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Objective: To evaluate the long-term efficacy and safety of osilodrostat in
patients with Cushing'’s disease.

Methods: The multicenter, 48-week, Phase Il LINC 4 clinical trial had an optional
extension period that was initially intended to continue to week 96. Patients
could continue in the extension until a managed-access program or alternative
treatment became available locally, or until a protocol amendment was approved
at their site that specified that patients should come for an end-of-treatment visit
within 4 weeks or by week 96, whichever occurred first. Study outcomes
assessed in the extension included: mean urinary free cortisol (mUFC)
response rates; changes in mUFC, serum cortisol and late-night salivary
cortisol (LNSC); changes in cardiovascular and metabolic-related parameters;
blood pressure, waist circumference and weight; changes in physical
manifestations of Cushing’s disease; changes in patient-reported outcomes for
health-related quality of life; changes in tumor volume; and adverse events.
Results were analyzed descriptively; no formal statistical testing was performed.

Results: Of 60 patients who entered, 53 completed the extension, with 29
patients receiving osilodrostat for more than 96 weeks (median osilodrostat
duration: 87.1 weeks). The proportion of patients with normalized mUFC
observed in the core period was maintained throughout the extension. At their
end-of-trial visit, 72.4% of patients had achieved normal mUFC. Substantial
reductions in serum cortisol and LNSC were also observed. Improvements in
most cardiovascular and metabolic-related parameters, as well as physical
manifestations of Cushing’s disease, observed in the core period were
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maintained or continued to improve in the extension. Osilodrostat was generally
well tolerated; the safety profile was consistent with previous reports.

Conclusion: Osilodrostat provided long-term control of cortisol secretion that
was associated with sustained improvements in clinical signs and physical
manifestations of hypercortisolism. Osilodrostat is an effective long-term
treatment for patients with Cushing’s disease.

Clinical trial registration: ClinicalTrials.gov, identifier NCT02180217

KEYWORDS

Cushing’s disease, osilodrostat, hypercortisolism, 11B8-hydroxylase, long-

term treatment

Introduction

Cushing’s disease is a rare but serious disorder resulting from an
adrenocorticotropic hormone (ACTH)-producing pituitary
adenoma that, in turn, promotes excess adrenal cortisol (1).
Chronic exposure to excess cortisol is associated with numerous
comorbidities, including hypertension, muscle weakness, hirsutism,
central obesity, hypercoagulability and diabetes mellitus, all of
which lead to an increased risk of mortality and poor health-
related quality of life (HRQoL) (1-3). The longer the exposure to
excess cortisol, the lower the chance of reversing morbidity (2).

Although transsphenoidal surgery is the recommended first-
line treatment, approximately one-third of patients experience
persistent or recurrent disease following surgery (4), and some
patients are ineligible for or refuse surgery (4-6). Steroidogenesis
inhibitors are usually the first choice for medical treatment (6). The
effect of medical treatment can be easily monitored by measurement
of serum and urine cortisol. Owing to the unremitting nature of
Cushing’s disease, patients often require continued medical therapy
to maintain long-term control of cortisol excretion. To date, long-
term efficacy and safety data for steroidogenesis inhibitors from
prospective clinical trials are limited (7, 8).

Osilodrostat is a potent oral inhibitor of 11B-hydroxylase and is
approved for the treatment of adult patients with Cushing’s disease
(USA) or endogenous Cushing’s syndrome (EU and Japan) who are
eligible for medical therapy (9-12). The LINC 4 study was a
multicenter, 48-week, Phase III clinical trial in patients with
Cushing’s disease that included an upfront 12-week randomized,
double-blind, placebo-controlled period. Osilodrostat led to rapid
normalization of mean urinary free cortisol (mUFC) excretion and
was significantly superior to placebo at week 12; normal mUFC
excretion was sustained in most patients throughout the 48-week
core period (13).

