints were used. Study reviewed by: Dr. Julie Frank 
	22.4. .OCP Appendices (Technical documents supporting OCP .recommendations) .
	22.4.1. Summary of Bioanalytical Method Validation 
	LC-MS/MS bioanalytical methods were developed and validated according to FDA and EMA guidances (FDA 2001, EMA 2012). 
	The bioanalytical methods utilized for the quantitation ofbrexanolone in human plasma, urine, and breast milk were demonstrated to be accurate, precise, selective, and robust. Independent lots ofblank matrix were tested and found to have no interference with the quantitation of brexanolone in the matrices validated. Evaluation of stability was canied out at sample collection, sample preparation, and sample analysis, as well as the storage conditions used to ensure that there was no effect on the concentrati
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	Validation Summaiy ~or Detennination ofBrexanolone in Human Plasma by LC-MS/MS 
	\ • al:idation ParaJDt!tu 
	\ • al:idation ParaJDt!tu 
	\ • al:idation ParaJDt!tu 
	I 
	SSN-~97 
	{tif(lll 
	F~~~1 

	ValidationDate:; • 
	ValidationDate:; • 
	'1:7 Sep 2013 -18 Nov 2016 
	13 Aug2015-24 AugW16 

	Matrix (Anticoagulant) 
	Matrix (Anticoagulant) 
	Hummplasma (KiEDTA) 
	Humm pla,-ma ~TA) 

	A:=.y Rmge (nglmL) 
	A:=.y Rmge (nglmL) 
	1.00 ro 500 
	1.00 to 500 

	&iler-ence Sr.mdard 
	&iler-ence Sr.mdard 
	SAGE-547 
	SAGE-547 

	TR
	Lot#8 
	Lot# 407-14-01-58 

	Internal Stmdan:I 
	Internal Stmdan:I 
	SGE-135 
	SAGE-547-df 

	TR
	Lot # Z370P24 
	Lot # Z370P38 

	&iler-eixe Cmve Range {nPml.) 
	&iler-eixe Cmve Range {nPml.) 
	1.00, 2.00. w .o, 20.0, 100, 200. 
	1.00, 2.00, 10.0, 4-0.0, 100, 300, 

	TR
	400, 500 
	450, 500 

	QC Leve.ls (ngi'mL) 
	QC Leve.ls (ngi'mL) 
	1.00, 3.·00, 150, 380 
	1.00, 3.00, 35.0, 400 

	llOQ {nglmL) 
	llOQ {nglmL) 
	1.00 
	1.00 

	ULOQ(~) 
	ULOQ(~) 
	500 
	500 

	Dilution.al l:ntegtity 
	Dilution.al l:ntegtity 
	l000 ng,'ml. (100-fold dilution) 
	2500 ng,"ml. (IO-fold dilution) 

	Intra-A:=.y Precision(%CV) and 
	Intra-A:=.y Precision(%CV) and 
	LLOQ: 
	LLOQ: 

	Accuracy(~{, RE) 
	Accuracy(~{, RE) 
	~'.CV: 6.4 -13.2; 
	%RSD: 4.9 -12.5; 

	TR
	~'.RE: ­7.2 -8.0 
	%Bias: -5.8 -1.0 

	TR
	LQC, M.QC and HQC: 
	LQC, MQC andHQC: 

	TR
	~'.CV: 1.5 -4.4; 
	'%RSD: 2.0 -7.8; 

	TR
	~'.RE: 0.7 -7.7 
	%Bias.: -2.0 -6.3 

	Inter-A:=.y Precision("/oCV) and 
	Inter-A:=.y Precision("/oCV) and 
	LLOQ: 
	LLOQ: 

	Accuracy("la Diff. from Nominal) 
	Accuracy("la Diff. from Nominal) 
	~'.CV=11.2; 
	%RSD=S.2; 

	TR
	~'.RE = 1.0 
	%Bias = -1.9 

	TR
	LQC, MQC and HQC: 
	LQC, MQC andHQC: 

	TR
	~'.CV: 2-4 -4. 7; 
	%RSD: H 
	-5.2; 

	TR
	~'.RE: 2.7 -5.3 
	%Bias: 0.9 -3.8 

	Freez.eflba"l\i Stability inM.a.tri."" 
	Freez.eflba"l\i Stability inM.a.tri."" 
	iFour Cycles at .20~ C 
	Fn-e Cycle:; ar ·lO--30° c 

	TR
	Fn-e Cycle:; ar-60 -~so° C 

	Amlyte St!bilityinFroz.mlt.fairix 
	Amlyte St!bilityinFroz.mlt.fairix 
	1077 day.; ill -20° c 
	W9 days at -10. -30° C 

	(I.TS) 
	(I.TS) 
	65 day:; 3t -80° C 
	376 days at -60 • -80° C 

	Whole Blood Stibility 
	Whole Blood Stibility 
	2 hours on ice 
	2 hours at room temperature and on 

	TR
	wet ice 

	Analyte StibilityinMatrix at Room 
	Analyte StibilityinMatrix at Room 
	5hour.; 
	24 hours 

	Temperarure 
	Temperarure 

	Matri..'C Factor 
	Matri..'C Factor 
	1.03 (I.QC) and0.991 (HQC) 
	ISTD no:rm:alized MF: 

	(MF) 
	(MF) 
	0.996 (I.QC) and 0.966 (HQC) 


	Validation Summaiy for Detennination of Brexanolone in Human Urine and Breast Mille by LC­MS/MS 
	, . alicfalion Parameter 
	, . alicfalion Parameter 
	, . alicfalion Parameter 
	S.SN-01-t!O (13-S~SJ) r<6Hil~ 
	SSl'\-OlU9 (l-t-8716) rm~ 
	SS:"-01482 (8323~43) j <bHilj 

	Validation Dates • 
	Validation Dates • 
	05Aug2014 -25 Mar 2015 
	30 July 2015 -15 Jan 201 6 
	10 Sep 2015 -03 Dec 2016 

	Matrix 
	Matrix 
	Human bIBast milk 
	Human urine 
	Hwna:n urine 

	Assay R=ge{nYml.) 
	Assay R=ge{nYml.) 
	5.00 -2500 
	L00 -500 
	L00 -500 

	Reference Standard 
	Reference Standard 
	SAGE-547 Lot# s 
	SAGE-547 Lot# 407-14"01-58 
	SAGE-547 Lot# 407-14-01-58 

	Intemai Stmd.ard 
	Intemai Stmd.ard 
	SGE-B5 Lot#Z370P24 
	SGE-135 Lot# Z370P24 
	SAGE-547-d4 Lot#Z370P3S 

	Refeil!nce Curve Range (Dgfml.) 
	Refeil!nce Curve Range (Dgfml.) 
	5.00, 10.0, 50.0, 100, 500, 1000, 2000, 2500 
	LOO, 2.00, 10.0, 20.0, 100, 200, 400, 500 
	LOO, 2.00, 10.0, 40.0, 100, 300, 450, 500 

	QC Len is {ng/ml.) 
	QC Len is {ng/ml.) 
	5.00, 15.0, 750, ]900 
	LOO, 3.00, 150, 380 
	LOO, 3.00, 35.0, 400 

	LLOQ (nYml.) 
	LLOQ (nYml.) 
	5.00 
	LOO 
	LOO 

	ULOQ (ngfmL) 
	ULOQ (ngfmL) 
	5000 
	500 
	500 

	Dilutional Integrity 
	Dilutional Integrity 
	5000 ngfmL (50-fold dilution) 
	1000 ngfmL (10-fo!d dilution) 
	2500 aglmL (IO-fold dilution) 

	Intra-Assay Precision (%CV) and Accuracy r.-• RE) 
	Intra-Assay Precision (%CV) and Accuracy r.-• RE) 
	ILOQ: %CV: 7.0 -7.8; %RE:7.0 -122 LQC, MQC and HQC: %CV: U -4.4; %RE: -5.3 -7.4 
	LLOQ: ~{.CV: l7 -1L4; ~~:-9.9 -6.0 LQC, MQC mdHQC: ~{.CV: l.6-5.7; ~~:-5.0 -8.7 
	LLOQ: ~'.RSD: 6.1 ­7.3; ~'.Bias: -3 .7 -4.0 LQC, MQC and HQC: ~'.RSD: l.2 -5.9; ~'.Bias: -5.3 -5.0 


	, . alicfalion Pa raUM-ter 
	, . alicfalion Pa raUM-ter 
	, . alicfalion Pa raUM-ter 
	S.SN-01-t!O (13-S~SJ) r CblT"J 
	SSl'\•OlH9 ( U -8716) r 6H"I 
	S.SN-01482 fU3B~.t3) rn"~ 

	Inter-Assay Precision (%CV) and Accuracy ("/e Diff. from Nominal) 
	Inter-Assay Precision (%CV) and Accuracy ("/e Diff. from Nominal) 
	LLOQ: '%CV = 7.2; ·~~=9.0 LQC, MQC and HQC: %CV:2.4 -5.9; %RE: -1.2 -4.2 
	llOQ: ~.CV: 9.6; ~.U: -1.9 LQC, MQC and HQC: ~.CV: 2. 7 -4.3; ~{JIB: -4.0 -7.7 
	LLOQ: ~'.RSD: 7.0; ~'.Bias: -0.2 LQC, MQC and HQC: %RSD: 2.0 -5.9; %Bias: -0.6 -0.3 

	Freezellhaw Stability in Matt-Lx 
	Freezellhaw Stability in Matt-Lx 
	fourC)~ls at -20~C 
	Four eye.~ at -20~ C 
	Fi~~cycles a:f -10 to -30° C Six cycles at .60 to --8~C 

	Anal;-te Stability inFrozen Matrix (LTS) 
	Anal;-te Stability inFrozen Matrix (LTS) 
	651 da)'!i at-20" C 
	157 days at-20"C 
	85 da;'!i at -10 --30~C 273 days at -60 --80° C 

	Anal;-te Stability inMatrix. at Room Temperature 
	Anal;-te Stability inMatrix. at Room Temperature 
	22 hours and S 1 minutes 
	20boUl'5 
	24 houn 

	Matrix factor (?.1F) 
	Matrix factor (?.1F) 
	1.02 (LQC) and 0. 992 (RQC) 
	0.974 (LQC) and0.988 (HQC) 
	!STD nomWized MF: 0.938 (LQC) and 0.969 (HQC) 


	·E.~ldates 
	Abbtui:a.tiom: CV= coefficient ofraJ-iation; HQC =high quality conirol; IS'ID = mtemal sblldard; KiEDTA or KiEDTA = potass;ium eihy!enedi:a.miDetetraacetic acid; llOQ = l=-ef" limit ofquantitation; LQC = low quality coml'ol; LTS =long tenn stability; MF =matrix factor; MHQC= medium-high quality cOillrol; MQC =medium quality control; QC = quality control ~le; RE = relative emn~ RSD = !'e!ative standard de\-iation; ULOQ = upper limitofquantification. 
	Validation Summaiy for Detennination of SBECD and Phenytoin in Human Plasma by LC­MS/MS 
	\ •alidation Par:unt'ter 2891 (Captisol, RGKI2 (Total pht':oytoin, RCKJ2 (Fru Pht'nytoin, j{blT4l iPPD) PPD) Validation Date.>• 16 Jan2015 -12 A~g 201 6 09 JUD 201 6 -28 Sep 2017 15 Jun 2016 -29 Sep 2017 Maui"! (A.1llicoa.,"U!ant) Human plilSDla Human plasma (Sodium Humanp!aso:a (Sodium <KlEDTA) • Heparin) Heparin) .~Range 2.00 -200 µ@1ml.. 20.0-10,000~/ml.. for­20.0 -2000 ngfml.. for fiee total phenytoin phmytoin Referenee Standard Captisol Ph<mytoin Pltenyroin RS-04.1\-050026 Lot# JOE090 Lot# JOE.090 Inte
	\ ·:1Jid3tion P:ir:imeler 
	\ ·:1Jid3tion P:ir:imeler 
	\ ·:1Jid3tion P:ir:imeler 
	2891 (Cap tiwl,l (l>Jllll 
	RGKD (Tobi phen~-toin, iPPD) 
	RGKJl (Fl'ffPheayloin, PPD) 

	Anal}~e Stability in Frozen M:a.trix (LTS) 
	Anal}~e Stability in Frozen M:a.trix (LTS) 
	578 days at -20° c 386 days at -80° c 
	478 days a.I -200 C or -70° c 
	473 day.; at -20° COT ­700 c 

	Whole Blood Stability 
	Whole Blood Stability 
	KiEOTAp!a.s:ma ~ NA 
	2 hours at room temperature oron tee 
	NA 

	TR
	Sodium hepaim pl.a.sma: 2 hours at 2-S~ C 

	Analyte St!bility in Mati1x at Room Temperature 
	Analyte St!bility in Mati1x at Room Temperature 
	22bours 
	25hours 
	26 hours at room fempe!'3!1JTe in lmman plasma and plasma. lilb-ation; l hour at 37 °C in human pla.s:tw 

	Mab1x Factor (MF) 
	Mab1x Factor (MF) 
	KiEOTAp!a.s:ma ~ NA Sodium hepa.im plasma: 0..95 (LQC) 3lld l.l (HQC) 
	Lot-to-lot reo--pon.se consistency was dl!lllOm'!rated 
	Lot-to-lot response consistmcy \\'35 demon::trared for he Pbm)Toin 

	• Experimental dates 
	• Experimental dates 


	• The method was initially validated for hmnm sodiumheparinplasma, and partial ,-alidated forhum.m ~A pb=ia. The !>tudy sample 'l'i'i!S coll.e<:ted with KiEDTA. The l-ilidation data for KiEDTA plasma is :i:ho\\uin this ra.ble
	.. 

	Abbre,;i.~ons: CV=~fficient of...-ari.ation; HQC = high quality control;!STD = internal st3lldard; K1EDTA or KJEDTA = potassium ethyfenediaminetetraacetic acid; ILOQ = lower limitofquantitation; I.MQC= low­medium quality control; LQC = lowquality eontrol; I.TS = long teJm stability; MF = matrix factor, MHQC = medium-high qualityconlrol; MQC =~qualitycontrol; NA = DOI a•Ailible; QC = qualityconlrol >am;>le; RE= rel.a.tin error; RSD =relam;e tt.mdazd d!!'iia1ion; ULOQ =upper limit ofquantification. 
	A stable isotopic-labeled brexanolone was employed as the internal standard for the program. The structures of brexanolone (SAGE-547) and the internal standard (SGE-135) are shown below: 
	Figure
	Figure
	Figure
	22.4.2. Pharmacometrics Review 
	Population PK Analyses 
	The Applicant conducted two population PK analyses. Report 547-clp-108-exploratory-rep.pdf describes the analyses to assess plasma PK and the relationship with breast milk PK acquired from n=12 subjects in Phase 1 Study 108. Report 547-pop-pk.pdf describes analyses to assess plasma PK from 5 clinical studies from Phase 1, Phase 2, and Phase 3. 
	Population PK in Plasma in PPD Patients (547-pop-pk) 
	Report 547-pop-pk is titled “Pharmacokinetic Analysis of Brexanolone Exposure in Patients with Post-Partum Depression”. The Applicant conducted population pharmacokinetic analyses for brexanolone following continuous IV infusion in patients with post-partum depression. The purpose of this analysis is to model the plasma concentration-time profile and assess the impact of covariates on brexanolone PK. 
	Data from the following clinical studies were included in the analysis: 
	Figure
	Table 115: Studies and Trials Included in the Population PK Analyses 
	Study ID 
	Study ID 
	Study ID 
	Study Information 
	Dose Regimen 
	Description of Data 

	547-CLP-108 
	547-CLP-108 
	An Open-Label Study 
	Continuous IV infusion of 
	Rich PK: pre-infusion and 

	(Phase 1b) 
	(Phase 1b) 
	Evaluating Concentrations of 
	SAGE-547 administered as: 
	at 12, 24 (before infusion 

	TR
	Allopregnanolone Following 
	.. ȝJ.NJ.K IRU . K .+ . WR H 4), 
	rate change), 36, 48, 56, 60 

	TR
	Administration of SAGE-547 
	.. ȝJ.NJ.K IRU .. K .+ . WR + .... 
	(before infusion end), 61, 

	TR
	Injection in the Breast Milk of 
	.. ȝJ.NJ.K IRU .. K .+ .. WR + .... 
	62, 64, and 72 hours after 

	TR
	Adult Lactating Women (n = 12) 
	.. ȝJ.NJ.K IRU . K .+ .. WR + .... 
	the start of infusion 

	TR
	.. ȝJ.NJ.K IRU . K .+ .. WR + ... 
	Sparse PK: Day 7 

	547-PPD-201 
	547-PPD-201 
	An Open-Label Proof-of-
	Continuous IV infusion of SAGE-
	Rich PK: At 30 minutes, 

	(Phase 2a) 
	(Phase 2a) 
	Concept Study Evaluation the 
	547 administered as: 
	and at 1, 2, 3, 4, 6, 12, 24, 

	TR
	Safety, Tolerability, 
	.... ȝJ.NJ.K IRU . K .+ . WR + ... 
	36, 40, 44, 48, 60 h after 

	TR
	Pharmacokinetics, and Efficacy 
	.. ȝJ.NJ.K IRU . K .+ . WR + ... 
	infusion onset, and at 72 h 

	TR
	of SAGE-547 Injection in the 
	.... ȝJ.NJ.K IRU . K .+ . WR + .... 
	after infusion onset (12 h 

	TR
	Treatment of Adult Female 
	.. ȝJ.NJ.K IRU .. K .+ .. WR + .... 
	post-infusion) 

	TR
	Patients with Severe Postpartum 
	.... ȝJ.NJ.K Ior 4 h (H 48 to H 52), 

	TR
	Depression 
	.. ȝJ.NJ.K IRU . K .+ .. WR + .... 

	TR
	(n= 4) 
	.... ȝJ.NJ.K IRU . K .+ .. WR + ... 

	547-PPD
	547-PPD
	-

	A Multicenter, Randomized, 
	Subjects were randomized in a 1:1 
	Rich PK: pre-infusion, 4 

	202A 
	202A 
	Double-Blind, Parallel-Group, 
	ratio. Continuous IV infusion of 
	(just prior to infusion rate 

	(Phase 2) 
	(Phase 2) 
	Placebo-Controlled Study 
	blinded study drug (SAGE-547 or 
	change), 8, 12, 24 (just prior 

	TR
	Evaluating the Efficacy, Safety, 
	PBO) administered as: 
	to infusion rate change), 30, 

	TR
	and Pharmacokinetics of SAGE
	-

	.. ȝJ.NJ.K IRU . K .+ . WR + ... 
	36, 48, 60 h after infusion 

	TR
	547 Injection in the Treatment of 
	.. ȝJ.NJ.K IRU .. K .+ . WR + .... 
	onset, , and at 72 h after 

	TR
	Adult Female Subjects with 
	.. ȝJ.NJ.K IRU .. K .+ .. WR + .... 
	infusion onset (12 h post-

	TR
	Severe Post-Partum Depression 
	.. ȝJ.NJ.K IRU . K .+ .. WR + 56), 
	infusion) 

	TR
	(n= 21) 
	.. ȝJ.NJ.K IRU . K .+ .. WR + ... 

	547-PPD
	547-PPD
	-

	A Multicenter, Randomized, 
	Subjects were randomized to one of 
	Same as Trial 202A 

	202B 
	202B 
	Double-Blind, Parallel-Group, 
	three treatment groups (SAGE-547 

	(Phase 3) 
	(Phase 3) 
	Placebo-Controlled Study Evaluating the Efficacy, Safety, and Pharmacokinetics of SAGE547 Injection in the Treatment of Adult Female Subjects with Severe Post-Partum Depression (n=122) 
	-

	.. ȝJ.NJ.K. 6$*(-... .. ȝJ.NJ.K. or PBO) in a 1:1:1 ratio. .. ȝJ.NJ.K arm: .. ȝJ.NJ.K IRU . K .+ . WR + ... .. ȝJ.NJ.K IRU .. K .+ . WR + .... .. ȝJ.NJ.K IRU . K .+ .. WR + ... 

	TR
	90 ȝJ.NJ.K arm: Same regimen as used in Study 202A. PBO arms received matching volumetric flow rate and infusion duration as brexanolone arms. 

	547-PPD
	547-PPD
	-

	A Multicenter, Randomized, 
	Same as Trial 202A 
	Same as Trial 202A 

	202C 
	202C 
	Double-Blind, Parallel-Group, 

	(Phase 3) 
	(Phase 3) 
	Placebo-Controlled Study 

	TR
	Evaluating the Efficacy, Safety, 

	TR
	and Pharmacokinetics of SAGE
	-


	TR
	547 Injection in the Treatment of 

	TR
	Adult Female Subjects with 

	TR
	Moderate Post-Partum 

	TR
	Depression (n=104) 


	Data points were excluded from analyses if one or more of the following conditions were met: 
	221 
	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	x 
	x 
	x 
	Absolute residual variability larger than three times the expected residual standard 

	TR
	deviation (|CWRES| > 6) 

	x 
	x 
	• ... QJ.P/. 7KHUH ZHUH 123 [8%] samples measuring greater than 500 ng/mL which the 

	TR
	Applicant considers not biologically plausible. In addition, these tended to be site-

	TR
	specific, and might have been the result of an incorrect PK sampling procedure. 

	x 
	x 
	PK samples that were between 100 and 500 ng/mL, if, after scrutiny, were identified as 

	TR
	NLQHWLFDOO\ LPSODXVLEOH GHILQHG DV REVHUYHG FRQFHQWUDWLRQ EHLQJ • . [ WKH SUHGLFWHG 

	TR
	concentration (based on preliminary modeling from data on file) and if there was no 

	TR
	adverse event associated with it. There were 17 (1.04%) samples meeting this criteria (2 

	TR
	were excluded a prior due to suspected sampling errors). 


	The Applicant states that several observations were inconsistent with the expected pattern based on recorded dosing; however, these were still retained in the dataset (provided the above conditions were met). 
	[Reviewer comment: The Applicant’s rationale for excluding PK samples is acceptable. However, the proportion of PK samples that were excluded was unexpectedly high (8%).] 
	The PK dataset included PK samples from 156 subjects. There were 1337 PK samples acquired post-dosing, of which 46 were below the lower limit of quantification (BLQ). There were 152 PK samples acquired pre-dosing of which all 152 were BLQ. At 120 hours after infusion onset (60 hours after the completion of the 60-hour infusion), a total of 30 PK samples were above the lower limit of quantification. 
	Model Description 
	: The base structural model is a 2-compartment model. PK parameters include CL, V1, V2, and Q. : CL, V1, Q, and V2 had allometric scaling applied using body weight normalized to 82.9 kg, the population median body weight. : exponential : proportional error model : No covariates were included in the final model. The Applicant performed stepwise covariate modeling to investigate covariate effects. Potential CL covariates tested for were age, albumin, ALP, ALT, AST, bilirubin, BMI, creatinine clearance (CLCR),
	Structural Model
	Allometric Scaling
	Inter-individual variability
	Residual variability
	Covariates

	Final model parameter estimates are shown in the table below. 
	Table 116: PK Parameter Estimates for Final PK Model (Run 1038) in Patients with Post-Partum Depression 
	Figure
	Source: Sequence 0001, 547-pop-pk.pdf, page 37 of 151 
	The IIV for Cl and V1 were estimated to be 21.1% CV and 147% CV, respectively. 
	Figure 31: Visual Predictive Check for Final PPK Model (Run 1038) By Treatment Arm 
	Figure
	Source: Sequence 0001, 547-pop-pk.pdf, page 43 of 151 
	[Reviewer comment: The DV vs PRED and DV vs IPRE plots provided in the study report (not shown) do not present any obvious signs of systematic bias. However, these plots demonstrate a modest number of PK samples in the range of 50 to 100 ng/mL which are underpredicted. 
	The CWRES vs PRED plot provided in the study report (not shown) shows no systematic bias for 
	WKH .. ȝJ.NJ.K GRVH OHYHO DQG PRGHVW XQGHUSUHGLFWLRQ IRU WKH .. ȝJ.NJ.K GRVH OHYHO IURP .. WR .. 
	ng/mL. However, the underprediction in that concentration range may be due to the modest 
	QXPEHU RI 3. VDPSOHV LQ WKDW FRQFHQWUDWLRQ UDQJH IRU WKH .. ȝJ.NJ.K GRVH JURXS. 
	The VPC indicates that the central tendency of the predictions do not show any systematic bias except for under-predictions at the 24-KRXUV DIWHU LQIXVLRQ RQVHW DQG RQO\ LQ WKH .. ȝJ.NJ.K patient group. The highest end of the exposure distribution across the population tends to be 
	PRGHVWO\ RYHUSUHGLFWHG SDUWLFXODUO\ LQ WKH .. ȝJ.NJ.K SDWLHQW JURXS DQG WR D OHVVHU H[WHQW LQ WKH .. ȝJ.Ng/h patient group. There is also a modest under prediction of the lowest end of the H[SRVXUH GLVWULEXWLRQ DFURVV WKH SRSXODWLRQ IRU ERWK WKH .. ȝJ.NJ.K SDWLHQW JURXS DV ZHOO DV WKH .. ȝJ.NJ.K SDWLHQW JURXS. 
	Overall, the population PK model for brexanolone represents the central tendency of the PK data well and is less accurate at predicting the extreme plasma concentration values. 
	There are no label statements based on population PK modeling using this population PK model. There are label statements proposed for section 8.2 Lactation based on another population PK model, the model built from plasma and milk PK data from Study 108 (please refer to the section regarding Population PK in Milk in PPD Patients for details).] 
	Simulated Exposure at Low and High Dose Levels 
	The Applicant conducted PK simulations to assess the distribution of expected plasma brexanolone exposures throughout the proposed 60-hour regimen for each of the studied dosing regimens; 
	Low dose regimen 
	Low dose regimen 
	Low dose regimen 
	High dose regimen 
	Time period 

	30 ȝJ.NJ/h 
	30 ȝJ.NJ/h 
	.. ȝJ.NJ/h 
	0-4 hours 

	.. ȝJ.NJ/h 
	.. ȝJ.NJ/h 
	.. ȝJ.NJ/h 
	4 to 24 hours 

	.. ȝJ.NJ/h 
	.. ȝJ.NJ/h 
	.. ȝJ.NJ/h 
	24 to 52 hours 

	.. ȝJ.NJ/h 
	.. ȝJ.NJ/h 
	.. ȝJ.NJ/h 
	52 to 56 hours 

	.. ȝJ.NJ/h 
	.. ȝJ.NJ/h 
	.. ȝJ.NJ/h 
	56 to 60 hours 


	The results of the Applicant’s PK simulations are shown in Figure 32 below.. 
	Figure 32: Simulated 5th, soth, and 95th percentile ofsimulated brexanolone Plasma 
	4.
	Concentration over time~ Following Administration with the !bll 60 .µg/kg/h !bll(Red) and the 90 µg/kg/h !bl(Blue) .
	4 
	14 

	130 :::; 120 E-. Ol s 110 Q)c: 100 0 0 c 90 ro >< ~ 80 .I> 0 c: 70 0 ~ 60 c Q) 0 50 c 0 0 40 -0 .2! 30 "':; E 20 Ci5 10 0 
	0 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 136 144 .
	0 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 136 144 .


	Time (hours} 
	The shaded area represents 95% prediction interval and the median (solid line) for each time point in a simulated population of1000 individuals. 
	Source: Sequence 0001, 547-pop-pk.pdf, page 53of151 
	[Reviewer comment: The Applicant utilized the PKsimulations presented in Figure 32 above to inform dose selection in their Phase 3 program. Please refer to section 3.3.2for details.] 
	Population PK in Milk in PPD Patients (547-CLP-108-exploratory-rep) 
	Report 547-clp-108-exploratory-rep is titled “Exploratory Report: Model Development for Brexanolone in Milk, Study CLP-108”. 
	The Applicant conducted analyses to examine the relationship between plasma and breast milk concentrations of brexanolone. Data used in the analysis were collected from study 547-CLP
	-

	108. The study information is summarized in Table 116 below. Table 117: Summary of Study 108 Trial Features 
	Study ID 
	Study ID 
	Study ID 
	Study Information 
	Dose Regimen 
	Description of Data 

	547-CLP-108 (Phase 1b) 
	547-CLP-108 (Phase 1b) 
	An Open-Label Study Evaluating Concentrations of Allopregnanolone Following Administration of SAGE-547 Injection in the Breast Milk of Adult Lactating Women (n = 12) 
	Continuous IV infusion of SAGE-547 administered as: .. ȝJ.NJ.K IRU . K .+ . WR + ... .. ȝJ.NJ.K IRU .. K .+ . WR + .... .. ȝJ.NJ.K IRU .. K .+ .. WR + .... .. ȝJ.NJ.K IRU . K .+ .. WR + .... .. ȝJ.NJ.K IRU . K .+ .. WR + ... 
	Rich PK: pre-infusion and at 12, 24 (before infusion rate change), 36, 48, 56, 60 (before infusion end), 61, 62, 64, and 72 hours after the start of infusion Sparse PK: Day 7 


	[Reviewer comment: The infusion regimen administered in Study 108 is identical to the regimen utilized in Phase 3 and proposed by Applicant for use in the label.] 
	There were a total of 144 plasma samples and 337 breast milk samples from the n=12 women enrolled in Study 108. 
	Model Description 
	: The base structural model is a 2-compartment model. PK parameters include CL, V1, V2, and Q. : CL, V1, Q, and V2 had allometric scaling applied using body weight normalized to 80.25 kg, the population median body weight : exponential : proportional : None tested 
	Structural Model
	Allometric Scaling
	Inter-individual variability
	Residual variability
	Covariates

	Final model parameter estimates and key diagnostic plots are presented in Table 117 below. 
	Table 118: PK Parameter Estimates for Final PK Model (Run 167) Linking Brexanolone Plasma Concentration to Brexanolone Breast Milk Concentration in Post-Partum Healthy 
	Figure
	Volunteers 
	Source: Sequence 0001, 547-clp-108-exploratory-rep.pdf, page 11 of 70 
	Key diagnostic plots are presented below.
	Figure 33: Visual Predictive Check for Brexanolone -Final Model (Run 167) Study 108 
	Plasma 
	-

	TOP PLOT: The 10, 50, and 90percentiles of observed data are represented as solid blue and dashed blue lines. The simulated data are represented by the shaded regions. The 95% CI of the 10, 50, and 90percentiles of the simulated data are displayed as the top grey region (CI for the 90percentile), the middle green region (CI for the 50percentile) and bottom grey region (CI for the 10percentile). The darker and darkest shades of green refer to regions where the green region overlaps with one or both grey regi
	th
	th
	th 
	th
	th
	th 
	th 
	th 
	th 

	Source: Sequence 0001, 547-clp-108-exploratory-rep.pdf, page 12 of 70
	Figure 34: Visual Predictive Check for Brexanolone -Final Model (Run 167) -Study 108 
	Milk 

	TOP PLOT: The 10, 50, and 90percentiles of observed data are represented as solid blue and dashed blue lines. The simulated data are represented by the shaded regions. The 95% CI of the 10, 50, and 90percentiles of the simulated data are displayed as the top grey region (CI for the 90percentile), the middle green region (CI for the 50percentile) and bottom grey region (CI for the 10percentile). The darker and darkest shades of green refer to regions where the green region overlaps with one or both grey regi
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	th 

	Source: Sequence 0001, 547-clp-108-exploratory-rep.pdf, page 12 of 70 
	[Reviewer comments: The reviewer compared the plasma PPK model parameters for the single-study PPK analyses (model 167; Study 108) with the plasma PPK model from the multi-study PPK analysis built using Phase 1, Phase 2, and Phase 3 PK data (model 1038; Studies 108, 201, 202A, 202B, 202C). The PK estimates from Run 1038 are used as the basis for comparison of the plasma PK parameter estimates from the two plasma PPK models (see 
	[Reviewer comments: The reviewer compared the plasma PPK model parameters for the single-study PPK analyses (model 167; Study 108) with the plasma PPK model from the multi-study PPK analysis built using Phase 1, Phase 2, and Phase 3 PK data (model 1038; Studies 108, 201, 202A, 202B, 202C). The PK estimates from Run 1038 are used as the basis for comparison of the plasma PK parameter estimates from the two plasma PPK models (see 
	Table 118 below). 

	Figure
	Figure
	Table 119: Comparison of Plasma PK Parameter Estimates From Run 167 (Study 108) and Run 1038 (5 Studies) 
	PK Parameter 
	PK Parameter 
	PK Parameter 
	Run 1038 (Studies 108, 201, 202A, 202B, 202C; N=156) 
	Run 167 (Study 108; N=12) 
	% diff from Run 1038 

	CL 
	CL 
	89.8 L/h 
	73.5 L/h 
	-18% 

	V1 
	V1 
	117 L 
	123 L 
	+ 5% 

	Q 
	Q 
	37.9 L/h 
	23.4 L/h 
	-38% 

	V2 
	V2 
	470 L 
	701 L 
	+ 49% 


	Overall, the V1 parameter estimate for Model 1038 appears comparable to Model 167. However, the Q and V2 estimates differ by -38% and +49%, respectively. The differences in parameter estimates in Run 167 comapred to Run 1038 are likely due to the smaller sample size in Run 167 compared to Run 1038. 
	The VPC plot for plasma PK concentrations (figure not included in this review) shows that the model is able to capture the central tendency of the observed data well. However, the extreme values of the simulated data (e.g. 10percentile and 90percentile) demonstrate lower precision and generally do not represent the observed data as well. 
	th 
	th 

	The same observations are apparent for the VPC for brexanolone in milk. Overall, the model appears to capture the central tendency of brexanolone milk concentration profile but is less accurate at predicting extreme milk concentration values. 
	Estimating Milk:Plasma Ratio 
	The approach of modeling the milk brexanolone concentration as a proportion of the plasma brexanolone concentration (using a partition coefficient) assumes a constant concentration ratio for brexanolone in milk:plasma. However, the observed PK data demonstrate variability in the milk:plasma concentration ratio throughout and after the infusion duration. However, during the period of maximum brexanolone infusion, the Applicant’s milk:plasma ratio estimate of 1.36 is comparable to the Reviewer’s estimate of t
	Figure 35: Plot of Brexanolone Concentration in Milk and Plasma During and After Infusion in Study 008 
	Figure
	The PK data are stratified by the infusion rate throughout the 60-hour treatment period in Study 108. The PK data after infusion are grouped together (60-168 hours). The white and red box plots represent the brexanolone concentration in milk and plasma across all subjects across all time points collected within the specified time interval for milk and plasma, respectively. The “Ratio” represents the value of the median concentration of brexanolone in milk across all subjects and all samples collected within
	The variability in the ratio at different periods over time is likely a factor contributing to the width of the 95% CI of the ratio estimate (ratio estimate is 1.36, 95% CI is 0.858 to 2.16). Use of the 1.36 ratio may lead to modest over or underprediction for any PK simulations of the up-titration or down-titration period. However, the 1.36 ratio appears to be a reasonable estimate for the prediction of the milk concentration during the period of maximum infusion rate. ] 
	Estimating Relative Infant Dose from Breast Milk 
	The applicant utilized the results of the population PK analyses report from study 108 to derive a relative infant dose (RID). The methodology was that laid out by Bennett and Notarianni (1996)where [relative dose in milk] = [milk conc] * [milk vol per day] * 100% / [maternal daily dose]. The Applicant’s RID estimates are summarized in Table 119 below. 
	1 

	Table 120: Applicant’s Calculation of Maximum Brexanolone Relative Infant Dose (RID) 
	Table
	TR
	Observed Plasma AUC24-48, ng*h/mL 
	Predicted Milk AUC24-48, ng*h/mL (a) 
	Predicted Average Brexanolone in Milk from 24-48h, ng/mL (b) 
	Predicted Daily Dose in Milk, ng/kg/day (c) 
	Predicted RID, % (d) 

	Minimum 
	Minimum 
	462 
	628 
	26.18 
	3927 
	0.1818% 

	Median 
	Median 
	1760 
	2394 
	99.73 
	14960 
	0.6926 % 

	Maximum 
	Maximum 
	3410 
	4638 
	193.2 
	28980 
	1.342 % 


	a Computed as 1.36*Plasma AUC b Milk AUC divided by 24 hours c Based on feeding rate of 150 mL/kg/day 
	G &RPSXWHG DV LQIDQW GRVH GLYLGHG E\ PDWHUQDO GRVH ... ȝJ.NJ.K... K. ..... .%HQQHWW ..... 
	Source: Sequence 0001, summary-clin-pharm.pdf, page 56-57 of 76 
	The computation of relative infant dose starts with the observed plasma AUC24h-48h value which RFFXUV GXULQJ WKH WLPH SHULRG ZKHQ WKH LQIXVLRQ UDWH LV DW WKH PD[LPXP YDOXH RI .. ȝJ.NJ/h. Using the maximum observed AUC24h-48h value of 3410 ng*h/mL, and the milk:plasma partition coefficient of 1.36 (estimated from PPK modeling), the Applicant estimates a milk AUC24h-48h average brexanolone concentration in milk over the time period of 193.2 ng/mL (48-24 = 24 hours duration; 4638/24 = 193.2). Using 150 mL/kg/d
	value of 4638 ng*h/mL (3410*1.36 = 4637.6 = 4638). The milk AUC is used to derive the 

	The Applicant points out that while the oral bioavailability in infants is unknown, absolute oral bioavailability in adults is <5%. The Applicant concludes that as the RID is <10% when assuming 100% bioavailability, the risk exposing infants to brexanolone via breast milk at the proposed dose regimen is acceptable. 
	[Reviewer comment: The Applicant estimates a 193.2 ng/mL as the maximum brexanolone concentration in breast milk during the period where the infusion is at the maximum rate of 90 
	ȝJ.NJ.GD\. 7KH PD[LPXm milk concentration is estimated by obtaining the observed maximum plasma AUC during 24-48 hours, diving by 24 hours to obtain a maximum plasma concentration during 24-48 hours, and multiplying by the 1.36 milk:plasma ratio to estimate the maximum milk concentration during this time period. 
	The reviewer conducted a sensitivity analysis of the RID estimate. The Applicant utilized their observed plasma exposure and estimated milk:plasma ratio to estimate milk exposure. The maximum predicted milk exposure of 193.2 ng/mL was predicted based on the maximum 
	REVHUYHG SODVPD $8& GXULQJ WKH SHULRG RI .. ȝJ.NJ.K LQIXVLRQ UDWH. +RZHYHU. DV WKH SURSRVHG 
	dose regimen for the label is identical to the dose regimen utilized in Study 108, and since milk concentration was measured in Study 108, the reviewer assessed the effect of using the observed milk concentration (rather than predicted milk concentration) to estimate the RID. 
	The reviewer derived RID estimates based on the observed maximum, observed median, and observed minimum milk concentrations from study 108. Other than using the observed minimum, median, and maximum milk concentrations observed from 24-52 hours after infusion start, the Reviewer utilized the same RID estimation method as the Applicant. The results are shown in Table 120 below. 
	Table 121: Reviewer’s Calculation of Maximum Brexanolone Relative Infant Dose (RID) 
	Table
	TR
	Observed Average Brexanolone in Milk from 24-52 hours after infusion start, ng/mL (b) 
	Predicted Daily Brexanolone Dose in Milk, ng/kg/day (a) 
	Predicted RID, % (b) 

	Minimum 
	Minimum 
	43.3 
	6495 
	0.3% 

	Median 
	Median 
	108 
	16200 
	0.75% 

	Maximum 
	Maximum 
	254 
	38100 
	1.76% 


	a Based-on feeding rate of 150 mL/kg/day b Computed as infant dose GLYLGHG E\ PDWHUQDO GRVH ... ȝJ.NJ.K... K. ..... .%HQQHWW ...... 
	The maximum observed milk concentration across all subjects and across all time points is 254 ng/mL and occurs in patient 2006 at approximately 35.6 hours after infusion start (during the 90 ȝJ.NJ/h infusion time period). The apparent worst-case scenario is RID of 1.76% which represents the highest observed milk concentration in the entire study which occurred while the LQIXVLRQ ZDV DW WKH PD[LPXP UDWH RI .. ȝJ.NJ/h (see the computation below used to derive the 
	maximum predicted RID cited in Table 120). 
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	1.76%..
	Overall, the 1.34% RID estimate obtained using the Applicant’s predicted milk concentration is comparable to the 1.76% RID estimate obtained using the maximum observed milk concentration. 
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	Reference ID: 4405747 
	Considering the width of the 95% CI of the 1.36 ratio used to derive the Applicant’s RID (0.858 
	– 2.16) as well as the effect of using maximum observed milk concentration versus maximum predicted milk concentration, the reviewer is recommending that the RID listed in the label (1.34%) be changed to “1% to 2%”. If neonates or infants have comparable oral bioavailability from milk to adults with the oral brexanolone formulation (i.e., <5%), effective relative infant dose could be < 0.05% to 0.1%. 
	The administration of SBECD to infants via the breast milk is not expected to pose a clinically-relevant safety or tolerability issues. Please refer to section 6.3.2.3. Should patients receiving brexanolone treatment continue breast feeding? for details. ] 
	22.4.3. Summary of Clinical Pharmacology Studies CLINICAL PHARMACOLOGY STUDY REVIEW 
	Mass Balance Study 
	Study# 547-CLP-101 Study Period: 15-June-2015 to 23-July-2015 
	NDA 211371 Zulresso Brexanolone 
	IV infusion 
	Title 
	Objective 
	s: 
	A Phase 1 Study to Investigate the Metabolism and Excretion of[14C]-SAGE-547 Following Single Intravenous Dose Administration in Healthy Male Subjects 
	Primary: 
	•To detennine mass balance and routes ofelimination of [14C]-SAGE-547 following intravenous 
	(IV) administration ofa single infusion, target dose 90 µg/kg/h (containing approximately 0.0048 µCi/µg), over a period of4 hours of [14C]-SAGE-547 in male subjects. 
	• 
	• 
	• 
	To assess the phaimacokinetics (PK) of SAGE-547 and its metabolites following a single target dose of90 µg/kg/h of SAGE-547 over a period of4 hours. The dose contained approximately 0.0048 µCi/µg using [14C]-SAGE-547. 

