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Abstract: 21-Hydroxylase deficiency (210HD), the most
common form of congenital adrenal hyperplasia (CAH), leads
to impaired cortisol synthesis and androgen excess. Current
treatments of patients with classic 210HD with supra-
physiological doses of glucocorticoids pose risks such as
impaired growth and metabolic complications. We discuss the
CRH receptor antagonist as a therapeutic option for children
with classic 210HD. A phase three trial of crinecerfont, a CRH
receptor antagonist, offers a promising new treatment option.
Crinecerfont helped to reduce glucocorticoid doses and to
lower androgen levels. However, the study population may not
be fully representative of the general 210HD population. Suc-
cessful implementation depends on patient adherence and
monitoring to avoid possible complications such as adrenal
crises. Overall, crinecerfont represents a valuable develop-
ment, but further research and careful clinical management
are needed to optimize its use in CAH treatment.

Keywords: CAH; 210HD; crinecerfont; androgens; steroid
precursors

Introduction

21-Hydroxylase deficiency (210HD), the most common form
of congenital adrenal hyperplasia (CAH), is a rare autosomal
recessive disorder with an incidence of approximately 1 in
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15,000 births. 210HD is caused by mutations in CYP21A2, the
gene encoding the adrenal steroid 21-hydroxylase enzyme
(CYP21A2). Inefficient cortisol synthesis in patients with CAH
leads to adrenocorticotropic hormone (ACTH)-mediated ad-
renal stimulation, but instead of cortisol, the adrenals pro-
duce excess androgen precursors (Figure 1) [1]. Exposure to
elevated levels of androgens in childhood is associated with
a significant increase in the rate of growth and even more so
in the rate of bone maturation, resulting in reduced adult
height due to premature epiphyseal closure [2—6].

In the treatment of children and adolescents with
210HD, the challenge is to maintain a good therapeutic bal-
ance between iatrogenic glucocorticoid excess and adrenal
hyperandrogenaemia [7]. However, the therapeutic gluco-
corticoid excess that is often required to suppress elevated
pituitary ACTH with consequently lowering adrenal andro-
gens carries arisk of long-term complications for the patient,
such as impaired final height, increased obesity and long-
term complications such as hypertension, insulin resistance
and metabolic syndrome [8-10]. As a new treatment option
for these patients, the results of a phase 3 trial of the CRH
receptor antagonist crinecerfont have recently been pub-
lished [11]. CRH antagonists were used as co-administration
to current glucocorticoid substitution and aim to reduce
ACTH-mediated adrenal hyperandrogenemia in order to
move from supraphysiological suppressive glucocorticoid
dosing to physiological glucocorticoid replacement therapy.

The CRH receptor antagonist
crinecerfont for treatment in
patients with CAH

The phase 3 randomized trial published by Sarafoglu et al.
included 103 children and adolescents aged 2-17 years
(average age 12.1 + 3.5 years), of whom 69 patients received
crinecerfont and 34 placebo for 28 weeks [11]. The mean
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serum androstenedione concentration of all participants
was 431 ng/dL [15.0 nmol/L] (+461 ng/dL) and the mean value
for 17a-hydroxyprogesterone (170HP) was 8,682 ng/dL
[263 nmol/L] (+6,847 ng/dL), at a mean glucocorticoid dose of
16.4mg (+3.9mg) hydrocortisone equivalent per square
metre of body surface area per day. Notably, the mean
glucocorticoid dose used was above the range of 10-15 mg/m*
per day recommended by the Endocrine Society [12] as well
as hydrocortisone doses reported by registries under real-
life conditions in children and adolescent with CAH [13, 14].
In particular, the average physiological production of
cortisol by the adrenal gland is about 7 mg/m?* per day [15].
At week 28, the mean glucocorticoid dose could be
reduced by 18 %-12.8 mg/m? per day in the crinecerfont
group, with a reduction in mean androstendione levels of
94 ng/dL [3.3 mmol/L] from baseline. In contrast, the mean
glucocorticoid dose in the placebo group had to be increased
by 6 %-17.0 mg/m’ per day, and the mean androstendione
level increased from baseline by 147 ng/dL [5.1 mmol/L] [11].
This shows that this new therapeutic approach using CRH
receptor antagonists is a promising adjuvant treatment in
CAH and can improve the two main problems in the treat-
ment of CAH patients, namely hyperandrogenemia and
supraphysiological doses of hydrocortisone on both sides.
However, some critical aspects should be considered:
The initially poor adrenal suppression of the patients
who were included in the crinecerfont trial is striking. Data
of the German CAH Registry [16], which provides real-world
data on treatment and outcomes, show a mean 170HP level
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of 1,567 ng/dL [47.4nmol/L] (3,447 ng/dL [104.3 nmol/L],
median 327 ng/dL [9.9 nmol/L]) in 475 patients aged 2-17
years (mean age 11.1 + 5.0 years). The mean androstenedione
level was 119 ng/dL [4.2nmol/L] (+180 ng/dL [6.3 nmol/L],
median 40 ng/dL [1.4 nmol/L]) in 318 patients at a mean age of
11.5 + 4.8 years (the most recent measured values of the
patients were presented from children with a clinically
documented diagnosis of classic 210HD; data not published).
Data from the international CAH registry reported median
170HP levels of 958 ng/dL (29 nmol/L) in children below age
of 12 years (n=283) and of 1,999 ng/dL (60.5 nmol/L) in ado-
lescents aged 12-18 years. Median levels of androstendione
were 0ng/dL in children below the age of 12 years and
301 ng/dL [10.5 mmol/L] in adolescents ages 12-18 years [13].
These data suggest that the study population of the crine-
cerfont study may be a selected group of poorly controlled
patients. On the other hand, although the cohort studied may
not be representative for the entire group of CAH patients,
those with poor androgen control despite high doses of
glucocorticoids will be the ones who will be the first to be
offered the new therapy.

