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Abstract
Context:  Adolescent males with hypogonadotropic hypogonadism (HH) have traditionally been treated with exogenous testosterone (T) or 
human chorionic gonadotropin (hCG) to produce virilization; however, those modalities do not result in growth of the testes and may promote 
premature maturation and terminal differentiation of Sertoli cells prior to their proliferation, which may impact future fertility. Another option is to 
use gonadotropins in those individuals to induce testicular growth, proliferation and maturation of Sertoli cells, and production of endogenous 
T with consequent virilization.
Objective:  We examined the efficacy and safety of corifollitropin alfa (CFA) combined with hCG for the induction of testicular growth and pu-
bertal development in adolescent boys with HH.
Methods: This was a 64-week, multicenter, open-label, single-group study of CFA in adolescent boys, aged 14 to younger than 18 years, with HH. 
Seventeen participants initiated a 12-week priming period with CFA (100 μg if weight ≤ 60 kg, or 150 μg if weight > 60 kg) given subcutaneously 
once every 2 weeks, after which they entered a 52-week combined treatment period with CFA, once every 2 weeks, and subcutaneous hCG, 
twice-weekly (hCG dose adjusted between 500 IU and 5000 IU to keep total T and estradiol levels within protocol-specified ranges). The primary 
efficacy end point was change from baseline in testicular volume (TV), measured as the sum of volumes of left and right testes by ultrasound.
Results:  After 64 weeks of therapy with CFA/CFA combined with hCG, geometric mean fold increase from baseline in TV was 9.43 (95% CI, 
7.44-11.97) (arithmetic mean of change from baseline at week 64, 13.0 mL). Hormonal, Tanner stage, and growth velocity changes were con-
sistent with initiation and progression of puberty. Treatment was generally well tolerated. No participant developed anti-CFA antibodies.
Conclusion: Treatment of adolescent boys with HH with CFA alone for 12 weeks followed by CFA combined with hCG for 52 weeks induced 
testicular growth accompanied by pubertal progression, increased T, and a pubertal growth spurt (EudraCT: 2015-001878-18).
Key Words:  corifollitropin alfa, hypogonadotropic hypogonadism, adolescent boys, testes
Abbreviations:  ADA, antidrug antibody; AMH, antimüllerian hormone; ASaT, all subjects as treated; CFA, corifollitropin alfa; CV, coefficient of variation; 
E2, estradiol; FAS, full analysis set; FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone; hCG, human chorionic gonadotropin; HH, 
hypogonadotropic hypogonadism; LH, luteinizing hormone; QoL, quality of life; recFSH, recombinant follicle-stimulating hormone; SHBG, sex hormone–binding 
globulin; T, testosterone; TV, testicular volume.

Male hypogonadotropic hypogonadism (HH) is character-
ized by impaired secretion of the pituitary gonadotropins 
follicle-stimulating hormone (FSH) and luteinizing hormone 
(LH), resulting in insufficient testicular function including defi-
ciencies in testosterone (T) production and spermatogenesis (1). 
HH can be the result of a primary defect in gonadotropin se-
cretion by the pituitary gonadotrophs, or it can result from de-
fects in gonadotropin-releasing hormone (GnRH) secretion by 
the hypothalamus. The clinical manifestations of HH depend 
on the stage of development at which the deficiency occurred 
(prepubertal or postpubertal). When the condition occurs be-
fore puberty (prepubertal), puberty is delayed or absent. The 

condition can be congenital or acquired and can occur in iso-
lation, in association with anosmia/hyposmia, or it can occur 
as part of a multiple pituitary hormone deficiency syndrome 
(2, 3). HH in young boys is associated with significant psycho-
social impact and physical consequences leading to depression, 
anxiety, sexual dysfunction, and a lower quality of life (QoL), 
all of which may improve considerably with treatment (4). The 
standard treatment for HH in males is androgen (T) therapy in 
adolescence and human chorionic gonadotropin (hCG) with or 
without FSH when fertility is desired.

An important goal in the treatment of adolescent boys with 
HH is to increase serum T levels, leading to a pubertal growth 

https://orcid.org/0000-0002-3709-0965
https://orcid.org/0000-0002-9717-2479
https://orcid.org/0000-0002-1403-3298
https://orcid.org/0000-0002-8356-6936
https://orcid.org/0000-0001-6084-6604
mailto:ravi_shankar3@merck.com?subject=


The Journal of Clinical Endocrinology & Metabolism, 2022, Vol. 107, No. 7 2037

spurt and the development of male secondary sexual character-
istics (5-7). This can be achieved either through the administra-
tion of exogenous T, or by using hCG to stimulate LH receptors 
on Leydig cells of the testes, thereby inducing the production 
of endogenous T. Another important goal in the treatment of 
adolescent boys with HH is to stimulate spermatogenesis, at 
an appropriate time, to support future fertility. Treatment with 
hCG alone can induce spermatogenesis, especially in patients 
with testicular volume (TV) greater than 4 mL at baseline (8), 
but may require prolonged treatment (9, 10). In contrast, a 
shorter duration of treatment with gonadotropins (both FSH 
and hCG) to induce puberty during adolescence has been re-
ported to result in spermatogenesis (11). While the sequence 
of gonadotropins used in these treatment regimens to induce 
puberty has varied, when FSH is initiated before stimulation of 
the LH receptor, increases in TV, serum inhibin B levels into the 
adult range, and Sertoli cell and spermatogonia numbers in the 
testes, as well as a reduction in Sertoli cell to germ cell ratio (by 
biopsy) have been reported (3) when compared to a group in 
which both FSH and LH receptors were stimulated simultan-
eously from the start of therapy. Historically, adolescent boys 
with HH were not treated with FSH, as support of fertility was 
not the main goal of treatment at this age (5-7). Instead, these 
patients were administered exogenous T in a sufficient quantity 
to induce the development of male secondary sexual charac-
teristics, and from then on, to maintain normal male T levels. 
However, T therapy alone does not induce testicular changes 
necessary to support fertility. It is possible that adolescent 
boys who are not exposed to FSH during the critical pubertal 
window required for Sertoli cell proliferation may miss this 
crucial period in testicular development; however, data on the 
responses to fertility induction in men with HH treated with T 
during adolescence are scant. Meta-analyses or reviews of the 
literature suggest mixed results, and it is possible that this re-
sults from a combination of patients with prepubertal as well 
as postpubertal onsets of HH (12, 13). One study that assessed 
this reported mixed responses to fertility-inducing therapies in 
men who were treated with T in adolescence (14). Treatment 
with hCG alone to induce endogenous production of T has the 
potential of inducing terminal differentiation of Sertoli cells be-
fore they have had the opportunity to undergo proliferation 
and maturation (3).

