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Safety of Fezolinetant for Vasomotor
Symptoms Associated With Menopause
A Randomized Controlled Trial

Genevieve Neal-Perry, MD, PhD, Antonio Cano, MD, Samuel Lederman, MD, Rossella E. Nappi, MD, PhD,
Nanette Santoro, MD, Wendy Wolfman, MD, Marci English, MPH, Catherine Franklin, BS,
Udaya Valluri, MS, and Faith D. Ottery, MD, PhD

OBJECTIVE: To evaluate the safety, tolerability, and

effect of fezolinetant on endometrial health over 52

weeks.

METHODS: We conducted a phase 3, randomized,

double-blind, 52-week safety study (SKYLIGHT 4 [Study

to Find Out How Safe Long-term Treatment With

Fezolinetant is in Women With Hot Flashes Going

Through Menopause]) of placebo, fezolinetant 30 mg,

and fezolinetant 45 mg once daily (1:1:1). Participants

were postmenopausal and seeking treatment for vaso-

motor symptoms associated with menopause. Primary

endpoints were treatment-emergent adverse events,

percentage of participants with endometrial hyperplasia,

and percentage with endometrial malignancy. Endome-

trial hyperplasia or malignancy was evaluated according

to U.S. Food and Drug Administration guidance (point

estimate of 1% or less with an upper bound of one-sided

95% CI of 4% or less). Secondary endpoints included

change in bone mineral density (BMD) and trabecular

bone score. A sample size of 1,740 was calculated to

enable observation of one or more events (z80% prob-

ability for events with background rate of less than 1%).

RESULTS: A total of 1,830 participants were randomized

and took one or more medication dose (July 2019–
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January 2022). Treatment-emergent adverse events

occurred in 64.1% (391/610) of the placebo group,

67.9% (415/611) of the fezolinetant 30-mg group, and

63.9% (389/609) of the fezolinetant 45-mg group.

Treatment-emergent adverse events leading to discon-

tinuation were similar across groups (placebo, 26/610

[4.3%]; fezolinetant 30 mg, 34/611 [5.6%]; fezolinetant

45 mg, 28/609 [4.6%]). Endometrial safety was assessed

in 599 participants. In the fezolinetant 45-mg group, 1 of

203 participants had endometrial hyperplasia (0.5%;

upper limit of one-sided 95% CI 2.3%); there were no

cases in the placebo (0/186) or fezolinetant 30 mg (0/210)

group. Endometrial malignancy occurred in 1 of 210 in

the fezolinetant 30-mg group (0.5%; 95% CI 2.2%) with

no cases in the other groups. Liver enzyme elevations

more than three times the upper limit of normal

occurred in 6 of 583 placebo, 8 of 590 fezolinetant 30

mg, and 12 of 589 fezolinetant 45 mg participants; no

Hy’s law cases were reported (ie, no severe drug-

induced liver injury with alanine aminotransferase or

aspartate aminotransferase more than three times the

upper limit of normal and total bilirubin more than two

times the upper limit of normal, with no elevation of

alkaline phosphatase and no other reason to explain

the combination). Changes in BMD and trabecular bone

score were similar across groups.

CONCLUSION: Results from SKYLIGHT 4 confirm the

52-week safety and tolerability of fezolinetant and

support its continued development.

FUNDING SOURCE: Astellas Pharma Inc.

CLINICAL TRIAL REGISTRATION: ClinicalTrials.gov,

NCT04003389.
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Worldwide, most women aged 40–64 years old
experience vasomotor symptoms (eg, hot

flushes, night sweats) associated with menopause.1

Moderate-to-severe vasomotor symptoms are re-
ported by 34% of postmenopausal individuals in the
United States, 40% in Europe, and 16% in Japan2;
9.6% of Latin American3 and 11.4% of Australian4

women report severe or bothersome vasomotor
symptoms. Vasomotor symptoms can also have sub-
stantial effects on quality of life by affecting sleep,
mood, and cognitive functioning and contributing to
social impairment, work-related difficulties, anxiety,
and fatigue.5–8

