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1. Introduction

Forest Laboratories, Inc. has submitted NDA 22-256, a 505(b)(1) application, for milnacipran
hydrochloride tablets.

Milnacipran (MLN) is a selective norepinephrine and serotonin reuptake inhibitor; it inhibits
norepinephrine uptake with greater potency than serotonin. MLN was discovered and is
manufactured by Pierre Fabre Medicament in France. Pierre Fabre conducted the initial non-
clinical and clinical development of MLN, and obtained marketing approval for the drug as an
antidepressant in France in 1997. Currently, MLN is approved in multiple countries in
Europe, Asia and South America for depression (“depressed state,” major depressive disorder
(MDD)). Cypress Bioscience and Forest Laboratories are partnered with Pierre Fabre in the
development of MLN for the treatment for fibromyalgia. For the rest of this review, the
Applicant will be referred to as “Forest.”

In the NDA, the Applicant sought approval for two indications: treatment of fibromyalgia
syndrome, and treatment of the pain of fibromyalgia. These indications had been agreed upon
over the course of the product’s development. However, shortly after the NDA was submitted,
this review division informed the Applicant that based on recent internal discussion, the
regulatory requirements for studies of potential fibromyalgia treatments have been modified;
currently the division considers the “treatment of fibromyalgia” to be the more appropriate
indication. Nevertheless, although Forest’s trials incorporated efficacy endpoints different
from the currently preferred endpoints, the division was willing to review the already
submitted NDA package and would assess efficacy based on the totality of the data. The
Applicant agreed to the change in the proposed indication.

Overall, there is adequate evidence of efficacy of milnacipran, and the data show that the
benefits of treatment outweigh the risks. I recommend that an approval regulatory action be
taken for this application, pending satisfactory resolution of the outstanding abuse liability and
labeling issues.

2. Background

Fibromyalgia (FM) is a chronic condition characterized by diffuse musculoskeletal pain,
disordered sleep and fatigue. It affects primarily women, particularly between the ages of 30 to
50, but it is also seen in men as well as children and adolescents. It affects approximately 1-2%
of the adult US population. FM varies in severity, but may be debilitating in a substantial
proportion of patients. It is frequently associated with a variety of nonspecific complaints such
as cognitive difficulties, depression, anxiety, and headaches.

The first product approved for the treatment of FM was Lyrica (pregabalin), a compound
previously approved for the treatment of epilepsy, pain associated with diabetic peripheral
neuropathy (DPN), and post-herpetic neuralgia (PHN). The other product approved for this
indication is Cymbalta (duloxetine). Duloxetine is a selective serotonin and norepinephrine
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reuptake inhibitor (SSNRI) and, in addition to fibromyalgia, is approved for DPN, generalized
anxiety disorder (GAD) and maintenance treatment of major depression.

3. Chemistry, Manufacturing, and Controls (CMC)/Device

Review of the CMC data was performed by Dr. Craig Bertha (drug product) and Dr. Elspeth
Chikhale (drug substance). From the CMC perspective, there are no issues to preclude NDA
approval. '

Drug Substance

Milnacipran has the chemical name: (#)-[1R(S),28(R)]-2~(aminomethyl)-N,N-diethyl-1-
phenylcyclopropanecarboxamide hydrochloride. Structurally, the drug exists is a racemic
mixture with two racemic forms: cis-(dl) and racemate (Z form), composed of two (d- and 1-)
enantiomers (isomers). The structural formula is: '

0 NH, = HCl
N
<_\

MLN is produced by chemical synthesis. It is a white to off-white powder and is a BCS class I
drug (high solubility and high permeability). MLN is freely soluble in water, methanol,
ethanol, chloroform, and methylene chloride and sparingly soluble in diethyl ether.

Review of the data for the drug substance identified no issues with respect to purity.

Drug Product

The to-be-marketed product comprises immediate-release (IR) film coated tablets in the
following strengths: 12.5-mg, 25-mg, 50-mg, and 100-mg. The tablets are round and vary in
color, depending on the dose strength: pink (12.5-mg), white (25-mg), 50-mg (green), and blue
(100-mg). The tablets are compositionally proportional.

Milnacipran capsules were used in the Phase 1 and pivotal Phase 3 studies. On August 14,
2006, the Applicant requested a waiver to conduct 2z 1o bioequivalence studies between
milnacipran HCI immediate release capsules and the proposed tablet formulation. Because
milnacipran HCl is a highly soluble and highly permeable and because the in vitro dissolution
data show that milnacipran capsules and tablets dosage forms are rapidly dissolving, a
biowaiver was granted by FDA on December 13, 2006.
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Review of the data identified no issues with respect to degradants, novel or uncharacterized
excipients in the drug product. The data support a 24-month expiry for the drug product.

Inspection by the Office of Compliance of five facilities for the manufacturing/
testing/packaging of the drug substance and drug product was requested. Four facilities (for
the drug product) have been inspected and found acceptable. The recommendation for one
facility (drug substance manufacturer) was still pending at the time of this review.

4. Nonclinical Pharmacology/Toxicology

Evaluation of the non-clinical data was conducted by Dr. Elizabeth Bolan and Dr. Asoke
Mukherjee. Refer to their reviews for details regarding the non-clinical data.

Based upon her review of the general pharmacology and impurity data, as well as the acute

toxicology, carcinogenicity studies, and and mouse Tg rasH2 carcinogenicity study, Dr. Bolan

did not identify any nonclinical safety issues that would preclude approval of the NDA. Dr.

Bolan did note one drug product degradation impurity, I~ 7, for which the levels exceeded

ICHQ3B Qualification Threshold of no more than (NMT) 0.2%. However, Dr. Bolan _

considered that the Applicant’s e impurity specification is acceptable because U _}isa b(4)
here are adequate toxicology and genotoxicity data to support its

safety. Dr. Bolan did not recommend any additional non-clinical studies.

Dr. Mukherjee’s review of the repeat-dose toxicology, genetic toxicology, reproductive
toxicology, carcinogenicity, mouse bioassay, and rat bioassay data also did not find any safety
issues that would preclude NDA approval. '

Noteworthy findings from Dr. Mukherjee’s review that can be addressed in the product
labeling are:
¢ In male rats, liver vacuolation at doses higher than 15 mg/kg, which is in the range of
the proposed human dosing. Dr. Mukherjee recommended that, depending on the
clinical data, patients’ transaminase levels be measured if use of MLN beyond one year
is anticipated.
» Keratitis was noted in male and female rats after a chronic use which may be related to
dry eye conditions.
¢ Administration of milnacipran at 5 mg/kg/day (4 times less than the maximum
recommended human dose (MRHD) on an mg/m” basis) decreased fertility in rats.
¢ Administration of milnacipran in mice up to 125 mg/kg (3 times MRHD on an mg/m?
basis) during the period organogenicity did not show teratogenicity. However, an
embryocidal effect and an extra single rib were noted in pregnant rats and rabbits at 5
and 15 mg/kg, respectively. These doses are 0.25 and 1.5 times maximum
recommended human doses on mg/m2 in rats and rabbits, respectively.

Based on the findings of the fertility and reproductive safety studies, Dr. Mukherjee
recommends Pregnancy Category C for milnacipran.
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Lhase £ commitment

The mutagenicity studies showed milnacipran is not mutagenic. However, the Applicant did
not provide certificate of analysis for the batch of drug used in the Ames assay. Therefore the
results of this study cannot be considered definitively negative. Dr. Mukherjee recommends
that the Ames assay be repeated as a Phase [V commitment using a clinical batch for
milnacipran (should MLN be approved). '

5. Clinical Pharmacology/Biopharmaceutics

Dr. Sayed Al Habet reviewed the Clinical Pharmacology data. Please refer to his review for
details regarding the pharmacokinetic data for MLN. There were no Clinical Pharmacology
issues that would preclude approval.

Fharmacokinetics

The absolute bioavailability of MLN is in the range of 85% to 90%. The plasma protein
binding of milnacipran is approximately 13% and is independent of the concentration. Cmax
is attained within approximately 2 to 4 hours after oral administration.

Dose proportionality was observed after single and multiple dose administration. Notably, the
dose proportionality studies were limited by high incidences of nausea and vomiting, as well
as increases in heart rate that prevented the administration of the MLN beyond 300 mg.

The elimination half-life of racemic milnacipran is 6-8 hours. The d- enantiomer has a longer
elimination half-life (8-10 hours) than l-milnacipran (4 to 6 hours). Steady state level is
achieved within 36 to 48 hours and is approximately 70% higher than that achieved after a
single dose.

Food effect has no effect on the kinetics of either the capsule or tablet dosage forms.
However, food does increase the tolerability of MLN.

Metabolism and Excretion

Approximately 90% to 97% of milnacipran dose is excreted in the urine — 55% is excreted
unchanged, and the rest as metabolites. The metabolites of MLN include l-milnacipran
carbamoyl O-glucuronide (17%), d-milnacipran carbamoyl O-glucuronide (2%) and N-
desethyl milnacipran (8%). N-desethyl milnacipran is considered to be inactive, based on pre-
clinical data.

The CYP450 system is not a major route of metabolism for MLN. The inhibition and
induction potential of milnacipran on CYP 450 isozymes was low. Based on the limited
information of the interaction of MLN with digoxin, a known p-glycoprotein (P-gp) intestinal
and renal substrate, the drug does not appear to be transported via P-gp.

Lrug-dryg inferactions

As noted above, MLN does not significantly induce or inhibit CYP 450 isoenzymes. Also, co-
administration of various drugs did not show a significant effect on the PK of milnacipran. As
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such, the potential for interactions with drugs that are substrates, inhibitors or inducers of
CYP450 enzymes is low.

The pharmacodynamic effects of co-administration of MLN with drugs that increase heart rate
or blood pressure, including other norepinephrine or serotonin reuptake inhibitors, have not
been extensively studied. It is reasonable to expect that concomitant use of these drugs could
result in greater CV effects. '

The European and Japanese labels for MLN either contraindicate or recommend cautious
concomitant use of clonidine, digoxin, serotonin agonists, and alpha and beta
sympathomimetics, due to their potential to worsen MLN’s pharmacodynamic effects.

Special Populations
* Renal impairment
In patients with severe renal impairment, the exposure to MLN was increased (Cmax ~60%
. and AUC ~200%) and clearance was markedly reduced (65%). The Applicant did not provide
information regarding kinetics of MLN in patients with end-stage renal disease or on dialysis.

Overall, the data show that dose adjustment is necessary in patients with severe renal
impairment. Based on the doubling of the AUC, it is recommended that half the MLN dose be
used in patients with severe renal impairment. Dr. Al Habet recommends that MLN should be
used with caution in patients with moderate renal impairment.

® Hepatic impairment
The two studies that were conducted in patients with hepatic impairment were limited in their
ability to provide conclusive data regarding the effects of hepatic impairment. The studies
showed inconsistent and variable results, and enrolled a relatively few number of subjects
(refer to Dr. Al Habet’s review for details). Nevertheless, the available data suggest that
milnacipran should be administered with caution in patients with severe hepatic impairment.

s Older subjects

The MLN exposure in this population was generally higher than in younger subjects by
approximately 35% to 65%. This is expected, given that older persons can have varying
degrees of renal impairment. Based on these data, dose adjustment may be necessary in
elderly patients, especially in those with renal impairment.

e Pediatric patients
MLN has not been studied in pediatric patients.

e Gender
There were no differences in the kinetics of MLN between males and females.

e Pregnancy and Lactation

The Applicant states that it is not known if MLN is excreted in human milk or transfered via
the placenta in humans. Therefore, there is limited information in nursing mothers and

Page 6 0f 63



Cross Discipline Team Leader Review Mwango A. Kashoki, MD MPH
N 22-256 (Milnacipran Hydrochloride) :

pregnant women. The Applicant has proposed that MLN be categorized as pregnancy
Category C. :

The foreign labels for MLN contain information regarding use during pregnancy and lacation.
The Japanese label for MLN states the following:
6. Use during Pregnancy, Delivery or Lactation
(3) 1t is desirable not to administer this product to nursing mothers, but if its use is
essential, mothers must be instructed not to breast-feed their baby. {It has been reported
in a study on the oral administration of this product to rats that the drug transferred to
milk (the concentration in milk was 3 times higher than that in plasma)].

The European label states:
4.6 Pregnancy and lactation
Because small amounts of Milnacipran are excreted in breast-milk, breast-feeding is
contraindicated.

The foreign recommendations regarding pregnancy and lactation should be included in the US
label. '

¢ Race/Ethnicity
No information is available on the PK of drug in different ethnic groups.

Lect 01} O7 interval
The Applicant conducted a thorough QT study (MLN-PK-10) of MLN. This study was
reviewed by the QT Inter-Disciplinary Review Team (QT-IRT).

The QT-IRT noted several limitations to the study, namely:

1. The Applicant derived an individual-specific heart rate correction factor (QTcNi) using
interval data collected at rest on day -1. The IRT did not consider this suitable to
apply to a drug that increases heart rates outside the resting range because it assumes
that the QT/RR relationship remains linear outside the resting range.

2. The studywas not optimally designed to assess assay sensitivity. Moxifloxacin was
administered to subjects on day 1 followed by dosing with placebo or milnacipran for
37 days. The moxifloxacin should be conducted concurrently with the other treatment
arms in order to demonstrate that the study was designed and conducted to detect an
effect on the QT/QTc interval.

The QT-IRT recommended that the sponsor perform a repeat TQT study incorporating the
following elements: '
® Use exercise or 24-h ambulatory ECG monitoring at baseline as a method to increase
the range of heart rates to compute an individual-cotrection factor.
- @ Collection of additional ECGs during the titration of milnacipran to determine the
dose/concentration-response relationship for QT prolongation.
¢ Conduct of the moxifloxacin control arm concurrently with the other arms.
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* Use of a double-dummy blind, given that in this study, over-encapsulation of the
moxifloxacin tablet may have caused a decrease in moxifloxacin exposure.

The IRT’s comments were sent to the Applicant as a Discipline Review Letter (July 23, 2008).
The company responded, providing explanations that rebutted the IRT’s deficiencies. The IRT
reviewed the Applicant’s response and concluded that: ‘ '

e While neither the applicant’s QTcNi nor the IRT’s QTcF is an appropriate heart rate
correction method (because neither correction method completely removes the QT/RR
relationship in all subjects), the QTcF corrects for the heart rate more sufficiently than
QTcNi when pooling all treatment from all subjects and when the data are stratified by
treatment group.

Based on QTCcF, the study failed to exclude [an increase of 10 ms] with a
supratherapeutic dose. Because the supradose is 3- to 4-fold higher than the clinical
dose and exposure-response relationship is shallow, it is not expected that milnacipran
will have a clinically relevant effect on QTcF at therapeutic exposures. In the absence
of a repeat TQT study, [the IRT recommends] that [the QTcF results are described] in
the label.