Following the 48-week core period, patients could enter an
optional open-label extension period intended to run for an
additional 48 weeks. Here, we report the long-term efficacy and
safety data from the extension of LINC 4. These data augment the
existing efficacy and safety profile of osilodrostat (7, 8, 13, 14).
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Methods
Patients

Eligibility criteria have been described previously (13). Briefly,
the study enrolled adult patients with a confirmed diagnosis of
persistent or recurrent Cushing’s disease after pituitary surgery and/
or irradiation, or de novo Cushing’s disease (if not surgical
candidates), with mUFC >1.3 times the upper limit of normal
(ULN; 138 nmol/24 h or 50 pg/24 h; calculated from three samples
collected on three consecutive days, with >2 values >1.3 x ULN).
Patients who continued to receive clinical benefit from osilodrostat,
as assessed by the study investigator, could enter the
extension phase.

The study was conducted in accordance with the Declaration of
Helsinki, with an independent ethics committee/institutional
review board at each site approving the study protocol; patients
provided written informed consent to participate and consented
again at week 48 to taking part in the extension phase. The trial is
registered at ClinicalTrials.gov (NCT02180217).

Study design

Data from the 48-week core period of this Phase III study,
consisting of a 12-week randomized, placebo-controlled, double-
blind period followed by a 36-week open-label treatment period,
have been published previously (13). The optional open-label
extension phase was initially planned to run for an additional 48
weeks (to week 96 for the last patient enrolled). However, patients
could continue in the extension only until a managed-access
program or alternative treatment became available locally, or until
a protocol amendment was approved at their site that specified that
patients enrolled in the optional extension phase should come for
an end-of-treatment (EOT) visit within 4 weeks or by week 96,
whichever occurred first. Patients still receiving clinical benefit from
osilodrostat at their EOT visit were eligible to join a separate long-
term safety follow-up study (NCT03606408). Consequently, the
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extension phase ended when all patients had transitioned to the
long-term safety follow-up study, if eligible, or had discontinued
from the study. Patients continued to receive open-label
osilodrostat at the established effective dose from the core phase
(dose adjustments were permitted based on efficacy and tolerability;
the maximum dose was 30 mg twice daily [bid]).

Outcomes

Study outcomes assessed during the extension phase were as
follows: complete (mUFC <ULN), partial (mUFC decrease >50%
from baseline and >ULN) and mUFC response rate at weeks 60, 72,
84, 96 and 108, then every 24 weeks until the extension EOT visit;
change in mUFC, serum cortisol and late-night salivary cortisol
(LNSC) at weeks 60, 72, 84, 96 and 108, then every 24 weeks until
the extension EOT visit; time to loss of mUFC control, defined as
the time (in weeks) from the first collection of post-baseline normal
mUFC (<ULN) to the first mUFC >1.3 x ULN on two consecutive
scheduled visits on the highest tolerated dose of osilodrostat and not
related to a dose interruption or reduction for safety reasons after
week 26; change in cardiovascular/metabolic-related parameters
associated with Cushing’s disease (fasting plasma glucose [FPG]
and glycated hemoglobin [HbA,]) at weeks 60, 72, 84, 96 and 108,
then every 24 weeks until the extension EOT visit; blood pressure,
waist circumference and weight every 4 weeks until week 72, then
every 12 weeks until week 108, then every 24 weeks until the
extension EOT visit; change from baseline in physical
manifestations of hypercortisolism at weeks 72, 96 and 108, then
every 24 weeks until the extension EOT visit; changes in HRQoL
(determined by Cushing’s Quality of Life Questionnaire
[CushingQoL] and Beck Depression Inventory II [BDI-II]) at
weeks 72 and 96 and the extension EOT visit; and proportion of
patients with >20% decrease or increase in tumor volume. mUFC
(mean of two or three 24-hour urine samples), serum cortisol
(measured between 08:00 and 10:00) and LNSC (measured from
two samples collected between 22:00 and 23:00) were evaluated
using liquid chromatography-tandem mass spectrometry and
assessed centrally. Pituitary magnetic resonance imaging with and
without gadolinium enhancement was performed locally at weeks
72 and 96 and the extension EOT visit; images were assessed
centrally for change in tumor size. Safety was continually assessed
from core study baseline throughout the extension for all enrolled
patients by monitoring for adverse events (AEs); all AEs from first
patient first visit to last patient last visit are reported. AEs of special
interest (AESIs) included events related to hypocortisolism,
accumulation of adrenal hormone precursors, arrhythmogenic
potential and QT prolongation, and enlargement of the
pituitary tumor.