Menopausal hormone therapy is an effective
choice for vasomotor symptoms but is not appropriate
for everyone.9,10 Fezolinetant, in development for the
treatment of moderate-to-severe vasomotor symptoms
associated with menopause, is a nonhormonal, selec-

tive neurokinin 3 receptor antagonist that blocks neu-
rokinin B binding on the kisspeptin/neurokinin
B/dynorphin neurons in the hypothalamus to moder-
ate neuronal activity in the thermoregulatory cen-
ter.11–14 Phase 2 studies demonstrated a reduction in
vasomotor symptom frequency and severity after fe-
zolinetant treatment, with improvements in health-
related quality of life.11,12,15 Results from two repli-
cate double-blind, placebo-controlled phase 3 studies
(SKYLIGHT [Study to Find Out if Fezolinetant Helps
Reduce Moderate to Severe Hot Flashes in Women
Going Through Menopause] 1 [NCT04003155] and
SKYLIGHT 2 [NCT04003142]) showed that fezoline-
tant 30 and 45 mg met statistical significance in reduc-
ing vasomotor symptom frequency and severity at
weeks 4 and 12 compared with placebo,16,17 with
reduction persisting over 52 weeks. Over the 12-
week double-blind period, there was a low incidence
of individual treatment-emergent adverse events, and
few serious treatment-emergent adverse events were
noted with fezolinetant treatment. SKYLIGHT 4
(Study to Find Out How Safe Long-term Treatment
With Fezolinetant is in Women With Hot Flashes
Going Through Menopause) was conducted to pro-
vide 52-week, placebo-controlled safety data in a large
cohort, with a focus on endometrial safety.

METHODS

SKYLIGHT 4 was a randomized, placebo-controlled,
double-blind, parallel-group, phase 3, multicenter, 52-
week study (Fig. 1). The screening period included at
least one visit during which a physical examination,
clinical laboratory testing, urinalysis, electrocardio-
gram (ECG), Pap test, mammogram, transvaginal ul-
trasonogram, and endometrial biopsy (in participants
with a uterus) were conducted. Demographic data
(age, sex, self-identified race and ethnicity, smoking
status, and prior hormone therapy use) were collected
at screening.

At study visit 2 (day 1), participants were ran-
domized according to the schedule and stratified by
smoking status (current vs former or never) using
Interactive Response Technology. The investigator,
sponsor’s study management team, clinical staff, and
participants were blinded to treatment allocation. Par-
ticipants were assigned 1:1:1 to fezolinetant 30 mg,
fezolinetant 45 mg, or matching placebo given orally
as two tablets, indistinguishable in size and shape,
once daily for 52 weeks. Additional study visits
occurred at week 2 and every 4 weeks from weeks 4
to 52, or the early discontinuation visit, with one final
follow-up visit at week 55.
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The study was conducted in accordance with the
Declaration of Helsinki, Good Clinical Practice, and
International Council for Harmonisation guidelines.
An Independent Ethics Committee or IRB reviewed
the ethical, scientific, and medical appropriateness of
the study at each site before data collection. Signed
informed consent forms were obtained before any
study-related procedures were performed.

Participants were aged 40–65 years, inclusive,
seeking treatment for vasomotor symptoms associated
with menopause, had body mass index (BMI, calcu-
lated as weight in kilograms divided by height in
meters squared) between 18 and 38, inclusive, and
were confirmed to be postmenopausal by having
spontaneous amenorrhea for 12 consecutive months
or longer, spontaneous amenorrhea for 6 months or
longer with follicle-stimulating hormone level higher
than 40 international units/L, or bilateral oophorec-
tomy 6 or more weeks before the screening visit. Use
of strong or moderate cytochrome P450 1A2 inhibi-
tors, hormone therapy, hormonal contraceptives, or
any prescription, over-the-counter, or herbal treat-
ment for vasomotor symptoms precluded participa-
tion unless treatment was discontinued with drug-
specific washout periods based on the known half-
lives of the medications. Other exclusion criteria
included having an endometrial biopsy that con-
firmed disordered proliferative endometrium, endo-
metrial hyperplasia, endometrial malignancy, or
other clinically significant findings. Additional exclu-
sion criteria are shown in Appendix 1, available on-
line at http://links.lww.com/AOG/D63.

Primary endpoints were frequency and severity of
treatment-emergent adverse events, percentages of par-
ticipants with endometrial hyperplasia, and percentages
of participants with endometrial malignancy. Secondary
endpoints were change from baseline to 12 months in
endometrial thickness, percentage of participants with

disordered proliferative endometrium, change from
baseline to 12 months in bone mineral density (BMD)
and trabecular bone score at the hip and spine, vital
signs, clinical laboratory tests, Columbia Suicide Sever-
ity Rating Scale score, and ECG parameters.

