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1. EXECUTIVE SUMMARY

Fezolinetant is a nonhormonal selective NK3 receptor antagonist. It blocks neurokinin B (NKB) binding

on the kisspeptin/neurokinin B/dynorphin (KNDy) neuron to modulate neuronal activity in the

thermoregulatory center. The proposed indication is treatment of moderate or severe vasomotor

symptoms associated with menopause. The recommended dose of fezolinetant for the general intended

population is one 45 mg tablet once daily with or without food. Fezolinetant is considered as a new
molecular entity (NME) in the US.

The Office of Clinical Pharmacology, Division of Cardiometabolic and Endocrine Pharmacology, has

reviewed the information contained in NDA 216578 and recommends approval of this NDA pending

successful labeling negotiation. The key review issues with specific recommendations and/or comments

are summarized below:

Review Issue

Recommendations and Comments

Pivotal or supportive
evidence of
effectiveness

e Two pivotal Phase Il studies (Study 2693-CL-0301 and 2693-CL-
0302) demonstrated the safety and efficacy of fezolinetant for the
proposed indication of treatment of moderate or severe
vasomotor symptoms associated with menopause.

General dosing
instructions

The recommended dosing regimen is one 45 mg tablet once daily with or
without food.

Dosing in patient
subgroups (intrinsic and
extrinsic factors)

e No dosage adjustment for fezolinetant is recommended for
patients with mild or moderate renal impairment (eGFR 30 to <
90 ml/min/1.73 m?). Avoid use in patients with severe renal
impairment (eGFR 15 to <30 ml/min/1.73 m?) or end-stage renal
disease (eGFR < 15 mL/min/1.73 m?) with or without
hemodialysis.

e Avoid use in patients with mild, moderate or severe hepatic
impairment (Child-Pugh A, B or C).

e Avoid use in patients with concomitant use of any CYP1A2
inhibitors.

Bridge between the to-
be-marketed and clinical
trial formulations

Two minor adjustments were conducted in the formulation development
from the phase 3 to the to-be marketed tablet, quantitative adjustments
for three ingredients in the @ tablet and modification of tablet color
shade. The two formulations are bridged based on a bioequivalence (BE)
study.

Labeling

Pending negotiation with the applicant. Our edits to the applicant’s
proposed labeling are consistent with guidance “Clinical Pharmacology
Section of Labeling for Human Prescription Drug and Biological Products —
Content and Format”
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1.1 Post-Marketing Requirements and Commitments

None.

2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT

2.1 Pharmacology and Clinical Pharmacokinetics

Fezolinetant is a nonhormonal selective NK3 receptor antagonist that blocks neurokinin B (NKB) binding
on the kisspeptin/neurokinin B/dynorphin (KNDy) neuron to modulate neuronal activity in the
thermoregulatory center.

In healthy women, fezolinetant Cmax and AUC increased proportionally over a dosage range from 20 and
60 mg once daily (0.44 to 1.33 times the approved recommended dosage). Steady-state plasma
concentrations of fezolinetant were reached after two once-daily doses, with minimal fezolinetant
accumulation.

Absorption
The median (range) time to reach fezolinetant Cmax is 1.5 (1 to 4) hours in healthy women.

Effect of Food
No clinically meaningful differences in fezolinetant pharmacokinetics were observed following
administration with a high-calorie, high-fat meal.

Distribution

The mean apparent volume of distribution (V./F) of fezolinetant is 189 L. The plasma protein binding of
fezolinetant is 51%. The blood-to-plasma ratio is 0.9.

Elimination
The apparent clearance at steady state of fezolinetant is 10.8 L/h. The mean terminal elimination half-life

(t1/2) of fezolinetant is 13.1 hours in healthy women. The effective half-life for a typical subject (70 kg,
white, non-smoking female) is 9.6 hours.

Metabolism

Fezolinetant is primarily metabolized by CYP1A2 in humans to oxidized major metabolite ES259564.
ES259564 is approximately 20-fold less potent against human NK3 receptor. The metabolite-to-parent
ratio ranges from 0.7 to 1.8.

Excretion

Following oral administration, fezolinetant is mainly eliminated in urine (76.9%) and to a lesser extent in
feces (14.7%). In urine, a mean of 1.1% of the administered fezolinetant dose was excreted unchanged
and 61.7% of the administered dose was excreted as ES259564. In feces, about 0.1% of the administered
fezolinetant dose was excreted unchanged and 14.6% of the administered dose was excreted as
ES259564.
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2.2 Dosing and Therapeutic Individualization
2.2.1 General dosing

The proposed dosing regimen of 45 mg tablet once daily was selected based on two successful Phase 3
studies using this regimen. Exposure-response analyses for efficacy and safety provided supportive
evidence for approving 45 mg once daily.

2.2.2 Therapeutic individualization

Renal Impairment:

In a dedicated renal impairment study (Study 0008), after a 30 mg oral dose of fezolinetant, subjects
with mild, moderate, and severe renal impairment had mean fezolinetant exposures (AUClast) that were
29%, 31%, and 11% lower, respectively, compared to healthy, matched control subjects. The mean peak
fezolinetant exposures (Cmax) in subjects with mild, moderate, and severe renal impairment were
comparable to the healthy matched control subjects. Mean exposures of the major metabolite
(ES259564) in subjects with mild, moderate, and severe renal impairment were 3%, 77% and 379%
higher for AUClast, respectively, and 13%, 75% and 131% higher for Cmax as compared to healthy,
matched control subjects.

In the population PK analysis, eGFR was not a significant covariate on the PK of fezolinetant. The mean
(CV%) of population PK model predicted steady-state AUCs (ng.hr/mL) were 4159 (45.4%), 4097 (41.8%),
and 4061 (36.6%) for subjects with normal, mildly impaired, and moderately impaired renal functions
after 45 mg once daily dosing.

Despite lower exposure in patients with mild (19.2% decrease in AUClast) or moderate renal
impairment (31.2% decrease in AUClast) in the dedicated renal impairment study, the population PK
model-predicted exposure in patients with mild or moderate renal impairment had comparable
exposure to patients with normal renal function; hence, no dose adjustment is recommended for mild
or moderate renal impairment.

The use of fezolinetant is not recommended in patients with severe renal impairment because the
exposure of the major metabolite (ES259564) in this subpopulation increased by ~4 fold compared to
patients with normal renal function and the safety of the metabolite at this exposure level has not been
assessed in any long-term clinical study.

There is no data to support the use of fezolinetant in patients with end-stage renal disease.

Hepatic Impairment:

In a dedicated hepatic impairment study (Study 0007), after a 30 mg oral dose of fezolinetant, patients
with mild and moderate hepatic impairment had mean fezolinetant total exposures (AUCinf) 56% and
96% higher, respectively, than the healthy matched control subjects. The mean peak fezolinetant
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exposures (Cmax) in mild and moderate hepatic impairment patients were 23% higher and 15% lower,
respective, than the healthy matched control subjects.

The use of 45 mg once daily fezolinetant is not recommended because 1) there was a 56% increase in
AUCinf in the mild hepatic impairment group which may not be fully explained by high PK variability; 2)
no phase 3 data is available for patients with mild hepatic impairment; 3) patients with mild hepatic
impairment may have increased risk for liver toxicity; and 4) no safety information for doses above 45
mg for chronic use is available.

We recommend avoiding use in patients with moderate hepatic impairment because 1) exposure in
patients with moderate hepatic impairment increased by ~100% compared to healthy matched controls
and we do not have a mitigation strategy (e.g., lowering the dose that would match 45 mg exposures);
2) no phase 3 data is available for patients with moderate hepatic impairment; and 3) patients with
chronic liver impairment may have increased risk for transaminase increase (i.e., ALT/AST >3XULN)
based on exposure-response analysis for safety

We recommend avoiding use in patients with severe hepatic impairment because there is no data
available in this population.

Drug-Drug Interaction (DDI):

In a dedicated DDI study (Study 0006), concomitant administration of fluvoxamine (a strong CYP1A2
inhibitor) increased fezolinetant Cmax and AUC by ~100% and ~850%, respectively.

Using a physiological based pharmacokinetic (PBPK) modeling and simulation approach, concomitant
use of a weak CYP1A2 inhibitor is predicted to increase fezolinetant AUC by 60 to 100% and concomitant
use of a moderate CYP1A2 inhibitor is predicted to increase fezolinetant AUC by ~360%.

In the two pivotal phase 3 studies, a small number of patients (N =42, n =22 for 45 mg and n = 20 for 30
mg) had concomitant use of weak CYP1A2 inhibitors. TEAEs in these subjects were generally mild and
resolved.

The concomitant use of 45 mg once daily fezolinetant with mild CYP1A2 inhibitors is not recommended
for the following reasons,

1. PBPK modeling and simulation predicted 1.6- to 2-fold increase with concomitant use of weak
CYP1A2 inhibitors.

2. Although TEAEs in subjects who received weak CYP1A2 inhibitors were generally mild and
reversible, the number of subjects is relatively small.

We recommend avoiding concomitant use of moderate or strong CYP1A2 inhibitors because there was a
substantial increase in exposure and no clinical data to support its use.

2.3 Outstanding Issues

None from a clinical pharmacology perspective.
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2.4 Summary of Labeling Recommendations

Per guidance “Clinical Pharmacology Section of Labeling for Human Prescription Drug and Biological
Products — Content and Format”, edits were made to Section 2.1 Recommended Dosage, Section 7 Drug
Interactions sections, Section 8.6 Renal Impairment, Section 8.7 Hepatic Impairment, Section 12.2
Pharmacodynamics and Section 12.3 pharmacokinetics.
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3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW

3.1 Overview of the Product and Regulatory Background

The Product

The applicant, Astellas Pharma Inc., submitted a New Drug Application (NDA) for (O (fezolinetant
45 mg tablet) for the treatment of moderate or severe vasomotor symptoms associated with
menopause on June 2", 2022.

Fezolinetant is a nonhormonal, selective NK3 receptor antagonist. By antagonizing NKB/NK3-mediated
signaling, fezolinetant modulates KNDy neurons’ activity in the thermoregulatory center in the
hypothalamus to treat moderate to severe VMS associated with menopause.

(®) (4) tm

The proposed dose of is one 45 mg tablet once daily with or without food in the general

population of individuals with moderate to severe VMS associated with menopause.

Regulatory History

IND 130277 was open for fezolinetant on March 28, 2016. Initially, the early clinical development
program explored the potential for fezolinetant to treat other conditions (96 participants with polycystic
ovary syndrome or uterine fibroids) but subsequently focused on VMS associated with menopause.

The Clinical Development Program

The fezolinetant clinical program is comprised of 18 completed studies: 11 phase 1 studies, 4 phase 2
studies and 3 phase 3 studies. The 18 completed studies have been conducted globally: North America,
Europe, and Asia.

Primary evidence for the efficacy of fezolinetant in the treatment of moderate to severe VMS associated
with menopause comes from the two pivotal phase 3 studies (studies 2693-CL-0301 and 2693-CL-0302).

Phase 2 studies ESN364_HF_204 (proof-of-concept) and ESN364 HF 205 (dose finding) provided
supportive safety data for this application.

The fezolinetant clinical pharmacology program consisted of 11 Phase 1 studies. The pharmacokinetics
of fezolinetant were evaluated in healthy male and female adult participants, postmenopausal
participants with VMS and special populations (participants with mild to moderate hepatic impairment
and participants with mild to severe renal impairment). The absorption, distribution, metabolism, and
elimination, including, metabolite profiling, protein binding, inter-and intra-variabilities, and time
dependency assessment of fezolinetant PK were characterized. Intrinsic factors including age, race,
gender and body weight, and extrinsic factors including smoking, formulation and food intake were
assessed in pooled population pharmacokinetic modeling analysis. Drug-drug interactions of
fezolinetant were evaluated in a combination of in vitro and in vivo studies and further supported by
PBPK modeling analyses. Food effect and relative bioavailability of different formulations (i.e., capsules
for Phase 1 and 2, tablets for phase 3, and to-be-marketed tablets) were evaluated in phase 1 studies.
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The pharmacokinetics of fezolinetant in special populations (renal and hepatic impairment) were

assessed in dedicated studies.

Although both a 30 mg and 45 mg dose were evaluated in the pivotal phase 3 studies, the Applicant only

intends to market a 45 mg tablet.

Characterization of the pharmacodynamics of fezolinetant includes exploratory assessments of sex

hormones (Luteinizing hormone [LH], Follicle-stimulating hormone [FSH], estradiol [E2], estrone [E1],

Sex hormone binding globulin [SHBG], dehydroepiandrosterone (DHT), androstenedione (A4) and

testosterone [T]) and exposure-response analyses for fezolinetant efficacy, safety, and QT

prolongations.

3.2 General Pharmacology and PharmacoKkinetic Characteristics

Pharmacology

[Mechanism of Action

Fezolinetant is a nonhormonal selective NK3 receptor antagonist that blocks
neurokinin B (NKB) binding on the kisspeptin/neurokinin B/dynorphin
(KNDy) neuron to modulate neuronal activity in the thermoregulatory

Active Moieties

Fezolinetant is the active moiety; the major metabolite ES259564 is
lapproximately 20-fold less potent against human NK3 receptor and
considered non-pharmacologically active.

QT Prolongation

At a dose 20 times the maximum approved recommended dose,
fezolinetant does not prolong the QT interval to any clinically relevant

|exte nt.

General Information

|Bioanalysis

LC-MS/MS methods were used to measure fezolinetant concentrations in
plasma and urine.

|Healthy vs. Patients

Fezolinetant pharmacokinetics were similar between healthy female
subjects and patients with moderate to severe vasomotor symptoms
associated with menopause.

Drug Exposure at Steady State
Following the Therapeutic
Dosing Regimen

Multiple-dosing of 45 mg once daily was only tested in phase 3 studies. The
population PK model-predicted steady-state concentration (meantSD) is
183 (£92.5) ng/mL.

Range of Effective Dose or

Exposure

Two dose levels, 30 mg and 45 mg once daily, were tested in pivotal Phase 3
studies and both treatments demonstrated statistically significance
compared to placebo on four co-primary endpoints. The efficacy of 45 mg
was more robust and clinical meaningful.

Maximally Tolerated Dose
(MTD) or Exposure

The MTD of fezolinetant in female subjects was 900 mg.
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[Dose Proportionality

PK of fezolinetant is dose-proportional between 20 to 60 mg once daily.

Accumulation

The recommended dose for approval 45 mg once daily was only tested as a
single dose in food effect and Pivotal BE study. The model predicted median
accumulation ratio (Rac) is 1.20.

Variability

Intra-subject variability was estimated to be 9.3% and 10.7% (geometric
%CV) based on AUCinf and AUClast in healthy female participants,
respectively. Intra-subject variability for Cmax is 28.3% (Study 2693-CL-
0010). Inter-subject variability was estimated to be 46% for apparent
clearance (CL/F) and 15% for apparent volume of distribution (Vc/F) based
on a population PK analysis in postmenopausal female participants with
VMS (Report 2693-PK-0010).

Absorption

|Bioavailability

Absolute bioavailability was not determined.

Time to Maximum
Concentration (Tmax)

After a single oral dose of 45 mg fezolinetant (To-be-marketed formulation)
in healthy female subjects in a bioequivalence study (Study 0010), the
median (min-max) of Tmax was 1.5 hour (range: 0.5 - 4.0 hours).

Food effect

Geometric mean ratio [90% Cl]

AUCO-o= ICmax Tmax

°0.97 [0.86-1.08] F0.77[0.62-0.95] ’Delayed by ~0.5 hours

*Following a high-fat high calorie meal containing 800 - 1000 calorie (50%
from fat)

Distribution

\Volume of Distribution

The predicted apparent volume of distribution is 189 Liters.

Plasma Protein Binding

Fezolinetant is approximately 50% bound to human plasma protein over a
concentration range of 0.2 to 100 pg/mL. The average blood/plasma
concentration ratio is 0.9.

As Substrate of Transporters

Fezolinetant is not a substrate for P-glycoprotein (P-gp), breast cancer
resistance protein (BCRP), organic anion transporting polypeptide (OATP
1B1/0OATP1B3). Renal transporters, i.e., organic cation transporter 2 (OCT2),
organic anion transporter 1/3 (OAT1/0AT3), multidrug and toxin extrusion
transporter (MATE)1, or MATE2-K, were not tested as < 1.1% fezolinetant
dose was excreted unchanged from renal pathway.

The metabolite, ES259564, is a substrate for P-gp, but not substrate for
BCRP, OATP1B1, OATP1B3, OAT1, OAT3, OCT2, MATE1 and MATE2-K.

Elimination

Reference ID: 5083095
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Terminal Elimination Half-Life

After a single oral dose of 45 mg fezolinetant (To-be-marketed formulation)
in healthy female subjects in a bioequivalence study (Study 0010), the mean
(+SD) terminal elimination half-life of fezolinetant is 13.1 (+4.6) hours.

Effective Elimination Half-Life

In VMS patients, the effective half-life of fezolinetant is predicted to be 9.6
hours for a typical subject (70 kg, white, non-smoking female).

Metabolism

Fraction Metabolized (% dose)

90.4% of the drug is metabolized as a percent of the dose.

Primary Metabolic Pathway(s)

Fezolinetant is primarily metabolized by CYP1A2 in humans to oxidized
major metabolite ES259564 and to a lesser extent by CYP2C9 and CYP2C19.

Excretion

Primary Excretion Pathways

(% dose) £ SD

- Urine: 76.9% (~1.1% unchanged fezolinetant)
- Feces: 14.7% (~0.1% unchanged fezolinetant)

Interaction liability (Drug as perpetrator)

Inhibition/Induction of
Metabolism

Fezolinetant and ES259564 are not inhibitors of human CYP1A2, CYP2B6,
CYP2C8, CYP2C9, CYP2C19, CYP2D6, or CYP3A at concentrations up to 25
UM (approximately 36-fold of therapeutic concentration). Fezolinetant and
ES259564 did not cause time dependent inhibition of these enzymes.

Furthermore, fezolinetant and ES259564 do not cause significant induction
of CYP1A2, CYP2B6 and CYP3A4 at concentrations up to 100 uM
(approximately 140-fold of therapeutic concentration).

Inhibition/Induction of
Transporter Systems

Fezolinetant and ES259564 are not inhibitors of P-gp, BCRP, OATP1B1,
OAT1, OAT3, OATP1B3, OCT2, MATE1, and MATE2-K at clinically relevant
concentrations.

3.3 Clinical Pharmacology Review Questions

3.3.1 To what extent does the available clinical pharmacology information provide
pivotal or supportive evidence of effectiveness?

The 45 mg and 30 mg once daily of fezolinetant were selected for pivotal Phase 3 studies (Studies 301

and 302) primarily based on safety and efficacy results obtained in the Phase 2 dose-finding study (Study

205).

In the 12-week placebo-controlled Phase 2 dose-finding study (Study 205), 15, 30, 60, and 90 mg twice
daily (BID) and 30, 60, and 120 mg once daily (QD) were tested. The co-primary endpoints were mean

Reference ID: 5083095
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change in the frequency of moderate to severe VMS from baseline to Week 4 & Week 12 and mean
change in the severity of moderate to severe VMS from baseline to Week 4 & Week 12.

All dose groups were significantly different from placebo with respect to mean change in the frequency
of moderate to severe VMS at both weeks 4 and 12. The improvement in frequency of moderate to
severe VMS relative to placebo at weeks 4 and 12 was greater than 2, indicative of a clinically relevant
improvement, for all dose groups except 15 mg BID. In addition, all groups were significantly different
from placebo with respect to mean change in the severity of moderate to severe VMS from baseline to
week 4, but only 60 mg BID, 90 mg BID and 60 mg QD demonstrated significance with respect to mean
change in severity at week 12.

Based on the phase 2 clinical efficacy and safety results and modeling and simulation analyses, the 30
mg QD dosing regimen was considered the lowest effective dose. In addition, a 45 mg QD dose, while
not previously studied, was predicted to increase the probability of achieving efficacy endpoints while
limiting the risk of potential exposure related transaminase elevations.

Clinical pharmacology information that supports the proposed dosing regimen of fezolinetant is
presented below:

Exposure-response relationship for efficacy

Exposure-response analyses for efficacy were performed utilizing phase 3 data from Studies 2693-CL-
0301 and 2693-CL-0302. Models were developed to characterize the relationship between fezolinetant
exposure and both hot flash frequency and severity. The exposure-response analyses showed that
fezolinetant exposure was predictive of both the frequency and severity of hot flashes. Although the
relationship is shallow, increasing fezolinetant exposure is associated with better efficacy, i.e., 45 mg
had slightly better efficacy than 30 mg. More details can be found in “ER (efficacy) Assessment
Summary” of Appendix 4.5 Pharmacometrics Review.

Exposure-response (E-R) relationship for safety

In a pooled analysis including all pivotal phase 3 data and phase 2 data (from Studies ESN364_HF 204
and ESN364_HF_205) in subjects with VMS receiving total daily fezolinetant doses ranging from 30 mg
to 180 mg, a statistically significant relationship between fezolinetant exposure (i.e., total daily dose or
individual predicted steady-state Cavg) and ALT/AST elevation was identified. The hazard ratio (95% Cl)
for a liver transaminase elevation > 3 x ULN for the population mean fezolinetant concentration
resulting from a 30 and 45 mg QD dose compared with placebo is 1.293 (1.157, 1.403) and 1.471 (1.245,
1.663), respectively. The hazard ratios (95% Cl) for an ALT or AST elevation > 3 x ULN for baseline ALT
values of 43 U/L (ULN) and 65 U/L (1.5 x ULN) relative to 18 U/L (the median observed value) were 2.604
(1.744, 3.530) and 6.044 (2.846, 10.710), respectively. Baseline ALT level was identified as a statistically
significant and the single greatest predictor of postbaseline liver transaminase elevations in the pooled
dataset and was included in the final model. More details can be found in “ER (safety) Assessment
Summary” of Appendix 4.5 Pharmacometrics Review.

12
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In general, the exposure-response analyses for efficacy showed improved reduction in VMS frequency
and severity with increasing doses for fezolinetant compared to placebo. The exposure-response
analyses for safety identified a potential association between fezolinetant exposure and the rate of ALT
or AST > 3 x ULN when combining the data from the phase 2 and phase 3 studies. Overall, the exposure-
response analyses support the current dose regimen of fezolinetant.

3.3.2 Is the proposed dosing regimen appropriate for the general patient
population for which the indication is being sought?

Yes. The proposed dose regimen of 45 mg once daily is supported by clinical efficacy, safety, PK, and PD
data. The safety and efficacy of fezolinetant 45 mg QD for the treatment of moderate or severe VMS
with menopause have been demonstrated in the pivotal Phase 3 studies, 2693-CL-0301 and 2693-CL-
0302. Efficacy evaluations from the two studies consistently demonstrated the superiority of
fezolinetant 45 mg QD over placebo across all four co-primary efficacy endpoints and clinically
meaningful reduction in frequency of VMS from baseline. Note: Although both 30 and 45 mg once daily
met all four co-primary endpoints in the phase 3 studies, the applicant is seeking approval for 45 mg
once daily only. Fezolinetant 45 mg QD had a more meaningful and more consistent reduction in VMS
than 30 mg QD. For details of the Phase 3 studies, please see the Medical Officer’s review.

3.3.3 Is an alternative dosing regimen and/or management strategy required for
subpopulations based on intrinsic factors?

Yes, we recommend avoiding use of fezolinetant for 1) patients with severe renal impairment or end-
stage renal disease with or without dialysis and 2) patients with mild, moderate, or severe hepatic
impairment.

Dedicated studies were conducted to evaluate impact of renal/hepatic impairment on the PK of
fezolinetant. In addition, intrinsic covariates including creatinine clearance, body weight, age, race, and
menopause status were evaluated in a population PK analysis (Report 2693-PK-0010).

Renal Impairment

e No dose adjustment for patients with mild or moderate renal impairment

In the renal impairment study 2693-CL-0008, female subjects with normal, mild, moderate, and severe
renal impairment had comparable Cmax after a single oral administration of 30 mg fezolinetant.
Subjects with mild or moderate renal impairment had 19.2% and 31.2% lower total exposure (AUClast),
respectively, compared to healthy normal subjects.

13
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A total of 201 subjects with normal renal function, 267 subjects with mild renal function, and 7 subjects
with moderate renal impairment were enrolled into pivotal phase 3 studies (2693-CL-0301 and 2693-CL-
0302). The steady-state AUCs of fezolinetant in participants with normal, mild, and moderate renal
impairment from these two phase 3 studies were predicted based on a population PK analysis. The total
exposure of fezolinetant in subjects with mild or moderate renal impairment was similar to the
exposures in subjects with normal renal function. The mean (CV%) of population PK model-predicted
steady-state AUCs (ng.hr/mL) were 4159 (45.4%), 4097 (41.8%), and 4061 (36.6%) for subjects with
normal, mildly impaired, and moderately impaired renal functions after once daily dosing. In addition,
creatine clearance was not identified as a statistically significant covariate for the clearance of
fezolinetant. More details can be found in “Population PK Analysis” of Appendix 4.5 Pharmacometrics
Review.

Despite lower exposure in patients with mild (19.2% decrease in AUClast) or moderate renal impairment
(31.2% decrease in AUClast) in the dedicated renal impairment study, the population PK model-
predicted exposure in patients with mild or moderate renal impairment had comparable exposure to
patients with normal renal function; hence, no dose adjustment is recommended for mild or moderate
renal impairment.

e Avoid use in patients with severe renal impairment or end-stage renal disease

In the renal impairment study in female participants, the total exposure based on AUClast was 9.6%
lower than in healthy normal participants, but the exposure for the major metabolite, ES259564, was
4.8-fold higher. The clinical program has not assessed the safety of the metabolite at this exposure level
in any long-term clinical study. Therefore, the use of fezolinetant is not recommended in patients with
severe renal impairment. There is no data to support the use of fezolinetant in patients with end-stage
renal disease.

Hepatic Impairment

e  Patients with mild hepatic impairment

Based on the hepatic impairment study in female participants, mild hepatic impairment led to
approximately 56% increase in fezolinetant AUC and 23% increase in Cmax. Based on the dedicated
study, dosing patients with mild hepatic impairment 45 mg daily may lead to a ~50% higher exposure
than what has been evaluated in phase 3 studies.

The exclusion criteria of all phase 3 studies (2693-CL-0301, 2693-CL-0302 and 2693-CL-0304) did not use
Child-Pugh criteria for screening. In response to our Information Request, the applicant stated that
“While not captured as Child-Pugh score, review of the components of the score does not support
presence of chronic hepatic impairment as defined by Child-Pugh categories, and participants with
chronic hepatic impairment were excluded from the study.” Therefore, there are no clinical data to
support a safe clinical use of fezolinetant in patients with mild hepatic impairment. In addition, based on
the exposure-response analysis for liver toxicity, there is a potential association between exposure and
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transaminase elevation (i.e., ALT/AST >3X ULN) with baseline ALT level being the most influential
covariate in predicting transaminase elevation probability.

Based on overall assessment of benefit/risk, we recommend avoiding use of fezolinetant in patients with
mild hepatic impairment.

e Patients with moderate or severe hepatic impairment

Moderate hepatic impairment led to 94 to 96% increase in fezolinetant AUC (Study 2693-CL-0007), and
the PK of fezolinetant have not been evaluated in patients with severe hepatic impairment. As subjects
with chronic moderate or severe hepatic impairment were excluded in the phase 3 studies, there are no
clinical data to support a safe clinical use of fezolinetant in patients with moderate or severe hepatic
impairment.

Based on an overall assessment of benefit/risk, we recommend avoiding use of fezolinetant in patients
with moderate or severe hepatic impairment.

Body Weight

In a population PK analysis (Report 2693-PK-0010), body weight was identified as a predictive covariate
on central volume of distribution, but not a statistically significant covariate of clearance. Participants
weighing 100 kg were predicted to have a 17.2% lower fezolinetant Cmax than participants with a
typical 75 kg weight. Participants weighing 55 kg were predicted to have a 25.6% higher fezolinetant
Cmax than participants with a typical 75 kg weight. We recommend no dose adjustment based on body
weight.

Age

Studies designed to assess the effect of age on fezolinetant PK have not been conducted to date. A
population PK model including female participants ranging from 19 to 65 years of age showed no trends
between age and PK parameters. No pediatric participants have been studied with fezolinetant.
Therefore, we recommend no dose adjustment based on age.

Race

African American was identified as a predictive covariate on central volume of distribution, but not a
statistically significant covariate of clearance. African American women were also predicted to have a
small increase in central volume of distribution resulting in a small (6.6%) reduction in Cmax compared
to non-African American women participants. We recommend no dose adjustment based on race.

Menopause status

Menopause status was not identified as a predictive covariate on central volume of distribution or
clearance, indicating no significant PK difference between pre- and postmenopausal women.
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3.3.4 Are there clinically relevant food-drug or drug-drug interactions and what is
the appropriate management strategy?

Yes, we recommend avoiding use of fezolinetant for patients who are taking mild, moderate, or strong
inhibitors of CYP1A2.

Dedicated studies were conducted to evaluate the impact of 1) concomitant use of a strong CYP1A2
inhibitor and 2) a standard high-fat high caloric meal on the PK of fezolinetant. In addition, extrinsic
covariates including smoking (CYP1A2 inducer), food, and formulation were evaluated in a population PK
analysis (Report 2693-PK-0010).

Concomitant use of CYP1A2 inhibitors

In a dedicated DDI study, concomitant use of fluvoxamine (a strong CYP1A2 inhibitor) resulted in a 9.4-
fold increase in fezolinetant AUCinf and 1.8-fold increase in Cmax. The applicant did not conduct a
dedicated DDI study to evaluate the impact of weak or moderate CYP1A2 inhibitors. Instead, they used a
physiological-based pharmacokinetic (PBPK) approach to predict the magnitude of change in
fezolinetant exposure with concomitant use of weak or moderate CYP1A2 inhibitors. The predicted
results are shown in Table 1.

