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Abstract 

Context: Polycystic ovary syndrome (PCOS), a highly prevalent endocrine disorder 
characterized by hyperandrogenism, is the leading cause of anovulatory infertility.
Objective: This proof-of-concept study evaluated clinical efficacy and safety of the 
neurokinin 3 (NK3) receptor antagonist fezolinetant in PCOS.
Methods: This was a phase 2a, randomized, double-blind, placebo-controlled, multicenter 
study (EudraCT 2014-004409-34). The study was conducted at 5 European clinical centers. 
Women with PCOS participated in the study. Interventions included fezolinetant 60 
or 180 mg/day or placebo for 12 weeks. The primary efficacy end point was change in 
total testosterone. Gonadotropins, ovarian hormones, safety and tolerability were also 
assessed.
Results: Seventy-three women were randomly assigned, and 64 participants completed 
the study. Adjusted mean (SE) changes in total testosterone from baseline to week 12 for 
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fezolinetant 180 and 60 mg/day were −0.80 (0.13) and −0.39 (0.12) nmol/L vs −0.05 (0.10) 
nmol/L with placebo (P < .001 and P < .05, respectively). Adjusted mean (SE) changes from 
baseline in luteinizing hormone (LH) for fezolinetant 180 and 60 mg/d were −10.17 (1.28) 
and −8.21 (1.18) vs −3.16 (1.04) IU/L with placebo (P < .001 and P = .002); corresponding 
changes in follicle-stimulating hormone (FSH) were −1.46 (0.32) and −0.92 (0.30) vs −0.57 
(0.26) IU/L (P = .03 and P = .38), underpinning a dose-dependent decrease in the LH-to-
FSH ratio vs placebo (P < .001). Circulating levels of progesterone and estradiol did not 
change significantly vs placebo (P > .10). Fezolinetant was well tolerated.
Conclusion: Fezolinetant had a sustained effect to suppress hyperandrogenism and 
reduce the LH-to-FSH ratio in women with PCOS.

Key Words: polycystic ovary syndrome, gonadotropin-releasing hormone, neurokinin 3 receptor, neurokinin B, 
kisspeptin, dynorphin A neurons

Polycystic ovary syndrome (PCOS) is the leading cause of 
anovulatory infertility and the most common endocrine dis-
order in reproductive-aged women (1), with an estimated 
global prevalence of approximately 10% (2) and related 
annual medical costs exceeding $4 billion in the United 
States (3, 4). PCOS diagnostic criteria include clinical or 
biochemical hyperandrogenism, chronic oligoovulation or 
anovulation, and polycystic ovaries (5, 6). Diagnosis de-
pends on identifying 2 of these 3 phenotypic features in 
the absence of other etiologies (Rotterdam criteria [6]). 
Metabolic features of PCOS, such as insulin resistance 
and dyslipidemia (7), also play a role in disease, although 
amelioration of these features is not the primary aim of 
treatments directed at hyperandrogenism and fertility. 
Subpopulations of patients with PCOS can be defined ac-
cording to specific combinations of phenotypic, hormonal, 
and/or genomic features (7-9). Patients with PCOS present 
with complex symptomology, and the etiology of the dis-
ease remains unclear.

Altered signaling in the neuroendocrine circuits that 
regulate fertility is considered to be a preponderant feature 
of PCOS (10). The hypothalamic network of kisspeptin, 
neurokinin B, and dynorphin A (KNDy) neurons has been 
identified as the gonadotropin-releasing hormone (GnRH) 
pulse generator that governs the pattern of luteinizing hor-
mone (LH) and follicle-stimulating hormone (FSH) secre-
tion over the phases of the ovarian cycle (11-13). Patients 
with PCOS often express high-frequency pulses of LH, in-
creased serum LH, and a high LH-to-FSH ratio (14-16). At 
the level of the ovary, high LH increases androgen synthesis, 
whereas (relatively) low FSH may contribute to follicular ar-
rest, anovulation, and accumulation of cysts (10). Moreover, 
the androgen excess contributes to the impaired negative 
feedback of ovarian hormones on the LH pulse frequency 
and thereby fuels an arrhythmic reproductive cycle (17-20).

The current standard of care for PCOS is treatment 
with hormone contraceptives for managing menstrual 

irregularities and certain symptoms of hyperandrogenism 
(ie, hirsutism, acne, and alopecia) (5, 21, 22). The es-
trogen component of hormone contraceptives increases 
sex hormone–binding globulin (SHBG) and reduces LH 
and FSH, resulting in a decrease in androgen production 
and circulating free testosterone (21). Cyclic administra-
tion of progesterone (P

4) is proposed to restore menstrual 
cycling and provide some additional benefit in the ameli-
oration of PCOS symptoms (23). Metformin improves in-
sulin sensitivity and is used in conjunction with dietary 
advice as additional therapy in women with PCOS who 
present with abnormal glucose tolerance or type 2 dia-
betes (5, 22). Spironolactone, a potassium-sparing diur-
etic with antiandrogen properties, is sometimes used in 
combination with hormone contraceptives to help alle-
viate the manifestations of hyperandrogenism (22, 24). 
In summary, all current treatments are aimed at ameli-
orating symptoms and correcting the biochemical imbal-
ance of PCOS but do not address the central hormonal 
dysregulation.

Neurokinin 3 (NK3) receptor signaling has been 
shown to play a key role in positive and negative feed-
back loops regulating the hypothalamic-pituitary-
gonadal (HPG) axis (25, 26). In premenopausal women, 
NK3 receptor antagonism at the level of the KNDy 
neuron is understood to decrease the GnRH pulse fre-
quency based on the downstream observations of 
reduced basal LH secretion, lower LH-to-FSH ratio, sup-
pressed follicle development, and the modulation of the 
temporal dynamics of ovarian sex hormone production 
over the menstrual cycle (25-27). The pharmacology of 
NK3 receptor antagonists in the regulation of the HPG 
axis inspired us to investigate whether such compounds 
could correct the elevated GnRH pulse frequency attrib-
uted to the neuroendocrine impairments associated with 
PCOS and thereby improve clinical outcomes. In the in-
terim, the NK3 receptor antagonist MLE4901 (formerly 
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AZD4901) was investigated in exploratory phase 2 
studies and was shown to reduce LH pulse frequency, as 
well as serum LH and testosterone levels, relative to pla-
cebo in women with PCOS who were treated for 28 days 
or less (28, 29); clinical development of MLE4901 has 
since been discontinued (30).

