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BACKGROUND

Children with classic congenital adrenal hyperplasia (CAH) due to 21-hydroxylase de-
ficiency require treatment with glucocorticoids, usually at supraphysiologic doses, to 
address cortisol insufficiency and reduce excess adrenal androgens. However, such 
treatment confers a predisposition to glucocorticoid-related complications. In 2-week 
phase 2 trials, patients with CAH who received crinecerfont, a new oral corticotropin-
releasing factor type 1 receptor antagonist, had decreases in androstenedione levels.

METHODS

In this phase 3, multinational, randomized trial, we assigned pediatric participants 
with CAH, in a 2:1 ratio, to receive crinecerfont or placebo for 28 weeks. A stable 
glucocorticoid dose was maintained for 4 weeks, and the dose was then adjusted to 
a target of 8.0 to 10.0 mg per square meter of body-surface area per day (hydrocor-
tisone dose equivalents), provided that the androstenedione level was controlled 
(≤120% of the baseline level or within the reference range). The primary efficacy end 
point was the change in the androstenedione level from baseline to week 4. A key 
secondary end point was the percent change in the glucocorticoid dose from base-
line to week 28 while androstenedione control was maintained.

RESULTS

A total of 103 participants underwent randomization, of whom 69 were assigned 
to crinecerfont and 34 to placebo; 100 (97%) remained in the trial at 28 weeks. At 
baseline, the mean glucocorticoid dose was 16.4 mg per square meter per day, and 
the mean androstenedione level was 431 ng per deciliter (15.0 nmol/liter). At week 
4, androstenedione was substantially reduced in the crinecerfont group (−197 ng 
per deciliter [−6.9 nmol/liter]) but increased in the placebo group (71 ng per deci-
liter [2.5 nmol/liter]) (least-squares mean difference [LSMD], −268 ng per deciliter 
[−9.3 nmol/liter]; P<0.001); the observed mean androstenedione value, obtained 
before the morning glucocorticoid dose, was 208 ng per deciliter (7.3 nmol/liter) in 
the crinecerfont group, as compared with 545 ng per deciliter (19.0 nmol/liter) in 
the placebo group. At week 28, the mean glucocorticoid dose had decreased (while 
androstenedione control was maintained) by 18.0% with crinecerfont but increased 
by 5.6% with placebo (LSMD, −23.5 percentage points; P<0.001). Headache, pyrexia, 
and vomiting were the most common adverse events.

CONCLUSIONS

In this phase 3 trial, crinecerfont was superior to placebo in reducing elevated 
androstenedione levels in pediatric participants with CAH and was also associated 
with a decrease in the glucocorticoid dose from supraphysiologic to physiologic 
levels while androstenedione control was maintained. (Funded by Neurocrine Bio-
sciences; CAHtalyst Pediatric ClinicalTrials.gov number, NCT04806451.)
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C
lassic congenital adrenal hyper-

plasia (CAH) due to 21-hydroxylase defi-
ciency is a rare autosomal recessive disor-

der characterized by impaired synthesis of 
cortisol and often aldosterone.1-5 Reduced corti-
sol production disrupts the dynamic equilibrium 
of the negative feedback inhibition of both hypo-
thalamic corticotropin-releasing factor and pitu-
itary corticotropin, leading to increased adrenal 
gland stimulation and the shunting of accumu-
lated steroid precursors toward excess produc-
tion of adrenal androgens.1-5

Androgen excess in childhood can result in 
growth acceleration, clitoromegaly, penile enlarge-
ment, early pubarche, central precocious puberty, 
advanced bone maturation, early growth-plate fu-
sion, and attenuated pubertal growth that re-
sults in short stature below the target height 
based on midparental height.3-12 During adoles-
cence, androgen overproduction can lead to irregu-
lar menses and ovarian dysfunction in female pa-
tients; sustained corticotropin excess can lead to 
the formation of testicular adrenal rest tumors in 
male patients even during early childhood.4,5,7,13-15

Hydrocortisone, a short-acting glucocorti-
coid, is recommended by an Endocrine Society 
clinical practice guideline for growing children 
with CAH.3 In order to control androgen excess, 
supraphysiologic doses of glucocorticoid (higher 
than those needed to treat adrenal insufficiency 
alone16,17) are typically required; however, expo-
sure to glucocorticoids at even modestly supra-
physiologic levels can negatively affect growth. 
Each increase of 1.0 mg per square meter of 
body-surface area per day in the dose of hydro-
cortisone above 9.4 mg per square meter per day 
is associated with a decrease of 0.37 cm in adult 
height.9 Long-term glucocorticoid overexposure 
that begins early in life may lead to early adipos-
ity rebound (which normally occurs at 5 to 6 years 
of age, when the body-mass index [BMI] starts 
to rise after having reached a nadir18), increased 
weight gain, hypertension, and insulin resistance, 
all of which can increase the risk of metabolic 
syndrome and cardiovascular disease in adult-
hood.18-26