A repeat study will be necessary if the Applicant wants to include QTecl in the label. A
a repeat TQT study could also be considered if there are reports of QT prolongation in
the clinical database which would be inconsistent with the TQT study results.

The safety data from the FM trials, from the MDD trials conducted for the European marketing
application, and from the MDD postmarketing safety database do not suggest a QT effect of
milnacipran.

On September 8, 2008, the Division discussed with the company its decision that the QTcF
results best reflect the effects of MLN on the QT interval and should be included in the
product label. Following approval, if the Applicant desires to include QTecNi data in the label,
another QT study would be necessary.

6. Clinical Microbiology

Not applicable.

7. Clinical/Statistical- Efficacy

The Division of Anti-Inflammatory, Analgesic and Ophthalmology Drug Products (DAAODP)
was initially responsible for the review of the Investigational New Drug (IND) application for
milnacipran as a therapy for fibromyalgia. DAAODP considered that efficacy of for new
tibromyalgia therapies was to be supported by trials of at least 6 months’ duration. Also,
efficacy was to be on endpoints comprising three domains: patients’ pain, function, and report
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of global (overall) improvement. DAAODP allowed for two possible indications: “treatment
of fibromyalgia syndrome” and “treatment of the pain of fibromyalgia.” Efficacy for the
treatment of fibromyalgia syndrome would be supported by achieving simultaneous and
clinically significant improvement in all three domains, and efficacy for the treatment of the
pain of fibromyalgia indication was to be based on achieving simuitaneous and clinically
significant improvement of just the pain and patient global impression of improvement
domains.

The company proposed a composite responder analysis, modeled after the American College
of Rheumatology definition of improvement in rheumatoid arthritis. Patients would be defined
as responders, based on specific magnitudes of improvement in pain, function, and global
change. DAAODP agreed this type of endpoint, and required that patients demonstrate at least
a 30% improvement in each component in order to be considered a treatment responder.

There was considerable discussion regarding which measure was appropriate for assessment of
patient function. DAAODP recommended the F ibromyalgia Improvement Questionnaire —
Physical Function (FIQ-PF) instrument, since this is a disease-specific measure, as opposed to
the metric that the company proposed, the Short Form-36 Physical Component Score (SF-36
PCS), since this is a general, non-specific measure. Forrest opposed the FIQ-PF, because if
patients entered the trials with scores of zero or near zero it would be challenging to
demonstrate improvement in these patients and include them as “responders” for the FM
Syndrome claim. Also, the FIQ-PF contains outdated and/or irrelevant questions for the
patient population. The company argued that the SF-36 PCS does not have these issues.
Forrest incorporated both the FIQ-PF and SF-36 PCS as primary and secondary function
measures in the FMS-031 efficacy trial, and found that the latter measure was responsive to
change. Therefore, in the subsequent efficacy trial, MLN-MD-02, the SF-36 PCS was the
primary function measure, and the FIQ-PF was used as a secondary.

When the Office of New Drugs (OND) was reorganized, the Division of Anesthesia,
Anesthesia, and Rheumatology Products (DAARP) assumed review responsibility for all
fibromyalgia applications. DAARP reconsidered the efficacy requirements for these products
and concluded that the treatment indication should be limited to “treatment (or management)
of fibromyalgia.” DAARP considers that that pain is predominant feature of fibromyalgia.
There are other prominent features of fibromyalgia that occur, such as decreased physical
functioning, depression, disordered sleep and daytime fatigue. DAARP decided that
distinction between that provision of indications based on treatment of the overall condition
versus treatment of specific symptoms was not appropriate.

To support the “treatment of fibromyalgia” indication, at least two adequate and well-
controlled studies of at least 3 months’ duration are required, using pain as the primary
endpoint. The trials should also evaluate the effect of treatment on other domains as secondary
outcomes, such as sleep, fatigue, and function. If the product is determined to be efficacious
for any of the secondary domains, this information may be included in the Clinical Trials
section of the label. The studies must use validated measures for its efficacy outcomes. With
respect to measures of physical function, the Division has concluded that although the
Fibromyalgia Impact Questionnaire (FIQ) is a validated measure, it may not be perform as
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well as the physical function subscale of the Short-Form 36 Health Questionnaire (SF36-PF).
Therefore the Division recommends that sponsors include both of these function scales in the
efficacy trials.

Both DAAODP’s and DAARP’s policies regarding development of fibromyalgia treatments
evolved over the course of the milnacipran (MLN) development program, and this impacted
the design and endpoints of the key efficacy trials.

Liftcacy stdies.: :

Two Phase 3 studies were submitted in support of efficacy of milnacipran: studies FMS-031
and MLN-MD-02. Both studies can be considered adequate and well-controlled based on the
study design. Each study was a randomized, double-blind, placebo-controlled, parallel-group,
fixed-dose trial that enrolled patients aged 18-70 years with a diagnosis of fibromyalgia (as
defined by the American College of Rheumatology criteria), and compared the efficacy of
milnacipran 50 mg BID and 100 mg BID compared to placebo. The dose of study drug was
titrated to the target fixed dose over three weeks, beginning at 12.5 mg BID and increased to
50 mg BID by the end of the first week, and then doubled each week thereafter. Hydrocodone
was permitted as rescue analgesia, with use limited to 10 days and not permitted within 48
hours of a scheduled clinic visit. However, the studies differed with respect to other
characteristics, as described below.

(@) Study FMS-077
Study FMS-031 was a 6-month trial and enrolled patients with a baseline pain score of at least
50mm on a 100-mm Visual Analog Scale (VAS) and were excluded if they had refractory
fibromyalgia (i.e. had failed at least two courses of tricyclic antidepressants or SNRI agents),
or had evidence of severe psychiatric illness (including risk of suicide, current major
depressive episode. The primary efficacy outcomes were (i) pain intensity (measured on a
100-mmVAS); (ii) patient function, patient function (measured by the FIQ and the SF-36
Physical Component Summary (SF-36 PCS); and (iii) the patient global impression of
improvement (measured by a fibromyalgia-specific patient global impression of change
(PGIC) question).

The original protocol for Study FMS-031 was submitted for Special Protocol Assessment
(SPA). The protocol specified a single primary efficacy endpoint to support a “treatment of
fibromyalgia syndrome” indication, namely the percentage of patients that were responders
based on the following criteria:
® 2> 30% improvement in pain from baseline to endpoint, AND
* PGIC rating of “improved” (i.e. a score of 1, 2 or 3 on the 1-7 scale) at endpoint, AND
* Improvement in at least one of the following measures of function:
* 220% improvement in FIQ-PF score from baseline to endpoint
® 25 units of improvement in the SF-36 PCS score from baseline to endpoint

Initially, the primary efficacy analysis was to use the last observation carried forward (LOCF)
method to impute for missing data, and a closed testing procedure (Hochberg) to control for
multiplicity (refer to the statistical review for details). The endpoint would be analyzed at
study end (i.e. 6-months).
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DAAODP failed to reach agreement with the sponsor on the protocol under a SPA. DAAODP
recommended several revisions to the efficacy analysis (Advice Letter September 12, 2003
and Type A meeting, October 14, 2003). The protocol was subsequently modified to include
the following:

» Efficacy for an additional possible indication, “treatment of the pain of fibromyalgia,”
would be explored, based on a responder analysis using the responder criteria for pain
and the patient global.

* For the “treatment of fibromyalgia syndrome” indication, function response would be
measured using a > 30% improvement in FIQ-PF score, and the SF-36 PCS was
changed to a secondary measure

Although DAAODP concurred with the amendments, the protocol revision was not submitted
as a SPA, nor was a letter from DAAODP sent to the company stating that a SPA agreement
had been reached. Forrest has previously stated that there was a SPA agreement but has not,
even though asked by the Agency (Type C meeting, June 2, 2006), provided specific
documentation that supports this contention.

DAARP also provided recommendations regarding the analysis of FMS-031. DAARP advised
the sponsor to include other imputation methods as sensitivity analyses, due to the limitations
of the LOCEF strategy (Type C Guidance meeting, May 9, 2005). In chronic trials where pain
is the primary outcome, a major issue is how to statistically handle missing data due to patient
dropout. In these trials, there is often differential dropout across treatment groups: patients in
the active group tend to discontinue due to adverse events, and patients treated with placebo
tend to dropout because of lack of efficacy. Because the treatments confer a benefit (i.e.
decrease pain) only during the period that they are taken, an effective chronic analgesic is
considered to be one that relieves pain and can be used over a long period of time (i.e. has
long-term tolerability). Thus, it is important to use imputation strategies for missing data that
do not impute favorable pains scores for individuals who prematurely discontinue treatment,
particularly those who discontinue due to an adverse effect of treatment.

Because FMS-031 was essentially complete when DAARP assumed review responsibility,
DAARP agreed to the Applicant’s proposal to assess efficacy at both 3 months and 6 months.
DAARP found the proposed efficacy endpoints for the “pain of FM” and “FM syndrome”
indications acceptable, but advised Forrest that for the former indication, the patient global
assessment need not be a co-primary endpoint; instead it could be analyzed separately as a
secondary endpoint.

Forrest analyzed the results of FMS-031 using LOCF to impute missing data and the FIQ-PF
as the function measure. The company found that for the “FM pain” indication, there was no
statistical evidence of efficacy at 3 months for either MLLN group. However, there was a
statistically difference between placebo and MI.N 200 mg/day when a more conservative
imputation method, baseline observation carried forward (BOCF), was used. For the “FM
syndrome” analysis using LOCF, BOCF and the FIQ-PF, there was no evidence of efficacy for
either dose. :

Page 11 of 63



Cross Discipline Team Leader Review Mwango A. Kashoki, MD MPH
N 22-256 (Milnacipran Hydrochloride)

The company theorized that the lack of efficacy observed in FMS-031 was a result of the study
population (inclusion of people with moderately severe depression) and use of an unresponsive
function measure (FIQ-PF); post hoc analyses using this population and BOCF imputation
supported this. Forrest amended the then ongoing study, MLN-MD-02, to exclude patients
with a Beck Depression Inventory (BDI) score of > 25, and incorporated the SF-36 PCS into
the primary efficacy analysis. This protocol change resulted in favorable efficacy findings for
MLN-MD-02 (see Efficacy Results section, below). Consequently, Forrest proposed to
DAARP that study FMS-031 still be submitted as pivotal efficacy study but reanalyzed using
the analyses and patient population criteria that were specified for MLN-MD-02. This analysis
would be referred to as the Uniform Program Analysis (UPA), and would allow for
comparison of efficacy results using the same time point, responder definition, imputation
method, and population. DAARP agreed to this proposal.

(B) Study MIN-MD-02
Study MLN-MD-02 was initially designed as a 3-month trial. The study enrolled patients with
a baseline pain score of at least 40mm on a 100-mm VAS and a score of > 4 on the physical
function component of the FIQ. The exclusion criteria and rescue medication were similar to
those of study FMS-031, as were the primary efficacy outcomes (i.e. pain intensity, patient
function and patient global impression of improvement.

Two primary efficacy analyses were to be performed for MLN-MD-02: (i) the proportion of
patients who met the requirements for a “treatment of FMS,” and (ii) the proportion of patients
who satisfied the definition of response for a “treatment of the pain of FM.” The criteria for
response on the pain, function, and patient global domains, and the method for data imputation
were similar from the criteria used in FMS-031. However, study MLN-MD-02 employed a
different closed testing procedure to control for the multiple efficacy comparisons (refer to the
statistical review for details). '

Following review of the protocol by DAAODP, the study duration was extended to 6 months.
This was because although the division had previously stated that one 6-month trial (FMS-
031) and one 3-month trial (MLN-MD-02) would be sufficient to support efficacy, DAAODP
later deemed that at least two 6-month trials would be more appropriate for a chronic condition
such as fibromyalgia.

As described above, based on preliminary findings from study FMS-031, the protocol for
MLEN-MD-02 was amended to exclude patients with moderate-severe depression (with BDI >
25) and patients with a FIQ score <4. In the NDA, the Applicant refers to this subgroup of the
ITT population as the “UPA population.” Additionally, the criterion for response on the
function domain was changed to an improvement of 6 points or more on the SF-36 PCS at
endpoint (from an improvement 5 points). Furthermore, the criterion for response PGIC was
changed to a rating of “much or very much improved” (i.e. a PGIC score of 1 or 2 at endpoint).
BOCF imputation was employed in the primary analysis.
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Lfficacy results:

The clinical review of the efficacy data was performed by Dr. Jane Filie and the statistical
review was performed by Dr. Joan Buenconsejo. Refer to their reviews for details regarding
the efficacy analyses.

Results: Study MLN-MD-02
Disposition

Of the 1196 patients in study MLN-MD-02, 68% completed 3 months of treatment. Among
the 32% of patients who discontinued, AEs were the most common reason for discontinuation.
Dropout due to AEs occurred more frequently in the MLN groups (20-24% of patients) than in
the placebo group (10%). Dropout due to lack of efficacy was somewhat comparable across
all three treatment groups (5-9%).

Patient Disposition — Study MLN-MD-02
: Milnacipran
Placebo 100 mg/d | 200 mg/d Total
N=401 N=399 N=396 N=1196
Tx15¢ Completed 290 (72%) | 264 (66%) | 257 (65%) | 811 (68%)
Wk 15) | Discontinued 111 (28%) | 135 (34%) | 139(35%) | 385 (32%)
AE 38(10%) | 78(20%) | 94(24%) | 210 (18%)
Lack of Efficacy | 36 (9%) 28 (7%) 19 (5%) 83 (7%)
Other 37 (9%) 29 (7%) 26 (7%) 92 (8%)

(Derived from the statistical reviewer’s Table 8)

LPrimary efftcacy analysis:

As previously discussed, the efficacy endpoint for the “FM pain” indication was the proportion
of patients that met pain (pain intensity) and patient global (PGIC) responder definitions. The
efficacy endpoint for the “FM syndrome” indication was the proportion of patients that met
pain, function (SF-36 PCS) and patient global responder definitions. In order to control the
overall type I error for comparisons of two dosages of milnacipran to placebo for two
indications, the following sequential gate-keeping multiple comparison procedure was used:

1. Step 1: 100 mg versus placebo at 3 months for the “FM pain” indication and 200 mg
versus placebo at 3-months for the “FM pain” indication.

2. Step 2: 100 mg versus placebo at 3-months for the “FM syndrome” indication and 200
mg versus placebo at 3-months for the “FM syndrome” indication.

a.  Composite Responder Analysis: Pain of Fibromyalgia
Dr. Buenconsejo confirmed the Applicant’s finding that there were statistically significantly
more composite pain (Pain + PGIC) responders in the MLN 100 mg/day (23%) and MLN 200

mg/day (25%) groups than in the placebo group (16%). This difference was statistically
significant.
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Primary Efficacy Analyses: Composite “FM Pain” Responder Rates at the 3-Month
Landmark (ITT population) — Study MLN-MD-02 .

