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Context: Treatment of congenital adrenal hyperplasia (CAH) is suboptimal. Inadequate suppres-
sion of androgens and glucocorticoid excess are common and current glucocorticoid formulations
cannot replace the cortisol circadian rhythm.

Objectives: The primary objective was to characterize the pharmacokinetic profile of Chronocort,
a modified-release hydrocortisone formulation, in adults with CAH. Secondary objectives included
examining disease control following 6 months of Chronocort with dose titration.

Design,Setting,andPatients: Sixteenadults (eight females)withclassicCAHparticipated inanopen-label,
nonrandomized,Phase2studyattheNational InstitutesofHealthClinicalCenter.Twenty-four-hourblood
sampling was performed on conventional glucocorticoids and following 6 months of Chronocort. Chro-
nocort was initiated at 10 mg (0700 h) and 20 mg (2300 h). Dose titration was performed based on andro-
stenedione and 17-hydroxyprogresterone (17-OHP) levels and clinical symptomatology.

Main Outcome Measures: The primary outcome was cortisol pharmacokinetics of Chronocort and
secondary outcomes included biomarkers of CAH control (androstenedione and 17-OHP).

Results: In patients with CAH, Chronocort cortisol profiles were similar to physiologic cortisol secretion.
Comparedwithconventional therapy,6monthsofChronocort resulted inadecrease inhydrocortisone
dose equivalent (28 � 11.8 vs 25.9 � 7.1 mg/d), with lower 24-hour (P � .004), morning (0700–1500 h;
P � .002), and afternoon (1500–2300 h; P � .011) androstenedione area under the curve (AUC) and
lower 24-hour (P � .023) and morning (0700–1500 h; P � .02) 17-OHP AUC.

Conclusions: Twice-daily Chronocort approximates physiologic cortisol secretion, and was well
tolerated and effective in controlling androgen excess in adults with CAH. This novel hydrocorti-
sone formulation represents a new treatment approach for patients with CAH. (J Clin Endocrinol
Metab 100: 1137–1145, 2015)

Congenital adrenal hyperplasia (CAH) due to 21-hy-
droxylase deficiency is characterized by cortisol and

aldosterone deficiency and androgen excess (1). Goals of
treatment are to replace deficient hormones and control

excess androgen, while avoiding the adverse effects of ex-
ogenous glucocorticoid excess. Physicians caring for pa-
tients with CAH often face management challenges. Thrice-
daily immediate-release short-acting hydrocortisone is the

ISSN Print 0021-972X ISSN Online 1945-7197
Printed in U.S.A.
Copyright © 2015 by the Endocrine Society
Received October 14, 2014. Accepted December 5, 2014.
First Published Online December 11, 2014

Abbreviations: 17-OHP, 17-hydroxyprogresterone; SF36, 36-item short-form health sur-
vey; AUC, area under the curve; BMD, bone mineral density; CAH, congenital adrenal
hyperplasia; CV, coefficient of variation; GFI, global fatigue index; HOMA-IR, homeostasis
model assessment–estimated insulin resistance; NIH, National Institutes of Health; PRA,
plasma renin activity.

O R I G I N A L A R T I C L E

doi: 10.1210/jc.2014-3809 J Clin Endocrinol Metab, March 2015, 100(3):1137–1145 jcem.endojournals.org 1137

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 20 April 2015. at 08:25 For personal use only. No other uses without permission. . All rights reserved.



recommended therapy in growing children (2). However,
there are no standard clinical guidelines for glucocorticoid
therapy in adults. Several regimens using short- or long-
acting glucocorticoid formulations are commonly used in
practice, given once to thrice daily as a fixed, or weight-
adjusted dose (3–5).

In addition to the lack of management consensus, it is
difficult to achieve satisfactory outcome with conven-
tional glucocorticoid formulations (6). These regimens are
suboptimal because they cannot replace the normal cor-
tisol circadian rhythm, and inadequate suppression of ad-
renal androgensandglucocorticoid excess are common(3,
7). New hydrocortisone formulations are being produced.
Plenadren, marketed in Europe, is an immediate-release
tablet with sustained-release hydrocortisone core taken
first thing in the morning and provides once daily treat-
ment but does not address the overnight increase in adre-
nocorticotrophic hormone (ACTH) (8). Chronocort, a
modified-release formulation of hydrocortisone in clinical
development, aims to mimic the cortisol circadian rhythm
and address the overnight ACTH increase driving the in-
crease in androgens in CAH (9).

