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Abstract

Context: Prospective studies have demonstrated the efficacy of osilodrostat in Cushing disease. No study has evaluated osilodrostat in a series
of patients with paraneoplastic Cushing syndrome/ectopic adrenocorticotropin syndrome (PNCS/EAS).

Obijective: This work aimed to evaluate in France the real-world efficacy and safety of osilodrostat in patients with PNCS/EAS.

Methods: A total of 33 patients with PNCS/EAS with intense/severe hypercortisolism were involved in this retrospective, multicenter, real-world
study. Patients received osilodrostat between May 2019 and March 2022 at a median initial dose (range) of 4 mg/day (1-60) and maximum dose,
20 mg/day (4-100), first under patient then cohort temporary authorizations and after marketing authorization. Regimens used titration (n=6),
block and replace (n=16), or titration followed by block and replace (n=11).

Results: In 11 patients receiving osilodrostat as first-line monotherapy, median 24-hour urinary free cortisol (24h-UFC) decreased dramatically
(from 26 x upper limit of normal [ULN; 2.9-659] t0 0.11 x ULN [0.08-14.9]; P<.001). In 9 of them, 24h-UFC normalization was achieved in 2 weeks
(median). Thirteen additional patients were previously treated with classic steroidogenesis inhibitors but 10 of these 13 were not controlled. In
these patients, osilodrostat monotherapy, used as second line, induced a significantly decreased of 24h-UFC (from 2.6 x ULN [1.1-144] to
0.22 x ULN [0.12-0.66]; P<.01). Nine additional patients received osilodrostat in combination with another anticortisolic drug, decreasing 24h-
UFC from 11.8 x ULN (0.3-247) to 0.43 x ULN (0.33-2.4) (P<.01). In parallel, major clinical symptoms/comorbidities improved dramatically
with improvement in blood pressure, hyperglycemia, and hypokalemia, allowing the discontinuation or dose reduction of patient treatments.
Adrenal insufficiency (grade 3-4) was reported in 8 of 33 patients.
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Conclusion: Osilodrostat is a rapidly efficient therapy for PNCS/EAS with severe/intense hypercortisolism. Osilodrostat was generally well

tolerated; adrenal insufficiency was the main side effect.

Key Words: Cushing syndrome, ectopic adrenocorticotropic hormone syndrome, corticotropin, paraneoplastic Cushing syndrome, neuroendocrine tumors,

steroidogenesis inhibitors, osilodrostat, hypokalemia, adrenal insufficiency

Abbreviations: ACTH, adrenocorticotropin; BMI, body mass index; DBP, diastolic blood pressure; EAS, ectopic adrenocorticotropin syndrome; HbA, glycated
hemoglobin A;¢; HTN, hypertension; NET, neuroendocrine tumor; PNCS, paraneoplastic Cushing syndrome; SBP, systolic blood pressure; TAU, temporary

authorization for use; UFC, urinary free cortisol; ULN, upper limit of normal.

Paraneoplastic Cushing syndrome (PNCS) is the cause of
a minority of cases of adrenocorticotropic hormone
(ACTH)-dependent CS (1-4). PNCS is related to ectopic secre-
tion of ACTH by an extrapituitary neuroendocrine tumor,
and is also referred to as ectopic ACTH syndrome (EAS)
(1-4). PNCS/EAS is associated with recent onset of generally
very intense and severe hypercortisolism, often leading to life-
threatening clinical manifestations (2, 4, 5-7). These life-
threatening complications include metabolic disorders such
as hypokalemia (2, 4, 5) and diabetes; vascular pathologies
such as arterial hypertension (HTN); thromboembolic events
(2,4, 6-8); and catabolic changes that may lead to myopathy,
skin lesions, and fractures (2-5, 6-9). Severe hypercortisolism
caused by PNCS/EAS is also associated with the development
of viral, bacterial, or parasitic infections (2, 4, 9, 10) and acute
psychiatric disorders (2-4, 6, 7, 11).

In this instance, interruption or substantial reduction of in-
tense cortisol production is urgently needed to improve all of
these pathologies and prevent further life-threatening compli-
cations (2,4, 9, 11, 12). Resection of the primary tumor may
not possible in a number of cases such as occult and covert or
metastatic ACTH-secreting tumors (2, 4, 11, 12). Bilateral
adrenalectomy has been proposed to control severe and in-
tense CS (13-15); however, both general anesthesia and sur-
gery are not always feasible or risk free in patients with
multiple complications (2, 11, 12, 15, 16). For these patients,
in agreement with Endocrine Society recommendations, first-
line combinations therapy with steroid synthesis inhibitors
such as metyrapone and ketoconazole have been shown to
control hypercortisolism and are preferred by other teams to
avoid lifelong adrenal insufficiency (17-21). This goal is par-
ticularly important when ACTH-secreting neuroendocrine tu-
mors (NETs) are small and localized or occult since they are
associated with an excellent long-term prognosis.

Osilodrostat, initially known as LCI-699, is a recently devel-
oped anticortisolic inhibitor of steroidogenesis that acts mainly
on both adrenal 11-hydroxylase and aldosterone synthase
(22, 23). Its anticortisolic efficacy, mainly in patients with
Cushing disease, has been clearly demonstrated in phase 1 to
3 studies (24-26) and was the basis for marketing authorization
in Europe in January 2020 and in the United States in March
2020 for endogenous CS (orphan drug designation) (https:/
www.ema.europa.eu/en/medicines/human/EPAR/isturisa;
https:/www.fda.gov/news-events/press-announcements/fda-
approves-new-treatment-adults-cushings-disease). Since its au-
thorization, effective cortisol inhibition has also been reported
in a limited number of cases of CS associated with cortisol
secretion by malignant adrenocortical cancer (27). However,
osilodrostat has been evaluated in only a handful of patients
with PNCS/EAS (28-30), and the preliminary results of these
case reports suggest effective control of hypercortisolism.

In France, osilodrostat received a temporary authorization
for use (TAU) from the French National Agency for
Medicines and Health Products Safety (ANSM, Agence

nationale de sécurité du médicament et des produits de santé)
in April 2019 (nominative TAU) followed by a cohort TAU
(https:/ansm.sante.fr/tableau-acces-derogatoire/osilodrostat-
1-mg-comprime-pellicule-isturisa). As a result, osilodrostat use
was possible in France for CS of all causes, including for pa-
tients with PNCS/EAS.