In two phase 2 studies, adolescents and 
adults with CAH had clinically meaningful re-
ductions in corticotropin, 17-hydroxyprogester-
one (a diagnostic adrenal androgen precursor), 
and androstenedione (a key adrenal androgen) 
after 14 days of open-label treatment with 

crinecerfont, a new corticotropin-releasing factor 
type 1 receptor antagonist; substantial reductions 
in testosterone in female participants and in the 
androstenedione-to-testosterone ratio in male 
participants were also observed.27,28 These results 
provided proof-of-concept for the potential thera-
peutic value of corticotropin-releasing factor type 
1 receptor antagonism in CAH. Here, we report 
the results of CAHtalyst Pediatric, a phase 3 multi-
national trial evaluating the efficacy of crinecer-
font in reducing androstenedione levels and 
ameliorating the need for supraphysiologic dos-
es of glucocorticoids while maintaining andro-
gen control. A companion article by Auchus et al. 
presents findings from a trial of crinecerfont in 
adults.29

Me thods

Trial Design and Oversight

The CAHtalyst Pediatric trial included a 28-week, 
randomized, double-blind, placebo-controlled 
period (Fig. S1 in the Supplementary Appendix, 
available with the full text of this article at 
NEJM.org), followed by a 24-week open-label 
period and optional, ongoing open-label exten-
sion. We conducted the trial at 37 centers in the 
United States, Canada, and Europe in accor-
dance with International Council for Harmoni-
sation of Technical Requirements for Pharmaceu-
ticals for Human Use guidelines for Good Clinical 
Practice and relevant laws and regulations. The 
protocol, available at NEJM.org, was reviewed and 
approved by the independent ethics committee or 
institutional review board at each trial site and 
by national health authorities in each country. 
Written informed consent was provided by the 
parents or legal guardians of each participant, 
and participants gave assent as applicable. Safe-
ty was monitored by an independent data moni-
toring committee throughout the trial.

The trial was designed by the sponsor, Neu-
rocrine Biosciences, along with consultants that 
included authors not employed by the sponsor. 
Neurocrine Biosciences provided trial medica-
tions and monitored trial sites. Data were col-
lected by the trial investigators or qualified trial 
site personnel and were analyzed by an author 
who represented the sponsor (see the Supple-
mentary Appendix). The manuscript was written 
by two authors from academic institutions and 
one representative of the sponsor, with editorial 
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and graphics support funded by the sponsor. 
The decision to submit the manuscript for pub-
lication was made by the sponsor with agree-
ment from the authors, all of whom had access 
to the full dataset and the analyses (on request). 
The sponsor and the authors vouch for the com-
pleteness and accuracy of the data and for the 
fidelity of the trial to the protocol.

Participants

Eligible participants were children 2 to 17 years 
of age with CAH who were receiving a total gluco-
corticoid dose of more than 12.0 mg per square 
meter per day in hydrocortisone dose equiva-
lents (with 1.0 mg of prednisone or prednisolone 
equivalent to 4.0 mg of hydrocortisone) that had 
been stable for at least 1 month and who had an 
androstenedione level greater than the midpoint 
of the reference range and a 17-hydroxyproges-
terone level more than two times the upper 
limit of the normal range. A key exclusion crite-
rion was the existence of any condition other 
than CAH for which the participant received 
long-term glucocorticoid therapy. Additional in-
formation is provided in section 2.1 in the Sup-
plementary Appendix.

Randomization and Trial Interventions

On day 1 (baseline), participants were randomly 
assigned, in a 2:1 ratio, to receive oral crinecer-
font at a dose of 25 mg (for participants with a 
body weight of 10 to <20 kg), 50 mg (for those 
with a body weight of 20 to <55 kg), or 100 mg 
(for those with a body weight of ≥55 kg) or 
matching placebo twice daily, with morning and 
evening meals. Randomization was performed 
with the use of interactive response technology 
and was stratified according to Tanner stage (1 or 
2 vs. 3 through 5) and sex. Participants, trial 
investigators, site personnel, and the sponsor 
were unaware of the group assignments.