Placebo Milnacipran
Endpoint Imputation 100 mg/d 200 mg/d
Composite “FM N=401 N=399 N=396
Pain” responders
BOCF 66 (16%) 91 (23%) 98 (25%)
1.50 (1.1,2.1) | 1.68 (1.2,2.4)
=0.0252 p=0.0037

(Derived from the statistical reviewer’s Table 17)

4. - Composite Responder Analysis: Fibromyalpiz Sprdrome

‘Again, similar to the Applicant, Dr. Buenconsejo found that there were more patients in the
MLN 100 mg/day and 200 mg/day groups (15% and 14%, respectively) than in the placebo
group (9%) that met the definition of composite “FM syndrome” responder. Although the
absolute proportions in responders were relatively low, the differences in responder rates
between the MLN and placebo groups did reach statistical significance.

Primary Efficacy Analyses: Composite “FM syndrome” Responder Rates at the 3-Month
Landmark (ITT population) — Study MLN-MD-02

Placebo Milnacipran
Endpoint Imputation 100 mg/d 200 mg/d
Composite “FM N=401 N=399 N=396
syndrome”
responders
BOCF 35 (9%) 58 (15%) 55 (14%)
1.79 (1.1,2.8) | 1.75 (1.1, 2.8)
p=0.011 p=0.015

(Derived from the statistical reviewer’s Table 25)

Cumulative (continuous) Responder Analysis— Composite “FM pain” endpoint

The Applicant’s “FM pain” composite endpoint defined response based on a single level (cut-
off) of pain improvement. Because pain is considered to be the dominant symptom of
fibromyalgia, the data were explored to determine whether a difference between the MLN and
placebo treatment arms was still observed when multiple levels of pain improvement were
used to define treatment response (i.e. a cumulative (continuous) responder analysis). Of note,
this is not an ITT analysis. Instead, this plots the proportion of patients who reported a PGIC
score of “much improved™ or “very much improved” who also experienced various degrees of
pain relief.
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‘The analysis showed that at each level of pain improvement (e.g. > 10% improvement, > 20%
improvement, etc.), both doses of MLLN had more treatment responders than the placebo
group. The proportion of MLN 200 mg/day responders was slightly greater MLN 100 mg/day
responders, but this difference was less apparent at higher definitions of pain response (i.e. >
70% pain improvement). Thus, more MLN-treated patients who report feeling “improved” or
“very much improved” experience decreased pain than do placebo-treated patients, at all levels
of pain improvement.

Statistical Reviewer’s Figure 2: Composite Pain Response Profile — Study MLN-MD-02
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Additional FDA Exploratory Analyses:

As previously discussed, the Division currently considers that a “treatment of fibromyalgia”
indication should be supported by efficacy trials that use pain as the primary endpoint, and that
effects of treatment on other fibromyalgia domains (such as sleep, fatigue, and function)
should be assessed as secondary outcomes.

A comparison of average (i.e. group mean) pain scores at study end or the change in mean pain
scores at study end are commonly performed to evaluate effects of treatment on pain.
Although a recognized limitation of a comparison of means is that average scores do not
necessarily predict individual subject response, this analysis was still done to further assess
minlacipran’s effects.

Also, even though the agreed-upon efficacy outcomes that were based on co-primary
endpoints showed positive results, further exploration of the effects of MLN treatment on each

Page 15 of 63



Cross Discipline Team Leader Review Mwango A. Kashoki, MD MPH
N 22-256 (Milnacipran Hydrochloride)

of the individual domains was conducted to assess whether there was still suggestion of
efficacy when the results were analyzed based on the Division’s currently preferred outcomes.

Change in mean pain from baseline to siudy end

Dr. Buenconsejo found that at study end, the placebo group had a mean change in pain of 10
mm (on a 100 mm VAS), compared to 12.4 mm and 12.9 mm for the MLN 100 mg/day and
200 mg/day groups, respectively. This corresponds to a difference in the change of mean pain
scores 0f 2.4-2.9 mm. Based on p-values unadjusted for multiplicity, there is evidence of a
treatment difference for the MLN 200 mg/day group. However, the clinical meaningfulness of
the absolute difference in mean pain scores is not readily apparent.

(Adapted) Statistical Reviewer’s Table 19: Average Pain Score Mean Change from
Baseline to Endpoint — Study MLLN-MD-02

Pain Score (Using BOCF)
Treatment Group Baseline LSMean Change* p-valuet
Placebo 65.8 10.0
Milnacipran 100 64.5 12.4 0.0833
mg/d
Milnacipran 200 643 129 0.0354
mg/d

*ANCOVA with treatment and baseline score as explanatory variables; positive implies improvement
+ unadjusted p-value

The results of the comparison of means are not consistent with the findings of the primary
efficacy (composite responder) analyses. Whereas the primary analyses showed that more
milnacipran-treated patients than placebo patients had good responses with respect to
improvement in pain, function and global status, the comparison of means found that there was
equivalent improvement of pain across the treatment groups. This suggests that it was
improvement in patient function and or global status, more than improvement in pain that
contributed to the favorable composite responder results.

To explore whether this was indeed the case, the proportions of “pain only” responders in each
of the treatment groups were compared. For the composite “FM pain” and “FM syndrome”
endpoints, the Applicant defined pain response as > 30% decrease in pain from baseline.

Responder Analysis: Pain responders

a.  Proportion of patients with > 30% improvement in pain from baseline
Dr. Buenconsejo found that there were numerically more “pain only” responders in the MLN
100 mg/day and 200 mg/day groups (31% and 30%, respectively) than in the placebo group
(25%). There was no evidence of a dose response. The point estimates for the odds ratios

were favorable for MLN, but based on the 95% confidence intervals there is insufficient
evidence to show that the difference in “pain only” responders is statistically relevant.
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(Adapted) Statistical Reviewer’s Table 10: “Pain Only” Responder Rate for Milnacipran
Versus Placebo at the 3-Month Landmark ~ Study MLN-MD-02

Placebo Milnacipran
Endpoint/ 100 mg/d 200 mg/d
Population
% patients with
>30% 4 inpain | Imputation N=401 N=399 N=396
from baseline
ITT - BOCF 101 (25%) 124 (31%) 119 (30%)

1.34 (<1.0, 1.8) 1.28 (0.9, 1.8)

This analysis also shows that there were more “pain only” responders than composite “FM
pain” responders. This is not surprising, given that the latter group of patients had to
demonstrate response on both the pain and patient global outcomes.

The lack of a considerable difference in the rates of “pain only” responders between the MLN
and placebo groups is consistent with the findings of the comparison of mean pain scores at
study end, and again suggests that the results of the composite responder analysis were more
due to treatment differences in function or patient global response, than to differences in pain.

b. Cumulative (continuous) responder profile - Pain responders

As previously stated, the Applicant defined pain response based on a single cut-off for pain
response. To determine whether a difference between the MLN and placebo treatment arms
was observed when multiple levels of pain improvement were used to define treatment
response, continuous responder curve was plotted for the proportion of patients in each group
who achieved various levels of pain reduction or greater. This ITT analysis found that there
was no separation between the curves for the MLN arms and the placebo curve. That is,
across multiple levels of pain response, MLN did not show a difference from placebo. Again,
this finding suggests that MLN did not have a clear analgesic effect for the fibromyalgia
patients and indicated the need for exploration of treatment differences with respect to the
function and patient global outcomes.

| APPEARS THIS WAY
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Statistical Reviewer’s Figure 4: Pain Response Profile — Study MLN-MD-02
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Respoha’er Analysis: Patient Global

The rates of “patient global only” responders in each of the groups were compared. The
definition of response that was employed for the composite “FM pain” and “FM syndrome”
endpoints, namely a PGIC score of 1 or 2 at study end, was used for this analysis.

There were numerically more “patient global only” responders in the MLN 100 mg/day and

~ 200 mg groups (31% and 33%) than in the placebo group (23%). The confidence intervals for
the odds ratios were supportive of the significance of these differences. Thus, compared to
placebo-treated patients, more MLN-treated patients reported an overall improvement with
treatment. ‘ ' '

(Adapted) Statistical Reviewer’s Table 21: Patient Global Improvement Only Responder
Rate for Milnacipran Versus Placebo at the 3-Month Landmark — Study MLN-MD-02

Placebo . Milnacipran
Endpoint/ Population Imputation 100 mg/d 200 mg/d
% patients with PGIC N=401 N=399 N=396
score of 1 or 2 at study end ,
ITT BOCF 92 (23%) 125 (31%) 129 (33%)
1.53 (1.1,2.1) | 1.62 (1.2,2.2)
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Responder Analysis. Function
For the composite “FM pain” and “FM syndrome” endpoints, function response was defined
as a decrease in SF-36 PCS score of at least 6 points from baseline. This definition was used
to compare the rates of “function only” responders in each of the groups.

The difference in “function only” responders was greatest for the MLN 100 mg/day group
(27% versus 21% in the placebo group). Based on the 95% CI and the unadjusted p-value,
there is insufficient evidence that this difference is statistically significant. The MLN 200
mg/day group had a comparable proportion of “function only” responders to the placebo
group.

Responder Analyses: “Function only” Responder Rates at the 3-Month Landmark art
opulation), based on the SF-36 PCS — Study MLN-MD-02

Placebo Milnacipran
Endpoint ‘ 100 mg/d - 200 mg/d
SF-36 PCS Score | Imputation N=401 N=399 N=396
d of > 6 points '
BOCF 86 (21%) 108 (27%) 89 (22%)
1.37 (<1.0,1.9) | 1.10 (0.8, 1.6)
p=0.0628 _p=0.5777

(Adapted from the statistical reviewer’s Table 25)

As discussed in Section 7, DAARP currently recommends that the physical function subscale
of the SF-36 (SF-36 PF) be used to measure physical function in fibromyalgia studies. The
Applicant used the SF-36 physical component summary (SF-36 PCS) to assess function.
Although the scoring is weighted to primarily include items for the Physical Funtioning, Role-
Physical, and Bodily Scales, the SF-36 PCS includes items from other non-physical domains
(suc as mental health and vitality). Thus the SF-36 is not an adequate measure of physical
function. The Division therefore calculated the change in mean SF-36 PF score to determine if
there was a difference in physical function. (A responder analysis is not feasible, since a
responder definition for this endpoint is not currently defined.)

Responder Analyses: “Function only” Responder Rates at the 3-Month Landmark arrT
opulation), based on the SF-36 PF — Study MLN-MD-02

Placebo Milnacipran
100 mg/d 200 mg/d
N=401 N=399 N=396
Mean Pain Score (Range) - BOCF
Baseline 34 (15-57) 34 (15-57) 34 (15 - 53)
3-month landmark* 34(15-57) 36 (17-57) 36 (15-57)
Change from Baseline} 0.3(-36-27) | -1.8(-38-19) | -1.7(-35-25)

This analysis showed that the MLN groups had a greater mean decrease in SF-36 PF score
(approximately -1.8 points) than did the placebo group (-0.3 points). The clinical significance
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of this relatively small difference in pain scores is not clear. Of note, the MLN and placebo
groups were very similar with respect to the range of changes.in SF-36 PF scores.

The results of the comparison of responder rates for each of the individual domains suggested
that a favorable response on the “patient global” endpoint was the primary contributor towards
the positive outcomes of the composite endpoints, rather than a favorable effect of MLN on
patients’ pain and function. That is, for the composite endpoints, more MLN patients met
“patient global” responder criteria than placebo patients (or, conversely, fewer MLLN patients
met “pain” or “function” responder criteria). To explore whether this was correct, the
proportions of “pain but not global” and “global only” responders in each group were
compared.

The table shows that among the “pain but not global” responders, slightly more placebo
patients (9%) than MLN 100 mg/d and 200 mg/d patients (8% and 5%) did not also meet
criteria for a good PGIC response. However, among the “patient global only” responders,
approximately the same proportions of patients in the MLN and placebo groups did not have a
favorable pain response. Thus inter-group differences in patient global vs. pain response by
themselves do not account for the composite responder efficacy results. ’

Proportion of pain and patient global responders — Study MLN-MD-02

Responder definition Placeho MLN 100 MLN 200
mg/day mg/day
Composite pain responders o o o
Pain/PGIC (yes/yes) 16% 23% _ 25%
x?am only” responders 25% 31% 30%

Pain (yes)

“Patient global only” responders o o o
PGIC (yes) 23% 31% . 33%
6 pain responders who were not PGIC

responders ) 9% 8% 5%
Pain/PGIC (yes/no)

6. patient global responders who were rot
pain responders 7% ‘ 8% 8%
Pain/PGIC (no/yes)

The finding of a difference between the MLN and placebo composite “FM pain” responder
rates, but no difference between the groups with respect to the “pain only” responder rates was
further explored. The data were examined for any differences with respect to the magnitude of
change in pain intensity for the composite “FM pain” responders versus the “pain only”
responders.

The mean change in pain score for the composite “FM pain” responders was 40 mm, compared
to mean pain change of approximately 37 mm for the “pain only” responders. Thus, the “pain
only” responders showed slightly less of an improvement in pain than did the composite “FM
pain” responders. The magnitude of change in mean pain score for the patients who met the
PGIC responder definition but not the pain responder definition was even less remarkable
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(about 6.5 mm). Comparison of the range of pain intensity scores at study end, as well as the
median pain scores at study end yielded similar results.

Thus it appears that the composite “FM pain” responders did have not better changes in
absolute pain intensity than the “pain only” responders, which is consistent with the findings
of the change in mean pain and “pain only” responder analyses. This suggests that the
composite responders’ report of an overall feeling of improvement in fibromyalgia (i.e. good
PGIC score) may be due to effects on other aspects of the disease.

Because many patients with fibromyalgia also have co-morbid depression, and because
milnacipran is an antidepressant, the data were explored to determine whether the positive
composite responder results were due to a favorable effect of drug on depression.

Responder Analysis: Patients with depression vs. Patients without depression

In study MLN-MD-02, patients with current major depressive episode were excluded using the
MINI. Also, patients with moderately severe to severe depression, as defined by a Beck
Depression Inventory (BDI) score of > 25 were excluded from the study.

To determine whether the proportions of treatment responders varied by depression status, Dr.
Buenconsejo performed responder analyses for the composite “FM pain” and “FM syndrome”
endpoints, as well as for each of the individual components (pain, function, and patient
global).