Fezolinetant (ESN364) is a novel oral small molecule 
that potently and selectively blocks the NK3 receptor 
(31). Preclinical data demonstrated that administration of 
fezolinetant decreased LH pulse frequency and lowered 
plasma LH without affecting FSH (32). Fezolinetant treat-
ment for 21 days produced dose-dependent decreases in 
LH with no significant effect on FSH, leading to decreases 
in the LH-to-FSH ratio in healthy female volunteers with 
regular ovulatory menstrual cycles (26). Fezolinetant 
is now in phase 3 development for treatment of vaso-
motor symptoms in postmenopausal women, following 
promising efficacy and safety data for this indication in 2 
phase 2 trials (33, 34). The present study was conducted 
to evaluate the effects of fezolinetant on the biochemical 
features of PCOS.

Materials and Methods

Study Design and Interventions

This phase 2, proof-of-concept, randomized, double-blind, 
multicenter study evaluated the efficacy and safety of 
fezolinetant vs placebo administered for 12 weeks in 
women with PCOS (EudraCT No.: 2014-004409-34). 
The study was conducted entirely at academic or clinical 
(hospital) sites from May 2015 through May 2017, in 5 
European countries (Austria, Belgium, Georgia, Germany, 
and the Netherlands).

The study included a screening period (−28 to 
−7  days before first dose), during which baseline data 
were collected. Eligible women then entered a 12-week, 
double-blind, placebo-controlled treatment period and 
were randomly assigned 1:1:1 via computer-generated 
randomization schedule to receive fezolinetant 60  mg, 
fezolinetant 180 mg, or matching placebo. All study drugs 
were administered orally once daily after a light breakfast 
for up to 12 weeks. Patients visited the clinical center every 
3 weeks for assessments and attended a follow-up visit 6 
weeks after completing treatment. All in-study visits were 
to be planned within 2 to 8 hours after study drug intake, 
except for visit 2 (randomization visit; week 1, day 1) and 
visit 5 (week 9, day 63). These 2 visits were performed 
with patients in the fasted state in the morning to evaluate 
baseline parameters and, in the case of visit 5, to measure 
trough pharmacokinetics (PK) levels and hormonal effects 
at trough PK levels.

Ethical Considerations

The study protocol was reviewed and approved by an inde-
pendent ethics committee and/or institutional review board 
at each study site, and the study was conducted in accord-
ance with the ethical principles defined in the Declaration of 
Helsinki and the International Council for Harmonisation 
guidance for Good Clinical Practice. All study patients pro-
vided written informed consent before any study-related 
procedure was performed.

Study Population

Patients were women aged 18 to 45 years with a diagnosis 
of PCOS according to the Rotterdam criteria (6), with the 
modification of mandatory biochemical hyperandrogenism 
(total testosterone: > 1.7  nmol/L). At least 1 of the fol-
lowing 2 other Rotterdam criteria were also required for 
diagnosis of PCOS: oligomenorrhea (≤ 6 menses per year) 
or oligoovulation and/or polycystic ovaries on ultrasound 
scan (at least 1 ovary with ≥ 12 antral follicles or ovarian 
volume ≥ 10 cm3). Additional inclusion criteria were normal 
thyroid function; normal levels of FSH, estradiol (E2), pro-
lactin, and 17-hydroxyprogesterone; and good physical 
and mental health based on medical history and examin-
ation. Patients were also required to have negative cervical 
cytology within 36 months of screening, a negative urine 
test for drugs of abuse, and a negative pregnancy test and 
were required to use highly effective nonhormonal contra-
ception through 42 days posttreatment if sexually active.

Exclusion criteria included evidence of diabetes based 
on World Health Organization criteria (35, 36); bariatric 
or ovarian surgery within 6 months of screening; hysterec-
tomy and/or bilateral oophorectomy; Cushing syndrome; 
current or prior pelvic inflammatory disease; current or 
prior malignancy; known drug allergy or intolerance; ac-
tive liver disease or jaundice, alanine aminotransferase 
(ALT) or aspartate aminotransferase levels more than 1.3 
times the upper limit of normal (ULN), total bilirubin more 
than 1.3 times the ULN, or creatinine more than 1.25 times 
the ULN; hemoglobin less than 10 g/dL; positive hepatitis 
panel or HIV antibody test at screening; psychological dis-
order within 1 year before screening; symptomatic acute or 
chronic illness within 3 months of initial study drug admin-
istration; and significant blood loss or transfusion within 
12 weeks of study drug administration.

Patients were excluded if they had received any 
of the following within 3  months before screening: 
antiandrogens, GnRH agonist/antagonists, selective 
estrogen receptor modulators, selective P

4 receptor 
modulators, dienogest, danazol, aromatase inhibitors, 
glucocorticoids, mineralocorticoids, androgens, or depot 
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contraceptives. Any hormonal contraceptives were re-
quired to be stopped 1 month prior to screening, and any 
insulin sensitizers discontinued at screening. Any patient 
deemed by the investigator to be inappropriate for the 
study based on electrocardiographic abnormalities or an 
acute or chronic medical condition that could either inter-
fere with drug PK or interpretation of the study outcomes 
was excluded.