The purpose of this study was to report real-world clinical
experience with the use of osilodrostat in a large number
(n =33) of patients with severe PNCS/EAS who were treated
between May 2019 and March 2022 by French teams. The
data we compiled in this real-life observational study are to
our knowledge the largest reported series of PNCS that re-
ceived this medical treatment. The data we present here indi-
cate that osilodrostat is an effective drug in patients with
intense and severe hypercortisolism caused by PNCS/EAS.

Materials and Methods

This study includes items recommended by the STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) statement (https:/journals.plos.org/plosmedicine/
article? id =10.1371/journal.pmed.0040296).

Data from 33 patients with PNCS/EAS treated with osilo-
drostat from May 2019 and March 2022 were included.
In all participating centers the same form was used to
collect data that were part of routine patient management,
and were then anonymized. Ethics committee approval
was obtained for the analysis (from the French National
Agency for Medicines, ANSM No. 2022-A01139-34 and
Paris-Saclay University No. 09122648 as well as approval
by each local ethics committee). Patients were eligible for
the study if they had poor initial clinical status due to intense
hypercortisolism and/or severe comorbidities related to
underlying PNCS/EAS.

The patient population included 15 women and 18 men,
with a median age of 65 years (range, 24-85 years). Clinical
and hormonal characteristics at diagnosis and causes of
PNCS/EAS are detailed in Table 1. The ACTH-secreting
NETSs were gastrointestinal NETs (n = 4); small-cell lung neu-
roendocrine carcinoma (n=8); bronchial carcinoid tumors/
well-differentiated NETs located in the bronchi (n=7); pan-
creatic well-differentiated NET (n=35); ear nose throat
NETs (n=1); parotid NETs (n=1); occult tumors (n=2);
NETs of unknown origin (n=2); medullary thyroid carcin-
oma (n=2); and neuroendocrine prostate cancer (n=1).

Of the 33 patients included, 30 (91%) had intense hyper-
cortisolism at diagnosis defined as an increase in 24-hour urin-
ary free cortisol (24h-UFC) greater than § times the upper
limit of normal [ULN]). Of note, 25 of 33 (76%) patients
had very intense hypercortisolism (11, 12) with 24h-UFC
equal to or greater than 10 x ULN.

Median 24h-UFC was 1867 pg/24 hours (range, 80-32 950
pg/24 h) (5152 nmol/24 hours [220-90 942 nmol/24 h] (see
individual values in Table 1).
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Table 1. Clinical and hormonal characteristics of patients at diagnosis

No. Sex Age,y Tumor Metastasis UFC Serum ACTH, K, Hypertension Diabetes Complications

cortisol, pg/mL  mmol/L

ng/mL®

pg/24h? x ULN

1 M 66 GI-NET  Yes 32950 659 980 126 1.7 Yes Yes S
2 M 59 SCLC Yes 21448 247 834 763 2.2 Yes Yes
3 F 60 SCLC Yes 10 000 154 1150 116 2.2 Yes No HF
4 M 63 SCLC Yes 9550 147 1350 495 2.7 Yes Yes S
5 M 70 SCLC Yes 2640 59 700 250 2.7 Yes No HF
6 F 77 Bca No 5445 84 348 67 2.1 Yes Yes S; HF
7 M 60 Pca Yes 25382 292 700 554 2.4 Yes Yes —
8 F 45 GI-NET  Yes 3940 79 500 165 2.9 Yes Yes —
9 F 65 ENT No 3842 77 700 380 1.9 Yes Yes S; P
10 M 64 GI-NET  Yes 1930 24 743 220 1.9 Yes Yes S; P
11 F 46 Parotid  Yes 2157 27 405 345 2.5 No No DVT
12 M 85 SCLC Yes 1678 26 617 125 2.1 Yes Yes HF
13 M 59 GI-NET No 2560 32 1189 232 2.1 Yes Yes —
14 F 71 Bca No 633 13 250 137 2.1 Yes Yes —
15 F 68 Bca Yes 588 12 203 49 2.5 Yes Yes HF
16 M 74 Occult  No 500 11 200 180 2.5 Yes Yes S; P
17 F 72 Bca No 475 7 357 78 2.9 Yes Yes —
18 M 53 Bca Yes 468 7 250 122 2.7 Yes No DVT; P; F
19 F 57 Occult  No 1300 20 435 196 2.9 Yes Yes S F
20 F 24 Bca No 1803 28 197 102 4.2 Yes No —
21 F 57 Pca Yes 2974 39 578 139 2.3 Yes No —
22 F 71 Unk Yes 116 2 241 123 3.0 Yes No S; DVT
23 M 71 MTC Yes 190 3 141 26 4.4 Yes No P; F
24 M 74 NEPC Yes 369 5 362 65 1.5 Yes No P
25 M 56 Unk Yes 4092 47 467 181 2.5 Yes Yes —
26 M 76 MTC Yes 80 2 187 31 4.4 Yes Yes —
27 F 71 Pca Yes 555 7 329 233 2.5 Yes Yes S; HF
28 M 58 SCLC No 835 10 873 250 2.4 Yes No —
29 M 45 Pca Yes 27273 420 747 159 2.4 No Yes S
30 M 74 Bca No 1322 17 919 241 31 Yes Yes —
31 M 71 SCLC Yes 8120 102 711 90 2.2 Yes No —
32 F 51 SCLC Yes NA NA >1000 164 2.5 No No P
33 F 71 Pca No 770 10 267 169 3.0 Yes Yes —
Median 65 1867 26 484 164 2.5

Abbreviations: ACTH, adrenocorticotropin; Bca, bronchial carcinoid tumors (well-differentiated NETs located in the bronchi); ENT, ear, nose, and throat; F,
female; GI-NET, gastrointestinal neuroendocrine tumor; K*; serum potassium; M, male; MTC, medullary thyroid carcinoma; NEPC, neuroendocrine prostate
cancer; NET, neuroendocrine tumor; Pca, pancreatic carcinoid tumors (pancreatic NETs); SCLC, small-cell lung carcinoma; UFC, urinary free cortisol; ULN,
upper limit of normal; Unk, unknown.

“Conversion factor for UFC: 1 pg/24 hours =2.76 nmol/24 hours.