At baseline, approximately 90% of patients had BDI scores < 25. For each responder
definition, more patients with BDI scores < 25 met responder criteria than did patients with
BDI scores > 25. That is, there was a greater number of treatment responders in the less
depressed patients than in the more depressed patients, which suggests that the favorable
composite “FM pain” and “FM syndrome” results were not due to an antidepressant effect of
MLN. Notably, there was relatively fewer number of patients with BDI scores > 25 compared
to <25. '

APPEARS THIS WAY
ON ORIGINAL
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Statistical Reviewer’s Figure 17: Responder Analysis for the Treatment of the Syndrome
or Treatment of the Pain of Fibromyalgia during Treatment Weeks 14-15 (BOCF) by
Baseline BDI Group — Study MLN-MD-02
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The Applicant’s definition of moderately severe to severe depression as a BDI score > 25
appears to have been arbitrarily selected. More commonly, depression severity is categorized
as follows:, a BDI score of 0 to 9 is considered normal to minimal depressive symptoms;
scores of 10-16 indicate mild depression; scores of 17-29 reflect moderate depression, and
scores of 30-63 indicate severe depression. Therefore the efficacy data were reanalyzed based
on these baseline BDI sub-groups. '

This analysis again showed that there were more MLN patients than placebo patients that met
criteria for response, for both the composite responder definitions and the individual domain
responder definitions. Also, the overall pattern of response showed that, overall, patients with
lower BDI scores (i.¢. less depressed patients) were more likely to be responders than persons
with higher BDI scores (i.e. more depressed patients), across all definitions of response (pain,
function, etc.). As can be concluded from the previous analysis, this finding does not support
the theory that milnacipran’s antidepressant effect was largely responsible for the positive
primary efficacy findings.
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Statistical Reviewer’s Figure 40: Responder Analysis for the Treatment of the Syndrome
or Treatment of the Pain of Fibromyalgia during Treatment Weeks 14-15 (BOCF) by
Baseline BDI Group - Study MLN-MD-02
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Lfecacy Summary — MIN-MD-02

Based on the applicant’s primary efficacy endpoints, both MLN 100 mg/day and 200 mg/day
demonstrated superior efficacy to placebo. That is, there were more treatment responders
among patients treated with MLN than among placebo-treated patients, as based on the
composite “FM pain” and “FM syndrome” responder criteria. However, post 4oc analyses of
effects of treatment on each of the individual domains of the composite endpoints (pain,
function, and patient global), found that there were no differences in pain and function
responder rates. There were treatment differences in the rates of patient global responders.
Exploration of the data found that differences in baseline pain, duration of FM symptoms,
distribution of pain scores at study end, mean pain scores at study end, and baseline depression
level do not explain the statistical difference in composite responder rates but not “pain only”
responder rates. Also, the differences in composite responder rates between the MLN and
placebo groups do not appear to be due to an antidepressant effect. Overall, among patients
who feel “improved” or “very much improved” after treatment, more MLN 100 mg/day and
200 mg/day patients than placebo patients experience decreased pain.

Results: Study FMS-031

Per agreement with the Agency, the Applicant reanalyzed study FMS-031 using the patient
population criteria and efficacy analyses that were specified for study MLN-MD-02. Patients
with FIQ-PF scores < 4 and BDI scores > 25 were excluded, and the resultant modified patient
population was termed the Uniform Program Analysis (UPA) population. Also, the reanalysis
method was referred to as the Uniform Program Analysis (UPA). The UPA is detailed in the
table below:

Uniform Program Analysis Definitions — study FMS-031

Domain Improvemenmt Definirion Handling of
Pain Globai Physical Funcii Missing Data
Treatment of Pain
@ 3-Month Landmark LoCF to 3-manth
(Tx15)
None BOCF to 3-month
Treatment of Pain Landmark; LOCF
i@ 6-Month Landmark Much improved, or from 3-month to
~ - v + ]
= 2 30% improvement very much 6 .m outh
= - h Landmark
- from bazeline to improved at
T'xntment ofSyndrome | 1y imark on PED pain | landmark (Score of BOCF to 3-month
@ 3-Month Landmark 1 or2 on PGIC) > 6-point Landmark
{Tx15) i—mpmvemem from
baseline to BOCF to 3-month
Treatment of Syndrome landmark on SF-36- | Landmark; LOCF
i 6-Month Landmar)k PCS score from 3-month to
(Tx27) 6-month
Landmark

BOCT = basaline observation caniad forward; LOCF = last observation cartied forward; PED = Patient Experience
Diary; PGIC = Patient Global Impression of Change; SF-36 = Short Form-36 Health Survay.

Source: Clinical Study Report FMS-031, page 65
In the UPA, patient response for the “FM pain” and “FM syndrome” endpoints was defined

similar to MLN-MD-02. Because study FMS-031 was a 6-month study, these endpoints were
assessed at both the 3-month and 6-month time points. BOCF was the imputation strategy for
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the 3-month analyses, whereas a combination of BOCF and LOCF was used for the 6-month
analyses.

Muttiplicity adjustment

In order to control the overall experiment-wise error rate for comparing both the 200-mg/d and
100-mg/d milnacipran dosages with placebo, for both the treatment of pain of fibromyalgia
and the treatment of FMS indications, at both Weeks 14-15 (i.e. weeks 11-12 of stable
treatment) and Weeks 26-27, eight primary comparisons were performed using the following
sequential gatekeeping multiple testing procedure:

1. 200 mg versus placebo on composite pain at Weeks 14-15

2. 200 mg versus placebo on composite syndrome at Weeks 14-15 and 200 mg versus
placebo on composite Pain at Weeks 26-27

3. 200 mg versus placebo on composite syndrome at Weeks 26-27

4. 100 mg versus placebo on composite pain at Weeks 14-15

5. 100 mg versus placebo on composite syndrome at Weeks 14-15 and 100 mg versus
placebo on composite pain at Weeks 26-27,

6. 100 mg versus placebo on composite Syndrome at Weeks 26-27

At each step, individual hypotheses were tested at the family-wise 5% level of significance
only if all of the preceding individual hypotheses were tested and rejected via their closed
family. At Step 2 and Step 5, Hochberg’s step-up multiple testing procedure was used to test
the individual hypothesis in that family at the family-wise 5% level of significance.

Because the Division currently requires analysis of efficacy of fibromyalgia treatments after
only 3 months on drug, this memo will focus on the 3-month resuits. For details regarding the
findings of the 6-month analyses, please refer to Dr. Buenconsejo’s review.

Dispositiorn

Altogether, 37% of the 888 patients in FMS-031 discontinued treatment prior to 3 months of
stable therapy. This rate was slightly higher than that observed in study MLN-MD-02 (32%).
Similar to MLN-MD-02, the major reason for discontinuation was adverse event, and this was
more frequent in the MLN groups than in the placebo group: whereas 9% of placebo patients
dropped out because of an AE, 17% and 25% of MLN 100 mg/day and MLN 200 mg/day
patients dropped out because of an AE. Placebo patients were slightly more likely than MLN
patients to discontinue because of lack of efficacy.
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(Adapted) Statistical Reviewer’s Table 14: Number (%

Mwango A. Kashoki, MD MPH

) of Patients who reached

different study visits — Study FMS-031
. Milnacipran
Placebo 100 mg/d | 200 mg/d Total
N=223 N=224 N=441 N=888
Tx15 Completed 161 (72%) | 140 (63%) | 264 (60%) | 565 (64%)
Wk 15 Discontinued 62 (28%) | 84 (37%) | 177 (40%) | 323 (37%)
Death 1(0.4%) 0 0 1(0.1%)
AE 19 (9%) 39 (17%) | 108 (25%) | 166 (19%)
Lack of Efficacy | 28 (13%) 23 (10%) 41 (9%) 92 (10%)
Others 14 (6%) 22 (10%) 28 (6%) 64 (7%)

Lrimary efficacy analysis

a. Composite Responder Analysis: Pain of Fibromyalgia
b. Composite Responder Analysis: Fi ibromyalgia Syndrome

Because of the nature of the Applicant’s method to adjust for multiplicity, the results of the
“FM pain” and “FM syndrome” composite responder analyses are presented together.

At 3 months, there were more composite “FM pain” (pain + PGIC) responders in the MLN
100 mg/day (27%) and MLN 200 mg/day (27%) groups than in the placebo group (19%).
Similar response rates were observed at six months: 17% of placebo were composite “FM
pain” responders compared to 24% of both the MLN 100- and 200-mg/day patients.

With respect to the composite “FM syndrome” (pain + function + PGIC) responders, at 3
months there were more responders in the MLN 100- and 200-mg/day groups (20% and 19%,
respectively) than in the placebo group (12%). Similar differences were observed at 6 months,
with 17-18% of MLN-treated patients meeting criteria for “FM syndrome” response versus
12% of placebo patients.

Based on the Applicant’s step-down procedure for the UPA analysis, treatment with MLN 200
mg/day resulted in a statistically significant difference in “FM pain” and “FM syndrome”
responders at 3 months. Because the difference in 6-month “FM pain” response rates for
MLN 200 mg/day and placebo did not achieve statistical significance, none of the other
comparisons could be tested for significance. This includes the MLN 100 mg/day response
rates for both the “FM pain” and “FM syndrome” endpoints.
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(Adapted) Statistical Reviewer’s Tables 29 and 30: Primary Efficacy Analyses:
Composite Responder Rates for Milnacipran versus Placebo at the 3-Month Landmark —
UPA Analysis (Study FMS-031) '

Placebo Milnacipran
100 mg/d 200 mg/d
N=223 N=224 N=441
Three-Month Landmark
Composite Pain Responders
BOCFYt 1 43 (19%) 61 (27%) 118 (27%)
1.55 (<1.0, | 1.54(1.0,2.3)
24) p=0.0323
p=0.0554
BOCFi 43 (19%) 61 27%) 118 (27%)
1.57(1.0,2.4) | 1.54 (1.0, 2.3)
p=0.0477 p=0.0329

Composite Syndrome Responders

BOCF¥ 27 (12%) 44 (20%) 85 (19%)

1.84(1.1,32) | 1.80(1.1,2.9)
p=0.0277 p=0.0175

BOCF; 27 (12%) | 44 (20%) 85 (19%)
1.75 (1.0,3.0) | 1.75 (1.1, 2.8)

p=0.0351 p=0.0197
Six-month landmark ' :

Composite Pain Responders

BOCF¥ 39 (17%) 53 (24%) 104 (24%)
1.41 (0.9,2.3) | 1.49(<1.0,
p=0.1511 2.3)
p=0.0605
BOCFi, 39 (17%) 53 (24%) 104 (24%)
1.46 (0.9,2.3) | 1.46 (<1.0,
p=0.1079 2.2)
p=0.0704
Composite Syndrome Responders
BOCFYt 27 (12%) 40 (18%) 73 (17%) .
1.46 (0.8, 2.5) | 1.47 (0.9, 2.4)
: p=0.1751 p=0.1244
BOCF} 27 (12%) 40 (18%) 73 (17%)
1.56 (0.9,2.7) | 1.45(0.9,2.3)
p=0.0999 p=0.1299

*implies subjects who dropped out are considered nonresponders

tFor Composite Pain and Pain only domain — Sponsor-pre-specified logistic regression model with treatment
group, baseline pain, and baseline pain by treatment interaction as explanatory variables. The superiority of
milnacipran over placebo was tested at the overall median value of baseline pain score for patients included in the
model.

} logistic regression model with treatment group and baseline pain as explanatory variable.. This is the same as
MLN-MD-02
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Cumnlative (continous) Re.spofm’en{/mé/‘s"zlr— Composite “ FM pain” endpoint

The Applicant’s “FM pain” composite endpoint defined response based on a single level (cut-
off) of pain improvement. The data were explored to determine whether a difference between
the MLN and placebo treatment arms was still observed when multiple levels of pain
improvement were used to define treatment response (i.e. a cumulative (continuous) responder
analysis). In this analysis, the proportions of patients who reported a PGIC score of
“improved” or “very much improved” and who also met specific levels of pain response were
plotted.

The continuous responder curves showed that at each level of pain improvement (e.g. > 10%
improvement, > 20% improvement, etc.), both MLN groups had numerically more treatment
‘responders than the placebo group. There was no evidence of a difference in the proportion of

responders between the MLN groups.

Statistical Reviwer’s Figure 2: Pain Response Profile for Patients with PGI =1 or PGI=2
(i.e. Composite Pain) — Study FMS-031 (UPA Analysis)
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Additional FDA Exploratory Analyses:

The same exploratory analyses that were performed for study MLN-MD-02 were conducted
for study FMS-031. Because the Division currently considers that efficacy trials intended to
support a “treatment of fibromyalgia” indication should use pain as the primary endpoint and
evaluate effects on other fibromyalgia domains (e.g. function) as secondary outcomes, these
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types of analyses were conducted. Also, because a comparison of average (i.e. group mean)
pain scores at study end is commonly performed in studies assessing effects of treatment on
pain, this analysis was also performed.

Change in mean pain from baseline lo study end

The results of this analysis were similar to those observed for study MLN-MD-02. At 3
months, the placebo group had a mean change in pain of 13 mm (on a 100 mm VAS),
compared to 15 mm for the MLN 100 mg/day and 200 mg/day groups. This corresponds to a
difference in the change of mean pain scores of approximately 2 mm. Based on p-values
unadjusted for multiplicity, there is no evidence of a treatment difference for the MLN 200
mg/day group. The clinical meaningfulness of the absolute difference in mean pain scores is
not readily apparent. '

(Adapted) Statistical Reviewer’s Table 31: Average Pain Score Mean Change from
Baseline to the 3-month Endpoint — Study MLN-MD-02

Pain Score (Using BOCF)
Treatment Group Baseline LSMean Change* p-valuet
Placebo ' 68.4 12.7
Milnacipran 100 mg/d 68.3 14.5 0.3652
Milnacipran 200 mg/d 69.4 15.2 0.1559

*ANCOVA with treatment and baseline score as explanatory variables; positive implies improvement
** ANOVA with treatment; PGI score 1 (very much improved) to 7 (very much worse)
1 unadjusted p-value

Again, in this study, the results of the comparison of means are not consistent with the findings
of the primary efficacy (composite responder) analyses and cumulative responder curves.
Whereas the primary analyses showed that more MLN 200 mg/day patients than placebo
patients had good responses with respect to improvement in pain, function and global status,
the comparison of means found that there was equivalent improvement of pain across the
treatment groups.

Responder Analysis.: Pain responders (at 3 montts)

a. Proportion of patients with > 30% improvement in pain from baseline
The proportions of “pain only” responders in each of the treatment groups were compared.
For the composite “FM pain” and “FM syndrome” endpoints, the Applicant defined pain
response as > 30% decrease in pain from baseline.
Dr. Buenconsejo found that there were numerically more “pain only” responders in the MLN

100 mg/day and 200 mg/day groups (34% and 35%, respectively) than in the placebo group
(28%). There was no evidence of a dose response. The point estimates for the odds ratios
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were favorable for MLN, but based on the 95% confidence intervals, there is insufficient
evidence to show that the difference in “pain only” responders is statistically relevant.