Treatment protocols using gonadotropins to induce pu-
berty in adolescent boys with HH have involved pretreatment 
with hCG, followed by combined treatment with hCG and 
FSH or pulsatile GnRH (11, 15); or simultaneous initiation of 
hCG and FSH or use of pulsatile GnRH (16); or pretreatment 
with FSH followed by combined treatment with hCG and 
FSH or pulsatile GnRH (2, 17). Stimulation of endogenous T 
production with hCG is preferred over administration of ex-
ogenous T to induce virilization because hCG induces higher 
levels of intratesticular T, which promotes spermatogenesis 
and can stimulate additional testicular growth if the testes are 
still at a suboptimal volume (6). Inhibin B has been shown to 
be a useful surrogate for monitoring spermatogenic activity in 
boys when semen analysis is not feasible (18).

Owing to its short half-life, recombinant FSH (recFSH) needs 
to be injected multiple times per week to maintain therapeut-
ically effective levels; a treatment for HH that requires fewer 
injections may be more acceptable to adolescent boys and may 
result in fewer medication errors and improved adherence. 
Corifollitropin alfa (CFA; Elonva) is a recombinant gonado-
tropin consisting of the α-subunit of human FSH and a hybrid 

subunit composed of the sequence of the β-subunit of human 
FSH and the C-terminal peptide part of the β-subunit of hCG. 
CFA acts at the same gonadal FSH receptor as recFSH, but it 
has an approximately 2-fold longer elimination half-life and an 
almost 4-fold increase in time to peak serum levels (T

max) com-
pared with recFSH. A single injection of CFA replaces 7 days 
of daily recFSH injections when used to induce the develop-
ment of ovarian follicles in women undergoing controlled 
ovarian stimulation during assisted reproductive technologies 
(19). For the treatment of males with HH, a single injection 
of CFA every 2 weeks is intended to replace FSH injections 
administered 2 to 3 times per week. A previous study in men 
with HH demonstrated that CFA administered once every 2 
weeks in combination with hCG for 52 weeks increased TV 
significantly and induced spermatogenesis in 77% of patients 
who had remained azoospermic after a 12-week treatment 
with hCG alone (20). The present study examined the efficacy 
and safety of 64 weeks of therapy with CFA administered once 
every 2 weeks (alone for 12 weeks and then combined with 
hCG for weeks 12-64) in adolescent boys aged 14 to younger 
than 18 years with HH. The sequence of gonadotropin therapy 
used in this study, with CFA alone (priming period) followed 
by combined treatment with CFA and hCG, was chosen to ap-
proximate normal pubertal changes as well as to optimize in-
creases in Sertoli cell number (and TV) before their maturation 
due to exposure to T.

Materials and Methods
Patient Selection Criteria
Adolescent boys who met the following key criteria were eligible 
to participate in the study: age 14 to younger than 18 years; es-
tablished diagnosis of HH (either congenital or acquired with 
onset before puberty); TV less than 4.0 mL for each testicle, as 
determined by ultrasound; and circulating levels of total T less 
than the lower limit of normal of 8.3 nmol/L, FSH less than or 
equal to 2 IU/L, LH less than or equal to 2 IU/L, and inhibin B 
levels less than or equal to 35 ng/L.

Boys were excluded from the study if any of the following 
key criteria were met: history of bilateral cryptorchidism 
(maldescended testes) or unilateral cryptorchidism treated 
after age 2 years; history or presence of clinically significant 
testicular problems (eg, epididymitis, orchitis, testicular tor-
sion, varicocele grade III, testicular atrophy, occlusive azoo-
spermia) that in the opinion of the investigator would impair 
the individual’s response to treatment; had known damage or 
injury to the vas deferens; previous treatment with GnRH, 
gonadotropins (eg, hCG, FSH), or androgens (eg, T); un-
treated or inadequately treated pituitary or hypothalamic 
tumor; uncontrolled endocrinopathies, including thyroid, 
adrenal, and pituitary disorders not on stable replacement 
therapies (ie, individual had not been on stable doses for at 
least 3  months); history of active pituitary hypersecretion 
as evidenced by hyperprolactinemia or Cushing disease, or 
acromegaly, or any other active pituitary hypersecretion 
syndrome; hypophysectomy within a period of 12 months be-
fore the start of screening; allergy/sensitivity to gonadotropins 
or its/their excipients.

Study Design
This was a 64-week, multicenter, open label, single-group 
study of CFA in adolescent boys aged 14 to younger 
than 18  years with HH (Merck protocol 043; EudraCT: 
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2015-001878-18). The trial design diagram is shown in Fig. 
1. Individuals underwent a screening period of up to 6 weeks.
Each participant and his legal guardian (or someone desig-
nated by the participant’s legal guardian, such as a caregiver 
or parent) were given instructions on CFA and hCG home-
injection before the initiation of treatment.