Treatment-emergent adverse events were col-
lected throughout the study, including certain
treatment-emergent adverse events of special interest.
Events were rated as mild, moderate, or severe, and
relatedness of events to the study drug was assessed by
the investigator. Serious treatment-emergent adverse
events were defined as those resulting in death,
persistent or significant disability or incapacity, con-
genital anomaly, or birth defect; life-threatening;
requiring or prolonging inpatient hospitalization;
discontinuation attributable to increased liver
enzymes; or other medically important events. Some
events were always categorized as serious according to
a prespecified list.

For participants with a uterus, transvaginal ultra-
sonograms and suction endometrial biopsies were
performed at screening and at the week 52 or early
discontinuation visit. In addition, biopsies were to be
taken in all cases of uterine bleeding during treatment.
Endometrial biopsies were read concurrently by three
independent pathologists at three companies (Lab-
Corp Expanded Laboratory Management Solutions
[Los Angeles, California], Interpace Biosciences [Par-
sippany, New Jersey], and NeoGenomics [Fort Myers,
Florida]). Each pathologist was blinded to the treat-
ment group and to the readings of other pathologists
using criteria outlined in the 2003 U.S. Food and
Drug Administration (FDA) draft guidance.18,19 Dual-
energy X-ray absorptiometry was used to assess BMD
and trabecular bone score at screening and week 52 or
the end of treatment and reviewed by a central reader.

The sample size of 1,740 participants was calcu-
lated to provide a final number of participants to

Fig. 1. Study design. *Screening period of up to 5 weeks. At the discretion of the medical monitor, participants could be
rescreened once, and an extra 15 screening days were allowed for repeat endometrial biopsy if needed.
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observe at least one endometrial biopsy event (eg,
endometrial hyperplasia within a treatment group),
with about 80% probability for events with a back-
ground rate of less than 1%. This calculation assumes
that 60% of participants did not have an evaluable
biopsy at baseline or refused an endometrial biopsy at
early discontinuation or end of treatment.

The safety analysis set comprised all randomized
participants who took at least one dose of study
intervention. The endometrial health set was a safety
analysis subset of participants who had a postbaseline
biopsy within 30 days after the last dose of study
intervention, an acceptable biopsy at baseline (at least
one endometrial biopsy with satisfactory tissue and no
read of hyperplasia, disordered proliferative pattern,
or malignancy), and a satisfactory endometrial biopsy
result on day 326 or later or had a postbaseline final
diagnosis of hyperplasia, disordered proliferative
pattern, or malignancy before day 326.

The full analysis set consisted of all randomized
participants who took at least one dose of study
treatment. The randomized treatment for each partic-
ipant was used for summaries by treatment group
based on the full analysis set.

In general, summary statistics were generated for
all safety parameters. For the percentage of partici-
pants with a final diagnosis of endometrial hyperpla-
sia, endometrial malignancy, or disordered
proliferative endometrium, the exact (Clopper-Pear-
son) upper one-sided 95% CI was provided. This
analysis was based on the final diagnosis evaluated by
the three pathologists. The final diagnosis was the
concordance of the three pathologists’ diagnoses: if at
least two pathologists agreed, the result was included;
if none of them agreed, the worst result was used.
Treatment comparisons were performed for the endo-
metrial thickness- and bone density-related endpoints.
Changes from baseline in endometrial thickness and
bone densities were analyzed, and each fezolinetant
group was compared with placebo using an analysis of
covariance model, with treatment and strata smoking
status (current vs former or never) as factors and
baseline measurement and baseline weight as
covariates.

RESULTS

The study was conducted between July 2019 and
January 2022. Overall, 1,831 participants were

Fig. 2. Patient disposition. *The participant who died (fezolinetant 30-mg group) had a treatment-emergent adverse event
(considered unrelated to study drug) of cardiac arrest and anoxic brain injury leading to treatment discontinuation and was
counted under the adverse event category. This event subsequently resulted in death.
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randomized and 1,830 took at least one dose of study
drug (safety analysis set; Fig. 2). Demographic data were
balanced across the treatment groups (Table 1). The rate
of withdrawal was higher in the placebo group (119/610
[19.5%]) than the fezolinetant groups and similar
between the two study drug doses (79/611 [12.9%] for
fezolinetant 30 mg; 85/609 [14.0%] for fezolinetant 45
mg; Fig. 2). Median duration of treatment was similar
across all groups (364.0 days). The endometrial health
set included 599 participants (placebo, n5186; fezoline-
tant 30 mg, n5210; and fezolinetant 45 mg, n5203).