Conversion factor for serum cortisol: 1 ng/mL=2.76 nmol/L; ULN, upper limit of normal of the local hormonology laboratories. ULN for UFC was between
45 and 80 pg/24 hours (124 and 220 nmol/24 h). ULN for cortisol serum is between 180 and 220 ng/mL (496 and 607 nmol/L). ULN for ACTH is between 49
and 63 pg/mL. Hypokalemia is defined as K* less than or equal to 3.5 mmol/L. Hypercorticism-related complications: DVT, deep vein thrombosis; F, fracture;
HF, heart failure; P, psychiatric disorders; S, sepsis.

At diagnosis, serum cortisol (see Table 1) was also signifi-
cantly increased (median 484 ng/mL [range, 141-1350
ng/mL]) (1335 nmol/L [389-3726 nmol/L]) and circulating
ACTH was above the ULN of the local hormonal laboratory
in 91% (30/33) of patients and in the normal (inappropriate)
range in 3 patients. Median serum ACTH was 164 pg/mL
(26-763 pg/mL) (see Table 1).

Main comorbidities related to hypercortisolism at diagnosis
are indicated in Table 1. Briefly, 30 of 33 (91%) had hypokal-
emia (kalemia < 3.5 mmol/L), 29 of 33 (88%) had HTN, and
21 of 33 (64%) had diabetes. In addition, 20 of 33 (61%) pa-
tients had at least 1 other severe PNCS/EAS-related comorbid-
ity (sepsis, fracture, heart failure, severe psychiatric disorders,
or deep vein thrombosis) (2, 4, 6-11).
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Interventions

Eleven (33%) of the 33 included patients with PNCS/EAS re-
ceived osilodrostat as first-line treatment in a monotherapy
regimen (patients 1, 3, 6, 8, 11, 12, 14, 16, 17, 18, and 23;
Table 2). In this group, the median starting dose of osilodro-
stat was 10 mg/day (range, 2-40 mg/d) and the maximum
dose was 20 mg/day (10-100/mg/d).

Thirteen (39%) of the included patients had been previ-
ously treated with other steroidogenesis inhibitor therapies,
which had to be stopped and replaced by osilodrostat
monotherapy used as second-line treatment (see Table 2).
In this group, replacement of the previous first-line steroi-
dogenesis inhibitors by osilodrostat (see Table 2) was de-
cided for 1 or more of the following reasons: (a) a break
in the supply of metyrapone in France (https:/www.
sfendocrino.org/rupture-de-production-de-la-metopirone/)
in 4 patients; (b) insufficient efficacy of first-line therapy
motivated the introduction of osilodrostat in 9 patients;
(c), intolerance (cutaneous, digestive, hepatic) (31) to first-
line anticortisolic therapy in 5 patients; and (d), replace-
ment was related to a drug interaction with chemotherapies
used in 1 patient. In these 13 patients, the median initial
dose of osilodrostat used as second line was 4 mg/day
(range, 1-20 mg/d) and the median maximum dose was
25 mg/day (4-60 mg/d).

Additionally, a group of 9 (27 %) patients received osilodro-
stat in combination with another anticortisolic drug (bither-
apy) (patients 2, 4, 9, 10, 15, 19, 20, 29, and 31; see
Table 2). In this group, the initial dose of osilodrostat was 4
mg/day (range, 1-60 mg/d), and the maximum median dose-
was 40 mg/day (range, 4-80 mg/d). Prior treatments
with steroidogenesis inhibitors and anticortisolic drugs
used in combination with osilodrostat are shown in Table 2.

The individual duration and doses of prior treatments by
metyrapone and ketoconazole are detailed in Supplementary
Table S1 (32). The median daily dose of metyrapone pre-
scribed before the introduction of osilodrostat was 2875 mg
(range, 1500-4500 mg) and its median length was 14 weeks
(range, 2-97 wk). The median daily dose of ketoconazole pre-
scribed before the introduction of osilodrostat was 800 mg
(range, 200-1200 mg) and its median length was 5 weeks
(range, 1-103 wk).

The individual initial doses of osilodrostat received by all 33
PNCS/EAS patients included in this study are shown in Fig. 1
and Table 2.

The treatment strategy used was either titration, without
combination with hydrocortisone or another glucocorticoid
replacement therapy (n=6), a block and replace regimen up-
front (n=16), or initial titration followed by block and re-
place secondarily (n=11).

The patients were followed by French endocrinologists in
expert endocrinology departments of participating hospitals.

Follow-up, recommended by the French drug agency
(ANSM) after granting nominative TAU followed by a cohort
TAU, included systematic evaluation of clinical status, routine
biochemical parameters, and hormonal evaluation to collect
data to better assess the efficacy and safety of the drug in real-
life use. All patients included were hospitalized and received
symptomatic treatment of comorbidities including potassium
supplementation, antimineralocorticoid spironolactone, anti-
hypertensive drugs (see Table 2), and oral antidiabetes drugs
or insulin.

The practical use of osilodrostat in this real-life observa-
tional study is summarized in Table 3.

Hormonal Evaluation

Hormone concentrations were measured in each center by ac-
credited (COFRAC, France; www.cofrac.fr) clinical endocrin-
ology laboratories, all of which participate in the French
national quality control program for steroid and peptide
hormone immunoassays (Pro-BioQual, France; www.
probioqual.com).

Various immunoassays or liquid chromatography—-mass
spectrometry assays were used at the different centers to meas-
ure serum and urinary cortisol. Serum ACTH levels were
measured using sandwich immunoassays (immunoradiomet-
ric assay, enzyme immunoassay) available in France. In brief,
for 24h-UFC, the ULN was between 45 and 80 pg/24 hours.
For the morning serum cortisol, the ULN was between 180
and 220 ng/mL. For the morning ACTH, the ULN was be-
tween 49 and 63 pg/mL.

Clinical Evaluation

Clinical assessment of CS was retrospectively evaluated from
data collected from medical charts and forms using a semi-
quantitative arbitrary clinical score adapted from Ferriere
et al (33) and including relevant clinical signs also evaluated
in the LINC 3 and LINC 4 trials (25, 26). The score included
the following 7 items: obesity of the face and trunk; purple
stretch marks; myopathy; supraclavicular fat pad; buffalo
hump; facial erythrosis; and facial plethora. In premenopausal
women, the score included the same previous items as well as 2
additional items: hirsutism and amenorrhea. In postmeno-
pausal women, the same items as previously were used, with
the exception of amenorrhea.