(Adapted) Statistical Reviewer’s Table 32: Pain Only Responder Rate for Milnacipran

Versus Placebo at the 3-Month (UPA Analysis) - Study FMS-031

Placebo Milnacipran
100mg/d | 200 mg/d
Three-month landmark
“Pain Only”
Responders
BOCF# 62 (28%) 76 (34%) 155 (35%)
’ 1.34(0.9,2.0) | 1.42 (<1.0,2.0)
BOCFi 62 (28%) 76 (34%) 155 (35%)
1.34(0.9,2.0) | 1.43(1.0,2.0)

tFor Composite Pain and Pain only domain — Sponsor-pre-specified logistic regression model with treatment
group, baseline pain, and baseline pain by treatment interaction as explanatory variables. The superiority of
milnacipran over placebo was tested at the overall median value of baseline pain score for patients included in the
model.

I logistic regression model with treatment group and baseline pain as explanatory variable. This is the same as
MLN-MD-02

Like the results of the comparison of mean pain scores at study end, the finding of no
considerable difference in the “pain only” responder rates between the MLN and placebo
groups suggests that the results of the composite responder analysis were more due to
treatment differences in function or patient global response, than to differences in pain.

b. Cumulative (continuous) responder profile - Pain responders

The previous “pain only” responder analysis calculated the frequency of response based on a
single criterion (> 30% decrease in pain from baseline). To determine whether a difference
between the MLN and placebo treatment arms was observed when multiple levels of pain
improvement were used to define treatment response, a continuous responder curve was
plotted. The UPA population was used for this analysis (i.e. the ITT population minus patients
with FIQ-PF score < 4 and BDI score > 25).

This analysis found that the response curves for the MLN and placebo groups overlapped at
the two extremes of the graph (that is at pain response definitions of < 20% decreased pain and
2 70% decreased pain). Overall therefore, across multiple levels of pain response, MLN did
not show a difference from placebo. Again, this finding suggests that MLN did not have a
clear analgesic effect for the fibromyalgia patients and indicated the need for exploration of
treatment differences with respect to the function and patient global outcomes.
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Statistical Reviewer’s Figure 15: Pain Response Profile — Study FMS-031
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Responder Analysis: Patient Global

The rates of “patient global only” responders in each of the groups were compared, using the
. definition of response that was employed for the composite “FM pain” and “FM syndrome”
endpoints, namely a PGIC score of 1 or 2 at study end.

There were only slightly more “patient global only” responders in the MLN 100 mg/day and
200 mg groups (33%) than in the placebo group (27%). The confidence intervals for the odds
ratios did not support a statistically significant difference. Thus, the data show that the
placebo- and MLN-treated patients reported equivalent rates of overall improvement with
treatment.

| WAY
PEARS THIS WA
AP ON ORIGINAL

Page 31 of 63



Cross Discipline Team Leader Review Mwango A. Kashoki, MD MPH
N 22-256 (Milnacipran Hydrochloride)

_ (Adapted) Statistical Reviewer’s Table 33: Patient Global Improvement Only Responder
Rate for Milnacipran Versus Placebo at the 3-Month Landmark (UPA Analysis) - Study
FMS-031

Placebo Milnacipran
100mg/d | 200 mg/d
Three-month landmark

“Patient Global”

Only Responder
BOCF* 60(27%) 74 (33%) 145 (33%)
1.34 (0.9, 2.0) | 1.33 (0.9, 1.9)
BOCF§ 60 (27%) 75 (33%) 146 (33%)

1.37(0.9,2.1) | 1.34 (0.9, 1.9)
*implies subjects who dropped out are considered nonresponders )
For PGIC -domain: logistic regression model with treatment group as explanatory variable. -

The preceding analyses suggest that the positive results of the primary composite “FM pain”
responder analysis were not contributed to by MLN’s effects on pain or patient’s global
impression of change. :

" Even though, per the pre-specified multiplicity adjustment method, there was no difference in
composite “FM syndrome” response rates between the MLN and placebo groups, there were
numerically more MLN-treated patients than placebo that met this definition of response.
Therefore the data were explored to determine whether the observed differences in “FM
syndrome” responders were primarily contributed to by effects of treatment on patient
function,

Responder Analysis: Function
For the composite “FM pain” and “FM syndrome” endpoints, function response was defined
as a decrease in SF-36 PCS score of at least 6 points from baseline. This definition was used
to compare the rates of “function only” responders in each of the groups.

There were slightly more “function only” responders in the MLN 100 mg/day and 200 mg/day
groups (32% and 31%, respectively) compared to the placebo group (27%). The 95% ClIs and
the unadjusted p-values show that the inter-group differences did not reach statistical
significance. Thus a treatment difference in “function only” responder rates does not — in and
of itself - explain the observed differences between placebo and MLN in composite “FM
syndrome” responders.

As was discussed previously, the Division prefers the SF-36 PF as a measure of function. Dr.
Buenconsejo calculated the change in mean SF-36 PF values for each of the treatment groups.
Her analysis showed that, compared to the placebo group, the MLN groups had comparable
changes in mean SF-36 PF values as well as ranges in changes of SF-36 PF values.
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(Adapted) Statistical Reviewer’s Table 37: SF-36 Physical Component Score for
Milnacipran Versus Placebo at the 3-Month Landmark — Study FMS-031

Placebo Milnacipran
100 mg/d 200 mg/d
SF-36 PCS Score N=223 N=224 N=441
BOCF# - 61 (27%) 71 (32%) 131 (30%)
: 1.28(0.8,2.0) | 1.18(0.8,1.7)
p=0.254 p=0.403

{For Composite Syndrome and Syndrome only domain — Sponsor-pre-specified logistic regression model with
treatment group, baseline pain, baseline SF36 PCS, baseline pain by treatment interaction, and baseline SF36 PCS
by treatment interaction as explanatory variables. The superiority of milnacipran over placebo was tested at the
overall median value of baseline pain score and baseline SF36 PCS score for patients included in the model.
p-values are unadjusted

Responder Analyses: “Function only” Responder Rates at the 3-Month Landmark (ITT
opulation), based on the SF-36 PF — Study FMS-031

Placebo Milnacipran
N=223 N=224 N=441
58 (26%) 51 (23%) 118 (27%)

Mean Pain Score (Range) -

BOCF 33 (15-55) 32 (15-55) 33(15-55)
Baseline 35 (15-55) 35(15-57) 36 (15-57)
3-month landmark* 2.1(-32-19) | -2.8(-27-15) 3.0(-32-11)
Change from Baseline}

The finding of a difference between the MLN 200 mg/day and placebo composite “FM pain”
responder rates, but no difference between the groups with respect to the “pain only”
responder rates was further explored. Also explored was the observation that not that many
patients met the single criterion for pain responder (i.e. > 30% improvement in pain) than
patients who met the composite “FM pain” criteria (i.e. > 30% improvement in pain and PGIC
score of 1 or 2). The data were examined for any differences with respect to the magnitude of
change in pain intensity for the composite “FM pain” responders versus the “pain only”
responders. Perhaps a difference in the distribution of pain scores would provide further
insight.

Across all treatment groups, the mean change in pain score (from baseline to study end) for the
composite “FM pain” responders was approximately 43 mm, compared to mean pain change
of approximately 40 mm for the “pain only” responders. Thus, the “pain only” responders
showed slightly less of an improvement in pairi than did the composite “FM pain” responders.
The composite “FM pain” and “pain only” responders also had a similar range of pain
intensity scores at study end, as well as median pain scores at study end.

Thus it appears that the composite “FM pain” responders did have not a greater change in

absolute pain intensity than the “pain only” responders, which is consistent with the findings
of the change in mean pain and “pain only” continuous responder analyses. This suggests that
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the composite responders’ report of an overall feeling of improvement in fibromyalgia (i.e.
good PGIC score) may be due to effects of MLN on other aspects of the disease, such as
depression.

Responder Analysis: Patienls with depression vs. Patients without depression

The UPA population comprised patients without current major depressive episode (based on
the MINT) or a BDI score > 25 (moderately severe to severe depression). The BDI score was
used to determine whether the proportions of treatment responders varied by depression status
using the following BDI categories: (i) BDI > 25; (ii) BDI < 25; (iii) BDI score 0 to 9; (iv)
BDI score 10-16; (v) BDI score 17-29; and (vi) BDI score 30-63.

The analysis of response rates for “FM pain,” “FM syndrome,” as well as “pain only,”
“function only,” and “global only” definitions showed that there was no difference in the
proportions of responders for patients with BDI scores > 25 and patients with BDI scores < 25.
In general, there were more MLN treatment responders for each definition of response than
placebo responders. There was no evidence of a dose response.

Statistical Reviewer’s Figure 36: Responder Analysis at Weeks 14-15 (BOCF), by
Baseline BDI score (> 25 vs. <25) — Study FMS-031
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The analysis of response based on the 4 sub-categories of BDI score showed that overall, more
MLN patients met criteria for treatment response than did placebo patients. Also, there was no
clear difference in response rates between the MLN 100 and 200 mg/day groups. There were
relatively similar proportions of responders across the various levels of depression.
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The results of the analysis of response rates by baseline depression severity do not support the
theory that milnacipran’s antidepressant effect contributed to the positive composite responder
efficacy findings.

Statistical Reviewer’s Figure 39: Responder Analysis at Weeks 14-15 (BOCF), by
multiple categories of Baseline BDI score — Study FMS-031
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Efficacy Summary — FMS-031:

Based on the applicant’s primary efficacy analysis, only 200 mg/day demonstrated superior
efficacy to placebo with respect to the composite “FM pain” endpoint. APas/ 4oc analyses of
effects of treatment on each of the individual domains of the composite endpoints found that
there were no treatment differences in pain and function, and patient global responder rates.
Exploration of the data found that differences in baseline pain, duration of FM symptoms,
distribution of pain scores at study end, mean pain scores at study end, or baseline depression
level do not explain the statistical difference in MLN 200 mg/day composite “FM pain”
responder rates but not “pain only” responder rates. This implies that other effects than an
effect of MLN on pain are responsible for the observed efficacy of MLN.

Other Analyses — To address efficacy claims

Onset of effect , :

The Applicant seeks to claim that some patients experienced a decrease in pain within one
week of treatment with milnacipran. Notably, in the clinical trials, the dose of MLN was up-
titrated over 3 weeks. :

Dr. Buenconsejo’s analysis found that a separation among the groups in terms of composite
responder rates was most apparent starting around Week 3.

Lurability of effect
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The Applicant seeks to rely on data from study FMS-031, and the two double-blind, dose-
controlled extension studies, MLN-MD-04 and FMS-034 to support = ~—————

e .

.

bid)

Discussion - Efficacy

Study MLLN-MD-02 showed that there were statistically more “FM pain” and “FM syndrome”
composite responders in the MLN 100- and 200 mg/day groups than in the placebo group.
Study FMS-031 showed that only the 200 mg/day group was statistically superior to placebo
with respect to the rates of “FM pain” composite responders. There were numerically more
MLN 100 mg/day treatment responders than placebo responders. Across both studies, there
were no clear differences between the MLN and placebo groups in terms of effects on pain,
function, or patient global impression of improvement. Exploration of the data did not find an
explanation for the difference in composite responder rates but absence of a difference in rates
of pain, function or global response rates.

Overall, the data show that among patients who consider themselves “improved” or “very
much improved,” more MLN-treated patients have a decrease in pain compared to placebo
patients. Treatment with MLN 100 mg/day and 200 mg/day provides similar results.

Differences in responder rates between the MLN and placebo groups were observed starting at
week 3.

8. Safety

Exposure

The Applicant provided an adequate database to support the safety of MLN. The database

exceeded the ICH requirements for a new molecular entity intended to treat a chronic

indication. The integrated safety database (ISS) for milnacipran is derived from the

fibromyalgia trials, as well as depression and generalized anxiety disorder trials that were

conducted to support the European marketing application. Altogether, the ISS comprised 2596

patients. There were 1824 patients exposed to MLN in the fibromyalgia trials: 1557 patients

in the placebo-controlled efficacy trials and an additional 267 patients in dose-controlled safety -
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extension frials. Of these, 1109 were treated with 200 mg/day, and 354 were treated for at

least 1 year.

The tables below, taken from Dr. Filie’s review, summarize the number of patients exposed to
MLN and the duration of exposure.

Number of Subjects
Placebo Miacipran®
s50mgd [ 100mgd 200 merd

Placebo-controlled FMS smudies

FMS021 (12 weeks) 28 24 7 66

FMS031 Q7 weeks) 23 0 24 - 44

MEN-MD-02 (15-29 weeks) 401 3 399 396
Subioral 052 24 036 903
Dose-controlled FMS extension smdies

FMS034 (6 months)—naw exposures 0 0 P 100

MLN-MD-04 (3-9 months)—new axposures 0 0 32 106
Subiotal 0 61 206
Toral wumber of FMS patients 532 e (12 1100
Studies in MDD

C232 F107-91- M1 08° 131 128 12§ 130

€233 F2207-91-MI 03" 75 0 0 74

€234 F2207-92-GE 303° ' 19 0 68 0

C972 F2207-97-GE 302 138 9 136 0
Stdies in GAD

F2207 GE 201 107 ) 49 18°
Tosal iumber of nen-FMS patientz 520 152 308 22M
Al paiients 1172 176 1689 1331

3 Based on the randomized dose group, except for Smdy FMS021, whic is based on the maximal doze amaivad.
b Iocludedin che MAY
¢ l30mzd
d 130t 200 mzd
MDD = major depressive dizorder; FMS = fibrosuyaigiz syndroms; GAD = geveralized anxiety disorder;
MAA =Marketinz Anrhorisadén Applicatios

(Source: Applicant’s Table 5.2-1, Summary of Clinical Safety, Vol. 1, p. 63)

APPEARS THIS WAY
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Milnacivran

Placebo 106 meid 200 mg'd Toral

(N=052 N=639 N=1342 (N=1824)
Treatment duration, d
Mean 157 136 1725 180.6
5D 59.3 95.0 1334 144.7
Median 168 164 141 141
Range 1,260 1,505 0,510 0,329
Treatment duration, n (%%)
23 weeks 616 (94.5) 624 (91.2) 1217907 1650 (90.5)
=7 weeks 350 (34.4) 538781 1068 (79.6) 1426 (7822)
=15 weeks 432 (66.3) 433 (63.3) 8351 1074 (58.9)
=27 weeks 296 (35.9) 31546.1) 807{45.2) 822(43.1)
= 12 months 0 330 205¢15.6) 354(19.9)
Patient-Years Exposure

| 261 [ 08 | 6332 | ool

Based on fbromyalgia Srudies FMS021, FMS031, MLN-MD-02, FMS034, snd MLN-MD-04,
(Source: Applicant’s Table 5.2-1, Summary of Clinical Safety, Vol. 1, p. 63)

Deatrs and other Serious Adverse Bvernts (SALs)
Initial NDA submission

There were 2 deaths in the FM trials, neither of which was likely due to MLN treatment: one
patient died from pneumonia, and the other from renal cell carcinoma.