In terms of the primary endpoints, treatment-
emergent adverse event incidences were comparable
between treatment groups. The most common
treatment-emergent adverse events (5% or greater) by
preferred term were headache and coronavirus disease
2019 (COVID-19), with a similar incidence across
treatment groups (Table 2). A low incidence of serious
treatment-emergent adverse events was reported in
2.3% of the placebo group (14 participants), 3.3% of
the fezolinetant 30-mg group (20 participants), and

3.8% of the fezolinetant 45-mg group (23 participants).
Most of the events were mild or moderate in severity,
and occurrences were typically similar between groups,
although a slightly higher incidence of mild events was
noted in the fezolinetant 30-mg group (215 participants
[35.2%]) compared with the placebo group (180 partic-
ipants [29.5%]). One death was reported in the study.
This participant, in the fezolinetant 30-mg group, had
an out-of-hospital cardiac arrest, delayed airway access,
and anoxic brain injury that were not considered to be
related to study treatment. Treatment-emergent
adverse events leading to withdrawal of study treat-
ment were experienced by 4.3% of the placebo group
(26 participants), 5.6% of the fezolinetant 30-mg group
(34 participants), and 4.6% of the fezolinetant 45-mg
group (28 participants).

The primary endpoint of endometrial safety, as
conducted in the endometrial health set, was met.
Endometrial hyperplasia or malignancy in
fezolinetant-treated participants, as assessed by cen-
trally read endometrial biopsies in the endometrial

Table 1. Demographics and Baseline Characteristics (Safety Analysis Set)

Characteristic
Placebo
(n5610)

Fezolinetant
30 mg (n5611)

Fezolinetant
45 mg (n5609)

Total
(N51,830)

Age (y) 54.964.8
(41–65)

54.764.7
(40–65)

54.764.8
(41–65)

54.764.8
(40–65)

Race*
American Indian or Alaska Native 3 (0.5) 3 (0.5) 2 (0.3) 8 (0.4)
Asian 8 (1.3) 8 (1.3) 13 (2.1) 29 (1.6)
Black or African American 91 (14.9) 114 (18.7) 110 (18.1) 315 (17.2)
More than 1 race 6 (1.0) 6 (1.0) 4 (0.7) 16 (0.9)
White 502 (82.3) 479 (78.5) 479 (78.8) 1,460 (79.9)
Missing 0 1 1 2

Ethnicity*
Hispanic or Latina 133 (21.8) 118 (19.3) 116 (19.1) 367 (20.1)
Not Hispanic or Latina 477 (78.2) 493 (80.7) 491 (80.9) 1,461 (79.9)
Missing 0 0 2 2

BMI (kg/m2)† 28.264.6
(18.3–38.0)

28.464.5
(18.7–38.0)

28.464.7
(18.5–38.0)

28.464.6
(18.3–38.0)

Current smoker 117 (19.2) 116 (19.0) 116 (19.0) 349 (19.1)
Previously treated with HT‡ 115 (19.4) 98 (16.4) 91 (15.3) 304 (17.0)
Oophorectomy

No 524 (85.9) 536 (87.7) 523 (85.9) 1,583 (86.5)
Yes 86 (14.1) 75 (12.3) 86 (14.1) 247 (13.5)

Hysterectomy
No 483 (79.2) 511 (83.6) 495 (81.3) 1,489 (81.4)
Yes 127 (20.8) 100 (16.4) 114 (18.7) 341 (18.6)

BMI, body mass index; HT, hormone therapy.
Data are mean6SD (range) or n (%).
* Data on race and ethnicity were self-reported. These data were collected to determine whether the clinical trial population was

representative of the real-world population and attributable to differences in vasomotor symptom incidence and therapy response rates
among different populations.