End Points and Assessments

The primary efficacy end point was mean change in total 
testosterone from baseline to week 12 (end of treatment). 
Secondary efficacy end points included changes in levels 
of other gonadotropins and ovarian hormones (LH, FSH, 
LH-to-FSH ratio, P4, and E2) from baseline to weeks 6, 12, 
and 18 (follow-up); changes in total testosterone from base-
line to weeks 6, 9, and 18; changes in menstrual cycle (fre-
quency of menses, spotting, and intermenstrual bleeding); 
change in Polycystic Ovary Syndrome Questionnaire 
(PCOSQ) score (37, 38); and changes in transvaginal ultra-
sound parameters (endometrial thickness, ovarian volume, 
number of follicles [cysts], and surface of the dominant fol-
licle) from baseline to weeks 6 and 12.

Analysis of total testosterone was performed on frozen 
(−20°C) plasma samples by SGS Life Sciences, Wavre, 
Belgium, using a validated liquid chromatography with the 
tandem mass spectrometry method (39). The lower limit 
of quantitation was 25.0 pg/mL, percentage coefficient of 
variation ranged from 1.41% to 2.44%, and percentage 
relative error ranged from −3.77% to 2.08%. Other go-
nadotropin and ovarian hormone analyses were performed 
using validated analytical methods on frozen (< −70°C) 
plasma samples by BARC, Ghent, Belgium (LH, FSH, and 
P4) and CERBA, Paris, France (E2).

To allow assessment of changes in menstrual cycle, pa-
tients recorded start and end dates of any vaginal bleeding, 
as well as severity (none, spotting, light, normal, or heavy), 
in an electronic diary. They also completed the PCOSQ in 
an electronic diary every 3 weeks through week 12 and 
then at week 18. The PCOSQ is a validated health-related 
quality-of-life questionnaire comprising 26 questions in 5 
domains: emotional, body hair, infertility, weight, and men-
strual problems scored on a scale of 1 to 7 (37, 38). Two-
dimensional transvaginal ultrasound was performed at 
screening, baseline, and weeks 6 and 12 using standardized 
instrument settings for beam focus, overall time-gain, and 
near-field and far-field gain. Central reading of the ultra-
sonography for ovarian volume, endometrial thickness, 
number of follicles, and dominant follicle development was 
performed by an independent radiologist at Biomedical 
Systems, Brussels, Belgium.

As an exploratory PK end point, fezolinetant plasma 
concentrations were assessed using sparse PK sampling. 
Blood samples for PK analysis were taken before study 
drug administration at weeks 1 and 9; at the latter time 
point, this sampling occurred approximately 24 hours after 
the previous administration of drug and is defined as the 
“trough” drug level. Additional sampling occurred ap-
proximately 2 to 8 hours after study drug administration 
at weeks 3, 6, and 12, compatible with the window of max-
imal pharmacodynamic effect after drug administration. 
Plasma was separated from the blood samples via centri-
fugation (4-8°C) for 10 minutes at approximately 1500g 
and shipped frozen (< −20°C) to the bioanalytic labora-
tory (SGS Life Sciences, Wavre, Belgium), where samples 
were analyzed using a validated liquid chromatography 
with tandem mass spectrometry method. The assay had 
a quantification limit of 5.00 ng/mL, a percentage coeffi-
cient of variation of 5.51% to 7.65%, and relative errors 
of −4.60% to 0.75%.

Exploratory pharmacodynamic end points, evaluated 
by the BARC laboratory using frozen (< −70°C) plasma 
samples at baseline and weeks 6, 12, and 18, included 
changes in levels of leptin, androstenedione, aldosterone, 
dehydroepiandrosterone sulfate, SHBG, antimüllerian hor-
mone (AMH), adrenocorticotropic hormone, prolactin, 
and cortisol.

Safety end points included adverse event (AE) frequency 
and severity, hematology and biochemistry assessments, 
changes in levels of bone density markers (bone alkaline 
phosphatase and beta-carboxy-terminal peptide of type 
I  collagen), and change in Columbia-Suicide Severity 
Rating Scale (C-SSRS) score from baseline to weeks 12 (end 
of treatment) and 18 (follow-up) (40, 41). Safety assess-
ments also included physical examination, hematology and 
biochemistry testing, vital signs, and electrocardiographic 
findings.

Statistical Analysis

Planned total enrollment was 72 patients, with 24 ran-
domly assigned to each treatment group; no formal power 
calculations were made. The safety population included 
all randomly assigned patients who received at least one 
dose of study medication. The intent-to-treat population 
included patients from the safety population who had at 
least one postbaseline efficacy assessment.

Statistical calculations were performed by SGS Life 
Sciences using SAS version  9.2 or higher (SAS Institute 
Inc) and/or WinNonlin version 5.2 or higher software 
(Pharsight Corp). All end points were summarized descrip-
tively. A post hoc analysis was performed for sex steroid 
hormone parameters using an analysis of covariance model 
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with treatment group as a fixed factor and baseline value 
as a covariate. A  possible relationship between drug-
plasma concentrations and clinical response, as measured 
by changes in LH, FSH, LH-to-FSH ratio, P4, E2, and total 
testosterone concentrations, was graphically explored. 
For safety end points, frequencies of AEs were tabulated 
and analyzed in a descriptive manner, with AEs coded ac-
cording to the Medical Dictionary for Regulatory Activities 
version 18.0.

Results

Patient Disposition and Baseline Characteristics

Of 105 patients screened, 73 were randomly assigned and 
included in the safety and intent-to-treat populations and 
64 completed the study (Fig. 1). Treatment groups were 
well matched for demographics and baseline clinical char-
acteristics (Table 1).