	• 
	• 
	To dete1mine the whole blood, plasma, wine, and feces concentrations oftotal radioactivity. 


	Secondary: 
	• 
	• 
	• 
	To characterize and identify metabolites of[14C]-SAGE 547 in plasma, urine, and feces; 

	•
	•
	To further dete1mine the safety and tolerability ofa single IV dose of[14C]-SAGE-547 in male subjects. 


	Study Design: 
	APPEARS THIS WAY ON ORIGINA[ 
	This study was an opem~Jabel, nonrand.omiz~ metabolism and excretion study to investiga1 mass balance of [C~-SAGE-547 administered as a single IV infusion, wifh a target dose oi 90 Jlg!kg/h (containing approximate]y 0.0048 ~tCi/~tg), over a period of4 hours. Eight heaJl male suibjects were enrolled mthe study at a single clinical site to ensure a mininuun ofsi!x subjects completed the study_ A scllematic ofthe study design is presented in Table 2_ The protocol js provided in Appendix 16. l .l _ 
	14

	Potential subjects were screened to assess their eligibility to enter the shldy within 28 days (Days -28,to -1) prior to dosing on Day l _For all snbjects. routine screening procedures W€ performed, as outllned inTable 3. 
	Subjeds were confined at the clrical site .from ilie time of Check-in (Day -1) until clinic dischargeleady termination (ET) for a minimum confmement of 7 days postdose {Day 8) ar m.a..wnun.1 confinement of13 days postdose (Day 14)-Clinic dischargeJET was based on subjects meeting the follm\'ing discharge criteria: 
	• .
	• .
	• .
	.Plasma radioactivity reached levels below the limit ofquantitation (BLQ) in two consecutive samples, and; 

	• .
	• .
	Greater than or equal to 90% ofthe dose was recovered, or, 

	• .
	• .
	Less than or equal to 1%, ofthe radioactive dose was reoovered in urine and fec.e mm consecutive 24-hour ooUect:iion intervals~ 


	Sample collection and subject confinement continued until discharge criteria were met_ 
	On Day l, subjects were administered a single IV infusion of[C]-SAGE-547. with a target dose of90 ~iglkglh (containing approximately 0.0048 pCil~Lg), over .a period of4 hours_ Bl0< and other matrices for PKanalysis \llere collected at the time points specified in Table 3_ 
	14

	Safety assessments, inch1ding physical examinations, 12-lead electrocardiograms (ECGs), vi1 signs. How Do Yoll Feel? inquiries~ and cfutical laboratory evaluations, were perfom1ed at screening, at specified times during the study, and/or at clinic discharge/ET. 
	Table 2: Study Design 
	Se1~eening 
	Se1~eening 
	Se1~eening 
	Cberk-in 
	Dosing 
	PKIR..·ulioum,i ty Sampling 
	::

	Clinfr Disda:arg Eady Terminati• 

	Days -28 to -2 
	Days -28 to -2 
	Day -1 
	Day 1 
	Day ] to Day 81]4 
	Day 8 to Day [t 

	TR
	. -
	Confinement 
	-. 


	•I Subjects u"eTe discharged from the clinic starting oo.Day S if plasma radioaeti•iity reached lei;els below the liD quantitation in mro consecutive samples. and if ~90% of the d~e v.'Jls reco•·ered or if~l~~ of the radioactive ci was reco•·ered in wine and feces for two consecutive 24-hour collection i.utei-.-als. Subjects that did not meet discharge critem :>tayed inthe clinic until either they had met discharge 1crite1ia or until the maximum .stay on Day 14. 
	APPEARS THIS WAY ON ORIGINA[ .
	Product Used: 
	Table
	Test pm dud , dose and mode of adlministration, batd1 number: Subjects received a single IV inn.wonof [Hq-SAGE-547 at ai dooe of90 ~lg/kglh (containing appro:!cimately 0.0048 µCil~tg). over a period of4 hours. Unit doses we.re fommlated from snlfobutyl .ether bet~-cydodextrin (SBECD), SAGE-547 Injection 5 mg/mL (LotNo_B130545), [14C]-SAGE-54~ (aka 4-l[HCJ-SAGE-547) (Lot No. 60232MAY]5~0l), and Sterile \Vater for Injection.. 
	Test pm dud , dose and mode of adlministration, batd1 number: Subjects received a single IV inn.wonof [Hq-SAGE-547 at ai dooe of90 ~lg/kglh (containing appro:!cimately 0.0048 µCil~tg). over a period of4 hours. Unit doses we.re fommlated from snlfobutyl .ether bet~-cydodextrin (SBECD), SAGE-547 Injection 5 mg/mL (LotNo_B130545), [14C]-SAGE-54~ (aka 4-l[HCJ-SAGE-547) (Lot No. 60232MAY]5~0l), and Sterile \Vater for Injection.. 


	Route of IV infusion Administration 
	Table
	PK Sampling Times and Parameters 
	PK Sampling Times and Parameters 
	Blood samples for PK analysis of SAGE-547 in plasma were collected at Day 1 (predose); and at 2, 3, 4 (just prior to the end of infusion, while the pump was still on), 4.5, 5, 6, 8, 12, 24, 36, and 48 hours after the start of infusion; and approximately every 24 hours until Clinical Discharge/ET. Blood samples for PK analysis of total radioactivity in whole blood and plasma were collected at Day 1 (predose); and at 2, 3, 4 (just prior to the end of infusion, while the pump was still on), 4.5, 5, 6, 8, 12, 2
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	Figure
	Safety Parameters 
	Figure
	Table
	TR
	TD
	Figure


	PK Moieties 
	PK Moieties 
	Sage-547 and all major circulating metabolites 

	PD Endpoint(s) 
	PD Endpoint(s) 
	None 

	Statistical Methods 
	Statistical Methods 
	TD
	Figure
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	Figure
	Analytical Method 
	Method Type Analytes 
	Method Type Analytes 
	Method Type Analytes 
	LC/MS/MS I Matrix I Plasma Sage-547 and all major circulating metabolites 


	P" Yes 
	• Method validated prior to use 
	r No 
	Talidation 
	P" Yes 
	• Method validation acceptable 
	r No 
	tudy 
	ample uialysis 
	• Samples analyzed within the established stability period 
	P" Yes r No 
	• Quality control samples range acceptable 
	P" Yes r No 
	• Chromatograms provided 
	P" Yes r No 
	• Accuracy and precision of the calibration curve acceptable 
	P" Yes r No 
	• Accuracy and precision ofthe quality control samples acceptable 
	P" Yes r No 
	• Overall perfonnance acceptable 
	P" Yes r No 
	Study Population: 
	• 
	• 
	• 
	Healthy male between the ages of 18-55 years ofage. 

	• 
	• 
	N= 8 subjects 


	Figure
	Table 1: Demography of subjects .
	Figure
	Inclusion Crietria:..
	Inclusion Crietria:..
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	Figure
	Exclusion Criteria:..
	Exclusion Criteria:..

	Figure
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	Figure
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	Figure
	7'PPEA~STAl~W7'YU 
	PK Results 
	PHA.Rt'\1ACOKl1\TETI CS RESl:LTS: 
	• .
	• .
	• .
	The overall mean recovery ofradioactivity in urine and feces was approximately 89% ofthe administered radioactive dose, measw"ed over 312 hotu'S from the stati ofinfusion. Most oft administered radioactivity (85.6%) was recovered in the first 144 hours (7 days) after start of infusion. 

	• .
	• .
	Fecal and urinary excretion were comparable indicating no predominate route ofelimination SAGE-547; 472% and 41.8% ofthe radioactivity administered was recovered in feces and u respectively, by 312 hours after start ofthe infusion. 

	• .
	• .
	Urinary excretion ofunchanged SAGE-547 was negligible (less than 1 % of administered do~ 

	• .
	• .
	SAGE-547 was quickly eliminated from plasma, in a biphasic marn1er, with mean trn of approximately nine hours. 

	• .
	• .
	Total radioactivity was slowly eliminated, \\Jith mean t112 of approximately 56 and 45 hours ii plasma at1d whole blood, respectively. 

	• .
	• .
	SAGE-547 represented approximately 2% of total radioactivity in plasma (as assessed by Al indicating that metabolites are a major component ofthe circulating total radioactivity in p~ 

	• .
	• .
	Metabolite profiling and identification results showed that metabolic clearance was the predominant route of elimination ofSAGE-547 in hmnans after an IV infusion due to the prevalence ofnumerous unidentified metabolites, the low exposme of SAGE-547 in plasma, the absence ofSAGE 547 in excreta. 

	• .
	• .
	Low association ofradioactivity with blood cells was observed as the mean whole blood-to-I AUCO--o:o ratio was 0.515. 


	Figure
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	Safety Results 
	Was there any death or serious adverse events? 
	r Yes P-No r NA 

	SAFETY RESULTS: 
	• .
	• .
	• .
	A single IV infusion of 90 ~tg/kg/h [1C]-SAGE-547 over 4 hours was generally well tolerati this group ofhealthy male subjects_ 
	4


	• .
	• .
	There were no serious adverse events or discontinuations due to treatment~emergent adverse events_ 

	• .
	• .
	All adverse event s were mild in severity. Mild somnolence \Nas the most commonly report1 treatment-emergent adverse event (50.0%) and \Nas considered to be related to study drug. Somnolence was commonly experienced as starting during the infusion and continuing for approximately 1 to 3 hours follo\lling the end ofinfusion_ 

	• .
	• .
	No clinically significant findings in clinical chemistry, hematology, urinalysis, vital signs, E or physical examinations were noted in this study. 

	• .
	• .
	Most subjects experienced sleepiness as measured by the Stanford Sleepiness Scale \\rith pe~ levels ofsleepiness occmring at 4 hours after start ofthe infusion_ 


	Figure
	The most frequently reported treatment-emergent adverse event was somnolence (50.0%). All remaining treatment-emergent adverse events were reported by one or two subjects each. Additional treatment-emergent adverse events that could be related to sedation included dizziness (two subjects [25.0%]), headache (two subjects [25.0%]) and fatigue (one subject [12.5%]). Events of dizziness may have been a central effect because they were not obviously associated with hypotension. All treatment-emergent adverse eve
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	APPEARS THIS WAY ON ORIGINAL.! .
	Overall Sponsor Conslusions 
	• .
	• .
	• .
	SAGE-547 clearance from plasma is rapid (approximately 72 Uh); it is eliminated from plas a biphasic manner (tin ofapproximately 9 hours). Uri.nary excretion ofunchanged SAGE-5£ negligible (less than 1 % ofadministered dose). SAGE-54 7 appears to be extensively meta be fecal and urinary excretion were comparable indicating no predominate route ofelimination radioactivity. 

	• .
	• .
	• .
	Metabolite profiling and identification results showed that metabolic clearance was the 

	predominant route ofelimination of SAGE-54 7 in humans after an IV infusion due to the prevalence ofnumerous unidentified metabolites, the low exposure of SAGE-547 in plasma, the absence ofSAGE 54 7 in excreta. 

	• .
	• .
	SAGE-547 was well-tolerated at a dose of 90 ~lg/kg/h for 4 hours in healthy male subjects. 

	• .
	• .
	Somnolence was reported as the most common treatment-emergent adverse event (50.0% of subjects) and most subjects experienced sleepiness with peak Stanford Sleepiness Scale scor• corresponding to maximum plasma concentrations ofSAGE-547. 


	Reviewer Comments and Conclusions 
	1. .Studv Design: This was an Open Label, Single Center, Single Dose, Phase I study in healthy male subjects to assess the mass-balance and investigate the metabolism and excretion of14C-SAGE 547 following a single IV infusion. The overall study design was acceptable since: 
	o .It was a single dose study conducted with the requisite amount ofradioactive tracer to adequately isolate and quantitate circulating metabolite(s). 
	o .It was a single dose study conducted with the requisite amount ofradioactive tracer to adequately isolate and quantitate circulating metabolite(s). 
	o .It was a single dose study conducted with the requisite amount ofradioactive tracer to adequately isolate and quantitate circulating metabolite(s). 

	o .IVdose was chosen because it is the intended route ofadministration. 
	o .IVdose was chosen because it is the intended route ofadministration. 

	o .18-55-year-old, healthy adult male were included 
	o .18-55-year-old, healthy adult male were included 

	o .Adequate number ofsubjects (N= 8) were included in the study 
	o .Adequate number ofsubjects (N= 8) were included in the study 

	o .The.final to-be-marketed formulation ofSAGE 547 was used in this study. 
	o .The.final to-be-marketed formulation ofSAGE 547 was used in this study. 


	2. .
	2. .
	2. .
	Protocol deviation: No major protocol deviations were reported. 

	3. .
	3. .
	Data Analysis (i.e .. anv outliers etc): There were no outliers and the PK datafrom all 


	subjects were included in the analysis. 
	4.. 
	4.. 
	4.. 
	A validated bio-analytical methodology was used which was acceptable. 
	Bioanalytical Method: 


	5.. 
	5.. 
	The subject inclusion and exclusion criteria were acceptable since: 
	Inclusion and Exclusion Criteria: 



	-Healthy adult males between 18-55 years of age were included. Female subjects were excluded from the study to align with regulatory guidance. The regulatory reason for not including female subjects is contained in the “as low as (is) reasonably achievable” principle prescribed by both the US Food and Drug Administration (FDA) and Nuclear Regulatory Commission, (i.e., radiation exposure to female subjects should be kept “as low as reasonably achievable” and if possible, kept at zero potential for radiation 
	-The study excluded subjects who took any prescription medications/products or any OTC, nonprescription preparations (including vitamins, minerals, herbal supplements etc.) within 7 days prior to check-in or during the study. This ensured that the PK of SAGE 547 is not impacted by extrinsic factors. 
	-The study only included healthy subjects and thus excluded subjects with organ disease or organ impairments (i.e., hepatic or renal impairments) that may have either compromised subject safety or interfered with the evaluation of PK, mass balance of SAGE 547. 
	6.. We agree with the sponsor’s PK, mass balance and metabolite identification analysis and conclusions from the study. 
	Pharmacokinetic findings: 
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	CLINICAL PHARMACOLOGY STUDY REVIEW 
	PK Study in Hepatic Impaired 
	Study# 547-CLP-103 Study Period: 23-Dec-2015 to 23-May-2016 
	NDA 211371 Zulresso Brexanolone IV infusion 
	Title 
	Objectives: 
	OPEN-LABEL, NONRANDOMIZED, SINGLE-DOSE, PARALLEL GROUP, SAFETY, TOLERABILITY, AND PHARMACOKINETIC STUDY OF SAGE-547 ADMINISTERED BY INTRA VENOUS INFUSION TO HEALTHY SUBJECTS AND SUBJECTS WITH HEPATIC IMPAIRMENT 
	The objectives ofthis study were to evaluate the pha1macokinetic (PK) profile and the safety and tolerability ofSAGE-547 in subjects with hepatic impaiiment compared to healthy subjects. 
	Study Design: 
	l\Iethodology: SAGE-547 Injection is a proprietary formulation of allopregnanofone (scientific name), al referred to as brexanolone (USAN). Throughout this study report, "concentrations ofSAGE-S4 7" is syno \'\iith "concentrations of allopregnanolone". 
	This was an open-label nonrandomized, parallel-group study that inves tigated the safety, tolerability, and profile ofSAGE-547 as a single intravenous (IV) infusion administered over a period of4 hours to subjec mild, moderate, or severe hepatic impairment and he-althy subjects with normal hepatic function (control). 
	doses administered \Vere 30 ~ig/kg/h for 1 hour, follo·wed by 60 ~Lglkg/h for 1 hour, and follo\ved by 90 ~t-g for 2 hours. Each subject i.t1 the control cohort was to be demographically comparable to at least one subj1 impaire.d hepatic function with respect to age (± 10 years), sex, and body mass index (BMI; ± 20%). Subj with severe hepatic disease \Vere only to be enrolled aBer the mild, moderate, and control cohorts complet the interim PK and safety analyses demonstrated that the participation ofsubject
	There were up to four cohorts in this study. The mild, moderate, and control cohorts were to enroll eight i each, and up to eight subjects were to be enrolled in the severe cohort, for a total ofup to 32 subjects at m sites in the United States. Subject.:; were assigned into cohorts based on d1eir level ofhepatic function in accordance \vith the Child-Pugh classification. 
	l\lethodology (continued): Following a Screening Period ofup to 27 days. subjects who met eligibility c were admitted to the clinical site on Day -1 (Check-in) and received SAGE-547, as a single-IV infusion of 30 ~1,g/kg/h for 1 hour, 60 ~t-g/kg/h for 1 hour, and 90 ~iglkg/h for 2 hours, on Day L SAGE-547 was admil by trained study personnel. Subjects were discha:cged from the clinical site on Day 3 (ifappropriate as determined by the Investigator) and returned for a Follow-Up Visit on Day 7 (± l day) postd
	administr.11 

	After the mild, moderate, and control cohorts cornpleted SAGE-547 administration, interim safety and PK analyses were conducted prior to including subjects with severe hepatic impairment in the study. Additio1 interim data reviews may have occurred at any time, ifdeemed appropriate based on safety, tolerability, 01 information. Results ofinterim analyses may have led to potential changes in the design of the study, ind alterations in PK and/or clinical laboratory blood sampling times; and/or a change in the
	Number of subject (planned and anaJyzed): Up to 32 subjects (eight per cohort) were planned and 32 (8 per cohort) were analyzed. 
	Number of subject (planned and anaJyzed): Up to 32 subjects (eight per cohort) were planned and 32 (8 per cohort) were analyzed. 
	Number of subject (planned and anaJyzed): Up to 32 subjects (eight per cohort) were planned and 32 (8 per cohort) were analyzed. 

	Diagnosis and main criteria for inclusion : Subjects with hepa.tic impairment (as classified by Child-Pt scoring criteria [mild: Child-Pugh Grade A, score five to six; moderate: Child-Pugh Grade B, score 5( nine; or severe: Child-Pugh Grade C, score ten to 15]) or healthy subjects 
	Diagnosis and main criteria for inclusion : Subjects with hepa.tic impairment (as classified by Child-Pt scoring criteria [mild: Child-Pugh Grade A, score five to six; moderate: Child-Pugh Grade B, score 5( nine; or severe: Child-Pugh Grade C, score ten to 15]) or healthy subjects 

	Test product~ dose and mode of administration, batch number: SAGE-547 Injection 5 mg/ml., diluted with sterile water for injection. Continuous IV infosion at increas doses over 4 hours: 30 ~iglkg/h for l hour, 60 ~tg/kg/h for 1 hour, and 90 ~tg/kg/11 for 2 hours. The study< number for SAGE-547was B 150493. 
	Test product~ dose and mode of administration, batch number: SAGE-547 Injection 5 mg/ml., diluted with sterile water for injection. Continuous IV infosion at increas doses over 4 hours: 30 ~iglkg/h for l hour, 60 ~tg/kg/h for 1 hour, and 90 ~tg/kg/11 for 2 hours. The study< number for SAGE-547was B 150493. 

	Duration of treatment: 4 hours 
	Duration of treatment: 4 hours 


	Table 2.: Study Cohorts 
	Cohort 
	Cohort 
	Cohort 
	Desmptiooa ofHe~ticFunction• 
	Points from Child-Pu,gjlAssessme:nt 
	Number ·of Subjects 
	Dose ofSAGE-047 

	1 
	1 
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	• Hepatic function. v.-:;; d<&ermi!ned us:img t!ie C1liild-~i;,.;se;smmt. 
	• Hepatic function. v.-:;; d<&ermi!ned us:img t!ie C1liild-~i;,.;se;smmt. 
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	contmi:Ddjci.ted 
	Figure
	Stnd1y Design Schematic 
	Scre~ning Days ­2 8 to ­2 
	Scre~ning Days ­2 8 to ­2 
	Scre~ning Days ­2 8 to ­2 
	lnpati~nt Confinement P~1iod T111eatment (I) ..\ss~ssment'i and Che-ck-in and .-\.ss.~~nnents. Clinic Discharge Day -1 Day 1 (I), Day 2 Day3 
	Follow-u,p \"is.it Day 7 (± 1 day) 


	T =treatment 
	#\PPEARSTHIS"WAY'ON 
	ORIGlf\.IA 

	Product Used: 
	Test product~ dos.e and mode of aclminfatration, batch number : .SAGE-547 Injection 5 mg/mL, diluted w-ith sterile w-ater for injection_ Continuous IV infusion at increas .doses over 4 hours: 30 ~.1.g/kg/h for 1 hour, 60 ~Lg/kg/b for 1 hour, and 90 ~tg/kg/h for 2 hours_ The study c .number for SAGE-547 was B 150493_ .
	Route of Administration 
	Route of Administration 
	Route of Administration 
	IV infusion 

	PK Sampling Times and Parameters 
	PK Sampling Times and Parameters 
	Pha1macokinetic blood samples were collected on Day 1, Hour 0 (predose ), 30 minutes, approximately 60 minutes (just prior to dose adjustment from 30 µg/kg/h to 60 µg/kg/h), 90 minutes, approximately 120 minutes (just prior to dose adjustment from 60 µg/kg/h to 90 µg/kg/h), 150 minutes, 210 minutes, approximately 240 minutes (just prior to end ofinfusion, while pump was still on) after the sta1t of infusion, and at 0.5, 1, 2, 3, 4, 8, 12, 20, 32, and 44 hours after the end of the infusion. Additionally, a P


	Table
	TR
	end of infusion, while pump was still on, and then post-infusion samples were to be collected at the same time points after the end of the infusion as specified above. Additional blood samples to determine unbound concentration and fraction unbound of SAGE-547 were collected approximately 60 minutes after the start of infusion (just prior to dose adjustment from .. ȝJ.NJ.K WR .. ȝJ.NJ.K. DQG MXVW SULRU WR WKH HQG RI WKH LQIXVLRQ. ZKLOH WKH pump was still on (above for PK samples apply, excluding post-infusi

	Safety Parameters 
	Safety Parameters 
	Safety data (including laboratory values and AEs) were reviewed on an ongoing basis throughout the course of the study by the Medical Monitoring team  and any findings were discussed with Sage. 

	PK Moieties 
	PK Moieties 
	Sage-547 

	PD Endpoint(s) 
	PD Endpoint(s) 
	None 

	Statistical Methods 
	Statistical Methods 
	The Safety Population consisted of all subjects who started the infusion of SAGE-547. The PK Population consisted of all subjects who started the infusion of SAGE-547 and had evaluable PK data. Summary statistics and statistical analyses were performed for subjects included in the relevant analysis populations (Safety/PK). Plasma concentrations and PK parameters were summarized by hepatic function status cohort using descriptive statistics; supporting figures were presented, as appropriate. The effect of he
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	squares mean differences were calculated between the subjects with mild, moderate, and severe hepatic impairment and subjects with normal hepatic function. The residual variance from the mixed model was used to calculate the 90% confidence interval for the difference between the test and reference cohorts. These values were back-transformed to give the ratio of geometric least square means of the test cohorts relative to the reference cohort and the 90% confidence interval for the ratio. No adjustment was m
	Analytical Method 
	Method Type Analytes 
	Method Type Analytes 
	Method Type Analytes 
	LC/MS/MS I Matrix I Plasma Sage-54 7, metabolites were not assessed 


	P" Yes 
	• Method validated prior to use 
	r No 
	Talidation 
	P" Yes 
	• Method validation acceptable 
	r No 
	• Samples analyzed within the established stability period 
	P" Yes r No 
	• Quality control samples range acceptable 
	P" Yes r No 
	• Chromatograms provided 
	• Chromatograms provided 
	P" Yes 

	tudy ample 
	r No 

	• Accuracy and precision ofthe calibration curve acceptable 
	• Accuracy and precision ofthe calibration curve acceptable 
	P" Yes

	uialysis r No 
	• Accuracy and precision ofthe quality control samples acceptable 
	P" Yes r No 
	• Overall perfonnance acceptable 
	P" Yes r No 
	Study Population: 
	• N= 32 subjects (8 per coho1t: 4 coho1ts= heathy, mild HI, moderate HI and severe HI) 
	Number of subject (planned and analyzed): .Up to 32 subjects (eight per cohort) were planned and 32 (8 per cohort) were analyzed. .
	Diagnosis and main criteria for inclusion: Subjects with hepatic impairment (as classified by Child-Pt scoring criteria [mild: Child-Pugh Grade A, score five to six; moderate: Child-Pugh Grade B, score s1 nine; or severe: Child-Pugh Grade C, score ten to 15]) or healthy subjects 
	Table 1: Demography of subjects .
	Figure
	Inclusion Crietria:..
	Inclusion Crietria:..

	Figure
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	Figure
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	Figure
	Exclusion Criteria:..
	Exclusion Criteria:..

	Figure
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	Figure
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	Figure
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	35. 
	35. 
	35. 
	Use ofany medications (prescription or over-the-.oounter), or foods rich in flavonoids (such as .cranberries) orjuice (such as pineapple juice) primarily metabolized by C)tochrome iP450 (CYP) 2C9 (CYP2C9), as in vitro studies indicate SAGE-547 has the potentialto alter the metabolism of CYP1C9 substrates when administered concomitantly. 

	36. 
	36. 
	Use ofany medications (prescription or over-the-.oounter), foods., or juices that are strong inhibitors and/or inducers ofCYP2C8, CYP2C9, CYP2Cl9, CYP3A4, uridine 5'­diphospho-glucurono:syltransferase 2B7 (UGT2B7) and UGT?-13i 7. 

	37. 
	37. 
	Use ofany medications (prescription or over-the-.oounter), herbal tea, energy drinks, herbal products (eg, St. John's Wort, milk thistle), or supplement/supra-therapeut:ic doses ofvitamins within 14 days prior to Day 1 and throughout the duration of the study, v..>ith the exception ofthose approved by the Investigator, Medical Monitor, and/or Sage. The exceptions, allowed as needed, were: prespecified medications (eg, antiviral, antihypetten.sives, diuretics, insulin, cholesterol-lowering agents, beta block

	38. 
	38. 
	Use ofantiplatelets or anticoagulants within 30 days prior to study dmg administration and throughout the study. 

	39. 
	39. 
	Use ofbenzodiazepines within 14 days, and antiepileptic medications: within 30 days, prior to study dmg administration and throughout the study. 


	New drugs were reviewed on a case-by-case basis by the Im·estigator, Medical Monitor, and/or Sage and were prohibited, unless deemed acceptable by the Investigator, Medical Monitor, andfor Sage. 
	PK Results 
	APPEARS THIS WAY ON ORIGINA[ .
	Figure
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	Table 8: .Ph;u macokiuetic Parametet"i of Total SAGE-~.:17 in Plasma Folloning lntrnwnous Infusion to Healthy Subjects aud Subjec~ Tiith Hepatic Impairment (Pik'lrmacokinetic Population) 
	Hfpalic Impairment Cohol't 
	~fild :Moderate Senre Parameter (unils) ~=8 N=8 N=8 N=8 
	I\onn.11 Function 

	Cmu(ny'mL) 
	Cmu(ny'mL) 
	Cmu(ny'mL) 
	85.2 (28.9)• 
	80.4 (35.0) 
	67.4 (23.6)" 
	49.1 (35.7) 

	DNCmu 
	DNCmu 
	3l6 (291)" 
	300 (35.2) 
	251 (23.5)" 
	182 (35.1) 

	(nglmLlmg!kg) 
	(nglmLlmg!kg) 

	tr::JIX~ (h) 
	tr::JIX~ (h) 
	4.00 (3.92-4.00)" 
	3.97 (3.50-4.00) 
	3.92 (2.50-4.00)1 
	4.00 (2.50-4.50) 

	AUC>.(h*nglmL) 
	AUC>.(h*nglmL) 
	286 (213)" 
	259 (25.5) 
	259 (24.7)• 
	225 (19.4) 

	DNAUCo.. 
	DNAUCo.. 
	1080 (20.2) 
	965 (25.8) 
	963 (24.7)" 
	834 (19.1) 

	(h*ngmIJmWJ.:g) 
	(h*ngmIJmWJ.:g) 

	AU~(h*ny'ml.) 
	AU~(h*ny'ml.) 
	3l4 (17.7)< 
	282 (20.9}' 
	291 (28.9)< 
	241 (13.7)c 

	DN AUC.0.­
	DN AUC.0.­
	USO (16.2}' 
	1050 (21.2}' 
	1080(28.9)" 
	892 (13.5)c 

	(h*ngmIJmWJ.:g) 
	(h*ngmIJmWJ.:g) 

	l.z (llh) 
	l.z (llh) 
	0.103 (56.6)' 
	0.1 74 (23.5)• 
	0.0612 (70.2)" 
	0.0540 (72.2)~ 

	t v2d (h) 
	t v2d (h) 
	7.58 (4.1 l)c 
	4.07 (0.942)1 
	13.2 (7.09)" 
	14.8 (7.49)" 

	CL (l.lhllg) 
	CL (l.lhllg) 
	0.856 (17. 7)' 
	0.953 (2U)1 
	0.924 (28.9)" 
	1.12 (13.5)" 

	v. (Ukg) 
	v. (Ukg) 
	8.33 (68.7)' 
	5.47 (2 1-6)" 
	15.1 (42_3)• 
	20.7 (63.&)• 

	v.. (li kg) 
	v.. (li kg) 
	3.28 (74.9)' 
	2.21 (27.5)• 
	6.46 (453)< 
	l 0.9 (78.1)< 


	Abbreviations: ).;z. apparent terminal elimination rate eonstmt; AUCo.. =areai under the plasma c-oncentration-ti:we om't! from time zero up 10 the time ofthe 1.a...-t qumrifiable pla= collOBltration; AUCc..., =area under the: pbsma e:oncenlntion-time cun-e fromtime zero eldrapol.a.ted to :infucity; CL= total clearance; C,..., =time to m ni1mim ob<-.-ei·ved plasma concentt-ation; CV = roefficient ofvariation; ON AUCo.. = AUC:O.,; ON AU4... = do<-..e--nonnaliz.ed AUCi,,e; DN c_.. = dose-nonn.ilized C. ,.,; S
	dOGA?-nonnaliz.ed 

	b Median (min, mLx) presented fort_... 
	'N=6 
	d Arithmetic mean (SD) pres;ented for ti.. .Note: Geometric mean (CV"/e) data are presented unless othern-ise stated. .For Subjec:r (bl1l nonm.l), all phanmc:olcineric parameter.; exc.ept for D~AUCs were excluded from descriptn-e .mti....·tics since_the subjed n:OO\-ed 60 µ~instead of 9Q ~~~·'h for the bsr 50 minutes ofthe 4-hour infusion. .For Subject (bf(& moderate), all phannacokinet:ic parameters were e.'tc:luded from descriptn-e statistics sm the .
	5

	subject' s plasmap~ticprofile was considered anomalous. .AUCo...., ON AUCo.... i..,L"" CL, V,, and V e:ould notbe c:alcul.a.ted for Subjects (bl\(mild), ltil (& .(moderate), (tl) 16f(se.-ei-e), md (b) (SJ(normal) smce iv and t,. coo.ld not be reliably e:;timared. .Source: Table 14.2.2.l .
	5 
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	Table 9: .Ph;umacoki:uetic Parameters ofl>nbonnd SAGE-547 in Plasma Following Iutrnwuous Infusion to Healthy Subjects and Subject-; Tiith Hepatic Impairment (Pharmacokinetic Population) 
	Hepatic Impairment Cohort 
	Hepatic Impairment Cohort 
	Hepatic Impairment Cohort 

	TR
	:'iormal Function 
	:Mild 
	~ioderate 
	Senr·e 

	Parameter (units) 
	Parameter (units) 
	I\""=8 
	N=8 
	1' = 8 
	~= 8 

	C-.,. (nglml..) 
	C-.,. (nglml..) 
	0.536 (28.9f 
	0.554 (28.0) 
	0.636 (19. Tl 
	0.569 (34.6) 

	DN Cm...... (nwmIJm~g) 
	DN Cm...... (nwmIJm~g) 
	l.99 (29.2)"" 
	2.07 (28.2) 
	2J6(19.2f 
	2.11 (34.1) 

	AU<4.,u (h*ngfmL) 
	AU<4.,u (h*ngfmL) 
	l.80(2U)' 
	1.79 (21.0) 
	2.44 (28.9)' 
	2.61 (21.3) 

	DNAUCo...11 
	DNAUCo...11 
	6.74 (20.3) 
	6.66 (21.2) 
	9.07 (28.5)' 
	9.66 (21.1) 

	(h*ng/ml.Jm§"kg) 
	(h*ng/ml.Jm§"kg) 

	AU<4-,11 (h*ngfmL) 
	AU<4-,11 (h*ngfmL) 
	1.97 (19.2)1> 
	1.90 (19.7)• 
	2.67 (32.5)" 
	2.86 (2 lJ)b 

	DNAU~ 
	DNAU~ 
	7.32 (l7.6)' 
	7.09 (19.8)• 
	9.94 (32.2)" 
	10.6 (2L2)b 

	(h*ng/ml.Jm§"kg) 
	(h*ng/ml.Jm§"kg) 

	CL,, (llhllg) 
	CL,, (llhllg) 
	137 (19.3)• 
	141 (19.&)' 
	101 (32.2)b 
	94.4 (2L2)b 

	v.... (I.Jlg) 
	v.... (I.Jlg) 
	1330 (69.6)• 
	810 (22.1)' 
	1640 (58.6)b 
	1750 (58.l)b 

	V..... (Vkg) 
	V..... (Vkg) 
	524 [16 .7)" 
	327 (26.6)" 
	703 (57J)b 
	918 (71.7)b 

	f., 
	f., 
	0.00625 (14.6) 
	0.00690 (11.7) 
	0.00955 (2L8) 
	0.0116 (14.1) 


	Abbrei;iatiolllS: AUC:O... =~aUDdeT the plasma concentration-time cun-e from time zero up ta the time ofthe last qu=filiable plasma c:onoamation; AUC.... =area mider the plasma c:oncmtrarion-time curve from time zero e..'Ctrapolated to infinity; CL = tobl ~; c ..... =time to maximum obsen-ed plasma c:oncemration; CV = coefficient oh.-aiiatian; DN AUC:O... = AUC...; DN AUC-=dose-normalized AU4.,.; DN c_ = dose-nonna.lized C...; t = fraction unbound; V .. =~-olume of<tistnbution at steady-state; V, = i;olmne 
	dose-narm.iliz.ed 

	"N= 7 
	"N = 6 Note: Geometric mean (CV°/e) .data are presented unless o:then\U!, stated. For Subjecr (b) <l(nazmal), all pbarmacokineric: p~exc.ept for DX AUCs uwe excluded from desc:riptn-e stati...."'tics ~~subjed recen-ed 60 µg:.lkgfh instead of90 ~·1dlq~·bfor the l.atst 50 minutes oftbe 4-bour infusion. For Subject (Ii) (SJ moderate), all pharmaeokinetic parameters were e.~luded from descripfu-e statistics since the subject's plasma phe.nnac:okinetic prnfile was considered anomalous. bllS il I AUC-0..., DN AU 
	5
	6 

	(moderate), (b) <(~·ere), md bJ (1rnonmJ) ~I.., and t,. could not be reliably e::timared. Source Table 14.2.2.2 
	6 
	6

	Figure
	Based on the statistical analysis, geometric LS mean DN AUC0-•.X values were similar between the mild hepatic impairment cohort and normal hepatic function cohort, while the geometric LS mean DN AUC0-•.X values for the moderate and severe hepatic impairment cohorts were 35.9 and 44.9% higher, respectively, than the normal hepatic function cohort (Table 11). Geometric LS mean DN Cmax,u values were generally similar across all hepatic function cohorts, being approximately 3.9%, 18.9%, and 6.1% higher for the 
	the moderate and severe impaiiment cohorts. 
	Ta.bit" 11: .Statistical Analysis of tht" Unlbound Plasma fharmacokin~tic Parameters of SAGE-54 7 (Pla.airmacokint'tic Population) 
	909'{1 Cl for GeoDJe"tric
	909'{1 Cl for GeoDJe"tric
	Ratio of Geometric b 

	P2rlllllt!tu 
	P2rlllllt!tu 
	P2rlllllt!tu 
	Hep~tic 
	Geomeni:c 
	LS Me-am (l'est to 
	LS Me:m. Rlrtioc or 

	(anits) 
	(anits) 
	F1111d io11 Coborl 
	:s 
	l.SMea:n• 
	Compui54ln 
	R.efennce [~]) 
	(I.est to R.efen:are) 

	DNAU~u 
	DNAU~u 
	~fil.d 
	7 
	7-(i'9 
	),1ild'\.>~ 
	96.9 
	(1&.7, 1193) 

	(h~'ml./Wg'kg) 
	(h~'ml./Wg'kg) 

	TR
	~.ode:rate 
	6 
	9.94 
	:Mod.eIJ!te"' KOJJml 
	135.9 
	(109.5, 1158.7) 

	TR
	Severe 
	6 
	l OJS 
	Se>t.we n 
	Nocma! 
	144.9 
	(1 16.7, 179.8) 

	TR
	Nomllll. 
	7 
	732 
	-
	-
	-

	DN C.-... 
	DN C.-... 
	:\fil.d 
	8 
	U 17 
	i\fild \'S M=.l 
	103.9 
	(81.3, 132.8) 

	(ng/mllm~/kg) 
	(ng/mllm~/kg) 

	TR
	~!.oderate 
	7 
	136 
	1t.1oderate\"S l\:onml 
	118.9 
	(92 .l , 153.l ) 

	TR
	Se\we 
	8 
	2.11 
	Se\we \'S Nocma! 
	lO<H 
	(83.O~ 135.7) 

	TR
	Nomial. 
	7 
	t .99 
	-
	-
	-


	A'b«e\iati.ons: AU~=area 1.ll1der the plasma CO:oc&Ltrl!.ti.o.o.-iiDle Cl!L."i\-e from time .zero exb:l.polated to mmmy: C.1 = 
	~o:nfufencejnten'BI; C....,. = time to ma.tlmmn obsen'ed plasma co:n.ce:ntmtion; DN = dose nonmf:ized; IS = least square; Subj b) <mode:mte beir.itic i:mpmment cohon) l'!.'1!15 excluded from. stati:srical amlJ3is for !DN Cmu. since·ibe Sllb~'sptas:ma. p~o.kineticprofile w-..s c~..reiaJ10Jl!l!.loll5 (DN AUCo-.. could not be calculated fur this subject). Subject iT1'norma1. h-epatic fmldjjon c:dlort) was ei-:duded from smli.sric2.l. analysis for DN C....,. OOc:e !!he subject receil'ed 60 u~'lgih imtr.:d of 90
	5 
	5
	5
	16 
	16 

	• .Least ~me.m; from the mW}'S:is of\'mi:mce model ofIlll1lirnl logdam \\we l!r.\ll$f.omied brl to the linear scale u;jng me eJo;."J)lmelltiaJ fimcti.OIL 
	~ IS ~feandi:trerex:ebel:\\\:!611. te>t and refs'ex:'I! aflog Cil!llifomied. dam were trall5fimned iOOck to the limear sade (expressed:;,,; ape,rcmr). 
	• 90% 'lDmid.em:e inten'lil! fo:r the LS mem difMrence oflog ttllll.Sfu.rmed dam \\-ere tl:!Jlifomr£d bad>: to the linear scale 
	(e..,;ptessed a; a percelll:). Source: Table l.J.23 .2; Listing 161.5.7 
	Safety Results 
	Was there any death or serious adverse 
	r Yes FNo r NA 
	events? 
	Figure
	Overall Sponsor Conslusions..
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	In addition to changes in ellZjme ftmction and liver blood flow, hepati.c impairment i.s known to cause changes in the amouut. and composition ofplasma proteins. Incre~ingdegrees ofhepatic .impairment result .in changes in SAGE-547 phannac.O:kiuetics that are cliarac~terirtic ofaltered protein binding. Diminished plasma p£otem binding liberates SAGE-:547, thns enabling its accelerated dearanoe from blood leading to the rank-ordered decrease in exposure to total (bonnd + SAGE-54 7 that was. ob3ented l\i'ith 
	nnbonn.dl) 

	Follov.'ing co·:r.reciion for protein binding, an innease in exposure to 1mb01md SAGE-547 and ai corresponding decrease in de.arance ofunbound SAGE-547 was obseni-ed as impairment increased. Bec"1nse SAGE-547 i.s a high clearance, highextraction. compound, this change i.s most likely related to changes in hepatic clearance proc.esses such as fo;er blood fiow .a$ opposed 
	t:o decreasedint,rinsic enzyme activity. 
	The largest m."l~tude change in e.xpoSW"e to unbound SAGE-547 was obsetv·ed in AUCO-® for fhe severe hepatic impairment cohort, which exhibited a 144.~bincr~compared to the normal hepatic function cohort. In contex.t, therre is ai 150% margin between. 60 and 90 µglkglh, ilie doses cw::rently undet" investigation for postpartum depression and a 167% 1llllf'gll between 90 and 150 µ:!¥kglh, tche doses 1mder study in .super~reftactorystatus epilepticus. While tche present srudy was not p-01.vered to make formal
	An IV infusion ofSAGE-547 was generally welltolerated by subjects wit:h mild, moderate, or ~vere hepatic impaitment and healthy :subjectcS with normal! hepatic function. 
	In consideration ofthe observed pbatmacokinetic changes that are of a similar magnitude to the range ofstudied doses., as weU as tile safety results that demonstrate SAGE-547 was well tolerated in this population, this stadry does not indicate the need for dose adjustment in subjects with .hepatic impairment. 
	Reviewer Comments and Conclusions 
	7. .Studv Design: This was an Open Label, non-randomized, Multi Center, Single Dose, Parallel group, safety, tolerability andPKstudy ofSAGE-547 administered by IV infusion to healthy subjects and subjects with hepatic impairment. The overall study design was acceptable since: 
	o .It was a single dose study conducted at the target dose level (90 ug/kglh). 
	o .It was a single dose study conducted at the target dose level (90 ug/kglh). 
	o .It was a single dose study conducted at the target dose level (90 ug/kglh). 

	o .IVdose was chosen because it is the intended route ofadministration. 
	o .IVdose was chosen because it is the intended route ofadministration. 