Eligible participants were allocated to a 12-week CFA 
priming period at baseline. This study used the same formu-
lation of CFA developed and available commercially for con-
trolled ovarian stimulation in women. Starting at baseline, a 
single dose of CFA (100 μg if body weight was ≤ 60 kg, or 
150  μg if body weight was > 60  kg) was injected subcuta-
neously in the abdominal wall once every 2 weeks in the 
morning on the same day of the week throughout the 64-week 
trial. The first 3 doses of CFA were to be self-administered by 
the participant (or administered by an appropriately trained 
person designated by the participant’s legal guardian) at 
the trial site, witnessed by qualified personnel. Participants 
who received CFA 100 μg at the start of the trial had their 
CFA dose increased to 150 μg if their body weight increased 
by 2 kg or more from the previous visit to a value greater 
than 60 kg. For participants receiving CFA 150 μg, the dose 
was not down-titrated for the rest of the trial, regardless of 
changes in body weight. A telephone contact was conducted 
at week 8 to monitor adverse events, concomitant medica-
tion, and study medication compliance.

At week 12, participants entered a 52-week combined treat-
ment period during which CFA was coadministered with hCG 
(PREGNYL; Merck & Co Inc). Starting from the last day of 
week 12, hCG was injected subcutaneously twice a week in 

the morning, on fixed days of the week throughout the trial. 
The dose of hCG was adjusted between 500 IU and 5000 IU 
(inclusive) to keep the total T and estradiol (E2) levels within 
ranges specified in the protocol based on the normative data 
for the central laboratory (8.3-33.0 nmol/L for T; < 40% of 
upper limit of normal [< 147 pmol/L] for E2). The first dose of 
hCG at week 12 was self-administered (or administered by an 
appropriately trained person designated by the participant’s 
legal guardian) at the trial site as a witnessed dose. During 
the combined treatment period, participants had clinic visits 
every 8 to 12 weeks from week 12 until treatment comple-
tion at week 64. Telephone contacts were conducted every 4 
weeks between site visits to monitor adverse events, concomi-
tant medication, and study medication compliance. The last 
dose of CFA was scheduled to be home-administered by the 
participant (or an appropriately trained person designated by 
the participant’s legal guardian) at week 62. The participant 
(or the designated person) continued to home-administer the 
twice-weekly hCG, and the last dose was administered at 
week 64. A posttreatment follow-up visit was conducted at 
least 21 days (but ≤ 45 days) after the last dose of CFA, and 
at least 7 days after the last dose of hCG (even if study treat-
ment was discontinued prematurely). The overall treatment 
period was defined as the period from the first dose of CFA to 
the completion of the posttreatment follow-up visit.

Blood samples for serum FSH, LH, hCG, inhibin-B, 
antimüllerian hormone (AMH), free T, and sex hormone–
binding globulin (SHBG) measurements were collected 
at screening, baseline, weeks 12, 36, 60, and 64, and a 
posttreatment follow-up visit at least 21 days (but ≤ 45 days) 

CFA 100 μg (body weight ≤60 kg) or 150 μg (body weight >60 kg) once every 2 weeks1

1. During the course of the trial, for subjects receiving CFA 100 μg, the dose of CFA was adjusted to 150 μg
if the subject’s body weight increased by 2 kg or more from the previous visit to a value greater than 60 kg.
For subjects receiving CFA 150 μg, the dose was not down-titrated for the rest of the trial regardless of any
changes in body weight.

2. During the Combined Treatment Phase, the dose of hCG was titrated between 500-5000 IU twice weekly
to keep the testosterone and E2 levels within acceptable ranges.

3. Follow-up visit was conducted at least 21 days (but no more than 45 days) after the last dose of CFA and
at least 7 days after the last dose of hCG.

Abbreviations: CFA, corifollitropin alfa; F/U, follow-up visit; FSH, follicle stimulating hormone; hCG, human chorionic gonadotropin; 
HH, hypogonadotropic hypogonadism; LH, luteinizing hormone; LLN, lower limit of normal.
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Figure 1.  Trial design diagram.
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after the last dose of CFA and at least 7 days after the last 
dose of hCG. Blood samples for serum total T and E2 meas-
urements were collected at screening, baseline, weeks 12, 
16, 24, 36, 48, 56, and 64, and the posttreatment follow-up 
visit. Blood samples for serum CFA measurements were col-
lected at baseline, weeks 2, 4, 12, 24, 36, 48, and 64, and 
the posttreatment follow-up visit. Blood samples for serum 
antidrug antibody (ADA) measurements were collected 
at baseline, weeks 4, 12, 24, 36, 48, and 60, and the post-
treatment follow-up visit.

Efficacy End Points
The primary efficacy measure was TV (ie, the sum of left and 
right testes volumes), which was measured using ultrasound 
at weeks 1, 2, 12, 36, and 64. All ultrasound images were 
evaluated locally for pathological findings at all time points 
by a qualified investigator or radiologist, and centrally by a 
radiologist at a blinded, sponsor-validated imaging vendor. 
In addition, at screening, TV was calculated locally to deter-
mine eligibility for enrollment and to assess for any pathology 
that would have excluded the patients from participating in 
the study. The sponsor-validated central imaging vendor read 
all testicular ultrasound images after the participants had 
completed the study with the order of the images masked. 
The volume of each testis was calculated by the radiologist 
at the central imaging vendor using the formula for a prolate 
ellipsoid: (π/6) × (longitudinal) × (anteroposterior) × (trans-
verse) diameters.

Secondary efficacy end points included Tanner stage of de-
velopment, growth velocity, and hormonal markers for pu-
berty (T, inhibin B, AMH, E2, LH, FSH, and SHBG). Tanner 
staging assessed genital development (eg, TV and penile de-
velopment) and pubic hair distribution. Tanner stage of de-
velopment and growth velocity are well-recognized markers 
of pubertal progress.

One of the primary goals in treating participants with HH 
is to increase T levels; both total and free T were evaluated. 
In males, increases in E2 signify aromatization of T, and de-
creases in SHBG are a response to T and changes in the T/E2 
ratio in favor of T.