Glucocorticoid doses were maintained at a 
stable level from baseline through week 4 (stable 
glucocorticoid period). From week 4 through 
week 28, the dose of glucocorticoid was adjusted 
in one to four steps to a target of 8.0 to 10.0 mg 
per square meter per day in hydrocortisone dose 
equivalents (glucocorticoid adjustment period) 
provided that androstenedione was controlled. 
Androstenedione control was specified as an 
androstenedione level no more than 120% of the 
baseline value or no higher than the upper limit 

of the normal range according to sex and either 
age (for prepubertal participants at Tanner stage 
1) or pubertal status (for participants at Tanner 
stages 2 through 5). The target reduction at each 
step was approximately 1.0 to 4.0 mg per square 
meter per day in hydrocortisone dose equivalents 
and was guided by the change in the andro-
stenedione level from the previous measurement 
and the availability of glucocorticoid dose strengths 
needed for treatment in children. Participants fol-
lowed guidelines for stress dosing as needed 
throughout the trial. Additional details are pro-
vided in the Supplementary Appendix (section 
2.2 and Tables S1 and S2).

Assessments and End Points

The primary efficacy end point was the change 
in the androstenedione level from baseline to 
week 4. The key secondary end points were the 
change in the serum 17-hydroxyprogesterone 
level from baseline to week 4 and the percent 
change in the daily dose of glucocorticoid from 
baseline to week 28 while androstenedione was 
controlled. Any decrease in glucocorticoid dose 
at week 28 was calculated as 0% change if an-
drostenedione control was not maintained. All 
measurements of androgen and androgen pre-
cursors were performed at a central laboratory 
(Quest Diagnostics) with the use of liquid chro-
matography with tandem mass spectrometry.

Safety assessments included documentation of 
adverse events that emerged during the treatment 
period, vital signs, 12-lead electrocardiography, 
clinical laboratory testing, the Brief Psychiatric 
Rating Scale for Children, and the Columbia-Sui-
cide Severity Rating Scale. All prespecified efficacy 
end points, post hoc analyses, and assessments of 
safety are described in the Supplementary Appen-
dix (sections 3.1 through 3.6).

Statistical Analysis

We estimated that a sample of 81 participants 
(54 in the crinecerfont group and 27 in the pla-
cebo group) would provide the trial with greater 
than 90% power to detect an effect size of 0.83 
for the primary end point, with a two-sided type 
I error of 0.05. Efficacy analyses included all 
participants who underwent randomization, ac-
cording to their assigned group. Missing data for 
the primary and key secondary efficacy end 
points were imputed with the use of a regres-
sion-based multiple imputation method under 

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

Downloaded from nejm.org at REPRINTS DESK INC on February 4, 2025. For personal use only. 

 No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.

3



n engl j med 391;6 nejm.org August 8, 2024496

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

the assumption that data were missing at random. 
The primary and key secondary end points were 
tested with the use of a fixed procedure that 
adjusted for multiple comparisons to control the 
familywise type I error rate. An analysis of cova-
riance model was used to analyze continuous end 
points (e.g., the primary end point), with results 
presented as least-squares mean changes (or 
percent changes) from baseline with standard 
errors, along with 95% confidence intervals and 
two-sided P values for the least-squares mean 
differences between treatment groups. A two-
sided Cochran–Mantel–Haenszel test was used to 
analyze categorical end points (e.g., achievement 
of reduction to a physiologic glucocorticoid dose 
while androstenedione control was maintained), 
with results presented as the numbers and per-
centages of participants. P values for other sec-
ondary and exploratory end points are not re-
ported. Details of statistical methods are provided 
in section 4.0 in the Supplementary Appendix.

Safety analyses are presented as descriptive 
statistics and included all participants who un-
derwent randomization and received at least one 
dose of crinecerfont or placebo. No imputation 
of missing values, formal hypothesis testing, or 
designation of primary or secondary safety end 
points was performed.

R esult s

Participants

Of 103 participants who underwent randomiza-
tion, 100 (97%) remained in the trial at 28 weeks: 
69 in the crinecerfont group (including 3 who 
withdrew from the trial at week 28 but had evalu-
able data for key end points) and 31 in the placebo 
group (Fig. 1). The demographics and baseline 
characteristics of the participants were well bal-
anced between the groups (Table 1 and Tables S3 
and S4). Key disease- and glucocorticoid-related 
characteristics in the overall population included 
obesity (58% [60 participants]), with a BMI at or 
above the 85th percentile, according to growth 
charts from the Centers for Disease Control and 
Prevention; elevated levels of androstenedione 
(431 ng per deciliter [15.0 nmol per liter]) and 
17-hydroxyprogesterone (8682 ng per deciliter 
[263 nmol per liter]) despite treatment with sup-
raphysiologic glucocorticoid doses (mean, 16.4 mg 
per square meter per day in hydrocortisone dose 
equivalents); and advanced bone age (Fig. S2).