	o .Males andfemales, between the age of18 and 75 years were included. 
	o .Males andfemales, between the age of18 and 75 years were included. 

	o .The subjects in control group were matched and balanced with subjects in hepatic impaired groups w.r.t., age, sex and BM!. 
	o .The subjects in control group were matched and balanced with subjects in hepatic impaired groups w.r.t., age, sex and BM!. 

	o .Adequate number ofsubjects (N= 32; with 8 subjects per cohort) were included in the stud 
	o .Adequate number ofsubjects (N= 32; with 8 subjects per cohort) were included in the stud 


	o The final to-be-marketed formulation of SAGE 547 was used in this study. 
	8. 
	8. 
	8. 
	No major protocol deviations were reported. 
	Protocol deviation: 


	9. 
	9. 
	9. 
	.): Data from subject # 
	Data Analysis (i.e., any outliers etc


	(moderate hepatic impairment cohort) were not included in the PK analysis. Plasma concentrations were like other subject during the 4 hours of infusion but were anomalously high at 30 min after the infusion had been stopped. Though not documented by study personnel, it is likely that the PK sampling might have been performed from the same port used for the drug infusion leading to sample contamination. 
	Figure


	10. 
	10. 
	A validated bio-analytical methodology was used which was acceptable. 
	Bioanalytical Method: 


	11. 
	11. 
	The subject inclusion and exclusion criteria were acceptable since: 
	Inclusion and Exclusion Criteria: 



	-The control group in this study was the matched healthy subjects without hepatic impairment (i.e., comparable to at least one subject with impaired hepatic function with respect to age [±10 years], sex, and BMI [±20%]), which is a standard design element in clinical pharmacology studies designed to inform dosage recommendations for patients with hepatic dysfunction. 
	-The study excluded use of any medications (prescription or over-the-counter), or foods rich in flavonoids (such as cranberries) or juice (such as pineapple juice) primarily metabolized by cytochrome P450 (CYP) 2C9 (CYP2C9), as in vitro studies indicate SAGE-547 has the potential to alter the metabolism of CYP2C9 substrates when administered concomitantly. 
	-The study excluded use of any medications (prescription or over-the-counter), foods, or juices that are strong inhibitors and/or inducers of CYP2C8, CYP2C9, CYP2C19, CYP3A4, uridine 5'­diphospho-glucuronosyltransferase 2B7 (UGT2B7) and UGT2B17. This is acceptable because it minimized the chance of any drug interactions. 
	12. We agree with the sponsor’s PK analysis and the conclusions from the study. 
	Pharmacokinetic findings: 

	Overall Conclusion: 
	Overall Conclusion: 

	No dose adjustments are recommended for patients with hepatic impairment. 
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	Figure
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	CLINICAL PHARMACOLOGY STUDY REVIEW 
	PK Study in Renal Impaired 
	Study# 547-CLP-104 Study Period: 16-Feb-2016 to 22-June-2016 
	NDA 211371 Zulresso Brexanolone IV infusion 
	Title 
	Objective 
	s: 
	s: 
	Open-Label, Nomandomized, Single-Dose, Parallel-Group, Safety, Tolerability, and Phaimacokinetic Study of SAGE-547 Administered by Intravenous Infusion to Healthy Subjects and Subjects with Renal hnpaiiment 

	The objectives of this study were to evaluate: 
	•
	•
	•
	PK profile of SAGE-547 in subjects with severe renal impai1ment compared to healthy subjects; 

	• 
	• 
	Safety and tolerability of SAGE-547 in subjects with severe renal impaii·ment compared to healthy subjects; and 

	•
	•
	PK profile, safety, and tolerability of SAGE-547 in subjects with mild and moderate renal impaiiment (if emolled) compared to healthy subjects 


	Study Design: 
	PPEARS THISW:4.'Y01'1--URfGlf'JA[ 
	This \JO'<IS an open-fabel, .nonrandomraed, paralle1-grnnp study that investigated the safe~, tolerability, and PK profile of SAGE-547 as ai single int"ravenous (IV) infusion administe,red over a period of 4 homi; to subjects with severe renal impairment (Cohort 1) and healthy subjects with normal renal fonc1ion (Cohort 2; controls). Additional cohorts ofsnbjects v.iith mild and moderate renal impainnent were to be added, ifnecessary. based on results of the interim . The dos.es administet'ed were 30 ~tg/kg
	analy~.is

	Snbject5 were assigned to'cohorts based on their level ofrenal impaimlent in accordance wiru the National Kidney Foundation guidelines (Kidney Disease Outcomes: Quality Jnifiab\·e Cliuical Practice Guidelines for Cib:ronic Kidney Disease 2002). Subjects in the severe renal impairment cohort were ~lectedbased on eGFR values that were represented by the range shov..n io Table 2. Each :subject milie control cohort V>'<IS to lbe demographically comparable to at least one subject with impairedrenal :function ivi
	Table 2: Stllldy Cohcn·ts 
	Cohort 
	Cohort 
	Cohort 
	!'.'\"umber ofSubjK'rt'ia 
	Renal lmpairrment Coborrtb 
	~era(mLJmina. 7 3 m~~.d 

	1 
	1 
	8 
	St!'".-ere 
	15 to 29 

	2 
	2 
	8 
	Normal (comrol) 
	~ 

	Additional Cohort'>~ 
	Additional Cohort'>~ 

	3 
	3 
	s 
	~fi.ld 
	60 to 89 

	4 
	4 
	8 
	Moda-afe 
	30 to 59 


	eGFR. =e:mmated glomemfar :filtration nte;~IDRD=Moomca.tion of Diet in&!nal I>Bease; min = minllte 
	a .A robl of16 subjects lili'EJle to ibe emo!!ed (eightsubjec<ts per 'eohort). Depending ontire le5U!ts oftbe inruim analysis, addibonal cohom ofsubject5 voi.thmild amd moderate renal impalllDl!Dt may ~-ebeen enrolled (eight s11cbjero. pEI" cohm:t). 
	b Stages ofrenal i.mpai!nnent \\'l!l-e ba~donKidney Disease OufooIDl!5 Qualityfuitiafa1! OWical Practice 
	Guidelines for Chrome Kidney ~from the National Kidney m2002. c eGfiR: Estimate ofGFR lili'a.S based on the 1IDRD equation. d iFor co:nnal. control robjects who 1'\'aJI! o~dertba:n70 y~ofage, eGFR'~>75 mllminfL73mwere 
	FoUllldati.on 
	2 

	accepted. 
	Scrnrce: for h!!dnsn-y, Food andDrug Administration, PhJirull~tics in Patients ti.i.th 1'mp:a.ired Renal Fu:m.ctioo-Study De5ign, Data Amlym. and Impact onDosing .andl.abeling. March 2010, Cacal iPhan:cacology, DraftRei.iision l . 
	Gmdan.ce 

	FoHowing a Screening Period ofllJI> to 11 days. subjects who met eligibility critet1a we.re admitted to the clinical re!eafch unit on Day-1 (check-w). On Day·l=r.ubjects were administered SAGE-547, as a cominuous IV in:fusion ove.r a period of 4 h01irs; the dose regime \"·as 30 µ;glkg/h for ] hour, 60 µg/kg/h for 1 hour, and 90 µgll--glh for 2 hours. Subjeds remain 
	m the cfuiic ilmtil Day 3 (Cfulic Diilcfuiige) and retumed for a Follow-Up V1s1t, which was to be 
	scheduled on Day8 (±1 day) postdose. 
	Serial blood samples for detennin.ation ofplasma concentrations ofSAGE-547 and sulphobutyletlher beta eye lodextrin (SBECD) were collected prior fo dose administratcion, at variom. time pointcs during the 4-hour .info~ions (prior to the end of infusion, while tJre pump was still on), and up to 44 hours after the end ofthe infusion. Ifthe infusion chvation was less tJian 240 minutes, then a PK sample was coUected justpriot" to the end ofthe infusion, while tlhe pump was still on, and then post-infusion sampl
	indudingju.st 

	Safety-related as"SeSsmeuts included physical examinations, 12-lead elec.troc.ardiogrnms (ECGs), vitcal signs, adverse events (.AEs), Coh.unbia-Suicide SeverityRating Scale (C-SSRS), and clinical laboratory evaluations. These assessments were performed at screening, at specified times during the study (Inpatient Con.finemen.t Period), and at the Follow-Up Vi.sit (see Table 4). Sedation was as5eSSed ming the Stanford Sleepiness Scale (SSS) at spec.med times, or as deemed necessary, and was used t.o determine
	Thi'> studd~gnin c;ubjects with severe renal impairment (Cohort 1) and su.bjectcs wfoh nocmal renal function (Coho11 2 I[controlsD-Subjects with mild and/or moderate renal impaiiment \\'ere only to be emolled after the severe renal impaii:meut and control cohorts had completed Day 3 (Clinic Discharge) and the interim. analysis had been perfotmed. Ifa two-fold or g.reate.r increa<;e in total e.xposure was o.bsen•ed in the severe renal impaiiment cohort compared to controls, then a full renal impairment study
	y was a reduc.ed 

	The study design schematic is shown in Figme 1. 
	Fign~ l: Smd)-Design Schematic 
	I InpanentConfinemt!nt P~riod I Treatme.nt (1) As;e;~m.ent; :md Scl"ffnine: Cbedr-in and A~sessments Clinic Di~h.uee f ollow-U"P Yisit Days -28 to -2 Dav-1 Dav l ffi, Day 2 [)ay 3 Dav 8 (±1 dav) 
	A copy oftihe clinical protocol is provided in Appendix 16.1.L A sample CRF (nniqne pages only) is providedin Appendix 16.l.2. 
	Table
	TR
	1'umber of o;uhj.1tet (planned :10d :u.1.:lb-zed) :. Up to 32 sribj ects (eight ps-1ooliio:rt) 1'\--s;e p!~and l 7 (nine subjects in the se\""ere r;enal impallmen.t col md.eight Sl!l.bjeots mthe nomial ~fimcliom. cohort} WHE! emo!fed D aeaJ.yzed. 

	Dfa,goo®.s :mdl main ~ri.t!!.ri.'11 for inchW.cm: Subjects ·\\iith l"enal impainnent (a:; clas:ri£.ed ·b)· e.GFR [.se'\"E :moderate, ormildD or l?ea!thy:mbjeds 
	Dfa,goo®.s :mdl main ~ri.t!!.ri.'11 for inchW.cm: Subjects ·\\iith l"enal impainnent (a:; clas:ri£.ed ·b)· e.GFR [.se'\"E :moderate, ormildD or l?ea!thy:mbjeds 

	Teo;t product, ,cfose·and mode ofadloinis:tntion. bart€'h numkr. SAGE-547 fujecti.o:m. 5 mgfml., diluted with :;terile ivafa foriajecti.om.. Continuous. IV infusion ofSAGE­:increa:cing doses 1o't·er4 h-oun: 30 JL~l'hrfor 1 hour, 60 Jtg/k~thr for 1 hour, and 90 µgjkgihr fo:r 2 ho~ The ~druglot Dllmber for .SAGE-547 \vasB15049.3. 
	Teo;t product, ,cfose·and mode ofadloinis:tntion. bart€'h numkr. SAGE-547 fujecti.o:m. 5 mgfml., diluted with :;terile ivafa foriajecti.om.. Continuous. IV infusion ofSAGE­:increa:cing doses 1o't·er4 h-oun: 30 JL~l'hrfor 1 hour, 60 Jtg/k~thr for 1 hour, and 90 µgjkgihr fo:r 2 ho~ The ~druglot Dllmber for .SAGE-547 \vasB15049.3. 


	APPEARS-THIS"WAY'UffURIGlffAL: 
	Product Used: 
	Table
	I e>t produd, dose and mod!e ofad:minis.twa·rion. bateb :number. SAGE-547 fujection 5 mgfml., diluted 1vith.sten!e water for injection. C.ontinUOU5 IV m!liusronof SAGE-547 a increasing doses o~·er 4 lwurs: 30 ~Lefkgihr for 1 hour, 6{I ~Lgf.k~ibr for l hour, and 90 ~kg/hr for 2 hom~ The studydmg lot munbe:r fo:m: SAGE-547 ivasB150493. 
	I e>t produd, dose and mod!e ofad:minis.twa·rion. bateb :number. SAGE-547 fujection 5 mgfml., diluted 1vith.sten!e water for injection. C.ontinUOU5 IV m!liusronof SAGE-547 a increasing doses o~·er 4 lwurs: 30 ~Lefkgihr for 1 hour, 6{I ~Lgf.k~ibr for l hour, and 90 ~kg/hr for 2 hom~ The studydmg lot munbe:r fo:m: SAGE-547 ivasB150493. 


	IV infusion 
	IV infusion 
	IV infusion 

	Route of 
	Route of 

	Administration 
	Administration 

	For each subject, the following PK parameters were calculated based on 
	For each subject, the following PK parameters were calculated based on 

	the model 
	the model 

	independent approach and, whenever possible, based on the total plasma 
	independent approach and, whenever possible, based on the total plasma 

	concentrations of SAGE-547 and 
	concentrations of SAGE-547 and 

	PK Sampling Times and Parameters 
	PK Sampling Times and Parameters 
	SBECD: max imum obse1ved plasma concentration (Cmax), dose nonnalized Cmax (DN Cmax), time to maximum obse1ved plasma concentration (tmax), area under the semm concentration/time cmve (AUC)O-t, DN AUCO-t, 

	TR
	AUCO-oo, DN AUCO-oo, apparent tenninal elimination rate constant (A.z), 

	TR
	apparent terminal elimination half-life 

	TR
	(t'l-2), total clearance (CL), Vz, and Vss. 

	TR
	Unbound PK parameters for SAGE-547 may have been calculated using 


	Safety Parameters 
	fu. For each subject, the following urinary PK parameters were calculated, whenever possible, for SAGE-547 concentrations: amount of SAGE-547 or metabolite excreted into urine over a collection interval, cumulative amount of SAGE-547 or metabolite excreted into urine, percent of administered dose excreted as SAGE-547 into urine over a collection interval, cumulative percent of administered dose excreted as SAGE-547 into urine, and renal clearance calculated only for SAGE-547. 
	Pharmacokinetic blood samples were collected on Day 1, Hour 0 (predose), 30 minutes, approximately 60 minutes (just prior to dose adjustment from 

	.. ȝJ.NJ.K WR .. ȝJ.NJ.K.. .. PLQXWHV. DSSUR[LPDWHO\ ... PLQXWHV .MXVW SULRU WR GRVH DGMXVWPHQW IURP .. ȝJ.NJ.K WR .. ȝJ.NJ.K.. ... PLQXWHV. ... 
	.. ȝJ.NJ.K WR .. ȝJ.NJ.K.. .. PLQXWHV. DSSUR[LPDWHO\ ... PLQXWHV .MXVW SULRU WR GRVH DGMXVWPHQW IURP .. ȝJ.NJ.K WR .. ȝJ.NJ.K.. ... PLQXWHV. ... 
	minutes, approximately 240 minutes (just prior to end of infusion, while the pump was still on) after the start of infusion, and at 0.5, 1, 2, 3, 4, 8, 12, 20, 32, and 44 hours after the end of the infusion. Additionally, a PK sample was to be collected just prior to any unplanned dose adjustment (i.e., in the event that a subject became overly sedated or dosing of severe renal impairment subjects). If the infusion duration was less than 240 minutes, then a PK sample was collected just prior to the end of i
	Safety-related assessments included physical examinations, 12-lead electrocardiograms (ECGs), vital signs, adverse events (AEs), Columbia-Suicide Severity Rating Scale (CSSRS), and clinical laboratory evaluations. These assessments were performed at screening, at specified times during the study (Inpatient Confinement Period), and at the Follow-Up Visit. Sedation was assessed using the Stanford Sleepiness Scale (SSS) at specified times, or as deemed necessary, and was used to determine if it was safe to pro
	-

	278 
	Table
	TR
	subjects were to be awakened, if necessary, and instructed to report their level of sleepiness. All AEs, whether volunteered, elicited, or noted on physical examination, were to be recorded throughout the study (i.e., from screening, Day -1 (check-in) through the remainder of the Inpatient Confinement Period [Days 1, 2, and 3 (Clinic Discharge)] and the Follow-Up Visit). 

	PK Moieties 
	PK Moieties 
	Sage-547 

	PD Endpoint(s) 
	PD Endpoint(s) 
	None 

	Statistical Methods 
	Statistical Methods 
	All PK analyses were conducted using the PK Population, defined as all subjects who started the infusion of SAGE-547 and had at least one quantifiable PK concentration. Plasma concentrations and PK parameters for SAGE-547, SBECD, and any metabolite of SAGE-547 (if assayed) were summarized by renal impairment group using descriptive statistics and supporting figures were presented as appropriate. The effect of renal impairment in the severe cohort (test cohort in the reduced study design) was compared to the

	TR
	impairment and subjects with normal renal function. The residual variance from the mixed model was used to calculate the 90% confidence interval (CI) for the difference between the test and reference cohorts. These values were back transformed to give the ratio of geometric least-squares means of the test cohorts relative to the reference cohort and the 90% CI for the ratio. No adjustment was made for multiplicity. For each renal impairment cohort, the cohort was concluded to be bioequivalent to the control
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	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	SAGE-547. Adverse events were classified by type, incidence, severity, and causality. The overall incidence of AEs was summarized using the Medical Dictionary for Regulatory Activities (MedDRA) Version 18.0 coding system and classified by system organ class and preferred term. Subjects were counted once per preferred term. Safety data from vital signs, clinical laboratory measures, ECG, SSS, and concomitant medication usage were also summarized. 
	Analytical Method 
	Analytical Method 
	Analytical Method 

	Method Type 
	Method Type 
	LC/MS/MS 
	I Matrix 
	I 
	Plasma 

	Analytes 
	Analytes 
	Sage-54 7, metabolites were not assessed 


	P" Yes 
	• Method validated prior to use 
	r No 
	Talidation 
	P" Yes 
	• Method validation acceptable 
	r No 
	tudy 
	ample uialysis 
	• Samples analyzed within the established stability period 
	P" Yes r No 
	• Quality control samples range acceptable 
	P" Yes r No 
	• Chromatograms provided 
	P" Yes r No 
	• Accuracy and precision ofthe calibration curve acceptable 
	P" Yes r No 
	• Accuracy and precision ofthe quality control samples acceptable 
	P" Yes r No 
	• Overall perfonnance acceptable 
	P" Yes r No 
	Study Population: 
	• N= 17 subjects (Health with n01mal renal function= 8; Severe renal impairment = 9) 
	r\"umber of-.ul1jKt (pb.nnedl and :in.'lllyz~) :
	·lip to 32 subjeots (eigltt :per ooho:rt) were ~arrmed..and. 17 (nine subje.cis: mth-e se\"e£e rem.al.:imp.a.ll:mmt coli md.eight subjects mthe normal1!l!:J!\ill fimction1oo!tmt) Wt!:l"e-enrol!ed armd.aml;""Ze.d. 
	Table 1: Demography of subjects .
	Figure
	Inclusion Crietria:..
	Inclusion Crietria:..

	Figure
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	Figure
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	Figure
	284 
	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	Figure
	Exclusion Criteria:..
	Exclusion Criteria:..

	Figure
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	Figure
	286 
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	Figure
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	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	PK Results 
	• .Systemic exposure, based on Ccnax and DN AUC-o=, to total SAGE-547 was 34.2% and 29.6% lower, respectively, in the severe renal impairment cohort compared wifu the noimal t'ellal function. coho11; the 90% Cls for the geometric LS mean ratios.were not con.fained entirely \\i"ithin t.he interval of80% to 125%, indic-ating that equivalence between subjects with severe renal impairment and those with normal renal function could not be concluded. 
	·• .SAGE-547 was highly plasma protein bound, y;<i.th geometric me-an fraction unbowid values of0.00683 and 0.00661 for thenonnal renal funct~onand seven~ impa:llment coho11srespectively. 
	.. 

	• .
	• .
	• .
	• .
	Systemic exposure, based on Cnn,u and DN AUCo4>.U. to unbound SAGE-547 was 

	34.0% and 30.6% lower, respectively, in the s.evere .reual imp.ainnent cc0hort compared with the normal renal function cohort; the 90% Cls for the geometri.c LS mean ratios were not contained entire!y within the interval of800/o to l 25%. indicating that ·equivalence between subjects with severe renal impairment: and those with nomial r;enal function could not be oonduded. 

	• .
	• .
	Renal excretion ofunchanged SAGE-547 was negligible, with less than 0.1% ofthe dose excreted in mine over the 48-hour collection period iu all subjects. 


	,. .Systemic exposure, based on Cmax and DN AUCG.= to the e."<.cipient SBECD was 
	1.72-and 5.5l-fold higher, respectively, in the severe renal impaim1ent cohort compared with the normal renal mnction cohort; the 90% Cls for fhe geometric LS mean ratios were entirely above the i:nter•ral of80% to 125%. 
	Figure: Arithmetic Mean Plasma Concentration-Time Profiles of Total SAGE-547 Following Intravenous Infusion of SAGE-547 Injection to Subjects with Normal Renal Function and Subjects with Severe Renal Impairment 
	APPEARS THIS WAY ON ORIGINA[ 
	Figure
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	Table8: .Summary of Plasma and Cumulatin Uri:Jia1·y Pliu marnkinetic Parnmete1·s of Total SAGE-54 7 Follov;ing lntrannous I11fusio11 of SAOE-54 7 Injection to, Subjert"> 'llitl1 :'\ormal Renal Fumtiou and Subjects wirth Senre Renal Impairment (Pharmacokinetic Population) 
	iRu1al Impairment Cohort Normru 
	Se,.-ere .Parameter (units) .
	N=S 
	N=9 .C..u.(ng/ml.) .
	983 (17.9) 
	64.7 (243)1' .t..-(b)" .
	3.98 (3.50, 4.00) 
	3.:50 (2.5{1, 4.001 
	AUC<i.. (h*ng.'inL) 
	312 (17.4) 
	233 (25.6)1' .DN AU~(b*n.gfml.lmgilg)1 .
	1160 (17.0) 
	861 (21 .0) .AUCo,.., (h*nglwl.) .
	216 (262)< .DNI AU~(h*ngfm!Jmg}kg) .
	32:7 (17.1) 
	1220 (16.6) 
	8:57 (20.6)1' .lz (lib) .
	0.1 17 {39.6)G .t lf2 (h)d! .
	0.0981 (61.0) 
	&.12 (4.56) 
	6.11 (2.40Y .CL (Uhll ,g) .
	US (24.8)G 
	V4(Ukg) 
	0.821 (16.6) 
	S.37 (60.9) 
	10.0 (28.6)<' .v.. (IA,g) .
	3.80 (2.82)<•
	3.0I (55.8) 
	CumA~(mg)a 
	0.00800 (0.00319)
	1 

	0.00176 (0.000700)Cmn '~fec>..<>t (%i .
	1 .

	0.0358 (0.0120)" 
	0.00829 (0.00353)• .CL11. (llhl'kg)c11 .
	0.000290 (0.0000'881)
	1 

	0.0000877 (0.0000314)• Abbratiations: AUCo.i = area m:ider the p!aisma oo:n.oeentrarion-time cmi.-e from time 0 {How-0) up to the time ofthe 
	last quantifiable plasma c~mration; AUCo...., =are-a under the plasma concentrati.on-iime cunre from time 0 .(Hour 0) extrapolated to infinity; CL =total clearance; Ci.J. =rmal cle~; C.-=.mr.rimum observed plasma .concentration;. Cum AE!G41 = ,C'UDJll!atn-e 2llllOW!lt o:f' SAGE-547 1excreted mt<> mine up to 48 hours postdose; .Cum %Fe~=cumulafa-e pei-cent ofadministered dcr~excreted as SAGE-:547 mto urine up to 48 hours postdose; .DN = dose oorma!ized; PK = pharmarokllr.etic; SD = standard de•iation; =appar
	ccmce:ntrati.on; 
	5 

	16 
	16 
	(sei.­

	Fo:r Subject (bJ ere), all PKparameters e."l:e:e,pt for DN A.UC.s '\\-ere excluded D-om cfesaipti,·e stati..1ic:s due to dose reduction to 60 µgikgfh for the final 70 minutes ofinfusion. For Subject bHI(no1mal), 0.-, Cum Ae,, and Cum %Fe oould not be calculated after 6 hours sine.e mine '-oid for the colledion ~odof 6 to B hom-s was dropped by subject. For Subject lbHf(sei.·e:re), ,.., and ).,,....dependent pa:raml!ters (AUC~DN AliC:O...., tv., CL, V,, and V..) cou!d iwtbe 
	5
	5

	calculated ~.).,. and t,,. could not be reliably e:;timaM 
	For Subject (b) (sei.·e:re), all PK parameters e.-.ceyt for DN AU Cs '\\-ere ~duded&om desciiptii.;e stati..-tic:s as .subject had dO"..e taper b eginning at 1.:5 hours and did not r;ece\.'e complete 4-hour infusi:oo. .aN= ?. .
	16 

	" Mecfum (min, i:mx) presented for t-... .c N= S_ .d Arithmetic me.an (SD) p~entedfort,,., Cum Ae.,~.u, Cum ~'Ofeo-.~ md C4. .
	Table 9: .Summary of Plasma Pharmacokinetic P ru-ameters ofl:nbonnd SAGE-547 FolloTiing lutm..-enous InfuInjection to Subject<; ''ith :'.\"ormal Renal Function and Subject<; Tiith Senre Renal Impairment (Phannacokiuetic Population) 
	sion of SAG.E-5.t7 

	Par ameter (units) 
	Par ameter (units) 
	Par ameter (units) 
	~n:d lmpairmmt Cohort 

	J\orm."\l N = S 
	J\orm."\l N = S 
	Se;ue N = 9 

	C,,...,.(ngfmL) fl.UC...,. (h*nglmL) DN AUC...,. (h~ml.Jmg:lkg) AUCO... " (h*ngfml.) DN AUC......,.. (h*nglmllmp'kg) CL.(Uhlkg) V...,. {Ilkg) v..._.(I.Jkg) f, -
	C,,...,.(ngfmL) fl.UC...,. (h*nglmL) DN AUC...,. (h~ml.Jmg:lkg) AUCO... " (h*ngfml.) DN AUC......,.. (h*nglmllmp'kg) CL.(Uhlkg) V...,. {Ilkg) v..._.(I.Jkg) f, -
	0.671 (23.6) 213 (205} 7.95 (20.3) 2..23 (20.4) &.3 ] (20.1) 120 (20.1) 1230 (62.7) 44] (5&.6) 0.00683 (16-4) 
	0.443 (33-5)" U9 (30.0)" 5.70 (27.9) ].60 (35.9)" 5.76 (30.8}1 166 (34.9)" 1410 (262 )" 535 (20.6)" 0.00661 (26.4) 


	.
	Abbrl!\utlons: AUC = area under the plasma conoemranon,time cmn; AUCo...,. =unbound area under the plasma concentration-time c-wi.-e from time 0 (Hour 0) up to the time ofthe wtqua.ntifiab!.e plasma concentration AUCii... =area Ulll!er the plasma concentration-time curve from time 0 (HOOl" 0) el[trapo~to infinity; AUC.,...,,.. = unbound are.a under the plasma C'.O!K'elllration-time C"\lll"'E! from time 0 (Hour 0) exirapolated to infinity CL. = unbound tottl clear.mc:e; C.... =maximum ob~-edpl.asma conoenlra
	5 
	5
	6
	5

	"N=7. N=5. 
	11 

	Table 10: .Statistical Analyses of th.e Plasma Fharmacokinetic Paramete1'S ,of T,otal am.di U oboundl S.AGE-547 (Pha1·m acoki::netic P'opn]a tion) 
	Table
	TR
	Renal l ml)::tiirment 
	~ometriC' 
	Ratio of~metn.~• 
	90%1 Ch of the 

	P arameter (unit~) 
	P arameter (unit~) 
	Coh.ort 
	~ 
	LSMe;nn;i 
	Com,p::i1ison 
	LS ~Iea1u; (%) 
	Ratio' 

	C11.u (ng/mL) 
	C11.u (ng/mL) 
	Noi:nul Seii·ere 
	8 7 
	98.3 64.7 
	Seve.re vs.. Nonna! 
	65.8 
	(54.4, 79 ..7) 

	ON AUCo...c (h*J?gfmIJmgll:g) 
	ON AUCo...c (h*J?gfmIJmgll:g) 
	Normal Se.ere 
	8 7 
	1220 857 
	Se\11!H! 1;;5.. Nollnal 
	70.4 
	(59.5, 83-3) 

	Cu.a.,u~lmL) 
	Cu.a.,u~lmL) 
	~o:i:mal Sl!\-e.re 
	8 7 
	0.671 0.443 
	Se\·ere \'!>.. Nor.ma! 
	66.0 
	(S U , 85-3) (55.1 , 87-3) 

	DNAt:C.....:... (h~g'milmg/k{;:) -
	DNAt:C.....:... (h~g'milmg/k{;:) -
	Noi:nul Se.ere 
	8 7 
	8-3 1 S..76 
	Severe 't·s.. Nonna! 
	69.4 


	..
	Abbre>ut:J.oDG: AL~= .ill-ea un.da-the p!asma c~trahon-t1me cmi.'E firom tune 0 (.Hom 0) emapol.amd to infinity; AUCc.....,.. =unbound area mide.-the plasma ool!l.Centration-tiime cm"'"e from time 0 (Bour 0) extrapo!a.ted to infullty; Cl = confidence interval; c_= ma....Qmll!Ill oosen·ed pla5llla concentration; Cu.u,. = maxinmm. o'bsai.-ed [pbsoncoll:Cell.tratioa; DN = do!:;e oo~LS =lea.-t sqUMe5; t~=apparent tenninal e.liminafion balf-life The C...... and c_ ... datat for Subject Ill> < (s.e\11!l"E! 1"E!na
	5 
	5 
	5 
	statistic.al 

	scale using the 1e.'CpOneJ!.ti.:al fimdio:n.. b .Least squares mem difference ber:v.-een test md i-eference of log-b.-;ms;!onned. data \ve:re tramfomied back to the linear scale (expr5sed as a percent). c 900'. Cls for t1!ie LS mean diffe:renc:e of!og-0--.:.nsformed data u'El·e transformed hack to the lin.ear scale· (expre5sed as a percent).. Souroe: Table 14.. 2.3.1 <mdTable14!2 ..3.2 
	Effect on Excipient (SBECD) 
	APPEARS THIS WAY ON ORIGINAL: .
	Table 11: .Summary Pfasma Pharmacokinetic Pai-ameters of SBECD Follolling Intra...-euous Infusion of S . .\.GE-:5H Injection to Subjects mth Kormal Renal Function and Subjects mth Senre Renal I mpainnent (Pharmacokinetic PopnL1tion) 
	P 3r:imeter (UDits) 
	P 3r:imeter (UDits) 
	P 3r:imeter (UDits) 
	~n.~l lmp3irlllentCohort 

	l\orm."\l N = S 
	l\orm."\l N = S 
	Se;ue N = 9 

	c ..... (µg/mL) t,-~'f AUCo.. (h*µ!efml.) D~AUC... (h•µg!mllmglkg) AUC'.o..o (h*µ~1ml.) D~ AUC..... (b*µ~ ~(lib) tin (b)< CL (!Jh.lkg) V. (L'kg) v..{LJkg) -
	c ..... (µg/mL) t,-~'f AUCo.. (h*µ!efml.) D~AUC... (h•µg!mllmglkg) AUC'.o..o (h*µ~1ml.) D~ AUC..... (b*µ~ ~(lib) tin (b)< CL (!Jh.lkg) V. (L'kg) v..{LJkg) -
	40_5 ('lU) 3-98 (3.50, 4JIO) 133 (19.7) 9.96 (19.l) 146 (19.2) 10.9 ( l&.5) 0.440 (4 1.6) l.70 (0.820) 0.0920 ( l&.5) 0.209 (46.l) 0.218 (28.8) 
	69.7 (13.0)" 3-98 (2.50, 4.50)1 769 (24.0)1 56.4 (24.0) 799 (24.5)" 60.0 (22.1) O.OS88 (33.3)" 8.14 (2.39)" 0.0167 (23.0)" 0.188 (l3.7)" 0.187 (1U)" 


	.
	Abbm;utions: AUC =ai·ea under the .c:un-e; AUCiM =i!11!3 under the plasma. co~on-tmiec:un·e from time 0 (Hour 0) up to the time oflbe last quanrifia.ble plasma conoentntion; AUCo.,,_ =ai-ea under the plasma. concentration­time cm·ve from time •O (Hour 0) extrapolated to infinity; CL = total cleara=e; C.... = maximlllllo bsen .-ed plasma. co!ll'elllration; D~=dose nonnalized; PK= pbanmcokinetic; SD =standard deviation; t>~ = apparent tenninal elim ination balf-lifu; t,.,.. =time to maximumob--..en-ed p.las:m
	stead:y-sta.14

	N = 7. 
	0 

	b Median (min, ma..-:) presented for t_.. c Arithmetic mean (SD) presented for t;o.. Source: Table 14.22.l 
	Table ll: .Statistical Anatysis of the Plasma PliannaC'okinetiC' Parametet'<J of SBECD (Pha1·maroki11etir Population) 
	Par:unetu 
	Par:unetu 
	Par:unetu 
	Rt!nal lmpail'lllt!nt 
	Geome1rfo 
	R atio of Geometric 
	90% Cls of'the 

	(UDin) 
	(UDin) 
	Cohort 
	N 
	LS M un• 
	Comp::uison 
	"LS Menus (~•) 
	Ratio' 

	c_(ugfmL) 
	c_(ugfmL) 
	Nonna! Se\-era 
	8 7 
	4Q.5 69.7 
	Se\wel"S. INorma.1 
	112..3 
	(146.4, 202.8) 

	DN AUC.... (h*p~lkg) 
	DN AUC.... (h*p~lkg) 
	Nonna! 
	8 
	10.9 
	Se•.-ere vs. INorma.1 
	S.Sl.6 
	(4642, 65.S.4) 

	TR
	Seve~ 
	9 
	60.0 


	Abbreuatlons: AU~, =;uea underthe plasma ~oecentrab.on-tune cun.-e from tune 0 (Hour 0) extra_oolated to 
	infinity; a = confidence c_= maximum absen·ed plasma collC!eiltration; DN = dose 
	inten-.tl; 
	no11mlix.ed; 

	LS = l.e.ast ~ -l The C.,,.. daa for Subj ecr (b) sawe renal impairment cohort) \\~-e excluded from statistical aIJ3.lr...e;, as the subject bad d~at 1.5 homs and did not receive complete 4-hour infusion.
	16 

	...e taper be~ lbe C.,,,.. data for Subj ect (b) (S)sa ·ere rem! impairment rohort) \\~-e e."tcluded Ji-om statistical analyses due to dose reduction to 60 µ~~b for the fiD.a.l 70 minut~ ofthe infwion. 
	• 1.ea...'i square; me;m:;; from ibe anaJym of \4rimoe model ofnatural log data \\we transformed b.ac:k to lhe ~ scale using the exponential function b Least squares mem diffe-ence ibem·een lecst md reference of log-nansf01med data were trmsfonned back to the !.ine.arscale (~sed as a percent). c 90"/e Cis for the LS me.an differeDC!e oflog-transformed data wei-e transformedback to the lmearscale (e."Cpre:ised 
	as: a percent). Source: Table 14.233 
	Safety Results 
	Was there any death or serious adverse 
	r Yes FNo r NA 
	events? 
	•' .~o.subj ect died or ba:d a sei-i.ous orsevere TEAE. 
	• A total of h\'O ofthe l 7 subjects ~ed a total of four TE.AEs; both subj eds \\'ere in the sevei;e renal impairment cohort. All four TEA.Es 1"~mi!d and cons:idei-ed pos;.i'bly related to study ~ 
	eiq>&ie.nc

	• .
	• .
	• .
	• .
	Th.ere uwe no disoontimiatioru: or dose adjushoents d:ue to TEAEs; ho....'e>er, m'O subjed"i milhe 

	sei.reJ!I! renal i.mpa.irment cohort had infusion rate raduclions., v.i.th .subsequent early te:i.rmimation of mfhsion moneofthe subjecb, b.'"lSed on SSS findings, as .specified in the protocol 

	• .
	• .
	i\tle4D increases from baseline m SSS score ••tere greatest bem't!En 1am3 homs after the start ofthe 


	im..fu.cioo., .and.were sl..igb:d1· greater for subj eds .mtlte .se\-ere renal ~cohort '-ersus ilhe n.01mal renal fimction cohort. 
	• .
	• .
	• .
	Laboratory test results, •'it:al signs, and ECG p~rsli.\~re U!ll1emarkable o•~the coUTSe ofthe .study. 

	• .
	• .
	~opost-infusion suicidal or bel!ia:•-iors 1vere repclted •"ia CSSR.S. 
	idea.ti.om. 



	Overall Sponsor Conslusions 
	This open-label, nourandomized, parallel-group study of subjects with severe renal impainnent and healthy subjects with normal renal function demonstrated that administration ofa 4-hour IV infusion of SAGE-547 resulted in modestly decreased exposure to SAGE-547 in subjects v.'ith severe renal imp.ainnent as compared to he.althy oontrols_ SAGE-547 was well tolerated in thic; 
	.:;tudy. 
	Reviewer Comments and Conclusions 
	13. Studv Design: This was an Open Label, non-randomized, Multi Center, Single Dose, Parallel group, safety, tolerability andPKstudy ofSAGE-547 administered by IV infusion to healthy subjects and subjects with renal impairment. The overall study design was acceptable since: 
	o .It was a single dose study conducted at the target dose level (90 ug/kglh). 
	o .It was a single dose study conducted at the target dose level (90 ug/kglh). 
	o .It was a single dose study conducted at the target dose level (90 ug/kglh). 

	o .I V dose was chosen because it is the intended route ofadministration. 
	o .I V dose was chosen because it is the intended route ofadministration. 

	o .Males andfemales, between the age of18 and 75 years were included. 
	o .Males andfemales, between the age of18 and 75 years were included. 

	o .The subjects in control group were matched and balanced with subjects in renal impaired groups w.r.t., age, sex and BMI. 
	o .The subjects in control group were matched and balanced with subjects in renal impaired groups w.r.t., age, sex and BMI. 

	o .Adequate number ofsubjects (N= 17; with 8 subjects in normal and 9 subjects in severe cohort) were included in the study 
	o .Adequate number ofsubjects (N= 17; with 8 subjects in normal and 9 subjects in severe cohort) were included in the study 

	o .Thefinal to-be-marketed formulation ofSAGE 547 was used in this study. 
	o .Thefinal to-be-marketed formulation ofSAGE 547 was used in this study. 


	14. 
	14. 
	14. 
	Protocol deviation: No major protocol deviations were reported. 

	15. 
	15. 
	Data Analysis (i.e .. anv outliers etc.): There were no outliers and the PK datafrom all subjects were included in the analysis. 

	16. 
	16. 
	Bioanalvtical Method: A validated bio-analytical methodology was used which was acceptable. 

	17. 
	17. 
	Inclusion andExclusion Criteria: The subject inclusion and exclusion criteria were acceptable since: 


	The control group in this study was the matched healthy subjects without renal 
	impairment (i.e., comparable to at least one subject with impaired renal function with 
	respect to age [±JO years}, sex, andBM! [±20%}), which is a standard design element in 
	clinical pharmacology studies designed to inform dosage recommendations for patients 
	with renal dysfunction. 
	The study excluded use ofany medications (prescr;ption or over-the-counter), orfoods 
	rich inflavonoids (such as cranberries) orjuice (such as pineapple juice) primarily 
	metabolized by cytochrome P450 (CYP) 2C9 (CYP2C9), as in vitro studies indicate 
	SAGE-547 has the potential to alter the metabolism of CYP2C9 substrates when 
	administered concomitantly. 
	-The study excluded use of any medications (prescription or over-the-counter), foods, or juices that are strong inhibitors and/or inducers of CYP2C8, CYP2C9, CYP2C19, CYP3A4, uridine 5'­diphospho-glucuronosyltransferase 2B7 (UGT2B7) and UGT2B17. This is acceptable because it minimized the chance of any drug interactions. 
	18. We agree with the sponsor’s PK analysis and the conclusions from the study. 
	Pharmacokinetic findings: 

	Overall Conclusion: 
	Overall Conclusion: 

	No dose adjustments are recommended for patients with renal impairment. However, due to the potential accumulation of SBECD, caution should be used in patients with moderate and severe renal impairment and use is not advised in patients with ESRD and eGFR < 15  m2. 
	mL/min/1.73
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	CLINICAL PHARMACOLOGY STUDY REVIEW 
	Drug Interaction Study-Effect ofSAGE 547 on Pllenytoin 
	Study# 547-CLP-105 Study Period: 04-Mar-2016 to 19-June-2016 
	NDA 211371 Zulresso Brexanolone IV infusion 
	Title 
	Objectives: 
	A PHASE 1, OPEN-LABEL, TWO-PERIOD, SINGLE-SEQUENCE CROSSOVER STUDY TO EVALUATE THE EFFECT OF INTRAVENOUS SAGE-547 ON THE PHARMACOKINETIC PROFILE, SAFETY, AND TOLERABILITY OF ORAL PHENYTOIN IN HEALTHY SUBJECTS. 
	The objectives ofthis study were to examine the effect ofSAGE-547 on the pharmacokinetic (PK) ofa single oral dose ofphenytoin in healthy subjects and to compare the safety and tolerability ofa single dose of oral phenytoin alone and in the presence ofSAGE-547 in healthy subjects. 
	Study Design: 
	9,.1. Overall Study Desiga and t>lan: Desc1·iption 
	This was a single-center, open-label, two-period, single-sequence c:rassovef" study investigating the effect ofSAGE-547 ou.the PX profile, safety, and 1o.lembility ofa single oral dose of phenytoin administered to healthy subje.cts. In Period 1, all subjects received pheny1oin as an oral dose ai 300 mg, administered as three 100-mg capsules. In Period 2, SAGE-547 was administered as an intravenous (IV) infusion foe 110 hours (see Table 2 fm details ofdosing). At 6 hours after the .stmt of the SAGE-547 infus
	Table 2: SAGE-547 Infusion Type andl 
	Dmrati.0
	11 


	Study Day (D) 
	Study Day (D) 
	Study Day (D) 
	Hour(H)• 
	Type :ind Duration ofSAGE-5~7Infusion 
	Description 

	D l 
	D l 
	H(-6) fo H(-S) H(-5) mH(-4) 
	Titrationinfusion l lwur l .lwur 
	30 ~i.gt'kglh 60 ~ig.t'kgth 

	DltoD5 
	DltoD5 
	H(-4) toH96 
	M.a.imenance infusion lOOhours 
	90 ~ig.•'kglb. 