Direct assessment of spermatogenesis was not conducted in 
this study because of the age of the participants. Inhibin B was 
measured because it has been shown to be a useful surrogate 
for monitoring spermatogenic activity in boys treated with 
hCG when semen analysis is not feasible (6).

Serum hCG levels were measured to monitor treatment 
compliance.

Hormone and Sex Hormone–binding 
Globulin Assays
After solvent extraction, total serum T was measured using 
liquid chromatography–tandem mass spectrometry with a 
QTRAP 5500 mass spectrometer (SCIEX). The assay sensi-
tivity was 0.07 nmol/L. The intra-assay and interassay pre-
cision measures (expressed as % coefficient of variation [% 
CV]) for this assay were 1.3% to 2.4% CV and 2.1% to 
5.1% CV, respectively. After equilibrium dialysis and liquid 
extraction, free T concentration was determined using liquid 
chromatography with tandem mass spectrometric detection 
with a QTRAP 5500 mass spectrometer. The assay sensitivity 
was 69.3 pmol/L. The intra-assay and interassay precision 
measures for this assay were 4.9% to 5.8% CV and 5.3% to 
8.8% CV, respectively.

Inhibin B was measured using a qualitative enzyme-linked 
immunosorbent assay (INHIBIN B GEN II ELISA; Beckman 
Coulter; RRID: AB_2827405; catalog No. A81301). The 
assay sensitivity was 10 ng/L. The intra-assay and interassay 
precision measures for this assay were 4.0% CV and 3.5% to 
5.1% CV, respectively.

AMH was measured using a sandwich principle 
electrochemiluminescence immunoassay (Elecsys AMH 
assay; Roche Diagnostics; RRID: AB_2895131; catalog No. 
06331076). The assay sensitivity was 0.21 pmol/L. The intra-
assay and interassay precision measures for this assay were 
0.5% CV and 1.5% to 1.8% CV, respectively.

E2 was measured using a competitive assay (ADVIA 
Centaur Enhanced Estradiol assay; Siemens; RRID: 
AB_2895133; catalog No. 10490889). The assay sensitivity 
was 69.80 pmol/L. The intra-assay and interassay precision 
measures for this assay were 2.2% to 3.9% CV and 2.7% to 
4.8% CV, respectively.

LH was measured using a sequential, 2-step 
immunoenzymatic assay (Access hLH assay; Beckman-
Coulter; RRID: AB_2750984; catalog No. 33510) with a DxI 
800 luminometer (Beckman-Coulter). The assay sensitivity 
was 0.20 IU/L. The intra-assay and interassay precision meas-
ures for this assay were 3.0% to 4.3% CV and 3.9% to 6.7% 
CV, respectively.

FSH was measured using a sequential 2-step 
immunoenzymatic assay (Access hFSH assay; Beckman-
Coulter; RRID: AB_2750983; catalog No. 33520) with a DxI 
800 luminometer (Beckman-Coulter). The assay sensitivity 
was 0.60 IU/L. The intra-assay and interassay precision meas-
ures for this assay were 3.8% to 4.7% CV and 5.0% to 6.1% 
CV, respectively.

SHBG was measured using a chemiluminescent assay 
(Siemens; RRID: AB_2819251; catalog No. L2KSH-20) with 
an Immulite 2000/2000XPi luminometer (Siemens). The assay 
sensitivity was 2.0  nmol/L. The intra-assay and interassay 
precision measures for this assay were 4.1% to 4.5% CV and 
3.1% to 6.9% CV, respectively.

hCG was measured using a sandwich principle 
electrochemiluminescence immunoassay (Roche Diagnostics; 
RRID: AB_2895132; catalog No. 03271749). The assay sen-
sitivity was 0.6 IU/L. The intra-assay and interassay precision 
measures for this assay were 1.1% CV and 2.1% to 3.1% CV, 
respectively.

Pharmacokinetic and Immunogenicity Assessments
Serum CFA concentrations were determined using an in-
direct enzyme-linked immunosorbent assay (ELISA; Merck 
& Co Inc; RRID: AB_2895553; catalog No. SB_1,) with a 
SpectraMax M5 (Molecular Devices Corp). The assay sensi-
tivity was 312.50 pg/mL and the intra-assay and interassay 
precision measures for this assay were 1.0% to 12.3% CV 
and 4.2% to 7.9% CV, respectively.

Serum samples collected for ADA assay were analyzed 
in a 2-step process. The initial screening assay used a radio-
immunoassay (Merck & Co Inc; RRID: AB_2895554; catalog 
No. SB_2) in which the samples were incubated overnight with 
125I-CFA. Samples found to be positive for ADA in the screening 
assay were subjected to a confirmatory immunodepletion assay 
for which the samples were incubated both with 125I-CFA and 
nonlabeled CFA. The assay sensitivity was 3.250 ng/mL and 
the intra-assay and interassay precision measures for this assay 
were 0.1% to 16.5% CV and 5.1% to 17.3% CV, respectively.

https://antibodyregistry.org/search?q=AB_2827405
https://antibodyregistry.org/search?q=AB_2895131
https://antibodyregistry.org/search?q=AB_2895133
https://antibodyregistry.org/search?q=AB_2750984
https://antibodyregistry.org/search?q=AB_2750983
https://antibodyregistry.org/search?q=AB_2819251
https://antibodyregistry.org/search?q=AB_2895132
https://antibodyregistry.org/search?q=AB_2895553
https://antibodyregistry.org/search?q=AB_2895554
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Safety Assessments
Safety and tolerability were assessed by clinical review of ad-
verse events, presence of CFA antibodies, laboratory tests, 
and vital signs. The prespecified safety end point was evalu-
ation of development of antibodies to CFA.

Statistical Methods
The primary analyses for efficacy were based on the full ana-
lysis set (FAS) population, which consisted of all participants 
who had a baseline and at least 1 postbaseline measurement of 
TV, had no LH levels greater than 3 IU/L, had received treat-
ment for at least 12 weeks with CFA followed by 24 weeks of 
CFA and hCG, and had no more than 4 weeks from the last 
dose of CFA when the last TV measurement was made.