Table 1. PBPK Predicted Cmax and AUC Geometric Mean Ratios (GMR) for Fezolinetant in the
Presence of CYP1A2 Inhibitors.

Co-administration treatment PBPK predicted fezolinetant GMR
Cmax AUCinf
Weak CYP1A2 inhibitor Cimetidine 300 mg every 6 hours | 1.3 2.0
Cimetidine 400 mg BID 1.4 1.6
Moderate CYP1A2 inhibitor | Mexiletine 400 mg every 8 hours | 1.4 4.6

Source: Table 3 in Appendix 4.4 PBPK review
e Concomitant use with weak CYP1A2 inhibitors

Using a PBPK approach, weak CYP1A2 inhibitors are predicted to increase fezolinetant exposure by 1.6-
to 2-fold. In the phase 3 studies, 22 subjects received 45 mg fezolinetant had concomitant use of weak
CYP1A2 inhibitors. Although treatment emergent adverse events (TEAEs) in these subjects were
generally mild and resolved, the number of subjects with concomitant use of weak CYP1A2 inhibitors is
relatively small.

Given the predicted 60% to 100% increase in exposure with concomitant use of weak CYP1A2 inhibitors
and limited safety data from phase 3 studies, the concomitant use of 45 mg once daily fezolinetant with
weak CYP1A2 inhibitors is not recommended.

e Avoid use in patients with concomitant use of moderate or strong CYP1A2 inhibitors
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Moderate and strong CYP1A2 inhibitor were predicted to lead to 4.6- (based on PBPK model) and 9.4 -
fold (based on a dedicated DDI study) increase in fezolinetant AUC. There are no clinical data to support
such a high exposure in postmenopausal women. Therefore, the concomitant use of moderate and
strong inhibitors of CYP1A2 should be avoided.

Smoking

In a dedicated study (Study 2693-CL-0006), smoking resulted in decreased fezolinetant exposure. When
fezolinetant was administered alone, fezolinetant AUCinf decreased by about a half to a geometric least
square (LS) mean ratio of 48.3% while Cmax decreased to a geometric LS mean ratio of 71.7%. Similarly,
in population PK analysis, a 51% increase in clearance was predicted for smokers relative to non-
smokers, resulting in a 33.9% reduction in steady-state AUC and an 8.6% reduction in steady-state Cmax.

Randomization of the two pivotal phase 3 studies were stratified by smoking status. In one study (Study
0301), 17 smokers and 129 nonsmokers received 45 mg QD fezolinetant. In the other study (Study
0302), 28 smokers and 117 nonsmokers received 45 mg QD fezolinetant. Based on a small sample size
of smokers, the sub-group analysis by smoking status (no statistically testing specified in Statistic
Analysis Plan [SAP]) from the phase 3 studies indicated that smoking has no impact on efficacy
compared with nonsmokers despite the fact that smokers were expected to have reduced PK exposures.

Therefore, we recommend no dose adjustment for smokers.
Formulation

During development, a capsule formulation was used in phase 1 and 2 studies while a tablet formulation
was used in phase 3 trials. The relative bioavailability of fezolinetant between the phase 3 tablet
formulation and the capsule formulation was assessed at the highest strength of 120 mg in Study 2693-
CL-0009. The results demonstrated that following a single dose administration, geometric LS means of
AUCinf, AUClast, and Cmax of the tablet formulation were 8%, 9%, and 23% higher relative to the
capsule formulation, respectively. While the 90% ClI of Cmax (101-136%) exceeded the BE criteria of 80-
125%, the 90% Cl of AUCinf and AUClast were still contained in the criteria of 80-125%.

A BE study (Study 2693-CL-0010) was conducted to compare the pharmacokinetics of the to-be-
marketed formulation to the formulation used in Phase 3 trials. The results showed that the test
formulation (45 mg fezolinetant to-be-marketed tablet) was bioequivalent to the reference formulation
(45 mg fezolinetant comprising one 30 mg and one 15 mg fezolinetant phase 3 tablet).

Food effect

In Study 0012, following a single 45 mg dose of fezolinetant (to-be-marketed formulation) to healthy
female participants, a high-fat, high-calorie meal did not affect fezolinetant AUCinf and AUClast
compared to under fasted conditions. The high-fat, high-calorie meal decreased Cmax by ~23% of
fezolinetant and delayed the time to reach Cmax by ~ 30 minutes. The decrease in exposure is not
considered clinically relevant. We recommend that fezolinetant can be administered with or without
food.
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4. APPENDICES

Fezolinetant is also referred to as ESN364 during clinical development.

4.1 Summary of Bioanalytical Method Validation and Performance
Concentrations of fezolinetant and its major metabolite, ES259564, in plasma and urine were
determined by liquid chromatography - tandem spectrometry (LC-MS/MS) methods. A total of five LC-
MS/MS methods for fezolinetant or fezolinetant and ES259564 with different concentration ranges,
matrices (plasma or urine), sample processing (protein precipitation or solid phase extraction), analytical
sites | e

], were developed and validated.?

Summary of key validation parameters of the LC-MS/MS method (2693-ME-0004) used to determine the
plasma concentrations of fezolinetant and ES259564 in phase 3 studies (2693-CL-0301, 2693-CL-0302
and 2693-CL-0304), dose-ranging study (ESN364_HF 205) , the mass balance study (ESN364-CPK-103), in
vivo DDI study (2693-CL-0006), hepatic impairment study (2693-CL-0007), renal impairment study (2693-
CL-0008), relative bioavailability study (2693-CL-0009), BE study (2693-CL-0010) and food effect study
(2693-CL-0012) is provided in Table 2 below.

Table 2 Summary of Key Validation Parameters for LC-MS/MS assays (2693-ME-0004)

Bioanalytical method Validation of a UHPLC-MS/MS method for the determination of ESN-364 and its

validationreport name, |metabolite ES259564 in lithium heparinized human plasma

amendments, and

hyperlinks Report Number:

Astellas Number = [2693-ME-0004]
(b) @)

®@ Amendment 1]

Analytical Method Number:

BA/18/680 — Versions 1to 6

Method description An LC-MS/MS method for the determination of fezolinetant and ES259564
(metabolite) concentrations in lithium heparinized human plasma. The plasma
samples are purified using SPE and chromatographic separation is achieved on a
phenylhexyl column with detection on a mass spectrometer.

Materials used for Fezolinetant (Batch N120137F)

standard calibration ES259564 (metabolite) (Batches B00278201/JKO_011-47, MD338J and MEL_025-
curve and concentration (63)

Fezolinetant:
1.00, 5.00, 25.0, 50.0, 100, 250, 500 and 1000 ng/mL

ES259564:
1.00, 5.00, 25.0, 50.0, 100, 250, 500 and 1000 ng/mL

Validated assay range 1.00 to 1000 ng/mL

Material used for QCs Fezolinetant (Batch N120137F)

! Docubridge, NDA 216578, seq 0001, module 2.7.1, Summary of Biopharmaceutic Studies and associated
analytical methods, Appendix Table 2.7.1.3, submitted on: 06/22/2022
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and concentration

ES259564 (Batches B00278201/JKO_011-47, MD338J and MEL_025-63)

Fezolinetant:
1.00, 3.00, 60.0, 810 ng/mL

ES259564:
1.00, 3.00, 60.0, 810 ng/mL

Regression model and
weighting

Linear with a weighting factor of 1/X?

Validation Parameters

Method Validation Summary

Source Location

Standard calibration Number of standard calibrators from X 8 Table 3 and
curve performance LLOQ to ULOQ Table 4 of report
during all runs 2693-ME-0004
Cumulative accuracy (%bias) from Section 1.2 of
LLOQ to ULOQ report
Fezolinetant -5.02t0 2.84 2693-ME-0004
ES259564 -6.691t02.95 |Amendment No.1
Cumulative precision (%CV) from Section 1.2 of
LLOQ to ULOQ report
Fezolinetant <4.04 2693-ME-0004
ES259564 <3.96 Amendment No.1
Performance of QCs Cumulative accuracy (%bias) in 5 QCs Tables 11, 13, 33
during accuracy and QCs for fezolinetant: and 34 of report
precision runs LLOQ -15.92 to -8.28 2693-ME-0004
LaC -10.04 to -5.10
MQcC -9.09to -2.14
HQC -13.12t0 -6.40
DiQC (10-fold) 2.59
QCs for ES259564:
LLOQ -5.15t03.18
LaC -2.42 10 2.58
MQcC -4.34 t0 3.88
HQC -8.55 t0 -2.10
DiQC (10-fold) 6.98
Interbatch (%CV) Table 11 and
QCs for fezolinetant: Table 13 of
LLOQ 6.76 report
LaC 4.49 2693-ME-0004
MQcC 5.03
HQC 4.42
QCs for ES259564:
LLOQ 7.14
LaC 5.42
MQcC 5.05
HQC 4.44
TE

Validation Parameters

Method Validation Summary

Source

Location

Reference ID: 5083095
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Selectivity & matrix Selectivity:

effect The absence of interferences in blank samples was not required
per the SOPs applicable at that time because the combination
of sample extraction, chromatographic separation, and
selective MS/MS (Triple quadrupole which follows a selective
couple of mass: parent ion and selective daughter ion) ensures
the absence of potential interfering impact.

Table 10 and
Additional selectivity was evaluated using 6 individual lots. No Table 11 of
relevant interferences were observed (Study 2693-CL-0304). report

B1900365

Internal Standard (IS) normalized matrix factor:
Matrix effect was evaluated as part of the matrix factor test.
Number of lots tested: 6 Table 25 to
Concentration levels tested: LQC, MQC and HQC Table 30 of

Fezolinetant Overall Precision (%CV): < 4.83 report
ES259564 Overall Precision (%CV): < 4.97 2693-ME-0004

Matrix factor acceptance criteria were met.

Interference &
specificity

The specificity of the assay for fezolinetant was evaluated at Table 15 and
the LLOQ (1.00 ng/mL) in the presence of ES259564 Table 16 of
(metabolite) at 1000 ng/mL concentration. report
2693-ME-0004
Interference on fezolinetant from ES259564:
Number of replicates tested: 6

Range of observed bias: -15.98% to 2.47%
Conclusion: No interference was observed.

The specificity of the assay for ES259564 was evaluated at the
LLOQ (1.00 ng/mL) in the presence of fezolinetant at
1000 ng/mL concentration.

Interference on ES259564 from fezolinetant:
Number of replicates tested: 6

Range of observed bias: -3.54% to 5.68%
Conclusion: No interference was observed.

Fezolinetant:
Number of sources tested: 2
Range of observed bias: 0.73% to 8.72%

ES259564:
Number of sources tested: 2
Range of observed bias: 1.05% to 10.13%

The results showed no hemolysis effect in plasma spiked with
1% or 2% hemolyzed human whole blood.

Hemolysis effect The hemolysis effect in human plasma was evaluated at 2 Table 17 and
analyte concentration levels (low and high) and 2 levels of Table 18 of
spiked hemolyzed human whole blood (1% and 2%). report

2693-ME-0004

Reference ID: 5083095
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concentrations).

Fezolinetant:
Number of sources tested: 2
Range of observed bias: -0.10% to 8.56%

ES259564:
Number of sources tested: 2
Range of observed bias: 0.96% to 9.45%

The results showed no lipemic effect in hyperlipidemic human
plasma with final lipid concentrations of 10 and 20 mg/mL

Validation Parameters Method Validation Summary Source
Location
Lipemic effect The lipemic effect in human plasma was evaluated at 2 analyte Table 19 and
concentration levels (low and high) and 2 levels of Table 20 of
hyperlipidemic human plasma (10 mg/mL and 20 mg/mL lipid report

2693-ME-0004

Recovery

Dilution factor

Concentration Level Recovery (%)
Fezolinetant:

Lac 94.25
MQcC 91.46
HQCH 92.57
ES259564:

LQc 87.15
MQC 87.64
HQC 89.43

®@ (i5) 75.08 - 75.33

Table 21 and
Table 23 of
report
2693-ME-0004

Fezolinetant:

Highest concentration tested: 8100 ng/mL
Number of dilution factors: 10

Range of observed bias (RE%): -1.64 to 7.48

ES259564:
Highest concentration tested: 8100 ng/mL

Number of dilution factors: 10
Range of observed bias (RE%): 3.65 to 10.48

Table 33 and
Table 34 of
report
2693-ME-0004

Bench-top/process
stability

Fezolinetant: 24 hours at room temperature
ES259564: 24 hours at room temperature

Table 46 and
Table 48 of

report
2693-ME-0004

Freeze-thaw stability

Fezolinetant: 5 cycles at -20°C and -65°C
ES259564: 5 cycles at -20°C and -65°C

Table 41
through
Table 44 of
report
2693- ME-
0004

Reference ID: 5083095
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Long-term storage Fezolinetant: 382 days at -20°C and -65°C Table 63
ES259564: 382 days at -20°C and -65°C through
Table 66 of
report
2693- ME-
0004
Amendment 1
Parallelism NA NA
Carry-over Each analytical run contained 2 calibration curves. A blank Table 7 and
plasma sample (without IS) was injected immediately after each Table 8 of
of 2 ULOQ samples. The average carry-over was lower than report
20% for both analytes and lower than 5% for the IS indicating 2693-ME-0004
that carry-over had no impact on the results.

CV: coefficient of variation; DiQC: dilution quality control; HQC: quality control at high concentration; IS: internal
standard; LC-MS/MS: liquid chromatography with tandem mass spectrometry; LLOQ: lower limit of quantification;
LQC: quality control at low concentration; MQC: quality control at medium concentration; MS/MS: tandem mass
spectrometry; MRD: minimum required dilution; NA: not applicable; QC: quality control; RE: relative error of
measurement; SPE: solid phase extraction; SOP: standard operating procedure; TE: total error; UHPLC-MS/MS:
ultra-high performance liquid chromatography with tandem mass spectrometry; ULOQ: upper limit of
quantification.

Reviewer comments:

This method is confirmed to show acceptable specificity, recovery, within-run and between-run accuracy
and precision for the measurement of fezolinetant and ES259564. The freeze-thaw, processing, long-
term stability covered sample storage and experiment periods. The incurred sample reanalysis passed
acceptance criteria for key PK studies. This method is validated for the aforementioned clinical studies.

Method validation for other studies

LC-MS/MS methods used in other clinical studies (including urine samples) are validated and the
summaries of method validation for each method are provided in the submission. 2 Upon detailed
review, these bioanalytical methods are acceptable based on FDA Guidance for Industry on bioanalytical
method validation. For the space reason, the method validations are not provided here.

4.2 Clinical vs. To-be-marketed Formulations

Three formulations were developed in the clinical development program of fezolinetant (Table 3).

Table 3 Summary of Fezolinetant formulations in clinical development

Fezolinetant Drug Product Formulations

2 Docubridge, NDA 216578, seq 0001, module 2.7.1, Summary of Biopharmaceutic Studies and associated
analytical methods, Appendix table 2.7.1.8, 2.7.1.9, 2.7.1.14, 2.7.1.15, 2.7.1.16 and 2.7.1.17, submitted on:
06/22/2022
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Hard Gelatin Capsule Phase 3 Tablet To-be-marketed Tablet

Dosage Strengths 3 mg, 10 mg, 15 mg, 30 mg, (15 mg, 30 mg, and 120 mg |30 mg and 45 mg
60 mg, 90 mg, 120 mg, and
180 mg

Clinical Study Number
Phase 1 study ESN364-CPK-101, ESN364- |2693-CL-0007, 2693-CL- 2693-CL-0010, 2693-CL-
CPK-102, , 2693-CL-0006, 0008, 2693-CL-0009, 2693- [0012

2693-CL-0009, 2693-CL-0020 [CL-0010, 2693-CL-0030

Phase 2 study ESN364_HF_204,
ESN364_HF_205, ESN364-
UF-02, ESN364-PCO-201
Phase 3 study 2693-CL-0301, 2693-CL-
0302, 2693-CL-0304

Fezolinetant was initially developed as immediate-release, hard gelatin capsules for oral administration
in 3, 10, 15, 30, 60, 90, 120 and 180 mg strengths. This formulation was used in phase 1 and phase 2
studies.

For the phase 3 program, including parallel phase 1 studies, an immediate-release tablet formulation
(15, 30 and 120 mg dose strengths) was developed for oral administration. The composition of the
phase 3 tablet is proportionally similar among the dose strengths, of which the 15 mg and 30 mg
strength tablets were used in the phase 3 studies. The 120 mg strength tablet was only used in the
relative bioavailability study 2693-CL-0009. The phase 3 tablet formulation was used in special
population and drug-drug interaction studies to provide support for labeling claims.

The applicant conducted study 2693-CL-0009 with a single dose of 120 mg tablet and a single dose of
120 mg capsule to compare the relative bioavailability of the capsule formulation and the phase 3 tablet
formulation. AUCinf and AUClast of a single oral dose of 120 mg tablet were slightly higher (by 8%) than
those of a single dose of 120 mg capsule. BE criteria between capsule and tablet formulations were met
with regard to fezolinetant AUCinf and AUClast. However, Cmax of capsule and tablet formulations
failed to meet the BE criteria, where mean Cmax of capsule formulation increased approximately 22.5%
with 90% Cl of ratio at 110.43% to 135.92%. See section 4.2.1 below for details.

The applicant also developed a to-be-marketed tablet formulation for commercial use. The to-be-
marketed tablet formulation was developed at strengths of 30 mg and 45 mg, which are the doses
studied in the phase 3 clinical studies.

Compared with phase 3 tablet formulation, the to-be-marketed tablets have changes in its/ @ tablet
composition ®®@ and tablet color shade. The
applicant conducted a dedicated BE study (study 2693-CL-0010) to bridge the phase 3 tablet formulation

and the to-be-marketed formulation. See section 4.2.2 below for details.
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4.2.1. Study 2693-CL-0009: Relative Bioavailability of Fezolinetant Between Tablet and Capsule
Formulations

Title: A Phase 1 Crossover Study to Assess the Relative Bioavailability of fezolinetant Following a Single
Dose of Tablet Formulation Compared to a Single Dose of Capsule Formulation in Healthy
Postmenopausal Female Subjects

Primary Objective: This study assessed the relative bioavailability of a single dose of 120 mg fezolinetant
tablet (test formulation) compared to a single dose of 120 mg fezolinetant capsule (reference
formulation) under fasting conditions in healthy postmenopausal female participants.

Study design: This was a randomized, open-label, 2-period, 2-sequence, single dose crossover study in
healthy postmenopausal female subjects. Each subject participated in 2 treatment periods separated by
a washout of 4 days between study drug administrations in each period. Subjects were randomized to 1
of 2 sequences according to Table 4.

Table 4 Sequences and Study Treatment Assignments (2693-CL-0009)

Sequence n Period Period
1 2

1 8 A B

2 8 B A

A: 120 mg tablet (new formulation); B: 120 mg capsule (reference formulation)

Pharmacokinetic samples were collected predose on day 1 of each period and at multiple time points
postdose (i.e., 0.5,1,1.5, 2, 3,4,6,8, 12, 16, 24, 36 and 48 hours).

Subject Disposition: A total of 16 healthy postmenopausal female subjects were randomized, and 16
subjects completed the study. Data from all subjects were included in the analyses of safety and PK.

PK Results:

The dose of 120 mg fezolinetant was rapidly absorbed in both tablet (test formulation) and capsule
(reference formulation). The median tmax is approximately 1.0 and 1.5-hour postdose for the tablet and
capsule formulations, respectively (Table 5).

Table 5 Study 2693-CL-0009: Plasma Pharmacokinetic Parameters of Fezolinetant by Formulation

Fezolinetant 120 mg

Parameter Category/Statistics Tablet Capsule
n=16 n=16
AUCinf (ng-h/mL)
Mean (SD) 7600 (2010) 7070 (1950)
%CV 26.5 27.6
Median 7450 6660
Min - Max 4260 - 13,300 3790-12,100

AUClast (ng-h/mL)
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Mean (SD) 7530 (1910) 6950 (1830)

%CV 25.4 26.3

Median 7400 6580

Min - Max 4240 - 12,700 3750 - 11,500
Cmax (ng/mL)

Mean (SD) 1190 (190) 983 (231)

%CV 16.0 23.5

Median 1200 929

Min - Max 843 - 1650 632 - 1390
tmax (h)

Median 1.03 1.50

Min - Max 0.500 - 3.00 0.500 - 3.00
CL/F (L/h)

Range | 9.05 - 28.2 | 9.91-31.7
VZ/F (L)

Range | 119 - 502 | 151 - 605

CV: coefficient of variation; Max: maximum,; Min: minimum; SD: standard deviation.
Source: Study 2693-CL-0009, End-of-Text Table 12.4.2

Statistical assessment of relative bioavailability of tablet formulation compared with capsule formulation
are presented in Table 6 below.

Table 6 Study 2693-CL-0009: Statistical Assessment of Relative Bioavailability of Fezolinetant

Fezolinetant 120 mg
Parameter Capsule Tablet GeometricLS |90% Cl of Ratiot
GeometricLS GeometricLS Mea:n Ratio
n Mean n Mean (¥
AUCinf (ng-h/mL) 16 6840 16 7370 107.80 (100.88, 115.21)
AUClast (ng-h/mL) 16 6730 16 7320 108.74 (101.86, 116.09)
Cmax (ng/mL) 16 957 16 1170 122.51 (110.43, 135.92)

All randomized participants who took at least 1 dose of study drug for which concentration data were available to
facilitate derivation of at least 1 primary pharmacokinetic parameter. Assessment based on an analysis of variance
performed on natural logarithmic-transformed parameters with formulation and period as fixed effects and
participant as a random effect.

Cl: confidence interval; LS: least squares.

1 Ratios and confidence limits were back-transformed to raw scale and values are expressed as percentages.
Source: Study 2693-CL-0009, End-of-Text Table 12.4.3

Conclusion: The results demonstrate that following a single dose administration, geometric LS means of
AUCinf, AUClast and Cmax of tablet formulation increased approximately 8%, 9% and 23% respectively,

relative to capsule formulation. To be noted, with 90% Cl of Cmax (101-136%) exceeds the BE criteria of
80-125% criteria, the 90% Cl of AUCinf and AUClast are still contained in the BE criteria of 80-125%.

4.2.2. Study 2693-CL-0010: Bioequivalence of the To-be-Marketed 45 mg Tablet Compared to One 30
mg and One 15 mg Phase 3 Tablet
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Title:

A Phase 1 Crossover Study to Assess the Bioequivalence of Fezolinetant Following a Single Dose of
Fezolinetant to-be-marketed Formulation (Test Formulation) Compared to a Single Dose of Fezolinetant
Phase 3 Formulation (Reference Formulation) in Healthy Female Subjects

Primary Objective: This study assessed the bioequivalence of a single dose of one 45 mg
fezolinetant to-be-marketed tablet (test formulation) compared to a single dose of one 30 mg
and one 15 mg fezolinetant phase 3 tablets (reference formulation) under fasting conditions in
healthy female participants.

Study design:

This was a randomized, open-label, 2-period, 2-sequence, single dose crossover study in healthy female
subjects. Each subject participated in 2 treatment periods separated by a washout of at least 5 days
between investigational product (IP) administrations in each period. Participants received a

single oral dose of 45 mg fezolinetant to-be-marketed formulation (test formulation) or one

30 mg and one 15 mg fezolinetant phase 3 formulation (reference formulation) under fasting
conditions on day 1 of each period. Subjects were randomized to 1 of 2 sequences according to Table 7.

Table 7 Sequences and Investigational Product Assignments (2693-CL-0010)

Sequence n Period 1 Period 2
1 11 A B
2 11 B A

A: one 45 mg fezolinetant to-be-marketed tablet (test formulation); B: 45 mg fezolinetant comprising one 30 mg
and one 15 mg fezolinetant phase 3 tablet (reference formulation)

Pharmacokinetic samples were collected predose on day 1 of each period and at multiple time points
postdose (i.e., 0.25,0.5,1,1.5,2,2.5, 3,4, 6, 8,12, 16, 24, 36, 48 and 72 hours).

Subject Disposition: A total of 22 healthy female subjects were randomized, and 22 subjects completed
the study. Data from all subjects were included in the analyses of safety and PK.
Pharmacokinetic Results

Table 8 Fezolinetant pharmacokinetic parameters of 45 mg to-be-marketed tablet (test formulation) and Phase 3 tablets [30
mg + 15 mg] (reference formulation)

Fezolinetant Fezolinetant 45 mg (to-be-marketed Fezolinetant 45 mg (30 mg +
Parameter Category/Statistics tablet) 15 mg phase 3 tablets)
AUCinf (ng-h/mL) n=14% n=14°%
Mean 3840 3960
%CV 25.0 244
Median 3430 4160
Min - Max 2670-5230 2080 - 5050
AUClast (ng-h/mL) n=22 n=21
Mean 3220 3230
%CV 35.7 39.8
Median 2980 3140
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Min - Max 1310- 5200 1220 -5000
Cmax (ng/mL) n=22 n=21
Mean 506 527
%CV 31.0 46.0
Median 488 438
Min - Max 222 -900 246 - 1200
t1/2 (h) n=14% n=143%
Mean 13.1 13.4
%CV 34.8 29.4
Median 12.2 124
Min - Max 6.92-24 7.88-22.4
tmax (h) n=22 n=21
Median 1.50 1.50
Min - Max 0.483-4.02 0.483-4.02
CL/F (L/h) n=14% n=14%
Range 8.60- 16.8 8.91-21.6
VZ/F (L) n=14% n=14%
Range 137 -544 131-408

$ AUCinf, CL/F and t1/2 values from 7 participants were not reported and thus not included in the statistical
assessment due to undefined elimination phase.

Source: Derived from Study 2693-CL-0010, End-of-Text Table 9.4.2.1

Table 9 ES259564 pharmacokinetic parameters of 45 mg to-be-marketed tablet (test formulation) and Phase 3 tablets [30 mg

+ 15 mg] (reference formulation)

ES259564 Fezolinetant 45 mg (to-be-marketed Fezolinetant 45 mg (30 mg +
Parameter Category/Statistics tablet) 15 mg phase 3 tablets)
AUCinf (ng-h/mL) n=22 n=21
Mean 2570 2580
%CV 17.1 194
Median 2410 2450
Min - Max 1840-3320 1780-3620
AUClast (ng-h/mL) n=22 n=21
Mean 2540 2550
%CV 17.2 19.5
Median 2400 2430
Min - Max 1830-3270 1770-3570
Cmax (ng/mL) n=22 n=21
Mean 259 259
%CV 30.3 27.3
Median 251 252
Min - Max 154 - 448 143 - 399
t1/2(h) n=22 n=21
Mean 7.5 7.36
%CV 18 23.9
Median 7.24 7.42
Min - Max 4.83-10.7 4.76-11.7
tmax (h) n=22 n=21
Median 2.02 1.98
Min - Max 0.983-4.02 0.967- 4.02
MPR n=22 n=21
Mean 0.856 0.893
Range 0.494- 1.7 0.429-1.66
MPR, metabolite-to-parent ratio
27

Reference ID: 5083095




Source: Derived from Study 2693-CL-0010, End-of-Text Table 9.4.2.2

Results of statistical analyses are provided for both fezolinetant and ES259564 (Table 10 and Table 11).
Bioequivalence criteria were met between the test and reference formulations as geometric

LS mean ratio and 90% Cl of ratios were contained within the bioequivalence limits of 80% to

125% for Cmax, AUClast and AUCinf for both fezolinetant and ES259564.

Table 10 Statistical Assessment of Bioequivalence for Fezolinetant

Parameter Treatment Treatment Geometric 90% Cl of Geometric
B A LS Mean Ratio’ Intra-
n | Geometric n Geometric Ratio’ (%) subject
LS Mean LS Mean %CV
AUClast 21% 2950 22 3010 102.17 (96.53, 108.15) 10.7
(heng/mL)
AUCinf 148 3720 14* 3680 99.00 (92.45, 106.01) 9.3
(heng/mL)
Cmax 21F 488 22 483 99.12 (85.54, 114.87) 28.3
(ng/mL)

A: one 45 mg fezolinetant to-be-marketed tablet (test formulation); B: 45 mg fezolinetant dose comprising one
30 mg and one 15 mg fezolinetant phase 3 tablets (reference formulation); Cl: confidence interval;

CV: coefficient of variation; IP: investigational product; LS: least squares.

Assessment based on an analysis of variance performed on natural logarithmic-transformed parameters with
period and treatment as fixed effects and participants as a random effect.

The pharmacokinetic analysis set comprised all randomized participants who received at least 1 dose of IP for
which concentration data were available to facilitate derivation of at least 1 primary pharmacokinetic parameter.
" Ratios and confidence limits were transformed back to raw scale and values are expressed as percentages.

* One participant (treatment sequence AB) who received treatment B had concentrations that were below the
level of quantification on all sample timepoints pre- and postdose for both fezolinetant and ES259564. This
participant was excluded from the summary and parameter calculations.

¢ AUCinf values from 7 participants were not reported and thus not included in the statistical assessment due to
undefined elimination phase. AUClast including all evaluable participants, as well as AUCinf excluding these 7
participants, provided consistent bioequivalence results.

Source: Study 2693-CL-0010, End-of-Text Table 9.4.3.1

Table 11 Statistical Assessment of Bioequivalence for ES259564

Parameter Treatment Treatment Geometric 90% Cl of Geometric
B A LS Mean Ratio’ Intra-subject
n Geometric n Geometric Ratio’ (%) %CV
LS Mean LS Mean
AUClast 21% 2510 22 2510 100.08 (98.08, 3.8
(heng/mL) 102.12)
AUCinf 21F 2540 22 2530 99.89 (97.88, 3.8
(heng/mL) 101.95)
Cmax 21% 255 22 248 97.38 (90.86, 13.0
(ng/mL) 104.37)

A: one 45 mg fezolinetant to-be-marketed tablet (test formulation); B: 45 mg fezolinetant comprising one 30 mg
and one 15 mg fezolinetant phase 3 tablets (reference formulation); CV: coefficient of variation;
IP: investigational product; LS: least squares
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Assessment based on an analysis of variance performed on natural logarithmic-transformed parameters with
period and treatment as fixed effects and subjects as a random effect.