We previously compared conventional immediate-re-
lease hydrocortisone administered thrice daily (10, 5, and
15 mg) to a pilot modified-release hydrocortisone tablet
formulation (30 mg at night) (Phoqus pharmaceuticals)
(10). This pilot modified-release hydrocortisone tablet
was able to achieve physiologic cortisol levels and good
control of ACTH and androgens overnight and in the early
morning, but failed to provide adequate cortisol in the
afternoon and evening, leading to a increase in adrenal
androgens. Pharmacokinetic modeling suggested twice-
daily dosing would achieve better hormonal control, but
additional studies using this formulation were not possible
due to manufacturing issues (11).

To address this shortcoming, Chronocort, a novel mod-
ified-release hydrocortisone formulation using scalable

technology was developed (Diurnal
Ltd). This new multiparticulate
formulation has an enteric coat
that has a pH trigger of 6.8, allow-
ing small bowel dissolution. Phase
1 pharmacokinetic analysis showed
that a twice-daily regimen (10 mg
at 0700 h and 20 mg at 2300 h)
approximated physiologic cortisol
rhythm (12).

The aim of this study was to eval-
uate the pharmacokinetics of Chro-
nocort in adults with CAH and test
the hypothesis that providing near-
physiologic cortisol replacement will
improve control of androgenic pre-

cursors—androstenedione and 17-hydroxyprogresterone
(17-OHP).

Patients and Methods

Patients
Sixteen adult patients (eight females) with classic CAH

participated in this open label, single center, Phase 2 study
(www.clinicaltrials.gov trial NCT01735617). Diagnosis of clas-
sic 21-hydroxylase deficiency was established based on medical
records and genotype (13). All patients were on stable glucocor-
ticoid and mineralocorticoid dosage for at least 3 months, in
good general health and had laboratory evaluation within 12
weeks of enrollment with plasma renin activity (PRA) �1.5 times
the upper normal range. Exclusion criteria included pregnancy,
lactation, taking spironolactone or glucocorticoids (oral, inhaled
or nasal) apart from treatment of CAH, significant medical or
psychiatric illness, receiving medications that induce hepatic en-
zymes or interfere with glucocorticoid metabolism, history of
bilateral adrenalectomy, or participation in a clinical trial within
3 months.

The study was approved by Eunice Kennedy Shriver National
Institute of Child Health and Human Development Institutional
Review Board. All patients provided written informed consent.

Study design
The primary objective was to characterize the pharmacoki-

netic profile of short-term Chronocort treatment in adults with
CAH. Secondary objectives included examining the effect of
Chronocort on hormone control following 6 months of dose
titration.

Patients were screened for eligibility up to 12 weeks prior to
the first visit. All patients were admitted to the National Insti-
tutes of Health (NIH) Clinical Center every 2-months for a total
of 6 months of treatment (Figure 1). Prior to Chronocort ad-
ministration at visit 1, a 24-hour hormonal profile (2300–
2300h, 2-hourly) was obtained while on conventional therapy.

Patients received their last dose of conventional therapy until
2300 of day 2 and were started on twice daily Chronocort (2300 h,
20 mg; 0700 h, 10 mg) following completion of sampling on