The combination of high glucocorticoid doses and
inadequate adrenocortical suppression and the high preva-
lence of testicular adrenal rest tumours (TART) of 33 % in this
cohort is consistent with failure of conventional glucocorti-
coid treatment to suppress adrenal hyperandrogenism in
these patients. Data from studies of 24-h urine steroid
metabolite analyses in 109 children with classic CAH showed
that treatment failure, defined by insufficiently suppressed
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Figure 1: Schematic overview of steroidogenesis in CAH. The enzymatic block in CAH is shown in red. In CAH, ACTH stimulation leads to accumulated
17a-hydroxyprogesterone (170HP), that is further converted to 21-deoxycortisol through the 11B-hydroxylase activity of CYP11B1-In addition, 170HP is also
converted to the androgen androstenedione. Adrenal androstenedione is converted to testosterone by aldo-keto reductase 1C3 (AKR1C3). Adrenal
androstenedione and testosterone are also converted by the 11B-hydroxylase activity of CYP11B1 to the 11-oxygenated androgens 11B-hydroxyan-
drostenedione and 11B hydroxytestosterone, respectively. The biologic active androgens 11-ketotestosterone and 11-ketodihydrotestosterone that activate
the androgen receptor comparable to testosterone and dihydrotestosterone, respectively, are formed in peripheral target tissues of androgen action.
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adrenal glands despite increased excretion of cortisol me-
tabolites, affected approximately 30% of the children
treated with hydrocortisone [17].

There are several possible reasons why current hydro-
cortisone treatment fails to effectively suppress the ACTH
production that is necessary to reduce adrenal androgen
production. First, the current hydrocortisone dose regimen
throughout the day does not mimic the circadian rhythm of
ACTH production and consequently adrenal androgen pro-
duction especially during the night [18, 19]. Importantly,
modified-released hydrocortisone preparations which are
recently introduced are able to reach more stable androgen
suppression [20]. The combination treatment of modified-
release hydrocortisone together with a CRH receptor antago-
nist would certainly be a reasonable next therapeutic option.

Second, treatment failure could be due to differences in
intra-individual absorption and half-life of oral hydrocortisone
[21, 22]. Last, poor hormonal control can be caused by lack of
adherence, which affects a large proportion of young patients
in particular with chronic illnesses and regular medication use
[23, 24]. Nowadays, in modern CAH management with
frequent (3—4 monthly) follow-up and monitoring with saliva/
serum daily profiles, the majority of patients can be adequately
treated with moderate doses of hydrocortisone, the preferred
glucocorticoids in paediatric patients, enabling most patients
to reach their final height within their target range [25].

Studies in recent years have shown that the androgen
excess in children with CAH due to 210HD is mainly caused by
elevated adrenal-derived 11-oxygenated androgens [26, 27].
Adrenal-derived 11B-hydroxyandrostenedione is further metab-
olized to 11-ketotestosterone and 11-ketodihydrotestosterone,
which are biologically highly potent androgens that directly
stimulate the androgen receptor comparable with testos-
terone and dihydrotestosterone, respectively (Figure 1)
[28, 29]. Although the superiority of measuring 11-
oxygenated androgens over classical androgens for
monitoring therapy in patients with CAH has not yet been
proven, it would be interesting to study the effect of crine-
cerfont on this group of androgens in the future.

The role of steroid precursors in CAH

Although the study by Sarafoglu et al. did not show evidence
of a particular risk profile of treatment with crinecerfont
(adverse event rate 84 % in the crinecerfont group vs. 82 % in
the placebo group) [11], we want to highlight the theoretical
potential to increased risk of Addisonian crisis due to sup-
pression of ACTH and thereby of adrenal steroid precursors
of which some have potential glucocorticoid effects.