Coexisting conditions reported in more than 
10% of participants were advanced bone age, 
early puberty, obesity or overweight, central pre-
cocious puberty, acne, short stature, attention 
deficit disorder, and irregular menses and hir-
sutism in female participants (Table S5). Testicu-
lar adrenal rest tumors were reported in 6% of 
the male participants (3 of 53) but were identi-
fied in 33% (15 of 46) who underwent baseline 
ultrasonography.

Efficacy

In the stable glucocorticoid period, the crinecer-
font group had a substantial least-squares mean 
decrease in the androstenedione level from base-
line to week 4 (−197 ng per deciliter [−6.9 nmol 
per liter]), as compared with an increase in the 
placebo group (71 ng per deciliter [2.5 nmol per 
liter]) (least-squares mean difference, −268 ng 
per deciliter [−9.3 nmol per liter]; P<0.001) 
(Fig. 2A and Table 2). Observed mean andro-
stenedione values at week 4 (before the morning 
glucocorticoid dose) were 208 ng per deciliter 
(7.3 nmol per liter) in the crinecerfont group and 
545 ng per deciliter (19.0 nmol per liter) in the 
placebo group (Table S6). Similarly, 17-hydroxy-
progesterone decreased substantially from base-
line to week 4 in the crinecerfont group and 
increased slightly in the placebo group (least-
squares mean difference, −6421 ng per deciliter 
[−195 nmol per liter]; P<0.001) (Fig. 2B and Ta-
ble 2). Observed mean 17-hydroxyprogesterone 
values at week 4 were 2772 ng per deciliter (84.0 
nmol per liter) in the crinecerfont group and 
9418 ng per deciliter (285 nmol per liter) in the 
placebo group. At week 28, after adjustments in 
the glucocorticoid dose, the mean androstenedi-
one level remained below baseline in the 
crinecerfont group but was above baseline in the 
placebo group (Fig. 2A).

Among participants assigned to receive 
crinecerfont, the glucocorticoid dose was reduced 
from baseline to week 28 while control of the 
androstenedione level was maintained, whereas 
the dose in the placebo group was increased 
(least-squares mean percent change from base-
line, −18.0% vs. 5.6%; least-squares mean differ-
ence, −23.5 percentage points; P<0.001) (Fig. 2C 
and Table 2). Observed mean glucocorticoid dos-
es at week 28 were 12.8 mg per square meter per 
day in the crinecerfont group and 17.0 mg per 
square meter per day in the placebo group. 
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Among crinecerfont-treated participants, 30% 
(20 of 67) achieved a physiologic glucocorticoid 
dose (≤11.0 mg per square meter per day in hy-
drocortisone dose equivalents) at week 28 with 
maintenance of androstenedione control, as com-
pared with no participants in the placebo group 
(Fig. 2D). In post hoc analyses, crinecerfont-
treated participants who did not reach a physio-
logic glucocorticoid dose had a mean change 
from baseline of −2.3 mg per square meter per 
day, which is a decrease of 11.5% in the gluco-
corticoid dose. Moreover, 57% of participants 
(38 of 67) in the crinecerfont group, as compared 
with 3% (1 of 31) in the placebo group, had either 
a reduction in glucocorticoid dose to physiologic 
levels or a decrease of more than 2.5 mg per 
square meter per day in the glucocorticoid dose at 
week 28 (with androstenedione control).

BMI standard deviation scores decreased in 
the crinecerfont group and increased in the pla-
cebo group at week 28, despite the relatively 
short duration of reduced glucocorticoid dosing. 
There was also evidence of improved insulin re-
sistance in participants who received crinecer-
font on the basis of the homeostasis model as-
sessment of insulin resistance, as well as a 
reduction in hirsutism (assessed with the use of 
a visual analogue scale) among female partici-
pants and improvement in the androstenedione-
to-testosterone ratio among male participants. 
Table S7 lists other secondary and selected ex-
ploratory end points.