The pharmacokinetic analysis set comprised all randomized subjects who received at least one dose of IP for
which concentration data were available to facilitate derivation of at least 1 primary pharmacokinetic parameter.
" Ratios and confidence limits were transformed back to raw scale and values are expressed as percentages.

* One subject (treatment sequence AB) who received treatment B, had concentrations that were below the level
of quantification on all sample timepoints pre- and postdose for both fezolinetant and ES259564. This subject
was excluded from the summary and parameter calculations.

Source: End-of-Text Table 9.4.3.2

Conclusions:

The test formulation (45 mg fezolinetant to-be-marketed tablet) is bioequivalent to the reference
formulation (45 mg fezolinetant comprising one 30 mg and one 15 mg fezolinetant phase 3
tablets).

Reviewer comments:

A request of routine inspection for the clinical site of the BE study (PAREXEL Early Phase Clinical,
Baltimore, MD) was sent to Office of Study Integrity and Surveillance (OSIS). OSIS declined to conduct an
inspection for the site due to insufficient time for inspection to be completed for the given goal date.
However, OSIS reported that the site was inspected in October 2018 under another NDA. After review of
the inspection findings, OSIS concluded that data from the reviewed study were reliable.

In the current BE study (2693-CL-0010), no significant protocol deviations were identified. The risk of
compromised data integrity is low.

4.3 Clinical PK and/or PD studies

4.3.1 Healthy Subject PK and Initial Tolerability Study ESN364-CPK-101 (3 to 180 mg)

Title: A Phase |, Double-Blind, Placebo-Controlled, Single and Multiple Ascending Dose Study of ESN364
to Evaluate Pharmacokinetics, Pharmacodynamics, Safety and Tolerability in Healthy Male and Healthy
Female Volunteers of Childbearing Potential

Objectives:

The primary objectives of this study were to assess the safety and tolerability of ESN364 following single
and multiple ascending oral dose administration in healthy males.

The secondary objectives were:

e Assess the PK of ESN364 following single ascending oral dose administration in healthy males,
following multiple ascending oral dose administration in healthy males and females of
childbearing potential.
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e Assess the effect of food intake on the PK of ESN following oral administration in healthy males.
e Assess gender differences in PK of ESN364 following multiple ascending dose administration in
healthy males and females of childbearing potential.
e To investigate the preliminary PD of ESN364 after single and multiple ascending oral dose
administration in healthy males and females of childbearing potential.
Study Design:

This was a single center, randomized, double-blind, placebo-controlled, single, and multiple dose

escalation study in 65 healthy male and female participants. An overview of the study design is

presented in Table 12.

Table 12. Overview of Study ESN364-CPK-101

Region/ Study n Population Brief Study Description Doses Evaluated Study
Country No. Description
Belgium ESN364- Part 1: 17 Part 1: healthy male Single center. randomized. double- Part 1: SAD and MAD
CPK-101 Part 2: 24 participants blind, placebo-controlled, single Panel A: single dose of 3, 12, 46 Pharmacokinetics of
Part 3: 24 Part 2: healthy male and MAD escalation in healthy and 180 mg Hard Gelatin
participants male and female volunteers. Panel B: single dose of 6, 23, 90 Capsule; Phase 1
Part 3: healthy female and 23 mg
participants of Part 2:
childbearing potential 20, 60 and 180 mg qd for 10 days
Part 3:
20, 60 and 180 mg qd for 21 days

PK Assessment:

For Part 1, blood samples were taken predose (max 60 minutes before administration study drug), and
atl1,1.5,2,3,4,6, 8, 12, 16, 24, and 48 hours postdose. Urine was collected for the measurement of
ESN634 predose (max 60 minutes before administration study drug) and at regular intervals: 0-4, 4-8, 8-
12, and 12-24 hours postdose.

For Part 2, blood samples to be taken predose, and at 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24, and 48 hours
postdose on Day (D) 1 and D10. On D5, D7 and D9 trough plasma samples for ESN364 were collected
before dosing. Urine was collected for the measurement of ESN634 predose and at regular intervals, i.e,
0-4, 4-8, 8-12, 12-24 and 24-48 hours after dosing on D1 and D10.

For Part 3, blood samples to be taken predose, and at, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24, and 48 hours
postdose on D1 and D21 and 72 hours postdose on D24. On D5, D7, D9, D11, D15, and D19 trough
plasma samples for ESN364 were collected before dosing. Urine was collected for the measurement of
ESN634 predose and at regular intervals, i.e, 0-4, 4-8, 8-12, 12-24, and 24-48 hours after dosing on D1
and D21.

PD Assessment (Only Part 3 is relevant as the study population was female subjects.):

For Part 3, the effect of ESN364 on testosterone (T), luteinizing hormone (LH), estradiol (E2),
progesterone (P4), sex hormone binding globulin (SHBG), and follicle stimulating hormone (FSH)
concentrations were measured in serum sampled before dosing on D5, D7, D9, D11, D13, D15, D17 and
D19. On D1 and D21, pharmacodynamics were assessed at the same time points as the PK sampling for
ESN364, i.e., predose,andat 1, 1.5, 2, 3, 4,6, 8, 12, 16, 24, and 48 hours postdose and 72 hours
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postdose on D24. In addition, T, E2, P, FSH, SHBG, and LH were also assessed in the morning, on a
weekly basis, on D28 and D35 and at the follow up visit on D42. In addition, T, LH, E2, P4, SHBG, and FSH
levels were assessed three times on the day of admission (Day-1) on undefined time points but with at
least two hours in between two samples.

Subject Disposition:

A total of 65 subjects were enrolled and treated. All but one subject completed the study. One subject
(Subject ®®) in Part 1, Panel B discontinued treatment after administration of 6 mg ESN364 due to an
SAE (foot facture). This subject was replaced by a reserve subject (Subject ®®©).

Results:

Part 1- Single Ascending Dose in Healthy Male Participants — Panels A & B

This was an SAD escalation part, with fezolinetant doses of 3, 12, 46 and 180 mg (top dose) for panel A
(8 healthy men per dose group), and 6, 23, 90 and 23 mg (fed) for panel B (9 healthy men per dose
group).

PK profiles after oral administration of 3 to 180 mg were presented in Figure 3. PK parameters from Part
1 were listed in Table 13.

Figure 1. Mean ESN364 Plasma Concentration vs. Time Profiles (Part 1, Study ESN364-CPK-101)

TREATMENT #=ESN36d (3 MG BSHESNI6A B MG) === ESN364 (12 MG =5 ESNI6d 23 MG)

ESN364 {46 MG) ESN364 {90 MG) = ESNI64 (180 MG) *#8 SNG4 23 MG, FED)
— 1000.0
=
E
=
£
=
g 100 - Y _
2 T
- i T
=
5]
= 100
o
8]
=
=
un
S 1
o
=
~m
=
w
“a
T T T T T T T T T T T 1
(] 4 ] 12 16 20 2 6 32 36 40 ET] 48
TIME (h)

Table 13. Summary of ESN364 PK Parameters and Statistical Analysis on ESN364 PK Parameters
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Part 1: Single Ascending Dose

PK Parainster ESN364 ESN364 ESN364 ESN364 ESN364 ESN364 ESN364 ESN364 ANOVA
3 mg 6 mg 12 mg 23 g 46 mg 90 mg 180 mg 23 mg (fed) (p-value)*
N=6 N=6 N=6 N=6 N=6 N=6 N=6 N=6 Dose Food
Cumax (ng/mL) 19.6 (18.3) 39.0 (24.8) 775(122) 149 (18.2) 307 (15.1) 545 (16.6) 1110 (25.1) 131 (11.4) 0.9509 | 0.1875
AUC- rN=1 - ) - \ =0 (2 124 - -1 - 1
(ng./mL) NC 193 (33.0) 461 (21.6) 719 (33.1) 1670 (30.7) 3360 (22.0) 7300 (37.1) 723 (32.5) | 0.4034 | 0.9118
AUCHs - \ . i
73.5 2 35 21 4 / 20(3 3280 (22.3 7 T : 2 2
(ng.b/mL) 73.5 (41.2) 167 (35.1) 418 (21.4) 681 (34.6) | 1620(31.0) | 3280(22.3) | 7190(37.7) | 688(31.4) |0.0020 | 0.8286
239(263) | ,- . ) ; — R « R
ty2 (h) edn @ 2.71 (37.0) 3.69(23.5) 3.00(20.2) 3.35(314) 4.13(33.0) 4.19 (29.0) 2.89(24.1) NA | 0.1986
25 7 3 25 7 2 2
sz () 125 1.75 1.50 1.25 1.75 2.00 2.00 1.50 0.0554 | 0.3750

(1.00-1.50) (1.00-3.00) (1.00-1.50) (1.00-2.00) (1.00-3.00) (1.00-4.00) (1.00-3.00) (1.00-3.00)

N = number of subjects, NA = not applicable, NC = not calculated
Values are arithmetic means (C'V%) except median (min-max) for tmax
“For tyee: Kruskal-Wallis test for dose effect and Wilcoxon Signed-Rank test. Source:[Table 14.1.3.6]Table 14.1.3.9]and[ Table 14.1.3.10]

Reviewer’s comment:

The pharmacokinetics of ESN364 were dose proportional in terms of Cmax and AUC.. over the 3
to 180 mg dose range. The results of the pairwise comparison (Tukey’s test) showed that the
exposure measured by AUClast was non-dose proportional between the highest (180 mg) and
the lowest (3 mg) dose groups which led to a significant analysis of variance (ANOVA) p-value for
dose effect on AUCast.

ESN364 maximal mean concentrations were reached between 1.25 to 2 hours after dosing for
the 3 to 180 mg doses.

The elimination phase appeared parallel for all dose groups.

The PK profile in the 23 mg dose group in fed conditions was different from the other dose
group profiles with a longer absorption phase but the difference is not statistically significant (p
=0.3750).

Part 2- Multiple Ascending Dose in Healthy Male Participants — Panels (C, D, & E)

Part 2 consisted of 3 sequential groups of 8 healthy male participants with MAD escalation of 20, 60 and

180 mg. Participants received the study medication in a qd regimen after a light breakfast.

PK profiles after oral administration of 20, 60 and 180 mg are presented in Figure 1. Steady-state

assessments for Part 2 are listed in Table 14.

Figure 2. Mean ESN364 Plasma Concentration vs. Time Profiles in Male Healthy Subjects (Part 2, Study ESN364-CPK-101)
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Table 14. Summary of Statistical Analysis for ESN364 Steady-State Assessment (Part 2, Study ESN364-CPK-101)

Cr (ngfml_)I

Dose Mean (CV%) ANOVA (p-
Group .
ESN364 Dav value)

2 3 5 7 9 10
60 mg q.d. 9.69° 8.12° 7447 7.38° 6.06° 7.40° 0.7786
(N=6) (109) (104) (85.4) (83.3) (79.0) (80.9) i
180 mg q.d. 213 222 251 228 229 276 0.2783
(N=6) (81.3) (72.7) (61.3) (68.6) (59.1) (80.1) i

a: BLQ values were replaced by LLOQ/2 for ANOVA; N = number of subjects; Ct (Ctau): Concentration at end of the dosing
interval; Source: Table 9 of CSR for Study 101

Individual PK parameters and dose proportionality of ESN364 PK parameters assessed with inferential

statistical analysis are presented in Table 15.
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Table 15. Summary of ESN364 Individual PK Parameters and Statistical Analysis on ESN364 PK Parameters (Part 2, Study
ESN364-CPK-101)

Part 2: Multiple Ascending Dose
Day 1 Day 10 ANOVA (p-value)
PK Parameter
ESN3o64 ESN364 ESN364 ESN3o64 ESN364 ESN364
20 mg q.d. 60 mg q.d. 180 mg q.d. 20 mg q.d. 00 mg q.d. 180 mg q.d. Day Dose Dose*Day
N=6 N=6 N=6 N=6 N=6 N=6
Comazx (ng/mL) 113 (17.6) 321(329) 826 (21.8) 104 (12.8) 319 (23.3) 877(15.6) 0.9640 0.5054 0.3439
e 3.00 3.00 3.00 250 250 3.00 s | T
max () (150400) | (200-4.02) (1.00-3.00) (1.50-4.00) (1.50-3.00) (2.00-4.00) e | nee R
CT* (ng/mL) BLQ (NC) 060 (109) | 213(813)™ | BLQ@MNC) 7.20 (84.5) 240 (572)
AUCst (ng./mL) 582(22.5) 2100 (469) | 5530(258) 530(218) 2000 (289) | 5940(156) 0.8966 0.6189 04278
AUCT(ug /mL) NC¥=0 W0 PRDE | I0ERG) N0 23002 | 5040 (15.6)
Cave (ng/mL) NA NA NA N 07.8 (727 | 247(15.6)
1252 () 3.06 (30.5) 419 (22.0) 387(207) 284(325) 3.95(15.0) 420 (19.0)
Rac NA NA NA NC¥ 0925252 | 111 1o5)™=
CLg (mnL/min) NA 9.60 (19.0)% | 047 287)°— NA 1102449 | 903 6.7

N = number of subjects, NA = not applicable. NC = not calculated

Values are anithmetic mean (CV%) except median (min-max) for tmex and geometnic mean (geometric CV%) for Rac
&1 dosing imnterval (24h)

"FOr tusy: Krmskal-Wallis® test for the dose effect; Wilcoxon rank-sum test for the day effect

Source:[Table 14.1.3.7]and[Table 14.1.3.9]

Reviewer’s comments:

Based on the 10-day PK data from multiple ascending dose oral administration of ESN364 in male
healthy subjects in Part 2,

e The bioavailability of ESN364 increased proportionally with the dose from 20 to 180 mg q.d, as
measured by Cmax and AUCast.

e Based on analyses of trough concentrations for the 60 and 180 mg qd dose groups, it could be
concluded that steady state in fezolinetant plasma concentrations was quickly reached by day 2,
i.e., after the first administration of study drug. No accumulation of ESN364 was observed after
10 days of 60 or 180 mg g.d. administration, with mean accumulation ratio (Rac) values of 0.925
and 1.11, respectively.

Part 3- Multiple Ascending Dose in Healthy Female Participants — Panels (F, G & H)

Part 3 consisted of 3 groups of 8 healthy women of childbearing potential administered ascending
multiple doses of fezolinetant gd for 21 consecutive days. The suggested dose levels were: 23, 46 and 90
mg qd. Ascending multiple doses were adjusted to 20, 60 and 180 mg qd after a light breakfast based on
the safety, tolerability, and PK data from part 1 (SAD).

After the first dose (Day 1), ESN364 maximal mean concentrations were reached at 3h after dosing with
values of 142 ng/mL (20 mg g.d.), 322 ng/mL (60 mg q.d.), and 1490 ng/mL (180 mg q.d.). Similarly, after
the 21st dose (Day 21), ESN364 maximal mean concentrations were reached at 3h after dosing with
values of 175 ng/mL (20 mg g.d.), 418 ng/mL (60 mg q.d.), 4h after dosing with value of 1590 ng/mL (180
mg q.d.).
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PK profiles after oral administration of 20, 60 and 180 mg in female healthy subjects were presented in

Figure 3. Steady-state assessment for Part 3 were listed in Table 16.

Figure 3. Mean ESN364 Plasma Concentration vs. Time Profiles in Female Healthy Subjects (Part 3, Study ESN364-CPK-101)
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Table 16. Summary of Statistical Analysis for ESN364 Steady-State Assessment (Part 3, Female, Study ESN364-CPK-101)

Cr (ng/mL)
Dose Mean (CV%) ANOVA
Group ok
ESN364 Day g 3abe)
2 3 5 7 9 11 15 19 21

60dmg 9.19* | 875 | 958 | 947* | 10.7 | 124° | 151* | 1520 | 1472 | o
?&; 6 (72.9) | (89.6) | (86.0) | (80.1) | (63.4) | (84.3) | (64.1) | (76.6) | (61.8) :

18: ne 166 167 171 180 167 167 167 | 186 193 i
?§;® (86.7) | (87.0) | (129) | (146) | (139) | (116) | (111) | (121) | (127) :

a BLQ values were replaced by LLOQ/2 for ANOVA; N = number of subjects; Ct (Ctau): Concentration at end of the dosing
interval; Source: Table 11 of CSR for Study 101

Individual PK parameters in female subjects and dose proportionality of ESN364 PK parameters assessed

with inferential statistical analysis were presented in Table 17.

Table 17. Summary of ESN364 Individual PK Parameters and Statistical Analysis on ESN364 PK Parameters (Part 2, Female,
Study ESN364-CPK-101)

Reference ID: 5083095
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Part 3: Multiple Ascending Dose
Day 1 Day 21 ANOVA (p-value)
PK Parameter
ESN304 ESN364 ESN3o4 ESN304 ESN364 ESN364
20 mg q.d. 00 mg q.d. 180 mg q.d. 20 mg g.d. 60 mg q.d. 180 mg q.d. Day Dose Dose*Day

N=6 N=6 N=6 N=0 N=0 N=0
Cmax (ng/mL) 153 (8.14) 336 (21.6) 1400 (28.9) 185 (20.8) 423 (20.5)¥=3 1720 (38.7) <0001 0.0763 01991
= 3.00 (2 00— 301 300 350 3.00 3 00- 400 i Dey 0t

max s .

4.00) (2.00-4.00) (2.07-3.00) (2.00-4.00) 4.000 (2.00-4.00) Dav 21 0.6496
CT1" (ng/mL) BLQ (NC) 9.19 (72.9) 166 (86.7) BLQ (NC) 15.6 (62.9) 190 (128)
AUCust (ng.h/mL) 1020 (244) | 2330(250) | 12000(469) | 1130(334) | 2880(204) | 18400(75.6) 0.0011 0.0462 02583

4 N=t

AUCT*(ng.b/mL) NC»=2 2400(196) | 12900 (46.9) NC¥=2 2?1359 B 15600 (59.9)
Caw (ng/mL) NA NA NA NC*? 122 (19.)% 649 (59.9)
tizz(h) 432(396) 422(30.1) 7.06(45.1) 427(437) 484 (250) 6.34 (37.6)
Rac NA NA NA NC™ 1.23 (15.1)%* 118 (24.7)
CLR (mL/min) NA 884 (552)% 591(35.1) NA 6.83 (30.0) = 5.34 (41.6)

N = number of subjects, NA = not applicable, NC = not calculated

Values are anithmetic mean (CV%) except median (min-max) for tme and geometric means (CV%) for Rac
2r: dosing interval (24h)

°For taw: Kruskal-Wallis® test for the dose effect: Wilcoxon rank-sum test for the day effect

Source:{Table 14.1.3.8]and[Table 14.1.3.9]

Reviewer’s comments:

Based on the 21-day PK data from multiple ascending dose oral administration of ESN364 in female
healthy subjects in Part 3,

e Pharmacokinetics of ESN364 was not dose proportional in the range of 20 mg to 180 mg q.d. (p-
value = 0.0763). However, the pairwise comparisons between the dose showed that the
bioavailability of ESN364 increased dose proportionally between 20 and 60 mg q.d. but was
above the dose proportionality for the highest 180 mg g.d.; Cmax and AUClast in 180 mg g.d.
group were significantly above dose proportionality compared to 60 mg g.d., by estimated 34%
and 78%, respectively.

e Mean Ctrough at Day 21 was slightly higher than Day 2 with large variability. Minimal
accumulation of ESN364 was observed after 21 days of 60 or 180 mg qg.d. administration, with
mean Rac values of 1.23 and 1.18, respectively.

Gender Effect

When comparing ESN364 exposure after single dosing or at steady-state in Part 2 (healthy males) and
Part 3 (healthy women), peak and plasma exposures were significantly lower in males (p-value <0.0001)
(Table 18). Gender effect seems to not be completely similar in all dose groups (point estimates ranged
between 42 to 84% for Cmax and AUCi.st). Time to peak exposure was similar for two genders. Half-life
was shorter in males in the dose groups of 20 mg QD (point estimate = 70%) and 180 mg g.d. (point
estimate = 64%).

Table 18. Statistical Analysis of Gender Effect on ESN634 PK parameters (MAD, Parts 2 and 3)
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ANOVA

PK Parameter
Gender Dav Daose Gender*dose
p-value Comparison pair PE 9020 CI p-value p-value p-value
20 mg q.d. Male vs. Female 64.49 (55.29-75.22)
Cunas (ng/mL) <0.0001 60 mg q.d. Male vs. Female 83.74 (71.54—-98.02) 0.1077 0.0339 0.0076
180 mg q.d. Male vs. Female 54.74 (46.92 — 63.85)
20 mg q.d. Male vs. Female 53.03 (42.17 - 66.68)
AUCHhs (ng./mL). <0.0001 60 mg q.d. Male vs. Female 75.28 (59.87—94.66) 0.2209 0.0088 00125
180 mg q.d. Male vs. Female 41.69 (33.15-5242)
20 mg q.d. Male vs. Female 69.68 (56.25—-86.31)
tr: (h) 0.0001 60 mg q.d. Male vs. Female 91.55 (7391 -113 40) 0.9624 0.0005 0.1204
180 mg q.d. Male vs. Female 63.57 (51.32-78175)
20 mg q.d. 0.2964
tmaz (h) 60 mg q.d. 0.1471

180 mg q.d. 0.3253

p-value: ANOVA and Wilcoxon Rank-Sum test for tmax; Day 10 in the Part 2 and Day 21 in Part 3 was pooled (Day at stead-

state) for the analysis; PE: point estimate; Source: Table 13 of CSR for Study 101.

PD results

Mean profiles of change from baseline (on Day 1 and Day 21) were presented in Figure 4, Figure 5,

Figure 6, Figure 7, Figure 8, Figure 9, Figure 10, Figure 11.

Figure 4. Mean Change from Baseline in Testosterone (T) Concentration vs. Time Profiles (Day 1 and Day 21)
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Figure 5. Mean Change from Baseline in Free Testosterone (FT) Concentration vs. Time Profiles (Day 1 and Day 21)
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Figure 6. Mean Change from Baseline in Follicle Stimulating Hormone (FSH) Concentration vs. Time Profile (Day 1 and Day 21)
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Figure 7. Mean Change from Baseline in Sex Hormone Binding Globulin (SHBG) Concentration vs. Time Profile (Day 1 and Day
21)
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Figure 8. Mean Change From Baseline in Luteinizing Hormone (LH) Concentration vs Time Profiles (Day 1 and Day 21)
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Figure 9. Mean Change From Baseline in Estradiol (E2) Concentration vs Time Profiles (Day 1 and Day 21)
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Figure 10. Mean Change From Baseline in Free Estradiol (FE2) Concentration vs Time Profiles (Day 1 and Day 21)
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Figure 11. Mean Change From Baseline in Progesterone (P4) Concentration vs Time Profiles (Day 1 and Day 21)
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Reviewer’s comments:

e After a single administration of fezolinetant (20, 60 and 180 mg), T, FT, FSH, SHBG, LH, E2, FE2
and P4 plasma concentrations and profile shape were similar in active treatments (20, 60 and 80
mg g.d.) and placebo.

e After multiple administration of fezolinetant (Day 21),

o higher plasma concentrations in T, E2 and FE2 were observed for the active treatments
(20, 60 and 80 mg g.d.) compared to placebo.

o adecrease in SHBG plasma concentrations was observed in the treatment 180 mg q.d.
compared to placebo and the other active treatments.

o compared to placebo, FSH and LH plasma concentrations were slightly decreased with
the doses 20 and 180 mg g.d.; these concentrations seem increased with the dose 60
mg g.d. compared to placebo.

o compared to placebo, P4 plasma concentrations were slightly decreased with the doses
60 and 180 mg qg.d.; these concentrations seem increased with the dose 20 mg q.d.
compared to placebo.

4.3.2 Healthy Subject PK and Initial Tolerability Study ESN364-CPK-102 (180 to 900 mg)
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Title: A Phase |, Double Blind, Placebo Controlled, Single and Multiple Ascending Dose Study of ESN364
to Evaluate Pharmacokinetics, Safety, Tolerability and Maximum Tolerated Dose in Healthy Female and
Healthy Male Volunteers

Objectives:

The primary objectives were:

Assess the safety and tolerability of ESN364 following single and multiple ascending oral dose
administration in healthy females.

Assess the Maximum Tolerated Dose (MTD) of ESN364 following single ascending oral dose
administration in healthy females.

Assess the safety and tolerability of ESN364 following single oral dose administration in healthy
males.

The secondary objectives were:

e Assess the pharmacokinetics (PK) of ESN364 following single ascending oral dose administration

e Assess the PK of ESN364 following multiple ascending oral dose administration in healthy
females.

e Assess gender differences in PK of ESN364 following single ascending dose administration in
healthy males and females (PK assessment in male subjects is not described in this review
because the intended target population is females).

e To investigate the preliminary PD of ESN364 after single and multiple ascending oral dose
administration in healthy males and females (PD assessment is not described in this review
because the doses evaluated were 180 mg or higher which are not relevant to the dose that the
applicant is seeking for approval).

Study Design:

This was a single center, Phase 1, double-blind, placebo-controlled, single, and multiple dose escalation
study of ESN364 in healthy male and female volunteers consisting of 3 parts. An overview of the study
was presented in Table 19.

Table 19. Overview of Study ESN364-CPK-102

Region/ Study n Population Brief Study Description Doses Evaluated Study
Country No. Description
Belgium ESN364- Part 1: 16 Part 1: healthy female Single center. randomized, double- Part 1: SAD and MAD
CPK-102 Part 2: 16 participants blind, placebo-controlled, single Panel A: single dose of 180, 540 Pharmacokinetics of
Part 3: 8 Part 2: healthy female and MAD escalation in healthy and 900 mg Hard Gelatin
participants male and female volunteers. Panel B: single dose of 360, 720 Capsule; Phase 1
Part 3: healthy male and 900 mg
participants Part 2:
540 and 720 mg qd for 7 days
Part 3:
Single dose of 720 and 200 mg

PK Assessment:

Reference ID: 5083095
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For Part 1, Blood samples for the measurement of ESN634 were to be taken predose (no more than 60
minutes before dosing), and at 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24, and 48 hours postdose. Urine was collected
for the measurement of ESN634 predose (no more than 60 minutes before dosing) and at regular
intervals: 0-4, 4-8, 8-12, and 12-24 hours postdose.

For Part 2, Blood samples for the measurement of ESN634 had to be taken predose (no more than 60
minutes before dosing), and at 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24, and 48 hours postdose on D1 and D7. On
D5, a trough plasma sample for ESN364 was collected before dosing. Urine was collected for the
measurement of ESN634 predose (no more than 60 minutes before dosing) and at regular intervals, i.e.,
0-4, 4-8, 8-12 and 12-24 hours after dosing on D1 and D7.

For Part 3, Blood samples had to be taken predose (no more than 60 minutes before dosing), and at 1,
1.5,2,3,4,6,8,12, 16, 24, and 48 hours postdose. Urine was collected for the measurement of ESN634
predose (no more than 60 minutes before dosing) and at regular intervals: 0-4, 4-8, 8-12, and 12-24
hours postdose.

Subject Disposition:

A total of 40 subjects were treated and completed the study.

Results:

Part 1- Single Ascending Dose in Healthy Female Volunteers

Two panels (A and B), each consisting of 8 healthy female participants received oral doses of
fezolinetant for dose escalation to define the MTD for fezolinetant. It was planned that panel A would
receive 180, 540, 900 and 1260 mg or placebo. Based on review by the investigator and sponsor’s
representative of the obtained safety data and available PK data in this part of the study, the 900 mg
fezolinetant dose was eventually regarded as the MTD, and participants did not receive higher doses.
Therefore, the participants in panel B received 360, 720 and 900 mg. The planned and actual dosing
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scheme was as follows:

Panel A Panel B
Al: 180 mg > 180mg Dosel
s - T T———» BIl1:360mg> 360 mg Dose 2
«— ) )
A2: 540 mg = 540 mg Dose3 ———
— B2: 720 mg =2 720 mg Dose 4

. .y i
SR Smes  309me Bomd TT———» B3:1080mg > 900mg*® Dose6

- —

A4:1260mg > /° Dose 7
B \ B4:1440mg > /P Dose §

& Based on review by the Investigator and Sponsor’s representative of the obtained safety data and
obtained PK data in this part of the study. the 900 mg ESN364 dose tested in Treatment Period A3
was eventually regarded as the MTD. Therefore., subjects in Treatment Period B3 also received
900 mg ESN364 instead of the planned 1080 mg ESI\'364|.

b After reaching an MTD of 900 mg ESN364 in Treatment Period A3, the planned Treatment Period 4
(A4-B4) was cancelled.

The individual PK parameters and dose proportionality assessment from Part 1 were provided in Table
20.