† Placebo, n5609; fezolinetant 30 mg, n5610; fezolinetant 45 mg, n5608; total n51,827.
‡ Placebo, n5594; fezolinetant 30 mg, n5599; fezolinetant 45 mg, n5594; total n51,787.
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health set, was within the FDA’s prespecified limits of
1% or less, with an upper limit of one-sided 95% CI of
4% or less.18 Endometrial hyperplasia that was deter-
mined by the final biopsy diagnosis was reported for
none of the 186 participants in the placebo group (0%;
upper limit of one-sided 95% CI 1.6%), 0 of 210 in the
fezolinetant 30-mg group (0%; 1.4%), and 1 of 203 in
the fezolinetant 45-mg group (0.5%; 2.3%). Endome-
trial malignancy as determined by the final biopsy
diagnosis was reported for 0 of 186 participants in
the placebo group (0%; upper limit of one-sided
95% CI 1.6%), 1 of 210 participants in the fezolinetant
30-mg group (0.5%; 2.2%), and 0 of 203 in the fezoli-
netant 45-mg group (0%; 1.5%).

Transvaginal ultrasonogram data were generally
unremarkable. There was no significant difference in
endometrial thickness as measured by transvaginal
ultrasonography over 1 year between fezolinetant-
and placebo-treated participants. Mean (SD) thick-
ness at baseline and week 52 were as follows: 3.59
(2.19) and 3.52 (2.59) mm for placebo, 3.52 (2.15)
and 3.26 (2.03) mm for fezolinetant 30 mg, and 3.51
(2.59) and 3.21 (2.01) mm for fezolinetant 45 mg.
The least-squares mean change (SE) from baseline
was 20.09 (0.11) for placebo, 20.17 (0.11) for fezo-
linetant 30 mg, and 20.26 (0.11) for fezolinetant 45
mg. The difference in least-squares mean compared
with placebo was 20.08 (SE 0.14, 95% CI 20.36 to
0.21) for fezolinetant 30 mg and 20.17 (0.14; 20.45

to 0.11) for fezolinetant 45 mg. The prevalence of
uterine bleeding was slightly higher in the placebo
group (30 participants [4.9%]) than in the fezolinetant
groups (30 mg: 20 participants [3.3%]; 45 mg: 19
participants [3.1%]; Table 3).

A disordered proliferative pattern as determined
by the final biopsy diagnosis was reported for 4 of 186
participants in the placebo group (2.2%; upper limit of
one-sided 95% CI 4.9%), 3 of 210 in the fezolinetant
30-mg group (1.4%; 3.7%), and 0 of 203 in the
fezolinetant 45-mg group (0%; 1.5%).

Treatment-emergent adverse events of special
interest, as reported by the investigator, in the
category of endometrial hyperplasia or malignancy
or disordered proliferative endometrium occurred in
1.0% or less across the groups (Table 3).

A low incidence of bone fractures was reported,
with similar incidences across groups (9 participants
[1.5%] for fezolinetant 30 mg and 10 participants
[1.6%] for placebo and fezolinetant 45 mg; Table 3).
Changes in BMD and trabecular bone score at hip
and spine were consistent between placebo- and
fezolinetant-treated participants (Appendices 2 and
3, available online at http://links.lww.com/AOG/
D63).

The incidence of elevations of laboratory assess-
ments of liver function was low (Fig. 3 and
Table 4).20,21 Elevations of alanine aminotransferase
(ALT) or aspartate aminotransferase (AST) more than

Table 2. Summary of Treatment-Emergent Adverse Events (Safety Analysis Set)

Placebo
(n5610)

Fezolinetant 30 mg
(n5611)

Fezolinetant 45 mg
(n5609)

Fezolinetant Total
(n51,220)

TEAEs* 391 (64.1) 415 (67.9) 389 (63.9) 804 (65.9)
Study drug-related TEAEs 106 (17.4) 94 (15.4) 110 (18.1) 204 (16.7)
Serious TEAEs 14 (2.3) 20 (3.3) 23 (3.8) 43 (3.5)
Study drug-related serious TEAEs 1 (0.2) 0 3 (0.5) 3 (0.2)
TEAEs leading to withdrawal of treatment 26 (4.3) 34 (5.6) 28 (4.6) 62 (5.1)
Study drug-related TEAEs leading to with-

drawal of treatment
16 (2.6) 16 (2.6) 17 (2.8) 33 (2.7)

Death† 0 1 (0.2) 0 1 (0.1)
TEAEs occurring in 5% or more of participants (by PT)

Headache 56 (9.2) 52 (8.5) 55 (9.0) 107 (8.8)
COVID-19 38 (6.2) 38 (6.2) 32 (5.3) 70 (5.7)