Safety

The percentage of participants who had adverse 
events that emerged during the treatment period 
was similar in the two groups (84% with 
crinecerfont and 82% with placebo), and most 
adverse events were mild to moderate in severity 
(Table 3). Two crinecerfont-treated participants 
had adverse events that led to discontinuation of 
the trial regimen and withdrawal from the trial: 
one participant had body aches, upper abdomi-
nal pain, and nausea (which were considered by 
the local trial investigator to be unrelated to the 
treatment), and one had nausea, dizziness, 
retching, and motion sickness (which were con-
sidered to be possibly related to the treatment). 
Five participants (4 of 33 [12%] in the placebo 
group and 1 of 69 [1%] in the crinecerfont 
group) had serious adverse events that emerged 
during the treatment period, none of which were 

considered to be related to the trial regimen or 
led to discontinuation of the trial regimen; all 
participants recovered or had resolution of symp-
toms. No deaths occurred.

No adrenal crises were reported during the 

Figure 1. Screening and Randomization.

Of 174 children and adolescents who were screened, 103 met the eligibility 
criteria and were randomly assigned, in a 2:1 ratio, to receive crinecerfont 
or placebo. Participants could be excluded for multiple reasons, the most 
common of which were an androstenedione level below the midpoint of 
the normal range on the basis of sex, age, and Tanner stage (38 partici-
pants); treatment with glucocorticoids at a dose below supraphysiologic 
levels (11 participants); and treatment with fludrocortisone at a dose that 
had not been stable for at least 1 month before screening, lack of adequate 
mineralocorticoid control at screening as indicated by upright plasma renin 
activity as described in the Supplementary Appendix, or both (10 partici-
pants). With inclusion of 3 participants in the crinecerfont group who with-
drew from the trial after completing the week 28 trial visit but had evalu-
able data for key end points, more than 95% of participants completed the 
28-week double-blind placebo-controlled period. Two participants in the 
crinecerfont group discontinued treatment owing to adverse events: one 
with body aches, upper abdominal pain, and nausea, considered by a local 
trial investigator to be unrelated to treatment, and one with nausea, dizzi-
ness, retching, and motion sickness, considered to be possibly related to 
treatment. One participant in the placebo group who did not receive the 
assigned placebo was excluded from safety analyses.

103 Underwent randomization

174 Pediatric participants were assessed
for eligibility

71 Were excluded
69 Did not meet inclusion

or met exclusion criteria
2 Declined to participate

69 Were assigned to receive crinecerfont,
25 mg, 50 mg, or 100 mg twice daily

34 Were assigned to receive placebo

3 Discontinued after wk 28
1 Withdrew
2 Had adverse events

3 Discontinued owing to
participant withdrawal

69 Were included in the full analysis
set

69 Were included in the safety analysis
set

34 Were included in the full analysis
set

33 Were included in the safety analysis
set

69 Completed 28-wk double-blind
treatment period 

31 Completed 28-wk double-blind
treatment period 
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Table 1. Demographic and Clinical Characteristics of the Participants at Baseline.*

Characteristic
All Participants  

(N = 103)
Crinecerfont  

(N = 69)
Placebo  
(N = 34)

Age — yr 12.1±3.5 12.0±3.4 12.1±3.7

Male sex — no. (%) 53 (51) 35 (51) 18 (53)

Race or ethnic group — no. (%)†

White 65 (63) 42 (61) 23 (68)

Asian 9 (9) 7 (10) 2 (6)

Black 3 (3) 3 (4) 0

Other 11 (11) 8 (12) 3 (9)

Not reported 15 (15) 9 (13) 6 (18)

Glucocorticoid use

Total dose — mg/m2/day‡ 16.4±3.9 16.5±4.2 16.3±3.4

Hydrocortisone alone — no. (%) 95 (92) 63 (91) 32 (94)

Fludrocortisone use — no. (%) 90 (87) 59 (86) 31 (91)

Standard deviation score§

Height 0.3±1.3 0.3±1.4 0.4±1.2

Weight 1.2±1.0 1.2±1.0 1.2±1.0

BMI 1.2±0.9 1.2±0.9 1.1±1.0

BMI ≥85th percentile — no. (%) 60 (58) 40 (58) 20 (59)

Tanner stage: breast or testicular — no. (%)¶

1 30 (29) 18 (26) 12 (35)

2 12 (12) 10 (14) 2 (6)

3 13 (13) 8 (12) 5 (15)

4 19 (18) 15 (22) 4 (12)

5 29 (28) 18 (26) 11 (32)