Total Testosterone

Both doses of fezolinetant significantly reduced total testos-
terone relative to placebo at week 12 (Table 2), the primary 
end point. A dose-related effect showed that the 180 mg 
dose significantly (P < .001) reduced total testosterone rela-
tive to placebo at all time points during treatment, whereas 
the 60 mg dose significantly (P < .05) reduced total testos-
terone at only weeks 3 and 12. Specifically, change (95% 
CI) from baseline in total testosterone at weeks 3, 6, and 

12 were −19% (−28.7 to −9.0), −14% (−25.6 to −1.8), 
and −17% (−28.7 to −4.6), respectively, with fezolinetant 
60 mg; −32% (−42.1 to −21.3), −31% (−43.9 to −17.7), 
and −33% (−45.91 to −20.4), respectively, with fezolinetant 
180 mg; and −3% (−11.1 to 5.7), −1% (−11.4 to 9.4), and 
1% (−8.8 to 11.7), respectively, with placebo (Fig. 2A). The 
reduction (95% CI) from baseline in total testosterone at 
trough PK concentrations (week 9) was 8% (−18.0 to 2.3) 
with 60 mg and 24% (−35.5 to −11.7) with 180 mg; the 
latter was also significant vs placebo (P = .005), indicating 
that fezolinetant 180 mg suppresses androgen throughout 
the day.

Gonadotropins and Female Sex Hormones

Changes in LH and FSH at week 12 are shown in Table 2 
and Fig. 2B and 2C, respectively. Both doses of fezolinetant 
significantly reduced concentrations of LH to a greater ex-
tent than FSH, thereby significantly (P < .001) decreasing 
the LH-to-FSH ratio relative to placebo at week 12. 
A  dose-dependent effect was also seen in reductions in 
the LH-to-FSH ratio, which were better sustained with 
fezolinetant 180 mg, especially at trough PK concentra-
tions (week 9) (see Fig. 2D).

For both doses of fezolinetant, changes in E2 and P4 
concentrations at week 12 were not significantly different 
from placebo (see Table 2). Fezolinetant 180 mg reduced 
E2 from baseline, but these changes were not significant 
at weeks 3, 6, or 12 compared with changes seen with 

Not randomized, not treated (n=32)
• Ineligible based on
  inclusion/exclusion criteria (n=27)
• Withdrew consent (n=5)

Screened (N=105)

Randomized (N=73)

Completed (n=21)
Discontinued (n=2)

• Withdrew consent (n=1)
• Protocol violation:
  inclusion/exclusion
  criteria not met (n=1)

Completed (n=26)
Discontinued (n=1)

• Withdrew consent (n=1)

Fezolinetant 180 mg QD 
(n=23)

Completed (n=17)
Discontinued (n=6)

• Withdrew consent (n=4)
• Protocol violation:
  inclusion/exclusion
  criteria not met (n=1)  
• Adverse events (n=1)a

Fezolinetant 60 mg QD 
(n=23)

Placebo
(n=27)

Figure 1. Patient disposition. aPatient experienced depressed mood, mood swings, headache, and decreased libido considered by the investigator 
to be possibly related to treatment.
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placebo (Fig. 3A). As shown in Table 2, P4 sampling on 
the same schedule indicated a tendency for fezolinetant 
180 mg to reduce P4 from baseline to week 12, but this 
change was not statistically significant. Ten patients (pla-
cebo: n = 7; fezolinetant 60 mg: n = 3; fezolinetant 180 
mg: n = 0) had P4 concentrations greater than 6.0 ng/mL at 
any time during active treatment, indicative of ovulation 
(42); however, the small number of patients and sporadic 

timing of these elevated P4 readings precludes any clear re-
lationship to treatment.

Clinical Outcomes

Fezolinetant was not associated with clinically mean-
ingful changes in PCOSQ scores (Table 3). On transvaginal 
ultrasound examinations, endometrial thickness for both 

Table 2. Effect of fezolinetant on sex hormones (primary and secondary end points), intent-to-treat population

Hormone Treatment Mean (SD) level 
at baseline

Mean (SD) level at 
week 12

Adjusted Mean (SE) change 
from baseline to week 12a

P vs 
placebo

Total testosterone, 
nmol/L

Placebo 2.01 (0.80) 1.92 (0.78) −0.05 (0.10) —
Fezolinetant 60 mg 1.65 (0.66) 1.38 (0.59) −0.39 (0.12) .04
Fezolinetant 180 mg 2.16 (1.01) 1.39 (0.60) −0.80 (0.13) < .001

LH, IU/L Placebo 14.43 (6.51) 12.51 (6.62) −3.16 (1.04) —
Fezolinetant 60 mg 17.64 (16.83) 7.84 (4.31) −8.21 (1.18) .002
Fezolinetant 180 mg 14.43 (8.60) 5.72 (4.47) −10.17 (1.28) < .001

FSH, IU/L Placebo 5.95 (1.86) 5.53 (1.68) −0.57 (0.26) —
Fezolinetant 60 mg 6.61 (4.41) 5.29 (1.40) −0.92 (0.30) .38
Fezolinetant 180 mg 5.67 (2.35) 4.65 (1.14) −1.46 (0.32) .03

LH-to-FSH ratio Placebo 2.60 (1.32) 2.33 (1.10) −0.31 (0.16) —
Fezolinetant 60 mg 2.67 (1.62) 1.49 (0.77) −1.24 (0.18) < .001
Fezolinetant 180 mg 2.67 (1.30) 1.16 (0.73) −1.45 (0.19) < .001

P4, ng/mL Placebo 1.31 (3.19) 2.12 (5.60) 0.42 (0.73) —
Fezolinetant 60 mg 2.56 (4.03) 1.00 (1.74) −0.77 (0.83) .29
Fezolinetant 180 mg 0.83 (1.10) 0.34 (0.20) −1.28 (0.91) .15

E2, pmol/L Placebo 239.26 (203.37) 357.31 (632.70) 81.98 (82.35) —
Fezolinetant 60 mg 366.52 (256.01) 255.50 (216.51) −32.64 (93.94) .36
Fezolinetant 180 mg 233.48 (137.33) 140.59 (40.38) −135.5 (102.75) .10

Abbreviations: ANCOVA, analysis of covariance; E2, estradiol; FSH, follicle-stimulating hormone; LH, luteinizing hormone; P4, progesterone.
aLeast squares mean change from ANCOVA model using treatment group as a fixed factor and baseline value as a covariate.