Figure 1. Phase 2 study of Chronocort, a modified-release formulation of hydrocortisone. GC,
glucocorticoid. Fasting labs obtained on visit 1 (day 2, day 5 and day 6), visit 2 - visit 4 (day 2)
included insulin, glucose, testosterone, supine plasma renin activity, bone turn-over markers
(cross-linked telopeptide, osteocalcin) and biochemistry panels. Serial blood sampling included:
adrenocorticotropic hormone (ACTH), androstenedione, 17-hydroxyprogesterone (17-OHP) and
cortisol. Chronocort was initiated on visit 1, day 2 at 2300 h.
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conventional therapy. This initial starting dose was chosen
based on data from a prior Phase 1 study in healthy subjects
(12). On day 4 (48 h post dose initiation), 24-hour (2300 –
2300 h) serial sampling (2-hourly from 2300 – 0500 h;
1-hourly from 0600 –1600 h and 2-hourly from 1700 –2300 h)
was performed to evaluate Chronocort pharmacokinetics.
2-hourly serum samples (2300–2300 h) were also drawn to
evaluate ACTH, androstenedione, and 17-OHP. Serial sampling
was repeated after 2, 4, and 6 months. Telephone contact was
made within 2-weeks of each visit for dose adjustments and ad-
verse event monitoring. After 6-months of Chronocort treat-
ment, patients were discharged to home on their prior conven-
tional regimen with telephone followup.

Body composition was measured by Dual-energy x-ray ab-
sorptiometry prior to study medication administration at visit 1
and at the end of the study. Following breakfast at every visit,
four questionnaires were administered to assess fatigue (Multi-
dimensional Assessment of Fatigue), health-related quality-of-
life [36-item short-form health survey (SF36), AddiQoL] and
signs and symptoms of adrenal insufficiency.

Study medication and dose modification
Chronocort, a modified-release capsule formulation of hy-

drocortisone, consists of uniform multiparticulate beads which
have an inert core, a hydrocortisone drug layer, and a delayed-
release enteric outer coat (12). Chronocort was designed to
mimic physiologic cortisol circadian rhythm through a delayed-
release and sustained absorption profile of hydrocortisone after
administration. Chronocort was available in 20, 10, and 5 mg
capsules for this study.

Dose adjustments were made in 5-mg increments based on
clinical symptoms of adrenal insufficiency or cortisol excess, and
androstenedione and 17-OHP levels. Hormone levels obtained
between 0100 and 0900 h and between 1100 and 1900 h were
considered to reflect the 2300 h and the 0700 h Chronocort
doses, respectively. Dose adjustments were made if three or more
of the five sample times showed out of range values for andro-
stenedione and 17-OHP. Optimal androstenedione levels were
based on the normal range (men: 40–150 ng/dL; women: 30–
200 ng/dL); 17-OHP levels were categorized (optimal: 300–
1200 ng/dL; suppressed: � 300 ng/dL; elevated, � 1200 ng/dL).

When androstenedione and 17-OHP showed inconsistent
trends, androstenedione took precedence in directing dose ad-
justment because androstenedione levels are less variable (6).
Daily Chronocort dosage was not to exceed 50 mg or be less than
10 mg. Dose adjustments were made within 2 weeks following
the visits by telephone. Patients were recontacted within 1 week
after each dose change.

Compliance was assessed at each visit by accounting for num-
ber of capsules dispensed and number returned.

Hormonal assays
Serum concentrations of cortisol (Simbec Research Limited),

17-OHP and androstenedione (Mayo Medical Laboratories)
were determined by HPLC–tandem mass spectrometry. The cor-
tisol assay had an analytical sensitivity of 0.05 �g/dL, interassay
coefficient of variation (CV) of 2.6, 4.5, 2.4%; intra-assay CV of
3.7, 1.1, 1.9% at mean concentration of 0.8, 7.9 and 19.7 �g/dL
respectively. The androstenedione assay had a sensitivity of 15
ng/dL; interassay CV of 7.9, 7.2, 8.7%; intra-assay CV of 13.9,
5.9, 2.6 at mean concentration of 112, 916, and 2281 ng/dL,

respectively, and normal range of 40–150 ng/dL for males and
30–200 ng/dL for females. The 17-OHP assay had an analytical
sensitivity of 40 ng/dL, interassay CV of 9.7, 8.7, 6.8%; intra-
assay CV of 6.8, 2.9, 4.4% with a mean concentration of 111,
751, and 2006 ng/dL, respectively, and normal range of less than
or equal to 220 ng/dL for males and less than or equal to 285
ng/dL for females.

Plasma ACTH was measured using a chemiluminescence im-
munoassay on Siemens Immulite 2000 XPi analyzer (NIH Clinical
Center), with a sensitivity of 5 pg/mL, intra- and interassay CVs of
2.5% and 3.6% respectively, and normal range of 0–46 pg/mL.