Androstenedione — ng/dl∥ 431±461 405±464 483±456

17-Hydroxyprogesterone — ng/dl∥ 8682±6847 8513±7431 9026±5563

Testosterone — ng/dl∥**

In female participants 73±67 67±60 88±81

In male participants at Tanner stages 1–2 51±63 60±74 33±32

In male participants at Tanner stages 3–5 404±205 408±212 396±204

Androstenedione-to-testosterone ratio††

In male participants at Tanner stage 2 3.6±2.2 3.4±2.3 5.1

In male participants at Tanner stages 3–5 3.4±8.7 4.1±10.6 2.0±1.0

Testicular adrenal rest tumors present — no.  
of participants/total no.(%)‡‡

15/46 (33) 10/31 (32) 5/15 (33)

*  Plus–minus values are means ±SD. Data are shown for all participants who underwent randomization.
†  Race or ethnic group was reported by participants or their parents or legal guardians. The category “other” includes 

participants whose ethnic group was reported as American Indian or Alaska Native (1 participant), Native Hawaiian 
or Pacific Islander (1 participant), other (not specified; 5 participants), or multiple (4 participants).

‡  The total dose of glucocorticoid is reported in hydrocortisone dose equivalents.
§  Height, weight, and body-mass index (BMI) standard deviation scores were calculated with the use of growth charts 

from the Centers for Disease Control and Prevention.
¶  Tanner stages range from 1 to 5, and higher stages indicate more advanced pubertal development.
∥  Normal ranges and factors for conversion from conventional units to standard international units are listed in Table S2.
**  Data from hormone or hormone precursor assessments at baseline were missing for the following variables: cortico-

tropin (1 participant in the crinecerfont group and 1 in the placebo group), testosterone (1 female participant in the 
placebo group), and testosterone in male participants at Tanner stages 3 through 5 (1 participant in the crinecerfont 
group and 1 in the placebo group).

††  The androstenedione-to-testosterone ratio at baseline in male participants at Tanner stages 3 through 5 was not 
available for 1 participant in the crinecerfont group and 1 in the placebo group. The value shown for male participants 
at Tanner stage 2 in the placebo group is not expressed as a mean ±SD because it is from a single participant. This 
variable was not assessed for participants at Tanner stage 1 (prepubertal).

‡‡  Total numbers are the numbers of male participants who underwent ultrasonography at baseline.
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double-blind treatment period. Adverse events 
that led to stress dosing of glucocorticoid oc-
curred in approximately half the participants in 
each treatment group (54% in the crinecerfont 
group and 52% in the placebo group); most such 

events involved only oral stress dosing. There were 
no evident safety concerns related to vital signs, 
clinical laboratory values, electrocardiography, or 
neuropsychiatric assessments with crinecerfont 
treatment.

Figure 2. Efficacy End Points.

Differences between the crinecerfont and placebo groups are shown for the following end points: changes from baseline in serum 
androstenedione (Panel A) and 17-hydroxyprogesterone (Panel B); percent changes from baseline in glucocorticoid (GC) dose while  
androstenedione control was maintained (Panel C); and the percentage of participants who achieved physiologic glucocorticoid dosing 
while androstenedione control was maintained (Panel D). Panels A through C present mean changes for all post-baseline visits. Table 2 
presents least-squares mean changes for the defined end-point visit (i.e., week 4 for androstenedione and 17-hydroxyprogesterone and 
week 28 for the percent change in glucocorticoid dose). Androstenedione and 17-hydroxyprogesterone values (Panels A and B) were 
based on samples collected before participants received their morning glucocorticoid doses. Androstenedione control (Panels C and D) 
was specified as an androstenedione level either no more than 120% of baseline or no higher than the upper limit of the normal range 
according to sex and either age (for prepubertal participants at Tanner stage 1) or pubertal status (for participants at Tanner stages 2 
through 5). A physiologic glucocorticoid dose was specified as less than or equal to 11.0 mg per square meter of body-surface area per 
day in hydrocortisone dose equivalents. Decreases in glucocorticoid dose in participants who did not have androgen control were calcu-
lated as 0% change. I bars represent 95% confidence intervals for mean changes. The widths of these confidence intervals have not 
been adjusted for multiple comparisons, and the intervals may not be used in place of hypothesis testing. Least-squares mean differ-
ences with 95% confidence intervals and P values are presented for the primary and key secondary end points (Panels A through C); 
analyses of these end points included all participants who underwent randomization, with missing values imputed.
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Discussion

For most patients with CAH, long-term exposure 
to supraphysiologic doses of glucocorticoid be-
gins early in life. Hydrocortisone, the recom-
mended glucocorticoid for children,3 is usually 
administered in three daily doses because of its 
short elimination half-life, which is even shorter 
in children with CAH.30,31 Consequently, most of 
the hydrocortisone dose is eliminated from the 
body within 4 to 5 hours, which results in a re-
bound of adrenal androgens between doses, es-
pecially in the early morning hours when corti-
cotropin-driven adrenal androgen production 
increases. Thus, children are exposed to alternat-
ing periods of androgen excess and supraphysio-
logic glucocorticoid doses throughout the day.6