Table 1. Demographics and baseline clinical characteristics

Characteristic Placebo (n = 27) Fezolinetant 60 mg (n = 23) Fezolinetant 180 mg (n = 23)

Age, median (range), y 27.0 (18-44) 27.0 (21-41) 26.0 (19-34)
Ht, median (range), cm 166 (158-177) 170 (157-178) 170 (159-186)
Wt, median (range), kg 84.7 (51.7-137.7) 75.0 (61.0-125.4) 80.0 (52.3-126.0)
BMI, median (range) 31.2 (17.1-50.0) 26.7 (19.5-42.0) 26.6 (20.5-43.6)
Race, n (%)    
 White 22 (81.5) 16 (69.6) 17 (73.9)
 Black 1 (3.7) 0 (0) 1 (4.3)
 Asian 0 (0) 1 (4.3) 0 (0)
 American Indian/Alaskan native 0 (0) 1 (4.3) 0 (0)
 Not askeda 4 (14.8) 5 (21.7) 5 (21.7)
Ethnicity, n (%)    
 Hispanic/Latino 0 (0) 1 (4.3) 0 (0)
 Not Hispanic/Latino 26 (96.3) 21 (91.3) 22 (95.7)
 Not askeda 1 (3.7) 1 (4.3) 1 (4.3)

Abbreviation: BMI, body mass index.
aLocal regulations restricted asking.
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fezolinetant groups was similar to or lower than for the 
placebo group throughout the treatment duration (Fig. 3B). 
Treatment with fezolinetant did not regularize the men-
strual cycles (Fig. 3C).

Antimüllerian Hormone, Ovarian Function, 
and Volume

A decrease in AMH over the duration of the study was 
observed in the 180  mg group, although this finding 
was not statistically significant (Fig. 4A). Change from 
baseline in ovarian volume based on transvaginal ultra-
sound was not significantly different for fezolinetant vs 
placebo, although total ovarian volume trended down-
ward at week 12 in the fezolinetant 180 mg group (Fig. 
4B). There were no significant changes observed in the 
number of follicles nor surface size of the dominant fol-
licle (Table 4).

Other Exploratory End Points

Fezolinetant plasma concentrations are shown in Table 5. 
Mean plasma concentrations at weeks 3, 6, and 12 ranged 
from 417 to 469 ng/mL in the 60 mg group and from 1362 
to 1434  ng/mL in the 180  mg group. Trough concentra-
tions (measured at week 9) were 58 and 362 ng/mL in the 
60 and 180 mg groups, respectively.

Fezolinetant produced no clinically relevant changes in 
SHBG, leptin, prolactin, or hormones in the pituitary–adrenal 
axis (adrenocorticotropic hormone, cortisol, aldosterone, and 
dehydroepiandrosterone sulfate) (data not shown). As ex-
pected, a small but consistent decrease in androstenedione 
was observed in the fezolinetant 180 mg group, which correl-
ated with the changes in total testosterone levels.

Safety

Overall, treatment with fezolinetant for 12 weeks was 
safe and well tolerated. Treatment-emergent AEs (TEAEs) 
occurring in at least 3 patients are listed in Table 6. 
TEAEs that occurred in at least 3 patients exposed to 
fezolinetant were headache, paresthesia, rash, nausea, and 
nasopharyngitis. The most frequently reported TEAEs con-
sidered at least possibly related to treatment by the investi-
gator were headache (placebo: 18.5%, fezolinetant 60 mg: 
13.0%, and fezolinetant 180 mg: 39.1%) and paresthesia 
(0%, 0%, and 17.4%, respectively).

Three serious TEAEs were reported in 3 fezolinetant-
treated patients. One patient in the fezolinetant 60  mg 
group experienced superficial thrombophlebitis that was 
determined to be possibly related to treatment; the drug 
was temporarily stopped and then restarted without inci-
dent. The other 2 serious TEAEs, both in the 180 mg group, 
were an ankle fracture associated with a horse-riding acci-
dent that required temporary study drug discontinuation 
during surgery (n = 1) and severe sciatica (n = 1), neither of 
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Figure 2. A, Adjusted mean (SE) percentage change from baseline in 
total testosterone levels during treatment with fezolinetant vs placebo. 
B, Adjusted mean (SE) change from baseline in LH during treatment 
with fezolinetant vs placebo. C, Adjusted mean (SE) change from base-
line in FSH during treatment with fezolinetant vs placebo. D, Effects of 
fezolinetant on LH-to-FSH ratio. All ITT population. Changes in these 
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model with treatment group as a fixed factor and baseline value as a 
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which was deemed related to treatment. All other TEAEs 
were mild to moderate in severity.

One patient in the fezolinetant 180 mg group discon-
tinued the study drug because of AEs of depressed mood, 
headache, decreased libido, and mood swings. These AEs 
were determined by the study sponsor to be potentially re-
lated to treatment, and the study drug was permanently 
discontinued.

No clinically relevant changes in clinical laboratory 
parameters, vital signs, electrocardiographic values, or 
bone density markers were observed. The most frequently 
reported treatment-emergent laboratory abnormalities (ob-
served in ≥ 4 patients in any treatment group) were elevated 
ALT, calcium, creatinine, urate, and hemoglobin and lower 

than normal levels of leukocytes and neutrophils. There was 
an apparent dose-related increase in creatinine seen in 3.7% 
of patients in the placebo group, 4.3% of the fezolinetant 
60 mg group, and 18.2% of the fezolinetant 180 mg group.

Treatment-emergent ALT increases, based on laboratory 
monitoring, were equally distributed over the treatment 
groups. All reported increases were less than 3 times the ULN 
except for 1 patient in the placebo group who had ALT values 
of 5.5 times the ULN at week 12 and 1 patient in the 180 mg 
group with an ALT of 3.2 times the ULN at week 3. All in-
creases were transient and resolved spontaneously. In the 
180 mg group, 1 patient had an ALT of 8.6 times the ULN at 
week 3, but her baseline value was 14.3 times the ULN. Thus, 
the on-treatment ALT elevation was a preexisting condition, 
and because her liver test values normalized during treatment 
and in the absence of any concomitant signs or symptoms, 
this event was not regarded as treatment emergent.