Table 20. Summary of ESN364 Pharmacokinetic Parameters and Dose Proportionality Assessment (Part 1, female, Study
ESN364-CPK-102)

180 mg 360 mg 540 mg 720 mg 900 mg 900 mg ANOVA (p-value)
ESN364 ESN3o4 ESN364 ESN3o4 ESN364 ESN364
(Panel A) (Panel B) (Panel A) (Panel B) (Panel A) (Panel B)
PK Parameter N=0 N=6 N=0 N=6 N=0 N=6 Dose Cohort
Cox (ug/mL)* 1.38(33.9) 3.75(28.3) 4.26 (33.7) 4.72 (25.5) 7.50 (39.5) 6.11(21.8) 0.0235 0.9129
tane (1) 3.00 251 3.00 4.00 4.05 3.50 0.1071 NA
(1.50-4.00) (1.50-3.00) (1.50-4.05) (2.02-4.07) (3.00-6.00) (2.00-4.03)
tiag (h) 0.00 0.00 0.00 0.00 0.00 0.00 NA NA
(0.00-0.00) (0.00-0.00) (0.00-0.00) (0.00-0.00) (0.00-0.00) (0.00-0.00)
AUChax 8.37 (34.3) 27.7 (48.3) 32.5(62.8) 49.7(39.4) 72.6 (65.8) 70.2 (37.2) 0.2516 0.3456
(h.pg/ml)*
AUC= 8.50 (34.3) 28.2 (47.5) 32.8 (63.6) 504 (41.4) 73.2 (66.2) 71.0 (37.7) 0.2520 0.3416
(hpg/mLy
tys (h) 4.28 (44.4) 5.32(29.7) 5.54(33.7) 6.40 (32.7) 6.25 (7.96) 6.35 (26.3) NA NA
CL/F (L/h) 24.4 (49.0) 15.0 (38.0) 22.1(58.7) 15.7 (27.8) 16.2 (52.8) 14.5 (40.2) NA NA
V.JF (L) 131 (19.5) 106 (22.2) 150 (25.1) 138 (28.5) 143 (50.2) 125 (27.1) NA NA
Aeye, (Yodose) 1.99 (41.2) 2.56 (52.7) =} 1.99 (50.0) 1.86(24.8) 2.07 (59.3) 1.93 (42.0) NA NA
Aeas; (Yodose) 2.04 (40.9) 2.77 (60.1) = 2.14 (56.3) 2.07 (31.2) 2.27 (61.7) 2.15(42.4) NA NA
CLg (L/h) 0.448 (31.1) 0.350(12.2) = | 0.383(35.1) | 0.304(12.9) 0.303 (46.1) 0.297 (49.1) NA NA

N=number of subjects: n=number of subjects with data (1 subject had a quantifiable predose urine concentration and was excluded, another subject had a missing
vrine weight); NA: not applicable
% Dose-normalized parameters were used in ANOVA.

Values ans' CV%). except median (min-max) for tmax and tig.
Source:{Table 14.2.2 7|and Table 14.2.2.10

Reviewer’s comments:

e The pharmacokinetics of ESN364 were dose proportional in terms of AUC over the 180 mg to
900 mg dose range.

e Asignificant dose effect was observed on Cmax, with the dose normalized Cmax after 360 mg
ESN364 treatment significantly higher than after 720 or 900 mg (Panel B) ESN364 treatment.

e The MTD in female subjects was 900 mg.

Part 2- Multiple Ascending Dose in Healthy Female Volunteers
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Two sequential panels of 8 healthy female participants each were administered fezolinetant or placebo
qd for 7 days to assess steady-state PK levels in the higher dose range. Based on the MTD of 900 mg
fezolinetant achieved in part 1 of the study, the oral dose levels of fezolinetant for the MAD part 2 were
540 mg qd (MTD-2) and 720 mg qd (MTD-1) given for 7 consecutive days.

Steady-state analysis was shown in Table 21.

Table 21. Summary of ESN364 Steady-State Assessment (Part 2, Female, Study ESN364-CPK-102)

CT (ng/mL)
Day 2 Day 3 Davs5 | Day7 Day 8 ANOVA (p-value)
540 mg ESN364 q.d. 702 803 1313 1328 1308 0.0917
N=6 93.4) (101) (113) (112) (97.4)
720 mg ESN364 q.d. 942 1214 2164 2265 1865 =0.0001
N=6 (87.2) (87.5) (83.8) | (94.3) (79.0)

N=number of subjects with data
Values are anthmetic means (CV%).
Source:|Table 14.2.2 2|and|Table 14.2.2.12|

The individual PK parameters and dose proportionality assessment from Part 2 were provided in Table
22.

Table 22. Summary of ESN364 Pharmacokinetic Parameters and Statistical Analysis (Part 2, Female, Study ESN364-CPK-102)

540 mg ESN364 q.d. 720 mg ESN364 q.d.
PK N=6 N=6 ANOVA (p-value)
parameter Day 1 Day 7 Day 1 Day 7 Dose Day Dose*Day
Coax (Pg/mL)® [ 540 (34.0) [ 7.11 (44.7) | 4.67(342) | 7.66(18.9) [ 0.1445 [ 0.0012 0.1594
tmax (h) 4.00 3.49 3.00 3.49 Day 1: 0.9844 NA
(1.52-4.02) | (3.00-4.02) | (2.00-12.00) | (1.97-4.02) | 0.6702
Day 7:
0.6324
Ct (ng/mL) 0.702 (93.4)[ 1.31 (974) | 0.942(87.2) | 1.86(79.0) NA NA NA
AUCt 48.7(53.6) | 78.4(70.5) | 48.4(51.4) | 92.0(50.0) [ 0.7089 | 0.0007 0.3492
(h.pg/mLy? 2
tiz () 7.26(36.6) | 892(314) | 6.40(37.7) | 10.0(344) NA NA NA
n=5
CL/F (L/h) NA 10.6 (71.7) NA 10.5 (68.3) NA NA NA
V/F (L) NA 118 (52.8) NA 136 (57.3) NA NA NA
Coninss NA 1.17 (111) NA 1.82 (80.2) NA NA NA
(pg/ml)
Cavg (Lg'mL) NA 3.26 (70.5) NA 3.83 (50.0) NA NA NA
Rac NA 1.47 (34.3) NA 1.74 (29.1) NA NA NA
PTR (%) NA 217 (48.5) NA 173 (70.1) NA NA NA
CLr (L'M) 0.308 (17.3) [0.341 (32.4) |0.369 (23.0) *[ 0.452 (32.8) NA NA NA
Aet% 2.76(53.7) | 4.74(61.9) | 2.75(63.7) | 6.24(67.7) NA NA NA
(%dose) b

a: Dose-normalized parameters were used in ANOVA; N=number of subjects; n=number of subjects with data (for 1 subject,
half-life and related parameters could not be estimated, another subject had a missing urine sample); NA: not applicable; PTR:
Peak-to-trough ratio; Rac: Drug accumulation ratio.

Source: Table 9 of CSR for Study 102

Reviewer’s comments:

45

Reference ID: 5083095



e Steady state was achieved by day 5 for both 540 mg and 720 mg daily dosing.

e The PK were dose proportional in terms of AUC and Cmax over the 540 to 720 mg dose range. A
significant day effect was observed, consistent with the accumulation ratio of 1.5 to 1.7.

e Thetl/2, CL/F and Vz/F were comparable after the 2 administrations.

4.3.3 Mass Balance Study ES364-CPK-103

Title: A Phase 1, Open-label Study to Investigate the Absorption, Metabolism and Excretion of 14C-ESN-
364 in Healthy Menopausal Female Volunteers

Primary Objectives:

e To evaluate the pharmacokinetics (PK) of ESN-364 and total radioactivity, in particular,
absorption, rates and routes of excretion and extent of metabolism of ESN-364, following
administration of a single dose of 14C-labeled ESN-364.

e To determine the mass balance of total radioactivity.

Study Design:

A total of 6 healthy menopausal female subjects (40-75 years, 50-100 kg, and 18-30 kg/m?, all inclusive)
were planned to be enrolled. The subjects received a single oral dose with 180 mg ESN-364
(fezolinetant) containing 270 ug of 14C-ESN-364 (1.68 Megabecquerel [MBq] [45 pCi]) under fasted
conditions. Screening was done from Day -21 until Day -1. Eligible subjects were admitted to the clinical
research center on Day -1. Subjects were to remain in the clinical research center until Day 8 on the
condition that:

There were no medical reasons for a longer stay, AND
Sufficient recovery of administered radioactivity in excreta was achieved (90% or more of the
administered dose), OR

3. The total excretion (urine + feces) per 24 hours was less than 1% of the administered dose
during 2 consecutive 24-hour intervals. The cumulative amount excreted up to the last
collection interval in the in-house period (i.e., AEo.16sn Up to maximally AEq.240n) Was calculated by
the sum of the amounts excreted up to this collection interval.

If these conditions had not been met by Day 8, subjects were to remain in the clinical research center
until condition 2 or 3 had been met, but with a maximum prolongation of 3 days (up to and including
Day 11). If after the 3-day prolongation, condition 2 or 3 had still not been met, subjects were to be
requested to continue collecting all their urine and/or feces at home for another 2 days (Day 12 and Day
13) until condition 2 or 3 had been met. If after these additional 2 days, condition 2 or 3 still had not
been met, condition 2 could be disregarded and condition 3 had to be met by collecting 24-hour
intervals for urine and feces once a week for up to 2 weeks (on Days 20 and 27, respectively). After this
time if condition 3 still had not been met no further samples were to be collected and the subject would
be discharged from the study. In case of remaining total radioactivity after the planned collection
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period, the amounts excreted in the intervals after the planned collection period were to be estimated
by interpolation (if needed). For this interpolation, the excretion rate between the previous interval and
the next interval was to be determined and used for calculation of the amounts excreted in that interval.

Subject Disposition:

Six subjects were initially approved, but 1 subject was not dosed due to high blood pressure on Day 1.
Therefore, 5 subjects were included in the study and dosed. All 5 subjects completed the study as per
protocol.

Results:

Following single oral administration of 180 mg **C-ESN-364 containing 1.68 MBgq, geometric mean Cmax
in plasma was 1528 ng/mL for ESN-364 and 1425 ng/mL for ES259564, respectively. The geometric mean
AUCO-last value was 5449 ng h/mL for ESN-364 and 9749 ng - h/mL for ES259564. The geometric mean
AUCO-inf was 5463 ng - h/mL for ESN-364 and 9778 ng - h/mL for ES259564. Tmax was 0.52 hours for
ESN-364 and 1.50 hours for ES259564. The geometric mean t1/2 was 5.26 hours for ESN-364 and 6.59
hours for ES259564 (Table 23).

Following single oral administration of 180 mg 14C-ESN-364 containing 1.68 MBq, geometric mean Cmax
for total radioactivity was 3396 ng eq/mL in plasma and 3144 ng eq/mL in whole blood. The geometric
mean AUCO-last was 18116 ng eq h/mL for plasma and 15533 ng eq h/mL for whole blood. Geometric
mean AUCO-inf was 18711 ng eq h/mL for radioactivity in plasma and 16774 ng eq h/mL for radioactivity
in whole blood. Tmax was 0.52 hours for total radioactivity in both plasma and whole blood. The
geometric mean t1/2 was 4.72 and 4.47 hours for total radioactivity in plasma and whole blood,
respectively (Table 23).

Table 23. Summary Statistics of Pharmacokinetic Parameters for ESN-364, ES259564, Total Radioactivity in Plasma, and Total
Radioactivity in Blood

Cmax AUCo.1ast AUCo.inf

Analyte (ng[eq)/mL)? Tmax (h)° (ng[eq].h/mL)? (ng[eq].h/mL)? Half-life (h)?
ESN-364 in plasma 1528 0.52 5449 5463 5.26

(1286 -1831)  (0.50 - 1.00) (4049 - 7978) (4075 - 7987) (3.76 - 6.02)
ES259564 in plasma 1425 150 9749 9778 6.59

(1166 - 1777)  (0.52-1.53)  (8341-10727)  (8355-10770)  (5.02-12.2)
Total radioactivity in 3396 0.52 18116 18711 472
plasma (2858 -3997)  (0.50-1.00)  (14805-22182) (15547 -22881)  (3.90 - 5.08)
Total radioactivity in 3144 0.52 15533 16774 4.47
whole blood (2552 -3632)  (0.50-1.00) (13186-19214)  (13812-20453) (3.77 - 5.59)

PK = pharmacokinetic

a: Geometric mean and range b: Median and range

Source: Table S1 of Study ESN364-CPK-103 CSR

All urine and feces were collected daily up to 144 hours (Day 7) postdose. Based on quick counts, the
recovery criteria regarding collection of radioactivity were already met by all 5 subjects on Day 7.
Therefore, no urine and feces were collected from 144 hours postdose onwards. All subjects were
discharged on Day 8, after the last scheduled assessments were performed.
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Overall, the arithmetic mean total recovery (fetotal 0inf) f 2*C-radioactivity in urine and feces was 90.9%
of the administered dose of radioactivity. Individual total recovery of **C-radioactivity ranged between
87.2% and 95.0%.

The major route of excretion of *C-radioactivity was via urine (arithmetic mean=76.9%). The remainder
of *C-radioactivity was excreted in feces (arithmetic mean=14.7%). Individual recovery ranged between
subjects from 68.8% to 82.3% in urine and from 10.4% to 18.5% in feces.

Table 24. Summary of the Cumulative Recovery of 1*C-Radioactivity in Urine, Feces and Total

f€urine 0-inf fefeces 0-inf fetotal 0-inf

(%) (%)? (%)
Statistic (N=5) (N=4) (N=5)
Arithmetic mean 769 147 90.9
SD 6.2 34 33
Minimum 68.8 104 87.2
Maximum 823 18.5 95.0

N = number of subjects; SD = standard deviation —

2 Terminal elimination phase could not be determined reliably for one subject (Subject ). For this

subject fesces 013t Was used in the calculation of feiotal o-ins.
Source: Table 15.2.17

Following single oral administration of 180 mg *C-labeled ESN-364, very minor amounts of unchanged
ESN-364 were found in urine and feces. By 24 hours postdose, an arithmetic mean of 1.1% and 0.1% of
the administered ESN-364 dose was excreted unchanged in urine and feces, respectively. No relevant
additional excretion of ESN-364 was observed after this time point. (Note: data from feces samples can
be found in study report for Study 2693-ME-0006, Table 12).

An arithmetic mean of 61.7% (feurine,0-inf) Of the administered ESN-364 dose was excreted in urine as
metabolite ES259564. Most of the ES259564 metabolite was already excreted by 24 hours postdose
(55.9% of the administered ESN-364 dose).

The geometric mean renal clearance (CLR) was 0.333 L/h for unchanged ESN-364 and 11.3 L/h for
metabolite ES259564.

Reviewer’s comment:

Following single oral administration of 180 mg *C-ESN-364 containing 1.68 MBq to 5 healthy post-

menopausal female subjects,

e Recovery of radioactivity was acceptable. A mean recovery of 90.9 % *C-radioactivity was
observed. Individual total recovery of *C-radioactivity ranged between 87.2% and 95.0%. The
radioactivity was mainly eliminated in urine (76.9%) and to a lesser extent in feces (14.7%).

e Inurine, a mean of 1.1% of the administered ESN 364 dose was excreted unchanged and 61.7%
of the administered ESN 364 dose was excreted as metabolite ES259564. This suggests that ESN-
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364 is extensively metabolized and that metabolite ES259564 is mainly renally excreted. These
data also suggest the presence of other metabolites of ESN 364.

e Infeces, a mean of 0.1% of the administered ESN 364 dose was excreted unchanged.

e Overall, exposure to ES259564 was similar for Cmax but approximately 2-fold higher for AUCs
compared to parent. T1/2 was similar.

e The exposure values (Cmax and AUC) of ESN-364 and ES259564 compared to exposure values of
total radioactivity suggest that other metabolites may exist in the systemic circulation.

e The arithmetic mean *C-blood/plasma ratios were 0.9 between 0.5 and 16 hours postdose,
indicating almost equal distribution of *C-radioactivity over plasma and red blood cells without
any relevant accumulation of **C-radioactivity in red blood cells.

e Mean exposure (AUCO-inf) ratio for the metabolite relative to parent (ES259564/ESN-364 ratio)
was 1.84 (ranging from 1.35 to 2.46) and the mean exposure ratio for parent relative to total
radioactivity (ESN-364/total radioactivity ratio) was 0.30 (ranging from 0.23 to 0.35), indicating
that the exposure to the main metabolite ES259564 was higher than to ESN-364.

4.3.4 Regional Pharmacokinetic Study 2693-CL-0020 (Japanese Male and Female)

Title: Placebo-controlled, Single and Multiple Oral Dose Study in Healthy Japanese Male and Healthy
Japanese Pre- and Postmenopausal Female Subjects

Primary Objectives: To evaluate the safety and tolerability of single oral dose of fezolinetant in
nonelderly healthy Japanese male participants. To evaluate the safety and tolerability of single and
multiple oral doses of fezolinetant in healthy Japanese male and healthy Japanese pre- and
postmenopausal female participants.

Study Design:

The study consisted of 2 parts: part 1 was conducted in 16 healthy Japanese male participants (single
dose of 15 mg or 60 mg fezolinetant or placebo), and part 2 was conducted in 28 healthy Japanese men,
and pre- or postmenopausal women (180 mg fezolinetant or placebo for 10 days).

For part 1, fezolinetant or placebo was administered in a parallel manner as a single oral dose under
fasting conditions in two cohorts. In each cohort, 8 healthy Japanese male subjects were assigned to
receive fezolinetant or placebo at a ratio of 3:1.

e Cohort 1-1: 8 healthy Japanese males received a single dose of fezolinetant 15 mg or placebo
e Cohort 1-2: 8 healthy Japanese males received a single dose of fezolinetant 60 mg or placebo
For Part 2, single and multiple doses of fezolinetant or placebo are administered in 3 cohorts of subjects.

e Cohort 2-1: 12 healthy Japanese male subjects received single and multiple doses of fezolinetant
180 mg or placebo once daily for 10 days.

e Cohort 2-2a: 8 healthy Japanese premenopausal female subjects received single and multiple doses
of fezolinetant 180 mg or placebo once daily for 10 days.
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e Cohort 2-2b: 8 healthy Japanese postmenopausal female subjects received single and multiple doses
of fezolinetant 180 mg or placebo once daily for 10 days.
In each cohort, subjects were assigned to receive fezolinetant or placebo at a ratio of 3:1 and on Day 1
of single dose phase, the subjects received a single administration of the assigned dose under fasting
conditions. After 2 days of washout period, the subjects received oral administration of the same dose
once a day for 10 days. Cohort 2-2a and Cohort 2-2b were conducted in a parallel manner. From Day 1
to Day 9 of the multiple dose phase, the subjects received the dose after breakfast, while on Day 10, the
subjects received the dose after fasting for at least 10 hours.

Subject Disposition: For Part 1, a total of 16 healthy male subjects were randomized, and 16 subjects
completed the study. Data from all subjects were included in the analyses of safety, PK and PD.

For Part 2, a total of 28 healthy male and female subjects were randomized, and 26 subjects completed
the study. Data from all subjects were included in the analyses of safety, PK and PD. 2 subjects who
received fezolinetant 180 mg discontinued the study due to TEAE during multiple dose phase. All
randomized subjects were included in the analyses of safety, PK and PD.

PK results: The pharmacokinetic profile of fezolinetant was investigated following single and multiple
dosing in this study in healthy Japanese male and premenopausal female and postmenopausal female
subjects (Table 25 and Table 26).

Table 25 Summary of Pharmacokinetic Parameters of fezolinetant (Part 1)

Parameter fezolinetant fezolinetant
Statistic 15 mg 60 mg
(N=6) (N=6)
AUC24 (h-ng/mL)
Mean (SD) 526 (185) 3110 (1060)
%CV 35.1 34.2
Median 450 2990
Min - Max 407 - 894 1610 - 4660
AUCinf (h-ng/mL)
Mean (SD) 535 (201) 3140 (1090)
%CV 37.6 34.8
Median 449 3020
Min - Max 410-936 1620- 4770
AUCin (%extrap)
Mean (SD) 1.85(1.36) 0.974 (0.649)
%CV 73.8 66.6
Median 1.39 0.739
Min - Max 0.723-4.47 0.406 - 2.24
AUCiast (h-ng/mL)
Mean (SD) 523 (187) 3110 (1060)
%CV 35.7 34.2
Median 445 2990
Min - Max 402 - 894 1610 - 2940
CL/F (L/h)
Mean (SD) 30.4 (7.63) 21.5(8.64)
%CV 25.1 40.3
Median 334 20.0
Min - Max 16.0 - 36.6 12.6-37.1
Cimax (ng/mL)

Reference ID: 5083095
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Mean (SD) 135 (19.6) 679 (168)
%CV 14.5 24.7
Median 140 679
Min - Max 111-155 484 - 884
ti2 (h)

Mean (SD) 3.29 (1.51) 3.81 (0.505)
%CV 46.0 13.2
Median 2.55 3.67
Min - Max 2.08-5.68 3.39-4.81
tiag (h)

Median 0 0

Min - Max 0 0

tmax (h)

Median 1.00 1.50
Min - Max 1.00-1.50 1.00 - 3.00
Vz/F (L)

Mean (SD) 131 (30.6) 115 (36.8)
%CV 233 32.1
Median 123 106
Min - Max 102 - 189 80.8-182

%CV, coefficient of variation; Max, maximum; Min, minimum; PKAS, pharmacokinetics analysis set

Source: Study 2693-CL-0020, Table A12.4.3.1

In Part 1, following single dosing of fezolinetant 15 and 60 mg, median tmax of fezolinetant and
ES259564 were 1.00 hour to 1.50 hours. Mean t1/2 of fezolinetant and ES259564 were 3.29 to 3.81
hours and 4.58 to 5.04 hours. CL/F and Vz/F ranged from 16.0 to 36.6 L/h and 102 to 189 L in 15 mg
group and 12.6 to 37.1 L/h and 80.8 to 182 L in 60 mg group. The ranges of CL/F and Vz/F overlapped in
both treatment groups.
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Table 26 2693-CL-0020:

Summary of Pharmacokinetic Parameters of Fezolinetant (Single and Multiple Doses, Part 2)

Single Dose (Day 1)

Multiple Dose (Day 10)

Fezolinetant 180

Fezolinetant 180 mg/

Fezolinetant 180 mg/

Fezolinetant 180

Fezolinetant 180 mg/

Fezolinetant 180 mg/

Reference ID: 5083095

Parameter mg/ Male Premenopausal Female Postmenopausal Female mg/ Male Premenopausal Female Postmenopausal Female

Statistic n=9 n=6 n=6 n=8 n=6 n=5

AUC24h (h*ng/mL)

Mean (SD) 8560 (3240) 11200 (3930) 15900 (5800) NC NC NC

%CV 37.8 35.1 36.5 NC NC NC

AUCtau (h*ng/mL)

Mean (SD) NC NC NC 12300 (3050) 16200 (5690) 27200 (9290)

%CV NC NC NC 24.8 35.0 34.2

AUCinf (h*ng/mL)

Mean (SD) 8780 (3400) 11600 (4190) 17600 (7430) NC NC NC

%CV 38.7 36.2 421 NC NC NC

AUClast (h* ng/mL)

Mean (SD) 8750 (3400) 11500 (4200) 17400 (7180) NC NC NC

%CV 38.9 36.4 41.3 NC NC NC

CL/F (L/h)

Mean (SD) 23.9(9.87) 17.6 (7.28) 11.9 (4.88) 15.6 (4.53) 12.4 (4.71) 7.31(2.56)

%CV 413 41.4 411 29.1 38.1 351

Cmax (ng/mL)

Mean (SD) 1790 (485) 1970 (610) 2320 (541) 2170 (436) 2370 (699) 3490 (710)

%CV 27.1 30.9 233 20.1 295 204

t1/2 (h)

Mean (SD) 4.93 (1.31) 4.83(0.799) 7.24 (1.71) 6.66 (1.13) 6.27 (0.626) 8.98 (2.39)

%CV 26.6 16.5 237 16.9 10.0 26.6

tmax (h)

Median 1.50 1.50 2.00 1.25 1.75 1.50

Min - Max 1.00- 3.00 1.00 - 4.00 1.00 - 3.00 1.00- 3.00 1.50 - 3.00 1.00-1.50

VZ/F (L)

Median 162 (75.3) 117 (31.4) 114 (23.6) 153 (63.3) 110 (35.8) 88.2 (12.4)

Min - Max 46.4 26.8 20.6 41.4 32.7 14.1
PTR

Median NC NC NC 46.6 (57.8) 32.5(39.7) 16.4 (16.0)

Min - Max NC NC NC 123.9 1221 97.6

Rac (AUC)

Median NC NC NC 1.47 (0.318) 1.46 (0.150) 1.57 (0.151)

Min - Max NC NC NC 21.7 10.3 9.6
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The PK analysis set was the set of participants among the safety population who had had at least 1 time point of sample taken for drug concentration
assessment.

Participants in part 2 were healthy Japanese male and pre- or postmenopausal female participants who received single and multiple doses of fezolinetant.
CV: coefficient of variation; Max: maximum; Min: minimum; n: number of participants; NC: not calculated; PTR: peak to trough ratio.
Source: Study 2693-CL-0020, Tables B12.4.3.1.1 and B12.4.3.1.2
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In Part 2, following single and multiple dosing of fezolinetant 180 mg, median tmax of fezolinetant and
ES259564 were 1.25 to 2.00 hours and 2.00 to 3.00 hours. The t1/2 was longer in postmenopausal
female subjects compared to male and premenopausal female subjects. In postmenopausal female
subjects, a higher Cmax and AUC were observed compared to male and premenopausal female subjects.

A slight accumulation of fezolinetant and ES259564 was observed after 10 days of fezolinetant 180 mg
administration, with mean Rac (AUC) ranged 1.46 to 1.57 and 1.14 to 1.22, respectively. Single dosing
data indicated a dose proportional increase in AUCinf, AUClast and Cmax over the dose range of 15 to
180 mg fezolinetant. With once daily multiple dosing, steady state reached on the day 3 of dosing in all
treatment groups.

PD results:

In Part 1, luteinizing hormone (LH), follicle stimulating hormone (FSH), sex hormone binding globulin
(SHBG) and total and free testosterone were measured as PD parameters. (Table 27)

Table 27 Change from Baseline of Pharmacodynamic Parameters (Part 1)

Parameter Placebo fezolinetant 15 fezolinetant 60
Statistic (N=4) mg mg
(N=6) (N=6)
Mean (SD) Mean (SD) Mean (SD)
LH
AUCz2 (h-mIU/mL) -4.86 (12.6) -12.1(16.9) -21.4 (11.9)
AUCa4 (h-mIU/mL) -10.7 (28.1) -12.7 (28.2) -23.2 (35.5)
’é:c‘(‘iq(:b’/“n':i)/m” -40.3 (61.9) -15.5 (38.7) 1.92 (74.7)
toin (h) + -2.47 (1.44) -2.06 (1.16) -2.30 (0.794)
7.50 (1.50 - 24.0) 4.00 (3.00 - 6.00) 7.00 (4.00 - 12.0)
FSH
AUC1 (h-miU/mL) -2.83(2.38) -3.59 (5.27) -4.61 (2.88)
AUCa4 (h-mIU/mL) -5.00 (3.17) -4.24 (10.1) -9.20 (7.46)
AUCag (h-miU/mL) -6.07 (3.54) -0.419 (16.7) -7.07 (13.7)

Chin (mIU/mL)

-0.513 (0.188)

-0.483 (0.427)

-0.629 (0.330)

tmin (h) T
6.00 (3.00 - 12.0) 6.00 (6.00 - 12.0) 12.0 (6.00 - 16.0)
SHBG
AUC12 (h-nmol/L) 27.6 (131) 65.8 (106) 96.6 (113)
AUC24 (h-nmol/L) 60.6 (338) 120 (216) 310 (187)
’é:c‘(‘i f\:‘orl‘/”L‘)‘"/ L) 216 (685) 337 (460) 815 (363)
o (h) + -4.91 (5.96) 1.84 (8.14) 0.932 (8.89)
16.0 (0 - 16.0) 5.00 (1.50 - 16.0) 9.00 (3.00 - 16.0)
total testosterone
AUC12 (h-ng/mL) 1.86 (2.23) -12.5(9.40) -23.7 (10.6)
AUC24 (h-ng/mL) 6.41 (8.59) -5.55 (15.7) -30.7 (21.1)
’é:::‘(‘i(gr}xf)/m” 23.6 (18.8) 20.0 (23.5) -14.9 (33.0)
-0.433 (0.142) -2.55 (0.858) -3.71 (1.09)

tmin (h) t

12.0 (8.00 - 12.0)

6.00 (6.00 - 8.00)

12.0 (6.00 - 12.0)

Reference ID: 5083095
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free testosterone

AUC12 (h-pg/mL)
AUC24 (h-pg/mL)
AUCssg (h-pg/mL)
Crnin (pg/mL)
tmin (h) t

13.5 (26.9)
16.0 (71.9)
63.5 (150)
-3.16 (2.47)
12.0 (8.00 - 16.0)

-29.5 (33.4)
-23.7 (57.0)
51.9 (93.9)
-7.38 (2.11)

6.00 (6.00 - 12.0)

-55.0 (29.8)
-79.7 (47.2)
-49.9 (60.5)
-9.11 (3.19)
12.0 (8.00 - 12.0)

t, Median (minimum - maximum)
Source: Tables A12.5.8.1, A12.5.9.1, A12.5.10.1, A12.5.11.1 and A12.5.12.1

In Part 1, mean LH, FSH, total and free testosterone serum concentrations decreased after a single

dosing of fezolinetant compared to placebo and greater in 60 mg group than 15 mg group. Maximum

decrease was observed between 6 to 12 hours postdose. Thereafter, all of these concentrations

returned to baseline by 24 hours postdose. There was no notable change of mean SHBG serum

concentration after a single dosing of fezolinetant.

In Part 2, LH, FSH, SHBG, total and free testosterone, estradiol and progesterone were measured as PD
parameters (Table 28 and Table 29).