	DS 
	DS 
	H96 to H100 HlOOto Hl()4"' 
	I ;wer iM.icicra 4hours 4hoon 
	60 ~i.gt'kglb. 30 ~ig.t'kgib. 


	a. R.eferell.'C:ed to phenyfoin adn:rinistration. 
	b The infusion ofSAGE-547was complete at the end ofHour 104 (110hours afterthe start ofdie SAGE-547 infusion). Subjects m!rE! di.x~dfrom the clinical re.searehunit on Day 6. 
	Figu~e I : Study Des~ 
	Period 1 Phel"l'IO::O n 300 fl"I: 
	l 
	Figure
	P8 lod 2 .Pl"l!f'tftol" 300 me .
	l 
	Figure
	: : -SI: Ir• PK prahb --~ 
	&'.11'1!!/'l,J.,,, : In , lDD trs ;rt 9:1 ~1:1'hr m l'tftla/-r
	,......--4 -, 
	' 1h• ' .
	I 

	.MJ lll:fll:{llr : : 30~1/'hr 1tt "I hrs 
	Nofe: Potenful subjects wera scree.med \\iidrin 28 days priorito study enby(ie, prior fo,Checl-m onDay -1 of Period 1) to assess their eligibility to 1enterthe study. 
	Period l: Eligible subjects were admitted to ifhe clinical reseru-ch tunit fo.r Check-in.(Day -l of Period l [PlD-1]). On Day 1 (PlDil). subjects received a singJe 300-:mg oral dose , administered as three 100-mg 1capsules, at approximately ifhe same time 1ofday as scheduledin Period 2. Subjects remained at it!he dinica1 research unit for at least 96,hours fm collection ofserial b1ood samples for !PK analysis and safety monitoringuntil clinic discharge on Day 5 (P1D5). 
	ofphenyt.o.in
	post-do.se 

	Period .2: Afttt a washout ofat least 14 days after file dose ofphenyt.oin, subjects retumed t10 ifhe ! research nnit on Day-1 for Clleck-in (PID-1). The following.morning (P2Dl). subjects Welie administem-ed SAGE-547 byW infusion as sho'Wll! inTable 2. A single oral dose of ~hen~oinwas ad.ministered 6 h_o1us after ithe start ofSAGE-547 infusion. 
	dinic.al

	The decision to establish the ~hommaintenance dose of90 µglkglh before a:dministratioo. of pheoyitoin mPeriod 2 was ibased on rtihe followmg requirements: 
	I. .Ensure that the 90-ilglkglh dose level was toleratedby!thesubjects prior to administration ofthe phenytoin dose; and 
	2. .Ensure that SAGE-547 was d ose to steady state fo:r a maximum drug-drug inteca.ction effect 
	Blood samples fo:r !PK analysis were collected at various time points from. the start ofthe SAGE-547 IV infusion until 96 hours a.ftec the dose of phenytoin ( 102 hours afte.t" the start ofthe infusion). Safetywas ongoing from. screening Dll.til dischaf'ge from ifhe re.search nnit on Day6 (P2D6). A Final Clinic Visitwas scheduled an Day 13 (P2D13±1 day). 
	SAGE-.54 7 
	moni.tori.ng 
	clinic.al! 

	Phen::y1oin doID.n.g occ.uned at approximately the same time ofday in !Period 1 and Period 2. The timing ofmeals in relation to phenytoin dosing \.Vas: the same W. Period 1 andPeriod 2.. Fa.sting Fequirements were the same for p,efiod 1 and Period 2 (at least a 6-hour fast priort.o dosing and at least a 4-hourfast postdose ofphenj1oin). 
	Safety-related assessments .inchided physical e~aminations, 12-leadeledrocardiognuns (ECGs), electroencephalog.mms, vital signs, adverse events (AE:s), the Columbia Suicide Severity Rating Sc.ale (C-SSRS), pulse oxi.metry• (at an]' time during the drug infbsion, as deemed necessary by 1he Inves tigator), and clinical laboratory e'i>'alnations. These assessments wet"e petformed at sc.reeomg, at specified times <bring the study (Inpatient Confinement Periods), and at the Final Clinic Visit Sleepiness vlas ass
	scores. 
	Phenytoin was adm1nistered at approximat~lythe :same time ofday m Petiod l and Period 2. Far.ting:reqwements were the .same for Period 1 and Petiod 2 {at [east a 6-hou:r fast prior to 1do.sing and at le.ast a 4-hour &st postdose ofphenytoin). EKcept as part ofdose ad.min, subjeds restricted their consumption offor 1 hourprior to dose and for 2 hours po.stdose; at aU other times during the study, :subjects way have conswned i.vattt on an ad libitmn basis. 
	istrati.on
	v.iat.er 

	Table
	Reference 1dierapy, do~and mode of'achniuis1ra.ti0Dj bi.deb numD-.u: Not applicable 
	Reference 1dierapy, do~and mode of'achniuis1ra.ti0Dj bi.deb numD-.u: Not applicable 

	DuFa·non oftff:llhmeot: Period l: Single 01al do--~ ofphenytom Period 2: 5-d:.y (102 hom-s) trearti:uent pell.ad follol\-ed by an8-homdose-bps-period 
	DuFa·non oftff:llhmeot: Period l: Single 01al do--~ ofphenytom Period 2: 5-d:.y (102 hom-s) trearti:uent pell.ad follol\-ed by an8-homdose-bps-period 


	Table 3: Study Drugs 
	~tud,,;Drng 
	~tud,,;Drng 
	~tud,,;Drng 
	OO:wtin (E.l:tended-Re!le..a.'>e Pbeoytoiu. Sodium C~p·mle~, t:"nited State~ Pharm:uo~fa) 
	SAGE-5-&7 lnje~tfon 

	Forma 
	Forma 
	oral capsule 
	sohitio:n 

	Strength 
	Strength 
	100 mg x. 3 (300 mg) 
	SmglmL 

	Supplier 
	Supplier 
	I (6Jl4j 
	(b) (4L r -

	J\.fanufucturer 
	J\.fanufucturer 
	Pfuer -


	a Specific ingradient;.lpm'liy \\'Im!! identified m ilii! certificate of;mafyru (or eqm~) that was supplied with the studydrug(s). 
	#\PPEA~TAIS'WAYON ORIGlf\.IAL: 
	Product Used: 
	Table
	Tes;t product,, de>-.e nm.cl mode ofadm:i:nistrnti:oo, batclb. oumbu: Perio.d. l : ~300 mg o:ral Period 2: Sin,gfe I\IT infusio:n ,of.SAGE-547 at~doses oi.·er 110 hours. T~trati.o:n: 30 gg.i'kg1'hr for l hour, 60 µ,g.l.kg/hr :for 1hOUJr Maintenance~ 90 µg{lg.i'br fur 100 hours Taper: 60 J.l!g/kg/br for4 hours., 30 µglkglhr for 4 boor; Phenytoin 300 mg oral after 6 :hours ofSAGE-:54 7 infusion 
	Tes;t product,, de>-.e nm.cl mode ofadm:i:nistrnti:oo, batclb. oumbu: Perio.d. l : ~300 mg o:ral Period 2: Sin,gfe I\IT infusio:n ,of.SAGE-547 at~doses oi.·er 110 hours. T~trati.o:n: 30 gg.i'kg1'hr for l hour, 60 µ,g.l.kg/hr :for 1hOUJr Maintenance~ 90 µg{lg.i'br fur 100 hours Taper: 60 J.l!g/kg/br for4 hours., 30 µglkglhr for 4 boor; Phenytoin 300 mg oral after 6 :hours ofSAGE-:54 7 infusion 


	IV infusion 
	IV infusion 
	IV infusion 

	Route of Administration 
	Route of Administration 

	PK Sampling Times and Parameters 
	PK Sampling Times and Parameters 
	Pharmacokinetics: For each subject, the following PK parameters were calculated, whenever possible, based on the total plasma concentrations of phenytoin, according to the model independent approach: Cmax, tmax, AUCO-t, AUCO-oo, 'Az, and tYi . fu addition, unbound PK parameters for phenytoin may have been calculated using fu. Total and unbound plasma concentrations and fu of SAGE-547 were reported 

	Safety Parameters 
	Safety Parameters 
	Safety: Safety-related assessments, including physical examinations, 12-lead electrocardiograms, electroencephalograms, vital signs, adverse events (AEs), the Columbia Suicide Severity Rating Scale (C-SSRS), pulse oximetiy (at any time during the chug infusion, as deemed necessary by the fuvestigator), and clinical laborato1y evaluations. These assessments were peifo1med at screening, at specified times during the study (fupatient Confinement Periods), and at the Final Clinic Visit. 


	Table
	TR
	Sleepiness was assessed using the Stanford Sleepiness Scale (SSS) at specified times, or as deemed necessary, and was used to determine whether it was safe to proceed with the dosing regimen or if it was necessary to adjust the dose. For this purpose, the SSS was performed after all other assessments so that subjects were as awake as possible, or subjects were awakened, if necessary, and instructed to report their level of sleepiness. Dose adjustments may have been necessary for SAGE-547 if the subjects bec

	PK Moieties 
	PK Moieties 
	Sage-547 

	PD Endpoint(s) 
	PD Endpoint(s) 
	None 

	Statistical Methods 
	Statistical Methods 


	Figure
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	Analytical Method Method Type 
	LC/MS/MS I Matrix I Plasma Analytes 
	Sage-547, Phenytoin 
	P" Yes 
	• Method validated prior to use 
	r No 
	Talidation 
	P" Yes 
	• Method validation acceptable 
	r No 
	tudy 
	ample uialysis 
	• Samples analyzed within the established stability period 
	P" Yes r No 
	• Quality control samples range acceptable 
	P" Yes r No 
	• Chromatograms provided 
	P" Yes r No 
	• Accuracy and precision of the calibration curve acceptable 
	P" Yes r No 
	• Accuracy and precision of the quality control samples acceptable 
	P" Yes r No 
	• Overall perfonnance acceptable 
	P" Yes r No 
	Study Population: 
	• N=29 
	Diag.no'ii'> and main rr'riteria for indus:i:oo: Healthy male md female subje<:b aged 18to 55 year-~ i:nclusi."t"e nilth a body mas3 index of10 to 30 ikglm, inclu:i,;e, and \veigbt ~l00 kg 
	2

	Table 1: Demography of subjects 
	Figure
	Inclusion Crietria:..
	Inclusion Crietria:..

	Figure
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	Figure
	Exclusion Criteria:..
	Exclusion Criteria:..
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	Figure
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	PK Results 
	Table9: .Summary ,of Plasma Pharmacokinetic P:u<tmete1"S for Total and Unbound Phenytoin Folloning a Single Oral Do'l.e ofPbeuJioiu Alone or C<>-Adulluistel'ed 'llith Iutrnnoous Wmion of SAGE-547 (Phiumacolriuetlc Popufation) 
	Parameter (writs) 
	Parameter (writs) 
	Parameter (writs) 
	Pbeu~itoiu 3Jooe N =!8 
	SAGE-~47 plus Pbm~itoiu N =!6 


	Total 
	C,_(rtg{mL) 
	C,_(rtg{mL) 
	C,_(rtg{mL) 
	27685 5 (19.34) 
	2534.75 (3 1.12) 

	t...(h')' 
	t...(h')' 
	5.02 (200 -12.00) 
	6.58 (2.00 -12.00) 

	AUCo.. (h*ng/mL) 
	AUCo.. (h*ng/mL) 
	100722.18 (28.70) 
	92377.53 (33.S9)b 

	AUG..,., (h*n~mL) 
	AUG..,., (h*n~mL) 
	103207.00 (30.28) 
	9339L74 (33.86)• 

	tan (h)" 
	tan (h)" 
	14.81 (4.17) 
	13.98 (2.81)0 


	Unbound 
	c"""'"' (.WmL) 
	c"""'"' (.WmL) 
	c"""'"' (.WmL) 
	339.48 (22.92) 
	324.22 (3129) 

	AUCo.. .• (h~ml.) 
	AUCo.. .• (h~ml.) 
	12350.40 (29.89) 
	11731.49 (32.60)'> 

	AUCo..o.• (h*ng{ml.) 
	AUCo..o.• (h*ng{ml.) 
	12655.0S (3 LS1) 
	11833.44 (32.85)'< 

	t:. 
	t:. 
	0.12 (8.78) 
	0.13 (1 0.74) 


	Abbre\11ab.ons: AUC6..,. =area. under the plasma coo.cen.b.-ab:on-tune cw...-e fi:om tJ:DJe zen> ell.irapolated to infinity; 
	AUG..,..,. = mibound area wider fhe plasma concemrati.o:n-t:ime curre &om lime zero eidrapolated to :infinity; .AUCo.. = area under the plasma concentration-time cun·e from lime zero up to the lime of the last quantifiable .iPWm> coll!Ce1d:J:aiion; AUCo..,11 =onbowtd area under the plasma concentration-time cwve ttom time zero up to the .time ofthe !last quamifiab~plasma concentration; C.U,. =time to maximum observed plasma concemration; C,,..,,. = .unbound lime to maximum observedplasma COrteell.b.-alion; 
	'N= 25. .d Arithmeiic mean (SD). .
	Figure
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	Table 10: .Statistical Analysis of the Plasma Pharmacokinetk Parameters of Tot.al and Unbound Phen)1oin (Pha1macokinetic Population) 
	Parameter (units) 
	Parameter (units) 
	Parameter (units) 
	Comp:iris.on 
	Tevt 
	Reference 
	I e1t 
	Refe~11ce 
	Ratio o ( C..ometric LS :\Ierui~ (Test to Referl!Dce) 
	90% CI for C..om etiir LS 1\lienn Rntio of (Tut to Reference) 


	Tot:tl 
	C.,..(ngfmL) AUC-(h*ng/mL) 
	C.,..(ngfmL) AUC-(h*ng/mL) 
	C.,..(ngfmL) AUC-(h*ng/mL) 
	A(Test) \-s B (ru) A(Test) n B (ru) 
	26 25 
	28 28 
	2534.7 95825.6 
	1768.6 103207.0 
	0.916 0.928 
	(0.852, 0.983) (0.8'93, 0.966) 


	UnboUlld 
	c • ....,. (~ml.) AUCo...c,. (h*ng/mL) f. 
	c • ....,. (~ml.) AUCo...c,. (h*ng/mL) f. 
	c • ....,. (~ml.) AUCo...c,. (h*ng/mL) f. 
	A (Test)"'" B (ru) A (Test)"'" B (ru) A (Test) \-s B (ru) 
	26 25 26 
	28 28 28 
	325.2 1223&.l OJ 
	339.5 12655.1 0.1 
	0.958 0.967 1.046 
	(O.S84, 1.038) (0.929, 1.007) (1.018, 1.076) 


	Abbreviations: AUCo.... =areoa under the plasma c.oncentrafion-til!E cmve ii-om time Zlel'O extrapolated to infinity; AUCo..,1• = .unbound area under the plasma concentration-time cun-e from time zero extrapolated to infinity; Cl : C-, = .time to ma:...Qmum obsen·ed pla5ma coneentration; C....,. = unbowid time to maximum obsen.-ed plasma co1J:centratiou; .!;, =fraction unbo=d; LS =!eastsquare'>; PK =phannacokinetic .Treatment A = phenytoin p!us SAGE-547; Treatment B = phen)foin alone .The PK par.unetei-s \v
	confidence intei;.al; 

	P.HAR.,IACOKil\ITICS RIStT. TS: .SAGE-54q had no effect o:n the S}"Stemr.e ~'Jl0.51.ll'E to phenytoin 1viih the 9G% Cls of the .g:eome,tric LS me; .ratioo fo:r phen;ioin AU~md 4.u fullywithinthe 0.8-0 to, 1.25 boundarie:.. The fraetio:m. of .
	co:ntaim.ed 

	um.1xnmd phen;tom in the plaslllal was ll;OT affected \\ihen adminiiztel'ed ais S_o\GE-541 plus phenytoie.. The l .of tmboundSAGE-541 u-a.s sm ril ar ~--henad:mi:niste:Fed before and aftei· ph.en}iuiin. These ...uues aire cons~ .with prim SAGE-547 e~ence. .
	Safety Results 
	Was there any death or serious adverse 
	r Yes P"No r NA 
	events? 
	Figure
	Overall Sponsor Conslusions..
	Figure
	310. 
	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	\\i an IV infosiou ofSAGE-547. an in vitro inhibitor ofCYP2C9. The 90% Cls ofthe geomet1 LS mean rntios for phenytoin AUCo..oo and Cmax \Vere entirely contained \Yi thin the 0.80 to 1. boundaries. Arithmetic mean t~was also comparable between the two tt"eatment conditions values of 14.8 and 14.0 hours for phenytoin administered alone and in combination with SAGE-547, respectively. The unbound fraction of phenytoin in plasma was similar when administered alone (0.12) and in combination with SAGE-54 7 (0 .13)
	Systemic exposure to phenytoin was similar when administered alone and in combination 

	70.42 to 94.14 ng/mL): these values are consistent with prior SAGE-547 experience. The fraction of SAGE-54 7 protein binding was also similar across time points (post-phenytoin d indicating that phenytoin did not impact SAGE-547 plasma protein binding. 
	SAGE-547 bad no effect o:m. the sy:stamc expo:51.1re to ph.eoytoin. The fraction ofi!m.bound·phenytoin m·plasm; 'l.\'<!<5 :not affectedv.·h.em SAGlE-547 plus phenyt.oin '1"'<1:i ad:i.nini.-tered. 
	The ifractioo ofunbound SAGE-547 was similarwhen administered lbefoTe and afterpbenymin. I~nlne::; consistent '!.\~ piior SAGE.-547 1e'XpE:li ence. 
	An IV i.n.fus:ionof SAGE-547, a!on.~ or admmistaed togeths-v.;itb..a. single da,,;e ofphen}ioin, v.-.u; gener.tlly "'' to.eratedby this ,grolip' ,ofhealthy male and f~ma_Je subjed5.. 'There "Were 1Hl seiio-iB a:d"~~· ievenh; di.ree subje disooil!±inned study drug ;md the stwlydue to TR~. Somnolence 'l.\ias the moot commonly :repO"rled TE...\£ 2.I was :reporfed by a gre.ate:r percent.lge ofsubjects during the ofS.AGE-547 (prior fo, or together withphenytoin) iooDJ?ared 'l.vittb phen;fo:in alone. 
	achnini...13.'ation 

	SAGE-547 was gen.e:ir.illy well tolerated and no clinic.ally cigoilkaint ·!:rends mthe safelly data collected1vere IH in this study. 
	Reviewer Comments and Conclusions 
	19. Studv Design: This was an Open Label, 2 period, single sequence cross-over study to evaluate the effect ofSAGE-547 administered as an IV infusion on the PKprofile, safety and tolerability oforal phenytoin in healthy subjects: 
	19. Studv Design: This was an Open Label, 2 period, single sequence cross-over study to evaluate the effect ofSAGE-547 administered as an IV infusion on the PKprofile, safety and tolerability oforal phenytoin in healthy subjects: 

	o .The dose ofSAGE-547 in this study (90 µglkglh) is the antidpated clinical dose, which has been previously administered in postpartum depression andfound to be well-tolerated. 
	o .The dose ofSAGE-547 in this study (90 µglkglh) is the antidpated clinical dose, which has been previously administered in postpartum depression andfound to be well-tolerated. 
	o .The dose ofSAGE-547 in this study (90 µglkglh) is the antidpated clinical dose, which has been previously administered in postpartum depression andfound to be well-tolerated. 

	o .IVdose was chosen because it is the intended route ofadministration. 
	o .IVdose was chosen because it is the intended route ofadministration. 

	o .The dose ofphenytoin was 300 mg, because the maintenance dose in patients with epilepsy is 300 mg/day or above. Also, the starting dose ofphenytoin is up to 1000 mg 
	o .The dose ofphenytoin was 300 mg, because the maintenance dose in patients with epilepsy is 300 mg/day or above. Also, the starting dose ofphenytoin is up to 1000 mg 


	in divided doses. 
	o Phenytoin was dosed in fasted state to mitigate any interactions with food. 
	o Phenytoin was dosed in fasted state to mitigate any interactions with food. 
	o Phenytoin was dosed in fasted state to mitigate any interactions with food. 

	o Wash-out for 14 days is adequate because the T1/2 of phenytoin is around 22 hours. 
	o Wash-out for 14 days is adequate because the T1/2 of phenytoin is around 22 hours. 

	o Males and females, between the age of 18 and 55 years were included. 
	o Males and females, between the age of 18 and 55 years were included. 

	o Adequate number of subjects (N= 29) were included in the study 
	o Adequate number of subjects (N= 29) were included in the study 

	o The final to-be-marketed formulation of SAGE 547 was used in this study. 
	o The final to-be-marketed formulation of SAGE 547 was used in this study. 


	20. 
	20. 
	20. 
	No major protocol deviations were reported. 
	Protocol deviation: 


	21. 
	21. 
	.): There were no PK outliers. One subject was not used in PK data since there was no venous access. Additionally, 2 other subjects were dosed with phenytoin but could not be dosed with SAGE 547. 
	Data Analysis (i.e., any outliers etc


	22. 
	22. 
	A validated bio-analytical methodology was used which was acceptable. 
	Bioanalytical Method: 


	23. 
	23. 
	The subject inclusion and exclusion criteria were acceptable since: 
	Inclusion and Exclusion Criteria: 



	-The study excluded use of any medications (prescription or over-the-counter), or foods rich in flavonoids (such as cranberries) or juice (such as pineapple juice) primarily metabolized by cytochrome P450 (CYP) 2C9 (CYP2C9), as in vitro studies indicate SAGE-547 has the potential to alter the metabolism of CYP2C9 substrates when administered concomitantly. 
	-The study excluded use of any medications (prescription or over-the-counter), foods, or juices that are strong inhibitors and/or inducers of CYP2C8, CYP2C9, CYP2C19, CYP3A4, uridine 5'­diphospho-glucuronosyltransferase 2B7 (UGT2B7) and UGT2B17. This is acceptable because it minimized the chance of any drug interactions. 
	24. We agree with the sponsor’s PK analysis and the conclusions from the study. 
	Pharmacokinetic findings: 

	Overall Conclusion: 
	Overall Conclusion: 

	The present study demonstrates that SAGE-547 has no effect on the systemic exposure to phenytoin. Furthermore, the fraction of unbound phenytoin in plasma was not affected when SAGE-547 plus phenytoin was administered. Therefore, no dose adjustments are recommended for patients on Phenytoin who got concomitant SAGE 547. 
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	CLINICAL PHARMACOLOGY STUDY REVIEW 
	Oral BA ofSAGE 547 
	Study# 547-CLP-107 .Study Period: 14-July-201 7 to 24-Aug-2017 
	NDA 211371 Zulresso Brexanolone IV infusion 
	Title 
	Objective 
	s: 
	A Phase 1b Single Ascending Dose Study to Detennine the Oral Bioavailability, Safety, .Tolerability, Pharmacokinetics, and Food Effect ofSAGE-547 in Healthy Adult Subjects .
	Obj~tfre~: Th.e objecrn-e of the study \vas:: 
	priin.uy 

	• .To deteim:iee ihe oral bioavailability and phannaookinetie::; (PK) of SAGE-541 iJn healthy s: aged 18 to 65ye;ns. 
	The seco:mdaJ:y objecti•·es ofthis srudy l\'l!l"l!; 
	• .
	• .
	• .
	To cleteun:iRe the effect of a high-fat meal on oral bioa•4ila.bility of SAGE-547. 

	• .
	• .
	'['o a5Se55 the safety a:md tolei:-ability of oral SAGE-547 inlieaHhy subjects. 


	Study Design: 
	Mi:~tbod.olog:11-: SJ\GE-547 lnjectio:m. is aipYoprietu:y ofallopregnanolom.e ('.icientiiic mime), ; refe:rred to a5 bre:x:mo!oJ?.e (United Stat:~ Adopted Name)_ Ihroug'Jiioutth.is shldy ~·"'iie:m. :re.fimmg treatment girmip, SAGE-547 Injection i:s frequ.ently s1h.o1te:ned to SAGE-547. fmthetr" ""co~e:n:trarions of SA.GE-.547" is synmiyw.ouswith "'oonceniI'arionsofallopl'e'~!oI?.e" or ..co:nce:mi1rations ofbre·KimDiODJ 
	formula.ti.om. 

	l\la.J a tbJ;ee-part, Phaise Ib, open-label 5twiy to ~sthe oral bioavailability andPK ofSA.GE-547 
	T1iris. 

	Injection. The study ako as~edthepotential effect offood on the oral bioai.railability fo1.lcnring oral 
	of SAGB-547 Injeciiom. and the safety amid tol erability of01"ally adnllmiste!ed. S..i\GE-547 
	2dm:inisir.:.ti.on 

	Injection. 
	for reach p;u:t, eli,gible .:ulJjee:t were admitted. to the unit cm Day-I and.:remained com.fined inthe unit uni 
	48-b.nur:postdooe ~tve.re completed. .Subjects n---eTe: scree::ned on one or mor;e i.-isits beimree,n Day-2.8 md Dary -1. On Day -1, subjert. .admitted fo,the milt and began an 'OVeJ:ni,ght £:des lroms). O eair liqWds 1ve:re:permitted up to 2 hoor.; b .dosing. .
	smet?.ts 
	eligi.Me 

	Part 1 (Oml adm:irni'5trotioo -fm;ted} 1\lil.S open-fabel, Mith a single~· do--~design.to ei..Uuate d bioin-aibbility and PK of roraDy administered 5.Pi.GE-547 in:bealthy adnlt men and v;;u.men. On reach :illbject receii.'l!d a sin,g!e or.tl dose of5.AGE-5-.:t7 after;an 8-!hour fL.""t. Subjee:t were requested to Sl1 the S..4G£...541 dose .all ato:m.cefollov.."ed by 240 mL of water_ ...i\s:ide from the water gir..-en,dm.mg doz~ subj ects \Ye.re Mt pemritted food rQT liquidsuntil they were gn-m a meal appnnri
	lnjecti.on
	,, 

	~letbodo1o~.. (t'o:ntinued): A maximum offour cohorts were p1anned inPai1 l ofthis study, "''ith ei,ght stibjeets in ea.ch cohort. AftN the·oi.-emight fast, Gohoit 1 re::eived SAGE-:547 3-0 :mg. If~eatertbm four subjects had plasma eoI!:f!E:Il1J.'ai:ions below th.e .limit of1ofthe assay for at least 50% oftli samp'ting times: inthe first 14 hour.; post.dose, dor..e escalation was to occur. Hol\"eVer; dose 1e:;calation stop criteria were met following1ihe fu:st oohmt and 30 mg'\\'35 the selected dose for Pat
	q'll.2Dtificati.on 

	~<lll .~ruetyto!e:rab.ilityand plaslll2l concentration data 14! hours pootdor..e fo;r each eou:iplE oohi>rt inPait l wer;e rei.liien'E!d by the Safety:Rle'\-iew Committee (SRC)_ The SR.C .de;::.ided whether to initi the next cohort, and if imitiat.e~ ~temll:ned the dor~ 
	avail.ab
	2 
	2 
	tJhrou.gh 

	Part l (Oml admini~tr:ltion-fed):· The 1oolh.o:rt ofsribjects in Part l who receii.-ed the oral SAGE-547 d< .se!ected for :iPa:rt 2 refumed 11 days later fnr Pait 1. Afte:r ai ~8-hmi:r fast, subj ects were gi"1rem ai mgh-fat m Thirty minutes later, they 1"We administered lite same 01-a! dooe that they reeei;;ed in Part 1 (30 mg). 
	Part 3 O!lltr:innomi admin:h rtntion): Subj ee:ts who·pai:rticipated in Pait1 rettnned. S .days bte:r and rece.i 1continuou:s m.tra\-ei!MJIUS ([V) irnfbsitlll. o:f S~i!l..G:E-54160 pglkg.'b. adm:inb.-tHed. ~a period of4 hoUIS in]I'; 
	for each :paJ:t, subject i\"ae ~&om. the: unit <dter completion of the 48~1b.our pootdose as:=e~ proi;.-?ded disc.h.'lr~ was medically appropi:iiafe, in die op:inio:n o:fthe mvestigatoT. Subject;; ratumed for a. ~ f ollov..--up Vcit o:n Day 1 (::i::l daf). :Blood ~!es to measure· pb 5llla. ofallopregnanolo:ru 'bl.en at't'<!lriOU:i time :points D\Om predose until 24 Jliours postdose in each parl of the study. 
	collOl'ntrati.om:> 

	Table
	l\"mnbe:r of'ilttlbjoec;ls (phoned :m.d. an.11,.·n d}: Up to 40 subj ects ~eight pe­·ooh.mt for up to f:om rooho1rt:s) were planned. Nine subjects (oE.E!· rooho:rt o:f eight subj ects plm one replacement subj ect) were dosed and aJl!l3.lyzecl 
	l\"mnbe:r of'ilttlbjoec;ls (phoned :m.d. an.11,.·n d}: Up to 40 subj ects ~eight pe­·ooh.mt for up to f:om rooho1rt:s) were planned. Nine subjects (oE.E!· rooho:rt o:f eight subj ects plm one replacement subj ect) were dosed and aJl!l3.lyzecl 

	.Oiagoosis ;rmd mmu ccrite:ri.'ll fol' indusfo:n: Hea.1tby male and female subjects aged~18 to ::?65 years at the time·rofscreeming, in good :physical heahli '\\iith '!Kl clinicallysigni:ficmil: findings, as detennim.ed by the Im-estigator, on physical eKallllllation, 11-.!ead electroca:rdiogram (ECG), or dmical laboratory te.m at SC11eer or admission. were eligi"b!e for emollment. 
	.Oiagoosis ;rmd mmu ccrite:ri.'ll fol' indusfo:n: Hea.1tby male and female subjects aged~18 to ::?65 years at the time·rofscreeming, in good :physical heahli '\\iith '!Kl clinicallysigni:ficmil: findings, as detennim.ed by the Im-estigator, on physical eKallllllation, 11-.!ead electroca:rdiogram (ECG), or dmical laboratory te.m at SC11eer or admission. were eligi"b!e for emollment. 

	T nt il!lrodud, dose an d m.o de ofa d:min.fatrationt batll'b num'be-r : 30 mg SAGE-547 Injectioo 5 mg/mL ~as an oral solution 1vhen fasted (Pait 1) ror after a high-fat meal (fed, Palt ::!). The SAGE-547 Injection lot nlllD.bEr used for oral administratioI!! was lB 160556. 
	T nt il!lrodud, dose an d m.o de ofa d:min.fatrationt batll'b num'be-r : 30 mg SAGE-547 Injectioo 5 mg/mL ~as an oral solution 1vhen fasted (Pait 1) ror after a high-fat meal (fed, Palt ::!). The SAGE-547 Injection lot nlllD.bEr used for oral administratioI!! was lB 160556. 

	Referce:n~e ithe:rnP}-, 1dose· and mode of :idmin:isitratiou, hatd1 !llwn_beir: IV (Pat 3): Con.timions IV linm;ron ofSAGE-547 Injection 60 µg.'kgfh administ&ed for 4 ~The SAGE.-547 fujectiol!I. ilot numbal\ias B l60556_ 
	Referce:n~e ithe:rnP}-, 1dose· and mode of :idmin:isitratiou, hatd1 !llwn_beir: IV (Pat 3): Con.timions IV linm;ron ofSAGE-547 Injection 60 µg.'kgfh administ&ed for 4 ~The SAGE.-547 fujectiol!I. ilot numbal\ias B l60556_ 
	-


	Dul'ation of rtreatme:nt: Eight ~Khr;eceived hvo o:ral SAGE-54 7 do..es and one I'V SAGE-547 dor.,,e. .o..ddi.tionally,, one SLLbject '\\laS a repbceme:nt for Part 2 and Pait 3 and.received. one oral dose mPart 2 and. ion IVdo~m.Pm3. 
	Dul'ation of rtreatme:nt: Eight ~Khr;eceived hvo o:ral SAGE-54 7 do..es and one I'V SAGE-547 dor.,,e. .o..ddi.tionally,, one SLLbject '\\laS a repbceme:nt for Part 2 and Pait 3 and.received. one oral dose mPart 2 and. ion IVdo~m.Pm3. 


	PPEARS THIS WAY ON ORIGINAQ .
	Figure
	Product Used: 
	Te'>~ [produd, d!ose :rn.d. mode of :11h11mistr:1·tion b:itrrb nu.m'lltN: 
	30 mg SAGil-547 Jnjecfio:n 5 mg/mL atlm:inistered as an oral.solufion wfl'en fasted (PCJ.t 1) ·OT alter a high-fa .meal (fed, Pait 2). .The SAGE-547 Injection lot number used fb:r oru administration. was B160556. .
	Route of Administration 
	Route of Administration 
	Route of Administration 
	Oral and IV infusion 

	PK Sampling Times and Parameters 
	PK Sampling Times and Parameters 
	Pharmacokinetics: Plasma samples were obtained from all cohorts for analysis for concentrations of allopregnanolone and, ifneeded, metabolites of allopregnanolone. Derived PK parameters were calculated, including area under the plasma concentration curve (AUC) from the time of dosing extrapolated to infinity (AUCOoo), AUC from the time of dosing to the last quantifiable concentration (AUCO-t), the apparent te1minal elimination half-life (tYi), maximum observed plasma concentration (Cmax), time to reach maxi

	TR
	for subjects receiving an IV dose. For the food-effect analysis, the log­transfo1med AUC and Cmax were compared across food conditions. For the IV infusion dosing, AUCOoo, AUCO-t, tYi, Cmax, tmax, total body clearance, and steady-state volume of distribution were estimated. 

	Safety Parameters 
	Safety Parameters 
	Safety: Safety-related assessments included physical examinations, 12­lead ECGs, vital signs, AEs, Columbia Suicide Severity Rating Scale (C-SSRS), and clinical laboratory evaluations. These assessments were perfo1med at specified times during the study. Subject's alertness levels, assessed using the Stanford Sleepiness Scale (SSS) at specified times, were used to dete1mine if it was safe to proceed with the dosing regimen or ifdose adjustments needed to be made. 

	PK Moieties 
	PK Moieties 
	Sage-547 


	PD Endpoint(s) 
	PD Endpoint(s) 
	PD Endpoint(s) 
	None 

	Statistical Methods 
	Statistical Methods 
	TD
	Figure



	The Safety Population, defined as all subjects who were administered study drug, was used to provide descriptive statistics summaries of safety data. Adverse events (AEs) were coded using Medical Dictionary for Regulatory Activities version 19.1. The overall incidence of AEs was displayed by system organ class and by preferred term. The incidence of AEs was also presented by maximum severity and relationship to study drug. Vital signs, clinical laboratory measures, ECG, C-SSRS, and SSS data were summarized.
	The PK Population was defined as all subjects for whom at least one evaluable PK sample was available. The calculated PK parameters were summarized using descriptive statistics, including n, mean, standard deviation, median, minimum, and maximum values, and listed by subject. In addition, PK data collected in this study may have been combined with data from other studies for population-PK and exposure-response analyses. 
	Analytical Method 
	Method Type LC/MS/MS I Mab:ix I Analytes Sage-547 
	Method Type LC/MS/MS I Mab:ix I Analytes Sage-547 
	Method Type LC/MS/MS I Mab:ix I Analytes Sage-547 
	Plasma 


	P" Yes 
	• Method validated prior to use 
	r No 
	Talidation 
	P" Yes 
	• Method validation acceptable 
	r No 
	tudy 
	ample uialysis 
	• Samples analyzed within the established stability period 
	P" Yes r No 
	• Quality control samples range acceptable 
	P" Yes r No 
	• Chromatograms provided 
	P" Yes r No 
	• Accuracy and precision of the calibration curve acceptable 
	P" Yes r No 
	• Accuracy and precision ofthe quality control samples acceptable 
	P" Yes r No 
	• Overall perfonnance acceptable 
	P" Yes r No 
	Study Population: 
	• N= 8 subjects, healthy male and female, 18-65 years 
	l\"'umber of wlbj~ts. (pl:inued :m.d an."'11,·zed): 
	Up to 40 sribjects (e:ight per1oolh.o:rt for upto fom cohorts) \\"m!pbn.ned.. Nine robjects (one cob.cut o:f' 1ei~ stlbjects plm o.n.e·repla.ceme:ttt subject) were dosed and amlyzed_ 
	Table 1: Demography of subjects .
	Figure
	Inclusion Crietria:..
	Inclusion Crietria:..

	Figure
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	Figure
	Exclusion Criteria:..
	Exclusion Criteria:..

	Figure
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	Figure
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	PK Results 
	Blood samples were taken following oral (30 mg) or IV infusion (60 µg/kg/h for 4 hours) administration in order to derive PK parameters of SAGE-547. Phannacokinetic parameters of SAGE-547 are presented in Tables below. 
	The tmax following oral achninistration of SAGE-547 30 mg was generally 1 hour. Following IV infusion, tma.x was generally at the end of the infusion ( 4 hours). Quantifiable plasma concentrations ofSAGE-547 were observed for up to 2 to 12 hours following oral achninistration of SAGE-547 30 mg to fasted subjects and up to 3 to 12 hours following a high-fat meal. 
	The mean bioavailability (F) of SAGE-547, calculated from AUCo-tvalues, was low (< 5%) when achninistered to subjects either in the fasted state or in fed state. A high-fat meal reduced the Cmax by ~50%and AUC by~10% compared to fasted state PK in oral dosing. 
	Me'~ ?:~ Conce~~r•tio~ ?:o:ile of A::opreqn;molone Fo11oxing A.O..~ini~~r•tio~ of SA'G=E.-5~1 .(~.ll ?-.rt~> -Line•r 3'=~1e .(?h•~co!ti~et~c Fopu:-tio~) .
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	PHAR,IACOKINI:TICS RESULTS: 
	• .
	• .
	• .
	The~follo\ving oral administration ofSAGE-547 30 mg was general.]y 1 hour. Follow t l!l3."I was generally at the end ofthe infusion (4 hours). 
	infusion. 


	• .
	• .
	The oral bioavailability ofSAGE-54 7, calculated from AU4-rvalues, \Vas lnw when adrr to fasted subjects and was similar when administered after a high-fat meal 

	• .
	• .
	Following oral administration ofSAGE-547 30 mg after a high-fat meal, the Cnwc values 1 average less than half those following administration inthe fasted state. OveraU, the AU< values were ibroadly similar. 


	Safety Results 
	Was there any death or serious adverse events? 
	! Yes P-No I NA 

	Figure
	Overall Sponsor Conslusions..
	Figure
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	Reviewer Comments and Conclusions 
	25. Studv Design: This was a cross-over study design to evaluate the oral bioavailability of SAGE-547 administered as an oral dose vs. IVinfusion in healthy adult subjects: 
	o .The oral dose ofSAGE-547 was 30 mg. This was similar to a total IVdose when infused at the rate of90 µglkg/h to a 70 kg subject over 4 hours. 
	o .The oral dose ofSAGE-547 was 30 mg. This was similar to a total IVdose when infused at the rate of90 µglkg/h to a 70 kg subject over 4 hours. 
	o .The oral dose ofSAGE-547 was 30 mg. This was similar to a total IVdose when infused at the rate of90 µglkg/h to a 70 kg subject over 4 hours. 

	o .IVdose was chosen because it is the intended route ofadministration. 
	o .IVdose was chosen because it is the intended route ofadministration. 

	o .Males andfemales, between the age of18 and 65 years were included. 
	o .Males andfemales, between the age of18 and 65 years were included. 

	o .Adequate number ofsubjects (N= 8) were included in the study 
	o .Adequate number ofsubjects (N= 8) were included in the study 

	o .Thefinal to-be-marketed formulation ofSAGE 547 was used in this study. 
	o .Thefinal to-be-marketed formulation ofSAGE 547 was used in this study. 


	26. 
	26. 
	26. 
	Protocol deviation: No major protocol deviations were reported. 

	27. 
	27. 
	Data Analvsis (i.e., anv outliers etc.): There were no PK outliers. 

	28. 
	28. 
	Bioanalytical Method: A validated bio-analytical methodology was used which was acceptable. 

	29. 
	29. 
	29. 
	Inclusion andExclusion Criteria: The subject inclusion and exclusion criteria were acceptable since: 

	The study excluded use ofany medications (prescr;ption or over-the-counter), orfoods rich inflavonoids (such as cranberries) orjuice (such as pineapple juice) primarily metabolized by cytochrome P450 (CYP) 2C9 (CYP2C9), as in vitro studies indicate SAGE-547 has the potential to alter the metabolism ofCYP2C9 substrates when administered concomitantly. The study excluded use ofany medications (prescr;ption or over-the-counter), foods, or juices that are strong inhibitors and/or inducers ofCYP2C8, CYP2C9, CYP2

	30. 
	30. 
	Pharmacokinetic findings: .We agree with the sponsor's PK analysis and the conclusions from the study. 