Finding a balance between androgen excess 
and exposure to supraphysiologic glucocorticoids 
— both of which can adversely affect growth and 
pubertal development — is an ongoing challenge. 
Participants in the present trial had suboptimal 
androgen control with substantially elevated 
mean androstenedione and 17-hydroxyprogester-
one levels despite supraphysiologic glucocorti-
coid doses, which underscores the failure of 
conventional treatment to consistently control 
androgen excess. A high percentage of partici-
pants were already overweight or obese (58% had 
a BMI above the 85th percentile), with substan-
tial bone-age advancement (especially in younger 
participants), and one third of male participants 
already had evidence of testicular adrenal rest 
tumors on ultrasonography.

The crinecerfont group had marked reduc-
tions in androstenedione and 17-hydroxyproges-
terone levels by week 4 (while the glucocorticoid 
dose was stable), after which the glucocorticoid 
dose was reduced by 18.0% by week 28 while an-
drostenedione control was maintained. By con-
trast, the androstenedione level increased from 
baseline to weeks 4 and 28 in the placebo group 
— despite a 5.6% increase in the mean glucocor-
ticoid dose by week 28 — which highlights the 
limitations of current therapy. Among partici-
pants treated with crinecerfont, 30% (20 of 67) 
achieved glucocorticoid dose reduction to a 
physiologic range (≤11.0 mg per square meter 
per day) with androstenedione control. Of note, 
none of the participants achieved this end point 
with placebo. Post hoc analyses suggested that a 
majority of participants achieved either physiolog-
ic dosing or had a clinically meaningful reduction 
in the glucocorticoid dose with crinecerfont.

Although a key secondary trial end point was 
the change in the glucocorticoid dose, a priority 
of the protocol was to avoid exposing pediatric 
participants to androgen levels higher than 
120% of their baseline values. Thus, glucocorti-
coid doses were reduced only if the criterion for 
androstenedione control was met at that visit, 
which we speculate might have limited achieve-
ment of the lowest acceptable glucocorticoid dose. 
Additional factors in children that may have af-
fected the extent of glucocorticoid reduction in-
clude physiologic changes during puberty, where-
in elevated sex steroids influence individual cortisol 
pharmacokinetics and pharmacodynamics.31-33

Table 2. Efficacy End Points.*

End Point
Crinecerfont  

(N = 69)
Placebo  
(N = 34)

Least-Squares Mean 
Difference (95% CI) P Value

Primary end point

Change in serum androstenedione, baseline to wk 4 — ng/dl† −197±39 71±56 −268 (−403 to −132) <0.001

Key secondary end points

Change in serum 17-hydroxyprogesterone, baseline to wk 4 — ng/dl† −5865±572 556±818 −6421 (−8387 to −4454) <0.001

Change in glucocorticoid dose with androstenedione control,  
baseline to wk 28 — %

−18.0±1.8 5.6±2.7 −23.5 (−29.9 to −17.2)‡ <0.001

*  Plus–minus values are least-squares means ±SE. For the primary and key secondary end points, multiple imputation of missing data was 
used for statistical testing. Therefore, analyses are based on the full analysis set, which included all participants who underwent randomiza-
tion. The number of participants with complete data for each end point are as follows: primary end point, 68 in the crinecerfont group and 
33 in the placebo group; change in 17-hydroxyprogesterone, 68 in the crinecerfont group and 33 in the placebo group; change in glucocorti-
coid dose with androstenedione control, 67 in the crinecerfont group and 31 in the placebo group. CI denotes confidence interval.

†  Normal ranges are listed in Table S2.
‡  The least-squares mean difference in the percent change in glucocorticoid dose between groups is expressed in percentage points.
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Despite the relatively short duration of re-
duced glucocorticoid exposure, changes in indi-
cators of glucocorticoid excess (e.g., BMI stan-
dard deviation scores and insulin resistance) 
were discernible by the end of the double-blind 
period, which is consistent with the sensitivity of 
pediatric patients to even modest amounts of 
excess glucocorticoid. In addition, changes in 
indicators of androgen excess (e.g., hirsutism in 
female participants and the androstenedione-to-

testosterone ratio in male participants) were 
observed. As might be expected in a 28-week 
trial, no differences in height or bone age mea-
surements were observed between treatment 
groups.