Reference ID: 5083095

55




Table 28 Change from Baseline of Pharmacodynamic Parameters in Part 2 on Day 1

Parameter Single Dose
Statistic (Day 1)
Mal Premenopausal Female Postmenopausal Female
e
Placebo fezolinetant Placebo fezolinetant Placebo (N fezolinetant 180
(N=3) 180 mg (N=2) 180 mg (N =2) mg (N =6)
(N=9) =6)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
LH
AUC12 (h-mIU/mL) 3.54 (4.85) -21.6 (9.29) -3.97 (NA) -21.0(14.9) 2.31 (NA) -138 (38.3)
AUC24 (h-mIU/mL) 9.21 (6.38) -37.9(21.6) -4.08 (NA) -20.3(28.0) -9.66 (NA) -194 (85.7)
é:c‘(‘fn(lrb’/“n'i)/ mL) 11.6 (20.5) -36.0 (35.7) -16.8 (NA) -3.55 (45.3) -8.92 (NA) -196 (79.8)
o () -0.849 (0.510) -2.26 (0.675) -1.17 (NA) -2.62 (1.39) -4.41 (NA) -16.2 (4.75)
8.00 (4.00 - 24.0) 12.0 (6.00 - 24.0) 27.0 (6.00-48.0)  7.00 (4.00 - 16.0) 12.8 (1.50 - 24.0) 10.0 (6.00 - 16.0)
FSH

AUCi2 (h-mIU/mL) -0.869 (2.09) -8.76 (5.07) -6.63 (NA) -18.7 (17.4) 7.46 (NA) -111 (35.2)
AUC24 (h-mIU/mL) -0.676 (5.49) -19.4 (9.84) -13.4 (NA) -32.6 (33.3) -10.6 (NA) -215 (85.6)
é:c‘(‘frflzmi)/ mi) 5.63 (14.7) -21.7 (16.7) -31.9 (NA) -44.4 (60.5) 15.4 (NA) -206 (209)
toin (h) * -0.239 (0.180) -1.13 (0.510) -0.950 (NA) -2.41(2.02) -6.21 (NA) -16.0 (3.68)
12.0 (8.00 - 16.0) 12.0 (6.00 - 24.0) 24.8 (1.50-48.0)  8.00 (6.00 - 16.0) 32.0 (16.0 - 48.0) 10.0 (6.00 - 16.0)
SHBG
AUC12 (h-nmol/L) -42.2 (104) -9.60 (40.7) 11.8 (NA) 17.5 (136) 156 (NA) 75.4 (112)
AUC24 (h-nmol/L) -74.7 (239) -10.6 (82.4) -50.5 (NA) 48.4 (365) 275 (NA) 162 (242)
é:c‘(‘f]g‘o’;/’[‘)‘"/ L) -49.6 (477) 81.2 (131) -107 (NA) 234 (663) 581 (NA) 388 (588)
toin (h) * -7.77 (5.43) -6.54 (2.71) -12.1 (NA) -10.4 (16.0) -2.97 (NA) -9.44 (13.7)
16.0 (12.0 - 16.0) 12.0 (0 - 16.0) 8.50 (1.00-16.0)  6.00 (4.00 - 16.0) 8.50 (1.00 - 16.0) 10.0 (6.00 - 48.0)
Total testosterone
AUC12 (h-ng/mL) 7.22 (10.6) -25.4 (9.93) -0.169 (NA) -0.256 (0.308) -0.0513 (NA) -0.258 (0.320) £
AUC24 (h-ng/mL) 20.7 (17.9) -49.5 (17.4) -0.449 (NA) -0.673 (0.658) -0.411 (NA) -0.910 (0.406)
é:c‘(‘f]g/‘r:f)/ mL) 59.8 (29.9) -52.7 (38.8) 0.351 (NA) -0.186 (0.929) -0.191 (NA) -1.43 (0.806) t
-0.303 (1.00) -3.59 (0.782) -0.0717 (NA) -0.0739 (0.0425) -0.0533 (NA) -0.0667 (0.0113) #

tmin (h) T

8.00 (8.00 - 12.0)

12.0 (8.00 - 24.0)

14.0 (12.0 - 16.0)

12.0 (6.00 - 16.0)

10.0 (8.00 - 12.0)

12.0 (1.00 - 16.0) #

Reference ID: 5083095
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Parameter Single Dose
Statistic (Day 1)
Male Premenopausal Female Postmenopausal Female
Placebo fezolinetant Placebo (N = 2) fezolinetant Placebo (N = 2) fezolinetant 180
(N=3) 180 mg 180 mg (N mg (N = 6)
(N=9) = 6)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Free testosterone
AUC12 (h-pg/mL) 12.9(30.3) -53.9(19.2) -0.463 (NA) 0.300 (1.83) 0.438 (NA) -0.583 (1.32)
AUC24 (h-pg/mL) 39.3 (47.3) -109 (41.3) -1.76 (NA) -0.867 (3.02) -2.56 (NA) -3.55 (2.49)
é:inc‘(‘:g}'rif)/m” 138 (95.3) -105 (88.2) 1.84 (NA) 2.20(5.21) -3.96 (NA) -6.42 (5.33)
toin (h) £ -1.66 (2.71) -8.15 (1.33) -0.400 (NA) -0.272 (0.122) -0.433 (NA) -0.361 (0.124)
8.00 (8.00 - 12.0) 12.0 (6.00 - 16.0) 8.50 (1.00-16.0)  16.0 (6.00 - 16.0) 16.0 (16.0 - 16.0) 12.0 (12.0 - 16.0)
Estradiol
AUC12 (h-pg/mL) NC NC 68.4 (NA) -34.0 (179) % NA (NA)§ 83.6 (NA) 1
AUC24 (h-pg/mL) NC NC 242 (NA) 96.3 (669) ¥ NA (NA)§ 260 (NA) 1
/é:C‘(‘:g}rEf)/ mi) NC NC 859 (NA) 834 (1670) NA (NA)S 676 (NA)
toin () + NC NC -0.600 (NA) -25.0(19.8) £ NA (NA)§ -1.13 (NA) 9
NC NC 7.00 (6.00 - 8.00),  8.00 (6.00 - 16.0) ¥ NA § 12.09
Progesterone
AUC12 (h-ng/mL) NC NC -0.449 (NA) -1.56 (2.34) tt -0.103 (NA) 1 -4.13 (NA)
AUCz4 (h-ng/mL) NC NC -0.849 (NA) -3.89 (5.11) tt -0.263 (NA) -8.85 (NA) $#
/é:c‘(‘f]g}r:f)/ mL) NC NC -0.989 (NA) -8.09 (11.3) tt -0.583 (NA) 1 -18.2 (NA) $#
tmin () + NC NC -0.0583 (NA) -0.243 (0.278) t1 -0.0133 (NA) 1 -0.395 (NA) 1
NC NC 1.25(1.00- 1.50)| 16.0(1.00 - 48.0) t+ 2.009 10.0 (4.00 - 16.0) +#

T, Median (minimum - maximum); ¥,n=5;§,n=0;9,n=1;¥t,n=4;¥f, n=2
Source: Tables B12.5.8.1.1, B12.5.9.1.1, B12.5.10.1.1, B12.5.11.1.1, B12.5.12.1.1, B12.5.13.1.1 and B12.5.14.1.1
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Table 29 Change from Baseline of Pharmacodynamic Parameters in Part 2 on Day 10

Parameter Multiple Dose (Day 10)
Statistic Male Premenopausal Female Postmenopausal Female
Placebo (N = 3) fezolinetant 180 mg Placebo (N = 2) fezolinetant Placebo (N fezolinetant 180
(N=8) 180mg (N = =2) mg (N =5)
6)

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
LH
AUCtu (h-mIU/mL) 3.02 (13.7) -13.3(18.2) -6.07 (NA) 4.65 (41.7) 50.4 (NA) -230(111)
Crin (mIU/mL) -0.986 (0.679) -1.95 (0.606) -1.28 (NA) -1.96 (1.15) -3.24 (NA) -15.8 (4.02)

tmin (h) t

48.0 (8.00 - 48.0)

8.00 (4.00 - 12.0)

20.0 (16.0 - 24.0)

5.00 (3.00 - 6.00)

2.00 (1.00 - 3.00)

12.0 (6.00 - 12.00)

FSH

AUCtay (h-mIU/mL) -8.64 (10.0) -12.9(12.0) -73.4 (NA) -67.4 (154) 140 (NA) -253 (190)
Crmin (MmIU/mL) -0.582 (0.584) -0.994 (0.602) -3.42 (NA) -3.64 (6.18) -1.67 (NA) -16.6 (8.42)
tmin (h) T 12.0(8.00 - 48.0) 12.0(8.00 - 16.0) 16.0 (16.0 - 16.0) 6.00 (6.00 - 48.0) 9.50 (3.00- 16.0) 12.0(6.00 - 16.0)
SHBG

AUCtau (h-nmol/L) -349 (186) 46.6 (169) -370 (NA) -199 (685) 101 (NA) 179 (961)
Cmin (nmol/L) -17.2 (8.19) -2.73 (4.77) -18.5 (NA) -30.6 (33.2) -25.0 (NA) -21.2 (55.0)
tmin (h) T 1.50(1.00-12.0) 5.00 (1.00 - 16.0) 7.50(3.00-12.0) 5.00 (0-16.0) 4.00 (0 - 8.00) 8.00 (0 - 48.0)
Total testosterone

AUCtau (h-ng/mL) -4.67 (43.3) -47.2 (24.5) 1.24 (NA) -0.428 (1.22) 0.0538 (NA) -0.392 (0.434)
Cmin (ng/mL) -1.14 (2.00) -3.59 (0.962) -0.0167 (NA) -0.0689 (0.0586) -0.0533 (NA) -0.0683 (0.00430)
tmin (h) T 8.00 (8.00-12.0) 10.0 (6.00 - 12.0) 12.0(12.0-12.0) 12.00 (6.00 - 16.0) 9.00 (6.00-12.0) 14.0 (6.00-16.0) ¥
Free testosterone

AUCtau (h-pg/mL) 52.8 (53.2) -101 (52.3) -2.03 (NA) -2.06 (2.32) -7.28 (NA) -4.27 (1.26)
Cmin (pg/mL) -1.86 (2.43) -8.10 (1.65) -0.350 (NA) -0.356 (0.100) -0.533 (NA) -0.367 (0.111)
tmin (h) T 8.00 (6.00-12.0) 12.0(6.00 - 12.0) 16.0 (16.0 - 16.0) 12.0(1.50-16.0) 9.00 (6.00-12.0) 12.0(0-16.0)
Estradiol

AUCtau (h-pg/mL) NC NC 1880 (NA) -570(1970) § NA (NA) 9 -729 (NA)Tt
Cmin (pg/mL) NC NC 58.4 (NA) -41.7 (78.2) § NA (NA) 9 -31.4 (NA)Tt
tmin (h) T NC NC 10.0(8.00 - 12.0) 12.0(1.50-12.0) § NA 9 ot+
Progesterone

AUCtau (h-ng/mL) NC NC 174 (NA) 29.6 (72.3) £ -0.320 (NA) Tt -0.498 (NA) Tt
Cmin (ng/mL) NC NC 5.24 (NA) 0.643 (1.90) £ -0.0133 (NA) Tt -0.0233 (NA) t+
tmin (h) T NC NC 4.00 (0 - 8.00) 3.50(0-12.0) % 0tt 0tt

1, Median (minimum - maximum); ¥,n=4;§,n=5;9,n=0; ¥t,n=1
Source: Tables B12.5.8.1.2, B12.5.9.1.2, B12.5.10.1.2, B12.5.11.1.2, B12.5.12.1.2, B12.5.13.1.2 and B12.5.14.1.2
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In part 2, mean LH, FSH, total and free testosterone serum concentrations decreased after single and
multiple dosing of fezolinetant. Maximum decrease was observed between 6 to 12 hours postdose.
Thereafter, these concentrations returned to baseline by 48 hours postdose. There were no remarkable
changes of SHBG serum concentration in fezolinetant dose groups compared to placebo groups.

The individual estradiol and progesterone serum concentrations showed high variability and were
guantifiable in a limited number of subjects.

Pharmacodynamic parameters of LH, FSH, total testosterone and free testosterone were observed to
have a similar tendency in terms of AUC and Cmin after single and multiple dosing.

For LH and FSH, a decrease was observed in males, premenopausal females and postmenopausal
females. For total and free testosterone, a decrease was observed in males.

In all pharmacodynamic parameters, no tendencies were observed in Cpredose from Day 1 to Day 10.
Conclusion:

e AUC and Cmax of fezolinetant and ES259564 were similar between healthy Japanese male and
premenopausal female and slightly higher in postmenopausal female.

e Visual inspection of the single dosing data indicated a dose proportional increase in AUCinf,
AUClast and Cmax over the dose range of 15 to 180 mg fezolinetant when it was assessed in
healthy Japanese male.

e  With once daily multiple dosing of 180 mg fezolinetant, fezolinetant and ES259564
concentrations reached steady state by day 3 of dosing.

e Slight accumulation of fezolinetant and ES259564 were observed after multiple dosing of
fezolinetant.

e The treatment of fezolinetant had an impact of decrease on LH and FSH serum concentrations in
male, premenopausal female, and postmenopausal female. In male, the treatment of
fezolinetant had an impact of decrease on total and free testosterone serum concentrations.

e The pharmacodynamic parameters of LH, FSH, total testosterone and free testosterone
decreased with increased dose of fezolinetant within the dose range of 15 to 180 mg in males.

e The pharmacodynamic parameters of LH and FSH decreased in both pre- and postmenopausal
female after administration of fezolinetant.

e Single and multiple oral doses of fezolinetant in healthy Japanese male and female (pre- and
postmenopausal) subjects were safe and well tolerated.

4.3.5 Regional Pharmacokinetic Study 2693-CL-0030 (CHINESE FEMALE)

Title: An Open-Label, Single and Multiple Dose Study to Evaluate the Pharmacokinetics and Safety of
Fezolinetant in Healthy Chinese Female Subjects
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Primary Objective: This study was designed to evaluate the pharmacokinetic(s) (PK) and safety of
fezolinetant after single-dose and multiple-dose administration in healthy Chinese female subjects.

Study Design: This is an open-label study incorporating a single-dose and multiple-dose period to
evaluate the pharmacokinetics and safety of fezolinetant (Figure 12).

Figure 12 Study design scheme of 2693-CL-0030

ESV: end-of-study visit

a). ESV took place 19 to 23 days after the last pharmacokinetic sample was collected (or at early discontinuation
from the study).

b). Dose administration on days 1, 4, 7 and 16 was in the morning after an approximate 10-hour fast and
approximately 4 hours before the next meal. Dose administration on days 10 through 15 was after breakfast. Each
dose administration was with 150-mL of water.

Participants received single doses of 15 mg fezolinetant on day 1, 30 mg on day 4, and 60 mg on day 7.
Repeated doses of 30 mg fezolinetant were given daily from day 10 to day 16. Blood samples were
collected pre-dose on days 10, 11, 12, 13, 14, and 15 and at pre-dose, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, and
48 hours post-dose on day 1, 4, 7, and 16.

Subject Disposition: A total of 16 healthy postmenopausal female subjects were randomized, and 16
subjects completed the study. Data from all subjects were included in the analyses of safety and PK.

PK results:

PK parameters of fezolinetant are summarized for single ascending dose and multiple doses in Chinese
female subjects (Table 30)

Table 30 Pharmacokinetic Parameters of Fezolinetant (Single and Multiple Dose)

Reference ID: 5083095

Single Dose Multiple Dose
Fezolinetant Fezolinetant Fezolinetant Fezolinetant
Day 1 Day 4 Day 7 Day 16
Parameter 15mg 30 mg 60 mg 30 mg qd
Statistics n=16 n=16 n=16 n=16
Cmax (ng/mL)
Mean (SD) 221 (87.9) 439 (92.9) 834 (268) 481 (104)
%CV 39.7 21.1 32.1 21.7
tmax (h)
Min, Max 0.500, 4.00 | 0.500, 3.00 1.00, 4.00 0.500, 4.00
60




Median 1.50 1.50 1.75 1.25
tlag (h)

Min, Max 0,0 0,0 0,0 0,0

Median 0 0 0 0
AUC24h (h*ng/mL)

Mean (SD) 1240 (362) 2330 (659) 4520 (1240) NC

%CV 29.3 28.3 27.4 NC
AUCtau (h*ng/mL)

Mean (SD) NC NC NC 2690 (839)

%CV NC NC NC 31.2
AUCinf (h*ng/mL)

Mean (SD) 1330 (441) 2530 (794) 4930 (1470) NC

%CV 33.2 313 29.8 NC
AUCinf (%extrap)

Mean (SD) 2.01(1.24) 1.14 (0.413) 1.15 (0.353) NC

%CV 61.5 36.1 30.8 NC
AUClast (h*ng/mL)

Mean (SD) 1300 (432) 2500 (776) 4870 (1440) NC

%CV 33.2 31.0 29.6 NC
t1/2 (h)

Mean (SD) 6.12 (1.72) 7.69 (0.71) 7.44 (0.707) 9.74 (1.320)

%CV 28.0 9.2 9.5 13.6
CL/F (L/h)

Mean (SD) 12.6 (4.84) 12.9 (3.95) 13.2 (3.82) 12.2 (3.89)

%CV 38.3 30.6 28.9 31.8
Vz/F (L)

Mean (SD) 104 (27.1) 142 (40.8) 139 (32.5) 171 (56.3)

%CV 26.0 28.8 234 32.9
PTR

Mean (SD) NC NC NC 29.9 (14.6)

%CV NC NC NC 48.9
Rac (AUC)

Mean (SD) NC NC NC 1.15 (0.132)

%CV NC NC NC 114
Rac (Cmax)

Mean (SD) NC NC NC 1.12 (0.224)

%CV NC NC NC 20.1

All registered participants who received at least 1 dose of the study drug and have had at least 1 time point of
sample taken for study drug concentration assessments (pharmacokinetic analysis set).

CV: coefficient of variation; Max: maximum; Min: minimum; n: number of participants; NC: not calculated;
PTR: peak to trough ratio.

Source: Study 2693-CL-0030, Tables 6 and 7

Fezolinetant exhibited rapid absorption with median tmax 1.50 to 1.75 hours after single dose
administration of fezolinetant tablets in the fasted state, then the plasma levels declined with mean t1/2
of 6.12 to 7.69 hours at dose levels of 15, 30, and 60 mg.

There was an observed dose proportional increase in Cmax, AUCinf, and AUClast for fezolinetant across
the 15, 30, and 60 mg doses studied. The drug exposure parameters had a low to moderate variability
(21.1% to 39.7%) at the dose levels tested.
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Following multiple administration of 30 mg fezolinetant qd for 7 days (day 10 to day 16), median tmax
was 1.25 hours and the steady state was achieved on the second day after starting multiple dose
administration (day 11). Fezolinetant had minimal accumulation after 7 days of gqd dosing of 30 mg with
accumulation ratios (Rac [AUC] and Rac [Cmax]) of 1.15 and 1.12, respectively.

Metabolite ES259564 following single dose of fezolinetant had a median tmax of 1.50 to 2.00 hours and
the plasma levels declined with mean t1/2 ranging from 5.72 to 6.31 hours across the doses tested.

Metabolite ES259564 showed a dose proportional increase in Cmax, AUCinf and AUClast following single
dose administration of 15, 30 and 60 mg fezolinetant. After multiple administration of 30 mg
fezolinetant qd for 7 days (from day 10 to day 16), there was a marginal accumulation (Rac [AUC] and
Rac [Cmax] were both 1.17) of the metabolite.

Metabolite ES259564 systemic exposure was less than (not exceeding 70%) the parent AUC. The
metabolite to parent ratio (MPR) ranged from 0.652 to 0.696 following single and multiple dose
administration of fezolinetant.

Conclusion:

e Fezolinetant exhibited rapid absorption and formation of the ES259564 metabolite in healthy
female Chinese subjects. A median tmax of 1.50 to 1.75 hours was exhibited after single-dose
administration of fezolinetant tablets in the fasted state and a median steady state tmax of 1.25
hours after multiple-dose administration.

e Plasma levels of fezolinetant declined with a mean t1/2 of 6.12 to 7.69 hours at dose levels of 15, 30
and 60 mg and the steady state was achieved on the second day of the multiple-dose period (Day
11) after multiple administration of 30 mg fezolinetant.

e There was a dose-proportional increase in Cmax, AUCinf, and AUClast for fezolinetant and its
metabolite, ES259564, across the 15, 30, and 60 mg doses. Fezolinetant and its metabolite showed
minimal accumulation after 30 mg multiple-dose administration once daily for 7 days and the
metabolite ES259564 systemic exposure was less than the parent AUC (not exceeding 70%).

e Oral administration of fezolinetant was safe and well-tolerated after single-dose (15 to 60 mg) and
7-day multiple-dose (30 mg once daily) administration in healthy Chinese female subjects. No new
safety findings were identified during the study.

4.3.6. Dedicated Hepatic Impairment Study 2693-CL-0007

Title: A Phase 1 Study to Investigate the Effect of Mild and Moderate Hepatic Impairment on the
Pharmacokinetics, Safety and Tolerability of Fezolinetant Compared to Subjects with Normal Hepatic
Function

62

Reference ID: 5083095



Study Objectives:

Objectives Endpoints
Primary
e  To evaluate the pharmacokinetics of a single e  TFezolinetant plasma:
oral dose of fezolinetant and ES259564 o AUCus AUCust, Coax, CL/F and V,/F

(fezolinetant metabolite) in female participants
with mild and moderate hepatic impairment
compared to healthy female participants with
normal hepatic function

e  ES259564 (fezolinetant metabolite) plasma:
0 AUCif, AUClast and Crax

Secondary
e  To evaluate the safety and tolerability of a e  Nature, frequency and severity of AEs
single oral dose of fezolinetant in female e Clinical laboratory tests (hematology,

participants with mild and moderate hepatic
impairment and healthy female participants
with normal hepatic function

biochemistry and urinalysis)
Vital signs (blood pressure and pulse)
Routine 12-lead ECG

Objectives Endpoints
Exploratory
e  To evaluate the pharmacokinetics of a single e  TFezolinetant plasma:
oral dose of fezolinetant and ES259564 o AUCkf(%extrap), tig, tmax and tx

(fgzohgetant metabolite) in fel'na.le participants | o e glinetant urine:
with mild and moderate hepatic impairment

i : Aeint, Allast, AClasi?0, Aeint%0 and CL
compared to healthy female participants with T e “'fﬂo B
normal hepatic function e  ES259564 (fezolinetant metabolite) plasma:

o AUCqud%extrap), tiag, tmax, f» and MPR
e  ES259564 (fezolinetant metabolite) urine:

O Aeinf, At and CLr
AE: adverse event; ECG: electrocardiogram: MPR: metabolite-to-parent ratio

Study Design:

This was an open-label, single oral dose study in female participants comprising 3 groups (groups 1.1 to
1.3) based on hepatic function. The study was conducted at 4 study sites in the US. Eligible participants
were admitted to the clinical unit on day -1 and were residential for a single period of 6 days/5 nights.
On day 1, participants received a single oral dose of 30 mg fezolinetant under fasting conditions
followed by a 96-hour in-house blood and urine sampling period. Participants were to remain
semirecumbent for 4 hours postdose. Standard safety and tolerability assessments were conducted.

Inclusion/Exclusion Criteria:

Female participants between 18 to 75 years of age, inclusive, were enrolled in this study. Each
participant had either normal hepatic function, or mild (Child-Pugh classification Class A, score 5 or 6) or
moderate (Child-Pugh classification Class B, score 7 to 9) hepatic impairment. Healthy participants with
normal hepatic function were matched (1:1) to the participants with mild and/or moderate hepatic
impairment by age (£ 10 years), BMI (== 20%), race and sex.

PK Assessment:
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e Blood samples for fezolinetant pharmacokinetics and ES259564 (fezolinetant metabolite)
concentrations were collected predose on day 1 and at the following postdose time points on
day 1:0.5,1,15,2,3,4,6, 8, 12, 24, 36, 48, 72 and 96 hour(s).

e Urine samples for fezolinetant pharmacokinetics and ES259564 (fezolinetant metabolite)
concentrations were collected predose on day 1 and at the following postdose intervals on day
1:0to4,4t08,8t012,12to 24, 24 to 36, 36 to 48, 48 to 72 and 72 to 96 hours.

Subject Disposition:

A total of 26 participants (8 participants with mild hepatic impairment, 8 participants with moderate
hepatic impairment and 10 participants with normal hepatic function) were enrolled and completed the
treatment, the investigational period, and the follow-up as per the protocol.

One participant in the normal hepatic function group (who was matched to both a participant with mild
hepatic impairment and a participant with moderate hepatic impairment) completed the study, was
excluded from the pharmacokinetic analysis due to excluded concomitant medication use and was
replaced by a new participant in the normal hepatic function group.

Results:

Plasma PK of ESN364

Mean plasma concentration-time profiles of fezolinetant by hepatic function group are presented in
Figure 4. A summary of the PK parameters of fezolinetant by hepatic function group were presented in
Table 31. Results of the statistical assessment of the effect of hepatic impairment on the PK of
fezolinetant were provided in Table 32. These analyses used PK analysis set, which included all enrolled
participants who received at least 1 dose of investigational product for which concentration data were
available to facilitate derivation of at least 1 primary pharmacokinetic parameter. Note: Normal
participants may have been enrolled to match more than 1 impaired participant in different impairment
groups; these participants were not re-treated.

64

Reference ID: 5083095



Figure 13. Mean (SD) Plasma Concentration-time Profiles of Fezolinetant by Hepatic Function Group
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Source: Figure 3 of Study 2693-CL-0007

Table 31. Plasma Pharmacokinetic Parameters of Fezolinetant by Hepatic Function Group
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Hepatic Function Group
Parameter Normal to Match Normal to Match
Category/Statistics Mild Mild Moderate Moderate
AUCiar (heng/mL)
n 8 8 8 8
Mean (SD) 3570 (1140) 2300 (793) 4810 (2080) 2340 (797)
%CV 319 344 433 34.1
Median 3740 2230 4390 2370
Min, Max 1870, 4960 1260, 3360 2110, 7290 1260, 3360
AUChs (h*ng/mL)
n 8 8 8 8
Mean (SD) 3530(1130) 2280 (785) 4680 (1980) 2320(789)
%CV 319 344 423 34.1
Median 3710 2210 4340 2350
Min, Max 1840, 4500 1250, 3330 2040, 7010 1250, 3330
Cmax (ng/mL)
n 8 8 8 8
Mean (SD) 408 (121) 358 (65.7) 323 (55.8) 384 (81.7)
%CV 295 183 173 213
Median 413 356 309 401
Min, Max 276, 623 272,435 270, 436 272515
CL/F (L/h)
n 8 8 8 8
Mean (SD) 948 (3.97) 14.7(5.73) 7.56 (3.70) 14.5(5.81)
% CV 419 390 489 401
Median 8.02 13:5 6.94 127
Min, Max 6.05, 16.0 894,238 412,142 894,238
Vi/F (L)
n 8 8 8 8
Mean (SD) 158 (31.5) 211 (70.0) 226 (188) 231 (84.6)
% CV 19.9 33:1 83.0 36.6
Median 154 216 147 243
Min, Max 113,204 104,299 103, 651 104, 351
ty (h)
n 8 8 8 8
Mean (SD) 12.7 (3.84) 10.8 (5.01) 19.3 (6.13) 12.2 (6.06)
% CV 30:1 462 318 498
Median 14.3 931 17.6 9.90
Min, Max 6.77,17.6 682,215 13:5;31.7 6.82,215

Source: Table 11 of Study 2693-CL-0007

Table 32. Statistical Assessment of the Effect of Hepatic Impairment on the Plasma Pharmacokinetics of Fezolinetant
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Reference Test \
Geometric
Comparison Geometric Geometric | LS Mean Ratio | 90% CI of Ratio

Parameter |(Test/Reference)| n | LS Mean | n LS Mean (%)t (%)%

Mild/Normal to

9

Match Mild 8 2170 8 3380 155.89 (108.04, 224.92)
AUCis
(heng/mL) |Moderate/Normal

to Match 8 1960 8 3850 196.11 (131.64. 292.15)

Moderate

Mild/Normal to

2

Match Mild 8 2150 8 3350 155.82 (108.01. 224.80)
AUCH:t
(heng/mL) Moderate/Normal

to Match 8 1940 8 3750 193.63 (130.53, 287.23)

Moderate

Mild/Normal to

Match Mild 8 336 8 413 122.72 (100.40. 149.99)
Conax
(ng/mL) Moderate/Normal

to Match 8 429 8 366 85.14 (73.94, 98.05)

Moderate

T Ratios and confidence limits were transformed back to raw scale and values are expressed as percentages.
Source: Table 12 of Study 2693-CL-0007
Reviewer’s comments:

e After a single oral dose of 30 mg fezolinetant, compared to respective normal hepatic function
groups,
o mild hepatic impairment group had 56% increase in AUCs and 23% increase in Cmax of
fezolinetant.
o moderate hepatic impairment group had ~95% increase in AUCs and 15% decrease in
Cmax of fezolinetant.

Plasma PK of ES259564 (the major metabolite)

Results of the statistical assessment of the effect of renal impairment on the PK of ES259564 were
provided in Table 33.

Table 33. Statistical Assessment of the Effect of Hepatic Impairment on the Plasma Pharmacokinetics of ES259564
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Reference Test . .
Geometric
Comparison Geometric Geometric | LS Mean Ratio |90% CI of Ratio

Parameter |(Test/Reference)| n | LS Mean LS Mean (%)t (%)t

Mild/Normal to

Match Mild 8 1660 1900 11431 (96.00, 136.11)
AUCims
(heng/mL) Moderate/Normal

to Match 8 1690 1910 113.28 (96.02, 133.63)

Moderate

Mild/Normal to

2

Match Mild 8 1640 1860 11353 (95.20, 135.40)
AUCHst
(h*ng/mL) Moderate/Normal

to Match 8 1660 1870 11245 (94.99,133.13)

Moderate

Mild/Normal to

3 5

Match Mild 8 154 121 79.03 (62.55, 99.86)
Comiac
(ng/mL) Moderate/Normal

to Match 8 159 845 53.02 (36.33,7737)

Moderate

Source: Table 12 of Study 2693-CL-0007

Reviewer’s comments:

e After a single oral dose of 30 mg fezolinetant, compared to respective normal hepatic function

groups,

o mild hepatic impairment group had 14% increase in AUCs and 21% decrease in Cmax of

ES259564.

o moderate hepatic impairment group had 13% increase in AUCs and 47% decrease in

Cmax of ES259564.