Each of the clinical items was scored as 0 (absent), 1 (low),
or 2 (high), resulting in a total score of 14, 18, and 16, respect-
ively, in men, premenopausal women, and postmenopausal
women. To standardize these scores, the value 1.0 corre-
sponded to the maximum in each aforementioned patient
category.

Statistical Analysis

The results are expressed as medians and ranges [min-max].
The Wilcoxon matched pairs test was used for comparison
of UFC, serum cortisol, clinical score, systolic blood pressure
(SBP), diastolic blood pressure (DBP), body mass index (BMI),
and the biological parameters kalemia, glycemia, and glycated
hemoglobin A;. (HbA.) in PNCS/EAS before and during osi-
lodrostat therapy. P values less than .05 were considered stat-
istically significant. GraphPad Prism Software (version 9.4.0)
was used for statistical analysis.

Results

Hormonal Efficacy

In the 11 patients treated with osilodrostat monotherapy, pre-
scribed as first-line therapy (group 1, patients 1, 3,6, 8, 11,12,
14, 16, 17, 18, and 23 in Table 2), 24h-UFC decreased dra-
matically, from a preintervention median of 1678 ng/24 hours
(190-32950pg/24 h) (4631 nmol/24 h [524-90 942 nmol/24
h]) to 5pg/24 hours (5-743pg/24h) (13.8 nmol/24 h
[13.8-2050 nmol/24 h]) (P<.001). Normalization of
24h-UFC was achieved in 9 of these 11 patients with a median
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Figure 1. Urinary free cortisol (24-h [24h-UFC], x upper limit of normal [ULN]) before and during osilodrostat treatment in 33 patients with
paraneoplastic Cushing syndrome/ectopic adrenocorticotropin syndrome. Each vertical set of data points is for 1 patient. Patients are shown in order of
decreasing baseline 24h-UFC concentration. For each patient the time elapsed (wk) between the introduction of the osilodrostat and the 24h-UFC nadir
is shown. Patients who received osilodrostat as first-line or second line monotherapy or those who received osilodrostat in combination with another
anticortisolic drug (bitherapy) are detailed in Table 2. The numbers above vertical lines indicate both initial (upper) osilodrostat dosages (mg/d), and
maximum dosages (lower number) either at nadir or closest to nadir of 24h-UFC.

delay of 2 weeks (range, 1-56 week) (see Fig. 1 and Table 2).
In the 2 remaining patients, 24h-UFC decreased dramatically
(44-fold for patient 1 and 14-fold for patient 11). In parallel,
serum cortisol also decreased significantly, from 357 ng/mL
(141-1150 ng/mL) (985 nmol/L [389-3174 nmol/L]) to
10 ng/mL (10-528 ng/mL) (27.6 ng/mL [27.6-1457 nmol/L])
(P<.001).

Among the 13 patients who were previously treated with
other anticortisolic therapies (group 2), 10 were not con-
trolled (24h-UFC > ULN) before the introduction of osilodro-
stat. They received osilodrostat used as monotherapy (patients
5,7,13,21, 22,24, 25, 26, 27, 28; see Fig. 1 and Table 2).
During osilodrostat monotherapy, 24h-UFC was normalized
in all 10 patients, with a decrease from 158 pg/24 hours
(85-6500 pg/24 h) (436 nmol/24 h [234-17 940 nmol/24 h])
to 12 pg/24 hours  (5-57 pg/24h) (33 nmol/24h
[13.8-157 nmol/24 h]) (P <.01). In the remaining 3 patients
whose 24h-UFC was already normalized at the time of osilo-
drostat initiation, cortisol control (24h-UFC <ULN) was
maintained (patients 30, 32, and 33; see Table 2).

Finally, in the 9 patients who were treated with osilodrostat
in combination with another anticortisolic therapy (group 3,
patients 2, 4, 9, 10, 15, 19, 20, 29, and 31; see Fig. 1 and
Table 2), 24h-UFC decreased from a median of 588 pg/
24 hours (20-21448 pg/24 h) (1622 nmol/L [55-59
196 nmol/L]) to 28 pg/24 hours (5-158 pg/24 h) (77 nmol/L
[13.8-436 nmol/L]) (P <.01).

For all 33 patients included, 24h-UFC individual changes
on osilodrostat therapy (before introduction and nadir
achieved under this drug) are detailed in Table 2.

Clinical Efficacy and Effect on Cushing Syndrome-
related Comorbidities

Hypertension

Thirty of the 33 patients (91%) had HTN at the time of PNCS/
EAS diagnosis (see Table 2), and 28 had already received an
antihypertensive treatment at the time of osilodrostat initi-
ation. In addition, 18 of 33 (54.5%) patients had SBP greater
than 140 mm Hg and 7 of 33 (21%) had DBP greater than
90 mm Hg when osilodrostat was initiated. Only 3 of 33 pa-
tients had SBP that remained greater than 140 mm Hg and
none had DBP greater than 90 mm Hg during osilodrostat
treatment.

Median SBP decreased from 143 mm Hg (102-187 mm Hg)
to 126 mm Hg (100-168 mm Hg) with osilodrostat treatment
(P<.0001) (Fig. 2A and Table 2). Median DBP decreased
from 77 mm Hg (56-101 mm Hg) to 69 mm Hg (49-90 mm
Hg) with osilodrostat treatment (P<.001) (Fig. 2B and
Table 2). This improvement both in SBP and DBP was paral-
leled by a decrease in the number of antihypertensive treat-
ments (see Table 2).

Clinical signs of hypercortisolism

The arbitrary clinical score reflecting CS severity (Fig. 2C) de-
creased significantly with osilodrostat treatment, from 0.44 to
0.21 (P<.0001). In addition, BMI significantly decreased
with osilodrostat treatment, from 25.0 (18-40) to 23.4
(19-36) (P <.01) (Fig. 2D).
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Figure 2. Time course of clinical parameters/comorbidities associated with hypercortisolism in patients with paraneoplastic Cushing syndrome/ectopic
adrenocorticotropin syndrome treated by osilodrostat. A and B, Systolic (SBP) and diastolic blood pressure (DBP) at the time of osilodrostat introduction
and during osilodrostat treatment after control of hypercortisolism, respectively. The median number of antihypertensive medications are indicated in
blue. Dotted line indicates the upper limit of normal (European Society of Hypertension Guidelines). C, Evolution of the arbitrary clinical score of Cushing
syndrome at the time of the introduction of osilodrostat and during osilodrostat treatment after control of hypercortisolism (see text). D, Change in body
mass index (BMI) at the time of osilodrostat introduction and during osilodrostat treatment after control of hypercortisolism. ** Pless than .01; ***P
less than .001; ****Pless than .0001 (Wilcoxon matched-pairs signed rank test).