Statistical methods
Analyses presented here are based on cumulative data generated

for the full analysis set (all patients enrolled at core study start who
received at least one dose of osilodrostat) up to last patient last visit.

Frontiers in Endocrinology

10.3389/fendo.2023.1236465

Safety analyses included all enrolled patients who received at least
one dose of osilodrostat and had at least one valid post-baseline
safety assessment. All analyses excluded data for patients in the
placebo arm collected during the placebo-controlled period. Results
were analyzed descriptively, and no formal statistical testing was
performed. Correlations were evaluated using the Pearson’s
correlation coefficient; extreme outliers were defined as >(Q3 + 3
x IQR) or <(Q1 — 3 x IQR), where QI and Q3 are the first and third
quartiles and IQR is the interquartile range (Q3 — Q1).

Results

Patient disposition and baseline
characteristics

LINC 4 was conducted from October 3, 2016 to December 31,
2020. Of the 73 patients who were enrolled and received treatment
in the core phase, 65 completed the core phase and 60 (82.2%) opted
to enter the extension; 53 (72.6%) patients completed the extension
(Figure 1). At core study baseline, most patients had undergone
previous pituitary surgery (87.7%) or received prior medical therapy
(61.6%; Table 1). Patients had a variety of comorbidities at core
study baseline, most commonly hypertension (61.6%); physical
manifestations of hypercortisolism were common (Table 1).

Exposure to osilodrostat

From core baseline to study end, median (range) osilodrostat
exposure was 87.1 (2.0-126.6) weeks; 29 (39.7%) patients were
exposed to osilodrostat for more than 96 weeks. The median (25"~
75" percentiles) average osilodrostat dose received during the
overall study period was 4.6 (3.7-9.2) mg/day; during the core
study, median (25t_75™ percentiles) average dose was 5.0 (3.8-9.2)
mg/day (13). The osilodrostat dose being taken for the longest
duration was most frequently 4.0 mg/day (27.4%). Following
titration, daily osilodrostat dose remained stable during long-term
treatment (Figure 2).

Long-term efficacy of osilodrostat
treatment

Of patients who had received at least one dose of osilodrostat,
68.5% (n=50/73) had mUFC <ULN at the end of the core period,
and 54.8% (n=40/73) had mUFC <ULN at week 72. Of patients who
opted to enter the extension, 66.7% had mUFC <ULN (n=40/60)
and 8.3% (n=5/60) had mUFC decreased by >50% from baseline
and >ULN at week 72 (Figure 3A). Of patients with an assessment
at their extension EOT visit, 72.4% (n=42/58) had mUFC <ULN
and 8.6% (n=5/58) had mUFC decreased by 250% from baseline
and >ULN.

Mean mUEFC excretion for the 48-week core period of the study
has been reported previously (13); mUFC excretion normalized in
patients who received osilodrostat, either during the 12-week
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Core phase (13)

Randomized (n=74)
= Received 21 dose of all d (n=73)
= Did not receive any study treatment* (n=1)

Discontinued (n=8)
« AE (n=3)
« Patient/guardian decision (n=5)

‘ Completed week 48 (n=65) ‘

4—-{ Opted not to enter extension phase (n=5)

Extension phase

‘ Entered extension phase (n=60) |

Discontinued (n=7)
« AE (n=6)
* Physician decision (n=1)

| Completed extension phase (n=53) I

FIGURE 1

Patient disposition. *Patient was randomly allocated to osilodrostat but
did not receive any study treatment because of a serious AE (grade 4
pituitary apoplexy that required hospitalization prior to receiving any
study drug) that was not considered related to treatment

randomized period (osilodrostat arm) or during the subsequent 36-
week open-label period (all patients) (13). Mean mUFC excretion
was maintained within the normal range in the extension period
(week 72 (n=48), 90.5 [SD 122.6] nmol/24 h; 0.7 [0.9] x ULN;
Figure 3B). Median (range) mUFC excretion is shown in
Supplementary Figure 1A. Individual patient changes in mUFC
from core study baseline to their last observed visit are shown in
Figure 3C. There were no escape-from-response events during the
extension phase following the primary analysis cut-off (February 25,
2020) (13).