Statistical analyses
Data are presented as mean � SD, unless otherwise indicated,

and were analyzed using SAS version 9.2 (SAS Institute). All
P-values were two sided and P � 0.05 was considered significant.
Pharmacokinetic parameters for cortisol were calculated via
noncompartmental analysis using Phoenix WinNonlin software
(version 6.3, Pharsight Corp). The area under the curve (AUC)
was computed using the linear-up, log-down trapezoidal rule for
24-hour (2300–2300 h) and three 8-hour time intervals (night,
2300–0700 h; morning, 0700–1500 h; afternoon, 1500–2300
h) chosen to approximate physiologic periods of low, high, and
intermediate cortisol, respectively. Peak concentration (Cmax)
and time to peak concentration (Tmax) were determined using
actual collection time points. Twenty-four-hour hormonal ex-
posure was also evaluated based on the number of time points
that androgens were within elevated, optimal, and suppressed
ranges according to the categorization used for dose adjustments.

Pharmacokinetic parameters from this Phase 2 study were
compared with prior Phase I study results in healthy volunteers
and to cortisol profiles (using tandem mass spectrometry) ob-
tained in healthy controls not receiving any medication (n � 28)
who underwent every-20-minute cortisol sampling over 24-
hours as an approximation of normal circadian rhythm (12, 14).

SF-36 score was computed using SF-36 version 2 OptumInsight
software as norm-based score, which employs a linear T-score
transformation with mean of 50 and SD of 10 (15). AddiQoL, a
disease-specific questionnaire developed for patients with adrenal
insufficiency, has scores ranging from 30 (worst possible) to 120
(bestpossible) (16).GlobalFatigueIndex(GFI)scorewascalculated
using the Multidimensional Assessment of Fatigue data and GFI
scores range from 1 (no fatigue) to 50 (severe fatigue) (17).

Depending on the data distribution, parametric (paired t test)
and nonparametric (Wilcoxon signed rank) tests were used to
compare changes in AUCs, biomarkers and metabolic indices
from baseline (conventional treatment) to 6 months of Chrono-
cort therapy. Categorical data between these intervals were com-
pared using McNemar’s test.

Results

Twenty-one patients were screened. Four patients failed to
meet the inclusion criteria for PRA level and one patient
was eligible but chose not to participate due to time con-
straints. Sixteen adults (eight females; median age: 24 y;
range 18–60 y) with classic CAH (12 salt wasting, four
simple virilizing) participated. Patients were on a variety
of glucocorticoid regimens (Table 1).
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Medication accountability revealed that one patient
was noncompliant with taking the study medication. Re-
sults were similar when analyses were repeated excluding
this patient. At study completion, 75% of patients ex-
pressed an interest in continuing Chronocort if it were
available.

Pharmacokinetic profile of Chronocort
The cortisol pharmacokinetic profile 48 hours post

Chronocort initiation and following 6 months of therapy
was similar to the normal circadian rhythm of cortisol
observed in healthy subjects and the pharmacokinetic pro-
file of Chronocort observed in a Phase 1 study (Table 2)
(12, 14).

Ten patients required Chronocort dose adjustments
(decrease in eight, increase in two) resulting in an overall

decrease in glucocorticoid dose (glucocorticoid equivalent
dose: conventional vs 6 mo: 28 � 11.8 vs 25.9 � 7.1 mg/d).
After 6 months of Chronocort, there was no evidence of
dose accumulation or nonlinear pharmacokinetics. Over-
all exposure to cortisol (AUC) over 24 hours was similar
following the first Chronocort dose and at 6 months (dose-
normalized to 10 mg). However, peak cortisol levels were
lower by approximately 10% at 6-month therapy (90%
confidence interval, 0.742–1.057), which was expected
due to reduced doses following dose titration.

Biomarkers of disease control
On conventional therapy, ACTH levels began to rise at

0500 h, plateaued between 0700 and 1500 h, and declined
after 1700 h. Six months of Chronocort therapy resulted
in lower ACTH levels throughout the day; however,
changes in ACTH were not significant (Figure 2).