Myopathy

Of note, before osilodrostat therapy, 3 patients (6, 19, and 23;
see Table 1) were hospitalized with functional impotence re-
sulting in a bedridden state for several months due to major
myopathy. After 3 to 6 months of osilodrostat therapy, these
patients were able to ambulate again, move around independ-
ently, and were able to return to their home.

Hypokalemia
At the time of initial diagnosis of PNCS/EAS and before any
potassium  supplementation, hypokalemia (kalemia <

3.5 mmol/L) was detected in 30 of 33 (91%) patients (see
Table 1). Median kalemia at this time was 2.5 mmol/L (min-
imum 1.5 mmol/L) (see Table 1). At osilodrostat treatment
initiation, that is, after potassium supplementation and/or
spironolactone treatment, 13 of 33 (39%) patients were still
hypokalemic with a median kalemia of 3.8 mmol/L (range,
2.6-4.9 mmol/L). After osilodrostat treatment, only 4 of 33
(12%) patients remained hypokalemic and circulating potas-
sium increased to 4.2 mmol/L (range, 3.1-5.0 mmol/L) (P <
.001). Notably, this increase in circulating potassium occurred
in parallel with a decrease in symptomatic treatments (potas-
sium and spironolactone; Fig. 3A and Table 2).

Hyperglycemia and diabetes

During osilodrostat therapy, available fasting blood glucose
levels decreased very significantly, from 1.2 g/l (range,
0.6-3.1 g/L) before treatment to 0.9 g/L (range, 0.7-1.8 g/L)
(P<.0001) (Fig. 3B). Similarly, available HbA. decreased
significantly from 6.7% (range, 4.2%-10.6%) before osilo-
drostat treatment to 6.1% (range, 4.9%-7.2%) on therapy
(P <.05) (Fig. 3C). This improvement in fasting blood glucose
and HbA . was associated with a reduction in the number of
patients requiring insulin (from 11 to 8). Moreover, in diabet-
ic patients still requiring insulin, the median insulin dose de-
creased from 33 IU/day (range, 11-60 IU/d) to 14 IU/day
(range, 7-30 IU/d) (P <.0S5).

Follow-up and Safety

Of the 33 PNCS/EAS patients evaluated in this study, 18 of the
22 with metastatic disease (see Table 1) died during follow-up,
between 0.4 and 140 months after the initial diagnosis. All but
one patient died of progression of their metastatic disease.
Of the 33 patients treated with osilodrostat, 8 (24%) had at
least 1 episode of adrenal insufficiency (grade 3-4) revealed by
clinical and biological signs (hypotension and/or hyponatre-
mia with hyperkalemia). Of these patients, 7 who did not
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Figure 3. Evolution of main biological disturbances associated with hypercortisolism in patients with paraneoplastic Cushing syndrome/ectopic
adrenocorticotropin syndrome (PNCS/EAS) treated with osilodrostat. A, Individual circulating potassium levels in patients with PNCS/EAS, measured at
diagnosis, at the time of introduction of osilodrostat (before osilodrostat) and after reaching nadir of urinary free cortisol (24h-UFC) (during osilodrostat)
(see also Tables 1 and 2). Blue numbers indicate median spironolactone dosage (mg/d) and red numbers indicate median potassium dosage (g/d). Red
dotted line indicates the lower limits of normal. B and C, Evolution of fasting blood glucose and glycated hemoglobin A, (HbA.), respectively, at time of
the introduction of osilodrostat and after nadir of UFC. Dotted line indicates upper limit of normal in a nondiabetic French population. * Pless than .05;
***Pless than .001; ****Pless than .0001 (Wilcoxon matched-pairs signed rank test).

receive hydrocortisone before hospitalization had low
plasma cortisol levels (from nondetectable to 53 ng/mL
[nondetectable-146 nmol/L]).

Of note, one patient died after control of hypercortisolism
(patient 10; see Table 2) of a probable acute adrenal crisis
associating malaise with hypotension (SBP/DBP: 108/
63 mm Hg), hyponatremia (135 mmol/L), and hyperkalemia
(5.2 mmol/L). This patient was treated for PNCS/EAS second-
ary to metastatic gastrinoma. He went to the local emergency
department for hematuria and dizziness. However, despite the
existence of hypotension, hyponatremia, and hyperkaliemia,
the diagnosis of acute adrenal insufficiency was not identified
and no appropriate hydrocortisone therapy was started. It
should be emphasized that a hormonal evaluation carried
out while on osilodrostat therapy, 3 months before this pa-
tient’s death, had already shown a low morning serum cortisol
(63 ng/mL; normal range, 85.0-210 ng/mL), a very low UFC
at 7 pug/24 hours (normal range, 22-65 pg/24 h) associated
with very high circulating ACTH levels (ACTH 4959 pg/mL
[normal range, 24-60 pg/mL]), whereas before initiating osi-
lodrostat therapy circulating ACTH levels were 220 pg/mL.
These previous hormonal data associated with the clinical

features preceding the death reinforce the hypothesis of an
acute adrenal insufficiency.

Liver function abnormalities leading to drug discontinu-
ation or reduction were not reported for any patients receiving
osilodrostat as monotherapys, either as first-line or second-line
therapy.

One patient receiving a combination of osilodrostat and
ketoconazole who had liver metastases experienced an in-
crease in liver enzymes of 3 to 5 times the ULN.

No alteration in the corrected QT interval leading to treat-
ment discontinuation was documented in any of the 33 pa-
tients who received osilodrostat. Notably, even among
patients who received the highest doses (> 20 mg/d), there
was no statistically significant increase of the corrected QT
interval (median of 412 ms before treatment and 408 ms on
osilodrostat).