In the placebo-controlled FM trials, the incidence of serious adverse events (SAEs) in the
placebo treatment group (2.5%) was higher than in the MLN 100mg/day (1.8%) and 200
mg/day (2.0%) treatment arms. The SAEs that occurred with the greatest frequency were in
the system organ class (SOC) “Cardiac Disorders:” 0% of the placebo group, 0.8% of the
MLN 100 mg/day group, and 0.32 % of the MLN 200 mg/day group. Within this SOC, each
preferred term (PT) event occurred only once (incidence of 0.1% each) except for palpitations
which occurred twice (0.12%).

The types of SAEs that were considered likely related to MLN treatment were, for the most
part, cardiac in nature:

MLN 100 mg MLN 200 mg
Chest pain (0.1%) Chest pain (0.3%)
Palpitations (0.1%) Palpitations (0.1%)
Angina unstable (0.1%) Myocardial infarction (0.1%)
Atrial fibrillation (0.1%) Fecaloma (0.1%)
Atrial flutter (0.1%) Nausea (0.1%)
Ventricular extrasystoles (0.1%) Heart rate increased (0.1%)
Chest discomfort (0.1%) Blood pressure increased (0.1%)
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MLN 100 mg MLN 200 mg
Deep vein thrombosis (0.1%) Ischemic stroke (0.1%)
TIA (0.1%)
Headache (0.1%)

Migraine (0.1%)

Presyncope (0.1%)

Abortion spontaneous (0.1%)
Suicidal ideation (0.1%)

There was no clear pattern with respect to the type of SAE and the MLN dose.

Discontinuations due to adverse events (AFs)

Of the 2084 patients enrolled in studies FMS-031 and MLNOMD-02, 34% (708/2084) of
patients discontinued from the trials. The highest discontinuation rate occurred in the MLN
200 mg/day group (37.8%), followed by the MLN 100 mg/day (35.2%) and placebo (27.7%)
groups. The most common cause for discontinuation was adverse event, and was the highest
'in the MLN 200 mg/day group (24.1%), followed by the MLN 100 mg/day group (18.8%) and
the lowest in the placebo group (9.1%). On the other hand, therapeutic failure was the most
frequent cause of discontinuation in the placebo group (10.3%), followed by MLN 100 mg/day
(8.2%) and MLN 200 mg/day (7.2%). '

The AEs that most commonly resulted in discontinuation (at a rate greater in the MLN arms
than in the placebo arm) were nausea, palpitations, depression, heart rate increased,
constipation, headache, insomnia, hyperhidrosis, vomiting, dizziness, and fatigue. For the
majority of AEs, the rate of discontinuation increased with increasing MLN dose. Table 23
from Dr. Filie’s review shows the most frequent adverse events that led to dropout.

Reviewer’s Table 23. Incidence of Adverse Events Leading to Discontinuation of at Least
1% of the Patients in the FM Studies

Placebo Milnacipran
(N=652) 100 mg/d (N = 623} 200 mg/d (N = 934)
n (%) 1 (%) n (%)

ADOs 20121 142 (23.0) 243 (26.0)
Nausea 1(0.6) 245 - 66 (7.1)
Palpitations 4 (0.6) 16{2.6) 408
Depression 20¢3.1) 10(1.6) 19Q2.0)
Heart rate increased 1(0.) 2(0.3) 16(1.D)
Constipation 102 3(0.3) 15(1.6)
Headache 100.) 10{1.6) 15(1.6)
Insommia 5(0.8) 4{0.6) 1301.9)
Hyperhidrosis 1(0.) 5¢0.8) 13019
Vomiting “1(02) 300 11412
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Reviewer’s Table 23. Incidence of Adverse Events Leadihg to Discontinuation of at Least
1% of the Patients in the FM Studies (continued)

Dizziness 3(0.5) 74D 9(1.0)
Fatigue 70D 10(1.6) 5(1.0)
Auxiety 10.6) 8(13) 707
g;zgs;;;eme 2(03) 6(1.0) 707
Tachycardia 0 6(1.0) 6(0.6)

(Source: Applicant’s Table 6.4.1.1, Clinical Summary of Safety, Volume 1, p. 121)

120-day Surety (pdate
Two new Phase 1 studies were included in the 120-day Safety Update. There were no new
deaths, SAESs, or discontinuations due to AE in these newly completed studies.

There was one death in an ongoing non-IND study (F02207 GE 302). This is a Phase 3 study
in FM patients that being conducted in Europe. This patient was a 46 year-old female on
MLN who completed suicide.

Commorn Adverse Evernts

In the placebo —controlled FM studies, more patients in the MLN treatment groups reported
AEs than did patients in the placebo group: 89% (831/934) in the MLN 200 mg/day group,
89.1% (555/623) in the MLN 100 mg/day group and 82.8 % (540/652) in the placebo arm.
Across all treatment arms, the most commonly reported AEs were nausea (37%), headache,
(18%), constipation (16%), hot flush (12%), insomnia (12%), and dizziness (11%). There was
no clear evidence of a dose-response for the adverse events.

The system organ class (SOC) that presented the most number of AEs was gastrointestinal
(GI) disorders, followed by nervous system disorders and psychiatric disorders.

Adverse events related to increased heart rate were reported as palpitations (7% of MLN
patients vs. 2% of placebo patients), tachycardia (2% of MLN patients vs. 1% of placebo
patients), and heart rate increased (6% of MLN patients vs. 1% of placebo patients). “Blood
pressure increased” was reported by 3% of MLN-treated patients compared to 1% of placebo
patients. :

The table below, taken from Dr. Filie’s review, shows the AEs that occurred in at least 2% of
patients in the placebo-controlled FM studies.
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Table 35. Treatment-Emergent Adverse Events Reported in = 2% of Patients in the
Milnacipran Treatment Groups and at a Higher Incidence than Placebo in the FM
Placebo-Controlled Studies (Group 1A)

MMilnacipran

Syztemt Ovgam Class 100 m%/day 260 maiday Al Ml:.?’* P!acflzf
Preferved Tarm n =023 n=2034 n=]557 n =032

% % % %
Cardiac Dizorders
Palpitations 3 7 7 2
Tachyeardia 3 2 2 1
Eye Dizorders
Vision blnred ] 1 | 2 i 2 | 1
Gastrointestinal Disorders
Nausaa 35 39 37 20
Constipation 16 15 16 4
Vonnting 6 7 7 2
Dy mouth S 5 S 2
Abdominal pain 3 3 3 2
General Disorders and Administration Site Conditions
Chest pain 3 2 2 ]
Chills 1 2 2 0
Chest discomfort 2 1 1 1
Infections and Infestations
Upper respiratory tract
Tnvestigations
Heart rate increased 5 [ K 1
Blood prassure increased 3 3 3 1
Metabolism and Nutrition Disorders
Decreased appatite | i ] 2 l 2 | 0
Nervous System Disorders
Headache 19 17 18 14
Dizziness 11 10 10 6
Mignaine 6 4 5 3
Paraasthesia 2 3 2 2
Tramor 2 2 2 1
Hypoesthesia- 1 2 1 1
Tension headacke 2 1 1 1
Psychiatrie Disorders
Insomnia 12 12 12 10
Anxiety 5 3 4 4

I 1 L i

Respiratory, Thoracic and Mediastinal Disorders
Dyspnea | 2 | 2 { 2 | ]
Shin and Sube Tissue Disorders
Hyperhidrosts S 9 9 2
Rash 3 4 3 2
Pruritus 3 2 2 2
Vascular Disorders
Hot flush 11 12 12 2
Hypertension 7 4 5 2
Flushing 2 3 3 1

(Source: Applicant’s Table 6.1.1.1-2, Summary of Clinical Safety, Vol. 1, p. 80)
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Data from the blinded, dose-controlled FM extension studies showed that the type and
incidence of the commonly reported AEs did not increase with continued dosing (refer to Dr.
Filie’s review for details).

Notably, the Phase 1 trials that were conducted for the FM development program showed
higher rates of nausea, vomiting, and increased heart rate and blood pressure-than the Phase 3
trials. In the Phase 1 trials, healthy volunteers were administered MLN doses ranging from 25
to 300 mg in single-dose trials, and up to 375 mg in multiple-dose trials (3 ~37 days duration).
The studies showed that when MLN is administered without titration, and/or in high doses,
there is a considerable incidence of nausea and vomiting. For example, in studies C241 and
M146 (studies to evaluate the cardiovascular tolerability of MLN ), when patients were given
MLN 100 mg BID for 3 days, the incidence of nausea was 65% and the incidence of vomiting
was 24%. In contrast, in study MLN-PK-08 (a 9-day study of the effects of digoxin on the PK
of MLN), after patients were started on MLN 12.5 mg BID and increased to 100 mg BID, the
incidences of nausea and vomiting were 14% and 0% respectively.

- Refer to the Clinical Pharmacology review by Dr. Al Habet for details of the adverse event
experience in the Phase 1 trials.

Laboratory testing

Laboratory testing was performed in each of the clinical studies, and comprised chemistry,
. hematology, and urinalysis testing.

The data showed that treatment with MLN did not result in significant changes on any
laboratory parameters other than platelets and transaminases.

Llatelets

As indicated in the table below, the placebo group had an average decrease in platelets of 2.4 x
10°/L, compared to an increase of 12 and 16 x 10°/L, in the MLN 100- and 200-mg/day groups.
Analysis also showed that more MLLN patients (approximately 6%) than placebo patients
(2.5%) shifted from normal platelet values at baseline to high (> 400 x 10°/L).

Daily dose Platelet values % patients shift from nl platelet values to
m )y Mean A from BL to high values
i (10% L) (i.e.> 400 x 109/L)
pBO 2.4+475 - 2.5%
LN 100 124+523 6.5%
MLN 200 16.1+50.8 6.3%

The observed effects on platelets are not considered to be of major clinical significance.
Adverse event data from the FM trials did not show evidence of platelet-related events in
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MLN-treated patients, specifically thrombotic events. The foreign labels for MLN describe
risks of abnormal bleeding.

Transaminases
Refer to the Special Safesy Concerns— Hepatic effects section, below.

ECG testing
In the Phase 3 studies, ECG testing was performed only in the MLN-MD-02 study. ECG
testing was also conducted in select Phase 1 trials, including a thorough QT (TQT) study.

For a new molecular entity, this extent of ECG testing is relatively limited. However, because
of MLN belongs to a class of drugs (N SRIs) that is not typically associated with changes in
ECG parameters, and because the considerable foreign experience with MLN does not suggest
adverse ECG effects, the available ECG data appear to be sufficient to characterize the effects
on cardiac conduction/repolarization

There was no clinically relevant effect of MLN on ECG parameters.

Refer to Section 5 for details of the TQT results.

Specia! Safety Concerns

i. Cardiovascular effects

Because milnacipran inhibits the reuptake of norepinephrine (NE) and serotonin (5-HT), this
may lead to cardiovascular effects such as tachycardia and vasoconstriction (NE effect), and
tachycardia, arrhythmias, and vasoconstriction (5-HT effect).

Cardiovascular-reloted A5y

Refer to Dr. Filie’s review for details regarding the frequency and types of CV-related adverse
events.

In MedDRA, cardiac-related AEs are coded under the system organ classes: Cardiac
Disorders; Investigations; and General Disorders and Administrative Site'Conditions. Overall,
in the placebo-controlled FM studies, fewer placebo patients (4.1%) than MLN 100 mg/d and
MLN 200 mg/d patients (10.6% and 9.6%, respectively) experienced an AE that was coded
under the “cardiac disorders” system organ class (SOC). Similarly cardiac-related AEs
occurred in the MLN groups than in the placebo group. The types of events that occurred
more frequently in the MLN groups than in the PBO groups related to elevations in heart rate
and blood pressure. There was no evidence of a dose response.
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MedDRA coding Frequency of szrdiovgscular—Related AEs
(% patients)
SOC
HLGT Placebo MLN 100 MLN 200
PT mg/day mg/day
Cardiac disorders 4.1 10.6 9.6
Cardiac arrhythmias 1.8 34 2.9
Palpitations 2.3 7.9 6.6
Tachycardia 0.6 2.7 2.2
Vascular disorders 1.8 6.9 4.3
Hypertension 1.8 6.6 4.3
General disorders and administration site
conditions
Chest pain 1.8 2.9 2.1
Chest discomfort 0.9 1.6 1.0
Investigations
Heart rate increased 1.1 5.5 5.9
Blood pressure increased 0.8 3.2 2.6

SOC: system organ class; HLGT: high level group term; PT: preferred term

a) Effects on Blood Pressure

Mearn change in blood pressure

In the Phase 2 and 3 FM trials, the MLN groups showed a mean increase in systolic blood
pressure (SBP) and diastolic blood pressure (DBP) at the end of the study, whereas the placebo
group showed a negligible change in blood pressure.

The mean increase in SBP was 3.1 mmHg among the MLN 100 mg/day patients and 3 mmHg
for the 200 mg/day group, compared with a mean SBP decrease of -0.1 mmHg in the placebo
group. Similar magnitudes of change were observed for DBP: the MLN 100- and 200- mg/day
arms showed a mean DBP increase of 3.1 mmHg in and 2.6 mm Hg, respectively, versus a 0.4
mmHg increase in the placebo group.

SHYls in blood pressure status

The Applicant provided shift analyses, comparing the proportions of patients in the treatment
arms that shifted from normal (or abnormal) blood pressure at baseline to abnormal (or even
more abnormal) values. Data on shifts at study end and to maximum value were submitted.
Because the maximum value data represent the “worst case scenario,” these data are presented
here. '

The data show that among patients that had a SBP < 120 mmHg at baseline, more MLN 100
mg/day and MLN 200 mg/day patients (55% and 57%) than placebo patients (47%) developed
a maximal SBP of >120-140 mmHg (i.e. prehypertension). The incidence of shifis to even
higher SBP values (>140-160 mmHg and > 160 mmHg) was low, and a considerable
difference was not observed across treatment groups.
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Among patients that were prehypertensive at baseline by SBP criteria (SBP of >120-140
mmHg), MLN treatment again appeared to confer greater risk of worsened blood pressure. In
the placebo group, 30% of placebo patients experienced a SBP value of >140-160 mmHg,
compared to 27% and 34% of MLN 100- and 200-mg/day patients.

With regard to DBP, more patients in the MLN 100 and 200 mg/day arms than in the placebo
am who had a normal DBP at baseline (< 80 mmHg) experienced a maximal value of >80-90
mmHg: 43% and 46%, respectively versus 39%. Also, among patients with normal DBP at
baseline, 5% of placebo patients had a reading of >90-100 mmHg, compared to 14% of MLLN
100 mg/day patients and 9% of MLN 200 mg/day patients.

The same type of effect was observed for patients who were prehypertensive at baseline by
DBP criteria (>80-90 mmHg). Of the placebo patients, 25% recorded a DBP of >90-100
mmHg, compared to 46% and 41% of MLN 100 and 200 mg/day patients.