4.3.7. Dedicated Renal Impairment Study 2693-CL-0008

Title: A Phase 1 Open-label Study to Investigate the Effect of Renal Impairment on the
Pharmacokinetics, Safety and Tolerability of Fezolinetant Compared to Subjects with Normal Renal

Function

Study Objectives:

Reference ID: 5083095
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Objectives

Endpoints

Primary

To evaluate the pharmacokinetics of a single
oral dose of fezolinetant and ES259564
(fezolinetant metabolite) in female participants
with varying levels of renal impairment (mild.
moderate and severe) compared to healthy
female participants with normal renal function

e  Fezolinetant plasma:
o AUCins, AUClast, Cmax and CL/F

e  ES259564 (fezolinetant metabolite) plasma:
o) AUCqyys, AUCg and Cpax

Secondary

e  To evaluate the safety and tolerability of a e  Nature, frequency and severity of AEs
single oral dose of fezolinetant in female Clinical laboratory tests (hematology,
participants with varying levels of renal biochemistry and urinalysis)
impairment (mild, moderate and severe) and Vital signs (blood pressure and pulse)
healthy female participants with normal renal Routine 12-lead ECG
function

Exploratory

e  To evaluate the pharmacokinetics of a single e  Ferzolinetant plasma:

dose of fezolinetant and ES259564 o AUCuf(%eXtrap), tiag, tmas, 15 and V/F
(fezolinetant metabolite) in female participants | ¢  Fezolinetant urine:

with varying levels of renal impairment (mild. 0 Aciaf At A%, Aein% and CLR
moderate and severe) compared to healthy

N : . e  ES259564 (fezolinetant metabolite) plasma:
female participants with normal renal function

o AUCuf(%extrap), tiag, tmax and tu;
e  ES259564 (fezolinetant metabolite) urine:
o] Aeinr, Aepg and CLp

AE: adverse event; ECG: electrocardiogram
Study Design:

This was an open-label, single oral dose study comprising 4 groups of participants based on renal
function. Eligible participants with mild, moderate and severe renal impairment and healthy participants
with normal renal function were admitted to the clinical unit on day -1 and were residential for a single
period of 6 days/5 nights. On day 1, participants received a single oral dose of 30 mg fezolinetant under
fasting conditions followed by a 96-hour in-house blood and urine sampling period. Participants were to
remain awake, seated or semirecumbent, and avoided lying on either the left or right side for at least 4
hours postdose. Standard safety and tolerability assessments were conducted.

Inclusion/Exclusion Criteria:
Female participants between 18 to 75 years of age, inclusive, were enrolled in this study.

Participants were enrolled into 1 of 4 groups based on renal function. Renal function was measured by
eGFR using the MDRD formula:

e Participants with mild (eGFR 60 to < 90 mL/min per 1.73 m?) renal impairment

e Participants with moderate (eGFR 30 to < 60 mL/min per 1.73 m?) renal impairment

e Participants with severe (eGFR < 30 mL/min per 1.73 m2) renal impairment and not on
hemodialysis. At least 50% of participants should have had an eGFR of £ 20 mL/min per 1.73 m?

e Healthy participants with normal (eGFR =90 mL/min per 1.73 m?) renal function
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Healthy participants with normal renal function were enrolled following the enrollment of mild and/or
moderate and/or severe impairment participants and were demographically matched (1:1) by age (+ 10
years), BMI (£ 20%) and race to the enrolled impairment participant(s).

PK Assessment:

Blood samples for fezolinetant and ES259564 (fezolinetant metabolite) concentrations were collected
predose on day 1 and at the following postdose time points on day 1: 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 48,
60, 72 and 96 hours.

Urine samples for fezolinetant and ES259564 (fezolinetant metabolite) concentrations were collected
predose on day 1 and at the following postdose intervals on day 1: 0to 4,4 to 8, 8 to 12, 12 to 24, 24 to
48,48 to 72 and 72 to 96 hours.

Subject Disposition:

A total of 27 participants (6 participants with mild renal impairment, 6 participants with moderate renal
impairment, 5 participants with severe renal impairment and 10 participants with normal renal function)
were enrolled, assigned to, and received a single oral dose of 30 mg fezolinetant under fasted conditions
in an open-label manner on day 1 and completed the treatment and the follow-up periods as per the
protocol.

One participant with normal renal function withdrew on day 3 during the investigational period (Subject
®® "withdrawal by subject but agreeable to complete the end of study visit [ESV]; this participant

completed ESV and was included in the safety analysis but was excluded from the pharmacokinetic

analysis due to withdrawal from the study during the investigational period. The participant was

replaced by a new participant with normal renal function.
Results:

Plasma PK of ESN364

Mean plasma concentration-time profiles of fezolinetant by renal function group were presented in
Figure 4. A summary of the PK parameters of fezolinetant by renal function group were presented in
Table 34. Results of the statistical assessment of the effect of renal impairment on the PK of fezolinetant
were provided in Table 35. These analyses used PK analysis set, which included all enrolled participants
who received at least 1 dose of investigational product for which concentration data were available to
facilitate derivation of at least 1 primary pharmacokinetic parameter. Note: Normal participants may
have been enrolled to match more than 1 impaired participant in different impairment groups; these
participants were not re-treated.

Figure 14. Mean (SD) Plasma Concenttration-time Profiles of Fezolinetant by Renal Function Group
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Table 34. Plasma PK Parameters of Fezolinentant by Renal Function Group

Renal Function Group
Normal to Normal to

Parameter Normal to Match Match

Category/Statistics Mild Match Mild Moderate Moderate Severe Severe
AUCif (h*ng/mL)

n 5 i 5 i 3 5

Mean (SD) 1430 (525) 2220 (1350) 1300 (306) 2200 (1210) | 2400(823) | 2470 (1190)

%CV 36.7 61.1 236 549 343 481

Median 1330 2260 1260 2070 2210 1900

Min, Max 8§75, 2300 684, 4420 1000, 1620 018, 4420 1680, 3300 1420, 4420
AUChast (hng/mL)

n 6 6 6 6 5 5

Mean (SD) 1600 (659) 2190 (1340) 1540 (721) 2170 (1200) | 2110(716) | 2440 (1180)

%CV 413 61.3 46.7 553 338 485

Median 1330 2250 1320 2050 2040 1880

Min, Max 858, 2540 6609, 4380 976, 2900 902, 4380 1410, 3270 1370, 4380
Cumax (ng/mL)

n 6 6 6 6 5 5

Mean (SD) 272(715) 270 (51.7) 267 (20.0) 260 (44.0) 308 (68.1) 286 (39.T)

%CV 263 192 337 16.9 21 139

Median 282 250 231 259 iz a7

Min, Max 152, 360 199, 332 192, 406 199, 332 199, 380 238, 328
CLF (L'h)

n 5 6 5 i 3 5

Mean (SD) 23.1 (7.56) 20.1(14.7) 242 (5.68) 172 (891) 13.5(4.37) 14.1(547)

%WCV 327 B0 35 519 324 387

Median 26 133 233 14.6 135 158

Min, Max 13.1,343 6.79.43.9 18.5,30.0 6.79,32.7 0.10,178 6.79,212
fmaz ()

n 6 6 6 6 3 5

Median 125 125 1.25 1.00 1.00 1.00

Min, Max 0.500, 2.00 1.00,2.00 0.500, 1.52 1.00,2.00 0.500, 2.00 1.00, 2.00
t (h)

n 3 6 5 6 3 5

Mean (SD) 6.74(2.10) 11.6 (941) 7.04 (1.47) 8.15(3.26) 13.7(1.84) 12.8(9.81)

%CV 311 815 209 400 134 76.7

Median 163 857 7.58 818 12.7 7.94

Min, Max 423,878 430,294 544,870 462,138 126,158 535,294

Source: Table 11 of Study 2693-CL-0008
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Table 35. Statistical Assessment of the Effect of Renal Impairment on Plasma Pharmacokinetics of Fezolinetant

Reference Test =
Geometric
Comparison Geometric Geometric | LS Mean Ratio | 20% CI of Ratio
Parameter |(Test/Reference)| n | LSMean | n LS Mean (%)t (%)t
Mild/Normal to _
Match Mild 6 1980 5 1240 62.74 (3448, 114.15)
AUGS Moderate/Normal
(hen MmL) to Match 6 2240 5 1080 48.02 (31.95,72.18)
g Moderate
SeseNomdio | oo | e | B 2540 117.93 (60.13, 231.28)
Match Severe - - . 2 ’
Mild/Normal to
Match Mild 6 1830 6 1480 80.76 (43.05, 151.51)
ATC Moderate/Normal
(hen ":]‘]L) to Match 6 2000 6 1380 68.84 (40.12,118.11)
g Moderate
Severe/Normal to
yl.4 i
Match Severe 5 2240 5 2030 90 44 (55.14, 148 35)
Mild/Nermal to s
Match Mild 6 265 6 264 99 48 (75.35,13133)
C Moderate/MNormal
(nm’!mL) to Match 6 251 6 262 10428 (78.28, 138.92)
= Moderate
Severe/Normal to
7 .
Match Severe 5 284 5 301 10594 (81.86, 137.12)

T Ratios and confidence limits were transformed back to raw scale and values are expressed as percentages.
Source: Table 13 of Study 2693-CL-0008
Reviewer’s comments:

e Compared to respective normal renal function groups, severe renal impairment had marginal
effects on fezolinetant’s PK exposure (GMR: 118% for AUCinf; 90% for AUClast; and 106% for
Cmax; with all 90% Cl including 100%).

e Compared to respective normal renal function groups, mild and moderate impairment groups
had similar Cmax but lower AUClast (GMR: 81% for Mild; 69% for Moderate; with all 90% ClI
including 100%).

e Statistical analysis based on AUCinf may not be as robust as AUClast because AUCinf could not
be accurately calculated for 4 participants and therefore excluded from the analyses. More
details can be found in response to IR dated 09/02/22 (SN 0011) and 10/03/22 (SN0019).

Plasma PK of ES259564 (the major metabolite)

Results of the statistical assessment of the effect of renal impairment on the PK of ES259564 were
provided in Table 36.

Table 36. Statistical Assessment of the Effect of Renal Impairment on Plasma Pharmacokinetics of ES259564
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Reference Test B
Geometric
Comparison Geometric Geometric |LS Mean Ratio | 90% CI of Ratio
Parameter |(Test/Reference)| m | LSMean | n LS Mean (%0)+ (%)%
Mild/Normal to
2 ¥
Match Mild 6 1700 6 1780 104.84 (86.22, 127.47)
AUG: ModerateNormal
(ben MmL) to Match 6 1490 6 2610 174.78 (118.41,257.99)
g Moderate
Severe/Normal to
Match Severe 5 1520 5 7270 478.79 (347.67, 659.35)
Wild/Normal to
2 9
Match Mild 6 1670 6 1720 103.29 (84.09, 126.87)
ATC Moderate/Normal
Yl ?;L) to Match 6 1460 6 2590 177.14 (120.02, 261.44)
g Moderate
Severe/Normal to
A
Match Severe 5 1490 5 7140 478.56 (347.93, 658.22)
Whld/Normal to
Match Mild 6 166 6 188 113.58 (85.03,151.71)
C Moderate/Normal
mmL to Match 6 127 6 222 174.90 (124 87,244 97)
(ng/mL) Moderate
Severe/Normal to
NEEL S 5 127 5 293 231.06 (154.61, 345.31)

All enrolled participants who recerved at least 1 dose of investigational product for which concentration data
were available to facilitate derivation of at least 1 primary pharmacokinetic parameter (pharmacokinetic analysis

set).

Assessment based on an analysis of covariance performed on natural loganthmic-transformed parameters with
renal function as a fixed effect and age and body mass index as covariates.

Normal participants may have been enrolled to match more than 1 impaired participant in different impatrment
groups; these participants were not re-treated.

CI: confidence interval; LS: least squares
T Ratios and confidence limits were transformed back to raw scale and values are expressed as percentages.

Source: Table 15 of Study 2693-CL-0008

Reviewer’s comments:

e Compared to respective normal renal function groups,

o mild renal impairment had marginal effects on ES259564 exposure (GMR: 105% for
AUCinf; 103% for AUClast; and 114% for Cmax; with all 90% Cl including 100%).

o moderate renal impairment group had 70% increase in ES259564 exposure (GMR: 175%
for AUCinf; 177% for AUClast; and 175% for Cmax; with all 90% Cl above 100%).

o sever renal impairment group had 2-5-fold increase in ES259564 exposure (GMR: 479%
for AUCinf; 479% for AUClast; and 231.0% for Cmax; with all 90% Cl above 100%).

e The CLR of ES259564 progressively decreased with increased severity of renal impairment.

Compared to their respective match participants with normal renal function, participants with

Reference ID: 5083095
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renal impairment had lower mean ES259564 CLR (9.56 vs 10.4 L/h for mild, 6.98 vs 13.0 L/h for
moderate, and 1.61 vs 13.1 L/h for severe renal impairment groups).

4.3.8. Study 2693-CL-0012 Effect of Food on the Pharmacokinetics of Fezolinetant

Title: A Phase 1 Crossover Study to Investigate the Effect of Food on the Pharmacokinetics of
Fezolinetant in Healthy Female Participants

Primary Objective: This study evaluated the effect of food on the pharmacokinetics of a single oral dose
of fezolinetant to-be-marketed formulation under fasted and fed conditions in healthy female
participants.

Study design:

This was a randomized, open-label, 2-period, 2-sequence, single dose crossover study in healthy female
participants. Sixteen participants (i.e., 8 participants per sequence) were randomized to 1 of 2
sequences according to Table 37 below.

Table 37 Sequences and Study Drug Assignments (2693-CL-0012)

Sequence n Period 1 Period 2
1 8 Fezolinetant (fed) Fezolinetant (fasted)
2 8 Fezolinetant (fasted) Fezolinetant (fed)

Participants received a single oral administration of a 45 mg fezolinetant tablet (to-be-marketed
formulation) under fed or fasted condition on day 1 of each period. The 2 treatment periods were
separated by a 5-day washout period. Pharmacokinetic samples were collected at multiple time points
up to 72 hours postdose (i.e., 0.25,0.5,1, 1.5, 2,3, 4,6, 8, 12, 16, 24, 36, 48, 60 and 72 hours postdose).

Subject Disposition: A total of 16 healthy female subjects were randomized, and 16 subjects completed
the study. Data from all subjects were included in the analyses of safety and PK.

Safety Results:

No deaths, serious adverse events or treatment-emergent adverse events (TEAEs) that led to withdrawal
of treatment were reported during the conduct of this study. The frequency of all TEAEs reported during
the study was similar between fasting and fed conditions. Overall, 14 mild TEAEs were reported for 6
(37.5%) participants during the study with 3 participants under the fed condition and 5 participants
under the fasted condition.

PK Results:

PK parameters of fezolinetant and its metabolite, ES259564, in fasting and fed conditions are
summarized below (Table 38 and Table 39).
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Table 38 Fezolinetant Plasma Pharmacokinetic Parameters

Fezolinetant Plasma Pharmacokinetic Parameters

Parameter Category/Statistics

Fasted Fed
AUCinf (heng/mL)
n ot 9t
Mean (SD) 2870 (962) 2760 (994)
%CV 335 35.9
Median 3070 2600
Min - Max 1770 - 4500 1870 - 4590
AUClast (heng/mL)
n 16 16
Mean (SD) 2590 (877) 2470 (845)
%CV 33.8 34.3
Median 2310 2240
Min -Max 1260 - 4410 1310-4570
Cmax (ng/mL)
n 16 16
Mean (SD) 453 (153) 343 (112)
%CV 33.8 32.8
Median 467 312
Min - Max 207 - 810 225-589
tmax (h)
n 16 16
Median 1.49 2.04
Min - Max 0.500 - 4.00 0.500-8.03

Table 39 ES259564 Plasma Pharmacokinetic Parameters

All randomized participants who received at least 1 dose of study drug for which concentration data were available
to facilitate derivation of at least 1 primary pharmacokinetic parameter (pharmacokinetic analysis set).

CV: coefficient of variation; Max: maximum; Min: minimum; SD: standard deviation.

T AUCinf values from 7 participants were not reported and thus not included in the statistical assessment due to
undefined elimination phase. AUClast including all evaluable participants, as well as AUCinf excluding these 7
participants, provided consistent bioequivalence results. Refer to [Study 2693-CL-0012, End-of-Text

Table 9.4.2.1] for details.
Source: Study 2693-CL-0012, End-of-Text Table 9.4.2.1

Parameter Category/Statistics

Fasted Fed

AUCinf (heng/mL)

n 16 16

Mean (SD) 2100 (389) 2090 (344)

%CV 18.5 16.5

Median 2020 2150

Min, Max 1640, 2960 1520, 2700
AUClast (heng/mL)

n 16 16
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Mean (SD) 2090 (387) 2070 (345)
%CV 18.5 16.7
Median 2010 2120
Min, Max 1610, 2930 1500, 2680
Cmax (ng/mL)
n 16 16
Mean (SD) 263 (84.1) 217 (58.0)
%CV 32,0 26.7
Median 247 223
Min, Max 145, 425 119, 301
tmax (h)
n 16 16
Median 2.00 3.00
Min, Max 0.517, 4.00 1.02, 8.03

All randomized participants who received at least 1 dose of study drug for which concentration data were
available to facilitate derivation of at least 1 primary pharmacokinetic parameter.

CV: coefficient of variation; Max: maximum; Min: minimum

Source: End-of-Text Table 9.4.2.2

Statistical analysis of food effects on exposure of fezolinetant and its metabolite, ES259564, in fasting
and fed conditions are summarized below (Table 40 and Table 41).

Table 40 Statistical Assessment of Food Effect on Fezolinetant

Fasted Fed
Parameter Geometric LS Geometric LS Geometric LS 90% ClI of Ratio
n Mean n Mean Mean Ratio (%)1-
AUCinf 9% 2630 9% 2540 96.57 (86.38, 107.96)
(heng/mL)
AUClast 16 2460 16 2350 95.53 (89.93, 101.49)
(heng/mL)
Cmax (ng/mL) | 16 428 16 328 76.70 (62.03, 94.83)

All randomized participants who received at least 1 dose of study drug for which concentration data were
available to facilitate derivation of at least 1 primary pharmacokinetic parameter.

Assessment based on an analysis of variance performed on natural logarithmic-transformed parameters with
period and food condition as fixed effects and participant as a random effect.

Cl: confidence interval; LS: least squares

T Ratios and confidence limits were transformed back to raw scale and values are expressed as percentages.

¥ AUCinf values from 7 participants were not reported and thus not included in the statistical assessment due to
undefined elimination phase. Refer to [End-of-Text Table 9.4.2.1] for details.

Source: End-of-Text Table 9.4.3.1

Table 41 Statistical Assessment of Food Effect on ES259564

Fasted Fed
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Parameter Geometric LS Geometric LS Geometric LS Mean 90% Cl of

n Mean n | Mean Ratio (%)t Ratio
AUCinf 16 2070 16 2060 99.51 (96.85, 102.25)
(heng/mL)
AUClast 16 2050 16 2040 99.43 (96.73, 102.20)
(heng/mL)
Cmax (ng/mL)| 16 251 16 210 83.60 (74.91, 93.31)

All randomized participants who received at least 1 dose of study drug for which concentration data were
available to facilitate derivation of at least 1 primary pharmacokinetic parameter.

Assessment based on an analysis of variance performed on natural logarithmic-transformed parameters with
period and food condition as fixed effects and participant as a random effect.

Cl: confidence interval; LS: least squares

T Ratios and confidence limits were transformed back to raw scale and values are expressed as percentages.
Source: End-of-Text Table 9.4.3.2

The geometric LS mean ratio and 90% Cl for the AUCinf and AUClast of fezolinetant and ES259564 fell
within the 80 to 125% boundary when comparing fed and fasted conditions. Whereas a high-fat meal

reduced fezolinetant Cmax (geometric LS mean ratio of 76.70%; 90% Cl [62.03, 94.83]) and ES259564

Cmax (geometric LS mean ratio of 83.6%; 90% Cl [74.91, 93.31]). The median tmax of fezolinetant was
also delayed by 30 minutes (from 1.49 hours to 2.04 hours) and by 1 hour for ES259564.

Conclusions:

Therefore, following a single 45 mg dose of fezolinetant to healthy female participants, a high-fat, high-
calorie meal did not affect fezolinetant AUCinf and AUClast compared to under fasted conditions.

The high-fat, high-calorie meal decreased Cmax (< 20%) of fezolinetant and delayed the time to reach
Cmax (by ~ 30 minutes) compared to under fasted conditions.

The decrease in Cmax and delay in tmax with food is not clinically relevant, thus fezolinetant can be
administered with or without food.

Reviewer comments: The applicant’s conclusion is acceptable.

4.3.9. Drug-drug Interaction with Fluvoxamine and Smoking (Study 2693-CL-0006)

Since fezolinetant is extensively metabolized by the CYP1A2 enzyme, phase 1 Study 2693-CL-0006 was
conducted to assess the effect of multiple doses of fluvoxamine, a strong inhibitor of CYP1A2, and
smoking, a CYP1A2 inducer, on the single dose PK of fezolinetant in healthy postmenopausal women.

Title: A Phase 1 Study to Assess the Effect of Multiple Doses of Fluvoxamine and Smoking on the Single
Dose Pharmacokinetics of fezolinetant in Healthy Postmenopausal Female Subjects (2693-CL-0006)

Primary objectives: To evaluate the effect of concomitant administration of fluvoxamine, a strong
cytochrome P450 (CYP)1A2 inhibitor, on the pharmacokinetics of a single oral dose of fezolinetant in
healthy postmenopausal female subjects
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Secondary Objectives: To evaluate the effect of smoking on the pharmacokinetics of fezolinetant with
and without concomitant administration of fluvoxamine; To evaluate the effect of concomitant
administration of fluvoxamine on the pharmacokinetics of fezolinetant in smokers and nonsmokers; To
evaluate the safety and tolerability of a single oral dose of fezolinetant alone and in combination with
fluvoxamine

Study Design: This study had an open-label, single sequence design. A total of 18 participants, 9 of which
were smokers, were enrolled into the study. See the flow chart below for illustration.

On day 1, a single dose of 30 mg fezolinetant was administered in the morning. On day 3 in the evening
and on day 10 in the morning, a single oral dose of 50 mg fluvoxamine was administered. On days 4 to 9,
multiple oral doses of 50 mg fluvoxamine were administered bid with a 12-hour interval. On day 7 (fifth
day of fluvoxamine dosing), the single dose of 30 mg fezolinetant was administered simultaneously with
the morning dose of fluvoxamine. Smokers were instructed to smoke their usual number of cigarettes
per day.

Subject Disposition: A total of 18 healthy postmenopausal female subjects were randomized, and 16
subjects completed the study. Data from all subjects were included in the analyses of safety and PK.

4.3.9.1 Effect of Fluvoxamine (CYP1A2 Inhibitor)
PK results:

The results showed that when fezolinetant was co-administered with fluvoxamine, a strong CYP1A2
inhibitor, there was a 9.39-fold increase (90% Cl: 788.06%, 1119.91%) in AUCinf and a 1.82-fold increase
(90% Cl: 161.79%, 203.93%) in Cmax of fezolinetant (Table 42).

Table 42 Statistical Assessment of the Effect of Fluvoxamine on the Pharmacokinetics of Fezolinetant (co-administered)

Fezolinetant +
Parameter Fezolinetant Alone Fluvoxamine Geometric 90% Cl of
Geometric LS Geometric LS LS Mean Ratio (%)t
n Mean n Mean Ratio (%)+
(161.79,
C L 18 233 18 424 181.64
max (ng/m\) 203.93)
AUCinf (788.06
18 941 18 8840 939.44 !
(heng/mL) 1119.91)
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All participants who took at least 1 dose of study drug and for which concentration data were available to facilitate
derivation of at least 1 primary pharmacokinetic parameter.

Assessment based on an analysis of variance performed on natural logarithmic-transformed parameters with
treatment as a fixed effect and participant as a random effect.
Cl: confidence interval; LS: least squares; n: number of participants.

1 Ratios and confidence limits were transformed back to raw scale and values are expressed as percentages.
Source: Study 2693-CL-0006, End-of-Text Table 12.4.3.1

There was an increase in the t1/2 of fezolinetant (4 hr vs 22. 4 hr) but no substantial changes in tmax.

For the metabolite, co-administration of fluvoxamine resulted in a ~80% reduction of ES259564 Cmax,
but a slightly increase (1.08-fold) of AUCinf (90% Cl: 102.81%, 113.39%) (Table 43).

Table 43 Study 2693-CL-0006: Statistical Assessment of the Effect of Fluvoxamine on the Pharmacokinetics of ES259564

Fezolinetant Alone Fezolinetant + Fluvoxamine Geometric
Parameter Geometric LS Geometric LS LS Mean | 90% Cl of
n Mean n Mean Ratio (%)t Ratio (%)t
Cmax (ng/mL) 18 239 18 48.0 20.10 (17.06, 23.68)
AUCinf (102.81
18 1680 18 1810 107.97 ‘
(heng/mL) 113.39)

All participants who took at least 1 dose of study drug and for which concentration data were available to facilitate
derivation of at least 1 primary pharmacokinetic parameter.

Assessment based on an analysis of variance performed on natural logarithmic-transformed parameters with
treatment as a fixed effect and participant as a random effect.

Cl: confidence interval; ES259564: fezolinetant metabolite; LS: least squares; n: number of participants.

1 Ratios and confidence limits were transformed back to raw scale and values are expressed as percentages.
Source: Study 2693-CL-0006, End-of-Text Table 12.4.3.2

4.3.9.2 Effect of Smoking (CYP1A2 Inducer)

Smoking is considered as a potent CYP1A2 induction factor. The pharmacokinetic parameters of
fezolinetant and ES259564 after fezolinetant administration alone and after fezolinetant co-
administration with fluvoxamine in smokers and nonsmokers are summarized below (Table 44).

Table 44 Study 2693-CL-0006: Pharmacokinetic Parameters of Fezolinetant And ES259564 After Fezolinetant Administration
Alone and After Fezolinetant Co-Administration With Fluvoxamine In Smokers And Nonsmokers

Fezolinetant ES259564
Parameter Smokers Nonsmokers Total Smokers Nonsmokers Total
n=9) n=9) (n=18) n=9) n=9) (n=18)
Fezolinetant Alone
Cmax
(ng/mL) 207 282 244 281 211 246
AUCin¢
(heng/mL) 670 1400 1040 1540 1880 1710
CL/F (L/h) 47.1 22.9 35.0 NA NA NA
ty, (h) 3.23 4.79 4.01 7.61 6.41 7.01
tmax (h) 1.00 1.00 1.00 1.50 1.50 1.50
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V.JF (L) 213 151 182 NA NA NA

MPR NA NA NA 2.29 1.35 1.82
Fezolinetant + Fluvoxamine

Crnax

(ng/mL) 407 458 432 63.2 41.0 52.1

AUCint 7060 13200 10100 1780 1920 1850

(heng/mL)

CL/F (L/h) 5.04 2.80 3.92 NA NA NA

ty, (h) 16.0 28.8 224 16.5 30.1 233

tmax (h) 1.50 1.50 1.50 12.0 8.00 12.0

V.JF (L) 101 96.2 98.8 NA NA NA

MPR NA NA NA 0.285 0.169 0.227

Data are the arithmetic means, except tmax, which is the median.

CV: coefficient of variation; Max: maximum; Min: minimum: MPR: metabolite to parent ratio; NA: not
applicable

Source: End-of-Text Tables 12.4.2.1 and 12.4.2.2

Statistical analysis of exposure of fezolinetant demonstrate when fezolinetant was administered alone,
fezolinetant AUCinf in smokers decreased by about a half with LS mean ratio of 48.29% (90% Cl: 39.14%,
59.58%) to non-smoker, while Cmax decreased ~30 % with a geometric LS mean ratio of 71.74% (90% Cl:
57.04%, 90.22%) to non-smoker (Table 45).

Table 45 Study 2693-CL-0006: Statistical Assessment of the Effect of Smoking on Fezolinetant After Administration Alone and
After Co-administration with Fluvoxamine

Nonsmoker Smoker Geometric
Treatment Geometric LS Geometric LS LS Mean 90% Cl of
Parameter n Mean n Mean Ratio (%)t Ratio (%)t
Fezolinetant Alone
Cmax (ng/mL) 9 276 9 198 71.74 (57.04, 90.22)
AUCinf 9 1350 9 654 48.29 (39.14, 59.58)
(heng/mL)
Fezolinetant + Fluvoxamine
Cmax (ng/mL) 9 450 9 399 88.65 (74.98, 104.81)
AUCinf 9 12000 9 6490 53.92 (36.83, 78.96)
(heng/mL)

Assessment based on an analysis of variance performed on natural logarithmic-transformed parameters
with smoking status as a fixed effect.
Cl: confidence interval; LS: least squares; n: number of participants.

1 Ratios and confidence limits were transformed back to raw scale and values are expressed as percentages.
Source: Study 2693-CL-0006, End-of-Text Table 12.4.3.5

For the metabolite ES259564, statistical analysis demonstrated when fezolinetant was administered
alone, the Cmax geometric LS mean ratio for smokers versus nonsmokers was 130.20% (90% Cl: 109.43,
154.92) and AUCinf geometric LS mean ratio was 81.84% (90% Cl: 70.34, 95.22) (Table 46).
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Table 46 Study 2693-CL-0006: Statistical Assessment of the Effect of Smoking on the Pharmacokinetics of ES259564 After
Fezolinetant Administration Alone and After Co-administration with Fluvoxamine

Smoking Nonsmoker Smoker Geometric
Status GeometriclS GeometriclLS LS Mean 90%’ Cl of
Parameter n Mean n Mean Ratio (%)t Ratio (%)*
Fezolinetant Alone
(109.43,
Cmax (ng/mL) 9 209 9 273 130.20 154.92)
AUCinf 9 1860 9 1520 81.84 (70.34, 95.22)
(heng/mL)
Fezolinetant + Fluvoxamine
(113.69,
Cmax (ng/mL) 9 38.6 9 59.7 154.45 209.84)
AUCinf 9 1880 9 1750 93.12 (77.32, 112.15)
(heng/mL)

Cl: confidence interval; ES259564: fezolinetant metabolite; LS: least squares; n: number of participants.
1 Ratios and confidence limits were transformed back to raw scale and values are expressed as percentages.
Source: Study 2693-CL-0006, End-of-Text Table 12.4.3.6

Conclusion:

Co-administration of fezolinetant with fluvoxamine resulted in increased fezolinetant exposure
and t%, with no change in tmax, due to decreases in both CL/F and Vz/F. The magnitude of
exposure increase (9.39-fold increase in AUCinf and 1.82-fold increase in Cmax) was similar in
smokers and nonsmokers. These results were consistent with inhibition of fezolinetant
metabolic clearance following co-administration of fluvoxamine.