	Overall Conclusion: 
	We agree with the sponsor's analysis and conclusions. 
	Figure
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	CLINICAL PHARMACOLOGY STUDY REVIEW 
	Transfer ofSAGE 547 in Breast Milk ofLactating Women 
	Study# 547-CLP-108 Study Period: 19-June-2017 to 22-July-2017 
	NDA 211371 Zulresso Brexanolone IV infusion 
	Title 
	Objectives 
	An Open-Label Study Evaluating Concentrations of Allopregnanolone Following Administration of SAGE-54 7 Injection in the Breast Mille of Adult Lactating Women 
	The primary objective of the study was to assess the concentration of allopregnanolone in breast millc samples after a 60-hom intravenous (IV) infusion ofSAGE-547 Injection in lactating women. 
	The secondary objectives of the study were to: 
	• 
	• 
	• 
	Assess the concentration of allopregnanolone in plasma after a 60-hom infusion of IV infusion of SAGE-547 Injection in lactating women; and 

	• 
	• 
	Assess the safety and tolerability of a 60-hom IV infusion of SAGE-547 


	Injection in lactating women. 
	Study Design: 
	APPEARS TRIS WAY ON .ORIGINAL .
	This lNas a Phase 1b, opeu-label study designed to evaluate the concentration of allopreguanolone in breast milkofadult factating women folJhwing a 60-hom i.nfinsion ofSAGE­547 Injection. 
	Subjects undenvent procedures at the Screening Visit to detem:Jine eligibility. Subjects continued breastfeeding or maximally pumping breast milk from Day -7 to predose Day 1 ofthe study. Subjects. \\.·ere required to temporarily cease giving breast milk to tueir infant(s) from just prior to receilv·ing sh:Jdy dmg infusion (predose on Day 1) until the c.ompletion ofthe Day 7 Visi:t. Subjects maximally pumped aU breast milk predose Day 1 through the Daiy 7 Visit. 
	scre..en.ing 

	Subjects wece confined to the study center from predose on Day 1 tmtil after the 72-hour .assessments on Day 3. Subjects began a continuous IV infusion ofSAGE-547 Injection on Day L The dosing regimen. •was as follov.'S: 30 J!~gJhr(0 to 4 hours), tchen 60 ~lg/kg/hr(4 to 24 hours), tchen 90 itglkg/hr (24 t-0 52 hours), followed by60 ~Lg/kg/hr (52 to 56 hollf'S), and 30 itglk§lhr (56 to 60 hours). The prntoc-01 allowed for ~seadjustment in the case ofintolerable adverse events. Breast milk was pumped aud coll
	Study-specific assessments for safety and phrumacokinetics (PK) ouk-0tne meastu·es \llere 
	completed at prespe<:ified times over a 72-hour period during the Treatment Period (fable 3). A follow~up visit was conducted on Day 7 on an outpatient basis. Subjects were allo\"\l·ed to resume breastfeeding after the Day 7 study ;;i.sit1. 
	Table
	ri\'umber of 'iubjects (!Pbnoed and au.."l'lr)·zed): & rol!ment continued until eight subjedi had p:rro•-ided <malyzable breao..-t milk 5am1u~s for atleast sL'tcbys; out ofthe se\.·en days ofcollection. 'Ti.veh"'e subjects were 1e:irJTolled to achiei."'e this goal 
	ri\'umber of 'iubjects (!Pbnoed and au.."l'lr)·zed): & rol!ment continued until eight subjedi had p:rro•-ided <malyzable breao..-t milk 5am1u~s for atleast sL'tcbys; out ofthe se\.·en days ofcollection. 'Ti.veh"'e subjects were 1e:irJTolled to achiei."'e this goal 

	Diagoom and main C>;r,iteri.'1 for indu.sfo:n: Healthy '\\'Omenb~~IS and 45 ye~ohgeinehisin~ and ~.6months po:."tpartwn.;rt screer:ringwho U'Elre .beta.ting and m:aximnally pumpingbreast milk or acti~ breastfeeding from Day-7 to screening. 
	Diagoom and main C>;r,iteri.'1 for indu.sfo:n: Healthy '\\'Omenb~~IS and 45 ye~ohgeinehisin~ and ~.6months po:."tpartwn.;rt screer:ringwho U'Elre .beta.ting and m:aximnally pumpingbreast milk or acti~ breastfeeding from Day-7 to screening. 
	,, 


	Te'Slt prodod, dose awl mode of admim:s.t1ution batch num'b-el'~ SAGE-547 !njedion\"Vas admi.:ni,-iered as 60-hour IV iniirioo (1;\iith increa:iing doses to 52 hours follo.....-e«by tapering dor.-4!5 to 60 J!ioi.m). The study drug lot Immber for SAGE-547 Injection was Bl60267. 
	Te'Slt prodod, dose awl mode of admim:s.t1ution batch num'b-el'~ SAGE-547 !njedion\"Vas admi.:ni,-iered as 60-hour IV iniirioo (1;\iith increa:iing doses to 52 hours follo.....-e«by tapering dor.-4!5 to 60 J!ioi.m). The study drug lot Immber for SAGE-547 Injection was Bl60267. 

	TR
	TH
	Figure



	The specific mfi:ision dose ofSAGE-547 Injection '!.Vas calculated based on \>\'-eight for each subject at Soreemng. SAGE-547 Injection was administered as a 60-honr IV i.n.fi.ision, according to the schedule in Table 2. Infusion bags and lines were changed e'\-ery 24 hours. 
	Tablf 2: In.fn siou R ates 
	Time [point 
	Time [point 
	Time [point 
	))a,-l. oto-:& hours 
	Dav I -t to .2-l bOW'S 
	Diay 2-J 24 io 5? hours 
	Da,-3 5:! to 56 houFS 
	Dav 3 56 to i60 hours 

	DD.St' 
	DD.St' 
	30 !lg/kgihr 
	6{) µglkglbr 
	90 µpJ'kglhr 
	60 !Lg}kglh:r 
	30 ~ngikgibr 


	The study dtug (lot number B 1600267) was provided ite by the suppliec/manufacn.irer. 
	to fue clinic.al s

	APPEARS TRIS WAY ON ORIGINA[ 
	Product Used: 
	Table
	Te~lf! produll't, dose 3n.d mode of3dminisb3bonJ, b3rtll'b number : SAGE-547 Injection 1vas admi:ni!:.terad as a 6()-hom IV in:fusioo (uiifh increasing doses to :52 hours followed by bpering dcr.,es to 60 hoW5). The study drug lot munbe:r for SAGE-547 Injection l\<ts Bl60:267. 
	Te~lf! produll't, dose 3n.d mode of3dminisb3bonJ, b3rtll'b number : SAGE-547 Injection 1vas admi:ni!:.terad as a 6()-hom IV in:fusioo (uiifh increasing doses to :52 hours followed by bpering dcr.,es to 60 hoW5). The study drug lot munbe:r for SAGE-547 Injection l\<ts Bl60:267. 


	IV infusion 
	IV infusion 
	IV infusion 

	Route of 
	Route of 

	Administration 
	Administration 

	PK Sampling Times and Parameters 
	PK Sampling Times and Parameters 
	Pharmacokinetics: Blood samples for analysis ofplasma concentrations of allopregnanolone were collected at regular time points throughout the three days ofthe Treatment Period and at Follow-up. 


	Table
	TR
	Subjects were instructed to express/pump and retain all breast milk whenever they felt the need to express breast milk, at least every 12 hours, from Day 1 to the Day 7 Visit. Blood samples for analysis of plasma concentrations of allopregnanolone were collected pre-infusion and at 12, 24 (before infusion rate change), 36, 48, 56, 60 (before infusion end), 61, 62, 64, and 72 hours after the start of infusion. Samples were also collected on Day 7. Pharmacokinetic blood draws during the Treatment Period had a

	Safety Parameters 
	Safety Parameters 
	Safety: Safety was assessed by adverse events (AEs), vital signs, clinical laboratory measures, electrocardiograms (ECGs), and suicidal ideation and behavior was evaluated with the Columbia Suicide Severity Rating Scale (C-SSRS). 

	PK Moieties 
	PK Moieties 
	Sage-547 

	PD Endpoint(s) 
	PD Endpoint(s) 
	None 

	Statistical Methods 
	Statistical Methods 
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	Figure
	Analytical Method 
	Method Type LC/MS/MS I Matrix Analytes Sage-547, Phenytoin I 
	Method Type LC/MS/MS I Matrix Analytes Sage-547, Phenytoin I 
	Method Type LC/MS/MS I Matrix Analytes Sage-547, Phenytoin I 
	Plasma 


	P" Yes 
	• Method validated prior to use 
	r No 
	Talidation 
	P" Yes 
	• Method validation acceptable 
	r No 
	tudy 
	ample uialysis 
	• Samples analyzed within the established stability period 
	P" Yes r No 
	• Quality control samples range acceptable 
	P" Yes r No 
	• Chromatograms provided 
	P" Yes r No 
	• Accuracy and precision of the calibration curve acceptable 
	P" Yes r No 
	• Accuracy and precision of the quality control samples acceptable 
	P" Yes r No 
	• Overall perfonnance acceptable 
	P" Yes r No 
	Study Population: 
	• N= 12 (Healthy adult females, 22-42 years) 
	Table 1: Demography of subjects 
	Figure
	Inclusion Crietria:..
	Inclusion Crietria:..

	Figure
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	Figure
	Exclusion Criteria:..
	Exclusion Criteria:..

	Figure
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	Figure
	Figure
	PK Results 
	All predose plasma samples were BQL (i.e., ~l ng/mL) for allopregnanolone. The mean plasma concentration increased with dose titration and declined with the dose tapering as shown in figure. 
	figure 1: Mean Plasma Concentration-Time Profiles (.\rithmetic ~lean and Standard .De,ia6011) of Allopregnanolone (Pltarmacokinetic Set} .Llnur ~€':tie .
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	Note: The limitofqw.Dtinc:ation ior plasma was l nglml The pre-dose CXICCSUrations ofallopregnano~ooe for all subjeds were BQL, therefore, no bas.eliDe correction 'Ir.IS perfoaned. 
	JXPPEAffS'THfS'WAY"O­----ORIGJNAL---­
	12 24 36 48 56 64 72 168 TIME (h) 
	Table 6: .Summary (Geometric l'Iean and 95% Confidem·e Interrnl of GM) of Plasma Pharmaeokinedc Parameters of Aflopregnanolooe (Pilrnrmncoldnetks Se·t) 
	:PK P:ur:uDl'ter s Caa.., ng/ml.. T-., h0 c_.,..., nglmL c .. , ~1mL AUCMo. n.;g•hfml. AUC1.i...u, ngoh.linL AUCo.., ng•hfmL AUCo....,, ng•b!mL Tbil, h R1 adjust!d tm, h l..c, lJh CL, Llh V,, L 
	:PK P:ur:uDl'ter s Caa.., ng/ml.. T-., h0 c_.,..., nglmL c .. , ~1mL AUCMo. n.;g•hfml. AUC1.i...u, ngoh.linL AUCo.., ng•hfmL AUCo....,, ng•b!mL Tbil, h R1 adjust!d tm, h l..c, lJh CL, Llh V,, L 
	:PK P:ur:uDl'ter s Caa.., ng/ml.. T-., h0 c_.,..., nglmL c .. , ~1mL AUCMo. n.;g•hfml. AUC1.i...u, ngoh.linL AUCo.., ng•hfmL AUCo....,, ng•b!mL Tbil, h R1 adjust!d tm, h l..c, lJh CL, Llh V,, L 
	:\" ll 11 11 ll 11 11 ll 11 ll 11 11 11 11 11 
	Gi..'f 89.67 47.83 70.56 80.()7 3358.38 2257.91 3557.76 3736.51 72.00 0.93 11.34 0.06 87.48 143Ll6 
	95% CI {74.19. 1083 9) (4 7.83, 55.83) (61.86, 80.48) (70.9 1, 90.41) (299'8.58, 376U5) (1979.49, 2575.50) (3 177.60, 3983.40) (3309. B , 421 9.09) (72 .00, 72.00) (0.90, 0.97) (9.79, B .14) (0.05, 0.07) (78.76. 97.18) (1224.80, 1671-30) 


	" Tire com:entratlon data foc Subject-(ti) (&lR'eTE! futed but excluded from ilie statistical analysis due to 
	discon.timiation ofinfusion .b Median (min, max) reported for r,_ .Source: Table 14.2.2 .
	fudividual subjects' concentrations ofallopregnanolone in breast milk over time are shown in Figure 2. Because breast milk collection times varied by subject, mean concentration ofallopregnanolone over time could not be directly compared with the mean plasma concentration over time, so the data are summarized individually. 
	Figure
	: Results of a study to examine the amount of brexanolone in breast milk, CLP-108, demonstrated that the milk concentrations were found to be 1.36-fold greater than plasma. 
	Milk-to-Plasma Ratio

	In order to compute the relative infant dose of brexanolone, the highest observed maternal range of $8& YDOXHV IURP .. WR .. KRXUV ZDV XVHG. ZKHQ WKH PD[LPXP .. ȝJ.NJ.K LQIXVLRQ ZDV JLYHQ .PPD202C Pharmacokinetic Report GF30KT). Using these data, the relative infant dose (RID) was 
	-

	NOA 211371 Multi-disciplinary Review and Evaluation ZULRESSO (brexanolone) calculated, as shown in Table below. Table 7: Calculation of l\farimum Br exanolone Relatin Infant Dose (RID) 
	Pla~ma AUC2w.s, ng.hlmL Minimum 462 Median 1760 Plasma At'Cu-n. ng.hfmL Maximum 3410 Milk • .\UCU-11", ng.WmL 628 2394 Milk .\UCz.wt, ng.hlmL 4638 AHrage Daily Dose in RJDd,% BreL1nolone llilk<, in Milkb, ng/kg/da)· ng/mL 26.l& 3927 0.1818 99.73 14960 0.6926 An ragt Dail\· Dost in RIDd,% Bruanolont Mitkc, in Milk\ nglkglday ng/mL 193.2 28980 L342 
	•Computed as 1.36*?1.filk AUC 
	b ~!ilk AUC .fajded by 24 hours .' Based on feeding rate of 150 mLJkefday .d Computed as in£mt dose divided by maternal dose (90 µ~kglb*24 h) *I 00% {Beonett 1996) .
	Based on Literature (British Jomnal of Clinical Phaimacology, 42, 673-4, 1996), any chug with a Relative Infant Dose (RID) of <10% constitutes a low risk to an infant who is breast fed dming achninistration ofthe drng. The maximum RID for brexanolone, calculated for the 90 µg/kg/h dose for Hour 24 to Hour 48 ofthe infusion, is 1.3%. Additionally, the oral bioavailability ofbrexanolone is known to be <5%. Taken together, this suggests that the risk to an infant who is breast fed dming the 60-hour infusion is
	Safety Results 
	Was there any death or serious adverse events? 
	• .
	• .
	• .
	No stibjects died •Of' md a se1ious01' se~·ei'E! treatment-emergent ad't'eF...e e..-ent (IB.4E). One subject .dis.continued dosing due to TEAEs (oedema, pain, andl'E!dn.ess at the infusionsite). .

	• .
	• .
	A total ofseven ofthe 12 subjects expeienced IBAEs (5S3%). The~frequently reported TE..o.I.s .weJ'E! inthe Gena'al Disorders and .~tionSite Gonditiom System Organ~(SOQ : infusic .site pain and infusion site swelli.o;g in six sabjects (5CW.) each and infusionsite erythema in four subj~ .(33.3~~)
	-


	• .
	• .
	Tv.'O subject> (16. ~fo) e3p1U-ienced moderate TR..!\Es; bothSU:bjecb rrepmlin;g moderate infusion site !Par yes .i\11 other TEA& wei'E! 1'E!ported as mild 


	l\PPEAASTAISWA'i'
	• .

	T'l.'-'O subjects (16.~fo) expeiiem.ced TEAEs comidered by the investigator to be re.lated fo shdy dmg-(i~No 
	ONORIGNAL 
	v.ith nau.sea and one v.--ith abnoruJal drea.ms). .r NA 
	• .
	• .
	• .
	Labontory test results., •-ital signs, and ECG parameters were w:xremaikab!e over the cour5e of the siU<l 

	• .
	• .
	TheJ:'E! v.as oo e•-iden'C:e suggesting ihat administration ofSAGE-:5was a:;;sociafed with m .increase m suicidal ideation or bebai.-ior inthis study as assessed by C-SSRS_ .
	47 lnjecti.on 



	Adverse events were repo1i ed for 58.3% (7112) of subjects. Two subjects experienced TEAEs 
	that were moderate in intensity: One subject experienced moderate infusion site edema, infusion site erythema, and infusion site pain, and one subject experienced moderate infusion site pain and infusion site swelling. The rest of the reported TEAEs were mild 
	Figure
	Overall Sponsor Conclusions..
	Figure
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	This: open-label study was designed to evaluate the concentration ofallopregnanolone inbreas1 milk ofaduU lactating women after a 60-hour IV i.n.filsion ofSAGE-547 fujection. SAGE 547 was l.vell-tolerated in this population ofadult lactating women. There were no deaths, SAEs, .severe AEs, or clinic.ally signific.ant lab-Oratory evahiatiom. One tudy drug at H47 due to moderate site reactions. 
	subj eot discontim.i.ed s
	infosi.on 

	Over tJie course ofthe 60-hour infu..sion, the mean piasma concentration incre.ased during dose 
	tination and dedined dm'ing dose taper. For all subjects, the concentration ofallopregnanolone in plasma was. approaching the lowest quantifiable limit (1 nglmL) by Day 3 and all subjects • plasma concentrations ofallopreguanolone were near or below the quantifiable limit by Day 7. Ingeneral, changes in allopreguanolone concentrations in.breast milk followed a pattem similar 
	to that seen for changes in allopregnanolone concentrations inplasma. At Hour 160, the concentrations ofallopregn.anolone in breast milkwere rapidly declining in parallel with plasma levels. By Hour 72, all subjects were approaching the lowest quantifiable limit (5 ~mL), and by Hour 96, Bl.JQ levels were obsaved. All but one subject (11of12 subjec4s) were below the limit of quantification at Houc 144 with values of<5 nglniL The remaining subject's levels: wer:e <10 ngfmL and r:emame.d there through Hour 168
	l\PPEJ\RS-TAIS-W~Y-01\mRIGI -­
	Reviewer Comments and Conclusions 
	31. Studv Design: This was an Open Label study evaluating the concentrations of allopregnanolone in breast milk of lactating women following the administered ofSAGE­547 as an IVinfusion at the proposed clinical dose and duration. 
	o The dose ofSAGE-547 in this study (90 µglkglh) is the antidpated clinical dose, 
	o The dose ofSAGE-547 in this study (90 µglkglh) is the antidpated clinical dose, 
	o The dose ofSAGE-547 in this study (90 µglkglh) is the antidpated clinical dose, 
	o The dose ofSAGE-547 in this study (90 µglkglh) is the antidpated clinical dose, 

	which has been previously administered in postpartum depression andfound to be well-tolerated. 

	o IV dose was chosen because it is the intended route ofadministration. 
	o IV dose was chosen because it is the intended route ofadministration. 

	o Healthy females, between the age of18 and 42 years were included. 
	o Healthy females, between the age of18 and 42 years were included. 

	o Adequate number of subjects (N= 12) were included in the study 
	o Adequate number of subjects (N= 12) were included in the study 

	o Thefinal to-be-marketed formulation ofSAGE 547 was used in this study. 
	o Thefinal to-be-marketed formulation ofSAGE 547 was used in this study. 


	32. 
	32. 
	32. 
	32. 
	Protocol deviation: No majorprotocol deviations were reported. 


	33. 
	33. 
	33. 
	Data Analvsis (i.e .. anv outliers etc.): There were no PK outliers. PKparameters were calculated excluding 1 subject due to the discontinuation ofinfusion in this subject. 


	34. 
	34. 
	34. 
	Bioanalytical Method: A validated bio-analytical methodology was used which was acceptable. 



	35. The subject inclusion and exclusion criteria were acceptable since: 
	Inclusion and Exclusion Criteria: 

	-The study excluded use of any medications (prescription or over-the-counter), or foods rich in flavonoids (such as cranberries) or juice (such as pineapple juice) primarily metabolized by cytochrome P450 (CYP) 2C9 (CYP2C9), as in vitro studies indicate SAGE-547 has the potential to alter the metabolism of CYP2C9 substrates when administered concomitantly. 
	-The study excluded use of any medications (prescription or over-the-counter), foods, or juices that are strong inhibitors and/or inducers of CYP2C8, CYP2C9, CYP2C19, CYP3A4, uridine 5'­diphospho-glucuronosyltransferase 2B7 (UGT2B7) and UGT2B17. This is acceptable because it minimized the chance of any drug interactions. 
	36. We agree with the sponsor’s PK analysis and the conclusions from the study. 
	Pharmacokinetic findings: 

	Overall Conclusion: 
	Overall Conclusion: 

	Based on concentrating of SAGE 547 in mothers plasma vs. milk, it is observed that the milk concentrations were 1.36-fold greater than plasma. However, the comparison of the effective dosage (in ug/kg/day) for the child vs. mother clearly demonstrates that maximal dosage in child is ~29 ug/kg/day vs. ~ 2160 ug/kg/day in mother. Therefore, in the worst-case scenario, only ~ 1% of the dose (normalized by weight) is orally delivered to the child. Additionally, the oral bioavailability of brexanolone is known t
	Thus, we recommend that it is acceptable for nursing mothers to continue to breast-feed during the infusion. 
	Figure
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	22.4.4. Summary of In Vitro Studies fu Vitro Studies 
	Solubility and LogD 
	Study# SSN-409 Title: Tier 1 (Solubility and LogD) Analysis ofSelected Compounds EDR link: \ \cdsesub 1\evsprod\NDA2ll3 71\0001 \m4\42-stud-rep\422-pk\4223-distrib\ssn­408\ 
	• Objective: The objective of this Tier 1 study was to conduct the following experiments: solubility, and distribution coefficient (LogD) 
	• .Methods: 
	Solubilitv 
	Compound stocks (l OmM in DMSO) were diluted to 10 µ.Min phosphate buffered saline (PBS) with and without 0.02% Cremophor in glass vials: final DMSO concentration was 
	0.1 %. The solutions were sonicated for 1 minute and shaken for 1 hour at room temperature (typically 24°C). Samples were taken for both direct analysis (precentrifugation) and solubility determination. 
	LogD 
	Standards consisting of steroids with known LogD were nm for HPLC/MS and their retention times were used to construct a linear standard curve with LogD versus RT. Compounds were typically injected at 20 µM in MeOH and nm lmder the same conditions as the standards. LogD was assessed by comparison of RT with the standard curve. 
	• .
	• .
	• .
	Analytical Method: HPLC/MS 

	• .
	• .
	Results and Conclusions: 

	• .
	• .
	Reviewer 's Comments: 


	Sample SAGE-547 
	Sample SAGE-547 
	Sample SAGE-547 
	LogD 4.87 
	Solubility (µM) in 0.1 % DMSO Without Cremophor With 0.02% Cremophor 3.3 8.8 


	• .Sponsor 's conclusions for solubility and LogD seem to be acceptable. 
	2. Plasma Protein Binding 
	Study# SSN-01423 Title: fu Vitro Protein Binding ofSAGE-547 in Human Plasma, Isolated Human Semm Albumin, and Isolated Human al-Acid Glycoprotein EDR link: \ \cdsesub 1\evsprod\NDA2ll3 71\0001 \m4\42-stud-rep\422-pk\4223-distrib\ssn­0 l 423\ 
	• Objective: The objectives of this study were to dete1mine concenti·ation dependence of protein binding to human plasma 
	proteins, and to examine the relative affinities to serum albumin .+6$. RU Į.-acid glycoprotein (AAG). 
	x Methods: Protein binding was determined by equilibrium dialysis at 37°C under an atmosphere of 5% CO2 and saturated relative humidity for 6 hours at 750, 1000, 1500, 2000, and 4000 ng/mL (2.5, 3.1, 4.7, 6.3, 12.6 μM) SAGE-547 in human plasma, HSA (45 mg/mL) and AAG (1.0 mg/mL). The dialysis time was established based on data from the time-toequilibrium experiment. 
	-

	Equations: 
	1.. Protein Binding by Equilibrium Dialysis. Percent Drug Bound = [(Cm –Cd) / Cm] x 100. Percent Drug Unbound = 100 – Percent Bound. where:. Cd Concentration of test article in dialysate (ng/mL). 
	Cm Concentration of test article (ng/mL) in matrix (plasma, HSA, or AAG) 
	2. Recovery for Equilibrium Dialysis 
	where:. Cm Concentration of test article (ng/mL) in matrix (plasma, HSA, or AAG). Cd Concentration of test article in dialysate (ng/mL). Co Original concentration of test article (ng/mL) in matrix (plasma, HSA, or AAG) .prior to loading the dialysis device. Vm Nominal volume (mL) of the matrix (donor side). Vd Nominal volume (mL) of the dialysate (receiver side). Vo Nominal volume (mL) of the original matrix added to the dialysis device. 
	x Analytical Method: LC-MS/MS Limit of quantitation 1 ng/mL Curve Range: 1 – 500 ng/mL 
	x Results: 
	1. Time to Equilibrium 
	Table 1. Percent bound and unbound SAGE-547 in human plasma (4000 ng/mL) after dialysis at 37°C for 3, 4, 5, 6, and 7 hours.
	Figure
	DNU Data not used due to sample preparation error.. NA Not applicable.. Rep Replicate.. SD Standard deviation.. a Standard deviation applies to both bound and unbound percentages.. 
	Mean unbound SAGE-547 was 0.2% among all time points. Mean percent recovery ranged from 94.9 to 100% among all incubation time points. A 6-hour incubation time was chosen as the equilibration time for all subsequent experiments. 
	Table 2. Percent bound and unbound SAGE-547 in human plasma at various concentrations after dialysis at 37°C for 6 hours. 
	Figure
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	Table 3. Percent bound and unbound SAGE-547 in HSA solution (45 mg/mL) at. 
	various concentrations after dialysis at 37°C for 6 hours. 
	Table 4. Percent bound and unbound SAGE-547 in AAG solution (1.0 mg/mL) at various concentrations after dialysis at 37°C for 6 hours. 
	Figure
	x. Sponsor’s conclusions: 
	1.. 
	1.. 
	1.. 
	SAGE-547 was highly protein bound to human plasma and HSA (fraction unbound of 0.2% for both matrices). 

	2.. 
	2.. 
	SAGE-547 was poorly bound to AAG (fraction unbound of 46.0%). 

	3.. 
	3.. 
	There was no evidence of concentration dependence in any of the matrices over the 



	range of750 to 4000 ng/mL (2.5 to 12.6 ~LM) for SAGE-547. 
	range of750 to 4000 ng/mL (2.5 to 12.6 ~LM) for SAGE-547. 
	• .R eviewer's Comments: 
	1. .
	1. .
	1. .
	The test concentrations ofSAGE-547 (2.5 to 12.6 µM) were higher than the clinical relevant exposures (< 120 nglmL or 0.36 µM), possibility due to the analytical challenges associated with determining the plasma protein binding of highly bound compound. 

	2. .
	2. .
	Positive and negative controls were missing in this study. 

	3. .
	3. .
	The mean percent recovery of plasma protein binding for AAG among all concentrations ranged from 28.3 to 33. 7%, possibility due to compound solubility or nonspecific binding issues to the dialysis device. Poor recovery in the plasma protein binding assay may lead to inaccurate measurement ofplasma protein binding. Thus, it is inconclusive to say SAGE-547 was poor~ybound to AAG. 

	4. .
	4. .
	A high plasma protein binding of> 99% for SAGE-547 was confirmed in both studies SSN-01423 and SSN-408. Thus, despite the issues discussed above, the sponsor 's conclusion for plasma protein binding ofSA GE-547 seems to be reasonable. 


	Study# SSN-408 Title: Plasma Protein Binding Analysis ofSelected Compounds EDR link: \\cdsesubl \evsprod\NDA211371 \0001 \m4\42-stud-rep\422-pk\4223-distrib\ssn­408\ 
	• .
	• .
	• .
	Objective: The objectives of this study were to dete1mine the plasma protein binding of SAGE-547 in mouse, rat, dog and human plasma. 

	• .
	• .
	Methods: Plasma was incubated at 3 7°C for 6 hours in wells with at a nominal concentration of 10 µM of SAGE-547, SGE­565, SGE-708, SGE-746 and SGE-808 using equilibrium dialysis. Aliquots of the incubated sample were removed, extracted, and analyzed using an LC-MS/MS system. The free and bound concentrations for each compound was dete1mined. Positive control for high plasma protein binding [ warfarin (10 µM)] were tested in parallel. 

	• .
	• .
	Analytical Method: LC-MS/MS method (LLOQ = 0.0061 µM, 2 ng/mL). However, this method was not validated, and SAGE­54 7 was quantified by using the fit against the calibration curve. 


	• Results: Tabl 1 P rote1D ffIDd.ID!! 0f SAGE-547.ID Mouse, Rat, D02,andHlasma
	uman P

	e .. 
	Table
	TR
	Plasma Protein Binding 

	TR
	SAGE-547 
	SGE-565 
	SGE-708 
	SGE-746 
	SGE-808 
	Warfarin 

	Mouse 
	Mouse 
	99.7% 
	98.2% 
	95.6% 
	95.8% 
	96.1% 
	77.0% 

	Rat 
	Rat 
	99.6% 
	96.2% 
	97.3% 
	93.1% 
	93.4% 
	99.2% 

	Dog 
	Dog 
	99.7% 
	95.4% 
	97.0% 
	89.7% 
	94.5% 
	95.1% 

	Human 
	Human 
	99.2% 
	98.9% 
	> 98.5% 
	97.4% 
	98.8% 
	99.0% 


	• .Sponsor's conclusions: In all species, plasma protein binding for SAGE-547, SGE-565, SGE-708, SGE-746 and SGE-808 were >99% at 10 µM . 
	• 
	• .R eviewer's Comments: 
	1. .
	1. .
	1. .
	The test concentration of SAGE-547 (JO µM) were higher than its clinical relevant exposures (< 0.38 µM), possibility due to the difficulty of determining the plasma protein binding offor high~y bound compound. 

	2. .
	2. .
	The recovery for the equilibrium dialysis assay was not reported. 

	3. .
	3. .
	A high plasma proteibin binding of> 99%/or SAGE-547 was confirmed in both studies SSN-01423 and SSN-408. Thus, despite the issues discussed above, the sponsor's conclusionfor SAGE-547 seems to be reasonable. 


	Study# SSN-02178 Title: Plasma protein binding detennination with SGE-03211 and SGE-03212 in human plasma by rapid equilibrium dialysis EDR link: \\cdsesub 1\evsprod\NDA2ll3 71\0001 \m4\42-stud-rep\422-pk\4223-distrib\ssn­02l 78\ 
	• .
	• .
	• .
	Objective: The pmpose of this in vitro study was to dete1mine plasma protein binding of test a1ticles SGE-03211 and SGE­03212 in human plasma. 

	• .
	• .
	Methods: Human adult and pediatric plasma were incubations at 37°C for 3 homs in wells with SGE-03211 and SGE-03212 using equilibrium dialysis. Aliquots of the incubated sample were removed, extracted, and analyzed using an LC-MS/MS system. The free and bound concentrations for each compound was dete1mined. Positive controls for high plasma protein binding [ warfarin (10 µM)] and low plasma protein binding [linezolid (10 µM)] were tested in parallel. 

	• .
	• .
	Analytical Method: LC-MS/MS method. 


	• Results: Table 1. Results of Plasma Protein Binding and Recovery of SGE-03211, SGE-03212, Warfarin and Linezolid in Human Plasma. 
	Cone. .% Bound % Recovered 
	Compound Species (µM) A B c Mean SD A B c Mean SD 
	SGE-0321 J 
	SGE-0321 J 
	SGE-0321 J 
	0.3 
	Human (adult) 
	99.4 
	99.3 
	99.4 
	99.4 
	0.028 
	106 
	165 
	93 
	121 
	38 

	SGE­0321J 
	SGE­0321J 
	Human (adult) 
	99.9 
	100 
	JOO 
	JOO 
	0.045 
	160 
	151 
	162 
	158 
	5.7 

	SGE-03212 
	SGE-03212 
	0.3 
	Human (adult) 
	98.l 
	98.8 
	98.8 
	98.6 
	0.38 
	99 
	87 
	95 
	94 
	5.9 

	SGE­03212 
	SGE­03212 
	Human (adult) 
	99.7 
	99.7 
	99.7 
	99.7 
	0.014 
	108 
	122 
	104 
	11 1 
	9.5 

	Warfarin 
	Warfarin 
	JO 
	Human (adult) 
	99.4 
	99.2 
	99.5 
	99.4 
	0.12 
	102 
	69 
	82 
	84 
	16 

	Linezolid 
	Linezolid 
	10 
	Human (adult) 
	47.2 
	48.8 
	54. 1 
	50.0 
	3.6 
	62 
	67 
	59 
	63 
	3.6 


	• .Sponsor's conclusions: 
	1. .
	1. .
	1. .
	Plasma protein binding of SGE-03211 was high, with percent binding values ranging from 99.3 to 100% across the two concentrations tested (at 0.3 µM and 3 µM). 

	2. .
	2. .
	Plasma protein binding of SGE-03212 was high, with percent binding values ranging from 98.1 to 99.7% across the two concentrations tested (at 0.3 µMand 3 µM). 

	3. .
	3. .
	Relative recovery of SGE-03211 and SGE-03212 (compared to the non-dialyzed spiked plasma standards) ranged from 93-165% for SGE-03211 and 87-122% for SGE-03212 over the two concentrations tested. High% recovered values(>100%) resulted in some of the dialyzed donor samples relative to test article concentration in the non-dialyzed spiked plasma sample, which indicated potential non-specific binding of the test aiiicle in the non-dialyzed spiked plasma condition. Since percent plasma protein binding was calcu


	• Reviewer's Comments: The plasma protein binding for SGE-03227 (Ml37), which is the 3rd major circulating metabo!Ue, was not determined. Since SGE-03227 is an inactive metabolite ofSAGE-547, the determination ofplasma protein binding for Ml3 7 is recommended but not required. 
	3. In Vitro Drug Metabolism Studies 
	3. In Vitro Drug Metabolism Studies 

	Study # SSN-594 Title: Reaction Phenotyping of SAGE-547 EDR link: \\cdsesubl \evsprod\NDA211371 \0001 \m4\42-stud-rep\422-pk\4224-metab\ssn­594\ 
	• Objective: To detennine the role of human cytochrome P450 (CYP), UDP-glucuronosyltransferases (UGT) and flavin-containing monooxygenase (FMO) enzymes in the metabolism of 
	SAGE-547.. 
	x Methods: SAGE-... .. ȝ0. ZDV LQFXEDWHG ZLWK UHFRPELQDQW KXPDQ &<3 HQ]\PHV .U&<3.$.. rCYP2B6, rCYP2C8, rCYP2C9, rCYP2C19, rCYP2D6 and rCYP3A4, 50 pmol CYP per incubation), UGT enzymes (rUGT1A1, 1A4, 1A8, 1A9, 2B7, 2B15 and 2B17) and human FMO enzymes (FMO1, FMO3 and FMO5, 0.25 mg/mL) for 60 min. After specific incubation time, reaction was terminated by stop reagent. And the remaining amount of SAGE-547 was quantified. 
	x. Analytical Method: LC-MS/MS 
	x. Results: 
	1.. Disappearance of SAGE-547 was observed following a 60-minute incubation with recombinant CYP2C8 (34%), CYP2C9 (72%), CYP2C19 (99%), and CYP3A4 (100%). Incubations with the remaining recombinant human CYP enzymes evaluated resulted in less than 16% substrate disappearance. 
	Figure
	Figure 1. MHWDEROLVP RI 6$*(í... .. ȝ0. DIWHU .. min incubation by recombinant KXPDQ 8*7 HQ]\PHV ..... PJ SURWHLQ.P/. . ȝ0 6$*(í.... 
	2.. When incubated with recombinant UGT enzymes, disappearance of SAGE-547 was observed with UGT2B7 (63%) and UGT2B17 (51%). Incubations with the other recombinant human UGT enzymes evaluated resulted in less than 13% substrate 
	disappearance. 
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	Figure 2. Metabolism of SAGE-547 (1 µ.M) after 60 min incubation by a panel of recombinant human FMO enzymes (0.25 mg/mL) 1 µM SAGE-547. 
	3. FMO enzymes did not metabolize SAGE-547. 
	~ 100% 90% O'> 80%c: 'E 70%·;;; E 60%., Cl: 50%., 'iii 40% ~ 30% ..c 20%::l CJ) 10% 0% 
	0,., o<-:i .cP<:-'<~ '<~ '<~ .~ .
	~ o" 
	,.,,0 
	Recombinant FMOs
	e? 
	,<:-' 
	Figure 3. Metabolism of SAGE-547 (1 µ.M) after 60 min incubation by a panel of recombinant human FMO enzymes (0.25 mg/mL) 1 µM SAGE-547. 
	• Sponsor's conclusions: SAGE-547 was metabolized by CYP2C8, CYP2C9, CYP2C19, CYP3A4, UGT2B7 and UGT2B 17 in vitro and these enzymes may be involved in the biotransfonnation of SAGE­547 in vivo. 
	• Reviewer's Comments: Though in vitro studies suggested that CYPs and UGTs may be involved in the metabo/;sm ofSAGE-547, the in vivo mass-balance and metabo!Ue ID study clearly demonstrate that the metabolites of SAGE-547 were mainly formed via non-CYP based pathways. SAGE­547 undergoes biotransformation via the following main pathways: I) reduction ofthe C­20 keto moiety, presumably by an en=yme of the aldo-keto reductases (A.KR) family, 2) epbneri:;ation at the C-3 hydroxy position, and 3) sulfonation or
	Based on in vitro data, the sponsor's conclusion that SAGE-547 is a substrate ofCYPs and UGTs is reasonable, although if may have overestimated the contribution of CYPs and UGTs to overall systemic clearance for SAGE-547 due to the use ofa recombinant system (which over-expresses a single en:;yme to artifkally high levels) and the absence of competing en:;ymes and reactions in the in vitro recombinant system. Based on the in vivo data, it is reasonable to conclude that the non CYP based pathways namely-UGTs
	547. 
	4. In Vitro Drug Interaction Studies 
	Study # SSN-01924 Title: fu Vitro Evaluation ofSAGE-547 as an fuhibitor ofCytochrome P450 (CYP) and UDP-Glucuronosyltransferase (UGT) Enzymes in Human Liver Microsomes EDR link: \\cdsesubl \evsprod\NDA211371 \0001 \m4\42-stud-rep\422-pk\4224-metab\ssn­01924\ 
	• Objective To evaluate the ability of SAGE-547 to inhibit, in vitro, select CYP and UGT enzymes in human liver microsomes (namely CYP1A2, CYP2C19, CYP2D6, CYP3A4/5, UGTlAl, UGT1A3, UGT1A4, UGT1A6, UGT1A9, UGT2B7, UGT2B15 and UGT2Bl 7) with the aim of ascertaining the potential of SAGE-547 to inhibit the 
	metabolism ofconcomitantly administered chugs. 
	• 
	• 
	• 
	Methods 

	• 
	• 
	Direct inhibition potential for CYP and UGT enzymes in 


	human liver microsomes (HLM) HLM from a pool of 200 individuals were incubated with marker substrates (typically at approximately Km) for CYP1A2, CYP2Cl9, CYP2D6, CYP3A4/5, UGTIAI, UGTIA3, UGTIA4, UGTIA6, UGTIA9, UGT2B7, UGT2Bl5 and UGT2Bl 7 in the presence (0.03 to 30 µM) or absence of SAGE-547. Residual enzyme activities were measured following adding aliquot of co-factors for CYP assays (NADPH-generating system) and UGT assays (UDPGA). The assays were 
	automatically terminated at the appropriate time by the addition of the appropriate internal standard and stop reagent. 
	• Time-dependent and metabolism-dependent inhibition 
	potential for CYP enzymes in HLM: To distinguish between time-dependent and metabolism-dependent inhibition for CYPIA2, CYP2Cl9, CYP2D6 and CYP2A4/5, SAGE-547 was preincubated with HLM for 30 min without and with an NADPH-generating system, respectively, prior to the incubation with the marker substrates. Following the 30-min preincubation period, marker substrates (0.03 to 30 µM) were automatically added, and the incubations were continued as described previously to measure residual enzyme activity. Known 
	Table 1. Summaiy ofassay conditions to measure microsomal CYP and UGT enzyme activity 
	Figure
	x Analytical Method: LC-MS/MS 
	x Results Table 2. Summary of results: In vitro evaluation of SAGE-547 as an inhibitor of human CYP and UGT enzymes in HLM 
	Figure
	Table 3. Positive control inhibition data for IC50 determinations 
	Figure
	x. Sponsor’s conclusions 
	x. SAGE-547 is not a direct or time-dependent inhibitor for major CYP enzymes. 
	x. SAGE-547 is a direct inhibitor of UGT1A3, UGT1A4, UGT2B7, UGT2B15, UGT2B17 and CYP2C19 with IC50 
	YDOXHV UDQJLQJ IURP ... WR .. ȝ0. 
	x. Greater than 20% direct inhibition of UGT1A9, CYP1A2 and CYP3A4/5-PHGLDWHG PLGD]RODP .ƍ-hydroxylation and WHVWRVWHURQH .ȕ-K\GUR[\ODWLRQ DFWLYLW\ ZDV REVHUYHG DW .. ȝ0 SAGE-547; however, the inhibition was insufficient to calculate an IC50 value. 
	x. There was little or no evidence of direct inhibition of UGT1A1, UGT1A6 or CYP2D6 by SAGE-547, and there was little or no evidence of time-or metabolism-dependent
	inhibition of any of the CYP enzymes evaluated by SAGE­
	547. 
	• 
	• 
	• 
	Reviewer's Comments: • 

	• .
	• .
	We agree with the sponsor's conclusion that SAGE-547 is not a direct or time-dependent inhibitor of clinical relevance for the major CYP enzymes. 