The applicant also evaluated the AE data to assess the incidence of hypertension in patients
who were normotensive at baseline. Hypertension was defined as:

® An AE report of hypertension

® A change in hypertension medications

¢ Finding of hypertension by blood pressure (> 140/90 mmHg) -

The data show that milnacipran appears to increase the likelihood of developing
prehypertension in patients who were previously normotensive. At baseline, the treatment
groups were fairly similar in terms of the proportions of patients that had a normal blood
pressure. However, at study end, more than twice as many MLN-treated patients than placebo
patients met the Applicant’s criteria for hypertension. For example, the incidence of
hypertrenion by BP was 7% in placebo patients compared to 20% and 17% of MLN 100
mg/day and 200 mg/day patients.

Clinical Reviewer’s Table 43: Incidence of hypertension in the placebo-controlled FM
trials '

Normotensive End-of-Treatment

at Baseline TEAE report of Change in HTN TEAEormeds | HINbyBP HTN Total

N (%) HIN Meds subtotal

Placebo 6(1.5% 5(1.3%) . 7(1.8% 28 (7.2% 34 (8.7%
301 (63 7% (1.5%) (1.3%) (1.8%) (7.2%) (8.7%)
MLN 100mg/day | 13 (3.5%) 12 (3.3%) 15 (4.1%) 72 (19.5%) | 75 (20.3%)
369 (59.2%)
MLN 200 mg/day | 13 (2.6%) 12(2.4%) - | 18(3.6%) 84 (16.6%) | 89 (17.6%)
507 (60.6%)

HTN: hypertension
The Applicant also analyzed the BP data for the incidence of sustained hypertension, which

was defined as elevated BP on at least three consecutive post-baseline visits. In the placebo-
controlled FM studies, 0.3% patients in the placebo arm versus 0.7% in the MLN 100 mg/day
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and 0.5% in the MLN 200 mg/day met criteria for sustained hypertension. That is, MLN
treatment does not appear to increase the risk of sustained hypertension.

analysis of the data from the Phase 3 safety extension trials showed that long-term treatment
with MLN is not associated with progressive increases in blood pressure.

Blood pressure in males versus females

Dr. Filie found that altogether, 87(3.9%) male patients were enrolled in the placebo-controlled
fibromyalgia studies. Of these, 23 were treated with 100 mg/day, 32 treated with MLN 100
mg/day, and 32 treated with placebo.

Per Dr. Filie’s review:

Notably, [AE reports of] increased blood pressure was more frequent among male patients
taking milnacipran versus placebo: whereas 0% of male placebo patients experienced
increased blood pressure, 8.7% and 12.5% of the MNL 100 mg/day and 200 mg/day
patients, respectively, experienced this AE. Also, increased blood pressure was more -
frequent in male milnacipran-treated patients than female milnacipran-treated patients.
Among females taking MLN 100 mg/day and 200 mg/day, the incidence of increased
blood pressure was 3% and 2.2%, respectively.

The Applicant calculated the change in mean BP for both male and female patients, employing
a placebo-corrected change from baseline. Forrest found that male patients did not have
greater changes in BP than female patients. For SBP, the mean placebo-corrected change from
baseline in female patients treated with milnacipran was 2.8 mm Hg; in males it was 1.9 mm
Hg. For DBP the mean placebo-corrected change from baseline in females was 3.2 mm Hg
and for males it was 3.1 mm Hg. The range of SBP changes in female patients treated with
milnacipran (-35, 37) was at least as great as that seen in male patients (-16, 23) treated with
milnacipran, and the range of DBP changes in female patients (-30, 28) was at least as great as
that seen in male patients (-13, 18). '

The Applicant was asked to conduct a comparative analysis of shifts in blood pressure status
between males and females. The analyses showed that among females, 13 % in the100
mg/day group versus 10% in 200 mg/day group shifted from non-hypertension to hypertension
(BP > 140/90) status. In the male group, 21% (4 out of 19 patients) in 100 mg/day group
versus 30% (7 out of 23 patients) in 200 mg/day group shifted from non-hypertension to
hypertension status. Because this gender difference was also seen in placebo treated patients
(6% in female patients versus 12% [3 out of 26] male patients), the Applicant argued that
factors other than milnacipran might play a role in the shift in hypertensive status.

The Applicant also calculated the proportions of patients that shifted from one BP category to
another (Appendices 1 and 2). No clinically significant differences in categorical changes in
SBP pressure by gender were observed. In female patients, 25% of the 100 mg/day group,
21% of the 200 mg/day group, and 14% of placebo had a shift upward in SBP category. In
comparison, male patients had a shift upward in SBP category in 5/21 (24%) of the 100
mg/day group, 5/31 (16%) of the 200 mg/day group and 6/31 (19%) of placebo group.
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Shifts in DBP by gender were also calculated. In female patients, 28% of the 100 mg/day
group, 22% of the 200 mg/day group, and 12% of placebo had a shift upward in DBP
category.-In comparison, male patients had a shift upward in SBP category in 9/21 (43%) of
the 100 mg/day group, 13/31 (42%) of the 200 mg/day group and 2/31 (6%) of placebo group.

Due to the small number of male patients in the studies, any gender differences in blood
pressure should be cautiously interpreted. Nevertheless, the data suggest that while, on
average, MLN treatment does not worsen BP more in males than females, males on MLN
therapy appear more likely than females to shift from a lower BP to a higher BP.

b) Effects on Heart Rate

Mean change in heart rate (FHEK)

In the placebo-controlled FM trials, there was a mean increase in HR of 6.6 bpm for the MLN
100 mg/day and 7.1 bpm for the MLN 200 mg/day groups, compared with a decrease of -0.3
bpm in the placebo group.

SHifls in heart rate sialus

The analysis of shift from baseline to maximal HR value showed that more patients in the
MLN groups had a shift in from normal (< 100 bpm) to abnormal (> 100 bpm) and the greatest
increases also occurred in the MLN treatment arms.

Altogether, 0.81% of placebo patients had an increase in HR from normal to > 100 bpm,
versus 14.50% of the MLN 100 mg/day and 11.84% of the MLN 200 mg/day groups. Similar
low proportions of placebo and MLN patients had HR values > 120 bpm

The data did not show a dose relationship to elevated HR.

Clinical Reviewer’s Table 52. Summary of Shift from Baseline to Maximum Post-
Baseline Value in Heart Rate- Group 1AA

Placebo(N3624) Rilnacipran 100 mg(N=623) HWilnacipran 200 mg(N=837)

Maximum Poot Bagaline Baseline Bag2line

Dageline Value <3100 >100-<=130 >110-<=120 >120 <300 >100-<=110 >110-<=120 >120 <100 >100-<2110 >110-<2120 >12¢
1] 813 1 ] 0 614 4] ° 0 620 0 [ [

<=100 n 509 1 [} o 523 ] 0 [ 723 0 0 [}
S=n/M 89.19 100 85.5 80.17

>1C0-<=118 n 4 o 0 0 €3 0 ° [ 7% o o o
%=n/B  C.83 10.26 9.15

>119-<x120 a 1 0 0 o 23 0 o o s o 0 0
%sp/d 0.18 3.75 2.32

>120 n ] 0 0 0 3 ¢ ] o 3 .o 4] [}
X=n/N 0.49 0.37
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Using data from approved labels, the Applicant compared the mean effects of MLN on blood
pressure and heart rate to that of other NSRIs. The data showed that MLN has a similar

magnitude of effect to other approved drugs in its class.

Table 10-1,

Comparison of the Effects of Norepinephrine Renptake Inhibitors on Blood
Pressure and Heart Rate
Change o "
in BPé:Jr Fenlafaoxine Sibutramine Atomoxefine %ﬁi‘;‘;ﬁ ?Cill:;:;:; Minacipran®
g;gt (Effexor) (Menidia) (Strattera) NonEMS : e BMS
R XR Peds | Adults
- 0120 | 2 , :
Dosge | 75375 | 75.05 | 50megd | 1244 | o100 | 1,,-30 ‘%’g 60-120mgd | 100-200 meid
d | med kgd| mgd | 78
mg/ mg mgkg mg
SBE, NA NA 1-3 13 3 2L | 47-68 Na il
nm Hg
DB l16-631226| 1-3 5] 1 | 3 |47 3 24
mmHg
o | M| M| 43 6 | 5 | ma [ses| 21 7.8

a  Source: 2007 ACR Published abstracis (Cliappell et al., 2007).
b Not approved for marketing in the United States.

Change in vital signs.: Phase / studies

With respect to increased heart rate and blood pressure, two studies designed to evaluate the
effects of MLN on cardiac parameters (C241 and M146) showed that in healthy volunteers
dosed with MLN 50 mg QD, 100 mg QD, or 200 mg QD, heart rate increased by 10-20 bpm,
on average. In the same studies, MLN treatment increased systolic and diastolic blood
pressure by approximately 10 mmHg. The studies also showed that the effect of MLN on
blood pressure and heart rate progressively increased over the 3-day dosing period. There was
no evidence of a dose-response for increased heart rate or for increased blood pressure.

Note that these were short-term studies in which MLN was administered either as a single dose
or without titration. Thus it is not surprising that these studies showed greater effects on heart
rate and blood pressure than were observed in the Phase 3 trials.

In summary, as was expected, MLN has an effect on CV parameters (blood pressure and heart
rate). These effects should be described in the product label for MLN, in the same way that
they are for other approved NSRIs.

Page 49 of 63



Cross Discipline Team Leader Review Mwango A. Kashoki, MD MPH
N 22-256 (Milnacipran Hydrochloride)

¢) Effects on the QT interval
Refer to Section 5, above.

7 Lffects on mood

As discussed above, depressed mood can occur in patients with fibromyalgia. Suicide is a
known risk of depression and certain other psychiatric disorders, and antidepressants — such as
MLN - may have a role in inducing worsening of depression and the emergence of suicidality
in certain patients during the early phases of treatment. The data from the placebo-controlled
efficacy trials were therefore analyzed to determine whether MLN is associated with
worsening mood or suicidality in FM patients. Notably, these trials excluded patients with
current major depressive episode, moderately severe depression, or who were anticipated to
acutely require antidepressant therapy during the trial period.

At baseline, 35% (729/2084) patients in the placebo-controlled fibromyalgia studies had
depression. As stated in Dr. Filie’s review:

Altogether, 28-29% of milnacipran-treated patients with depression [at baseline] had a
psychiatric adverse event, compared to 25% of placebo patients with depression at
baseline. Among patients without depression at baseline, 22% of placebo patients had
a psychiatric adverse event during the studies, compared to 19-22% of milnacipran
patients. Thus, the risk of a psychiatric AE appeared greater for patients with
depression at baseline. .

In the patients with depression at baseline, the following psychiatric events were more
frequent in the milnacipran-treated patients than in the placebo-treated patients: anxiety
(6-7% vs. 4%) and insomnia (14% of MLN 200 mg/day patients vs. 11% of placebo
patients). ‘

In patients without depression at baseline, insomnia occurred with greater frequency in
the milnacipran groups (12% of patients) compared to the placebo grout (10% of
patients).

With respect to the incidence of depression specifically, the analyses showed that
among the patients with depression at baseline, 26% of placebo-treated patients
experienced depression during the study, compared to 5% and 8% of MLN 100 mg/day
and MLN 200 mg/day patients, respectively. This suggests that milnacipran exerted an
antidepressant effect. Among patients without depression at baseline, the effect was
less: 5% of placebo patients reported an episode of depression, compared to 3% of
MLN 100 mg/day patients and 2% of MLN 200 mg/day patients.

. Among patients with depression at baseline, the incidence of suidical ideation 'was
highest in the MLN 200mg/day group (1.3%) compared to the placebo (0.5%) and
MLN 100 mg/day groups. In the patients without depression at baseline, suicidal
ideation occurred slightly more frequently in placebo-treated patients (0.5%) than in
MLN-treated patients (0%). The data suggest that among patients with depression,
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treatment with milnacipran — particularly at the higher dose - could increase the risk of
suicidal ideation.

There was no evidence of a drug effect with respect to suicide attempt.

The findings of an increased risk of suicidal ideation and psychiatric AE (anxiety, insomnia) —
particularly at the higher MLN dose — should be described in the product label.

7L Hepatic effects
Based on the AE data, MLN did not appear to have an adverse hepatobiliary effect: in the
placebo-controlled FM studies, 0.9% of placebo patients had a hepatobiliary-related AE
compared to 0.3% of patients in the MLN 100 mg/day and 0.9% of MLN 200 mg/day patients.
There were no serious hepatic AEs. :

Dr. Filie found that with respect to transaminase levels, MLN was more likely than placebo to
result in mildly elevated levels. Per her review, elevations in ALT above the upper limit of
normal (ULN) from normal values at baseline were seen in 3.3% of patients receiving placebo,
compared to 5.7% of patients on MLN 100 mg/day and 7.3% of patients receiving MLN 200
mg/day.

In terms of AST changes, elevations in AST above the upper limit of normal (ULN) from
normal values at baseline were seen in 1.9% of placebo patients versus 3.2% of patients on
MLN 100 mg/day and 5.3% of patients receiving MLN 200 mg/day. Among the patients who
had a shift upwards in the AST, all had mild shifis (1 -3 x ULN). No moderate shifts (3-5 x
ULN) or large shifts (>5 x ULN) were observed in any of the treatment arms.

There were no cases of bilirubin > 1.5 x ULN. There were 2 patients in the placebo arm
(0.3%) versus 0.1% in the MLN 200 mg/day who had increases in bilirubin > 1x ULN, and
none in the MLN 100 mg/day treatment arms.

There were no patients that met Hy’s Law criteria.

In the postmarketing safety database, there were two reports of fulminant hepatitis. However,
these cases were confounded by comorbidities to which the hepatitis could be attributed.

The European product labels for MLN describes “rare” occurrence of moderate transaminase
elevations. The Japanese label states that hepatic function disorder and jaundice can occur

" (<0.1%), as well as increased AST, ALT, and Y-GTP. The Japanese label recommends that
patients be monitored for these effects.

Because of thekﬁnding in the FM database of trasnaminase elevations with MLN treatment, the
US label for MLN should recommend periodic monitoring of transaminases.
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The European MDD database includes 2 spontaneous reports of withdrawal symptoms in
patients whose MLN dose was either tapered or abruptly discontinued.

Case 1: This patient experienced emotional lability when here MLN dose was
decreased from 200 mg/day to 150 mg/day.

Case 2: This patient experienced anguish, insomnia, flush, hot sensation upon sudden
discontinuation of her daily MLN 100 mg dose.

The European marketing labels recommend tapering of the MLN dose (“[M]ilnacipran
treatment should be discontinued gradually.”) This is usual clinical practice when treating
depression. .