Discussion

The effective cortisol inhibition achieved by osilodrostat ther-
apy in Cushing disease has been demonstrated by several pro-
spective studies published in recent years (24-26). The efficacy
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of this drug has also been demonstrated in the rarer etiologies
of CS such as adrenocortical carcinoma, although only in iso-
lated clinical case reports or small series (27-29). In the most
severe and intense cause of CS—secondary to PNCS/EAS
—(2, 4, 5,7,9,11, 12, 17, 18), which are much rarer than
Cushing disease (1, 3), the efficacy of cortisol inhibition by osi-
lodrostat has been suggested by only a few clinical case reports
(28-30). The objective of this study was to evaluate in France
the efficacy of cortisol inhibition by osilodrostat in a real-
world setting in a large series that included 33 patients with
PNCS/EAS. To our knowledge, this is one of the 2 larger
worldwide-reported series of PNCS/EAS patients with intense
and/or severe hypercortisolism who received medical therapy
with an adrenal steroidogenesis inhibitor (19). In addition,
contrary to historical series (19, 34), all PNCS/EAS patients
included in our study were evaluated very recently with
more homogeneous and modern approaches in terms of hor-
monal and imaging assessment.

In nearly one-third of patients with PNCS/EAS studied here,
osilodrostat was used as monotherapy and as first-line anti-
cortisol treatment. In 82% of these patients, normalization
of 24h-UFC was obtained, confirming osilodrostat efficacy.
The efficacy of osilodrostat as monotherapy in these patients
was even more remarkable because almost half of the patients
in this group had very intense hypercortisolism with 24h-UFC
greater than 10 times the ULN when osilodrostat was
introduced.

Another one-third of the patients PNCS/EAS in this study
had received previous first-line treatment with other adrenal
steroidogenesis inhibitors, mainly metyrapone or ketocon-
azole, prescribed either as monotherapy or as combined ther-
apy. These previous treatments were discontinued for various,
sometimes interrelated, reasons such as a shortage of supply
(discussed later), drug intolerance, or lack of efficacy or partial
efficacy. In the majority (10/13) of the patients of this group,
who were not previously controlled with these steroidogenesis
inhibitors, a switch to osilodrostat as monotherapy led to con-
trol of hypercortisolism.

In a third group, including 9 patients, osilodrostat was used
in combination with another inhibitor of steroidogenesis,
mainly metyrapone or ketoconazole, with good efficacy and
satisfactory tolerance, specifically hepatic tolerance. These re-
sults indicate that a combination of osilodrostat with these
classic drugs is possible in practice and may be an effective op-
tion, particularly in situations of very intense and severe hy-
percortisolism or when intolerance occurs when increasing
the dose of one of the drugs.

The existence of this new, effective steroidogenesis inhibi-
tor, therefore, allows for expansion of the therapeutic tools
available to endocrinologists managing PNCS/EAS patients,
who are often in a serious condition. In particular, osilodro-
stat offers useful therapeutic alternatives in cases of intoler-
ance, unavailability, or even insufficient efficacy of the older
steroidogenesis inhibitors. One point that should also be em-
phasized is that, in France, before the marketing authoriza-
tion, the French drug agency (ANSM) very quickly granted
TAU for osilodrostat following a supply interruption of me-
tyrapone in Europe and France (https:/www.nve.nl/content/
uploads/2019/03/letter-for-Dutch-Society-of-Endocrinology.
pdf; https:/www.sfendocrino.org/rupture-de-production-de-
la-metopirone/). The availability of this drug has, therefore,
made it possible to avoid leaving patients with severe hyper-
cortisolism without medical treatment.

In patients treated with osilodrostat as monotherapy, either
as first-line treatment or when switching from a different anti-
cortisolic drug, the time required to control hypercortisolism
varied. This variability was possibly related to several factors,
including the prior intensity of the hypercortisolism, the dose
of osilodrostat used at the start of this therapy, and the speed
with which a dose increase was implemented during titration
(discussed later). It could also be related to the therapeutic ap-
proach used (titration vs block and replace), which could also
affect the doses used and the speed with which the daily dos-
age is increased.

Regardless of the particular reasons for the chosen dosage, it is
interesting to note that in several patients with PNCS/EAS and
very intense hypercortisolism, 24h-UFC normalization could
be achieved within 1 to 2 weeks, which means that osilodrostat
monotherapy is suitable for emergency situations associated
with severe hypercortisolism, as we have already demonstrated
with a combination of other steroidogenesis inhibitors (17, 18).
Given the severity of PNCS/EAS, a rapid decrease in cortisol lev-
els is mandatory (2, 4, 11, 12, 20, 21) and it is therefore import-
ant to consider that this is an achievable goal using osilodrostat,
assuming that a medical therapy strategy approach is used.

Another point that should be emphasized is the consider-
able variability in the daily dosage of osilodrostat used by
French endocrinologists. Initial dosage was possibly partly
dictated by the intensity of the hypercortisolism. Of note,
the highest initial daily doses of osilodrostat (40-60 mg/d)
were used in patients with very intense hypercortisolism and
the lowest doses (1-2 mg/d) in patients with milder hypercor-
tisolism. However, at some centers, patients with very intense
hypercortisolism were treated with relatively low initial dos-
ages, which indicates heterogeneous prescribing practices be-
tween centers addressing hypercortisolism of similar intensity.

Interestingly, the potency of osilodrostat and the dosage of
the pills made it possible to administer high doses of the drug
with a reduced number of pills. This compares favorably with
metyrapone in monotherapy (19, 34) and with ketoconazole
and metyrapone combination therapy (17, 18). This point of
tolerance is not trivial considering the number of treatments
that these patients in poor condition may receive.

In published studies that evaluated the efficacy of osilodro-
stat in Cushing disease, the therapeutic strategy used was ex-
clusively titration (24-26), that is, a gradual increase of the
daily dosage of osilodrostat to control hypercortisolism.
Real-world practical-use strategies for PNCS/EAS imple-
mented in this study were variable. Only a minority of patients
(6/33) were treated throughout follow-up using exclusively a
titration strategy. In 11 patients initially treated with a titra-
tion strategy, the therapeutic approach was switched during
follow-up to a block and replace strategy. This change was
motivated in some cases by the onset of adrenal insufficiency,
sometimes acute, and the need to prevent its recurrence. In
other cases, when it became more difficult to monitor the clin-
ical course of hypercortisolism on osilodrostat during the
2020 to 2022 period lockdown due to the COVID pandemic,
and/or a substantial distance from the patient’s home to the
hospital, prescribers also replaced the titration strategy with
that of block and replace. In almost half of the cases, patients
with PNCS/EAS were treated immediately using a block and
replace strategy. The disclosed motivation of prescribers was
essentially to prevent acute adrenal insufficiency.