TEAEs by severity‡

Mild 180 (29.5) 215 (35.2) 195 (32.0) 410 (33.6)
Moderate 191 (31.3) 185 (30.3) 171 (28.1) 356 (29.2)
Severe 20 (3.3) 15 (2.5) 23 (3.8) 38 (3.1)

TEAE, treatment-emergent adverse event; PT, preferred term; COVID-19, coronavirus disease 2019.
Data are n (%).
* Defined as an adverse event observed after administration of study intervention was started and up to 21 days after the last dose of study

intervention.
† One death reported in the fezolinetant 30-mg group was considered unrelated to study drug. Because all TEAEs are listed, death is noted,

as well as the TEAE of cardiac arrest and anoxic brain injury that led to treatment withdrawal.
‡ Mild: no disruption of normal daily activities; moderate: affects normal daily activities; severe: inability to perform daily activities.

742 Neal-Perry et al Fifty-Two–Week Fezolinetant Safety OBSTETRICS & GYNECOLOGY

http://links.lww.com/AOG/D63
http://links.lww.com/AOG/D63


three times the upper limit of normal were observed
in six participants (1.0%) who received placebo, eight
(1.4%) who received fezolinetant 30 mg, and 12 (2.0%)
who received fezolinetant 45 mg. No Hy’s law cases
were reported (ie, no severe drug-induced liver injury
with ALT or AST more than three times the upper
limit of normal and total bilirubin more than two
times the upper limit of normal, with no elevation of
alkaline phosphatase and no other reason to explain
the combination).21 Increases in ALT or AST were
generally asymptomatic and isolated, intermittent, or
transient and generally returned to baseline while on
treatment or soon after discontinuation. Increased
liver transaminases cases were independent of
COVID-19. Treatment-emergent adverse events of
liver test elevations were reported at similar rates for
each group: 4.9% (30 participants), 5.7% (35 partici-
pants), and 5.3% (32 participants) for placebo, fezoli-
netant 30 mg, and fezolinetant 45 mg, respectively
(Table 3).

Treatment-emergent adverse events were no
different when analyzed by BMI category. Assess-
ments of other secondary endpoints, including vital
signs and ECG parameters, showed no notable
findings.

Based on a numeric imbalance for serious
treatment-emergent adverse events of the System
Organ Class of “neoplasm benign, malignant, and
unspecified” (including cysts and polyps; Appendix
4, available online at http://links.lww.com/AOG/
D63), an in-depth post hoc investigation was con-
ducted for each identified malignant neoplasm. Per

the sponsor’s process, all malignancies are designated
as serious independent of the investigator report. No
signal of increased risk for nonbenign neoplasms
overall or at specific sites was identified in this inves-
tigation on the basis of various considerations, such as
short latency, apparent preexisting neoplasm at study
entry, alternative etiology, medical history, and
known risk factors.

DISCUSSION

These data over 52 weeks in 1,830 randomized and
treated participants experiencing vasomotor symp-
toms associated with menopause demonstrate the
safety and tolerability of fezolinetant 30 mg and 45
mg and support its use over a 1-year period. No
apparent safety signals for fezolinetant were observed
over the study. Furthermore, the incidence of endo-
metrial hyperplasia or malignancy in fezolinetant-
treated participants, as assessed by blinded, centrally
read endometrial biopsies, was within the prespecified
limits and aligned with the FDA communication or
draft guidance.18 In addition, there was no significant
difference in change from baseline in endometrial
thickness between fezolinetant- and placebo-treated
participants and no effect on bone health (Appendix
5, available online at http://links.lww.com/AOG/
D64).

The treatment-emergent adverse events reported
in the study were generally mild or moderate in
severity, and the most common were headache and
COVID-19, with fezolinetant consistent with placebo.
Treatment-emergent adverse events leading to

Table 3. Treatment-Emergent Adverse Events of Special Interest by Preferred Term as Reported by the
Investigator (Safety Analysis Set)

Placebo
(n5610)

Fezolinetant 30 mg
(n5611)

Fezolinetant 45 mg
(n5609)

Fezolinetant Total
(n51,220)