	According to the draft dntg interaction guidance, the predicated ratio ofvictim drug's AUC in the presence and absence of an inhibitor for basic models of reversible inhibition is calculated as following. 
	Table 3. Predicted ratio of victim dmg's AUC in the presence and absence of an inhibitor 
	CYP&UGT isoform 
	CYP&UGT isoform 
	CYP&UGT isoform 
	Basic Models ofReversible Inhibition 

	JC50 (µM) 
	JC50 (µM) 
	K; (µM) 
	lmaxu (µM) ~ 
	R1 

	CYP2CJ9 
	CYP2CJ9 
	29 ± 6 
	14.5 
	0.038 
	1.003 

	UGTIA3 
	UGTIA3 
	21 ± 5 
	10.5 
	0.038 
	1.004 

	UGTIA4 
	UGTIA4 
	26 ± 8 
	13 
	0.038 
	1.003 

	UGT2B7 
	UGT2B7 
	23 ± 5 
	11.5 
	0.038 
	1.003 

	UGT2Bl5 
	UGT2Bl5 
	6.3 ± 1.3 
	3. 1 
	0.038 
	I .OJ 

	UGT2Bl7 
	UGT2Bl7 
	1.7 ± 0.2 
	0.9 
	0.038 
	1.04 

	TR
	Estimated Cmax values at the steady state in humans at 90 µg/kglh dose were 0.38 JIM (J 20 nglmL). Thus lmax.u = 0.38 *1% JIM = 0.038 JIM. Assuming competitive mode of inhibition, K; = 0.5xJC50 *According to the draft drug interaction guidance, considering uncertainties in the protein binding measurements, the unbound fraction in plasma should be set to 1% (fraction unbound in the vlasma (fu.p) = 0.01) ifexve1irnentallv determined to be< 1%. 


	The calculated R1 values were smaller than the recommended cutoff value of 1.02 for CYP2C19, UGTJA3, UGTJA4, UGT2B 7, and UGT2Bl5. Per Guidance recommendation, in vivo studies to evaluate the inhibition potential for CYP2Cl9, UGTIA3, UGTJA4, UGT2B 7, and UGT2BI 5 are not required. 
	SAGE-547 was identified to be a potent inhibitor for UGT2Bl 7 (JC50 = 1.7 µM), indicating it may have the potential to inhibit the metabolism ofa UGT2Bl7 substrate drug. However, there is no specific citations ofclinically relevant DD!s ascribed to this en:;yme, and there is limited information on Us role in the clinical ADME ofdrugs. Tims, an additional in vivo study to evaluate the inhibition potential for UGT2Bl7 is not re uired. 
	Study# SSN-412 Title: In Vitro Evaluation ofSAGE-547 as an Inhibitor of CYP2C9 in HLM EDR link: \\cdsesub 1\evsprod\ND A2l l 3 71\0001 \m4\42-stud-rep \422-pk\4 224-metab \ssn­412\ 
	x Objective: 
	To evaluate the ability of SAGE-547 to inhibit CYP2C9 in HLM. 
	Methods: To evaluate SAGE-547 as a direct, time-dependent and metabolism-dependent inhibitor of CYP2C9 activity, HLM from a pool of sixteen individuals were incubated with marker substrate (diclofenac, Km ... � ... ȝ0. . ȝ0. LQ WKH SUHVHQFH RU DEVHQFH RI 6$*(-547 
	Determination of IC50 values 

	(0.03 – .. ȝ0.. 7R GLVWLQJXLVK EHWZHHQ WLPH-dependent and metabolism-dependent inhibition, SAGE-547 was preincubated with HLM for 30 minutes without and with an NADPH-generating system, respectively, prior to the incubation with the marker substrate. Further evaluation of direct inhibition of CYP2C9 by SAGE-547 was also conducted with pooled HLM and marker substrate (diclofenac, 1.8 – .. ȝ0.. DW PXOWLSle concentrations, in the presence and absence of SAGE-547 (0.1 – . ȝ0. WR GHWHUPLQH WKH .i value and mecha
	Determination of a Ki value 

	Analytical Method: LC-MS/MS x Results: Under the experimental conditions examined, SAGE-547 directly inhibited CYP2C9 with an IC50 YDOXH RI .... ȝ0. $IWHU IXUWKHU HYDOXDWLRQ RI GLUHFW LQKLELWLRQ. 6$*(-547 was found to be a mixed inhibitor of CYP2C9 with a Ki YDOXH RI ..... ȝ0. 7KHUH ZDV QR evidence of time-dependent inhibition or metabolism-dependent inhibition of CYP2C9 by SAGE-547. 
	Table 1. In vitro evaluation of SAGE-547 as an inhibitor of human CYP2C9 
	Figure
	Figure 1. Inhibition of CYP2C9 by SAGE-547: Ki determination 
	Figure
	x. Sponsor’s conclusions: 
	1.. 
	1.. 
	1.. 
	SAGE-547 directly inhibited CYP2C9 with an IC50 YDOXH RI .... ȝ0. 7KHUH ZDV no evidence of time-dependent inhibition or metabolism-dependent inhibition of CYP2C9 by SAGE-547. 

	2.. 
	2.. 
	After further evaluation of direct inhibition, SAGE-547 was found to be a mixed inhibitor of CYP2C9 with a Ki YDOXH RI ..... ȝ0. 


	x. Reviewer’s Comments: 
	1.. According to the draft drug interaction guidance, the predicated ratio of victim drug’s AUC in the presence and absence of an inhibitor for basic models of reversible inhibition is calculated as following. 
	Table 2: Predicted ratio of victim drug’s AUC in the presence and absence of an inhibitor 
	CYP isoform 
	CYP isoform 
	CYP isoform 
	Basic Models of Reversible Inhibition 

	IC50 (μM) 
	IC50 (μM) 
	Ki (μM) 
	Imax,u (μM) * 
	R1 

	2C9 
	2C9 
	0.41 
	0.256 
	..... ȝ0 
	1.15 

	TR
	Estimated Cmax values at the steady state in humans at 90 ȝJ.NJ.K GRVH ZHUH .... ȝ0 (120 ng/mL). Thus Imax,u .... î .. ȝ0 ..... ȝ0. 51 = 1 + (Imax,u / Ki) * According to the draft drug interaction guidance, considering uncertainties in the protein binding measurements, the unbound fraction in plasma should be set to 1% (fraction unbound in the plasma (fu,p) = 0.01) if experimentally determined to be < 1%. 


	The calculated value of R1 = 1.15 is larger than the recommended cutoff value of 1.02 for CYP2C9. Per Guidance recommendation, an in vivo study to evaluate the inhibition potential for CYP2C9 is required. 
	The potential for CYP2C9 inhibition has been assessed in study CLP-105 using oral phenytoin as a CYP2C9 substrate. Phenytoin PK were not significantly different in the 
	presence ofSAGE-547 over a 110-hour infusion; therefore, meaningful PK interaction of SAGE-547 with dntgs metaboli=ed via CYP2C9 is unlikely. 
	2. .Since alpha value is determined to be 83.5, the inhibition type is more likely to be competitive rather than mixed. 
	Study # SSN-01539 Title: In Vitro Evaluation ofSAGE-547 as an Inhibitor ofCYP2B6 and CYP2C8 in HLM EDR link: \ \cdsesub 1 \evsprod\ND A2113 71\0001 \m4\42-stud-rep \422-pk\4 224-metab \ssn­
	01539\ 
	• 
	• 
	• 
	Objective: To evaluate the ability of SAGE-547 to inhibit CYP2B6 and CYP2C8 in vitro in HLM. 

	• 
	• 
	Methods: To evaluate SAGE-547 as a direct, time-dependent and metabolism-dependent inhibitor of CYP2B6 and CYP2C8 activity, HLM from a pool of 200 individuals were incubated with marker substrates in the presence or absence of SAGE-547. To distinguish between time­dependent and metabolism-dependent inhibition, SAGE-547 was preincubated with HLM for 30 min without and with an NADPH generating system, respectively, prior to the incubation with the marker substrates. Known direct and metabolism-dependent inhib


	Table 1. Sllllllllru.y ofassay conditions to measure microsomal CYP2B6 and CYP2C8 enzvme act1v1tles 
	Table
	TR
	Marker Substrate 
	Km (µM) 
	Substrate cone. (µM) 
	SAGE-547 concentration (µM) 

	CYP2B6 
	CYP2B6 
	Efavirenz 
	5.45 ± 0.98 
	5 
	0.03, 0.1, 0.3, 1, 3, 10, 30 

	CYP2C8 
	CYP2C8 
	Amodiaquine 
	2.44 ± 0.19 
	2 
	0.03, 0.1, 0.3, 1, 3, 10, 30 


	• .Analytical Method: LC-MS/MS 
	• Results: Table 2. In vitro evaluation ofSAGE-547 as an inhibitor ofhlllllan CYP2B6 and CYP2C8 
	Enzymt 
	Enzymt 
	Enzymt 
	Substratt 
	Direct Inhibition 
	Time-dependent Inhibition 
	Metabolism-dependent Inh
	ibition 

	Zero-min preincub:ition 
	Zero-min preincub:ition 
	30·min pn•inc ub.iti on w it hout NAOPH 
	30·min preineubotion with NADPH 
	Potentl~I ror metabolism· depend@nt inhibition c

	TR
	ICro(µM) • 
	Maximum Inhibition ObStrVed (%) b 
	IC50 (µM) • 
	Maximum Inhibition observed (%) • 
	IC.50 (µM) • 
	Maximum Inhibition observed (4V•) b 

	CYP2B6 
	CYP2B6 
	Eravirenz 
	~ 30 
	30 
	~ 30 
	26 
	>30 
	37 
	Little or no 

	CYP2C8 
	CYP2C8 
	Amoo1aqu1ne 
	23 . 7 
	49 
	17 . 5 
	53 
	20± 4 
	52 
	Lnue or no 


	a Average data (i.e .. percent of control activity) obtained from duplicate samples tor each test article concentration were used to calculate !Coo values. .1> Maximum 1nt1i1>ition 01>se111ea (%) iS ca1cu1atea WiUl Ule roao111ing roonuta: Maximum ilhil>itlon 01>servea (%) =100% -tne minillum percent solvent .control for any test article concentralioo .
	Metabolism-Oependent inhibi!ion was determined by comparison of ICoo values for samples preilcubated with and without NADPH.generating system. by comparison of the observed inhibition (%)for all preincubation conditions and by visual inspection of the 1c., plots. 
	Table 3. Positive control inhibition data 
	Enzyme 
	Enzyme 
	Enzyme 
	Substr:1te 
	Type of inhibition 
	Inhibitor 
	Zero-min preineub:1tion (% inhibition) 
	30-Min pr•ineub:1tion plus NAOPH (% inhibit ion) 
	lncre:.se in inhibition lifter preineub3tion (%) 

	CYP28 6 
	CYP28 6 
	Etavirenz 
	Dr ect 
	750 µM orpneoaanne 
	73.8 
	NA 
	NA 

	MDI 
	MDI 
	30 )JM Phencydidine 
	0 
	53.2 
	53.2 

	CYP2C8 
	CYP2C8 
	Amooiaquine 
	Dr eel 
	0.05 µM MonleluKast 
	79.8 
	NA 
	NA 

	MDI 
	MDI 
	5 µM Gemfibrozil glucuronide 
	0 
	56.9 
	56.9 


	NA Not app11cao1e .In cases Where inhibilioo is notobserved, the percent inhiM ion is reported as •zero". .
	• .Sponsor's conclusions: 
	1. .
	1. .
	1. .
	SAGE-547 is a direct inhibitor ofCYP2C8 with an IC so value of23 µM. 

	2. .
	2. .
	SAGE-547 is a weak inhibitor for CYP2B6 with approximately 30% inhibition observed at 30 µM. 

	3. .
	3. .
	There was little or no evidence of time-or metabolism-dependent inhibition of CYP2B6 or CYP2C8 by SAGE-547. 


	• .Reviewer's Comments: 
	According to the draft dmg interaction guidance, the predicated ratio of victim dntg's A UC in the presence and absence ofan inhibitor for basic models ofreversible inhibition is calculated as following. 
	Tabl
	e 4: Predicted ratio ofvictim dntg's AUC in the presence and absence ofan inhibitor 

	CYP isoform 
	CYP isoform 
	CYP isoform 
	Basic Models of Reversible Inhibition 

	ICso (~LM) 
	ICso (~LM) 
	Ki (~LM) 1 
	Imax.u (µM) z 
	R i 

	2C8 
	2C8 
	23 
	11.5 
	0.038 µM 
	1.003 

	TR
	Estimated Cmax values at the steady state in humans at 90 µg/kg/h dose were 0.38 µM (120 ng/mL). Thus Imax.u = 0.38 * 1 % µM = 0.038 µM. R1 = I + Omax.u I K;)1K; is calculated assuming competitive mode ofinhibition. 2According to the draft dmg interaction guidance, considering unce11ainties in the protein binding measw-ements, the unbound fraction in plasma should be set to 1 % (fraction unbound in the plasma (fu,p) = 0.01) ifexperimentally detemiined to be < 1%. 


	The calculated value ofR1 = 1.003 turned out to be smaller than the recommended cutoff value of1.02for CYP2C8. Per Guidance recommendation, an in vivo study to evaluate the inhibition potential for CYP2C8 is not warranted. 
	Study # SSN-02080 Title: In Vitro Evaluation ofSGE-03211 (M133), SGE-03212 (M136) and SGE-03227 (M137) as Inhibitors ofCytochrome P450 (CYP) Enzymes in HLM EDR link: \ \cdsesub 1 \evsprod\ND A2 l l 3 71\0001 \m4\42-stud-rep \422-pk\4 224-metab \ssn­02080\ 
	• .Objective: 
	To evaluate the ability of SGE-03211, SGE-03212 and SGE-03227 to each inhibit cytochrome P450 (CYP) enzymes in HLM (namely CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2Cl9, CYP2D6 and CYP3A4/5 [using two different substrates]). 
	• Methods: HLM from a pool of 200 individuals were incubated with marker substrates (based on 
	internal Km or S50 data) in the presence or absence of test article. To distinguish between time-and metabolism-dependent inhibition, each test article was preincubated with HLM for 30 min without and with an NADPH-generating system, respectively, prior to the incubation with the marker substrates. Known direct and metabolism-dependent inhibitors of CYP enzymes were included as positive controls in all experiments. 
	Table 1. Summary of assay conditions to measure microsomal CYP enzyme activity – direct, time-and metabolism-dependent inhibition of enzymes by SGE-03211, SGE-03212 and SGE-03227 
	Figure
	x Analytical Method: LC-MS/MS 
	x Results: Table 2. Summary of results: In vitro evaluation of SGE-03211 as an inhibitor of human CYP enzymes in HLM 
	Figure
	Table 3.In vitro evaluation of SGE-03212 as an inhibitor of human CYP and UGT enzymes in HLM 
	Figure
	Figure
	Table 4. In vitro evaluation of SGE-03227 as an inhibitor of human CYP enzymes in HLM. 
	Figure
	Sponsor’s conclusions 
	1.. SGE-03211 directly inhibited CYP2B6, CYP2C8, CYP2C9 and CYP3A4/5 mediated metabolism with IC50 YDOXHV RI ... ... .. DQG .. ȝ0. UHVSHFWLYHO\. A maximum of 51, 39, 32 and 36% direct inhibition of CYP1A2, CYP2C19, CYP2D6 -mediated metabolism, respectively, were observed in the presence of SGE-03211 concentrations XS WR ... ȝ0. DQG WKH DVVRFLDWHG ,&50 YDOXHV ZHUH UHSRUWHG DV ! ... ȝ0. 
	There was no evidence of metabolism-dependent inhibition of any of the CYP enzymes evaluated by SGE-03211. 
	2.. SGE-03212 directly inhibited CYP1A2, CYP2B6, CYP2C8, CYP2C9 and CYP3A4/5 (as measured E\ PLGD]RODP .ƍ-K\GUR[\ODWLRQ DQG WHVWRVWHURQH .ȕ-hydroxylation) activities with IC50 YDOXHV RI ... ... ... ... .. DQG .. ȝ0. UHVSHFWLYHO\. A maximum of 25 and 30% direct inhibition of CYP2C19 and CYP2D6 activities, respectively, was observed in the presence of SGE-..... FRQFHQWUDWLRQV XS WR ... ȝ0. DQG WKH associated IC50 values ZHUH UHSRUWHG DV ! ... ȝ0. 
	After a 30-min preincubation with pooled HLM in the presence of NADPH cofactor, SGE-03212 caused metabolism-dependent (i.e., time-and NADPH-dependent) inhibition of CYP3A4/5-PHGLDWHG WHVWRVWHURQH .ȕ-hydroxylation. 
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	There was no evidence of metabolism-dependent inhibition of CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6 or CYP3A4/5-PHGLDWHG PLGD]RODP .ƍhydroxylation by SGE-03212. 
	-

	3.. SGE-03227 directly inhibited CYP2B6, CYP2C8 and CYP3A4/5 (as measured by PLGD]RODP .ƍ-hydroxylation and WHVWRVWHURQH .ȕ-hydroxylation) activities with a maximum of 26, 23, 22 and 21% inhibition observed, respectively, in the presence of SGE-..... FRQFHQWUDWLRQV XS WR ... ȝ0. DQG WKH DVVRFLDWHG ,&50 values were reported DV ! ... ȝ0. 7KHUH ZDV QR direct inhibition of CYP1A2, CYP2C9, CYP2C19 or CYP2D6 activities by SGE-03227. 
	There was no evidence of metabolism-dependent inhibition of any of the CYP enzymes evaluated by SGE-03227. 
	x. Reviewer’s Comments 
	1.. 
	1.. 
	1.. 
	Though SGE-03211 is a direct inhibitor for CYP2B6, CYP2C8, CYP2C9 and CYP3A4/5, theIC50 values ranging from 17 -91 μM, that are 100’s of fold higher than clinical concentrations. SGE-03212 is a direct inhibitor for CYP1A2, CYP2B6, CYP2C8, CYP2C9 and CYP3A4/5 with IC50 values ranging from 13 – 85 μM (that are 100’s of fold higher than clinical concentrations). SGE-03227 is not a direct inhibitor for tested CYP enzymes. 
	Direct inhibition 


	2.. 
	2.. 
	A IC50 fold shift of greater than 1.5 is considered a significant shift and the compound is classed as a time dependent inhibitor. The IC50 fold shift values for SGE-03211 and SGE­03212 are calculated as following. 
	Time-dependent inhibition 



	Table
	TR
	Enzyme 
	Zero-min preincubatio n (μM) 
	30-min preincubatio n without NADPH(μM) 
	30-min preincubatio n with NADPH (μM) 
	Fold -shift 1 
	Fold -shift 2 
	Fold -shift 3 

	SGE­0321 1 
	SGE­0321 1 
	CYP1A2 
	> 100 
	56 ± 2 
	49 ± 4 
	> 1.8 
	1.1 
	>2.0 

	CYP2B6 
	CYP2B6 
	49 ± 4 
	27 ± 5 
	27 ± 3 
	1.8 
	1.0 
	1.8 

	CYP2C8 
	CYP2C8 
	17 ± 1 
	18 ± 1 
	13 ± 1 
	0.9 
	1.4 
	1.3 

	CYP2C9 
	CYP2C9 
	40 ± 5 
	68 ± 11 
	63 ± 7 
	0.6 
	1.1 
	0.6 

	CYP3A4/5 (midazolam) 
	CYP3A4/5 (midazolam) 
	91 ± 10 
	55 ± 9 
	36 ± 3 
	1.7 
	1.5 
	2.5 

	CYP3A4/5 (Testosterone ) 
	CYP3A4/5 (Testosterone ) 
	> 100 
	> 100 
	73 ± 9 
	NA 
	>1.4 
	>1.4 

	SGE­0321 2 
	SGE­0321 2 
	CYP1A2 
	84 ± 6 
	40 ± 1 
	45 ± 4 
	2.1 
	0.9 
	1.8 

	CYP2B6 
	CYP2B6 
	42 ± 3 
	31 ± 4 
	30 ± 4 
	1.4 
	1.0 
	1.4 

	CYP2C8 
	CYP2C8 
	12 ± 1 
	12 ± 1 
	8.3 ± 0.9 
	1.0 
	1.4 
	1.4 
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	CYP2C9 
	CYP2C9 
	CYP2C9 
	CYP2C9 
	CYP2C9 
	CYP2C9 
	85 ± 19 

	> 100 

	82 ± 9 

	< 1 

	1.2 

	1.0 
	CYP3A4/5 
	CYP3A4/5 
	CYP3A4/5 
	CYP3A4/5 
	CYP3A4/5 
	13 ± 3 

	13 ± 2 

	12 ± 2 

	1.0 

	1.1 
	1.1 (midazolam) CYP3A4/5 
	57 ± 6 
	57 ± 6 
	57 ± 6 
	57 ± 6 
	81 ± 10 

	42 ± 6 

	0.7 

	1.9 
	1.4 (Testosterone ) 
	Fold-shift 1 = IC50 (Zero-min preincubation) / IC50 (30-min preincubation without NADPH). Fold-shift 2 = IC50 (30-min preincubation without NADPH) / IC50 (30-min preincubation with NADPH). Fold-shift 2 = IC50 (Zero-min preincubation) / IC50 (30-min preincubation with NADPH). 
	For SGE-03211, fold-shift 2 and fold-shift 3 were greater than 1.5 for CYP3A4/5 using midazolam as the substrate, indicating both reversible and time dependent inhibition. Fold-shift 2 and fold-shift 3 were also greater than 1.4 for CYP3A4/5 using testosterone as the substrate. 
	For SGE-03212, fold-shift 2 was great than 1.5 for CYP3A4/5 using testosterone as the CYP3A4/5 substrate, indicating a potential for time-dependent inhibition of CYP3A4/5. However, this observation was not repeatable using midazolam as the substrate. In addition, increased IC50 when preincubated with NADPH as comparing to zero-minute incubation is a rare case with unclear reasons. Thus, considering data from both midazolam and testosterone, it is likely there is no time-dependent inhibition for CYP3A4/5 by 
	Large fold-shift 1 (>1.5 fold) was observed for CYP1A2 and CYP2B6 for SGE-03211 and CYP1A2 for SGE-03212, indicating potential non-NADPH mediated metabolism of test compound into a more potent inhibitor species. 
	For CYP2C9, a greater IC50 value was observed after pre-incubation for 30 min as compared to zero-min incubation. The reason for this change is unknown. 
	In sum, SGE-03211 showed time-dependent inhibition for CYP1A2, CYP2B6, and CYP3A4/5. However, it is noteworthy, that even though the time dependent shift was observed, the IC50 values were all 10 μM or much higher. 
	3.. The total concentrations for metabolites (at highest dose of 90 ug/kg/h) are anticipated as follows: -M133 = ~210 ng/mL = ~ 630 nM -M136 = ~ 225 ng/mL = ~ 675 nM -M137 = ~ 225 ng/mL = ~ 675 nM 
	Direct inhibition 
	Direct inhibition 

	According to the draft drug interaction guidance, the predicated ratio of victim drug’s AUC in the presence and absence of an inhibitor for basic models of reversible inhibition is calculated as following. 
	Table 5. Predicted ratio of victim drug’s AUC in the presence and absence of an inhibitor 
	Table 5. Predicted ratio of victim drug’s AUC in the presence and absence of an inhibitor 

	Metabolite s 
	Metabolite s 
	Metabolite s 
	Basic Models ofReversible Inhibition 

	CYP isoform 
	CYP isoform 
	JC50 (µM ) 
	K; (µM)l 
	Plasma Protein Binding 2 
	Imax (µM) 
	lmax,11 (µM} 
	R1 

	SGE­03211 (M133) 
	SGE­03211 (M133) 
	2B6 
	49 
	24.5 
	1% 
	0.63 
	0.063 
	1.003 

	2C8 
	2C8 
	17 
	8.5 
	1.007 1.003

	2C9 
	2C9 
	40 
	20 

	SGE­03212 (M136) 
	SGE­03212 (M136) 
	2B6 
	42 
	21 
	1.4% 
	0.675 
	0.0095 
	1.0005 

	2C8 
	2C8 
	12 
	6 
	1.002 

	3A4/5 
	3A4/5 
	13 
	6.5 
	1.002 

	TR
	Imax,11 = !max *Plasma protein binding%. R1 = 1 + (Imax,11 I KJ1K; is calculated assuming competitive mode ofinhibition. 2According to the draft drug interaction guidance, considering uncertainties in the protein binding measurements, the unbound fl-action in plasma should be set to 1 % (fraction unbound in the plasma (fu,p) = 0. 01) if experimental~y determined to be < 1%. 


	The calculated values turned out to be smaller than the recommended cutoffvalue of1.02 for CYP2B6, CYP2C8, CYP2C9 and CYP3A4/5 for SGE-03211 and SGE-03212. Per Guidance recommendation, an in vivo study to evaluate the inhibition potential for CYP­mediated drug interactions is not warranted. 
	Time-dependent inhibition 
	Although time-dependent inhibition ldnetic constants were observed for CYP1A2, CYP2B6, and CYP3A4/5 for SGE-03211. Considering relatively low clinical exposure ofSGE-03211 (Imax,u = 0.063 µM) as compared to Us JC50 values (27 -49 µM), the like/;hoodfor CYP­mediated dmg interaction by SGE-03211 is low. Further in vivo drug interaction studies are not required. 
	4. .The sponsor has not assessed the UGT inhibition potential for the major circulating metabo!Ues. The in vitro determination of UGT inhibition potential by major circulating metabo!Ues is recommended. 
	Study# SSN-411 Title: In Vitro Evaluation of SAGE-547 as an Inducer of Cytochrome P450 Expression in Cultured Human Hepatocytes EDR link: \\cdsesub 1\evsprod\ND A2 l 1371\0001 \m4\42-stud-rep \422-pk\4 224-metab \ssn-411 \ 
	• Objective To investigate the effects of treating primaiy cultures of c1yopreserved human hepatocytes with SAGE-547 on the expression of CYP1A2. CYP2B6, CYP3A4 and UGT1A9. 
	• .Methods 
	Three cryopreserved preparations of cultured human hepatocytes from three separate livers were treated once daily for three consecutive days with dimethyl sulfoxide (DMSO, 0.1% v/v, vehicle control), acetonitrile (1% v/v, vehicle control), flumazeQLO ... ȝ0. QHJDWLYH control), one of six concentrations of SAGE-... ..... .... .. .. .. RU .. ȝ0. RU RQH RI WKUHH NQRZQ KXPDQ &<3 LQGXFHUV. QDPHO\. RPHSUD]ROH ... ȝ0.. SKHQREDUELWDO .... ȝ0. DQG ULIDPSLQ ... ȝ0.. $IWHU WUHDWPHQW. WKH FHOOV ZHUH LQFXEDWHG in situ w
	-

	x Analytical Method: LC-MS/MS x Results 
	Figure 1. CYP1A2 activity fold increase: The effect of treating cultured human hepatocytes with SAGE-547 (SGE-102) or prototypical inducers on the rate of phenacetin O-dealkylase activity 
	Figure
	Fold increase = fold change – 1 
	CYP1A2 activity: Treatment of hepatoc\WHV ZLWK XS WR .. ȝ0 6$*(-547 had little or no effect (individual range of 0.202-to 1.09-fold) in CYP1A2 activity from all three hepatocyte cultures. However, there were decreases in CYP1A2 activity at concentrations DERYH ... ȝ0 6*(-102 in HC3-22 (12.9, 13.5, 13.2, 30.7 and 29.3% for 0.5, 3, 5, 30 or 50 ȝ0. UHVSHFWLYHO\. DQG DW .. DQG .. ȝ0 6$*(-547 in HC10-1 (19.4 and 79.8%, respectively). 
	Figure 2. CYP2B6 activity fold increase: The effect of treating cultured human hepatocytes with SAGE-547 or prototypical inducers on the rate of bupropion hydroxylase activity 
	Figure
	Fold increase = fold change – 1 
	Figure 3. CYP2B6 mRNA fold increase: The effect of treating cultured human hepatocytes with SAGE-547 on CYP2B6 mRNA levels 
	Figure
	mRNA Fold increase = fold change – 1 
	Figure 4. CYP2B6 mRNA percent positive control: The effect of treating cultured human hepatocytes with SGE-102 on cytochrome P450 (CYP mRNA levels) 
	Figure
	CYP2B6 activity: Treatment of cultured human hepatocytes with SAGE-... .XS WR .. ȝ0. had little to no effect (<2.0-fold change) on CYP2B6 activity in hepatocyte culture HC3-22, but caused increases in CYP2B6 activity of 3.18-and 2.46-fold, in HC10-1 and HC5-25 at .. ȝ0 6*(-102, respectively and 4.21-fold in HC5-.. DW .. ȝ0 6$*(-547. There was a concentration-dependent increasing trend in all three cultures; however, a 2.0-fold change was never reached in culture HC3-22. CYP2B6 mRNA levels: 7UHDWPHQW RI KHSD
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	Figure 5. CYP2C9 mRNA fold increase: The effect of treating cultured human hepatocytes with SAGE-547 on CYP2C9 mRNA levels 
	Figure
	mRNA fold increase = fold change – 1 
	CYP2C9 mRNA levels: 7UHDWPHQW RI FXOWXUHG KXPDQ KHSDWRF\WHV ZLWK XS WR .. ȝ0 
	SAGE-547 caused little to no change in CYP2C9 mRNA levels (individual range of 0.786to 1.28-fold). 
	-

	Figure 6. CYP3A4/5 activity fold increase: The effect of treating cultured human hepatocytes with SAGE-... RU SURWRW\SLFDO LQGXFHUV RQ WKH UDWH RI PLGD]RODP .ƍhydroxylase activity 
	-

	Figure
	Fold increase = fold change – 1 Figure 7. CYP3A4 mRNA fold increase: The effect of treating cultured human hepatocytes with SAGE-547 on CYP3A4 mRNA levels. 
	Figure
	mRNA fold increase = fold change – 1 
	CYP3A4/5 activity: WUHDWPHQW RI KHSDWRF\WHV ZLWK XS WR .. ȝ0 6*(-102 had little or no effect (individual range of 0.120-to 1.38-fold) in CYP3A4/5 activity. However, two cultures, HC10-1 and HC3-22, resulted in concentration-dependent decreases in CYP3A4/5 
	CYP3A4/5 activity: WUHDWPHQW RI KHSDWRF\WHV ZLWK XS WR .. ȝ0 6*(-102 had little or no effect (individual range of 0.120-to 1.38-fold) in CYP3A4/5 activity. However, two cultures, HC10-1 and HC3-22, resulted in concentration-dependent decreases in CYP3A4/5 
	DFWLYLW\ .GHFUHDVHG E\ .... DQG ..... DW .. ȝ0 6$*(-547, respectively, compared to the vehicle control). CYP3A4/5 mRNA levels: WUHDWPHQW RI KHSDWRF\WHV ZLWK XS WR .. ȝ0 6$*(-547 had little or no effect (individual range of 0.732-to 1.66-fold) in CYP3A4 mRNA levels, however slight decreases in CYP3A4 mRNA levels were observed in all three cultures of hepatocytes ...... .... DQG ..... DW .... . DQG .. ȝ0 LQ +&..-.. ..... DW .. ȝ0 LQ +&.-22; and ..... DW . ȝ0 6*(-102 in HC5-25). 

	Figure 8. UGT1A9 mRNA fold increase: The effect of treating cultured human hepatocytes with SAGE-547 on UGT1A9 mRNA levels 
	Figure
	mRNA fold increase = fold change – 1 
	UGT1A9 mRNA levels: Treatment of cultured human hHSDWRF\WHV ZLWK XS WR .. ȝ0 SAGE-547 caused decreases in UGT1A9 mRNA levels in all three cultures of hepatocytes ...... ..... ..... ..... .... DQG ..... DW .... .... .. .. .. DQG .. ȝ0 6*(-102 in HC10-1, .... DQG ..... DW .. DQG .. ȝ0 6*(-102 in HC3-22 and 15.6, 19.9 and 12.6% at 3, 30 and .. ȝ0 6$*(-547 in HC5-25). The decreases observed in mRNA fold were concentration dependent in hepatocyte culture HC10-1. 
	x Sponsor’s conclusions: 7UHDWPHQW RI FXOWXUHG KXPDQ KHSDWRF\WHV ZLWK XS WR .. ȝ0 ....... QJ.P/. SAGE-547 caused little or no increase in CYP1A2 or CYP3A4 activities or in CYP3A4 mRNA levels, or in CYP2C9 and UGT1A9 mRNA levels. SAGE-547 yielded equivocal results with CYP2B6, showing a modest concentration-dependent increase (above 2-fold) in activity but only one donor demonstrated a concomitant increase in CYP2B6 mRNA. 
	x. Reviewer’s Comments: 
	1.. )RU &<3.%.. D � .-IROG LQFUHDVH LQ P51$ DQG D UHVSRQVH � ... RI WKH UHVSRQVH RI WKH positive control was observed at 50 μM in HC5-25 hepatocyte cultures, indicating SAGE-547 is an inducer for CYP2B6. However, the systemic exposure of SAGE-7 (Iu,max = 0.038 μM) is more than 100 fold lower than the concentration that shown potent induction (50 μM). Additionally, given that brexanolone is going to be marketed as a one time infusion product, clinical exposure to brexanolone is expected only for a short dura
	further in vivo assessment for CYP2B6 induction ;s reqidred. 
	2. .
	2. .
	2. .
	Although the spedfic activUy ofthe induced CYPs determine the relative change in drug metabo/;sm activUy at the protein level, ;n some cases both induction and ;nhibUion may occur, masldng the level of;nductfon when catalytic activUy only ;s measured. SAGE­547 is not an ;nhibitor for CYP3A4/5. However, two metabolites (e.g., SGE-03211 and SGE-03212) were detemdned to be inhibUors ofCYP3A4/5. Thus, it ;s possible that the concentration dependent decrease in CYP3A4/5 activUy was SAGE-547 metabolites at relati

	3. .
	3. .
	The Positive and negative controls for UGT1A9 d;d not work. Thus, the results for UGT1A9 is inconclusive. 


	Study# SSN-01925 Title: In Vitro Evaluation ofSAGE-547 as an Inducer ofCYP1A2 in Cultured Human Hepatocytes EDR link: \\cdsesub 1\evsprod\NDA2l13 71\0001 \m4\42-stud-rep\422-pk\4224-metab\ssn­0 l 925\ 
	• 
	• 
	• 
	Objective: To evaluate the effect of SAGE-547 (0.3 to 25 µM) on the expression of CYP1A2 in three cultures ofprimaiy cryopreserved human hepatocytes. 

	• 
	• 
	• 
	Methods: This study was designed to allow any inductive effects of SAGE-547 to be classified relative to a clinically relevant CYP1A2 inducer, namely omeprazole (an AhR activator) (Pai·kinson et al. 2013). To this end, three preparations of cultured human hepatocytes from three separate livers were treated once daily for three consecutive days with DMSO (0.1% v/v, vehicle control), flumazenil (25 µM, negative control), one of six concentrations of SAGE-547 (0.3, 1, 3, 10, 15 or 25 µM) or a known human CYP1A

	• .Analytical Method: LC-MS/MS 

	• 
	• 
	Results: Figure 1. CYP1A2 mRNA fold change: The effect of treating cultured human hepatocytes with SAGE-547 on CYP1A2 mRNA levels 
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	0.3 µM SAGE-547 1 µM SAGE-547 3 µM SAGE-547 
	10 µM SAGE-547 15 µM SAGE-547 25 µM SAGE-547 25 µM Flumazenil 
	50 µM Omeprazole 
	HC7-12 
	HC7-12 
	HC7-12 
	mRNA Fold Change 
	n 

	TR
	1.00 
	3 

	TR
	1.21 
	4 

	TR
	1.1 3 
	4 

	TR
	1.33 
	4 

	TR
	1.35 
	4 

	TR
	1.27 
	4 

	TR
	1.33 
	4 

	0 
	0 
	0.5 
	1 
	1.5 
	1.42 88.8 
	4 4 


	0 25 50 75 100 .CYP1 A2. mRNA Fold .
	• 
	• 
	• 
	Sponsor's conclusions: Treatment of cultured human hepatocytes with up to 25 µ.M SAGE-547 had little or no effect (i.e.,< 2-fold change) on CYP1A2 mRNA levels. 

	• 
	• 
	Reviewer's Comments: The sponsor's conclusions seem reasonable. 


	Study# SSN-01157 Title: (SAGE-547) SGE-00102-03-A: Assessment as an Inhibitor of P-gp, BCRP and MRP-2 in Human Caco-2 Cells EDR link: \ \cdsesub 1 \evsprod\ND A2 l l 371\0001 \m4\42-stud-rep \422-pk\4 224-metab \ssn­01157\ 
	• Objective: 
	To assess whether SAGE-547 (SGE-00102-03-A) is an inhibitor of BCRP, P-gp or MRP-2 using Caco-2 cells. 
	x Methods: 
	Caco-2 cells were co-GRVHG ZLWK HLWKHU .. ȝ0 URVXYDVWDWLQ .%&53 VXEVWUDWH. UHSRUWHG .m = .. �0.. RU .. ȝ0 WDOLQRORO .3-pg and MRP-2 substrate, reported Km = 100 μM) alone or with SAGE-... DW FRQFHQWUDWLRQV RI ..... .... .... .. DQG .. ȝ0. 
	x Analytical Method: x Results: 
	Figure
	x Sponsor’s conclusions: 
	SAGE-547 does not appear to be an inhibitor of BCRP, P-gp or MRP-2. This is evidenced by its inability to block the efflux of the BCRP substrate (rosuvastatin) and the P-gp/MRP-2 substrate (talinolol) in a dose-dependent manner. The addition of SAGE-547 over a 
	concentration range of 0.25 to 25 µM did not significantly change the permeability or efflux of the substrates. The binning of rosuvastatin and talinolol remained the same with or without SAGE-547 at any of the concentrations tested. 
	• Reviewer's Comments: 
	The study done to determine the BCRP inhibition potent;al of SAGE-547 clearly demonstrates that the efflux ratio for the probe substrate was decreased signiflcantly. However, it ;s poss;ble that this change ;n the efflux ratio ;s due to an inaccurate measurement of the absolute value of A to B permeabUity for rosuvastatin, as an abnormally high efflux ratio of84. 7for the substrate without any concomitant med;cations. In addition, there is no dose-response for SAGE-547 between 0.25 to 25 µM for the permeabi
	Study# SSN-01311 Title: In vitro Interaction Studies of SAGE-547 with human BSEP, MRP3 and MRP4 Efflux (ABC) Transpo1ters, and with human MATEl, MATE2-K, OATl, OAT3, OATPlBl, OATP1B3, OCTl and OCT2 Uptake Transpo1ters EDR link: \\cdsesub 1 \evsprod\ND A2 l l 3 71\0001 \m4 \42-stud-rep \422-pk\4 224-metab \ssn­01311 \ 
	• Objective: 
	The pmpose of this study was to provide data on the interaction of SAGE-547 with the human ABC (efflux) transporters: BCRP, BSEP, MDRl, MRP3 and MRP4; and the human SLC (uptake) transpo1ters: MATEl, MATE2-K, OATPlBl, OATP1B3, OATl, OAT3, OCTl and OCT2. 
	• Methods: Kinetic solubility assessment ofSAGE-547 in assay buffers The aqueous solubility of SAGE-547 was detennined by optical microscopy evaluation (20 x magnification) for all buffers, and in addition by spectrophotometric measurements for 
	uptake and VT buffers. Non-specific binding assays The non-specific binding of SAGE-547 (at 0.2 and 2 µ.M) was dete1mined by incubating SAGE-547 in tissue culture plates in the absence of cells or membranes. Samples in triplicates were taken after the appropriate incubation time and the amount of SAGE-547 in the wells was dete1mined using liquid scintillation counting. Transpo1ter assays 
	1. Vesicular transport inhibition and substrate assays 
	Vesicular transpo1t assays were perfo1med with inside-out membrane vesicles prepared from cells overexpressing human ABC transpo1ters BSEP, MRP3 and MRP4. SAGE­54 7 was incubated with membrane vesicle preparations and the probe substrate. Incubations were caITied out in the presence of 4 mM ATP or AMP to distinguish between transpo1ter-mediated uptake and passive diffusion into the vesicles. After specific incubation time, reactions were quenched by adding ice-cold washing buffer 
	and immediate filtration. The filters were washed, dried and the amount of substrate inside the filtered vesicles was determined by liquid scintillation counting. 
	Figure
	2. Experimental method for vesicular transport substrate assay 
	The accumulation of SAGE-547 into membrane vesicles was determined using inside-out membrane vesicles prepared from cells overexpressing the human BSEP transporter as well as from control cells. Two incubation time points (2 and 20 min) and two FRQFHQWUDWLRQV .... DQG ... ȝ0. RI 6$*(-547 were tested in the presence of ATP or AMP, to determine whether SAGE-547 is actively transported into the vesicles. Reactions were quenched by the addition of ice-cold washing buffer and immediate filtration. The amount of 
	3. Experimental method for uptake transporter inhibition experiments 
	Uptake experiments were performed using CHO, MDCKII, or HEK293 cells stably expressing OAT1, OAT3, OATP1B1, OATP1B3, OCT1, OCT2, MATE1 and MATE2
	-

	K. After specific incubation time with containing the probe substrate and SAGE-547 
	....... ...... ...... ...... ...... ..... DQG .... ȝ0.. UHIHUHQFH LQKLELWRU RU VROYHQW 
	(for controls), cells were washed with ice cold HK buffer and lysed. Radiolabelled probe substrate transport was determined by measuring an aliquot from each well for liquid scintillation counting. 
	4. Experimental method for uptake transporter substrate experiments 
	The uptake of SAGE-547 by OAT1, OAT3, OATP1B1, OATP1B3, OCT1, OCT2, MATE1 and MATE2-K were determined using cells overexpressing the respective uptake transporter and control cells, at two incubation time points (2 and 20 min) and at WZR FRQFHQWUDWLRQV .... DQG ... ȝ0. RI 6$*(-547 to determine whether or not SAGE547 was actively taken up into the cells. The amount of SAGE-547 in the cell lysate was determined by liquid scintillation counting. 
	-

	5. Experimental method for bidirectional permeability (substrate assessment) 
	Bidirectional transport of SAGE-547 was determined through parental MDCKII, MDCKII-BCRP and MDCKII-MDR1 cell monolayers. Cells were preincubated in assay buffer for 10 minutes to allow cells adjusting to the medium. Assay buffer containing SAGE-... DW WZR FRQFHQWUDWLRQV ..... DQG ... ȝ0. ZDV WKHQ DGGHG WR WKH DSSURSULDWH aSLFDO .... ȝ/. RU EDVRODWHUDO FKDPEHU .... ȝ/.. 7KH SUD]RVLQ .%&53. RU GLJR[LQ (MDR1) efflux ratio was determined as a positive control for BCRP or MDR1 function, respectively. 
	x Analytical Method: liquid scintillation counting 
	x Results: 
	Kinetic solubility assessment 
	Kinetic solubility assessment 

	SAGE-... ZDV VROXEOH XS WR . ȝ0 LQ DVVD\ EXIIHUV IRU YHVLFXODU DQG XSWDNH WUDQVSRUW assays, yet precipitated at higher concentrations. 
	Vesicular transport inhibition assays 
	Vesicular transport inhibition assays 

	SAGE-547 did not influence the BSEP, MRP3 or MRP4-mediated probe substrate 
	DFFXPXODWLRQ XS WR WKH KLJKHVW FRQFHQWUDWLRQ RI . ȝ0. 
	Vesicular transport substrate assays 
	Vesicular transport substrate assays 

	The ATP-dependent accumulation of SAGE-547 in BSEP expressing and control vesicles was similar in the presence of ATP and AMP (ATP-dependent fold accumulation values were < 2), indicating no active accumulation of SAGE-547. 
	Uptake transporter inhibition assays 
	Uptake transporter inhibition assays 

	SAGE-547 inhibited the OCT1-and OCT2-mediated metformin accumulation at the applied concentrations in a dose-dependent manner with a maximum inhibition of 80 % for OCT1 and 45% for OCT2. The calculated IC50 YDOXH IRU 2&7. ZDV .... ȝ0. $V WKH LQKLELWLRQ GLG not reach 50%, no IC50 was calculated for OCT2. SAGE-547 did not influence the transporter-mediated probe substrate accumulation at the applied concentrations in the other uptake transporter inhibition assays (MATE1, MATE2K, OAT1, OAT3, OATP1B1 and OATP1B
	-

	Uptake transporter substrate assays 
	Uptake transporter substrate assays 

	Accumulation of SAGE-547 was similar in the OATP1B1, OATP1B3 and OCT1expressing and the control cells for all transporters tested (transporter specific fold accumulation values were < 2), indicating no active accumulation of SAGE-547. 
	-

	Monolayer substrate assays 
	Monolayer substrate assays 

	Permeability of SAGE-547 measured in the MDCKII (parental), MDCKII-BCRP and MDCKII-MDR1 monolayer was similar in both apical to basolateral (A-B) and basolateral to apical (B-A) direction, indicating SAGE-547 is unlikely to be a substrate for either BCRP or MDR1. 
	Table 1. Summary of the obtained results 
	Figure
	Inhibition results Substrate results 
	Maximum Maximum efflux 
	Transporter and .ICso
	inhibition .ratio or fold Subst rate 
	assay type .(µM)
	(% of control) accumulation 
	BCRPML NT NT -1 ER Unlikely 
	MDRI ML NT NT -1 ER Unlikely 
	BSEPVT 
	BSEPVT 
	BSEPVT 
	NIO 
	NIO 
	< 2 fold 
	Unlikely 

	MRP3 VT 
	MRP3 VT 
	NIO 
	NA 
	NT 
	NT 

	MRP4 VT 
	MRP4 VT 
	NIO 
	NA 
	NT 
	NT 


	MATE ! UPT NIO NA NT J\l'f 
	MATE2-K UPT NIO NA NT NT .OATlUPT NIO NA NT NT .OAT3UPT NIO NA NT J\l'f .
	OATP!Bl UPT NIO NA < 2 fold Unlikely 
	OATP1B3 UPT NIO NA < 2 fold Unlikely .OCTI UPT 80 0.41 < 2 fold Unlikely .OCT2UPT 45 NA NT NT .
	not tested. UPT: 11ptake assay VT: vesic11lar transport assay .
	ML: Monolayer assay. NIO: no imeraction observed. defined as inhibition being <20%. NA: not applicable. NT: .