Following fezolinetant administration, ES259264 exhibited elimination-rate limited kinetics. Co-
administration of fezolinetant with fluvoxamine resulted in a large decrease in ES259564 Cmax
(geometric LS mean ratio 20.10%), a small increase in AUCinf (geometric LS mean ratio 107.97%)
and a large increase of t% plus a decrease in the MPR. These changes were similar whether the
subject was a smoker or nonsmoker. The addition of fluvoxamine appears to slow the rate of
formation of the metabolite and slow its metabolic clearance.

Smoking resulted in decreased fezolinetant exposure (geometric LS mean ratio 48.29% for
AUCinf and 71.74% for Cmax) with similar decreases observed when fezolinetant was co-
administered with fluvoxamine. Both CL/F and Vz/F increased with smoking leading to a
decrease in fezolinetant t}s. The increase in CL/F and decrease in t% were consistent with
smoking increasing CYP1A2 activity. The increase in Vz/F can be explained by increased first pass
metabolism leading to a decrease in oral bioavailability.

When fezolinetant was administered alone in smokers, ES259564 Cmax slightly increased (1.30-
fold), AUCinf slightly decreased (geometric LS mean ratio 81.84%), while the MPR increased.
These results were of the same magnitude when fezolinetant was administered in combination
with fluvoxamine. These results are consistent with smoking increasing the fraction of parent
converted to metabolite, but not affecting the amount of the metabolite.

Reviewer comments: The applicant’s conclusion for impact of CYP1A2 inhibitor (fluvoxamine) and
inducer (smoking) to exposure of fezolinetant is reasonable.
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4.3.10. Phase 2 Dose-finding Study ESN364-HF-205

Title: A Randomized, Placebo-Controlled, Double-Blind, Dose-Ranging, Phase 2b Study to Investigate the
Efficacy of ESN364 in Postmenopausal Women Suffering From Vasomotor Symptoms (Hot Flashes)

Primary Objective:

The primary objective of this study was to evaluate the effect of different doses and dosing regimens of
ESN364 on frequency and severity of VMS (hot flashes).

There were 4 co-primary efficacy endpoints:

e Mean change in the frequency of moderate to severe VMS from baseline to Week 4
e Mean change in the frequency of moderate to severe VMS from baseline to Week 12
e Mean change in the severity of moderate to severe VMS from baseline to Week 4

e Mean change in the severity of moderate to severe VMS from baseline to Week 12

Study Design:

This was a 12-week, randomized, double-blind, placebo-controlled, dose-ranging, parallel-group,
multicenter study to assess the efficacy of ESN364 in postmenopausal women with VMS (hot flashes). A
schematic overview of the study design was provided in Figure 6.

Figure 15. Overview of Study ESN364_HF_205

ESN364 15 mg BID (Npamed=44) Follow-up

ESN364 30 mg BID (Npiaamea=44) Follow-up

i ESN364 60 mg BID (Nptannea=44) Follow-up

? é ESN364 90 mg BID (Npauwed=44) Follow-up

,’g é ESN364 30 mg QD + placebo QD (Nptaaned=44) Follow-up

E ESN364 60 mg QD + placebo QD (Nptaunea=44) Follow-up

ESN364 120 mg QD + placebo QD (Npjnea=44) Follow-up

Placebo BID (Njauea=44) Follow-up

VI V2 VIA V3 V3A V4 V4A Vs Vo
(Day 1)
Swks 2 wks 2 wks 2 wks 2 wks 2 wks 2 wks ~3 wks

a. Screening was to be performed up to 35 days prior to randomization. with a minimum of 7 days to allow for
baseline data collection of vasomotor symptom frequency and severity. V = visit.

PK Assessment:
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Pharmacokinetic samples were taken at week 4 (visit 3) predose and 1 (+ 30 min), 3 (+ 30 min), 5 (-1
h/30 min), and 7 hours (-1 h/+2 h) postdose as well as predose at week 12 (visit 5).

PD Assessment:

Venous blood samples were collected for pharmacodynamic assessments at day 1 (visit 2), week 4 (visit
3), week 8 (visit 4), week 12 (visit 5)/early termination (ET), and at the follow-up visit (week 15 [visit 6]).
The Week 4 PD sample was taken at the same time as the 3-hour postdose PK sample.

Subject Disposition:

A total of 356 patients were randomized to treatment (including placebo). Among them, 287 patients
(80.6%) completed the study and (19.4%) discontinued treatment. See Table 47 for more details.
Discontinuations due to adverse events of ALT or AST increase were observed in 2 patients at 60 mg BID,
and 1 patient each at 90 mg BID, 60 mg QD and 120 mg QD.

Table 47. Patient Classification: All Randomized Subjects

ESN364 BID

Placebo 15 mg 30 mg 60 mg 90 mg
Analysis Set (n=44) (n =45) (n=44) (n =45) (n=44)
Randomized 44 (100.0%) | 45(100.0%) | 44(100.0%) | 45(100.0%) | 44 (100.0%)
Safety analysis sett 43 (97.7%) 45 (100.0%) 43 (97.7%) 45 (100.0%) | 44 (100.0%)
Full analysis seti 43 (97.7%) 45 (100.0%) 43 (97.7%) 45 (100.0%) 42 (95.5%)
Per protocol set: week 4§ 42 (95.5%) 38 (84.4%) 39 (88.6%) 37 (82.2%) 34 (77.3%)
Per protocol set: & 2 s " e ’ 7
i’ s 37 (84.1%) 37 (82.2%) 36 (31.8%) 29 (64.4%) 30 (68.2%)
Treatment ) . . )

- 5 Qo 0/ 3 694 2 (7 o 2 (27.3%
Jiconbuston 7(15.9%) 5(11.1%) 6(13.6%) 12 (26.7%) 12 (27.3%)

ESN364 QD
30 mg 60 mg 120 mg

Analysis Set (n=45) (n=45) (n=44) Total (n = 356)
Randomized 45 (100.0%) 45 (100.0%) 44 (100.0%) 356 (100.0%)
Safety analysis sett 43 (95.6%) 45 (100.0%) 44 (100.0%) 352 (98.9%)
Full analysis set? 43 (95.6%) 44 (97.8%) 44 (100.0%) 349 (98.0%)
Per protocol set: week 4§ 38 (84.4%) 40 (88.9%) 36 (81.8%) 304 (85.4%)
Per protocol set: . , o i -
“_eeflz 2t 31 (68.9%) 36 (80.0%) 34(77.3%) 270 (75.8%)
Treatment s . p A0
eI 11 (24.4%) 9 (20.0%) 7 (15.9%) 69 (19.4%)

7 All randomized patients who received at least 1 dose of study drug.

I All randomized patients who received at least 1 dose of study drug and had baseline and postbaseline efficacy
evaluation.

§ All randomized patients from the Full Analysis Set who had measurement of the primary efficacy endpoint
available at week 4. = 85% interactive diary compliance during the 4-week treatment period and treatment
compliance > 85% between randomization and week 4.

9 All randomized patients from the Full Analysis Set who had measurement of the primary efficacy endpoint
available at week 12. = 85% interactive diary compliance during the 12-week treatment period and treatment
compliance > 85% between randomization and week 12.

Table 12.1.1.2][Table 12.1.1.3

Sources:

Results

Efficacy results:

Primary analysis of change from baseline in frequency and severity of VMS at Week 4 and Week 12 were
presented in Table 48 and Table 49.
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Table 48. Primary Analysis of Change in the Mean Frequency of Moderate and Severe VMS per 24 h from Baseline to Week 4
and Week 12: Full Analysis Set

Change from Difference from Placebo
Baseline
Analysis Treatment LS Mean (SE) LS Mean 95% CI P-value
Visit Group n (SE)
Week 4 Placebo (n = 43) 12 4.2 (0.65) NA NA NA
ESN364 15mg 40 -6.1 (0.61) -1.9(0.84) (-3.56. - 0.0240 *
BID (n =45) 0.25)
ESN364 30 mg 41 -7.2(0.64) -3.0(0.84) (-4.68. - 0.0004 *
BID (n=43) 1.38)
ESN364 60 mg 40 -7.0 (0.62) -2.8(0.84) (-4.44. - 0.0010 *
BID (n =45) 1.14)
ESN364 90 mg 37 -7.7 (0.65) -3.5(0.84) (-5.20, - <0.0001 *
BID (n=42) 1.89)
ESN364 30 mg QD 40 -6.5 (0.65) -2.3(0.84) (-4.00, - 0.0058 *
(n=43) 0.68)
ESN364 60 mg QD | 43 -7.2(0.61) -3.0(0.82) (465, - 0.0003 *
(n=44) 1.41)
ESN364 120 mg 12 6.6 (0.63) 2.4 (0.84) (4.06, - 0.0042 *
QD (n=44) 0.76)
Week 12 | Placebo (n=43) 37 -5.3 (0.58) NA NA NA
ESN364 15mg 38 -7.2(0.54) -1.8(0.75) (-3.30. - 0.0154 *
BID (n = 45) 0.35)
ESN364 30 mg 37 -7.5 (0.56) -2.1(0.74) (-3.60. - 0.0043 *
BID (n = 43) 0.67)
ESN364 60 mg 31 -7.6 (0.55) -2.3(0.75) (-3.76. - 0.0023 *
BID (n = 45) 0.83)
ESN364 90 mg 31 -8.0 (0.58) -2.6 (0.75) (-4.09, - 0.0005 *
BID (n = 42) 1.16)
ESN364 30 mg QD 33 -7.4(0.58) -2.1(0.75) (-3.52. - 0.0064 *
(n=43) 0.58)
ESN364 60 mg QD 36 -7.9 (0.54) -2.6 (0.74) (-4.04, - 0.0005 *
(n=44) 1.15)
ESN364 120 mg 36 -7.4(0.57) -2.1(0.75) (-3.52. - 0.0063 *
QD (n=44) 0.59)
Subset of the safety analysis set who had a baseline and at least one postbaseline efficacy evaluation (Full

Analysis Set).

Note: Baseline was the average frequency of 24 h vasomotor symptom from 7 non-missing days prior to day 1.
The LS means, standard errors, confidence intervals, and P-values come from an ANCOVA model with change
from baseline as the dependent variable and treatment group, pooled center, smoking status as factors and
baseline measurement, baseline weight as covanates. For subjects in the efficacy analysis populations with
missing primary efficacy endpomts, multiple imputation by fully conditional specification methods were used.

NA: not applicable; VMS: vasomotor symptoms.
* P-values from the model < 0.05.

Source: Table 7 of CSR for Study ESN364-HF-205

Table 49. Primary Analysis of Change in the Mean Severity of Moderate and Severe VMS per 24 h from Baseline to Week 4
and Week 12: Full Analysis Set
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Change Difference from Placebo
from
Baseline
Analysis Treatment LS Mean LS Mean 95% CI P-value
Visit Group n (SE) (SE)
Week 4 Placebo (n=43) 42 -0.3(0.15) NA NA NA
ESN364 15 mg 40 -0.8(0.14) | -05(0.20) | (-0.84.-007) | 00215*%
BID (n=45)
ESN364 30 mg 41 -09(0.15) | -06(0.20) (-1.01, -0.24) 0.0017 *
BID (n=43)
ESN364 60 mg 40 -1.2(0.14) -0.8 (0.20) (-1.21,-0.44) | <0.0001 *
BID (n=45)
ESN364 90 mg 37 -13(0.15) | -1.0(0.20) (-1.37,-0.59) | <0.0001 *
BID (n=42)
ESN364 30 mg QD 40 -0.7(0.15) | -04(0.20) | (-0.81.-0.04) | 00322*%
(n=43)
ESN364 60 mg QD 43 -09(0.14) | -06(0.19) | (-0.99.-023) | 00017 *
(n=44)
ESN364 120 mg 42 -1.0(0.15) | -07(0.20) | (-1.08.-031) | 0.0004*
QD (n=44)
Week 12 | Placebo (n=43) 37 0.8 (0.16) NA NA NA
ESN364 15 mg 38 -1.0(0.15) | -03(021) (-0.67. 0.16) 02324
BID (n=45)
ESN364 30 mg 37 -1.1(0.16) -0.4(0.21) (-0.80, 0.04) 0.0736
BID (n=43)
ESN364 60 mg 31 -1.3(0.16) 0.6 (0.21) (-0.98, -0.15) 0.0080 *
BID (n=45)
ESN364 90 mg 31 -1.4(0.17) -0.6 (0.21) (-1.07, -0.22) 0.0028 *
BID (n=42)
ESN364 30 mg QD 33 -09(0.16) | -02(0.21) (-0.58. 0.26) 04647
(n=43)
ESN364 60 mg QD 36 -13(0.15) | -05(0.21) | (-0.92.-0.10) | 0.0160*
(n=44)
ESN364 120 mg 36 -1.1(0.16) | -04(0.21) (-0.78. 0.06) 0.0901
QD (n=44)

Subset of the safety analysis set who had a baseline and at least one postbaseline efficacy evaluation (Full
Analysis Set).

Note: Baseline was the average severity of 24 h vasomotor symptom from 7 non-missing days prior to day 1.
The LS means, standard errors. confidence intervals. and P-values come from an ANCOVA model with change
from baseline as the dependent variable and treatment group. pooled center, smoking status as factors and
baseline measurement, baseline weight as covarniates. For subjects in the efficacy analysis populations with
missing primary efficacy endpoints. multiple imputation by fully conditional specification methods were used.

VMS: vasomotor symptoms. NA: not applicable.

* P-values from the model < 0.05.
Source: Table 8 of CSR for Study ESN364-HF-205

Reviewer’s comments:

e All 4 of co-primary endpoints were significantly different from placebo for the 90 mg BID, 60 mg
BID and 60 mg QD dose groups.
o All ESN364 dose groups were significantly different from placebo with respect to mean change
in the frequency of moderate to severe VMS at both weeks 4 and 12.
o Theimprovement in frequency of moderate to severe VMS relative to placebo at weeks
4 and 12 was greater than 2, indicative of a clinically relevant improvement, for all dose
groups except 15 mg BID.
e All groups were significantly different from placebo with respect to mean change in the severity
of moderate to severe VMS from baseline to week 4, but only 60 mg BID, 90 mg BID and 60 mg
QD demonstrated significance with respect to mean change in severity at week 12.
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PK results:

PK data from this Phase 2 study were analyzed, together with data from other studies, in the population
PK analysis.

PD results:

e LH: LH levels showed a small mean and median decrease from baseline in the placebo group. In
the ESN364 groups, there was a mean and median decrease from baseline at all postbaseline
time points, particularly at 3 hours postdose at week 4. The decrease appears to be dose-related
and persisted through week 12. However, the very low numbers of patients with 3-hour
postdose samples at later weeks hinders accurate analysis at weeks 8 and 12 (n =0, 1, or 2).

e FSH: All treatment groups showed a small mean and median decrease from baseline in FSH
levels during the treatment period including the placebo group. There was no treatment- or
dose-related effects. One patient in the 30 mg BID group had an adverse event of blood FSH
decreased.

e Estradiol (E2): Patients with an estradiol level below the limit of quantification (73.4 pmol/L),
were recorded as having a result at half the limit of quantification. Since a large proportion of
patients in all treatment groups had levels recorded as this, the summary statistics are skewed,
and the median value was 36.70 pmol/L, for all treatment groups at all post baseline time
points. For the mean change from baseline, the interpatient variability was large, and there
were no clear trends or differences from placebo.

e SHBG: There were no clinically meaningful changes in SHBG levels over the course of the study
in any treatment group, and no difference from placebo.

4.4. Physiologically based Pharmacokinetic Modeling and Simulation Review

EXECUTIVE SUMMARY
The objective of this review is to evaluate the adequacy of the Applicant’s Physiologically based

Pharmacokinetic (PBPK) analysis to predict the DDI liability of fezolinetant as a victim of CYP1A2-
mediated interaction by moderate and weak CYP1A2 inhibitors.

The Division of Pharmacometrics has reviewed the PBPK submission (Reports 2693-pk-0005,
2693-pk-0014 and modeling files), and responses to FDA’s requests for information (dated
9/2/22 and 10/6/22) to conclude the following:

e The PBPK modeling analysis was considered adequate to predict the effect of moderate and
weak CYP1A2 inhibitors on the exposure of 45 mg fezolinetant
o coadministration of the moderate CYP1A2 inhibitor mexiletine (200 mg three times
a day (TID) or 400 mg TID) is expected to increase the Cmax and AUC of fezolinetant
1.4- to 1.6-fold and 3.4- to 4.6- fold, respectively.
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o coadministration of the weak CYP1A2 inhibitor cimetidine (400 mg twice daily (BID)
or 300 mg four times a day (QID)) is expected to increase the Cmax and AUC of
fezolinetant 1.3- to 1.4-fold and 1.6- to 2.0-fold, respectively.

Methods
Model Development

The PBPK analyses were performed using the software Simcyp® version 21 release 1. The PBPK
model of fezolinetant was developed based on physicochemical properties, preclinical, and
clinical PK data.

The absorption of fezolinetant for the tablet formulation, under fasted and fed state, was
described using the Advanced Dissolution, Absorption and Metabolism (ADAM) model. Human
jejunum effective permeability (Peff) of fezolinetant was determined by estimating the
transcellular passive permeability (Ptrans,0) using the Mechanistic Passive Regional
Permeability Predictor (MechPeff) model. A passive permeability value of 101.9 x 10-6 cm/s
was estimated using in vitro Caco-2 cells permeability data [2693-ME-0011] and analysis in SIVA
3.

The in vitro Papp values of fezolinetant at 2, 20 and 200 uM were 27, 28 and 29 x 10-6 cm/s for
the apical to basal direction [2693-ME-0011]. Those values were approximately twice that of
propranolol (Papp= 13.6 x 10-6 cm/s), suggesting that fezolinetant is a highly permeable
compound. In the human mass balance study, unchanged fezolinetant accounted for 0.1 % in
feces in 0 to 24-hour post-dose sample [ESN364-CPK-103] suggesting high drug absorption.
Weibull functions was used to characterize the fasted and fed dissolution profiles of
fezolinetant. The in vitro dissolution data were used to mimic the fasted dissolution profile
[CTD Module 3.2.P.5.4], while the fed dissolution profile was optimized based on observed
clinical data under fed condition [2693-CL-0012 and ESN364-CPK-101]. There were around 20%
decrease in Cmax, 30-min delay in Tmax, and no change in AUC with a high-fat, high calorie
meal [2693-CL-0012].

The unbound fraction of fezolinetant in plasma (fup) was 0.49, concentration-independent with
albumin as main plasma binding protein [2693-ME-0012]. The blood-to-plasma partitioning
ratio was set at 0.9. A full PBPK model was used to characterize the disposition of fezolinetant.
The Rodgers and Rowland method was used to predict the volume of distribution at steady
state (Vss=0.82 L/kg). In vitro data suggested no evidence for active uptake of fezolinetant by
the transporters OATP1B, OATP1A2, OATP2B1 and PEPT1; neither efflux by the transporters
MRP2 and MRP3 [2693-ME-0008, ESN364-DDI-004, ESN364-DDI-005 and Tebu-03-25Feb2015].
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Metabolic profiles of fezolinetant were obtained from in vitro [2693-ME-0009] and in vivo
studies [2693-ME-0006, 2693-ME-0015]. In human hepatocytes, fezolinetant was extensively
metabolized, primarily to yield a hydroxylated metabolite ES259564 [CYP0720-R1]. In the
human mass balance study [ESN364-CPK-103], ES259564 AUC was approximately 2-fold higher
than fezolinetant AUC, with only fezolinetant and ES259564 being detected in plasma. The
metabolite-to-parent ratio (MPR) ranged from 0.7 to 1.8. ES259564 was considered 20-fold less
potent against NK3 receptors than parent with no significant off-target activities.

In vitro, three approaches to reaction phenotyping (assays with recombinant human CYP
enzymes, human liver microsomes and chemical inhibitors) implicated CYP1A2 as the primary
catalyzing enzyme to the formation of ES259564 from fezolinetant and minor contributions
from CYP2C9 and CYP2C19 [2693-ME-0009]. Clinically, co-administration of the strong CYP1A2
inhibitor fluvoxamine (50 mg BID) increased the AUCinf and Cmax of fezolinetant (single 30 mg
dose) by 9.4-fold and 1.8-fold, respectively, and decreased the mean MPR from 1.8 to 0.23
[2693-CL-0006].

The contribution of CYP1A2 to fezolinetant clearance was optimized to 92% (metabolic
fmCYP1A2=0.9) based on the clinical DDI effect of fluvoxamine in non-smoking women. The
intrinsic clearance of CYP1A2 (Clint, CYP1A2) and additional hepatic clearance (HLM Clint) were
calculated by retrograde analysis using the apparent clearance (CL/F) value of 14.5 L/h reported
in the study 2693-CL-007 (control cohort). The renal clearance of fezolinetant was set to 0.2
L/h, based on the reported value in this study.

Additional comments:

e High variability of CL/F (inter-study and inter-subject within each study) was reported. The
CL/F of fezolinetant was estimated to be 10.8 L/h for a typical nonsmoking woman receiving
the tablet formulation in the phase 2 and 3 studies, and the inter-subject variability (%CV)
of CL/F was estimated to be 46% in postmenopausal female participants with VMS, based
on a population PK analysis [2693-PK-0010]. In addition, the reported mean CL/F ranged
from 12.4 L/h in premenopausal and menopausal nonsmoking women receiving 45 mg
fezolinetant [2693-CL-0010] to 22.9 L/h in the clinical DDI study with fluvoxamine in the
control group of healthy postmenopausal nonsmoking women receiving 30 mg fezolinetant
[2693-CL-0006]. This CL/F variability was not readily explained by menopausal status, age,
or dose (<120 mg), and bioavailability was not expected to be a significant factor
(considering fezolinetant solubility and permeability/absorption profile).

Neither fezolinetant or metabolite ES259564 showed significant reversible or time-dependent
inhibition towards the CYP isoforms 1A2, 2B6, 2C8, 2C9, 2C19, 2D6 and 3A4, in vitro [CYP0720
R2F]. Weak to null induction liability of fezolinetant and metabolite towards CYP1A2, CYP2B6
and CYP3A4 was reported in vitro [CYPO720 R2F].
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Model Application

The PBPK analysis was used to predict the PK of fezolinetant following 45 mg single dose (SD) in
the presence of the following CYP1A2 inhibitors:

e Moderate CYP1A2 inhibitor mexiletine (200 mg TID or 400 mg TID)
e Weak CYP1A2 inhibitor cimetidine (300 mg QID or 400 mg BID)

The software’s library compound models for fluvoxamine and cimetidine were used in the
simulations for the respective DDIs. The Applicant developed a PBPK model for mexiletine. The
default PBPK model of cimetidine did not include the parameter of CYP1A2 reversible inhibition
constant (Ki).

In response to FDA’s request to information (dated 9/2/22), the Applicant provided a
verification of the ability of the PBPK analysis to predict CYP1A2-mediated DDI by cimetidine
and mexiletine. Database and literature search were conducted for in vitro CYP1A2 IC50/Ki
values of cimetidine and mexiletine, and clinical DDI studies (in non-smokers) between
cimetidine or mexiletine and CYP1A2 substrates. DDI simulations were conducted for the
CYP1A2 substrates caffeine, theophylline (IV and oral), and zolpidem (default software’s
compound library models) using the reported lowest and highest in vitro IC50/Ki values for each
CYP1A2 inhibitor. Simulated results were compared to reported AUC or clearance (CL) change
in the presence of the CYP1A2 inhibitors. Several-fold reduction of the in vitro values were
required to adequately describe the observed inhibitory DDI effect; thus, in vivo optimized
values for CYP1A2 Ki were determined for cimetidine and mexiletine.

Additional comments:

e For cimetidine, all the predicted/observed ratios for the AUC or CL changes with the
optimized CYP1A2 Ki value (3.5 uM) fell into a 0.8-1.25 range, except for one clinical study
out of 18 studies. For mexiletine, a poor CYP1A2 predictive performance was determined
using a 0.8-1.25 range: the predicted/observed ratios fell outside the range in 3 out of 5
studies. Nonetheless, all predicted/observed ratios fell within a 0.5-1.50 range. The
Reviewer noted the submitted validation analysis for mexiletine was considered sufficient
to assess the effect of a moderate CYP1A2 inhibitor on fezolinetant PK based on magnitude
of the estimated DDI effect and regulatory decision for risk management of DDI in the
prescribing information (i.e., avoid use with moderate CYP1Az2 inhibitor).

Results

1. Can the PBPK model adequately describe the PK profiles of fezolinetant?
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Yes, the PBPK model of fezolinetant described well the observed PK profile in women receiving
single and multiple doses of fezolinetant under fasting and fed conditions [Studies ESN364-CPK-
101, 2693-CL-0006, -0007, -0008, -0010 and -0012] (Figure 1 and Table 1). The percent
prediction errors (%PE) for AUC and Cmax were equal or less than 30% for all clinical studies
used in the model validation, except for study 2693-CL-0006 (control cohort). A higher apparent
clearance was reported in this study and the reason for this observation could not be identified
by the Applicant (refer to Methods section: ‘additional comments’ for further discussion).

Figure 1. Predicted and observed plasma concentration-time profiles of fezolinetant

Linear (left panel) and log-linear (right panel) PK profiles of 45 mg SD dosing of fezolinetant in fasted women. Individual and
mean data from Study 2693-CL-0010 (circles). Solid red line: mean for the predicted population (N = 220, 22 x 10 trials); grey
lines: 5th-95th concentration-time percentiles. (Source: Simulation output file “asp2693_t09_pk07.xIxs").

Linear (left panel) and log-linear (right panel) PK profiles of 45 mg SD dosing of fezolinetant in women under fed state.
Individual and mean data from Study 2693-CL-0012 (circles). Solid red line: mean for the predicted population (N = 160, 16 x
10 trials); grey lines: 5th-95th concentration-time percentiles. (Source: Simulation output file “asp2693_t09_pk09.xIxs”).

Table 1. Predicted and observed PK parameters of fezolinetant following single and multiple doses

Fezolinetant Dosage Cmax (ng/mL) AUC (ng/mL.h)

[Study] Obs Pred %PE Obs Pred %PE

20 mg Day 21 [ESN364-CPK-101, fed)] 185 163 -12 1130 | 1470 30

30 mg SD [2693-CL-0006, non-smoker, fasted] 282 329 17 1400 2680 91

30 mg SD [2693-CL-0007, control cohort 1, fasted] 358 294 -18 2300 2440 6
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30 mg SD [2693-CL-0007, control cohort 2, fasted] 384 294 -23 2340 2440 4
30 mg SD [2693-CL-0008, control cohort 1, fasted] 270 298 10 2220 2420 9
30 mg SD [2693-CL-0008, control cohort 2, fasted] 260 298 15 2200 2420 10
30 mg SD [2693-CL-0008, control cohort 3, fasted] 286 298 4 2470 2420 -2
45 mg SD [2693-CL-0010, to-be-market formulation] 506 431 -15 3840 3353 -13
45 mg SD [2693-CL-0010, phase 3 formulation] 527 431 -18 3960 3353 -15
45 mg SD [2693-CL-0012, fasted] 453 439 -3 2870 3354 17
45 mg SD [2693-CL-0012, fed] 343 325 -5 2760 3221 17
60 mg Day 21 [ESN364-CPK-101, fed] 423 401 -5 2880 3740 30

PK parameters are mean values. AUC values represent AUCinf for single dose (SD), expect for AUC24h for Day 21 in the Study
ESN364-CPK-101. %PE= [(predicted value — observed value)/observed value] x 100. (Source: Applicant’s Response to IR dated
10/6/22, Table 1).

Q2. Can PBPK analyses predict the effect of a CYP1A2 inhibitor on the PK of fezolinetant?

Yes, the PBPK analysis was considered adequate to estimate the DDI liability of fezolinetant as a
victim of CYP1A2 inhibition.

The model adequately predicted the interaction effect of the strong CYP1A2 inhibitor
fluvoxamine (50 mg BID) on the PK of fezolinetant (30 mg SD) in nonsmoking women [2693-CL-
0006]. The predicted geometric mean ratios of Cmax and AUCinf were within 10% of the
observed values (Table 2). These results suggest that fezolinetant PBPK model provided a
reasonable estimate of the metabolic contribution of CYP1A2 (fmCYP1A2=0.92) to fezolinetant
clearance at single dose in vivo.

Table 2. Predicted and observed Cmax and AUC changes of fezolinetant in the presence of the strong
CYP1A2 inhibitor fluvoxamine

Cmax ratio (90%Cl) AUCinf ratio (90%Cl)
DDI Scenario
Observed Predicted Observed Predicted
fezolinetant 30 mg SD 1.63 1.48 8.89 8.57
+ fluvoxamine 50 mg BID (1.38-1.94) (1.44 - 1.53) (6.91-11.4) (8.13-9.42)

PK data are geometric mean ratios. Cmax and AUC ratios are expressed as with/without inhibitor. Observed: Study 2693-CL-
0006. (Source: Applicant’s Response to IR dated 10/6/22, Table 2).

The model was used to predict the interaction effect of moderate and weak CYP1A2 inhibitors
on fezolinetant 45 mg SD, under both fasted and fed conditions. The predicted geometric mean
ratios of Cmax and AUC of fezolinetant in the presence of mexiletine (moderate CYP1A2
inhibitor) or cimetidine (weak CYP1A2 inhibitor) are summarized in Table 3.