The Applicant cited a published study in which patients with MDD were treated with either
MLN or paroxetine for 6-24 weeks. In this study, both drugs produced withdrawal symptoms
upon discontinuation of treatment. Discontinuation of MLN produced anxiety and insomnia,

The FM studies sid not incorporate a drug taper, and the AE profile did not suggest emergence
of withdrawal symptoms in patients. However, a formal assessment of withdrawal symptoms
was not pre-specified in the clinical protocols. Because depression commonly occurs in FM
patients, tapering of MLN in this population is also recommended.

v Drug abuse and dependernce
Refer to Section 11 (Other Discipline Consults — Controlled Substance Staff).

Post-marketing experience

The post-marketing experience with milnacipran was derived mainly from patients with

depression and consisted of two data sources: post-marketing studies and spontaneous reports.

The Applicant estimates that there have been over (_ 4 patient-months of postmarketing b(4)
exposure to milnacipran in global use.

The postmarketing data show that the safety profile in FM patients is similar to that in MDD
patients, with the exception of a higher risk of psychiatric AEs in the latter population.

Refer to Dr. Filie’s review for details regarding the postmarketing safety experience.

~ 9. Advisory Committee Meeting

Although milnacipran is a new molecular entity, an advisory committee meeting was not held
for this product because it is not the first drug in the class of norepinephrine-serotonin reuptake
inhibitors (NSRIs).
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10. - Pediatrics

On June 19, 2007 the Applicant submitted a Proposed Pediatric Study Request (PPSR). A
letter denying the Written Request but granting deferral of pediatric studies in fibromyalgia
(until adequate safety and efficacy aren demonstrated in the adult population) was faxed to the
Applicant on September 11, 2007. However, after the letter was faxed it was determined that
it should not have included the decision regarding the deferral of pediatric studies. The letter
was not officially mailed to the Applicant, but was maintained in the DFS archive according to
CDER policy. The attributes of this letter were changed to Advice. The division was to issue
the Applicant a corrected Inadequate Proposed Pediatric Study Request letter.

Since implementation of FDA Amendments Act (FDAAA), a pediatric plan is necessary for
this application and during the NDA review cycle, the Applicant was asked to submit a
pediatric plan.

The Applicant requested a waiver of studies in FM patients less than 13 years of age because
the prevalence of juvenile primary fibromyalgia syndrome (JPFS) in this population is low and
the diagnosis is controversial. The Applicant also requested deferral of studies in patients 13-

17 years of age until safety and efficacy of milnacipran has been established in adults. The
Applicant’s proposed pediatric development plan is outlined below.

- | | | bl

-

At the time of writing of this memo, the pediatric plan had not yet been reviewed by the
Pediatric Review Committee (PeRC).

11. Other Relevant Regulatory Issues

Exclusivity or patent issues of concern
Because a 505(b)(1) application was submitted, there are no patent certification issues for this
application. If approved, MLN would be eligible for 5 years of market exclusivity.
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Finencial disclosures,
There were no financial conflicts.

DST audits

The final DSI review was not complete at the time of writing of this memo. However, reports
from the individual site inspections found no issues.

Other discipline consulls

Cardio-Renal Consult
In addition to reviewing the TQT data, the Division of Cardio-Renal Products (DCRP) was
asked to review the results of the Phase 1 cardiovascular tolerability studies, C241 and M146.
Because of the limited scope of the studies, DCRP also reviewed the adverse events, the post
marketing reports, the Investigator’s Brochure to characterize the effect of MLN on
cardiovascular outcomes.

DCRP’s division director, Norman L. Stockbridge, M. D., Ph.D. concluded:
“The effects of milnacipran on blood pressure and heart rate have not been well
characterized, but they appear to be modest. However, if the effects were present
throughout the interdosing interval and persist during chronic treatment, they can be
expected to have an appreciable --perhaps 50% -- increase in risk of death, MI, and stroke,
like any corresponding natural pressor effect. A 50% increase in mortal-morbid events may
still be small if the baseline risk is small--young people, no hypertension, no diabetes, no
hyperlipidemia. One should also not expect that monitoring will mitigate against the risk
because clinicians are unlikely to detect effects of this magnitude.”

Dr. Stockbridge based the 50% estimate upon epidemiological data with essential
hypertension and the large body of controlled studies of antihypertensive agents. All of these
data support a doubling of cardiovascular risk for every ~6 mmHg change in blood pressure.
It is Dr. Stockbridge’s opinion that even if milnacipran were used in a high-risk population
(with elevated blood pressure and other cardiovascular risk factors), it is unlikely that post-
marketing data could detect the incremental mortality/morbidity risk. Dr. Stockbridge also
opined that the blood pressure increase.observed with MLN is not large enough to be reliably
detected (and treated), even in carefully monitored patients.

As previously noted, the magnitude of the effects of MLN on blood pressure and heart rate are
in the range of those for other NSRIs that are approved for chronic conditions. Therefore it
appears that the possibility of an increased cardiovascular risk with the observed degree of
blood pressure and heart rate increase is not, in and of itself, sufficient to preclude approval of
these products.

Refer to Section 8 (Safety-Special Safety Concerns — Cardiovascular Effects) for a discussion
of the review by the QT Interdisciplinary Review Team in DCRP.
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Controlled Substances Staff (CS5S)
CSS concluded that the Applicant supplied insufficient information to adequately assess the
abuse potential of milnacipran.

Nevertheless, CSS found that milnacipran is not a controlled substance. Also, based on the
presence of a withdrawal syndrome in non-fibromyalgia patients following milnacipran
discontinuation (as cited in the proposed drug label), CSS concluded that milnacipran can
induce physical dependence.

In its initial review, CSS recommended that the Applicant conduct the following studies as
post-marketing requirements, in order to better characterize the abuse potential of
milnacipran:
1) A receptor binding study should be conducted with F-2800, the N-desethyl metabolite
of milnacipran. ‘
2) An appropriately-designed self-administration study of milnacipran in rats or monkeys.
3) Depending on the results of the self-administration study and the metabolite study, a
human abuse potential study may be necessary.
4) A prospective human physical dependence study in fibromyalgia patients to characterize
the withdrawal syndrome that occurs following milnacipran discontinuation.

Following further discussion with the Division, CSS is currently considering whether the
available for this NME are sufficient to allow for more complete assessment of abuse
potential data milnacipran following drug approval. ‘Also, CSS is considering whether more
detailed epidemiological data regarding foreign abuse patterns would be sufficient to
determine the abuse potential of milnacipran. CSS’ final decision had not been made at the
time of this review.

Division of Medication Lrror Frevention and Analysis (DMEPA) (labeling)

DMEPA has no objections to the use of the proprietary name, Savella, for this product at this
time.

DMEPA noted that the Applicant proposed various starter package configurations, which

include a starter pack (to be dispensed by the pharmacist) and a patient starter kit (to be

provided by a prescriber) in 2 week_ ~ Tland 4 week titration regimens. The only apparent

difference between these regimens (besides their distribution path) is the length of the b@)
maintenance phase.

DMEPA also noted that, based on the the product package insert labeling that the patients
would need monitoring and/or feedback with the prescriber due to the adverse effect profile
for this drug, and to find the most appropriate maintenance dose. Given this, DMEPA
questioned the need to have the longer maintenance phase that is provided with thel” ) 4
week starter kit.
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Finally, DMEPA questioned the utility of the 10 count sample, in view of the need for
titration of this drug and the chronic nature of treating fibromyalgia.Ten tablets of a single
strength cannot meet the titration recommendations and is not enough to provide chronic pain
management.

DMEPA requested that the Applicant:
¢ Provide a rationale for having multiple packaging configurations (i.e., the pack versus

the kit, and the 2 week(’ . . “{versus 4 week offerings). b(d)
e Provide the patient criteria that a prescriber would use in choosing the 2.— or 4 week
starter kit.

Provide a rationale for the longer maintenance phase.
State the role for of the 10 count sample.

At the time of this review, resolution of these issues was still in progress.

Division of Drug Marketing, Za’Ve/'lzls'z'fzg and Communication (DDMAC)
- DDMAC had no objects to the proprietary name, Savella.

General comments about the content of the originally proposed label were provided to the
Applicant.

12. Labeling

The proposed label is appropriately in Physician Labeling Rule (PLR) format.
The Applicant’s proposed proprietary name, Savella, is considered acceptable.

Refer to section 11, above, regarding the outstanding carton/container labels identified in the
DMEPA review.

At the time of this review, the adequacy of the Applicant’s abuse liability studies was still
being evaluated by the CSS. The current proposed label does not include a Drug Abuse and
Dependence section. This section of the label cannot be finalized until the final review by
CSS.

Milnacipran is and NSRI and has antidepressant properties. In the US, all antidepressants
have boxed warnings and a Medication Guide that inform both prescribers and patients of the
risk of worsened mood and suicide in treated patients. The MLN label for the FM indication
should also have a boxed warning and a Medication Guide (see Section13, below).
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Because the Applicant demonstrated efficacy based on a composite responder endpoint that
incorporated effects on patients’ pain, function, and overall (global) status, the clinical studies
section of the label should describe the effects on all of these domains.

The treatment indication should be “treatment of fibromyalgia.”

The Dosing and Administration section should recommend gradual discontinuation (tapering)
of MLN. Because a specific drug taper schedule was not studied in the clinical trials, one
cannot be recommended in the label.

The approved FM label should include all important/relevant safety information from the
foreign labels, including pharmacodynamic drug interactions.

13. Recommendations/Risk Benefit Assessment

® Recommended Regulatory Action

I recommend approval of this application for MLN as a treatment for fibromyalgia in adults,
pending satisfactory resolution of the outstanding abuse liability and labeling issues.

e Risk Benefit Assessment

MLN treatment results in a greater proportion of patients who report improvement as based on
assessments of pain, function, and global “overall” status compared to placebo patients.
Among patients who report feeling “improved” or “very much improved,” more MLN-treated
patients decreased pain compared to placebo-treated patients. Treatment with MLN 100
mg/day and 200 mg/day produces similar efficacy results.

Patients treated with MLN are likely to experience gastrointestinal AEs (nausea) as well as
cardiovascular effects (increased heart rate and blood pressure). Development of
prehypertension or hypertension is more likely in MLN-treated patients compared to placebo
patients. Prolonged MLN treatment does not result in even greater increases in blood pressure.
Elevations in heart rate can result in clinical adverse events (e.g. palpitations). The average
magnitudes of effect of MLN on heart rate and blood pressure are similar to other approved
NSRIs.

MLN treatment increases the risk of psychiatric adverse event sin patients with depression at
baseline: anxiety, insomnia, depression, and suicidal ideation.

MLN treatment also is associated with mild elevations in transaminases (AST and ALT).
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The effects of MLN on heart rate and blood pressure did not appear to increase with increased
dose (i.e. there was no dose response). However, a dose response was suggested for elevated
transaminases and risk of psychiatric AEs. '

Effects on mood, heart rate, blood pressure, and transaminases can be monitored, and tend to
resolve with discontinuation of study drug.

Overall, in certain patients with FM, the benefits of MLN outweigh its risks. The
recommended MLN dose is 100 mg/day. Treatment with 200 mg/day may be necessary for
some patients.

® Recommendation for Postmarketing Risk Management Activities

Milnacipran belongs to the class of norepinephrine-serotonin reuptake inhibitors (NSRI)
antidepressants. In the US, all approved antidepressants have language in the package insert
describing the increased risk of suicide and depressed mood in pediatric patients — regardless
of whether the patients are prescribed these products for depression. The approved product
labeling for all antidepressants also includes a Medication Guide for patients.

Patients with FM commonly also have depression. Therefore MLN treatment may have an .
antidepressant effect in these patients, putting them at risk for suicide and depressed mood.
The AE experience in FM patients shows that these events did occur more frequenlty in MLN-
treated patients than in placebo-treated patients. '

Under the Food and Drug Administration Amendments Act (FDAAA), a new Medication
Guide qualifies as Risk Evaluation and Mitigation Strategies (REMS). As such, the Applicant
was notified that a REMS is required for this application, in the form of a Medication Guide.

* Recommendation for other Postmarketing Study Requirements and Commitments
The following Phase IV requirements must be met upon approval of milnacipran for marketing

LPediatric studies :
Under the Pediatric Research Equity Act (PREA), all applications for new active ingredients
are required to contain an assessment of the safety and effectiveness of the product in pediatric
patients, unless this requirement is waived or deferred.

The Division generally waives the pediatric study requirement for FM studies in patietns aged
0-12 years, and is deferring pediatric studies of milnacipran for the treatment of fibromyalgia
in pediatric patients aged 13-17 years.

Fregnancy registry and Lactation study

Fibromyalgia is predominantly a diagnosis of women. The clinical trial and foreign post-
marketing data on pregnancy outcomes in pregnant women are insufficient to assess the signal
of a serious risk of adverse reactions in a fetus exposed to milnacipran, or to identify an
unexpected serious risk to the nursing infants of women who are treated with milnacipran.
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Therefore the Applicant should develop and maintain a prospective, observational pregnancy
registry study, conducted in the United States, that compares the pregnancy and fetal outcomes
of women exposed to milnacipran during pregnancy to an unexposed population. The registry
will detect and record major and minor congenital anomalies, spontaneous abortions,
stillbirths, elective terminations, and any serious adverse pregnancy outcomes. These events
will also be assessed among the enrolled women throughout the pregnancy. The events will
also be assessed among infants through at least the first year of life. Annual interim reports
will be submitted until FDA acknowledges that sufficient data has been collected.

The Applicant should also conduct an open-label, single dose, pharmacokinetic clinical study
in healthy lactating women. Concentrations of milnacipran should be assessing in maternal
plasma and breast milk, so as to estimate potential infant exposure.

Ames assay

Because the Applicant did not provide certificate of analysis for the drug used in the Ames
assay, the results of this study cannot be considered definitively negative. The Ames assay
should be repeated, using a clinical batch for milnacipran and the certificate of analysis for this
batch should be provided.

¢ Recommended Comments to Applicant

Pediatric studies required under section 2 of the Pediatric Research Equity Act (PREA) are
deferred for this application. They are considered postmarketing study requirements, as
follows:

Deferred pediatric study under PREA for the management of fibromyalgia in pediatric
patients ages 13 to 17.

A lactation study to assess levels of milnacipran in breast milk and to estimate infant exposure
is required postmarketing. The study shall be designed as follows: '
A single dose, pharmacokinetic, open-fabel, clinical study in healthy lactating women.
Concentrations of pregabalin will be assessed in maternal plasma and breast milk so as to
estimate potential infant exposure.

Effects of MLN on pregnancy outcomes have not been fully investigated. The Applicant
should evaluate the safety of MLN in pregnant patients with fibromyalgia, through such
mechanisms as a pregnancy registry study that compares pregnancy outcomes in MLN-
‘exposed patients versus a non-exposed population.

The Ames assay submitted in the NDA could not be considered definitively negative. The

Ames assay should be repeated, using a clinical batch for milnacipran, and the certificate of
analysis for this batch should be provided.
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