C-SSRS scores were negative in all but one patient who 
developed moderate treatment-emergent depression pos-
sibly related to treatment; the patient recovered from this 
TEAE by day 61 with a negative C-SSRS score at follow-up.

Discussion

This randomized, double-blind, placebo-controlled study 
supports the concept that NK3 antagonist therapy offers 
potential benefit in the treatment of PCOS. Fezolinetant pro-
duced significant reductions in hyperandrogenemia during 
12 weeks of treatment in women with PCOS, reducing total 
testosterone with daily doses of 60 and 180  mg by 14% 
to 19% and 31% to 33% at peak drug concentrations, for 
each dose, respectively. Fezolinetant 180 mg produced a sus-
tained reduction of total testosterone over the 24-hour dose 
interval (24% at trough drug concentrations [P = .005]) and 
also consistently lowered the LH-to-FSH ratio to within a 
normal range so that LH and FSH, as well as estrogen, were 
maintained at levels comparable to those in healthy women 
in the early to midfollicular phase (15, 26).

Results are consistent with the hypothesis that antag-
onism of NK3 receptor signaling affects the GnRH pulse 
generator (43). Thus, fezolinetant is proposed to modulate 
KNDy neuron signaling in the infundibular nucleus to re-
duce GnRH pulse frequency, which is consistent with the 
observed decrease in plasma LH concentrations (and the 
LH-to-FSH ratio) as well as lesser LH-induced produc-
tion of sex hormones by the ovaries (26, 32). The GnRH 
pulse generator is regulated by negative feedback from 
the ovarian hormones P

4 and E2 (44). Across the range of 
clinical studies conducted to date, it is interesting to ob-
serve a similar sensitivity in response to fezolinetant on the 
gonadotropins, LH and FSH, under conditions of normal 
feedback from ovarian hormones (26), negligible feedback 

B

C

9.0

8.5

8.0

7.5

7.0

6.5

6.0

5.5

5.0
Screening Baseline Week 6 Week 12

Placebo Fezolinetant 60 mg Fezolinetant 180 mg

E
n

d
o

m
et

ri
al

 T
h

ic
kn

es
s,

 m
m

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0
Screening

(weeks –4 to –1)
Follow-up

(weeks 12–16)
Treatment

(weeks 1–12,
normalized

to 4-week period)

Placebo Fezolinetant 60 mg Fezolinetant 180 mg

M
en

se
s 

F
re

q
u

en
cy

P
er

 4
-W

ee
k 

P
er

io
d

a

a

200

100

0

-100

-200

-300
Baseline Week 3 Week 6 Week 9

(trough)
Week 12 Week 18

(follow-up)

Placebo Fezolinetant 60 mg Fezolinetant 180 mg
A

d
ju

st
ed

 L
ea

st
 S

q
u

ar
es

 M
ea

n
 (

S
E

)
E

2 
C

h
an

g
e 

F
ro

m
 B

as
el

in
e,

 p
m

o
l/L

Figure 3. Effects of fezolinetant on A, adjusted mean change in E2 based 
on ANCOVA; B, endometrial thickness over time; and C, menses fre-
quency, ITT population. aP < .05; bP  < .01. Change in E2 is based on 
least squares mean percentage change from the ANCOVA model with 
treatment group as a fixed factor and baseline value as a covariate. 
ANCOVA, analysis of covariance; E2, estradiol; ITT, intent-to-treat.

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/106/9/e3519/6277155 by Erasm
us U

niversity R
otterdam

 user on 24 Septem
ber 2021



The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. 106, No. 9 e3527

from ovarian hormones (eg, menopause [33]), and dis-
ordered feedback from ovarian hormones (eg, PCOS [18]), 
as shown here. These data provide further empirical evi-
dence for the functional hierarchy of hypothalamic NK3 
over kisspeptin signaling pathways in mediating feedback 
mechanisms on the HPG axis (25).

Exogenous administration of a kisspeptin agonist does 
not change the dynamics of LH secretion in PCOS patients 

relative to healthy controls (45), indicating that any neuro-
endocrine basis of PCOS is at a hierarchical level above 
that of kisspeptin signaling. Thus, altered KNDy neuron 
signaling and resultant changes in the pattern of endogenous 
kisspeptin secretion may be relevant to disease. In the pre-
sent study, fezolinetant significantly decreased FSH in pa-
tients with PCOS, as previously observed only during the 
midcycle gonadotrophin surge in premenopausal healthy fe-
male volunteers (26). Thus, perhaps the distinct neuroendo-
crine dynamics relevant to surge (13) also pertain to the 
etiology of PCOS. In primates, the surge generator is reliant 
on estrogen-positive feedback at the level of the pituitary 
and/or involves distinct neuronal circuits in the mediobasal 
hypothalamus (44, 46). Although kisspeptin is involved in 
estrogen-induced surge, the specific role of KNDy neurons 
in this phenomenon is unclear (47). Notably, it is only under 
estrogen-positive feedback that NK3 antagonist treatment 
improved the regularity and orderliness of kisspeptin-
stimulated LH pulses in premenopausal women (25). 
Further research is required to determine whether NK3 ant-
agonists may correct the abnormal temporal coupling be-
tween pulses of kisspeptin and LH distinctively evident in 
oligomenorrheic PCOS patients (29, 48).