PT
Endometrial adenocarcinoma 0 1 (0.2) 2 (0.3)* 3 (0.2)
Endometrial hyperplasia 2 (0.3) 1 (0.2) 2 (0.3) 3 (0.2)
Biopsy endometrium abnormal 0 0 1 (0.2) 1 (0.1)
Endometrial thickening 0 0 1 (0.2) 1 (0.1)

Liver test elevations 30 (4.9) 35 (5.7) 32 (5.3) 67 (5.5)
Uterine bleeding 30 (4.9) 20 (3.3) 19 (3.1) 39 (3.2)
Thrombocytopenia 1 (0.2) 3 (0.5) 1 (0.2) 4 (0.3)
Bone fractures 10 (1.6) 9 (1.5) 10 (1.6) 19 (1.6)
Potential abuse liability 0 3 (0.5) 1 (0.2) 4 (0.3)
Depression 13 (2.1) 19 (3.1) 11 (1.8) 30 (2.5)
Wakefulness (PT: somnolence) 4 (0.7) 7 (1.1) 4 (0.7) 11 (0.9)
Effect on memory 1 (0.2) 0 1 (0.2) 1 (0.1)

PT, preferred term.
Data are n (%).
* One case incorrectly reported by investigator; final endometrial biopsy diagnosis was endometrial hyperplasia with atypia.

VOL. 141, NO. 4, APRIL 2023 Neal-Perry et al Fifty-Two–Week Fezolinetant Safety 743

http://links.lww.com/AOG/D63
http://links.lww.com/AOG/D63
http://links.lww.com/AOG/D64
http://links.lww.com/AOG/D64


discontinuation were also similar between fezolinetant
30 mg and 45 mg.

Demonstrating endometrial safety is required for
any treatment used to alleviate menopause symptoms
according to the FDA draft guidance.18 The risk for
endometrial hyperplasia or malignancy in individuals
with a uterus is increased by unopposed estrogen
exposure22; hence, with hormonal therapy, progesto-
gen is frequently used in combination for endometrial
protection.10

Fezolinetant is a nonhormonal treatment that acts
through the neurokinin B pathway.14 Although the
mechanism of action of fezolinetant is different from
that of estrogen and estrogen plus progestin products,
assessment with the same FDA clinical trial criteria18

provides important endometrial safety information on
fezolinetant use. Given the risk and benefits associated
with different treatment choices, some menopausal
individuals may benefit from nonhormonal therapy
that does not affect the endometrium.

Treatment-emergent adverse event reporting by
the investigators also included events of endometrial
hyperplasia, malignancy, or disordered proliferative
endometrium, which are distinct from the events
reported for the primary endpoints.

Incidences of elevations of liver tests were low.
Overall, 98.2% of participants who received fezoline-
tant had liver test results within the normal range
compared with 99.0% of those receiving placebo, and
there was no evidence of liver function impairment or
liver-associated symptoms, including no Hy’s law
cases. Hepatic safety is important for all pharmaceu-
tical therapies in development.21 This study collected
robust hepatic assessments to further inform the safety
profile of fezolinetant, which, if approved, would be a
potential therapeutic option for a large number of
menopausal individuals experiencing vasomotor
symptoms. Given the hepatic safety profile of the neu-
rokinin 3 receptor antagonist candidate pavine-
tant,23,24 we ensured that this safety study included
participants with a variety of potential risk factors
(eg, obesity, with inclusion of BMIs up to 38) and
no restrictions for those with nonalcoholic fatty liver
disease or nonalcoholic steatohepatitis to establish
hepatic safety in a broad population.25

A limited number of malignancies were reported
(as treatment-emergent adverse events of special
interest or in the system organ class of neoplasms)
during the treatment or follow-up periods, but no
evidence of an increased risk for nonbenign

Table 4. Liver Safety Assessments (Safety Analysis Set)

Category
Placebo
(n5610)

Fezolinetant
30 mg (n5611)

Fezolinetant
45 mg (n5609)

Fezolinetant
Total

(n51,220)

ALT
More than 3 times the ULN 5/583 (0.9) 7/590 (1.2) 11/589 (1.9) 18/1,179 (1.5)
More than 5 times the ULN 3/583 (0.5) 2/590 (0.3) 3/589 (0.5) 5/1,179 (0.4)
More than 8 times the ULN 1/583 (0.2) 0/590 0/589 0/1,179
More than 10 times the ULN 0/583 0/590 0/589 0/1,179