Table 3. PBPK predicted Cmax and AUC ratios for fezolinetant in the presence of CYP1A2 inhibitors
| CYP1A2 Inhibitor | Fezolinetant (45 mg SD) PK in the presence of CYP1A2 inhibitors |
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Dosing Regimen
Cmax Ratio AUCinf Ratio
(90% Cl) (90% ClI)
Mexiletine 400 mg TID — fasted 1.41 (1.38, 1.45) 4.61 (4.39, 4.84)
Mexiletine 400 mg TID — fed 1.59 (1.54, 1.64) 4.55 (4.33, 4.78)
Mexiletine 200 mg TID — fasted 1.36 (1.33, 1.39) 3.43 (3.27, 3.59)
Mexiletine 200 mg TID — fed 1.50 (1.47, 1.54) 3.38 (3.24, 3.54)
Cimetidine 300 mg QID - fasted 1.30(1.27,1.32) 2.01 (1.96, 2.05)
Cimetidine 300 mg QID - fed 1.33(1.30, 1.35) 1.91 (1.87, 1.95)
Cimetidine 400 mg BID — fasted 1.32(1.29, 1.35) 1.75(1.71, 1.79)
Cimetidine 400 mg BID - fed 1.36 (1.33, 1.39) 1.61 (1.58, 1.64)

PK data are geometric mean ratios and 90% confidence interval. Cmax and AUC ratios are expressed as with/without inhibitor.
Simulations were conducted using the population model “Sim-Healthy Volunteers”, with weight distribution adjusted to give
mean weight = 74 kg. N=10 x 10 trials, proportion of females=1, age range 40-65 years. Abbreviations: BID: twice daily; TID:
three times a day; QID: four times a day (Source: Applicant’s Response to IR dated 10/6/22, Table 11).

Additional comments:

e The Applicant demonstrated that the predicted magnitude of DDI did not change
significantly with multiple-dose administration of fezolinetant in the presence of an
inhibitor compared to the predicted DDI of single dose administration of fezolinetant. These
results are in line with the short half-life and minimal accumulation of fezolinetant.

e Invitro assays [2693-ME-0009] determined that fezolinetant is primarily metabolized by
CYP1A2, with minor contributions of CYP2C9 and CYP2C19. The clinical interaction effect of
the strong CYP1A2 inhibitor fluvoxamine [2693-CL-0006] was used to optimize the
percentage contribution of CYP1A2 to fezolinetant metabolism in vivo. However, the
Applicant acknowledged that fluvoxamine is an inhibitor of several CYP isoforms, including
the ones determined to be involved in fezolinetant metabolism in vitro (CYP1A2, CYP2C9
and CYP2C19). Thus, by assigning the magnitude of the effect of fluvoxamine being only
mediated by CYP1A2 inhibition, the current PBPK analysis seemed to represent the maximal
effect of CYP1A2 inhibition on the clearance of fezolinetant. The DDI predictions with the
CYP1A2 inhibitors should be interpreted with caution.

Conclusions

The PBPK modeling analysis was used to predict the effect of moderate and weak CYP1A2
inhibitors on the PK of fezolinetant and serve as the regulatory basis for recommendations for
management of DDI risk in the prescribing information.

The PBPK modeling analysis was considered adequate to predict the effect of moderate and
weak CYP1A2 inhibitors on the exposure of 45 mg fezolinetant:
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e coadministration of the moderate CYP1A2 inhibitor mexiletine (200 mg TID or 400 mg TID)
is expected to increase the Cmax and AUC of fezolinetant 1.4- to 1.6-fold and 3.4- to 4.6-
fold, respectively.

e coadministration of the weak CYP1A2 inhibitor cimetidine (400 mg BID or 300 mg QID) is
expected to increase the Cmax and AUC of fezolinetant 1.3- to 1.4-fold and 1.6- to 2.0-fold,
respectively.

4.5 Pharmacometrics Review

Population PK Analysis
Executive Summary

The FDA’s Assessment: In general, the applicant’s population PK and exposure response analyses on

efficacy and safety are considered acceptable for the purpose of supporting analyses objectives. The
applicant’s analyses were verified by the reviewer, with no significant discordance identified.

The Applicant’s Position:

General Information

Objectives of PPK Analysis Characterize the fezolinetant concentration-time profile in
healthy women, postmenopausal women with vasomotor
symptoms (VMS), women with polycystic

ovarian syndrome (PCOS), and women with uterine fibroids
(UF); assess the impact of pre-defined covariate effects on
fezolinetant PK parameters; and generate individual predicted
PK parameters and/or exposure predictions for subsequent
exposure-response analyses.

Studies Included 14 clinical studies including eight phase 1, four phase

2, and two phase 3 studies were used to develop the
population pharmacokinetic model.

Phase | studies included single and multiple ascending dose
studies in healthy non-Asian subjects (ESN364-CPK-101 and
ESN364-CPK-102) as well as healthy subjects from China (2693-
CL-0030) and Japan (2693-CL-0020). In addition, a drug-drug
interaction study evaluating the impact of a strong CYP1A2

inhibitor and smoking status on fezolinetant pharmacokinetics
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(2693-CL-0006) was also included. Finally, studies assessing
formulation differences between hard gelatin capsules and
between phase 3 tablets (2693-CL-0009) and the to-be-
marketed tablet and the phase 3 tablet formulations (2693-CL-
0010) as well as a food effect study (2693-CL-0012) assessing
the impact of a high-fat breakfast on fezolinetant
pharmacokinetics were also included.

Phase 2 studies included three proof-of-concept studies in
women with VMSv (ESN364_HF_204), polycystic ovarian
syndrome (ESN364-PCO-201), or uterine fibroids (ESN364-UF-
02) as well as a dose ranging study in women with VMS related
to menopause (ESN364_HF_205).

Phase 3 studies (2693-CL-0301 and 2693-CL-0302) included
pharmacokinetic data from postmenopausal women with VMS.

Dose(s) Included

Doses from 3 to 900 mg (single dose) and 20 to 720 mg qd
(multiple dose); dose proportional from 20 to 60 mg qd.

Population Included

Healthy volunteers, participants with Uterine Fibroids,
participants with Polycystic Ovarian Syndrome; and participants
with VMS (female only, n=1488)

Population
Characteristics
(Applicant -
Table 8)

General Age: median 54 yr (range: 19-65)
Weight: median 73.0 kg (range: 42.0-126.0)
Sex: 1488 (100%) female
Race: 1152 (77%) White, 272 (18%) Black, 42 (3%) Asian, 22
(2%) Other
Organ Dedicated Hepatic Impairment study (0007) was not included in
Impairment the PopPK analyses.

Dedicated Renal Impairment study (0008) was not included in
the PopPK analyses. Note that there is an error in classifying

Reference ID: 5083095
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patients into normal and mild renal impairment categories as
shown in Table 8. The regular cutoff in eGFR of 90 ml/min
between normal and mild renal impairment was not used.

Pediatrics (if
any)

Not applicable

No. of Patients, PK Samples, and
below level of quantitation (BLQ)

No. of patients: 1488
No. of PK samples measurable: 11577

N (%) BLQ: 1480 (11.3%)

Sampling
Schedule

Rich or Sparse

Extensive PK sampling designs (i.e., phase 1) and those with

Sampling sparse designs (i.e., phase 2 and phase 3) (See Table 1 in the
popPK report).

InITT NA

Population

Covariates
Evaluated

Covariates of interest were added simultaneously in order to
evaluate a full model. Covariates were pre-specified in
accordance with ICH guidelines and selected based on clinical
utility and mechanistic plausibility.

Body weight: CL/F, Vc/F
Age: ka, CL/F, Vc/F

Race: CL/F, Vc/F

Creatinine clearance: CL/F
Study Phases: CL/F

Formulation: ka, F
Pre-menopause: CL/F, Vc/F

Food: ka

The intended to be evaluated covariates:

Reference ID: 5083095
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Caffeine: CL/F
CYP1A2 Clinical Inhibitors: CL/F
CYP2C9 Clinical Inhibitors: CL/F

CYP2C19 Clinical Inhibitors: CL/F

Concomitant CYP1A2 inhibitors and CYP2C9 inhibitors were not
evaluated because only a small number of subjects received

one of these medications. In addition, baseline caffeine intake

was not evaluated because this

information was not collected in several studies. Finally, the

investigation of the impact of CYP2C19 inhibitors was not

evaluated in the full model, but rather following backward
elimination since there is generally more uncertainty in the

quality of data from concomitant

medications compared to standard demographic variables.

Current smoking status was included in the base model as a

pre-specified structural covariate.

Time-varying

NA

Final Model

Summary

Acceptability

[FDA’s comments]

Software and Version

NONMEME® (version 7.4)

Acceptable

Model Structure

A two-compartment model with Erlang
distribution transit compartment (n=6)
absorption

and first-order elimination adequately
characterized the fezolinetant
concentration-time

data.

Acceptable

Model Parameter Estimates

Applicant - Table 14

Acceptable

Reference ID: 5083095
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Uncertainty and Variability
(Relative Standard Error [RSE], IIV,
Shrinkage, Bootstrap)

Parameters were generally estimated
with good precision (RSE <20%) except
for ABW on V2apc, and AST on METDM4,
(Applicant - Table 9 and 11)

BLQ for Parameter Accuracy

The impact of concentrations below the
limit of quantitation on fezolinetant PK
parameters

was also assessed during base model
development. Attempts to incorporate
the left censored

BLQ measurements using the M3
method were unsuccessful; however,
models utilizing the

M2 method with the YLO option
indicated similar estimates for key
parameters, overall, with

larger estimates of residual variability. As
such, advanced methods to handle BLQ
data were

not explored further and data below the
LLOQ was excluded from the analysis.

Acceptable

Goodness of Fit (GOF), Visual
Predictive check (VPC)

Applicant-Best Model Goodness-of-Fit
Plots and Figure 11-18 for VPC

Acceptable

Significant Covariates and Clinical
Relevance

Applicant - Figure 9 and 10

Acceptable

Analysis Based on Simulation

Reference ID: 5083095

(optional)
Labeling Language Description Acceptability
[FDA’s comments]
12.3 PK Distribution Acceptable with
minor changes.
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The mean apparent volume of
distribution (Vz/F) of fezolinetant is 189
L.

Elimination

The apparent clearance at steady-state
of fezolinetant is 10.8 L/h. ®@

Specific Populations

(b) (4)
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Applicant - Table 8: Summary of Key Baseline Characteristics and Laboratory Values in the Dataset, Stratified by Study
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Study Number Index: 2=ESN364-UF-02, 6=2693-CL-0006, 9=2693-CL-0009, 10=2693-CL-0010, 12=2693-CL-0012, 20=2693-CL-0020,
30=2693-CL-0030, 101=ESN364-CPK-101,

102=ESN364-CPK-102, 201=ESN364-PC0O-201, 204=ESN364_HF_204, 205=ESN364_HF_205, 301=2693-CL-0301, 302=2693-CL-0302
SD = standard deviation, Min = minimum, Max = maximum
Creatinine clearance was calculated using the Cockroft-Gault equation.

Source: MSTask14_Blind/script/report-2693-pk-0010-data-summary-section5.1.html

Source provided in the Population PK report.
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Applicant - Table 14:

Parameter Estimates for the Best Model in Derived Analysis Dataset 3

Parameter ® Notation [Estimate (%SEM)
Fixed Effects
ktr — Known Meal Status [log 1/hr] 01 2.698[2.9]
CL [log L/hr] 02 2.382[0.7]
Ve [log L] 03 4.562[0.3]
Q [log L/hr] 04 0.853[4.0]
\Vp [log L] 05 4.540[4.1]
®®
Current Smoker on CL [log fraction] 012 0.414[9.6]
Unknown Smoking Status on CL [log fraction] 013 0.077[74.1]
Change in CL at Time=0 for Study 2693-CL-0020 [log fraction] 14 0.345[7.5]
Half-Life for Rate of Decline of CL for 2693-CL-0020 [log hr] 015 4.960 FIX
Meal Status = Fed on ktr [log fraction] 016 -1.071[5.3]
ktr - Unknown Meal Status [log 1/hr] 017 3.194[4.0]
Body Weight on Vc [power] 025 0.938[5.1]
Race = Black on Vc [log fraction] 026 0.094[24.2]
Study 2693-CL-0006 on CL [log fraction] 030 0.486[24.8]
Phase 1 studies on CL [log fraction] 031 0.166[27.2]
Box-Cox Parameter 032 -0.347[14.8]
Dose on ktr [power] 033 -0.150[29.3]
Interindividual Variability
IV ktr — Meal Status Known 2 0.238[17.3]
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wl

IV CL 2 0.213[4.5]
w2

IV Vc 2 0.023[15.5]
w4

IV Vp 2 3.654[15.8]
w5

IV ktr — Meal Status=Unknown 2 1.077[13.1]
w6

Residual Variability

RV Phase 1/2 - Proportional [sd] 06 0.383[1.8]

RV Phase 1/2 - Proportional — Time > 3.5 hr [sd] 07 0.253[1.4]

RV Phase 3 - Proportional [sd] 08 0.396[1.9]

RV Phase 3 - Proportional — Time > 3.5 hr [sd] 09 0.557[1.8]

Source: MSTask14_Blind/deliv/table/parms-best-model-full3035-dad3.csv

a Parameters represent typical values in which the reference individual is a white, non-smoker with a body

weight of 70 kg receiving 90 mg of the tablet formulation in the fasted state in the phase 2 or phase 3 studies

Code: MSTask14_Blind/script/report-2693-PK-0010-best-model-parameter-summary.Rmd

Source provided in the Population PK report.
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Applicant — Adapted from Best Model Goodness-of-Fit Plots (Section 9, PopPK report) and from Figure
11 (study 2693-CL-0006)
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Source provided in the Population PK report.
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Applicant — Figure 9 and 10: Impact of Significant Covariates on Exposure (Cmaxss and AUC(0-tau)ss)

Covariate Impact on Steady-State Cmax

Reference - e
Body Weight = 55 kg - ——
Body Weight = 100 kg 1 -
Race = Black - -
Current Smoker - ES

(b) (4
Formulation = Capsule

Fed Meal Status -

T T T T T T y ¥ ¥ T v

06 0.7 D8 0.9 1.0 1.1 1.2 1.3 14 1.5 16

Ratio to Reference Condition (90% Cl)

Reference Subject: white, non-smoker with a body weight of 75 kg administered 45 mg once daily doses of the
tablet formulation in the fasted state.
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Covariate Impact on Steady-State AUC(0-tau)

Referance - .

Boady Weight = 55 kg 4 .
Body Weight = 100 kg - .
Race = Black 1 .

Current Smoker - —_—

Fed Meal Status - .

"

05 06 07 08 08 1.0 11 12 13 14 15

Ratio to Reference Condition (80% Cl)

Reference Subject: white, non-smoker with a body weight of 75 kg administered 45 mg once daily doses of the
tablet formulation in the fasted state.
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The FDA’s Assessment:

The applicant’s population PK analysis is considered acceptable for the purpose of supporting analyses
objectives.

PPK Review Issues
There are no PPK review issues.
Reviewer’s Independent Analysis

The applicant’s analyses were verified by the reviewer, with no significant discordance identified. We
further verified the steady-state AUCs of fezolinetant in participants with normal, mild, and moderate
renal impairment from the phase 3 studies (2693-CL-0301 and 2693-CL-0302) predicted based on the
population PK analysis. We noticed that the cutoff value between normal and mild was set as 80 instead
of 90 ml/min with respect to eGFR. After correcting the error, the total exposure of fezolinetant in
participants with mild or moderate renal impairment was similar to the exposures in participants with
normal renal function, as shown in [Sponsor Table 5 in the IR response dated 9/29/2022] and [Sponsor
Figure 1 in the IR response dated 9/29/2022].

Sponsor Table 5: Predicted AUC (Mean, Range) for Participants Based on Renal Function in Phase 3
Studies (PopPK Analysis)

DOSE | RENCAT N MEAN_AUC | MEDIAN_AUC | SD_AUC MIN_AUC MAX_AUC | CV_AUC

(mg) (ng.h/mL) (ng.h/mL) (ng.h/mL) | (ng.h/mL) | (ng.h/mL)

30 Normal 201 2803 2690 1360.9 802 9276 48.6
30 Mild 267 2594 2397 1232.8 774 10904 47.5
30 Moderate 7 2393 2096 942.9 1234 4298 394
45 Normal 199 4159 3930 1886.6 1269 11325 45.4
45 Mild 275 4097 3863 1712.3 1348 12689 41.8
45 Moderate 9 4061 3402 1487 2516 7308 36.6

AUCss: AUC0-24 at steady state; CV: coefficient of variation; N: number of participants; PopPK: population
pharmacokinetics.
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APPEARS THIS WAY ON ORIGINAL

Sponsor Figure 1: The Distribution of Fezolinetant AUC at 30 mg and 45 mg in Postmenopausal Women
with VMS and in Female Participants with Mild and Moderate Renal Impairment.
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Exposure-Response Analysis
ER (efficacy) Executive Summary

The FDA’s Assessment:

The applicant’s exposure response analyses on efficacy are considered acceptable for the purpose of

supporting analyses objectives. The applicant’s analyses were verified by the reviewer, with no

significant discordance identified.
ER (efficacy) Assessment Summary

The Applicant’s Position:

General Information

Goal of ER analysis

Characterize the relationship between fezolinetant exposure and both the
frequency and

severity of hot flashes in postmenopausal women; and

Assess the impact of covariate effects on the frequency and severity of
hot flashes, as well as the impact they may have on the relationship
between fezolinetant exposure and

hot flashes.

Study Included

Phase 3 studies 2693-CL-0301 and 2693-CL-0302

Endpoints

Primary: hot flash frequency

Secondary: hot flash severity

No. of Patients (total, and with
individual PK)

A total of 83284 daily hot flash diary records from 342

placebo subjects and 639 fezolinetant treated subjects, with at least one
measurable pharmacokinetic (PK) concentration, were included in the
analysis. Subjects were

postmenopausal females ranging from 40-65 years of age. Subjects were
predominantly

Caucasian, non-smokers. Seventeen percent of subjects were African
American and 16% of subjects were current smokers.

Per our IR request dated 10/18/2022, participants receiving concomitant
treatment with the anti-viral drug,
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acyclovir, were inadvertently excluded from the data set due to a
mismatch in the searched term, “ACYCLOVIR”, and the standardized
medication name, “ACICLOVIR”.

Population General
Characteristics
(Applicant -
Table 1)

Age: median 54.0 yr (min, max: 40.0, 65.0)
Body Mass Index: median 27.8 (min, max: 18.0, 38.0)
Sex: 1022 (100%) female

Race: 828 (81%) White, 174 (17%) Black, 4 (0.4%) American Indian, 10 (1%)
Asian, 6 (0.6%) Other

Pediatrics (if
any)

Not applicable

Dose(s) Included

30 mg QD and 45 mg QD

Exposure Metrics Explored
(range)

Individual predicted steady-state AUC(0-t) was selected to drive exposure-
response relationships instead of integrating fezolinetant concentration in
each count interval.

Covariates Evaluated

® Continuous Covariates: Age, Body mass index, Baseline average hot flash
frequency, Time since onset of hot

flashes (in months), Time since onset of
amenorrhea (in months).

® Categorical Covariates: Oophorectomy status, Race (Non-black vs. black),
Smoking status (Non-smokers, Smokers)

Final Model Parameters

Summary

Model Structure

Frequency endpoints: Non-linear mixed Acceptable

effect frequency model (Poisson
distribution model):

AN

NT € Y

P(yzy; = N) =

where A;j is an estimated function,
containing fixed and random effects, and
represents the expected number of hot
flashes within a particular time interval.
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The two frequency models and the
severity model each included separate
components for baseline, placebo effects
(i.e., non-drug effects), and fezolinetant
drug effects. A temporal delay was
estimated between fezolinetant exposure
and maximum effects on hot flash

frequency and

severity. This delay was quantitated using
a simple exponential model whereby the
effective

AUC (EAUC) increases over time until the
steady-state AUC(0-t) is achieved.

(0 lf tl'j <0

EF\UC. = i .
™ a0~y (1-ep(-explBn) ) >0

tjrepresents time in days relative to the
first day of active treatment for the ith
subject on the jth day, AUCss(0-t); is the
individual predicted steady-state AUC in
the ith subject, and EAUC;; is the effective
AUC in the ith subject on the jth day.

Severity endpoints: Multinomial model

The total number of hot flashes into the
number of mild, moderate, and severe hot
flashes in each 24-hour interval for
prediction of the hot flash severity
endpoint.

Model Parameter Estimates

Applicant - Table 8, and 12

Acceptable

Model Evaluation

Applicant - Figure 12,13,14, 21, 22,23, 24
and 25

Covariates and Clinical Relevance

No intrinsic or extrinsic covariates which
included age, BMI, race, smoking status,
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time since onset of hot flashes, time since
amenorrhea, and oophorectomy status
were

identified as important predictors of hot
flash frequency or severity.

Simulation at different dose
levels

The mean (90% confidence interval)
placebo-corrected change from baseline
reduction in moderate and severe hot
flash frequency at week 12 was predicted
to be -2.01 (-2.70, -1.40) and -2.38 (-3.04, -
1.65) for the 30 mg and 45 mg treatment
groups,

respectively.

The mean (90% confidence interval)
placebo-corrected change from baseline in
hot flash severity at week 12 was
predicted to be -0.24 (-0.27, -0.20) and -
0.27 (-0.31, -0.24) for the 30 mg and 45 mg
treatment groups using Observed Total
Hot Flash Frequency, respectively.

Acceptable

Visualization of E-R relationships

Applicant - Figure 11, 19 and 20

Acceptable

Overall Clinical Relevance for ER

Fezolinetant exposure was predictive of
both the frequency and severity of hot
flashes.

Increasing fezolinetant exposure
decreased hot flash frequency and
reduced the proportion of hot flashes that

were severe.

Acceptable

Reference ID: 5083095

Labeling Language Description Acceptability
[FDA’s comments]
NA NA
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Applicant - Table 50: Summary of Baseline Characteristics
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Source provided in the ER report.
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Applicant - Table 8 and 12: Parameter Estimates for Best Moderate and Severe Hot Flash
Frequency and Severity Model

Best Frequency Model

Best Severity Model
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Parameter Description Notation Estimate SE
Fixed Effects*

Bz [logit] 8, 4297 0.113
Bu: [log logit] 8, 1578 0.023
Maximum placebo effect (fome) [logit] 6; -0.968 0.013
Placebo half-life (8,) [log d] By 2527 0.033
Maximum drug effect (Ogma) [logit] B; -0912 0.05
;iﬁ;ilt;‘:;,rﬁfme to achieve half of maximum drug effect (Gaucso) g 6615 0.259
ke0 (Freq) [log 1/d] &7 -0.74 0.201
Box-cox transformation IV Pr=2 (Bsex) 6z 0.165 0.008
Randem Effects

IV on Pi=s (@2-Piza) S 10.623 0.723
Covariance (© Py, © -Prs) ©12 1.356 0.108
IV on Pi=s (©0°-Pr=s) 22 0.47 0.024

IIV = interindividual variability
* Log transformed parameters were estimated for model parameters that were constrained to be positive

Source provided in the ER report.
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Applicant - Table 1 in IR response on 8/22/2022: Comparison of Model Parameter Estimates for
Original and Simplified Severity Models

Applicant - Figure 11, 19 and 20: lllustration of Baseline and Post-Baseline Placebo-time Effects and
Drug Effect Components of Moderate and Severe Hot Flash Frequency and Severity Model
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Frequency Model

Severity Model
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Source provided in the ER report.

Applicant - Figure 1 in IR response dated 8/31/2022: Mean Predicted Probability of Mild, Moderate,
and Severe Hot Flashes for Simplified Model (Run109_mod.txt)
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Applicant - Figure 12, 13 and 14: Visual Predictive Check for Placebo-Corrected Change from Baseline
(Average (Daily)) Moderate and Severe Hot Flash Frequency for the Best Model
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Source provided in the ER report.
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Applicant - Figure 21, 22, 23, 24 and 25: Visual Predictive Check for the Best Severity Model
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ER (safety) Executive Summary

The FDA’s Assessment:

The applicant’s exposure response analyses on safety are considered acceptable for the purpose of
supporting analyses objectives. The applicant’s analyses were verified by the reviewer, with no
significant discordance identified.

ER (safety) Assessment Summary

The Applicant’s Position:

General Information

Goal of ER analysis Characterize the relationship between fezolinetant exposure
and the time to event of transaminase elevations and frequency
of other adverse events of clinical interest; and

Assess the impact of pre-defined covariate effects on the
frequency of adverse events.

Studies Included Planned: phase 3 studies (2693-CL-0301 and 2693-CL-
0302)
Pooled: phase 3 studies (2693-CL-0301 and 2693-CL-

0302) and phase 2 studies (ESN364_HF_204 and
ESN364_HF_205)

Population Included Women with vasomotor symptoms (VMS) associated with
menopause
Endpoints Liver transaminases (i.e., ALT or AST elevations greater than 3-

times the upper limit of normal (>3x ULN)) as well as biomarkers

No. of Patients (total, and with Planned: N=1022 and pooled: N=1400
individual PK)
Population General Age: median 54.0 yr (min, max: 40.0, 65.0)
Characteristics (pooled)

. Body Mass Index: median 27.8 (min, max: 18.0, 44.1)
(Applicant -

Table 6) Sex: 1022 (100%) female

Race: 1123 (80%) White, 251 (18%) Black, 6 (0.0%) American
Indian, 12 (1%) Asian, 8 (1%) Other
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Pediatrics (if
any)

Not applicable

Dose(s) Included

Planned: 30 mg QD and 45 mg QD; Pooled: up to 180 mg daily.

Exposure Metrics Explored (range)

Planned: Individual predicted steady-state AUC(0-t) and Cmax
were explored

Pooled: Total daily dose, individual predicted

Cavg, and treatment effect (i.e., step function Dose > 0 yes/no).

Covariates Evaluated

® Continuous Covariates: age, BMI,
baseline liver transaminase level

¢ Categorical Covariates: Race, smoking status, diabetes mellitus
history (Smoking

status was unknown in Study ESN364_HF_204 and not
previously identified as predictive of

liver transaminase elevations and was therefore not
investigated in the pooled dataset.)

Final Model Parameters

Summary Acceptability

[FDA’s
comments]

Model Structure

For safety event endpoints: Cox regression Acceptable

model
Model Parameter Estimates Applicant - Table 7 and 8 Acceptable
Model Evaluation Applicant - Figure IV and 21 Acceptable

Covariates and Clinical Relevance

Of the covariates tested, only baseline ALT Acceptable
and baseline AST were identified as

statistically significant covariates. Since
baseline ALT and baseline AST were highly

correlated and the model with baseline ALT
provided a better fit, the model including
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baseline ALT on the hazard rate was used
for subsequent illustrations.

0301 and 2693-CL-0302 which included
daily

doses up to 45 mg, model-based time to
first event analyses for ALT or AST
elevations

>3x ULN did not identify fezolinetant
exposure as a statistically significant
predictor of

ALT or AST elevations. Baseline ALT was
identified as a statistically significant

covariate and predicted an increased rate of
post-baseline ALT or AST elevations with

increasing baseline ALT values.

® In the pooled phase 2 and phase 3 data
including total daily doses up to 180 mg,

model-based time to first event analyses did
identify fezolinetant exposure as a

statistically significant predictor of ALT or
AST elevations >3x ULN. ALT or AST

elevations were predicted to increase with
increasing average fezolinetant
concentration.

Baseline ALT remained a statistically
significant covariate and was included in the

pooled phase 2 and phase 3 model.

Simulation for Specific Population | NA NA

Visualization of E-R relationships Planned: Applicant - Figure 5, 6, 7, and 8 Acceptable
Pooled: Applicant - Figure 22, 23, 24, and 25

Overall Clinical Relevance for ER ® In the phase 3 data from Studies 2693-CL- | Acceptable.

Reference ID: 5083095

134




Exploratory graphical analysis using data
from Studies 2693-CL-0301 and 2693-CL-
0302 showed no clear relationship between
fezolinetant exposure and pertinent safety
endpoints including liver transaminases (i.e.,
ALT and AST), bone safety biomarkers (i.e.,
BSAP,

CTXI, P1NP), platelets, blood glucose, and
creatine kinase (CK). The distribution of
safety laboratory measurements were
generally similar across treatment groups
for all endpoints.

Similarly, no clear trends were observed
between laboratory safety measurements
and

individual predicted fezolinetant exposure

metrics.

Labeling Language Description Acceptability
[FDA’s
comments]

12.2 Pharmacodynamics Not applicable
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Applicant - Table 6: Summary of Covariates Evaluated in Model-based Analyses

Applicant - Table 7, 8 and 11: Cox Proportional Hazard Model Parameter Estimates for ALT or AST
Elevations >3x ULN for Fezolinetant Exposure
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Source provided in the ER report.
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Applicant - Figure 5, 6, 7 and 8: Maximum Post-baseline ALT and Maximum Change from Baseline ALT
in Studies 2693-CL-0301 and 2693-CL-0302 Over the 12-week Treatment Period
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Source provided in the ER report
Applicant - Figure 21: Predicted Cumulative Distribution Function for Different Baseline ALT

Values in Phase 3 Studies 2693-CL-0301 and 2693-CL-0302
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APPEARS THIS WAY ON
ORIGINAL

Source provided in the ER report.
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Applicant - Figure IV: Residual Plots for Cox PH Model Including Baseline ALT

Source provided in the ER report attachment 3
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Applicant - Figure 22, 23, 24 and 25: Predicted Cumulative Distribution Function for Total Daily Dose
Model with Baseline ALT at Different Fezolinetant Total Daily Dose/Cavg Levels
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Figure 23 Predicted Cumulative Distribution Function for Total Daily Dose Model
with Baseline ALT at Different Baseline ALT Values
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Figure 24  Predicted Cumulative Distribution Function for Cavg Model with
Baseline ALT at Different Steady-State Fezolinetant Cavg Values
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Note: Illustration of fezolinetant Cavg effects performed at baseline ALT value of 18 UL
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Source provided in the ER report.

The Reviewer’s Assessment:

The applicant’s analyses results are considered acceptable for the purpose of supporting analyses
objectives.
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