The primary efficacy end point was the mean change from 
baseline in log-transformed TV at week 64, which was ana-
lyzed using a mixed model with a fixed effect for baseline and 
time point and a random effect for each participant. The geo-
metric mean increase in TV and its 95% CIs were obtained 
by back transformation to natural scale by exponentiation. 
The mean change from the first day of combined treatment 
(week 12) to week 64 in log-transformed TV was also ana-
lyzed using a mixed model with a fixed effect for time point. 
For each time point, the mean change from week 12 to that 
time point and the associated 95% CI were calculated. The 
geometric mean increase in TV and its 95% CI were obtained 
by exponentiation.

The analyses for all secondary efficacy end points were con-
ducted on the FAS population. The change in serum inhibin 
B concentrations after weeks 12, 36, and 64 were summar-
ized. Growth velocity over the 36- and 64-week treatment 
periods was extracted using the slopes estimated from an 
overall mixed random intercept and random slope model of 
height (cm) and time (years) and age as covariates. Tanner 
staging was recorded for both TV and pubic hair at baseline, 
and weeks 12, 36, and 64. Serum concentrations of hormones 
(total T, inhibin B, AMH, E2, LH, and FSH) and SHBG were 
summarized by assessment. Sonographic testicular patterns 
were listed and any changes over time were described.

Descriptive summary statistical analysis of CFA serum 
concentrations was conducted using the software Phoenix 
WinNonlin Professional (version 8.1.). Relative nominal 
pharmacokinetic sampling time was used for this analysis. 
Values below the serum CFA assay lower limit of quantita-
tion were replaced with 0. Descriptive statistics for the serum 
concentrations by time point were calculated.

Safety analyses were performed in the all subjects as treated 
(ASaT) population consisting of all participants who received 
at least one dose of CFA.

Results
This study was conducted from February 2, 2017 through 
May 5, 2020. Seventeen participants were enrolled in the 
study. All 17 participants completed the CFA priming period 
and entered the combined CFA and hCG treatment period. 
One participant discontinued study medication during the 
combined treatment period because of a serious adverse event 
(recurrence of craniopharyngioma) but continued in the 
study. All 17 of the enrolled participants completed the study. 
Of the 17 participants, 13 were included in the FAS popula-
tion for the efficacy analyses. Four participants, including 1 

whose last TV measurement was made more than 4 weeks 
after the last CFA dose, 1 who did not have baseline TV data, 
and 2 who did not have LH measurements at week 64, could 
not be included in the FAS population.

Demographics and Baseline Characteristics
Table 1 summarizes the demographic and baseline disease 
characteristics of the overall study population. All parti-
cipants were prepubertal adolescent boys, with a mean 
age of 15.5 years, a mean height of 161.4 cm, and a mean 
TV of 2.2 mL. Genitalia were prepubertal (with the exception 
of one participant with Tanner II genitalia), as were the levels 
of FSH, LH, and total T. Pubic hair showed more variability 
(Tanner stage I to III).

Corifollitropin Alfa Serum Concentration
Table 2 summarizes mean (SD) CFA serum concentration 
over time for the CFA priming period and the combined 

Table 1.  Demographics and baseline disease characteristics

Parameter 

Participants, No. 17

Male, n (%) 17 (100)

Mean (SD) age, y 15.5 (0.9)

Race, n (%)  
Multiple  
   Black or African American, White 

  White

1 (5.9)  
1 (5.9)  
16 (94.1)

Ethnicity  
Hispanic or Latino  
Not Hispanic or Latino

4 (23.5)  
13 (76.5)

Etiology of gonadotropin deficiency  
CHARGE syndrome  
Kallmann syndrome  
Hypogonadotropic hypogonadism without 
olfaction deficit/olfactive bulb hypoplasia  

  Unknowna

1 (5.9)  
1 (5.9)  
14 (82.4)  
1 (5.9)

Tanner stage—pubic hair, n (%)  
Tanner I  
Tanner II  
Tanner III

7 (41.2)  
9 (52.9)  
1 (5.9)

Tanner stage—genitalia, n (%)  
Tanner I  
Tanner II

16 (94.1)  
1 (5.9)

Mean (SD) height, cm 161.4 (11.2)

Mean (SD) weight, kg 57.7 (16.6)

Mean (SD) BMI 21.9 (4.9)

Mean (SD) testicular volume, mL 2.2 (1.9)

Mean (SD) follicle-stimulating hormone, IU/L 0.5 (0.4)

Mean (SD) luteinizing hormone, IU/L 0.2 (0.2)

Mean (SD) human chorionic gonadotropin, 
choriogonadotropin β, IU/L

0.3 (0.0)

Mean (SD) total testosterone, nmol/L 0.3 (0.4)

Mean (SD) estradiol, pmol/L 37.1 (8.9)

Mean (SD) sex hormone–binding globulin, nmol/L 55.3(31.3)

Mean (SD) inhibin B, ng/L 44.9 (46.5)

Mean (SD) antimüllerian hormone, pmol/L 183.8 (90.0)

Abbreviation: BMI, body mass index; CHARGE, coloboma of the eye, 
heart anomaly, choanal atresia, retardation, and genital and ear anomalies.
aDue to missing data.
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treatment period. After the first CFA dose, the highest mean 
(SD) CFA serum concentrations were observed in the first 
2 days postdose and declined slowly over the dosing interval. 
After repeated CFA dosing, mean predose (trough) CFA 
serum concentrations were generally similar for CFA alone 
(priming period) and CFA coadministered with hCG (com-
bined treatment period), ranging from 301 ng/L to 864 ng/L. 
CFA serum concentrations were comparable in participants 
receiving 100 μg and 150 μg doses of CFA (data not shown).