DE GRUYTER

The typically elevated steroid precursors in patients
with 210HD are 170HP and 21 deoxycortisol (21DF) (Figure 1)
[1, 3, 12]. Especially 21DF, shows clinically significant activity
at the human glucocorticoid receptor (hGR), which is rele-
vant in high concentrations such as in untreated or poorly
treated 21 OHD patients [30, 31]. In COS7 cells transfected
with the human glucocorticoid receptor (hGR), 21DF is able
to bind to the hGR leading to translocation and transcription
of the hGR into the nucleus [30]. Studies in HEK293 cells
showed that 21DF has about half the glucocorticoid potency
compared to the classical hGR agonist cortisol [31].

The clinical impact of steroid precursors acting as
agonists at the hGR is also known from patients with
17a-hydroxylase deficiency (CYP17A1) [32]. Due to the
glucocorticoid activity of accumulating corticosterone, this
rare type of CAH usually shows no signs of acute adrenal
insufficiency or Addison’s crisis; rather, the affected patients
often become noticeable relatively late in adolescence due to
a lack of pubertal development or primary amenorrhoea.
The in vitro hGR activity of corticosterone is approximately
64 % of that of cortisol [31]. Furthermore, some case reports
and smaller cohort studies in patients with classic 210HD
have also been described who, despite lack of treatment,
showed no signs of adrenal insufficiency or Addison’s crisis
[33]. The most likely reason for this appears to be the high
glucocorticoid potency of the precursor steroids. Further-
more, recent studies have shown the impact of free cortisol
in classic CAH patients [34]. In a study published by
Adriaansen et al. total cortisol levels of classic CAH patients
(median 109 nmol/L) were lower compared to levels in
non-classic (NC) CAH patients (249 nmol/L) and controls
(202 nmol/L), but free cortisol concentrations were similar,
indicating comparable availability. After ACTH stimulation,
as expected, not total and free cortisol, but total and free
21DF showed a significant increase in CAH patients.

Clinical implications of elevated
ACTH

Poorly controlled patients with classic 210HD, especially
those with irregular hydrocortisone intake due to non-
adherence, are cortisol deficient but have high levels of
ACTH and consequently elevated steroid precursors such as
21DF, leading to some hGR activation that may partly
compensate for cortisol deficiency and thus may reduce the
risk of Addison’s crisis. This may explain that some classic
210HD patients survive despite low total cortisol levels [33].
The question therefore arises as to the consequences for a
patient whose ACTH-mediated increase in steroid precursors
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with agonistic glucocorticoid activity is inhibited by a CRH
receptor antagonist, while at the same time the hydrocorti-
sone replacement dose is reduced to a lower maintenance
level.

Examining another form of CAH, 11B-hydroxylase defi-
ciency (CYP11B1), can provide valuable insights for this
assessment. This form of CAH is characterised by an accumu-
lation of steroid precursors, such as 11-deoxycorticosterone,
which have mineralocorticoid activity. This leads to an excess
of mineralocorticoids and results in hypertension, the
opposite of salt wasting. However, when these precursors
are suppressed through glucocorticoid treatment, patients
may experience clinically significant salt wasting [35-37].

Young patients who are used to taking medication
irregularly are unlikely to change those habits easily when a
new drug is added to the treatment plan, making the regimen
more complex. Therefore, when suppressing ACTH by adding
the CRH receptor antagonist crinecerfont, the increased need
for regular hydrocortisone intake especially during stress and
illness must be emphasised and the symptoms of glucocorti-
coid deficiency must be discussed in detail.

The switch from supraphysiological hydrocortisone
treatment to physiological replacement therapy in patients
treated with crinercerfont should be made carefully and
gradually, and only after the clinician has established the
patient’s adherence. All measures to prevent Addison’s crisis
must be retrained. It is only under these conditions that the
new CRH receptor antagonist can become a safe treatment
option for children and young people with CAH. To ensure
the successful management of the condition at home, greater
emphasis should be placed on providing comprehensive
education and support to children and their parents,
focusing on lifestyle modifications and coping strategies.

Conclusions

The CRH receptor antagonist crinecerfont offers a promising
new therapeutic approach for the treatment of patients with
classic CAH by reducing the need for high-dose glucocorti-
coids and better controlling androgen levels. While this
represents a significant advance in the treatment of CAH,
patient adherence and close monitoring are essential to
prevent adrenal insufficiency and other complications.
Future research should focus on refining treatment pro-
tocols and assessing long-term outcomes to ensure safe and
effective use of this therapy in clinical practice.
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