	• .Sponsor's conclusions: 
	1. .
	1. .
	1. .
	SAGE-547 did not inhibit human efflux transpo1ters BSEP, MRP3 and MRP4 up to the highest soluble concentration of2 µM. 

	2. .
	2. .
	SAGE-547 was not detected as and is therefore unlikely a substrate of human efflux transpo1ters BCRP, BSEP and MDRl . 

	3. .
	3. .
	SAGE-547 did not significantly inhibit (no or <20% inhibition) human uptake transpo1ters MATEl, MATE2-K, OATl, OAT3, OATPlBl and OATP1B3, but inhibited human uptake transpo1ters OCTl and OCT2 in a dose dependent manner (OCTl: ICso = 0.41 µM, OCT2: maximum relative inhibition = 45%). 

	4. .
	4. .
	SAGE-547 was not detected as and is therefore unlikely a substrate of human uptake transpo1ters OATPlBl , OATP1B3 and OCT I. 


	• .Reviewer's Comments: 
	1. .
	1. .
	1. .
	According to the FDA draft guidance for dmg interaction, since SAGE-547 is minimally excreted in the urine, in vitro studies to evaluate whether the dmg is a substrate for renal transporters of OATl/3, OCT2, MATEl and MATE2-K are not required. 

	2. .
	2. .
	= 0.0053 10.41 = 0.01, which is smaller than the cut-offvalue of 
	OCTl: lmax,ullC5o 



	0. 1. Thus, the in vivo DD! study is not required. 
	Study: # SSN-02081 Title: fu vitro futeraction Studies of SGE-03211 (M133), SGE-03212 (M136), and SGE-03227 (M137) with human BCRP, BSEP, MDRl , MRP3 and MRP4 Efflux (ABC) Transporters, and with human MATEl, MATE2-K, OATl, OAT3, OATPl Bl, OATP1B3, OCTl and OCT2 Uptake T ranspo1iers EDR link: \\cdsesub 1 \evsprod\ND A2 l 1371\0001 \m4 \42-stud-rep \422-pk\4 224-metab \ssn­
	376 
	Reference ID 44057 47 
	02081\ 
	• Objective: The purpose of this study was to provide data on the interaction of SGE-03211 (M133), SGE-03212 (M136), and SGE-03227 (M137) with the human ABC (efflux) transporters: BCRP, BSEP, MDRl, MRP3 and MRP4; and the human SLC (uptake) transpo1iers: MATEl, MATE2-K, OATl, OAT3, OATPlBl, OATP1B3, OCTl and OCT2. 
	• Methods: 
	1. Vesicular transport inhibition and substrate assays 
	Vesicular transpo1i assays were perfo1med with inside-out membrane vesicles prepared from cells overexpressing BCRP, BSEP, MDRl, MRP3, MRP4. M133, M136 and M137 (2.5 and 25 µM) were incubated with membrane vesicle preparations and the probe substrate. Incubations were caITied out in the presence of 4 mM ATP or AMP to distinguish between transpo1ier-mediated uptake and passive diffusion into the vesicles. After specific incubation time, reactions were quenched by adding ice-cold washing buffer and immediate 
	2. Experimental method for uptake transporter inhibition experiments 
	Uptake experiments were perfo1med using MDCKII, or HEK293 cells stably expressing OATl, OAT3, OATPlBl, OATP1B3, OCTl, OCT2, MATEl and MATE2-K. After specific incubation time with containing the probe substrate and M133, M136 and M137 
	(2.5 and 25 µM), reference inhibitor or solvent (for controls), cells were washed with ice cold HK buffer and lysed. Radiolabelled probe substrate transpo1i was dete1mined by measuring an aliquot from each well for liquid scintillation counting. 
	Table 1. Test aiticles and transporter assays requested by Sage Therapeutics 
	Test article Transporter Assay Applied concentration 
	rang~ 
	BCRP 
	BCRP 
	BCRP 

	BSEP 
	BSEP 

	MORI MRP3 
	MORI MRP3 
	Vesicular transport assay 
	2.5 and 25 µM 

	MRP-l 
	MRP-l 


	SGE­03211 , 
	SGE­03211 , 
	SGE­03211 , 
	MATEI 

	SGE-032 12 and 
	SGE-032 12 and 
	MATE2-K 

	SGE-03227 
	SGE-03227 
	OATI 

	TR
	OAT.l OATPIBI 
	Uptake transporter assay 
	2.5 and 25 µM 

	TR
	0ATPIB3 

	TR
	OCTJ 

	TR
	OCT2 


	• Analytical Method: 
	• Results: Table 1. Summaiy of the obtained results 
	Figure
	x Sponsor’s conclusions: Vesicular transport inhibition assays 
	1.. 
	1.. 
	1.. 
	SGE-03211 inhibited the following efflux transporters: BCRP, BSEP, MDR1 and MRP4, with a maximum of 24%, 88%, 46% and 71%, respectively. SGE-03211 showed no interaction with the human MRP3. 

	2.. 
	2.. 
	SGE-03212 inhibited the following efflux transporters: BSEP, MDR1, MRP3 and MRP4, with a maximum of 89%, 42%, 78% and 81%, respectively. SGE-03212 showed no interaction with the human BCRP. 

	3.. 
	3.. 
	SGE-03227 inhibited the following efflux transporters: BSEP, MRP3 and MRP4, with a maximum of 89%, 99% and 32%, respectively. SGE-03227 showed no interaction with the human BCRP and MDR1. 


	Uptake transporter inhibition assays 
	4.. 
	4.. 
	4.. 
	SGE-03211 inhibited the following uptake transporters: OAT3, OATP1B1, OATP1B3 and OCT1, with a maximum of 44%, 90%, 98% and 35%, respectively. SGE-03211 showed no interaction with the human MATE1, MATE2-K, OAT1 and OCT2 transporters. 

	5.. 
	5.. 
	SGE-03212 inhibited the following uptake transporters: OAT3, OATP1B1 and OATP1B3, with a maximum of 61%, 90% and 95%, respectively. SGE-03212 showed no interaction with the human MATE1, MATE2-K, OAT1, OCT1 and OCT2 transporters. 

	6.. 
	6.. 
	SGE-03227 inhibited the following uptake transporters: OAT1, OATP1B1, OATP1B3 and OCT1, with a maximum of 27%, 53%, 54% and 23%, respectively. SGE-03227 showed no interaction with the human MATE1, MATE2-K, OAT3 and OCT2 transporters. 


	x. Reviewer’s Comments: 
	378 
	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
	All three metabolites are BSEP inhibitors (~ 50% inhibition at 2.5 μM). BSEP is expressed on the canalicular membrane of hepatocyte, where it functions in the secretion of bile salts from the liver into the bile canaliculi. Although the intracellular concentrations of metabolites are not known, considering the systemic exposure (~ 0.65 μM), these metabolites could have the hypothetical potential to cause BSEP inhibition in vivo. It has been reported that BSEP inhibition is associated with cholestatic liver 
	379 
	Version date: February 1, 2016 for initial rollout (NME/original BLA reviews) 
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	EXECUTIVE SUMMARY 
	Study 547-CLP-102 was a randomized, double-blind, active-and placebo-controlled, double-dummy, 6-way crossover study to determine the abuse potential of single doses (90 µg/kg IV) intravenously administered SAGE-547 compared to placebo and 2 doses (1.5 mg and 3 mg) of alprazolam in healthy, nondependent, recreational central nervous system (CNS) depressant users. 
	Of the 40 subjects who were randomized to the Treatment Phase, 36 subjects (80%) were included in the PK Population and 25 subjects (62.5%) completed the study. The reviewer’s analysis was based on the completers. This study was designed before the FDA 2017 guidance was published. Thus, the test value (or margin) for each test was zero. The primary endpoint was Emax of Drug Liking VAS. Per CSS request, this reviewer also studied five secondary abuse potential measures: High VAS, Good Effects, Bad Effects, O
	The statistical analysis results show that: 
	• The mean of Emax for Drug Liking was significantly higher for alprazolam 1.5 mg and 
	3.0 mg compared to placebo, thereby establishing the study validity. 
	•. 
	•. 
	•. 
	On the average, the responses to SAGE-547 90 μg/kg were significantly lower than those to both doses of alprazolam for the primary and five selected secondary endpoints. There was no significant mean (or median) difference between SAGE-547 90 μg/kg and placebo. 

	•. 
	•. 
	On the average, the responses to SAGE-547 180 μg/kg were significantly lower than those to both doses of alprazolam for the primary and five selected secondary endpoints except the primary endpoint for the comparison of SAGE-547 180 μg/kg versus 1.5 mg alprazolam (p=0.029). However, the responses to SAGE-547 180 μg/kg were significantly larger than those to placebo. 

	•. 
	•. 
	On the average, the responses to SAGE-547 270 μg/kg were not significantly different from those to both doses of alprazolam for the primary endpoint and selected secondary endpoints except Bad Effects Emax. SAGE-547 270 μg/kg had significantly lower mean of Bad Effects Emax compared to both doses of alprazolam. 


	In summary, the therapeutic dose of SAGE-547 (90 µg/kg) is not euphoric, and has less liking, and high as well as take drug again compared to alprazolam. However, the mid dose of SAGE­547 showed significantly higher mean response to placebo, and the high dose of SAGE-547 did not show significantly lower mean response to alprazolam 3.0 mg for the primary endpoint and the selected secondary endpoints. The rapidly raising mean response of SAGE-547 at hour 0.5 and less sedative effects raise more concern of the
	1 
	1 
	INTRODUCTION 

	1.1 Overview 
	1.1.1 Background Information 
	Sage Therapeutics has submitted NDA 211371 for brexanolone (5mg/mL) intravenous injection for the treatment of postpartum depression (PPD). The compound was investigated under IND 122279 and received breakthrough therapy on 8/23/16. The Sponsor’s application included a drug abuse potential assessment (Study 547-CLP-102), which was part of a Phase 1 program in support of the development of brexanolone. This consult review responded to a request by the Controlled Substance Staff (CSS) to review this study. 
	SAGE-547 injection (hereafter referred to as “SAGE-547”) is a proprietary formulation of allopregnanolone, also referred to as brexanolone, an endogenous neuroactive steroid and major metabolite of progesterone, which is unscheduled. Allopregnanolone has been available as an unscheduled substance for several decades. Based on the available evidence, there were no signals of abuse, misuse, diversion, dependence or withdrawal with allopregnanolone using a variety of public post-marketing data sources. The Spo
	1.1.2 Specific Studies Reviewed 
	The applicant, Sage, submitted one list of preclinical and clinical study reports related to abuse potential assessment that were conducted and cited in the NDA submission. This review only 
	focuses on the human abuse potential study 547-CLP-102 (Table 1). 

	Table 1: List of Studies Included in this Review 
	Study ID (Duration) 
	Study ID (Duration) 
	Study ID (Duration) 
	Location 
	Design 
	Primary Endpoints 
	Treatments 
	Number of Subjects 

	547-CLP
	547-CLP
	-

	1 site in 
	R, DB, AC, PC, MD, 
	Emax for 
	A: placebo [PBO] 
	40 randomized 

	102 
	102 
	CANADA 
	6-arms crossover to 
	Drug Liking 
	B: alprazolam 1.5 mg PO [ALZ1.5] 
	and 25 subjects 

	TR
	evaluate the abuse 
	C: alprazolam 3.0 mg PO [ALZ3.0] 
	completed all 

	12/21/2015 
	12/21/2015 
	potential of 
	D: SAGE-547 90 µg/kg IV [SAGE90] 
	treatment periods 

	– 8/8/2016 
	– 8/8/2016 
	intravenously 
	E: SAGE-547 180 µg/kg IV [SAGE180] 

	TR
	administered drug 
	F: SAGE-547 270 µg/kg IV [SAGE270] 


	Abbreviations: DB = double blind; PC = placebo-controlled; AC = active-controlled; R = randomized; MD=multi-dose 
	1.2 Data Sources 
	All data was supplied by the applicant to the CDER electronic data room in SAS transport format.  The data and final study report for the electronic submission were archived under the network path location . The information needed for this review was contained in submission modules 5.3.4 modules and datasets. 
	\\...\211371.enx

	2 
	2 
	STATISTICAL EVALUATION 

	2.1 Data and Analysis Quality 
	Data for study 547-CLP-102 was submitted on 4/19/2018 (NDA 211371/S0001). In general, the data and analysis quality are acceptable. 
	2.2 Human Abuse Potential Stud 547-CLP-102 
	2.2.1 Overview 
	547-CLP-102 was a randomized, double-blind, active-and placebo-controlled, double-dummy, 6­way crossover study to determine the abuse potential of intravenously administered SAGE-547 in healthy, nondependent, recreational central nervous system (CNS) depressant users. 
	Objectives of the Study 
	The primary objective of the study was to assess the abuse potential of intravenously infused SAGE-547 relative to placebo and orally administered alprazolam (schedule C-IV) in nondependent, recreational central nervous system (CNS) depressant users. 
	Secondary Objectives were mainly to assess the pharmacokinetics (PK) of SAGE-547 in plasma when administered by intravenous (IV) infusion in nondependent, recreational CNS depressant users and to assess the safety of intravenously infused SAGE-547 relative to placebo and orally administered alprazolam in nondependent, recreational CNS depressant users. 
	Reviewer’s comment: This review report wasonly for the primary objective of the study 
	2.2.1.1 Study Design 
	In order to determine the appropriate maximum dose of SAGE-547 to be used in the main study, this study was conducted in 2 parts: Part A (Dose Selection Phase) and Part B (Treatment Phase). The purpose of Part A was conducted an exploratory Dose Selection Phase to identify the appropriate doses of SAGE-547 to be used in the Treatment Phase (Part B). The study objectives were addressed in Part B. 
	Dose Selection Phase (Part A): consisted of a Screening Visit, Dose Selection Visit, and Follow-Up Visit. The Dose Selection Phase employed an exploratory single-dose, randomized, double-blind, placebo-controlled study to evaluate the safety and tolerability of escalating dose of SAGE­547 given as an IV infusion over 1 hour.  Each SAGE-547 dose level was tested in cohorts of eight new subjects. With subjects in each cohort randomized to receive a dose of either SAGE­547 (n=6) or placebo (n=2). 
	Within 30 days of screening, eligible subjects were admitted to the research clinic on Day -1 for their Dose Selection Visit and dosed on Day 1 with blinded drug, either SAGE-547 or matching placebo, infused over 1 hour.  Subjects were discharged on Day 2, approximately 24 hours after dosing, at the discretion of the investigator or designee.  Subjects returned for a safety Follow-Up Visit 5 to 10 days after dosing or at the time of early withdrawal from the study. 
	Dose selection began with a SAGE-547 dose of 60 µg/kg administered via a 1-hour IN infusion, a dose approximating those that have been previously shown to be well tolerated in past studies in conscious subjects. After the completion of each cohort, available safety data were un-blinded and reviewed by the Investigator, Sage, and designees. Following the review, dose escalation occurred if a higher dose could have been safely administered and if a maximum dose had not been identified. Subsequent cohorts were
	Treatment Phase (Part B): was a single-dose, randomized, double-blind, and placebo-and active-controlled cross-over study with 7 treatment visits per subject. 
	The abuse potential of 3 doses of SAGE-547 (90 µg/kg IV, 180 µg/kg IV, or 270 µg/kg IV) was compared to that of placebo or 1.5 mg and 3.0 mg alprazolam (active control) in healthy, male and female, nondependent, recreational CNS depressant users. Subjects participated in a Screening Visit, one 5-day Qualification Phase, a Treatment Phase consisting of six 3-day in-clinic Treatment Visits (each separated by a minimum 7-day washout period), and a safety Follow-up visit. 
	Within 30 days of a standard medical screening, subjects attended a randomized, double-blind Qualification Phase in which they received either 2.0 mg alprazolam (treatment Y) or matching placebo (treatment X) in a cross-over manner, each separated by approximately 48 hours, to ensure that subjects could discriminate and show positive effect of the positive control effects of alprazolam. 
	Following Qualification, it was planned that approximately 45 healthy female and male subjects aged 18 to 55 years (inclusive), who had used CNS depressants for recreational, nontherapeutic reasons at least five times in the past year and at least once in the 8 weeks prior to screening and were non-substance or alcohol dependent within the past 2 years and who had passed the pharmacologic qualification, were randomized in the Treatment Phase. The treatments in the Treatment Phase were: 
	• 
	• 
	• 
	Treatment A (placebo [PBO]) 

	• 
	• 
	Treatment B (alprazolam 1.5 mg PO [ALZ1.5]) 

	• 
	• 
	Treatment C (alprazolam 3.0 mg PO [ALZ3.0]) 

	• 
	• 
	Treatment D (SAGE-547 90 µg/kg IV [SAGE90]) 

	• 
	• 
	Treatment E (SAGE-547 180 µg/kg IV [SAGE180]) 

	• 
	• 
	Treatment F (SAGE-547 270 µg/kg IV [SAGE270]) 


	Subjects were to receive all six treatments in the order specified by the treatment sequence 
	according to a 6x6 Williams square design below: 
	However, there was an error in the specification of the actual randomization schedule, rather than using the 6x6 Williams square design; subjects received all sex treatments in the order specified 
	below. This issue was discussed in section 2.2.2.2 in this review. 

	Figure
	Treatment visits were separated by a washout interval of at least 7 days. Subjects returned for the safety follow-up visit approximately 5 to 10 days following the last study drug administration. 
	2.2.1.2 Abuse Potential Measures 
	The following pharmacodynamics assessments were administered to evaluate the subjective and objective effects of SAGE-547. 
	was the maximum (peak) effect (Emax) for Drug Liking (“at this moment”), assessed as a bipolar (0 to 100 point) visual analog scale (VAS): Emax of Drug Liking VAS 
	Primary endpoint: 

	were included for the following measures: 
	Secondary endpoints: 

	•. 
	•. 
	•. 
	Balance of effects: − Drug Liking VAS (Emin, and TA_AUE) − Overall Drug Liking VAS (Emax/Emin, end-of-day and next day scores) − Take Drug Again VAS (Emax, end-of-day and next day scores) 

	•. 
	•. 
	Positive effects:. − High VAS (Emax and TA_AUE). − Good Effects VAS (Emax and TA_AUE). 

	•. 
	•. 
	Negative effects:. − Bad Effects VAS (Emax and TA_AUE). 

	•. 
	•. 
	Other drug effects: − Alertness/Drowsiness (Emax, Emin, TEmax, Temin,  and TA_AUE) − Agitation/Relaxation (Emax, Emin, TEmax, Temin,  and TA_AUE) − Any Effects VAS (Emax, TEmax, and TA_AUE) 

	•. 
	•. 
	•. 
	Objective assessment of drug effects:. − Choice Reaction Time (CRT). 

	o. Total Reaction Time (TRT) (CFBmax and TA_AUE) 
	o. Total Reaction Time (TRT) (CFBmax and TA_AUE) 
	o. Total Reaction Time (TRT) (CFBmax and TA_AUE) 

	o. Recognition Reaction Time (RRT) (CFBmax and TA_AUE) 
	o. Recognition Reaction Time (RRT) (CFBmax and TA_AUE) 

	o. Motor Reaction Time (MRT) (CFBmax and TA_AUE) 
	o. Motor Reaction Time (MRT) (CFBmax and TA_AUE) 

	o. % Correct (CFBmin and TA_AUE) 
	o. % Correct (CFBmin and TA_AUE) 



	•. 
	•. 
	•. 
	Percentage correct responses (Emin and TA_AUE). − Divided Attention Test (DAT). 

	o. Mean of 3 Flights RMS (Emax and CFBmax) 
	o. Mean of 3 Flights RMS (Emax and CFBmax) 
	o. Mean of 3 Flights RMS (Emax and CFBmax) 

	o. Mean of 3 Flights % Over Road (Emin and CFBmin) 
	o. Mean of 3 Flights % Over Road (Emin and CFBmin) 

	o. Mean of 3 Flights Furthest Diagonal Distance (Emax and CFBmax) 
	o. Mean of 3 Flights Furthest Diagonal Distance (Emax and CFBmax) 

	o. Mean of 3 Flights Mean Hit Latency (Emax and CFBmanx) 
	o. Mean of 3 Flights Mean Hit Latency (Emax and CFBmanx) 

	o. Mean of 3 Flights False Alarms (Emin and CFBmin) 
	o. Mean of 3 Flights False Alarms (Emin and CFBmin) 

	o. Target Hits (%) (Emin and CFBmin) 
	o. Target Hits (%) (Emin and CFBmin) 

	o. Stanford Sleepiness Scale (Score) (Emax and TEmax) 
	o. Stanford Sleepiness Scale (Score) (Emax and TEmax) 

	o. Sternberg Short Term Memory (SSTM) Task (Dprime, Pooled (Emin and CFBmin) 
	o. Sternberg Short Term Memory (SSTM) Task (Dprime, Pooled (Emin and CFBmin) 

	o. Mean Hit Reaction Time (Emax and CFBmax) 
	o. Mean Hit Reaction Time (Emax and CFBmax) 




	Reviewer’s Comments: There were too many abuse potential measures in this study. After discussed with the CSS reviewer, this reviewer only focused on the secondary endpoints above in bold. 
	2.2.1.3 Analysis Population and Sample Size 
	For subjects randomized in the treatment phase, most subjects were male (76%), White (76%), and not Hispanic or Latino (92%). The mean (SD) age was 39.0 (7.9) years and ranged from 28 to population. No imputation was performed for any missing measurements. A total of 40 subjects were randomized to the treatment phase and 25 subjects completed all 6 treatment periods. 
	53 years (See Table 11 in Appendix. for detail). The primary analysis was based on the completer 

	The sponsor claimed that as determined by a paired t-test with a 2-sided significance level of 0.05, a sample size of 24 subjects had at least 90% power to detect a difference of 15 in Drug Liking VAS Emax (bipolar scale) with a standard deviation (SD) of 20. Assuming an approximate 25% dropout rate, 36 subjects (six subjects per sequence) were to be randomized into the treatment phase, with the intention to complete approximately 24 subjects (four subjects per sequence). 
	2.2.1.4 Statistical Methodologies used in the Sponsor’s Analyses 
	The primary endpoint analyses were based on Drug Liking VAS Emax and the following pairwise treatment comparisons were performed: 
	•. 
	•. 
	•. 
	Each dose of alprazolam (1.5 mg, 3.0 mg) compared with placebo 

	•. 
	•. 
	Each dose of SAGE-547 (low, intermediate, high) compared with each dose of alprazolam (1.5 mg, 3.0 mg) 

	•. 
	•. 
	Each dose of SAGE-547 (low, intermediate, high) compared with placebo 


	The treatment comparison analyses were performed using a mixed-effects model for a crossover study. The model included effects for treatment sequence, treatment, and period as fixed effects, baseline (pre-dose) measurement as a covariate, where applicable, and subject nested within treatment sequence as a random effect. Contrasts were used to calculate least square means for each treatment, pairwise differences between treatments, and the corresponding 95% confidence intervals and p-values for each differen
	The residuals from the mixed-effect model were investigated for normality using the Shapiro-Wilk W-test. Parameters were analyzed as having a normal distribution if the probability value is ≥0.05. Parameters that did not meet this criterion were analyzed nonparametrically. Nonparametric tests of overall treatment effect were assessed using Friedman’s test (using a Freq procedure); pairwise treatment comparisons were assessed using the sign test on the within-subject differences (using a Univariate procedure
	For study validity purposes, the primary endpoint, Emax for Drug Liking VAS, was compared between the investigational positive control (alprazolam) and placebo. The comparison would assess the null hypothesis that the mean difference in Emax VAS for Drug Liking for alprazolam minus placebo was less than or equal to 0 against the alternative hypothesis that the mean 
	For study validity purposes, the primary endpoint, Emax for Drug Liking VAS, was compared between the investigational positive control (alprazolam) and placebo. The comparison would assess the null hypothesis that the mean difference in Emax VAS for Drug Liking for alprazolam minus placebo was less than or equal to 0 against the alternative hypothesis that the mean 
	𝐴𝐴 is 𝑃𝑃 is the mean for placebo): 
	difference was greater than zero. The hypotheses could be expressed as the following (where 
	𝜇𝜇
	the mean for alprazolam and 
	𝜇𝜇


	H0: 𝜇𝜇𝐴𝐴 − 𝜇𝜇𝑃𝑃 ≤ 0 vs H1: 𝜇𝜇𝐴𝐴 − 𝜇𝜇𝑃𝑃 > 0 
	If statistically significant, it would confirm the sensitivity of the study and allow for the comparison of the other pairwise comparisons including SAGE-547 doses. 
	The Univariate procedure in SAS software returns a two-sided p-value (noted “P > |M|”). To get a one-sided p-value focusing on upper tail (noted “P > M”), the following transformation had to be made regarding the sign of M (statistic M being the sign test value). 
	•. 
	•. 
	•. 
	If M is positive, then P > |M| = (P < -M) + (P >M) leading to P> M= (P > |M|) / 2. 

	•. 
	•. 
	Else ifM is negative then P > |M| = (P < M) + (P > -M) leading to P >M = 1 –((P > |M|) / 2). 


	Reviewer’s comment: According to FDA Guidance for Industry: Assessment of Abuse Potential of Drugs published in January 2017, hierarchically testing the following three hypotheses for mean differences: 
	1.. 
	1.. 
	1.. 
	H0: µc-µp ≤δ1 versus Ha: µc -µp > δ1, where δ1 > 0. 

	2.. 
	2.. 
	H0: µc-µT ≤ δ2 versus Ha: µc -µT > δ2, where δ2 ≥ 0. 

	3.. 
	3.. 
	H0: µT-µp ≥δ3 versus Ha: µT -µp < δ3, where δ3 >0. 


	1, δ2, and δ3 should be pre-specified in the protocol according to such factors as subjective measures, drug class, and route of drug administration. All tests are at 0.05­alpha significance level. 
	The actual values of δ

	The Statistical Analysis Plan (SAP) for this study was finalized on 9/27/2016, before the guidance was published.  Therefore, it is acceptable the sponsor’s analyses using margin as 0 with a significance level of 0.025 (1-sided) except the comparison between test drug and placebo. 
	2.2.1.5 Changes in the Conduct of the Study 
	The Statistical Analysis Plan (SAP) was finalized on 9/27/2016.  As the sponsor reported, the following changes were made in the planned statistical analysis. 
	1.. 
	1.. 
	1.. 
	Due to the randomization schedule error, Section 6.10.1 has been updated to remove the inclusion of a first-order carryover effect and skip the first stage of the analysis which was planned to test the carryover effect at the 25% significance level. Instead, it will be assumed that there is no first-order carryover effect. The assumption of no carryover effect is considered acceptable based on the 6-day washout between treatment periods and the estimated half-lives of the study drugs used. 

	2.. 
	2.. 
	The confidence intervals for the mixed effects models were changed from 90% to 95% CIs. 

	3.. 
	3.. 
	The Wilcoxon rank test was changed to the sign test. 


	2.2.1.6 Sponsor’s Summary and Conclusions 
	Summary 
	Summary 

	•. 
	•. 
	•. 
	The Emax for Drug Liking was significantly higher for alprazolam 1.5 mg and 3.0 mg compared to placebo, thereby establishing study validity. 

	•. 
	•. 
	The Emax for Drug Liking, Good Effects, High Effects, and Any Effects was significantly lower for SAGE-547 90 μg/kg and 180 μg/kg compared to alprazolam 1.5 mg. There was no significant difference between SAGE-547 270 μg/kg and alprazolam 3.0 mg. 

	•. 
	•. 
	The Emax for Drug Liking, Good Effects, High Effects, and Any Effects was significantly higher for both SAGE-547 180 μg/kg and 270 μg/kg compared to placebo. For SAGE-547 90 μg/kg, the Emax for Good Effects, High Effects, and Any Effects was significantly 


	higher compared to placebo. The difference between SAGE-547 and placebo increased 
	with increasing dose of SAGE-547. 
	•. 
	•. 
	•. 
	Drowsiness and sleepiness ratings were significantly lower (ie, less drowsiness/sleepiness) for SAGE-547 90 μg/kg and 180 μg/kg compared to alprazolam. The SAGE-547 270 μg/kg dose produced sedative effects similar to alprazolam. 

	•. 
	•. 
	Performance on motor, attention, and short-term memory tasks were generally better for all SAGE-547 doses compared to each alprazolam dose. 


	Alprazolam demonstrated effects consistent with the known profile for abuse potential as a Schedule IV controlled substance. 
	Conclusion 

	The therapeutic dose of SAGE-547 (90 μg/kg) demonstrated some potential for abuse, but did not differentiate from placebo on several parameters including Emax and TA_AUE for Drug Liking. The SAGE-547 90 μg/kg dose also had minimal effects on drowsiness, relaxation, and sleepiness and did not show evidence of decreasing short-term memory or attention. 
	Supratherapeutic doses of SAGE-547 did not exceed the abuse potential or performance effects of alprazolam. On many parameters, the supratherapeutic SAGE-547 dose (180 μg/kg) demonstrated significantly less abuse potential and better performance on motor and attention tasks compared to both alprazolam doses. The supratherapeutic SAGE-547 dose (270 μg/kg) demonstrated abuse potential in the range of therapeutic alprazolam doses, but was associated with less drowsiness/sleepiness and often better performance 
	2.2.2 Reviewer’s Assessment 
	This reviewer focused on the primary endpoint Emax of Drug Liking VAS and selected secondary endpoints (High VAS, Good Effects, Bad Effects, Overall Drug Liking VAS, and Take Drug Again VAS). All analyses were based on completer population. In the reviewer’s tables and figures PBO, ALZ1.5, ALZ3.0, SAGE90, SAGE180, and SAGE270 denote placebo, alprazolam 
	1.5 mg, 3 mg, SAGE-547 90 µg/kg IV, 180 µg/kg IV, and 270 µg/kg IV, respectively. 
	This reviewer followed the sponsor’s SAP, all analyses used margin as 0 with a significance level of 0.025 (1-sided) and based on the completer population. The heat maps in this report were using the heat map methods proposed by Chen and Wang (2012). 
	2.2.2.l Missing Data Issue 
	All sponsor's analyses were based on the PD population. According to FDA guidance, all analyses in this review were based on the completer population. 
	-3 show the individual time course response profiles for two doses of alprazolam and high dose of SAGE-547 for Drug Liking VAS. The orange line separates the responses by gender. The subjects above the orange line are females, and the subjects below the orange line are males. Colors blue, white, and red denote dislike, neutral and like, respectively. The grey color indicates missing data. Froay see that for ALZ3.0 24% (6/25), 36% (9/25), 24% (6/25) and 16% (4/25) of subjects have missing data at hours 0.66,
	Figure 1 
	m Figure 1, one m
	l. Figure 
	2 showed much less missing 
	2. Figure 3 shows that only one subject had miss

	Figure 1: Individual Time Course Response Profiles for Drug Liking VAS (ALZ3) 
	l I 0 5 25 30 35 40 45 50 55 60 65 70 75 60 85 90 95 100 
	0.33 .0 .66 1.33 1.00 2 3 12 24 Time (h) 
	Figure 2: Individual Time Course Response Profiles for Drug Liking VAS (ALZl.5) 
	Figure
	12 24
	12 24


	033 066 133 166 2 3 Time (h) 
	Figure 3: Individual Time Course Response Profiles for Drng Liking VAS (SAGE270) 
	Figure
	0.33 0.66 1.33 1.66 2 3 
	0.33 0.66 1.33 1.66 2 3 
	Time (h) 


	12 2-t 
	In past Human Abuse Potential (HAP) studies with alprazolam as a positive control, some sponsor repo1ted that all subjects with missing data points in the alprazolam 3 mg treatment period had somnolence sufficient to prevent them from providing an accurate assessment (i.e. fell asleep) and were not easily awakened. It is standard practice at the site conducting the study to attempt to arouse the subject at least once. Ifthe subject is extremely sedated and is not easily aroused, the investigator must assess
	Because this was a crossover study and the prima1y endpoint was Emax, the missing data were not imputed in either the Sponsor's analysis or the reviewer's analysis. Since SAGE270 had the similar missing status as ALZl.5, therefore, in this reviewer' s opinion, ALZl.5 may be a proper dose ofthe active control in this study. 
	2.2.2.2 Study Design Issues 
	According to the sponsor 's repo1i, during the conduct ofthe study, after the initiation of the Qualification and Treatment Phases, it was discovered that the 6x6 Williams square design was incoITectly implem ented in the randomization scheme of the study. The order of treatments within sequence in the final randomization scheme was not the same as defined in the Williams square design table provided in the protocol. 
	6x6 Williams square design table: 
	Table
	TR
	Treatment bv Period 

	Treatment Sequence 
	Treatment Sequence 
	1 
	2 
	3 
	4 
	5 
	6 

	I 
	I 
	A 
	B 
	F 
	c 
	E 
	D 

	2 
	2 
	B 
	c 
	A 
	D 
	F 
	E 

	3 
	3 
	c 
	D 
	B 
	E 
	A 
	F 

	4 
	4 
	D 
	E 
	c 
	F 
	B 
	A 

	5 
	5 
	E 
	F 
	D 
	A 
	c 
	B 

	6 
	6 
	F 
	A 
	E 
	B 
	D 
	c 


	Implemented design table: 
	T reut ment Treatments b,· Period Seq uence I 2 3 -' s 6 I A B c D E F 2 B c D E F A 3 c D E F A B -' D E F A B c 5 E F A B c D 6 f _'\ B c D E 
	Note: 
	• 
	• 
	• 
	Treatment A (placebo [PBOD 

	• 
	• 
	Treatment B (alprazolam 1.5 mg PO [ALZl.5]) 

	• 
	• 
	Treatment C (alprazolam 3.0 mg PO [ALZ3.0J) 

	• 
	• 
	Treatment D (SAGE-547 90 µg/kg IV [SAGE90]) 

	• 
	• 
	Treatment E (SAGE-547 180 µg/kg IV [SAGE180]) 

	• 
	• 
	Treatment F (SAGE-547 270 µ.g/kg IV [SAGE270]) 


	The second design table shows placebo after the high dose of SAGE-547 and the low dose of SAGE-547 after the high dose of alprazolam. As shown in Figure 4, the heat map indicates a < >< took placebo after taking the high dose oftest d.Iug, and had scores ofEmax of Drug Liking 70 and 74 for placebo, respectively. 
	possibility ofca.nyover effects. For example, subjects 
	11 
	5 

	Figure 4: Heat Map for Emax of Drug Liking VAS by Sequence and Treatment (N=25) 
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	The statistical model used in the reviewer's analysis was the linear mixed-effects model with pe1iod, sequence, treatment, and the first-order carryover effect as fixed effects, subject as a random effect. The first-order carryover effect was significant only for the primary endpoint (p­value=0.1394 < 0.25 alpha level). This reviewer performed the sensitivity analyses for the primary endpoint. The analysis results based on the model including the first-order carryover effect were similar to those excluding 
	(see Tab
	le 12 and Table 3 

	ee Table 13 
	Table 3 for 

	2.2.2.3 Placebo Response 
	Thirty six percent (9/25) ofsubjects had placebo responses (Emax > 60) to Drng Liking VAS, as shown in As shown in time course response profiles of SAGE-547 90 µg/kg and placebo are similar. The mean Emax ofDrng Liking of placebo responses is 59.8 with a standard deviation of 13.7 (see arge placebo responses may reduce the mean difference between SAGE-547 90 µg/kg and placebo. Hence there may be a sedous consequence ofconcluding no abuse potential ofSAGE-547 90 µg/kg, when it may not be trne. 
	Figure 8. 
	Figure 5 and Figure 6, the individual 
	Table 2). The l

	Figure 5: Individual Time Course Response Profile for Placebo for Drng Liking VAS (N=25) 
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	Figure 6: Individual Time Course Response Profile for SAGE-547 90 µg/kg for Drng Liking VAS (N=25) 
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	12 24 
	2.2.2.4 Primary Analysis 
	2.2.2.4.l Descriptive Statistics 
	The plimaiy PD measure for this study was the 0-to 100-point bipolar VAS score for Drug Liking. A score of0 indicates strong disliking, a score of 50 indicates neither liking nor disliking, and a score of 100 indicates strong liking. As showed in ofALZl.5 and ALZ3.0 ai·e 100. It means that even for a schedule IV diug, alprazolam, the Emax ofDrug Liking VAS is extremely large in approximately 25% of subjects. One may notice that the means and medians ofthe differences between alprazolam two doses and SAGE-54
	Table 2, the third qua1t iles 

	Table 2 Summaiy Statistics for Emax ofDrug Liking VAS (N=25) 
	TRT or Comparison 
	TRT or Comparison 
	TRT or Comparison 
	Mean 
	Std 
	Minimum 
	Ql 
	Median 
	Q3 
	Maximum 

	PBO ALZL5 ALZ3.0 SAGE90 SAGE180 SAGE270 
	PBO ALZL5 ALZ3.0 SAGE90 SAGE180 SAGE270 
	59.8 82.l 89.5 62.8 75.7 86.9 
	13.7 16.6 15.6 16.4 16.5 133 
	50 51 51 50 50 51 
	50 71 75 51 67 76 
	51 76 100 55 72 90 
	69 100 100 69 82 100 
	100 100 100 100 100 100 

	ALZL5vs PBO ALZ3.0 vs PBO 
	ALZL5vs PBO ALZ3.0 vs PBO 
	223 29.7 
	17.6 17.2 
	-1 0 
	11 17 
	20 31 
	32 49 
	50 50 

	ALZ3.0 vs SAGE90 ALZL5 vs SAGE90 SAGE90 vs PBO 
	ALZ3.0 vs SAGE90 ALZL5 vs SAGE90 SAGE90 vs PBO 
	26.7 193 3.0 
	19.7 20.l 18.8 
	-1 -25 -45 
	10 2 -1 
	24 19 0 
	49 34 13 
	50 50 50 

	ALZ3.0 vs SAGE180 ALZL5 vs SAGE180 SAGE180 VS PBO 
	ALZ3.0 vs SAGE180 ALZL5 vs SAGE180 SAGE180 VS PBO 
	13.8 6.4 15.9 
	18.2 15.5 18.0 
	-15 -20 -24 
	0 0 0 
	6 2 16 
	25 17 22 
	50 48 50 