Testicular Development
In the CFA priming period, for the FAS population, the mean 
TV increased from a geometric mean of 1.4 mL (arithmetic 
mean, 1.5 mL) at baseline to 2.5 mL (arithmetic mean, 2.8 mL) 
at week 12, with a geometric mean fold increase of 1.83 (95% 
CI, 1.58-2.13) (arithmetic mean of change from baseline at 
week 12, 1.3 mL). As shown in Fig. 2, during the overall treat-
ment period, there was a continuous increase in mean TV. 

At baseline, the geometric mean TV was 1.4 mL (arithmetic 
mean, 1.5 mL; left testis, geometric mean, 0.7 mL [arithmetic 
mean, 0.7 mL]; right testis, geometric mean, 0.7 mL [arith-
metic mean, 0.8 mL]). At week 64, the geometric mean TV 
was 12.9 mL (arithmetic mean, 14.5 mL) and the estimated 
geometric mean fold increase from baseline was 9.43 (95% 
CI, 7.44-11.97) (arithmetic mean of change from baseline at 
week 64, 13.0 mL). The increase in mean TV during the overall 
treatment period was symmetric in both testes (geometric 
mean TV at week 64 was 6.5 mL [arithmetic mean, 7.2 mL] 
for the left testis and 6.4 mL [arithmetic mean, 7.3 mL] for the 
right testis; estimated geometric mean fold increase from base-
line at week 64 was 9.51 [95% CI, 7.38-12.27] [arithmetic 
mean of change from baseline at week 64, 6.5 mL] for the 
left testis and 9.43 [95% CI, 7.54-11.81] [arithmetic mean of 
change from baseline at week 64, 6.5 mL] for the right testis). 
Participants who began the study weighing 60 kg or less on 
CFA 100 μg and those who began the study weighing more 
than 60 kg on CFA 150 μg had similar increases in mean TV 
(arithmetic mean TV at week 64 was 13.7 mL for participants 
who began the study weighing ≤ 60 kg and 15.6 mL for those 
who began the study weighing > 60 kg).

Anthropometric Measures and Growth Velocity
Participants in the FAS population had a mean (SD) height at 
baseline of 160.6 (10.5) cm. At the end of the CFA priming 
period, mean (SD) height in the FAS population was 162.1 
(10.3) cm. At the end of the study, mean (SD) height in the 
FAS population was 169.3 (8.4) cm.

Participants demonstrated increased growth velocity in re-
sponse to hCG, indicative of pubertal changes. The model-
based linear growth velocity (SD) in the FAS population at 
week 36 and week 64 was 8.3 (3.7) cm/year and 7.6 (3.5) cm/
year, respectively.

Tanner Staging
Fig. 3 shows the proportion of participants in the FAS popu-
lation in each Tanner stage over time for genital growth. At 

Table 2.  Mean (SD) corifollitropin alfa serum concentration over time

Study period Treatment Sampling time No. Mean (SD) (ng/L) 

Priming period CFA Pre first dose 16a 0 (0)

6-24 h post first dose 16a 4100 (2630)

32-52 h post first dose 17 5880 (1640)

72-120 h post first dose 17 4240 (1180)

144-192 h post first dose 16b 2110 (864)

216-264 h post first dose 17 1150 (655)

Predose to 3rd CFA injection 16c 480 (348)

Predose to 7th CFA injection 17 695 (1310)

Combined treatment period CFA with hCG Predose to 9th CFA injection 17 691 (1060)

Predose to 13th CFA injection 17 301 (297)

Predose to 25th (last) CFA injection 16d 556 (1260)

Post last CFA injection 16d 864 (1290)

Follow-up 16d 0 (0)

Abbreviations: CFA, corifollitropin alfa; hCG, human chorionic gonadotropin.
aA predose and 6- to 24-h postdose serum sample from one participant were excluded from the descriptive summary statistical analysis because of a 
biological implausibility.
bA serum sample from one participant was not collected at visit 5.
cA serum sample from one participant collected at visit 8 was not considered evaluable and was excluded from the descriptive summary statistical analysis.
dOne participant discontinued study medication before last CFA injection.
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the start of the study, 12 (92.3%) of the 13 participants in the 
FAS population were prepubertal (Tanner I) and 1 partici-
pant was in early puberty (Tanner II) for genital growth. At 
week 36, most of the participants had progressed and were 
in mid puberty (Tanner III). At week 64, 1 participant was 
in early puberty (Tanner II), 5 participants were in mid pu-
berty (Tanner III), and 6 participants were in late puberty 
(Tanner IV/V).

Pubic hair staging was more variable than genital growth 
at baseline. At week 64, all 13 participants in the FAS popu-
lation had pubic hair development ranging from Tanner III to 
V (data not shown).

Hormonal and Sex Hormone–binding Globulin 
Responses
Fig. 4 summarizes mean (SEM) total T concentration over 
time for the FAS population. Mean total T concentration in-
creased in response to hCG treatment, starting from week 12. 
The mean (SD) total T concentration at week 64 was 18.82 
(11.60) nmol/L. Free T concentration also increased in re-
sponse to hCG treatment, starting from week 12 (data not 

shown); the mean (SD) free T concentration for the FAS ana-
lysis population at week 64 was 388.44 (240.84) pmol/L.

Fig. 5 summarizes mean (SEM) inhibin B concentration 
over time for the FAS population. There was a mean increase 
in inhibin B concentration at week 12 in response to CFA that 
was maintained through week 64.

Fig. 6 summarizes mean (SEM) AMH concentration over 
time for the FAS population. There was an initial increase in 
mean AMH concentration during the priming period, con-
sistent with Sertoli cell stimulation by CFA alone. After week 
12, when CFA was combined with hCG, the mean AMH con-
centration decreased over time, with the lowest mean AMH 
concentration being observed at week 64.

Mean E2 concentration increased in response to hCG treat-
ment, starting from week 12 (data not shown). The mean 
(SD) E2 concentration in the FAS population at week 64 was 
202.17 (150.79) pmol/L.