Most patients had elevated androstenedione and 17-
OHP during the day while receiving conventional therapy.
In comparisonwithbaseline, androstenedioneat6months
showed a decrease in the percent of time points with ele-
vated levels (33.7 vs 12.0%, P � .0001) and a higher
percent of time points in the normal range (55.8 vs 73.1%,
P � .0001). Likewise compared with baseline, 17-OHP at
6 months showed a decrease in the percent of time points
with elevated levels (33.2 vs 12.0%, P � .0001) and an
increase in the number of time points in the suppressed
range (46.2 vs 69.2%, P � .0001). In fact, the majority of
patients (59%) had 17-OHP values in the normal range
(males: 40–220 ng/dL; females: 40–285 ng/dL) following
6 months of Chronocort therapy.

Similarly, at 6 months, Chronocort resulted in lower
24-hour (P � .003), morning (0700–1500 h; P � .0008)
and afternoon (1500–2300 h; P � .009) AUC androstene-
dione and lower 24-hour (P � .021) and morning (0700-–
1500 h; P � .018) AUC 17-OHP compared with conven-
tional therapy.

Disease-related metabolic indices and quality-of-
life estimates

Following 6 months of Chronocort there were no sig-
nificant changes in body mass index but there was an in-

Table 1. Baseline Clinical Characteristics of 16 Adults
With Classic CAH in a Phase 2 study of Chronocort, a
Modified-Release Hydrocortisone Formulation

Baseline Characteristics
n (%) or
Mean � SD

Sex
Female 8 (50.0)

CAH phenotype
Salt wasting 12 (75)
Simple virilizing 4 (25)

Age, y 28.7 � 13.0a

Body mass index, kg/m2 25.6 � 5.7
Systolic blood pressure, mm Hg 114 � 10
Diastolic blood pressure, mm Hg 66 � 9
Glucocorticoid medicationb

Dexamethasone, mg/d (n � 5) 0.34 � 0.12
Hydrocortisone, mg/d (n � 3) 20.8 � 8.0
Prednisone, mg/d (n � 7) 6.6 � 2.8

Glucocorticoid-equivalent dosec,
mg/d (n � 16)

28.0 � 11.8

Fludrocortisone dose, mcg/d 98.4 � 32.2
a Age range, 18–60 y.
b One patient on hydrocortisone/prednisolone combination was
omitted.
c Glucocorticoid-equivalent dose: hydrocortisone � 1, prednisone and
prednisolone � 5, and dexamethasone � 80 (1).

Table 2. Pharmacokinetic Parameters for Cortisol in Healthy Volunteers and in Patients With CAH

Pharmacokinetic Parameter
AUC_24,
(hr*�g/dL) (SD)

Cmax
�g/dL (SD)

Tmax
Clock Time (SD)

Healthy volunteers
Normal circadian rhythm (11) 171.4 (41.4) 21.5 (7.4) 0800 h (1.6)
Phase 1 (12) 203.3 (42.8) 24.0 (4.6) 0706 h (3.5)

CAH patients
Chronocort at 48 ha 175.2 (1.3) 21.4 (4.2) 0654 h (2.9)
Chronocort at 6 mob 141 (1.6) 17.3 (6.5) 0706 h (3.1)

Abbreviations: Cmax, peak concentration; Tmax, time to peak concentration.
a Patients receiving Chronocort, 30 mg/d (20 mg at 2300 h, 10 mg at 0700 h).
b Following dose titration, average daily dose was 25.9 � 7.1 mg/d.
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crease in lean mass (P � .003); homeostasis model assess-
ment–estimated insulin resistance (HOMA-IR) measured
in the morning (2300–0700 h) increased (1.91 � 0.7 vs
2.98 � 1.7; P � .02); and the bone turnover marker os-
teocalcin, increased (P � .01) (Table 3).

Sex differences were observed in some measurements of
body composition. Although body composition showed
an overall increase in lean mass (P � .003) and no changes
in fat mass, subgroup analysis revealed that an increase in
lean mass occurred in females only (P � .006) and males
experienced a decrease in fat mass (P � .036). Whole-body
bone mineral density (BMD) showed a slight decrease (P �
.007), and subgroup analysis by sex showed a decrease in
BMD in females only (P � .015) (Table 3).