AST
More than 3 times the ULN 3/583 (0.5) 5/590 (0.8) 5/589 (0.8) 10/1,179 (0.8)
More than 5 times the ULN 2/583 (0.3) 1/590 (0.2) 1/589 (0.2) 2/1,179 (0.2)
More than 8 times the ULN 0/583 0/590 0/589 0/1,179

ALT or AST
More than 3 times the ULN 6/583 (1.0) 8/590 (1.4) 12/589 (2.0) 20/1,179 (1.7)
More than 5 times the ULN 4/583 (0.7) 3/590 (0.5) 3/589 (0.5) 6/1,179 (0.5)
More than 8 times the ULN 1/583 (0.2) 0/590 0/589 0/1,179
More than 10 times the ULN 0/583 0/590 0/589 0/1,179

ALP
More than 1.5 times the ULN 14/583 (2.4) 8/591 (1.4) 14/589 (2.4) 22/1,180 (1.9)

Total bilirubin
More than 2 times the ULN 0/583 0/591 1/589 (0.2)* 1/1,180 (0.1)

ALT or AST more than 3 times the ULN and total bilirubin
more than 2 times the ULN

0/583 0/590 0/589 0/1,179

ALT or AST more than 3 times the ULN, and ALP less than 2
times the ULN, and total bilirubin more than 2 times the ULN

0/583 0/590 0/589 0/1,179

ALT, alanine aminotransferase; ULN, upper limit of normal; AST, aspartate aminotransferase; ALP, alkaline phosphatase.
Data are n/N with at least one nonmissing value (%).
* Pre-existing Gilbert’s disease.
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neoplasms overall or at specific sites was identified,
and only one occurrence (fezolinetant 45-mg group)
was reported by the investigators as treatment related.

Strengths of this study are the large number of
participants randomized and with up to 1 year of
exposure, participant diversity, inclusion of individ-
uals with BMIs up to 38, placebo-controlled protocol,
and low rate of withdrawal. The study also involved a
comprehensive assessment of bone health in partici-
pants with vasomotor symptoms associated with
menopause over a 52-week treatment period.

The endometrial health set included 599 of 1,830
participants in the safety analysis set. For those with a
uterus (n51,489), willingness to have a biopsy at
screening and the end of study was an inclusion crite-
rion. Compliance for end-of-study biopsies was diffi-
cult because some participants declined to have a
second biopsy as a result of the invasiveness of the
procedure. However, other end-of-study data were
collected from these participants, including any re-
ported treatment-emergent adverse events. The initial

protocol allowed participants to enroll after hysterec-
tomy (n5341) or without a biopsy if the transvaginal
ultrasonogram demonstrated an endometrial thick-
ness of less than 4 mm (n51,045). To increase the
number of participants eligible for inclusion in the
endometrial health set, subsequent protocol amend-
ments required all participants to have a screening
and end-of-study biopsy and specified hysterectomy
as an exclusion criterion.

Phase 3 data obtained from SKYLIGHT 1 and 2
demonstrated the efficacy of fezolinetant in reducing
the frequency and severity of vasomotor symptoms
and provided information on the safety profile of
fezolinetant compared with placebo over 12
weeks.16,17 Results from SKYLIGHT 4 provide addi-
tional evidence confirming the longer-term safety dur-
ing a 52-week treatment period, and the data support
the continued development of fezolinetant as a novel
nonhormonal treatment option for moderate-to-
severe vasomotor symptoms associated with
menopause.

Fig. 3. Evaluation of study drug–induced serious hepatotoxicity: maximum aspartate aminotransferase (AST) or alanine
aminotransferase (ALT) vs maximum total bilirubin values* (safety analysis set). *Plotting peak ALT or AST against peak total
bilirubin allows visualization of data by quadrant and easy identification of any cases that fall outside of the normal range
(bottom left quadrant). Potential cases of Hy’s law (ALT or AST more than three times the upper limit of normal [ULN] and
total bilirubin more than two times the ULN, with no elevation of alkaline phosphatase and no other reason to explain the
combination)21 would be located in the upper right-hand quadrant of the graph. Cases of Temple’s corollary would be
located in the bottom right-hand quadrant of the graph. Temple’s corollary states that, for every 10 cases of ALT more than
10 times the ULN in a clinical trial, there would be one instance of Hy’s law.20 The elevated bilirubin in the upper left-hand
quadrant represents an individual with pre-existing Gilbert’s disease.
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