This trial showed that in pediatric partici-
pants with CAH, reduction in the glucocorticoid 
doses to the target physiologic range could be 
accomplished with apparent safety. No adrenal 
crises were observed during the double-blind 

Table 3. Adverse Events.

Adverse Event
Crinecerfont  

(N = 69)
Placebo  
(N = 33)

number (percent)

Any adverse event 58 (84) 27 (82)

Any serious adverse event* 1 (1) 4 (12)

Any adverse event leading to discontinuation of trial regimen† 2 (3) 0

Any adverse event leading to withdrawal from trial† 2 (3) 0

Any adverse event resulting in death 0 0

Severity of adverse event‡

Mild 37 (54) 13 (39)

Moderate 20 (29) 12 (36)

Severe 1 (1) 2 (6)

Common adverse events§

Headache 17 (25) 2 (6)

Pyrexia 16 (23) 8 (24)

Vomiting 10 (14) 10 (30)

Upper respiratory tract infection 8 (12) 0

Nasopharyngitis 7 (10) 6 (18)

Influenza 6 (9) 2 (6)

Abdominal pain 5 (7) 0

Coronavirus infection 5 (7) 3 (9)

Fatigue 5 (7) 0

Nasal congestion 5 (7) 1 (3)

Cough 4 (6) 2 (6)

Dizziness 4 (6) 3 (9)

Nausea 4 (6) 2 (6)

Streptococcal pharyngitis 4 (6) 0

Viral infection 4 (6) 1 (3)

*  Serious adverse events included pyrexia (1 participant in the crinecerfont group) and vomiting and pharyngitis, gastro-
enteritis norovirus and gastroenteritis, gastroenteritis, and vomiting and chest pain (1 each in the placebo group). All 
serious adverse events were considered by the investigator to be unlikely to be related or unrelated to the trial regimen.

†  In the crinecerfont group, 2 participants discontinued treatment and withdrew from the trial: 1 had body aches, upper 
abdominal pain, and nausea (considered to be unrelated to the treatment), and 1 had nausea, dizziness, retching, and 
motion sickness (considered to be possibly related to the treatment).

‡  The maximum level of severity, as judged by the trial investigator, is shown.
§  Common adverse events were specified as those reported in at least 4 participants (>5%) receiving crinecerfont.
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period, and the incidence of adverse events lead-
ing to glucocorticoid stress dosing was similar 
in the two groups. The incidence of serious ad-
verse events was higher in the placebo group 
than in the crinecerfont group (occurring in 
12% vs. 1% of the participants), with few events 
leading to discontinuation of treatment. No 
safety signals or major risks were identified dur-
ing the 28-week treatment period, which, in 
conjunction with the efficacy results, supports a 
favorable risk–benefit profile for crinecerfont.

Crinecerfont appears to be a potential new 
therapeutic option for patients with CAH, who 
face substantial disease burden and adverse 
health outcomes throughout their lives. Second-
ary and exploratory end points related to conse-
quences of long-term supraphysiologic glucocor-
ticoid therapy showed favorable trends, but 
longer treatment periods are needed to deter-
mine the extent of these effects. This trial had 
several strengths — a double-blind, random-
ized, placebo-controlled design; a robust sample 
size given the rarity of CAH; a focus on two 
clinically relevant end points (the primary end 
point of change in androgen levels and a key 
secondary end point of reduction in glucocorti-
coid dose with maintenance of androstenedione 
control); and a high completion rate. The present 
trial also had several limitations — the require-
ment for supraphysiologic glucocorticoid doses 
at trial enrollment, the lack of participants 
younger than 4 years of age, a short duration for 

observing meaningful improvement in bone age 
and growth-related end points, and a cautious 
approach toward glucocorticoid reduction to 
avoid an increase in androstenedione level above 
120% of baseline values. The majority of partici-
pants in this trial were White, which reflects the 
prevalence of CAH in the United States and Eu-
rope (Table S8), and few participants were Black, 
which potentially limits the generalizability of 
the findings.

The results of this trial showed that crinecer-
font therapy reduced production of excess adre-
nal androgens, which allowed substantial and 
clinically meaningful reduction of glucocorti-
coid doses to more physiologic levels in pediatric 
participants with CAH.

Baseline data were presented at the annual meetings of the 
Pediatric Endocrine Society in Chicago, May 2–5, 2024, and the 
European Congress of Endocrinology in Stockholm, May 11–14, 
2024; baseline and key efficacy and safety data were presented 
at the annual meeting of the Endocrine Society in Boston, June 
1–4, 2024.
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