	ALZ3.0 vs SAGE270 ALZL5 vs SAGE270 SAGE270 VS PBO 
	ALZ3.0 vs SAGE270 ALZL5 vs SAGE270 SAGE270 VS PBO 
	2.6 -4.8 27.2 
	12.l 11.l 16.4 
	-23 . 33 0 
	-1 -10 15 
	0 .3 26 
	4 0 42 
	30 22 50 


	Fi ire 7: Mean Time Course Profiles for Dru Likin VAS (N=25) 
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	Dmg Liking VAS scores for the subjects took with SAGE-547 increase rapidly, with a steep rate of1ise and drop rapidly after 2 hours then gradually approach to baseline value after 4 hours. The onset ofeffect is at approximately 0. 5-hour post-dose for mid and high doses of SAGE-547. On contract, the curves for ALZ3.0 and ALZI.5 increase gradually and reach the peak around hour 4 and gradually drop to baseline at hour 24. The peak mean response ofALZ3.0 is larger than that ofALZI.5 and lower than SAGE270. Th
	As shown in Figure 7, the mean 

	In the ofblue indicates the degree ofthe disliking, the intensity ofred indicates the degrees ofthe liking and white denotes neutral score of50. From this graph, one may notice that some subjects have high placebo responses. The responses to SAGE90 and PBO are ve1y similar. Overall, more subjects highly like ALZl.5, ALZ3.0, and SAGE270 compared to SAGE90 and SAGE180. The light pink in the catego1y [51, 60] occurs in many subjects for PBO and SAGE90. One may notice ofEmax ofDmg Liking VAS are 55 and 51 for S
	heat map (Figure 8), the intensity 
	that in Table 2, the medians 

	Figure 8: Heat Map for Emax ofDmg Liking VAS by Treatment (N=25) 
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	p
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	Treatment .(Note: in the figure, CH=ALZ3.0, CL=ALZl.5, P=PBO, TH=SAGE270, 1L=SAGE90, and1M=SAGE180) .
	Because this was a crossover study, the dose response curves for the test dmg relative to the active control and placebo may be also useful. As show in ponses of SAGE-547 were obse1ved. 
	Figure 9, positive dose res

	Figure 9: Dose Response Curves of SAGE-547 and Alprazolam in difference from Placebo for Emax of. Drug Liking (n=25). 
	Figure
	2.2.2.4.2 Inferential Statistics 
	The statistical model used in the reviewer’s analysis was the linear mixed-effects model with period, sequence, and treatment as fixed effects, and subject as a random effect. There were no significant period and sequence effects. The reviewer checked assumptions in the model for the equal variances and the normality. The normal assumption was not violated for Drug Liking VAS. However, the assumption of equal variances was not satisfied. The SAS proc mixed procedure can adjust the unequal variances using Tu
	As show on Table 3, the mean of Emax for Drug Liking is significantly higher for alprazolam 1.5 mg and 
	As show on Table 3, the mean of Emax for Drug Liking is significantly higher for alprazolam 1.5 mg and 

	3.0 mg compared to placebo, thereby establishing study validity. The mean response to SAGE-547 90 μg/kg is significantly smaller than that to each of alprazolam. There is no significant mean difference between SAGE-547 90 μg/kg and placebo. On the average, the responses to SAGE-547 180 μg/kg are significantly lower than those to 3.0 mg dose of alprazolam only. LSmean of Emax of Drug Liking produced by SAGE-547 180 μg/kg (75.8) was not statistically significantly smaller than those produced by alprazolam 1.5
	represent the mean difference between the treatments and bar represent the 95% confidence interval of the mean difference. The markers fall in the negative area of Emax indicates that the SAGE-547 doses are numerically or significantly lower than comparator in term of Emax.  The bar touched the 0 line indicates that the treatment comparison is not statistically significant. 
	Figure 10 graphically displays the treatment comparison of Emax of Drug Liking VAS. The markers 

	Table 3: Statistical Analysis Results for Emax of Drug Liking (Completer Population) 
	Statistic 
	Statistic 
	Statistic 
	SAGE90 N=25 
	SAGE180 N=25 
	SAGE270 N=25 
	ALZ1.5 N=25 
	ALZ3.0 N=25 
	PBO N=25 

	TR
	Emax 

	Mean (STD) Median Q1, Q3 Min, Max LS mean (SE) 
	Mean (STD) Median Q1, Q3 Min, Max LS mean (SE) 
	62.8 (16.4) 55 51, 69 50, 100 62.3 (3.8) 
	75.7 (16.5) 72 67, 82 50, 100 75.8 (3.3) 
	86.9 (13.3) 90 76, 100 51, 100 86.9 (2.8) 
	82.1 (16.6) 76 71, 100 51, 100 81.9 (3.1) 
	89.5 (15.6) 100 75, 100 51, 100 89.7 (3.2) 
	59.8 (13.7) 51 50, 69 50, 100 59.80 (3.5) 

	TR
	Treatment Comparisons 

	Comparison 
	Comparison 
	LS Mean Difference (SE) 
	95% Confidence Interval 
	p-value 

	ALZ1.5 vs PBO ALZ3.0 vs PBO 
	ALZ1.5 vs PBO ALZ3.0 vs PBO 
	22.1 (3.3) 29.9 (3.4) 
	(15.3, 28.8) (23.0, 36.9) 
	<.0001 <.0001 

	ALZ3.0 vs SAGE90 ALZ1.5 vs SAGE90 SAGE90 vs PBO 
	ALZ3.0 vs SAGE90 ALZ1.5 vs SAGE90 SAGE90 vs PBO 
	27.4 (3.7) 19.6 (3.6) 2.5 (4.0) 
	(19.9, 34.9) (12.3, 26.9) (-5.6, 10.6) 
	<.0001 <.0001 0.2677 

	ALZ3.0 vs SAGE180 ALZ1.5 vs SAGE180 SAGE180 vs PBO 
	ALZ3.0 vs SAGE180 ALZ1.5 vs SAGE180 SAGE180 vs PBO 
	13.9 (3.2) 6.1 (3.1) 16.0 (3.5) 
	(7.4, 20.4) (-0.29, 12.4) (8.8, 23.2) 
	<.0001 0.0304 <.0001 

	ALZ3.0 vs SAGE270 ALZ1.5 vs SAGE270 SAGE270 vs PBO 
	ALZ3.0 vs SAGE270 ALZ1.5 vs SAGE270 SAGE270 vs PBO 
	2.8 (2.7) -5.1 (2.5) 27.1 (3.1) 
	(-2.8, 8.3) (-10.4, 0.2) (20.9, 33.4) 
	0.1572 0.9709 <.0001 


	Note: All p-values were from the one-sided t test with 0 025 alpha level, and adjusted by Tukey -Kramer’s method for unequal variances 
	Figure 10: Treatment Comparisons for Emax of Drug Liking VAS 
	Figure
	significant differences are a). The mean produced by 180 µg/kg of SAGE-547 were significantly lower than those produced by 1.5 mg of alprazolam for Emax of Drug Liking; b). The mean produced by 270 µg/kg of SAGE-547 was significantly larger than 1.5 mg of alprazolam. According to FDA guidance, this review’s analyses results were based on the completer population. 
	Table 4 displays the primary analysis results based on the PD population. 
	 Compare with Table 3, the 

	Table 4: Statistical analysis results for Drug Liking VAS (PD population) 
	Statistic 
	Statistic 
	Statistic 
	SAGE90 N=32 
	SAGE180 N=32 
	SAGE270 N=32 
	ALZ1.5 N=33 
	ALZ3.0 N=31 
	PBO N=30 

	TR
	Emax 

	Mean (STD) Median Q1, Q3 Min, Max LS mean (SE) 
	Mean (STD) Median Q1, Q3 Min, Max LS mean (SE) 
	65.1 (17.3) 60 51, 75 50, 100 64.5 (3.3) 
	75.2 (16.0) 73 66.5, 81 50, 100 75.5 (2.9) 
	87.3 (12.7) 88 77, 100 51, 100 87.5 (2.2) 
	82.4 (16.0) 78 71, 100 51, 100 82.8 (2.5) 
	88.4 (16.5) 100 73, 100 50, 100 87.8 (3.0) 
	58.7 (13.0) 51 50, 100 50, 100 58.7 (3.1) 

	TR
	Treatment Comparisons 

	Comparison 
	Comparison 
	LS Mean Difference (SE) 
	95% Confidence Interval 
	p-value 

	ALZ1.5 vs PBO ALZ3.0 vs PBO 
	ALZ1.5 vs PBO ALZ3.0 vs PBO 
	24.1 (3.1) 29.1 (3.5) 
	(17.9, 30.3) (22.1, 36.1) 
	<.0001 <.0001 

	ALZ3.0 vs SAGE90 ALZ1.5 vs SAGE90 SAGE90 vs PBO 
	ALZ3.0 vs SAGE90 ALZ1.5 vs SAGE90 SAGE90 vs PBO 
	23.4 (3.8) 18.3 (3.4) 5.7 (3.8) 
	(31.0, 15.8) (11.5, 25.2) (-2, 13.4) 
	<.0001 <.0001 0.0717 

	ALZ3.0 vs SAGE180 ALZ1.5 vs SAGE180 SAGE180 vs PBO 
	ALZ3.0 vs SAGE180 ALZ1.5 vs SAGE180 SAGE180 vs PBO 
	12.3 (3.3) 7.3 (2.9) 16.8 (3.4) 
	(5.7, 19.0) (1.4, 13.1) (10.0, 23.6) 
	0.0003 0.0080 <.0001 

	ALZ3.0 vs SAGE270 ALZ1.5 vs SAGE270 SAGE270 vs PBO 
	ALZ3.0 vs SAGE270 ALZ1.5 vs SAGE270 SAGE270 vs PBO 
	0.3 (2.8) -4.8 (2.2) 28.8 (2.9) 
	(-5.4, 6.0) (-9.4, -0.1) (23.0, 34.6) 
	0.4564 0.9778 <.0001 


	Note: All p-values were from the one-sided t test with 0 025 alpha level, and adjusted by Tukey -Kramer’s method for unequal variances 
	2.2.2.5 Secondary Analyses 
	Per the CSS reviewer Dr. Shalini Bansil’s requests, the reviewer’s secondary analyses included abuse potential measures: High VAS, Good Effects, Bad Effects, Overall Drug Liking VAS, and Take Drug Again VAS. All analyses were based on the completer population. 
	The same methodologies as the primary analysis were used in the secondary analyses. Among five secondary measures, the normal assumption of the model is satisfied for Good Effects VAS, and High VAS. The pairwise comparisons were assessed using paired T-test or Sign-test for those secondary endpoints which the normal assumption of the model is no satisfied. The 95% confidence intervals were the distribution free 95% confidence limits. 
	2.2.2.5.1 Descriptive Statistics 
	High VAS 
	High Effects VAS in on a unipolar scale; a score of 0 indicates feeling not at all high and a score of 100 
	indicates feeling extremely high. As shown in the heat map (Figure 11), the Emax of high VAS had the 
	similar pattern as that for the Emax of Drug Liking VAS (Figure 8).  
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	Figure 11: Treatment Comparison for High 
	Figure 11: Treatment Comparison for High 


	Treatment 
	Good Effect and Bad Effect VAS 
	Good Effects VAS is on a unipolar scale; a score of 0 indicates feeling good effects not at all and a score of 100 indicates feeling good effects extremely. Bad Effects VAS is on a unipolar scale; a score of0 indicates feeling bad effects not at all and a score of 100 indicates feeling bad effects extremely. 
	Before making conclusion, the reviewer examined data from SAGE-547 270 µg/kg as well as alprazolam 3 mg for Good Effect VAS and Bad Effect VAS using bar plots since the high dose ofthe test drng is the big concern based on the p1ima1y analysis. 
	The bar plot compares the Emax ofGood Effects VAS and Emax of Bad Effects VAS for individual subjects on the same plot and . The light blue indicates Emax ofGood Effects VAS, and the darker color indicates Emax of Bad Effects VAS. Each subject has two bars standing one in front ofthe other on the graph. Ifone bar is higher than the other, this bar is put behind the other bar. For example, Subject #20 had 100 and 46 for Emax ofGood Effects VAS and Emax of Bad Effects VAS, respectively. The graph shows the ba
	(Figure 12 
	Figure 13)

	Frofor alprazolam 3.0 mg, one may see that approximately 72% (18/25) subjects had score 80 or above, and 60% (15/25) had at least 90 for Emax ofGood Effects VAS. As approximately 56% (14/25) subjects did not expedence any bad effects from SAGE-547 270 µg/kg. For those expe1ienced bad effects, only 2 ofthem had larger bad effects than good effects. Ten out of 25 subjects had Emax of Good Effects of 100. Therefore, more subjects showed large good effects and small bad effects for SAGE-547 270 µg/kg dose compa
	m Figure 12 
	shown in Figure 13, 

	Figure 12: Good Effects Emax versus Bad Effects Emax for Alprazolam 3 mg 
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	Figure 13: Good Effects Emax versus Bad Effects Emax for 270 µg/kg of SAGE-547 
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	As mean Good Effects VAS scores for the placebo condition were near 0 at all time points (range from 0 to 12.7). Mean Good Effects scores following administration of alprazolam (1.5 mg and 3.0 mg doses) increased rapidly, peaked around 2 to 4 hours and remained above 50 for 3 to 6 hours after dosing. For the 90 µg/kg dose of SAGE-547, mean scores peaked at 1 hour and were less than 30 at all evaluations. For the 180 and 270 µg/kg doses of SAGE-547, mean scores increased rapidly, were above 50 for 1 to 2 hou
	shown in Figure 14, 

	treatments. The highest mean of Bad Effects VAS score of 22.2 was observed for alprazolam 3.0 mg at 80 minutes after dosing. Note that the mean responses in mean time course profiles at early hours may not be based on 25 observations during to missing data occurred at early time points, especially, for alprazolam 
	As shown in Figure 15, mean of Bad Effects VAS scores were low following administration of all 

	3.0 mg. 
	Figure 14: Mean time course profiles for Good Effects VAS 
	Figure 15: Mean time course profiles for Bad Effect 
	Figure
	Overall Drug Liking VAS 
	Overall Drug Liking VAS is on a bipolar scale. The scores 0, 50 and 100 denote strong disliking, neither liking nor disliking, and strong liking, respectively. 
	 Mean of Overall Drug Liking scores following administration of alprazolam were greater than placebo at 8 and 24 
	The means for Overall Drug Liking VAS scores at hours 8 and 24 are presented in Figure 16. 

	hours. Mean ofOverall Drng Liking scores for the SAGE-547 90 µg/kg and 180 µg/kg doses were less than those of both alprazolam doses at both time points assessed. Mean of Overall Drng Liking scores for the highest SAGE-547 dose (270 µg/kg) were like the lower alprazolam dose (1.5 mg). 
	Figure 16: Treatment Comparisons for Emax ofOverall Drng Liking VAS 
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	(Note: in the figure, CH=ALZ3.0, CL=ALZl.5, P=PBO, TH=SAGE270, 1L=SAGE90, and 1M=SAGE180) 
	As the Emax of Overall Drng Liking VAS had the similar pattern as that for the Emax of Drng Liking VAS . 
	showed in Figure 17, 
	(Figure 8)

	Figure 17: Treatment Comparisons for Emax ofOverall Drng Liking VAS 
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	(Note in the figure, CH=ALZ3.0, CL=ALZl.5, P=PBO, TH=SAGE270, 1L=SAGE90, and 1M=SAGE180) 
	Take Drug Again VAS 
	Take Drng Again VAS is on a unipolar scale. The scores 0, 50, and 100 denote definitely not take dmg again, not sure take dmg again, and definitely take diug again, respectively. 
	Mean of Take Drug Again scores following administration of alprazolam were larger than for placebo at hours 8 and 24. The mean of Take Drug Again VAS scores for all doses of SAGE-547 were less than both doses of alprazolam, but greater than placebo. The score for the highest SAGE-547 dose (270 μg/kg) 
	approached the score for the lowest alprazolam dose (1.5 mg) (Figure 18). 

	Figure 18: Treatment Comparison for Take Drug Again 
	Figure
	(Note: in the figure, CH=ALZ3.0, CL=ALZ1.5, P=PBO, TH=SAGE270, TL=SAGE90, and TM=SAGE180) 
	2.2.2.5.2 Inferential Statistics 
	Tables 5 – 9 are summary statistics for 6 treatments in the study and for the treatment differences between SAGE-547 and alprazolam (or placebo) for Emaxs of six selected secondary endpoints (High VAS, Good Effects, Bad Effects, Overall Drug Liking VAS, and Take Drug Again VAS). Some descriptive figures are presented in Appendix. 
	Table 5: Summary Statistics and Testing Results for Emax of High VAS 
	Statistic 
	Statistic 
	Statistic 
	SAGE90 N=25 
	SAGE180 N=25 
	SAGE270 N=25 
	ALZ1.5 N=25 
	ALZ3.0 N=25 
	PBO N=25 

	TR
	Emax 

	Mean (STD) Median Q1, Q3 Min, Max LS mean (SE) 
	Mean (STD) Median Q1, Q3 Min, Max LS mean (SE) 
	23.2 (33.0) 2 0, 50 0, 100 20.0 (6.8) 
	49.4 (35.6) 64 14, 76 0, 100 47.1 (6.5) 
	69.5 (31.1) 78 50, 100 1, 100 67.2 (6.2) 
	73.3 (28.0) 80 58, 100 0, 100 70.7 (5.3) 
	79.0 (27.9) 91 70, 100 8, 100 76.4 (5.7) 
	9.8 (20.1) 0 0, 7 0, 73 8.0 (6.4) 

	TR
	Treatment Comparisons 

	Comparison 
	Comparison 
	LS Mean Difference (SE) 
	95% Confidence Interval 
	p-value 

	ALZ1.5 vs PBO ALZ3.0 vs PBO 
	ALZ1.5 vs PBO ALZ3.0 vs PBO 
	62.7 (5.2) 68.4 (5.6) 
	(52.2, 73.2) (57.1, 79.7) 
	<.0001 <.0001 

	ALZ3.0 vs SAGE90 ALZ1.5 vs SAGE90 SAGE90 vs PBO 
	ALZ3.0 vs SAGE90 ALZ1.5 vs SAGE90 SAGE90 vs PBO 
	56.4 (6.0) 50.7 (5.6) 12.1 (6.6) 
	(43.9, 68.8) (39.1, 62.3) (-1.7, 25.8) 
	<.0001 <.0001 0.0418 

	ALZ3.0 vs SAGE180 ALZ1.5 vs SAGE180 SAGE180 vs PBO 
	ALZ3.0 vs SAGE180 ALZ1.5 vs SAGE180 SAGE180 vs PBO 
	29.3 (5.7) 23.6 (5.3) 39.1 (6.3) 
	(17.7, 40.8) (12.7, 34.5) (26.3, 52.0) 
	<.0001 <.0001 <.0001 

	ALZ3.0 vs SAGE270 ALZ1.5 vs SAGE270 SAGE270 vs PBO 
	ALZ3.0 vs SAGE270 ALZ1.5 vs SAGE270 SAGE270 vs PBO 
	9.2 (5.3) 3.5 (4.8) 59.2 (6.0) 
	(-1.7, 20.0) (-6.5, 13.5) (47.0, 71.5) 
	0.0480 0.2397 <.0001 


	Note: All p-values were from the one-sided t test with 0 025 alpha level, and adjusted by Tukey -Kramer’s method for unequal variances 
	Table 6: Summary Statistics and Testing Results for Emax of Good Effects VAS 
	Statistic 
	Statistic 
	Statistic 
	SAGE90 N=25 
	SAGE180 N=25 
	SAGE270 N=25 
	ALZ1.5 N=25 
	ALZ3.0 N=25 
	PBO N=25 

	TR
	Emax 

	Mean (STD) Median Q1, Q3 Min, Max LS mean (SE) 
	Mean (STD) Median Q1, Q3 Min, Max LS mean (SE) 
	29.5 (34.0) 17 0,60 0, 100 29.1 (6.5) 
	68.2 (30.9) 74 56, 100 0, 100 68.9 (5.4) 
	84.3 (19.3) 87 80, 100 33, 100 85.0 (4.3) 
	80.7 (23.5) 93 68, 100 25, 100 80.9 (4.8) 
	83.7 (17.5) 90 75, 100 51, 100 84.7 (4.0) 
	21.4 (30.4) 4 0, 100 0, 100 21.5 (6.0) 

	TR
	Treatment Comparisons 

	Comparison 
	Comparison 
	LS Mean Difference (SE) 
	95% Confidence Interval 
	p-value 

	ALZ1.5 vs PBO ALZ3.0 vs PBO 
	ALZ1.5 vs PBO ALZ3.0 vs PBO 
	59.4 (6.3) 63.2 (5.8) 
	(46.5, 72.3) (51.3, 75.0) 
	<.0001 <.0001 

	ALZ3.0 vs SAGE90 ALZ1.5 vs SAGE90 SAGE90 vs PBO 
	ALZ3.0 vs SAGE90 ALZ1.5 vs SAGE90 SAGE90 vs PBO 
	55.5 (6.3) 51.8 (6.7) 7.6 (7.7) 
	(42.7, 68.4) (38.0, 65.5) (-7.9, 23.2) 
	<.0001 <.0001 0.1635 

	ALZ3.0 vs SAGE180 ALZ1.5 vs SAGE180 SAGE180 vs PBO 
	ALZ3.0 vs SAGE180 ALZ1.5 vs SAGE180 SAGE180 vs PBO 
	15.78 (5.2) 12.0 (5.8) 47.4 (6.8) 
	(5.2, -26.3) (0.3, 23.8) (33.6, 61.2) 
	0.0023 0.0224 <.0001 

	ALZ3.0 vs SAGE270 ALZ1.5 vs SAGE270 SAGE270 vs PBO 
	ALZ3.0 vs SAGE270 ALZ1.5 vs SAGE270 SAGE270 vs PBO 
	-0.4 (4.0) -4.1 (4.7) 63.5 (6.0) 
	(-8.7, 7.9) (-13.8, 5.6) (51.3, 75.7) 
	0.5353 0.8034 <.0001 


	Note: All p-values were from the one-sided t test with 0 025 alpha level, and adjusted by Tukey -Kramer’s method for unequal variances 
	Table 7: Summary Statistics and Testing Results for Emax of Bad Effects VAS 
	Statistic 
	Statistic 
	Statistic 
	SAGE90 N=25 
	SAGE180 N=25 
	SAGE270 N=25 
	ALZ1.5 N=25 
	ALZ3.0 N=25 
	PBO N=25 

	TR
	Emax 

	Mean (STD) Median Q1, Q3 Min, Max 
	Mean (STD) Median Q1, Q3 Min, Max 
	12.6 (29.7) 0 0, 5 0, 100 
	17.4 (28.3) 1 0, 25 0, 100 
	17.7 (28.5) 0 0, 22 0, 100 
	36.7 (34.3) 28 7, 54 0, 100 
	49.1 (34.6) 46 15, 77 0, 100 
	6.4 (16.1) 0 0, 0 0, 50 

	TR
	Treatment Comparisons a 

	Comparison 
	Comparison 
	Mean (STD)/ Median (Q1, Q3) 
	95% Confidence Interval 
	p-value 

	ALZ1.5 vs PBO ALZ3.0 vs PBO 
	ALZ1.5 vs PBO ALZ3.0 vs PBO 
	30.3 (39.5) T 42.7 (33.7) T 
	(14.0, 46.6) (28.8, 56.6) 
	0.0004 <.0001 

	ALZ3.0 vs SAGE90 ALZ1.5 vs SAGE90 SAGE90 vs PBO 
	ALZ3.0 vs SAGE90 ALZ1.5 vs SAGE90 SAGE90 vs PBO 
	35 (10, 58) S 24.1 (43.5) T 0 (0, 0) S 
	(11, 47) (6.2, 42.1) (0, 0) 
	<.0001 0.0053 0.5078 

	ALZ3.0 vs SAGE180 ALZ1.5 vs SAGE180 SAGE180 vs PBO 
	ALZ3.0 vs SAGE180 ALZ1.5 vs SAGE180 SAGE180 vs PBO 
	31.7 (43.8) T 19.3 (41.0) T 0, (0, 7) S 
	(13.6, 49.8) (2.4, 36.2) (0, 2) 
	0.0007 0.0135 0.0225 

	ALZ3.0 vs SAGE270 ALZ1.5 vs SAGE270 SAGE270 vs PBO 
	ALZ3.0 vs SAGE270 ALZ1.5 vs SAGE270 SAGE270 vs PBO 
	40 (10, 58) S 19.0 (37.2) T 0 (0, 15) S 
	(10, 58) (3.6, 34.4) (0, 7) 
	0.0009 0.0087 0.1796 


	Note: a: T indicated the pairwise comparisons were assessed using paired T-Test and S indicated the pairwise comparisons were assessed using Sign-test P-value was 1-sided p-value 
	Table 8: Summary Statistics and Testing Results for Emax of Overall Drug Liking VAS 
	Statistic 
	Statistic 
	Statistic 
	SAGE90 N=25 
	SAGE180 N=25 
	SAGE270 N=25 
	ALZ1.5 N=25 
	ALZ3.0 N=25 
	PBO N=25 

	TR
	Emax 

	Mean (SD) Median Q1, Q3 Min, Max 
	Mean (SD) Median Q1, Q3 Min, Max 
	59.6 (19.6) 51 50, 68 16, 100 
	73.0 (21.0) 72 60, 87 19, 100 
	78.4 (22.9) 75 69, 100 0, 100 
	84.0 (16.9) 84 74, 100 39, 100 
	91.6 (15.4) 100 92, 100 51, 100 
	58.7 (20.9) 50 50, 66 0, 100 

	TR
	Treatment Comparisons a 

	Comparison 
	Comparison 
	Mean (STD)/ Median (Q1, Q3) 
	95% Confidence Interval 
	p-value 

	ALZ1.5 vs PBO 
	ALZ1.5 vs PBO 
	24 (6, 50) S 
	(11, 50) 
	<.0001 


	ALZ3 .0 vs PBO 
	ALZ3 .0 vs PBO 
	ALZ3 .0 vs PBO 
	32 (13, 50) s 
	( 18, 50) 
	<.0001 

	ALZ3 .0 vs SAGE90 
	ALZ3 .0 vs SAGE90 
	32.0 (25.4) T 
	(21.5, 42.5) 
	<.0001 

	ALZl.5 vs SAGE90 
	ALZl.5 vs SAGE90 
	24.4 (24.7) T 
	(14.12, 34.6) 
	<.0001 

	SAGE90 vs PBO 
	SAGE90 vs PBO 
	0 (0, 16) 5 
	(0, 4) 
	0.2379 

	ALZ3 .0 vs SAGE180 
	ALZ3 .0 vs SAGE180 
	18.6 (25.4) T 
	(8.1, 29.1) 
	0.0006 

	ALZl.5 vs SAGE180 
	ALZl.5 vs SAGE180 
	5 (0, 13) s 
	( 1, 13) 
	0.0015 

	SAGE180 vs PBO 
	SAGE180 vs PBO 
	14.2 (23.9) T 
	(4.4, 24.1) 
	0.0033 

	ALZ3 .0 vs SAGE270 
	ALZ3 .0 vs SAGE270 
	0 (0, 3) 5 
	(0, 25) 
	0.0768 

	ALZl.5 vs SAGE270 
	ALZl.5 vs SAGE270 
	0(-4, 14) 5 
	(0, 7) 
	0.4807 

	SAGE270 vs PBO 
	SAGE270 vs PBO 
	20 (3, 26) s 
	(7, 25) 
	<.0001 


	Note: a: T md1cated the pacompansons were assessed usmg palfed T-Test and S indicated the palfw1Se cns were assessedg Sign-test P-value was I-sided p-value 
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	Overall Drug Liking b 
	High . 
	Good Effects • 
	Bad Effects• 
	T ake Drug Again b 

	ALZl.5 vs PBO 
	ALZl.5 vs PBO 
	s (>) 
	s (>) 
	s (>) 
	s (>) 
	s (>) 
	s (>) 

	ALZ3.0 VS PBO 
	ALZ3.0 VS PBO 
	s (>) 
	s (>) 
	s (>) 
	s (>) 
	s (>) 
	s (>) 

	ALZ3.0 VS SAGE90 
	ALZ3.0 VS SAGE90 
	s (>) 
	s (>) 
	s (>) 
	s (>) 
	s (>) 
	s (>) 

	ALZl.5 vs SAGE90 
	ALZl.5 vs SAGE90 
	s (>) 
	s (>) 
	s (>) 
	s (>) 
	s (>) 
	s (>) 

	SAGE90 VS PBO 
	SAGE90 VS PBO 
	NS(>) 
	NS(>) 
	NS(>) 
	NS(>) 
	NS(>) 
	s (>) 

	ALZ3.0 vs SAGE180 
	ALZ3.0 vs SAGE180 
	s (>) 
	s (>) 
	s (>) 
	s (>) 
	s (>) 
	s (>) 

	ALZl.5 VS SAGE180 
	ALZl.5 VS SAGE180 
	NS(>) 
	s (>) 
	s (>) 
	s (>) 
	s (>) 
	s (>) 

	SAGE180 vs PBO 
	SAGE180 vs PBO 
	s (>) 
	s (>) 
	s (>) 
	s (>) 
	s (>) 
	s (>) 

	ALZ3.0 VS SAGE270 
	ALZ3.0 VS SAGE270 
	NS(>) 
	NS(>) 
	NS(>) 
	NS(<) 
	s (>) 
	s (>) 

	ALZl.5 vs SAGE270 
	ALZl.5 vs SAGE270 
	NS(<) 
	NS(>) 
	NS(>) 
	NS(<) 
	s (>) 
	NS(>) 

	SAGE270 vs PBO 
	SAGE270 vs PBO 
	s (>) 
	s (>) 
	s (>) 
	s (>) 
	NS(>) 
	s (>) 

	Note: a: based on nuxed model; b: based on stgn-test or paned t-test. 
	Note: a: based on nuxed model; b: based on stgn-test or paned t-test. 


	2.2.3 Conclusion 
	As showed in Table 10, this study demonstrated that: 
	As showed in Table 10, this study demonstrated that: 

	•. 
	•. 
	•. 
	The mean of Emax for Drug Liking was significantly higher for alprazolam 1.5 mg and 3.0 mg compared to placebo, thereby establishing the study validity. 

	•. 
	•. 
	On the average, the responses to SAGE-547 90 μg/kg were significantly lower than those to both doses of alprazolam for the primary and five selected secondary endpoints. There was no significant mean (or median) difference between SAGE-547 90 μg/kg and placebo. 

	•. 
	•. 
	On the average, the responses to SAGE-547 180 μg/kg were significantly lower than those to both doses of alprazolam for the primary and five selected secondary endpoints except the primary endpoint for the comparison of SAGE-547 180 μg/kg versus 1.5 mg alprazolam (p=0.029). However, the responses to SAGE-547 180 μg/kg were significantly larger than those to placebo. 

	•. 
	•. 
	On the average, the responses to SAGE-547 270 μg/kg were not significantly different from those to both doses of alprazolam for the primary endpoint and selected secondary endpoints except Bad Effects Emax. SAGE-547 270 μg/kg had significantly lower mean of Bad Effects Emax compared to both doses of alprazolam. 


	In summary, the therapeutic dose of SAGE-547 (90 µg/kg) is not euphoric, and has less liking, and high as well as take drug again compared to alprazolam. However, the mid dose of SAGE-547 showed significantly higher mean response to placebo, and the high dose of SAGE-547 did not show significantly lower mean response to alprazolam 3.0 mg for the primary endpoint and the selected secondary endpoints. The rapidly raising mean response of SAGE-547 at hour 0.5 and less sedative effects raise more concern of the
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	Table 11: Demographics and Baseline Characteristics (Completer Population, Treatment Phase) 
	Table
	TR
	Treatment Sequence 

	Characteristics 
	Characteristics 
	ABCDEF N=6 
	BCDEFA N=3 
	CDEFAB N=5 
	DEFABC N=3 
	EFABCD N=4 
	FABCDE N=4 
	OVERALL N=25 

	Gender, N (%) Male Female 
	Gender, N (%) Male Female 
	5 (83.3) 1 (16.67) 
	2 (66.7) 1 (33.3) 
	4 (80.0) 1 (20.0) 
	2 (66.7) 1 (33.3) 
	3 (75.0) 1 (25.0) 
	3 (75.0) 1 (25.0) 
	19 (76.0) 6 (24.0) 

	Age (years) Mean (SD) Min, Max Median 
	Age (years) Mean (SD) Min, Max Median 
	37.0 (8.0) 28, 50 36.5 
	43.0 (12.2) 29.0, 51.0 49.0 
	36.2 (4.0) 30.0, 40.0 37.0 
	38.7 (6.5) 32.0, 45.0 39.0 
	40.8 (6.0) 33.0, 46.0 42.0 
	41.0 (12.8) 29.0, 53.0 41.0 
	39.0 (7.9) 28.0, 53.0 39.0 

	Race, N (%) White Black/African American Other 
	Race, N (%) White Black/African American Other 
	4 (66.7) 2 (33.3) 0 
	3 (100) 0 0 
	4 (80.0) 1 (20.0) 0 
	1 (33.3) 1 (33.3) 1 (33.3) 
	4 (100) 0 0 
	3 (75.0) 0 1 (25.0) 
	19 (76.0) 2 (8.0) 4 (16.0) 

	Ethnicity, N (%) Hispanic/Latino Not Hispanic/Latino 
	Ethnicity, N (%) Hispanic/Latino Not Hispanic/Latino 
	1 (16.7) 5 (83.3) 
	0 3 (100) 
	1 (20.0) 4 (80.0) 
	0 3 (100) 
	0 4 (100) 
	0 4 (100) 
	2 (8.0) 23 (92.0) 

	Height (cm) Mean (SD) Min, Max Median 
	Height (cm) Mean (SD) Min, Max Median 
	172.2 (10.2) 157.5, 185.6 173.2 
	168.5 (9.2) 163.0, 179.1 163.4 
	178.4 (10.4) 162.5, 187.4 183.8 
	172.1 (11.1) 160.8, 182.9 172.7 
	173.0 (6.0) 166.4, 178.6 173.5 
	172.0 (6.4) 165.0, 179.1 172.0 
	173.1 (8.7) 157.5, 187.4 173.5 

	Body Weight (kg) Mean (SD) Min, Max Median 
	Body Weight (kg) Mean (SD) Min, Max Median 
	77.1 (11.3) 62.7, 92.1 74.8 
	71.4 (15.1) 56.2, 86.3 71.8 
	88.5 (22.2) 57.2, 107.9 96.4 
	81.8 (11.8) 74.5, 95.4 75.6 
	77.5 (7.6) 70.8, 85.9 76.7 
	77.2 (9.2) 66.9, 88.1 76.8 
	79.3 (13.6) 56.2, 107.9 75.6 

	Body Mass Index (kg/m2) Mean (SD) Min, Max Median 
	Body Mass Index (kg/m2) Mean (SD) Min, Max Median 
	26.2 (4.3) 19.9, 31.2 27.4 
	25.0 (3.4) 21.0, 27.0 26.9 
	27.3 (4.1) 21.7, 31.2 28.5 
	27.6 (2.3) 25.0, 29.2 28.5 
	26.0 (2.6) 22.4, 28.5 26.5 
	26.1 (2.3) 23.7, 28.4 25.1 
	26.4 (3.2) 19.9, 31.2 27.0 


	Table 12: Statistical Analysis Results for Emax of Drug Liking (Completer Population) 
	Statistic 
	Statistic 
	Statistic 
	SAGE-547 90 µg/kg/IV N=25 
	SAGE-547 180 µg/kg/IV N=25 
	SAGE-547 270 µg/kg/IV N=25 
	Alprazolam 1.5 mg N=25 
	Alprazolam 3.0 mg N=25 
	Placebo N=25 

	TR
	Emax 

	Mean (STD) 
	Mean (STD) 
	62.8 (16.4) 
	75.7 (16.5) 
	86.92 (13.3) 
	82.1 (16.6) 
	89.5 (15.6) 
	59.8 (13.7) 

	Median 
	Median 
	55 
	72 
	90 
	76 
	100 
	51 

	Q1, Q3 
	Q1, Q3 
	51, 69 
	67, 82 
	76, 100 
	71, 100 
	75, 100 
	50, 69 

	Min, Max 
	Min, Max 
	50, 100 
	50, 100 
	51, 100 
	51, 100 
	51, 100 
	50, 100 

	LS mean (SE) 
	LS mean (SE) 
	53.3 (8.2) 
	68.5 (6.2) 
	89.4 (5.3) 
	87.4 (6.4) 
	100.8 (5.5) 
	57.3 (6.0) 

	TR
	Treatment Comparisons 

	Comparison 
	Comparison 
	LS Mean Difference (SE) 
	95% Confidence Interval 
	p-value 

	ALZ1.5 vs PBO ALZ3.0 vs PBO 
	ALZ1.5 vs PBO ALZ3.0 vs PBO 
	30.1 (8.7) 43.5 (7.8) 
	(12.5, 47.7) (27.9, 59.1) 
	0.0006 <.0001 

	ALZ3.0 vs SAGE90 ALZ1.5 vs SAGE90 SAGE90 vs PBO 
	ALZ3.0 vs SAGE90 ALZ1.5 vs SAGE90 SAGE90 vs PBO 
	47.5 (10.3) 34.1 (11.1) -4.0 (10.7) 
	(26.5, 68.5) (11.8, 56.5) (-25.7, 17.8) 
	<.0001 0.0018 0.6436 

	ALZ3.0 vs SAGE180 ALZ1.5 vs SAGE180 SAGE180 vs PBO 
	ALZ3.0 vs SAGE180 ALZ1.5 vs SAGE180 SAGE180 vs PBO 
	32.3 (8.0) 18.9 (8.9) 11.2 (8.5) 
	(16.1, 48.4) (0.9, 36.9) (-5.9, 28.4) 
	0.0001 0.0202 0.0967 

	ALZ3.0 vs SAGE270 ALZ1.5 vs SAGE270 SAGE270 vs PBO 
	ALZ3.0 vs SAGE270 ALZ1.5 vs SAGE270 SAGE270 vs PBO 
	11.4 (7.0) -2.0 (8.1) 32.1 (7.6) 
	(-2.9, 25.6) (-18.6, 14.6) (16.8, 47.5) 
	0.0570 0.5945 <.0001 


	Note: All p-values were from the one-sided t test with 0 025 alpha level, and adjusted by Tukey -Kramer’s method for unequal variances Note: The model included the first order carryover effect 
	Table 13: Statistical Analysis Results for Emax of Drug Liking (PD Population in the First Period Only) 
	Table 13: Statistical Analysis Results for Emax of Drug Liking (PD Population in the First Period Only) 
	Table 13: Statistical Analysis Results for Emax of Drug Liking (PD Population in the First Period Only) 

	Statistic 
	Statistic 
	SAGE-547 90 µg/kg/IV N=7 
	SAGE-547 180 µg/kg/IV N=7 
	SAGE-547 270 µg/kg/IV N=6 
	Alprazolam 1.5 mg N=7 
	Alprazolam 3.0 mg N=6 
	Placebo N=7 

	TR
	Emax 

	Mean (STD) 
	Mean (STD) 
	62.9 (16.5) 
	69.0 (9.1) 
	86.5 (20.3) 
	80.6 (14.7) 
	93.5 (12.1) 
	57.4 (12.5) 

	Median 
	Median 
	55 
	70 
	98 
	76 
	100 
	50 

	Q1, Q3 
	Q1, Q3 
	51, 75 
	65, 75 
	73, 100 
	69, 100 
	91, 100 
	50, 72 

	Min, Max 
	Min, Max 
	50, 94 
	51, 79 
	51, 100 
	62, 100 
	70, 100 
	50, 79 

	LS mean (SE) 
	LS mean (SE) 
	62.9 (6.2) 
	69.0 (3.4) 
	86.5 (8.3) 
	80.6 (5.6) 
	93.5 (4.9) 
	57.4 (4.7) 

	TR
	Treatment Comparisons 

	Comparison 
	Comparison 
	LS Mean Difference (SE) 
	95% Confidence Interval 
	p-value 

	ALZ1.5 vs PBO ALZ3.0 vs PBO 
	ALZ1.5 vs PBO ALZ3.0 vs PBO 
	23.1 (7.3) 36.1 (6.8) 
	(7.2, 39.1) (21.0, 51.1) 
	0.0042 0.0001 

	ALZ3.0 vs SAGE90 ALZ1.5 vs SAGE90 SAGE90 vs PBO 
	ALZ3.0 vs SAGE90 ALZ1.5 vs SAGE90 SAGE90 vs PBO 
	30.6 (7.9) 17.7 (8.4) 5.4 (7.8) 
	(13.1, 48.2) (-0.5, 35.9) (-11.7, 22.6) 
	0.0014 0.0279 0.2508 

	ALZ3.0 vs SAGE180 ALZ1.5 vs SAGE180 SAGE180 vs PBO 
	ALZ3.0 vs SAGE180 ALZ1.5 vs SAGE180 SAGE180 vs PBO 
	24.5 (6.0) 11.6 (6.5) 11.6 (5.9) 
	(11.0, 38.0) (-3.0, 26.2) (-1.3, 24.4) 
	0.0013 0.0538 0.0367 

	ALZ3.0 vs SAGE270 ALZ1.5 vs SAGE270 SAGE270 vs PBO 
	ALZ3.0 vs SAGE270 ALZ1.5 vs SAGE270 SAGE270 vs PBO 
	7.0 (9.6) -5.9 (10.0) 29.1 (9.5) 
	(-15.2, 29.2 ) (-28.5, 16.7) (7.1, 51.0) 
	0.2441 0.7163 0.0079 


	Note: All p-values were from the one-sided t test with 0 025 alpha level, and adjusted by Tukey -Kramer’s method for unequal variances 
	Figure 19: Mean time course profiles for High VAS 
	Figure
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	Figure 20: Treatment Comparison for Good Effects Emax 
	Figure 20: Treatment Comparison for Good Effects Emax 
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	Figure 21 : Treatment Comparison for Bad Effects Emax 
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	Figure 22: Treatment Comparison for Take Drug Again 
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