There was no evidence of development of spontaneous pu-
berty (ie, LH > 3 IU/L) in any participant in the FAS popu-
lation during the study. Mean (SD) LH levels in the FAS 
population were 0.25 (0.24), 0.17 (0.13), and 0.12 (0.06) 
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IU/L at baseline, week 12, and week 64, respectively. Mean 
(SD) FSH levels in the FAS population were 0.56 (0.45), 1.31 
(2.03), and 1.53 (1.86) IU/L at baseline, week 12, and week 
64, respectively.

At baseline, the mean (SD) SHBG concentration in the FAS 
population was 53.19 (31.68) nmol/L. At week 12, the mean 
(SD) SHBG concentration in the FAS population was 54.56 
(31.90) nmol/L. At week 64, the mean (SD) SHBG concen-
tration in the FAS population had decreased to 29.47 (15.11) 
nmol/L.

Safety
A total of 16 (94.1%) of the 17 study participants were re-
ported to have had 1 or more adverse events. In the CFA 
priming period, the most frequently reported adverse 
events were headache (3/17 [17.6%]) and rhinorrhea (2/17 
[11.8%]). In the combined treatment period, the most fre-
quently reported adverse events were spermatocele (5/17 
[29.4%]), increased E2 (5/17 [29.4%]), and increased blood 
T (4/17 [23.5%]). Drug-related adverse events (as assessed by 
the investigator) were reported for 9 (52.9%) of the 17 study 
participants: 7 (41.2%) participants had drug-related adverse 
events related to hCG that included increased blood T and 
increased E2 (1 report of increased E2 was related to an ac-
cidental hCG overdose); 1 participant had a drug-related ad-
verse event related to CFA (hot flush); and 1 participant had 
drug-related adverse events related to CFA (vomiting and in-
jection site pain) as well as a drug-related adverse event related 
to both CFA and hCG (acne). No clinically relevant changes 
in laboratory values or vital signs were observed. One partici-
pant with a previous medical history of craniopharyngioma 
had a serious adverse event of recurrent craniopharyngioma. 
This serious adverse event led to discontinuation of study 
medication and was assessed by the investigator not to be re-
lated to the study medication. The event was treated, and the 
participant completed the study off the study medication. No 
participant developed confirmed anti-CFA antibodies in this 
study. No adverse event of gynecomastia was reported for any 
of the participants.

Discussion
The present study in prepubertal adolescent boys aged 14 to 
younger than 18 years with HH demonstrated that treatment 

with CFA (alone for 12 weeks and then combined with hCG 
for weeks 12-64) was well tolerated and effective for the 
induction of pubertal development. Improvements in TV, 
Tanner stages (genitalia and pubic hair), height, and hor-
monal parameters were consistent with changes typical of 
normally timed puberty in boys without HH. These results 
are consistent with the therapeutic benefits reported in pre-
vious studies with recFSH and hCG in adolescent boys with 
HH (2, 11-16).

Testes grow throughout childhood, and mean volume (as-
sessed by a Prader orchidometer) is typically greater than 
3 mL at the onset of normally timed puberty (21-26). More 
recently, using ultrasound, the mean TV before the onset of 
puberty in boys with normally timed puberty was determined 
to be 0.6 mL (ie, volume of ~1.2 mL for TV measured as the 
sum of volumes of the right and left testes) (25). Treatment 
in adolescent boys with HH is typically delayed beyond the 
onset of normally timed puberty. Thus, baseline TV in these 
patients is likely to be greater than 1.2  mL, reflecting con-
tinued prepubertal growth before the start of treatment (14). 
Indeed, in the present study, in which the mean age at baseline 
was 15.5 years, mean TV at baseline for the 17 study parti-
cipants was 2.2 mL. During the treatment period, there was 
a continuous increase in the primary end point measure of 
mean TV (measured by ultrasound), with the largest increase 
observed at week 64. For the FAS population, the geometric 
mean TV achieved at the end of week 64 was 12.9 mL (arith-
metic mean, 14.5 mL), which was less than the mean TV ob-
served at completion of normally timed puberty in adolescent 
boys (14). This difference probably reflects that the partici-
pants in the present study were exposed to CFA/CFA + hCG 
therapy for only 64 weeks, while it generally takes up to 2 
to 3 years for completion of puberty in adolescent boys (14).

Participants demonstrated increased linear growth in re-
sponse to hCG, indicative of pubertal development. Growth 
velocity at week 36 (8.3 cm/year) and week 64 (7.6 cm/year) 
was as expected in adolescent boys with HH responding to 
hCG therapy. Mean (SD) height at baseline in the FAS popu-
lation was 160.1 (10.5) cm. Adolescent boys undergoing 
normally timed puberty have been reported to have a mean 
prepubertal height of 156  cm at age 13 (27). The greater 
mean baseline height observed in the present study reflected 
the fact that the participants were older than 13  years at 
baseline and therefore had undergone further prepubertal 
growth. At the end of the study, mean (SD) height was 169.3 
(8.4) cm. The changes in growth velocity and height ob-
served in the present study were generally consistent with 
those reported in boys during the first year of normally 
timed puberty (27).

Mean total T and free T concentrations increased in re-
sponse to hCG treatment, starting from week 12. The mean 
(SD) total T concentration at week 64 (18.82 [11.60] nmol/L) 
was within the normal range (3.5-41.6 nmol/L) observed in 
adolescent boys undergoing normally timed puberty. While 
normalizing T levels with T supplementation alone may not 
improve indices such as health-related QoL even after 2 years 
of therapy (28), adolescent boys treated with gonadotropins 
for HH show significant improvements in QoL and self-
reported satisfaction scores (15).

The increase in E2 serum concentration observed in re-
sponse to hCG treatment was consistent with the changes 
in total T levels and reflect peripheral aromatization of the 
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hCG-induced increased T. No participant reported an adverse 
event of gynecomastia.