The sustained reduction in total testosterone and LH 
over the entire treated population in the current 12-week 
study compares well with the preliminary findings from 
a trial of MLE4901 (formerly AZD4901), another NK3 
antagonist, in which similar findings were apparent in all 
patients at day 7 but only in suspected anovulatory pa-
tients at day 28 (28). In this previous study, the authors 

Table 3. Change from baseline to week 12 in Polycystic Ovary Syndrome Questionnaire total scores, intent-to-treat population

PCOSQ domain Mean (SE) total score

Placebo Fezolinetant 60 mg Fezolinetant 180 mg

Emotions
 Baseline 4.57 (0.25) 4.57 (0.27) 4.78 (0.28)
 Wk 12 change −0.1 (0.17) 0 (0.19) −0.6 (0.29)
Body hair
 Baseline 3.97 (0.36) 3.76 (0.39) 4.06 (0.45)
 Wk 12 change −0.3 (0.17) −0.1 (0.17) −0.3 (0.26)
Weight
 Baseline 3.92 (0.42) 3.74 (0.45) 4.10 (0.41)
 Wk 12 change −0.3 (0.22) −0.4 (0.19) 0 (0.27)
Infertility problemsa

 Baseline 4.70 (0.36) 4.37 (0.35) 4.77 (0.39)
 Wk 12 change 0.1 (0.24) 0.1 (0.26) −0.6 (0.35)
Menstrual problems
 Baseline 4.38 (0.28) 3.67 (0.30) 4.14 (0.28)
 Wk 12 change 0.3 (0.26) 0.6 (0.26) 0.3 (0.30)

Abbreviation: PCOSQ, Polycystic Ovary Syndrome Questionnaire.
aParticipants were required to use contraception during the trial if they were sexually active. However, the PCOSQ was administered in full, including the 4 items 
relating to infertility.
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Figure 4. Effect of fezolinetant on A, AMH and B, adjusted mean change 
in ovarian volume based on transvaginal ultrasound at week 12, ITT 
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D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/106/9/e3519/6277155 by Erasm
us U

niversity R
otterdam

 user on 24 Septem
ber 2021



e3528  The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. 106, No. 9

acknowledge that P4 concentrations in the treatment phase 
were higher than expected for PCOS patients in general, 
and the suspected ovulatory patients (ie, those with P4 
> 6  ng/mL [42]) were removed from post  hoc analyses 
(28). In contrast, our findings indicate that NK3 antagonist 
treatment tends to lower the incidence of P4 elevation and 

subsequent post hoc analyses were not obliged. MLE4901 
has since been discontinued, as the risk/benefit profile no 
longer supported continued development (30). The dur-
ation of this initial, exploratory study with MLE4901 was 
acknowledged to be insufficient to assess clinical outcomes, 
and such findings were not reported (28).

Table 4. Number of ovarian follicles and surface of dominant follicle, assessed by transvaginal ultrasound

Placebo (n = 27) Fezolinetant 60 mg (n = 23) Fezolinetant 180 mg (n = 23)

No. of follicles, left ovary
 Baseline 16.9 (11.2) 14.4 (6.9) 17.8 (7.8)
 Wk 6 change −2.0 (8.7) 0.1 (7.3) −0.4 (11.2)
 Wk 12 change −0.7 (10.1) −1.8 (8.2) 3.7 (13.1)
No. of follicles, right ovary
 Baseline 19.1 (12.8) 13.9 (7.0) 18.7 (12.8)
 Wk 6 change −2.1 (11.4) −1.0 (4.2) −2.1 (8.6)
 Wk 12 change −1.2 (9.8) 0.6 (6.6) 3.1 (12.4)
Surface of dominant follicle, mm3

 Baseline 102.8 (103.6) 220.0 (354.4) 140.4 (255.5)
 Wk 6 change −54.7 (113.9) −145.8 (349.9) −19.8 (151.3)
 Wk 12 change −24.0 (153.6) −99.2 (311.9) 15.6 (43.7)

All results are reported as mean (SD).

Table 5. Fezolinetant plasma concentrations, safety population

Fezolinetant 60 mg (n = 23) Fezolinetant 180 mg (n = 23)

No. Mean (SE), ng/mL Median, ng/mL Range, ng/mL No. Mean (SE), ng/mL Median, ng/mL Range, ng/mL

Predose samplesa         

 Wk 1 (baseline) 23 0 (0) 0 — 22 0 (0) 0 —

 Wk 9 (trough) 20 57.51 (28.04) 19.2 0-576.0 17 362.06 (121.84) 153.0 0-1815.0

Postdose (peak) samplesb        

 Wk 3 22 423.35 (57.53) 395.5 13.5-1023.0 18 1371.20 (149.55) 1431.5 9.7-2266.0

 Wk 6 21 468.91 (43.94) 440.0 0-847.0 17 1433.59 (110.24) 1415.0 753.0-2401.0

 Wk 12 21 417.24 (59.07) 424.0 0-927.0 17 1361.88 (153.53) 1299.0 0-2428.0

aBlood samples for fezolinetant concentrations were taken before intake of study drug.
bBlood samples for fezolinetant concentrations were taken 2 to 8 hours after intake of study drug.

Table 6. Treatment-emergent adverse events occurring in 3 or more patients and effects on liver function, safety population

TEAE, n (%) Placebo (n = 27) Fezolinetant 60 mg (n = 23) Fezolinetant 180 mg (n = 23)

Any TEAE 20 (74.1) 17 (73.9) 21 (91.3)
Treatment-related TEAEs 13 (48.1) 12 (52.2) 13 (56.5)
TEAEs of any severity or causality occurring in ≥ 3 patients in any treatment group
 Headache 7 (25.9) 5 (21.7) 9 (39.1)
 Paresthesia 0 (0) 0 (0) 5 (21.7)
 Rash 1 (3.7) 0 (0) 3 (13.0)
 Nasopharyngitis 5 (18.5) 3 (13.0) 2 (8.7)
 Fatigue 3 (11.1) 2 (8.7) 0 (0)
 Nausea 1 (3.7) 3 (13.0) 0 (0)
Treatment-emergent AST or ALT ≥ 3 × ULNa 1 0 1

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; TEAE, treatment-emergent adverse event; ULN, upper limit of normal.
aBased on laboratory testing; all increases were transient and resolved spontaneously during treatment.
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A secondary objective of the present study was to de-
termine whether targeted modulation of the hypothal-
amic KNDy-HPG axis combined with a sustained decrease 
in plasma total testosterone and normalization of the 
LH-to-FSH ratio would affect clinical outcomes in PCOS. 
However, there was no improvement in menstrual cycle 
regularity, follicle counts, or PCOSQ scores. The 12-week 
duration of treatment in this trial may be inadequate to af-
fect these parameters as positive clinical outcomes in PCOS 
clinical trials are typically detected after 6 to 9 months of 
treatment (49, 50). However, the small but consistent dose-
related decreases in serum AMH levels, together with the 
associated decreases in ovarian volume (51-53), may be an 
early sign of improved clinical outcomes with prolonged 
treatment. The time course required to lower AMH levels 
could relate to the necessity to replace the whole follicle co-
hort against a background of reduced androgen (50).