The place and strategies used as well as effectiveness of osi-
lodrostat therapy in this real-life observational study are
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Figure 4. Proposed algorithm for practical use of osilodrostat in patients with paraneoplastic Cushing syndrome/ectopic adrenocorticotropin syndrome
(PNCS/EAS): proposal in scenarios depending on the intensity of hypercortisolism, associated complications, and oncological status. These
propositions are “expert advice” rather than being evidence based. ""To convert ng/mL to nmol/L x2.759 (1 ng/mL = 2.759 nmol/L); Pinitial dose
administered orally in 2 daily doses; ® as reported in LINC studies ((24-26)); “hospitalization so as to allow close monitoring and perform checklist as
reported in (2) that allow to identification of major comorbidities/complications (severe hypokalemia, pulmonary embolism, heart failure, deep infection
and/or sepsis, vertebral fractures);®prophylaxis for pneumocystis (trimethoprim/sulfamethoxazole) and thromboembolism (low-molecular-weight
heparin); ©initial dose of osilodrostat can be personalized within the proposed range according to the intensity of hypercortisolism and/or severity of
comorbidities and complications as well as the general condition and age of the patient; ”’block and replace (B) strategy as soon as SC and/or 24h-UFC
reach values below the upper limits of normal; ®'B: hydrocortisone: 20 to 30 mg/d or prednisone: 4 to 7 mg/d or dexamethasone: 0.5 mg/d;
®locoregional and/or metastatic spread of responsible neuroendocrine cancer (NEC). '%In case of replacement therapy with hydrocortisone, stop this
steroid 24 hours before and replace with dexamethasone or prednisolone before measuring SC and/or 24h-UFC; "Vif SC and 24h-UFC are still high,
increase osilodrostat daily dose. In this case a combined therapy associating metyrapone or with ketoconazole can also be discussed. In case of
confirmed low SC and/or UFC, a decrease of daily dose of osilodrostat can also be proposed. 12pgtassium, spironolactone, insulin, oral antidiabetic, and

antihypertensive drugs; 24h-UFC: 24-hour urinary free cortisol; SC: serum cortisol.

summarized in Table 3. On the basis of these collected data we
extracted several therapeutic scenarios that take into account
the intensity of hypercortisolism, the associated complica-
tions, and the tumor status of the patients. For each of these
scenarios we propose a use of osilodrostat systematized in
Fig. 4: In PNCS/EAS patients with moderate hypercortisolism
without severe complications and without locoregional inva-
sion or metastatic spread of the NET, we propose a titration
approach with low initial doses of osilodrostat and with steps,
monitoring, and follow-up similar those used in Cushing dis-
ease described in the LINC 2 to LINC 4 trials (24-26). In
PNCS/EAS patients with more intense hypercortisolism
(UFC> 5 but < 10 x ULN) but no life-threatening complica-
tions, we propose hospitalization and initiating osilodrostat
therapy with higher doses from the start (10-30 mg/d) with
close monitoring of serum cortisol and/or 24-UFC levels
(every 3 d) to adapt the dose (see Fig. 4). In this situation, ti-
tration still seems possible if osilodrostat initial doses used
are in the lower limit of the proposed range (ie, 10-15 mg/d)

but with faster titration steps. However, a strategy of block
and replace after normalization of serum and/or urinary cor-
tisol could also be relevant in these patients given the higher
risk of adrenal insufficiency and especially if a return to domi-
cile is considered in the short or medium term. In PNCS/EAS
patients with very intense hypercortisolism (24h-UFC >
10 x ULN) associated with serious complication(s) that re-
present a medical emergency (2), we propose mandatory hos-
pitalization and the use of very high doses of osilodrostat from
the start (30-60 mg/d) as we showed here they can rapidly
control very intense and severe hypercortisolism (see Fig. 4).

Given the higher doses of osilodrostat used in these 2 last
scenarios, it seems appropriate to start glucocorticoid substi-
tution rapidly and according to the rapidity of the fall in urin-
ary and/or serum cortisol (see Fig. 4).

In a number of PNCS/EAS patients, management of intense/
very intense hypercortisolism is even more complex because of
the association of locoregional and/or metastatic NET spread.
In these settings we propose the use of high doses of
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Table 3. Summary of osilodrostat use in clinical practice in 33 patients with paraneoplastic Cushing syndrome/ectopic adrenocorticotropin

syndrome

First-line monotherapy Second-line monotherapy Combined therapy
No. of patients (%) 11 (33%) 13 (39%) 9(27%)
Previous therapies®/associated therapiesb 0/0 M, K,K+M, C* M, KKK+M,M+C

M, K,K +M, M +C"

Starting osilodrostat dose median (range), mg/d® 10 (2-40) 4 (1-20) 4 (1-20)
Treatment strategy (n)h T (0) T (2) T (4)

T then B (3) T then B (5) T then B (3)

B upfront (8) B upfront (6) B upfront (2)
Patients with 24h-UFC normalization, n (%) 9 (82%) 13 (100%) 6 (67%)
Time (wk) required to normalize 24h-UFC, median, rangeb 2 (1-56) 5 (1-41) 4 (1-22)

Abbreviations: 24h, 24-hour; B, block and replace; C, cabergoline; K, ketoconazole; M, metyrapone; T, titration; T then B, T followed by B; UFC, urinary free

cortisol.
“For doses and duration, see Supplementary Table S1 (32).
For details and/or individual values, see Table 2.

osilodrostat from the outset (see Fig. 4). This approach allows
us to rapidly control hypercortisolism and to avoid the
appearance of or worsening of the patient’s condition by the
onset of additional acute complications. In these severe neo-
plastic and endocrinological contexts, we also believe that a
block and replace strategy from the outset simplifies monitor-
ing while minimizing the risk of acute adrenal insufficiency
(see Fig. 4). In this way, the anticancer treatment can be
started without delay and in a less acute and unstable endo-
crinological context. Moreover, the block and replace proced-
ure will enable us to avoid adrenal insufficiency that could
appear in patients treated with high doses of osilodrostat in
whom the secretion of tumoral ACTH (and of cortisol) would
strongly decrease following the antitumor effect of the anti-
cancer treatments.