No significant changes were noted in quality of life or
fatigue (baseline vs 6 mo: SF-36: 54.2 � 4.6 vs 53.7 � 5.5;
AddiQoL: 96.1 � 10.9 vs 97.4 � 12.5; GFI: 14.3 � 8.8 vs
12.6 � 9.3). Of note, at baseline, mean SF-36 score across
all domains was greater than 50, the mean of a healthy
population (15). Similarly, AddiQoL and GFI scores were
similar to a healthy population (16, 17) .

Adverse events
Chronocort was well tolerated. No serious adverse

events occurred. Common short-term adverse events re-
solved and may have been associated with changes in glu-
cocorticoid medication and/or the frequent blood sam-

pling (Table4). Sixpatients received stressdosing foracute
viral illnesses of short duration. Two patients received
stress dosing related to incidental surgical diagnosis and
treatment (inguinal hernia, benign breast nodule). One
patient experienced symptoms of adrenal insufficiency 1
week after starting the study and received stress dosing for
a few days followed by an increase in Chronocort dose.
One patient was diagnosed with tenosynovitis and one
patient had worsening of trigger finger.

Three patients had unexpected carpal tunnel syn-
drome, but two had a prior history. In one patient symp-
toms self resolved while still receiving Chronocort. The
other two patients had symptomatic improvement with
wrist splints. Changes in PRA were not observed.

Discussion

Our study is the first to demonstrate that it is possible to
safely replace cortisol in a near-physiologic manner using
Chronocort, an oral, modified-release hydrocortisone for-
mulation inpatientswithCAH.Thisnovelhydrocortisone
formulation was well tolerated and effective in controlling
androgen excess in adults with CAH when administered
twice daily.

Chronocort is a multiparticulate, modified-release cap-
sule formulation of hydrocortisone, developed in an at-

Figure 2. Comparison of 24-hour hormone profiles on Conventional (baseline) versus Chronocort therapy (6 months) (mean � SEM) for a, ACTH,
b, androstenedione and c, 17-OHP.
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tempt to overcome the challenges observed with conven-
tional glucocorticoid therapy, such as inability to
adequately control androgen secretion without the com-
plications of supraphysiologic glucocorticoids (12). At
baseline, while receiving conventional glucocorticoid
therapy, 24-hour sampling revealed inadequate androgen
control throughout the day in most our patients, despite
receiving long-acting glucocorticoids. Although all of our
Patients with CAH were receiving stable glucocorticoid
doses for at least 3 months prior to study entry, inclusion
criteria was not based on level of hormonal control. Over-
all, our patients tended to have mildly elevated androgens
on their conventional treatment, none were grossly over-
treated and none had hypothalamic-pituitary-adrenal axis
suppression. Large cohort studies report that only approx-
imately one third of adult patients with classic CAH have
hormones within target ranges (3, 18).

Based on the data obtained in our study of classic pa-
tients with CAH, Chronocort provides a stable peak-to-
trough ratio of plasma cortisol concentrations that more
closely mimics the normal circadian rhythm over a 24-
hour period than conventional glucocorticoid replace-
ment therapy. In particular, overnight cortisol increase
(2300-–0700 h) and cortisol peak after awakening into
the early afternoon (0700-–1500 h) had the most conflu-
ence with estimated physiologic cortisol secretion. How-
ever, even with the twice-daily regimen of Chronocort,
cortisol levels were low in the evening hours but the ACTH

and androgen levels remained in an acceptable range and
all patients exhibited persistence of an endogenous diurnal
variation in their hormone levels. This supports the con-
cept that less cortisol replacement is needed at this time of
the day because naturally cortisol and ACTH levels are
low (10, 19, 20).