Diverse approaches ranging from retrospective clinical 
studies to mathematical modeling converge to conclude 
that androgenic effects both at the pituitary and the ovaries 
contribute to the etiology of PCOS (54, 55). High total tes-
tosterone correlates with a larger number of small antral 
follicles (56), leading to increased AMH production (57) 
and follicular development arrest (58). AMH also inhibits 
cytochrome P450 aromatase (CYP19, the enzyme that con-
verts androgens to E

2) in the granulosa cells to further ele-
vate androgen levels (59).

Furthermore, both total testosterone and AMH modu-
late hypothalamic-pituitary circuits to elevate the LH-to-
FSH ratio. A positive correlation between LH and AMH 
serum levels is evident in women with PCOS (53), a finding 
consistent with recent mechanistic studies in rodent models 
demonstrating that AMH has direct, positive feedback on 
GnRH neuronal activation to increase LH pulsatility (60, 
61). Also, genome-wide association analyses conclude that 
testosterone has an etiologic role in PCOS (62) in accord-
ance with mechanistic studies demonstrating that elevated 
androgens affect the plasticity of key neuroendocrine cir-
cuits (63, 64). The latter finding is consistent with the 
pharmacologic demonstration that long-term androgen re-
ceptor blockade restores the negative feedback of estrogen 
and P4 on LH pulse frequency in women with PCOS (19). 
Thus, the trends toward lower levels of both total testos-
terone and AMH shown here in response to fezolinetant 
suggest that longer-term studies would be of interest to con-
firm whether improved clinical outcomes are achievable.

This study has focused on the neuroendocrine axis as 
the target site for interpreting NK3 antagonist effects in 
PCOS. However, the NKB-NK3 receptor signaling pathway 
is also present in human granulosa and cumulus cells (65), 
where a significant decrease in NK3 receptor expression 
(eg, TACR3 messenger RNA) (66-68) may contribute to 

the decreased aromatase levels in women with PCOS (69). 
Any direct actions of fezolinetant at the level of the ovary 
were not evaluated in this trial.

Further clinical development of fezolinetant is fo-
cused on potential benefits in treating vasomotor symp-
toms, such as hot flashes and night sweats. NK3 receptor 
antagonism is potentially a novel therapeutic strategy 
targeting the underlying central mechanisms causing vaso-
motor symptoms. In 2 phase 2, randomized, double-blind, 
placebo-controlled studies in postmenopausal women with 
vasomotor symptoms, fezolinetant significantly reduced 
vasomotor symptom frequency and severity and was well 
tolerated (33, 34). The PK profile of fezolinetant in women 
with PCOS was similar to that reported in healthy female 
volunteers and postmenopausal women (26, 33). The stable 
exposure levels over the duration of the study indicate that 
there is no drug accumulation or modulation of PK pro-
cesses consequent to repeated dosing.

Fezolinetant was generally well tolerated in women 
with PCOS. The only serious, potentially treatment-related 
AE was superficial thrombophlebitis, which occurred in 
one patient in the fezolinetant 60 mg group. One patient 
in the 180 mg dose group discontinued treatment because 
of mood-related effects considered to be potentially treat-
ment related, and one patient had a transiently positive 
C-SSRS score. No patients discontinued treatment because 
of elevated liver enzymes, and the incidences of treatment-
emergent increases in liver enzymes were similarly distrib-
uted over the placebo and fezolinetant-treatment groups.

Women with PCOS may have an increased risk of endo-
metrial cancer (70). Endometrial health was assessed and, 
as previously demonstrated in premenopausal and meno-
pausal women (26, 34), fezolinetant treatment had no 
estrogen-like stimulatory or proliferative effects on the 
endometrium.

Limitations of this proof-of-concept study include 
the exploratory nature of the statistical analyses, the 
focus on biochemical biomarkers (eg, total testosterone, 
LH-to-FSH ratio) over clinical outcomes as influenced 
by the short duration of the study, the sufficiency of 
the 1-month stop interval of any oral contraceptives 
prior to screening, and the small sample size. Although 
a hyperandrogenemic population was selected, other 
factors (eg, incidence of oligomenorrhea, metabolic 
markers, body mass index, SHBG) potentially relevant 
to PCOS patient clustering were uncontrolled in this 
study, so heterogeneity in the study population may be 
a confounding factor in the interpretation of results (8, 
9). At the time that this study was launched, there was no 
precedence for this type of therapy in a PCOS trial, and 
therefore no formal power calculation was performed to 
define the sample size. However, an estimate of sample 
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size was made based on assumptions regarding a pro-
jected effect size of 30% to lower both total testosterone 
and LH on the basis of the response to fezolinetant meas-
ured in healthy volunteers (26).

In conclusion, this is the first study to demonstrate that 
an NK3 receptor antagonist has a sustained effect in women 
with PCOS to normalize the LH-to-FSH ratio and reduce 
the hyperandrogenic state. However, these changes in hor-
mones did not translate into improved clinical outcomes in 
this 12-week study. These data suggest that therapy prin-
cipally targeting the hypothalamic KNDy-HPG axis elicits 
positive changes in biochemical biomarkers but that the 
expected, consequent changes in the plasticity of relevant, 
neuroendocrine circuits and ovarian physiology correct 
slowly; therefore, prolonged therapy may be required to 
demonstrate clinical benefit.
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