We are aware that the aforementioned therapeutic pro-
posals are not based on prospective controlled studies. They
reflect only an “expert opinion” arising from the real-life
data presented here. They should therefore not be considered
rigidly, but as benchmarks pending additional studies and
adapted to the particular situation of each patient.

In this study, we also provide data demonstrating that treat-
ment with osilodrostat not only significantly reduced circulat-
ing cortisol and 24h-UFC but also improved clinical signs and
metabolic disturbances related to intense hypercortisolism.
Thus, in parallel with the decrease in 24h-UFC, a significant
decrease in BMI and a very significant improvement in the
clinical index of hypercortisolism were observed. Similarly,
3 comorbidities frequently associated with CS (6) were im-
proved by osilodrostat therapy. Thus, in the majority of pa-
tients, SBP and DBP were normalized, while decreasing the
number of antihypertensive treatments that patients were re-
ceiving before the administration of osilodrostat. Similarly,
fasting hyperglycemia and HbA,. significantly improved
while decreasing or even stopping the insulin therapy pre-
scribed in some patients who had diabetes associated with
CS secondary to PNCS/EAS.

Hypokalemia is a common and potentially serious compli-
cation related to intense CS caused by PNCS/EAS (2, 4, 6, 11,
20, 21) that can lead to life-threatening cardiac arrythmias.
Severe hypokalemia usually requires nonspecific urgent treat-
ments such as the administration of potassium and mineralo-
corticoid receptor antagonists to prevent arrhythmias (2, 5,

11). A specific effective treatment is also rapid control of hy-
percortisolism, which limits the mineralocorticoid effect of
cortisol secreted in great excess (2, 5, 6, 35). In the patients
studied here, nonspecific treatment with potassium and spir-
onolactone made it possible to partially improve serum potas-
sium levels in many patients before the introduction of
osilodrostat. Notably, on osilodrostat, the number of patients
in whom hypokalemia was corrected increased while the daily
doses of potassium and spironolactone were reduced or pos-
sibly even discontinued. These data in conjunction with a de-
crease in 24h-UFC thus reinforce the argument for the use of
osilodrostat in patients with intense hypercortisolism second-
ary to PNCS/EAS associated with very low serum potassium
levels.

The main side effect observed in this study was adrenal in-
sufficiency. The diagnosis of adrenal insufficiency (grade 3-4)
was triggered by suggestive clinical signs and confirmed by se-
rum cortisol measurements. In one case, death probably
caused by undiagnosed adrenal insufficiency was reported.
This serious side effect highlights the importance of active pre-
vention of acute adrenal insufficiency in patients treated with
osilodrostat. We believe that patients receiving osilodrostat
and their relatives should undergo active therapeutic educa-
tion to prevent acute adrenal insufficiency. Carrying a medical
card on which the potent anticortisolic effect of osilodrostat
and the risk of acute adrenal insufficiency are clearly indicated
would also be helpful. We systematically recommend that the
patient have access to “stress doses” of glucocorticoid tablets
(eg, 20 mg hydrocortisone 4x/d) if unwell and also an emer-
gency injection kit for intramuscular or subcutaneous injec-
tion of 100 mg hydrocortisone hemisuccinate when faced
with any situation suggesting decompensation or in case of
serious intercurrent complication.

It should be also remembered here that some nonspecific
direct cortisol immunoassays can lead to a underestimation
of the cortisol decrease and therefore prevent hormonal con-
firmation of the diagnosis of adrenal insufficiency in patients
with CS receiving a potent 11-hydroxylase inhibitor like osilo-
drostat. This pitfall has already been identified in patients
treated with metyrapone (36) and is linked to the detection
by certain direct cortisol immunoassays of the increased circu-
lating levels of the cortisol precursor 11-deoxycortisol and er-
roneously recognized as circulating cortisol. It should be
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noted that of the 8 patients who had an episode of adrenal in-
sufficiency leading to hospitalization, 7 without previous
hydrocortisone therapy also had very low serum cortisol lev-
els. These data indicate that in these patients the serum corti-
sol assays were sufficiently specific to avoid interference by an
increase in 11-deoxycortisol levels and therefore to prevent
the misdiagnosis of adrenal insufficiency. Similarly, we must
also emphasize that in the patients with PNCS/EAS and
intense hypercortisolism (CFU > § x ULNj see Table 2) inclu-
ded here and who were treated with osilodrostat monother-
apy, we observed a dramatic decrease (>92%) in UFC
regardless of the technique (liquid chromatography-mass
spectrometry or immunoassays) used for UFC measurements.
These data also suggest that the more specific modern immu-
noassays used by participating centers (with a cross-reactivity
of 11-deoxycortisol on urinary cortisol assays reported by
manufacturers < 2%) has largely limited these immunoassay
artifacts.

In conclusion, we have provided real-world data that clear-
ly demonstrate the efficacy of cortisol synthesis inhibition by
osilodrostat monotherapy in a large series of CS with PNCS/
EAS, including patients with very intense hypercortisolism.
We also demonstrate that osilodrostat can be used in
combination with other steroidogenesis inhibitors. Our data
also indicate good tolerability in the majority of patients.
However, the onset of adrenal insufficiency is common and
must be actively prevented by incisive therapeutic education
to avoid the onset of acute adrenal insufficiency, the outcome
of which may be fatal. In addition, when immediate etiologic-
al treatment of severe PNCS/EAS is not feasible, osilodrostat
therapy could be an effective alternative to emergency bilat-
eral adrenalectomy, a procedure often associated with consid-
erable morbidity and always with permanent hypoadrenalism
2).

Osilodrostat therapy also proved to be useful during pallia-
tive care of patients with diffuse malignant NET by limiting or
delaying the deterioration of the patients’ general condition.
Our data also demonstrated that in real life flexible therapeut-
ic strategies, adapted to the intensity and severity of CS, are
possible. Finally, we learned from this real-life study that in
practical care of intense forms of CS, French endocrinologists
do not necessarily use a systematic titration approach that
may be considered more suited for less intense forms of CS
as usually observed in most patients with Cushing disease.
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