As the cortisol profile approximated physiologic cor-
tisol secretion, Chronocort therapy effectively controlled
the androgen excess characteristic of CAH. Compared
with conventional therapy at baseline, Chronocort at 6
months showed improved serial androstenedione levels
with lower 24-hour, morning, and afternoon androstene-
dione and improved 17-OHP levels over 24 hours and in
the morning. Interestingly, most 17-OHP levels were
within the normal range, rather than in the mildly elevated
range typically used for management (3, 21). Single time-
point morning androgen measurement is frequently used
for monitoring treatment in CAH (22). An advantage of
our study was our ability to perform 24-hour serial sam-
pling and this lowering of androgens observed throughout
the day was achieved with lower average daily glucocor-
ticoid doses.

Our findings must be considered within the context of
the population of patients being studied and may be con-
founded by the multiple hormonal imbalances character-
istic of CAH. On Chronocort, there was a decrease in
overall glucocorticoid dose based on hydrocortisone dose
equivalency, increase in lean body mass, decrease in fat

Table 3. Metabolic Parameters and Other Hormones in 16 Adult Patients With Classic CAH in a Phase 2 Study of
Chronocort, a Modified-Release Formulation of Hydrocortisone

Clinical Characteristic Baseline 6 Months P Value

Weight, kg 69.7 � 19.7 70.6 � 19.9 .208
BMI, kg/m2 25.6 � 5.7 25.8 � 5.9 .623
HOMA-IRa 1.91 � 0.7b 2.98 � 1.7 .02
Total T, ng/dL 246 � 252 206 � 217 .121
Free T, ng/dL 6 � 6 4 � 5 .055
PRA, ng/mL/h 3.2 � 1.6 2.7 � 1.4 .386
Osteocalcinc, ng/mL 21 � 10 30 � 12 .010
C-telopeptide, pg/mL 685 � 322 772 � 297 .231
Subtotal BMC, g 1695 � 262 1684 � 264 .138
Subtotal fat massd, g 20 723 � 11 972 20 495 � 13 100 .739
Subtotal lean masse, g 43 840 � 10 051 45 376 � 9998 .003
Whole-body BMDf, grams/cm2 1.13 � 0.09 1.11 � 0.09 .007
T-scoreg �0.25 � 0.97 �0.55 � 0.99 .003
Z-score �0.20 � 0.84 �0.45 � 0.88 .004

Abbreviation: BMC, body mineral content. Data are mean � SD. Bold indicates P � .05. To convert T to SI units (nmol/L) multiply by 0.0347.
a HOMA-IR, fasting insulin (�IU/mL) � fasting glucose (mmol/L)/22.5.
b HOMA-IR following 48 h of Chronocort: 2.45 � 1.4
c n � 15, one patient was excluded due to a laboratory issue.
d Decrease in males only, P � .036.
e Increase in females only, P � .006.
f Subgroup analysis showed a decrease in BMD in females only, P � .015.
g n � 13, three patients were �20 y.
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mass (males only), and insulin resistance assessed by
morning HOMA-IR increased. The increase in HOMA-IR
was observed after the first dose of Chronocort and is
therefore unlikely to reflect a change in body composition
and might be due to an increase in early-morning cortisol,
which does not occur with conventional glucocorticoid
therapy. In healthy individuals, insulin sensitivity de-
creases before awakening, associated with the physiolog-
ical cortisol increase. Patients with adrenal insufficiency
on hydrocortisone have low concentrations of metabolic
fuels throughout the night, related to decreased overnight
cortisol levels, and this might play a role in nonspecific
symptoms such as fatigue, early-morning headache, and
risk of hypoglycemia (23). Exogenous glucocorticoids in
pharmacologic doses have negative effects on the bone and
decrease osteocalcin, a marker of bone formation (24). We
observed an increase in osteocalcin reflecting lower glu-
cocorticoid exposureduring6monthsofChronocort ther-
apy. Conversely, we observed a slight decrease in whole-
body BMD, significant in females only. This finding is
possibly due to a decrease in androgen exposure. Region-
specific BMD changes were not assessed. Future studies of
Chronocort therapy in patients with CAH should involve
more-detailed assessments of metabolic parameters and
BMD.