There was a mean increase in inhibin B at week 12, which 
was maintained through week 64. The observed increase in 
inhibin B was consistent with proliferation of Sertoli cells in 
response to CFA. The number of Sertoli cells is associated 
with sperm-producing capacity (2). There was an initial in-
crease in AMH during the priming period, which is consistent 
with stimulation by CFA alone (29). After week 12, when 
CFA was combined with hCG, mean AMH levels decreased, 
with the lowest AMH value occurring at week 64. Taken to-
gether, the inhibin-B and AMH levels suggest that the testes 
of these participants had matured—the production of T in 
response to hCG led to a transition from AMH to inhibin B 
production in Sertoli cells (marking the transition from pro-
liferation to maturation of Sertoli cells), a finding associated 
with puberty.

The production of SHBG in the liver is regulated by the 
ratio of T and E2 levels, in addition to other factors, including 
thyroid hormone status, dietary factors, certain diseases, and 
medications (30). In boys undergoing puberty, a change in the 
T/E2 ratio in favor of T leads to a decrease in SHBG levels, 
as was observed in the present study in response to treatment 
with hCG.

During the course of the study, endogenous LH was ex-
pected to remain low. However, if the diagnosis of HH 
was incorrect, and the participant had constitutional delay 
of growth and puberty instead, such a participant could 
undergo spontaneous puberty, as indicated by increases in 
LH levels to greater than 3 IU/L. Mean LH and FSH levels 
remained low throughout the study. No participant in-
cluded in the FAS population had evidence of spontaneous 
puberty. Two participants had missing LH measurements at 
week 64. The possibility that these 2 participants may have 
undergone spontaneous puberty during the study could not 
be precluded; therefore, they were excluded from the FAS 
population. These participants did not appear to be different 
from the 13 participants included in the FAS population in 
terms of their baseline TV or the response to treatment at 
week 64 (data not shown).

This study was not designed to test for spontaneous re-
versal of HH; as described previously (31, 32), approximately 
10% to 15% of patients with HH of varied etiologies may 
have spontaneous reversal of HH lasting for varying periods 
of time. After differing durations of treatment for viriliza-
tion or fertility induction, these patients maintain TV, T, and 
inhibin B levels even after interruption of therapy; revers-
ible HH is characterized by activation of the hypothalamic-
pituitary-gonadal axis with normalization of downstream 
endocrine actions. In the one participant in this study who 
discontinued CFA and hCG following the diagnosis of recur-
rence of craniopharyngioma, changes in TV, T levels, and in-
hibin B levels observed while he was on treatment were not 
sustained after discontinuation.

Treatment with CFA (alone for 12 weeks and then com-
bined with hCG for weeks 12-64) was generally well tolerated. 
No participant developed confirmed anti-CFA antibodies. 
Adverse events reported in these participants did not alter the 
known safety profile of CFA in women (19) and men (20). 
While FSH receptors have been reported to be expressed on 
the surface of blood vessels in tumors (33), currently, there is 
no definitive evidence linking the use of gonadotropins for re-
placement therapy with de novo tumor development (19, 34).

Limitations of this study include the small number of par-
ticipants; however, since HH is a rare condition, enrollment 
in larger studies would be more difficult. The study was also 
not placebo controlled; however, inclusion of a placebo group 
would have increased sample size, making recruitment more 
difficult. Further, a placebo group would mean that those as-
signed to placebo would not have received treatment during 
a potentially critical window of time, and while inclusion 
of a placebo group would be more important if the likeli-
hood of enrolling adolescent boys with constitutional delay 
was high, the inclusion criteria for this study (eg, the re-
quirement that patients be aged ≥ 14 years) made this pos-
sibility very unlikely, and LH was assessed throughout the 
study and participants in the FAS population showed no 
evidence of spontaneous puberty. Therefore, the addition of 
a placebo arm would have been unlikely to alter the assess-
ment of safety and efficacy of CFA in the studied population. 
Similarly, the study did not include an active control group. 
The recruitment of adolescent boys with HH for this study 
was difficult; it took approximately 2 years to recruit the 17 
patients who participated in this study. The inclusion of a 
small control group would have increased the sample size, 
which would have made recruitment even more challenging. 
Moreover, given the small population available to enter the 
trial, the robustness of any comparison to an active control 
such as T or recFSH would have been very limited in the ab-
sence of a study designed to assess noninferiority. Given these 
challenges to recruitment, a single-arm study was considered 
appropriate, though not ideal, particularly in view of the evi-
dence for the CFA activity at the FSH receptor and the prior 
reports of response to FSH in this population. Gonadotropin 
therapy (CFA alone and then combined with hCG) was exam-
ined for 64 weeks in this study, which was not long enough 
to allow for completion of puberty; generally, gonadotropin 
treatment needs to be administered for at least 2 to 3 years 
to mimic the events in boys without HH to achieve comple-
tion of puberty. However, there is no reason to expect that 
the response in TV and other markers of puberty observed in 
these participants over 64 weeks will not be continued if the 
duration of therapy were extended for 2 to 3 years, allowing 
for pubertal completion. Last, the exclusion of adolescents 
with HH and cryptorchidism may have introduced a poten-
tial positive bias by excluding those patients with a primary 
testicular defect, leading to poorer responses to gonadotropin 
therapy (35).

In conclusion, treatment with CFA (alone for 12 weeks 
and then combined with hCG for weeks 12-64) was gener-
ally well tolerated and demonstrated benefit for the induc-
tion of testicular growth and normal pubertal development 
in adolescent boys with HH. These results suggest that CFA 
can replace recFSH as an option involving fewer injections in 
the treatment of adolescent boys with HH in whom support 
of spermatogenesis is an important component of the desired 
outcome. Furthermore, fewer injections with CFA are needed 
compared with a treatment regimen that uses recFSH, and 
this may decrease treatment burden and improve adherence, 
a benefit considered particularly attractive for an adolescent 
male population.
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