Patients with CAH have increased morbidity which is
due in part to the limitations of currently available gluco-
corticoid therapy (3, 7, 25–27). As a result, novel therapies
are being developed and studied by our group and others
in an attempt to improve patient outcomes (10, 28, 29).
Short-term proof-of-concept studies and case reports have
demonstrated promising results using continuous sc hy-
drocortisone infusion to achieve circadian cortisol re-
placement in patients with CAH (28, 30–32). In patients
with primary autoimmune adrenal insufficiency, once-
daily Plenadren, the dual-release hydrocortisone, achieved
normalmorningcortisol levelsbut resulted in lower cortisol
exposure over 24 hours and lack of normalization of early-
morning cortisol levels prior to awakening (33). Thus, it is
doubtful that this type of hydrocortisone formulation
would improve androgen excess in patients with CAH
because it does not provide overnight cortisol replace-
ment. In contrast, the pharmacokinetic profile of cortisol
on twice-daily Chronocort showed good 24-hour bio-
availability resulting in lowering androgens in patients
with CAH.

Although Chronocort overall achieved a near-physio-
logical 24-hour cortisol profile, cortisol secretion exhibits
a distinct circadian and ultradian rhythm that is influenced
by the sleep-wake cycle and cannot be replicated with oral
glucocorticoid replacement (11, 34, 35). The clinical sig-
nificance of this is unknown. The hypothalamic-pituitary
axis has a significant role in the sleep-wake cycle (36, 37),
and a subset of our patients experienced sleep disturbances
while receiving Chronocort. Dose adjustments helped
with early awakening in both patients but complaints of
odd dreams persisted in one patient. Qualitative or quan-
titative assessments of sleep were not part of our study. We
did not find any changes in quality of life, which was not
surprising given the small sample size, short study dura-
tion, and relatively normal baseline quality-of-life scores.

There were no serious adverse events. Three patients
had the unexpected adverse event of carpal tunnel syn-
drome. Two of these patients had a history of similar com-
plaints in the past. The etiology of these three cases of
median nerve entrapment syndrome is not clear. Although
increased mineralocorticoid activity of Chronocort com-
pared with prestudy treatments (prednisone, dexametha-
sone) is a possibility, all three patients were receiving
fludrocortisone and no changes were seen in PRA.

In addition to the small sample size, our study had a few
important limitations. First, the study was an open-label,
nonrandomized design. Although majority of patients
were being followed at the NIH prior to study enrollment
and were known to be compliant on their conventional
medication, it is possible that improved compliance oc-
curred secondary to the close scrutiny characteristic of

Table 4. Adverse Events During Chronocort
Treatment

Adverse Event No. Patients

Fatigue/generalized weakness 14
Headache 14
Acne 9
Dizziness 8
Weight gain 8
Infusion site pain/bruise 7
Increase in appetite 7
Acute insomnia 6
Decrease in appetite 4
Vivid dreams 4
Arthralgia (pre-existing) 4
Anemiaa 8
High blood pressure readingb 3
Acute adrenal insufficiency symptoms 3
Musculoskeletal pain 3
Nausea 2
Early awakening 2
Increased hair 2
Ear pain 2
Epistaxis 2
Palpitations 1
Acute phlebitis 1
Thinning of hair 1

a Incidental finding in three patients and possibly secondary to blood
sampling in the remaining patients.
b Two patients had high blood pressure readings at admission that
resolved spontaneously. One patient had history of hypertension and
was off treatment. Anti-hypertensive medication was restarted.
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being enrolled in a clinical trial. Moreover, an additional
potential advantage during Chronocort therapy was the
frequent dose adjustments to optimize treatment. These
potential biases are due to the nonrandomized study de-
sign. Second, although the study design allowed dosage
adjustments, the options were limited as the smallest
available dose was 5 mg. Having smaller dose formu-
lations would allow for more flexible and precise dose
adjustments.

It is anticipated that the ability of Chronocort therapy
to mitigate the drastic fluctuations in cortisol levels ob-
served with conventional glucocorticoid therapy while
more closely mirroring physiologic diurnal variation will
result in improved patient outcomes. This newly devel-
oped modified-release oral hydrocortisone formulation
regimen given as a twice-daily dosing represents a new
treatment approach for patients with CAH. Further stud-
ies, and studies including children, are necessary to deter-
mine the long-term outcomes of Chronocort therapy.
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