During the core period, mean (SD) serum cortisol levels
decreased from 538.1 (182.3) nmol/L (0.9 [0.3] x ULN) at baseline
to 353.9 (124.9) nmol/L (0.6 [0.2] x ULN) at week 48. Serum cortisol
levels then remained stable throughout the extension period (week
72: 319.1 [129.8] nmol/L, 0.6 [0.2] x ULN; Figure 4A). LNSC also
decreased and then remained stable, although >ULN, throughout
the study (baseline: 10.8 [23.5] nmol/L, 4.3 [9.4] x ULN; week 48: 3.7
[2.6] nmol/L, 1.5 [1.0] x ULN; week 72: 3.8 [3.0] nmol/L, 1.5 [1.2] x
ULN; Figure 4B). Median serum cortisol and LNSC are shown in
Supplementary Figures 1B, C. Of patients with baseline and last
observed value (LOV) measurements, 25.0% had normal LNSC at
baseline (n=6/24) and 47.8% had normal LNSC at their last visit
(n=11/23). Interpretation of this result is limited by the high degree
of missing data (baseline: 67.1%, n=49/73; LOV: 68.5%, n=50/73).

Changes in cardiovascular and metabolic
parameters, physical manifestations of
Cushing’s disease and patient-reported
outcomes

As previously reported, improvements from baseline occurred in

most cardiovascular and metabolic-related parameters in the core period
following osilodrostat treatment (9). This trend continued during the
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TABLE 1 Core study patient baseline characteristics.

All patients, N=73

Median age, years (range) 39.0 (19.0-67.0)

Female, n (%) 61 (83.6)

Median time since diagnosis, months 67.4 (6.0-257.7)

(range)

Cushing's disease status, n (%)

Persistent/recurrent 70 (95.9)
De novo 3 (4.1)
Previous pituitary surgery, n (%) 64 (87.7)
Previous medical therapy for 45 (61.6)

Cushing’s disease, n (%)
Previous pituitary irradiation, n (%)* 9 (12.3)

mUFC, nmol/24 h

Mean (SD)
Median (range)

432 (389) [3.1 x ULN]
340 (21-2607) [2.5 x ULN]

Most common (=15%) comorbidities, n (%)

Hypertension 45 (61.6)
Diabetes mellitus” 21 (28.8)
Osteoporosis 19 (26.0)
Vitamin D deficiency 18 (24.7)
Dyslipidemia 15 (20.5)
Hypothyroidism 15 (20.5)
Fatigue 13 (17.8)
Arthralgia 12 (16.4)
Nephrolithiasis 12 (16.4)
Osteopenia 12 (16.4)
Hypercholesterolemia 11 (15.1)

Patients categorized with physical manifestations
of hypercortisolism, n (%)

Central obesity 63 (86.3)
Supraclavicular fat pad 61 (83.6)
Dorsal fat pad 56 (76.7)
Facial rubor 46 (63.0)
Proximal muscle atrophy 36 (49.3)
Hirsutism (females only; n=61) 29 (47.5)
Striae 30 (41.1)
Ecchymoses 19 (26.0)

*Patients received stereotactic radiosurgery 2.2-12 years prior to study entry; patients received
conventional radiation 3.3-9.4 years prior to study entry. "Includes one case of type 1 diabetes
mellitus (n=1). SD, standard deviation.

extension phase and included a reduction in FPG, HbA,, cholesterol,
systolic and diastolic blood pressure, waist circumference, and weight
(Figure 5). Similarly, the improvements from baseline in physical
features of hypercortisolism observed by week 48 were maintained for
most parameters throughout the extension (Figure 6A), with either no
change or improvement observed from baseline in >90% patients for all
parameters at week 72. Facial rubor, supraclavicular fat pad, dorsal fat
pad and central obesity had a favorable shift from baseline in >40% of
patients at week 72. Few patients reported worsening from baseline of
specific manifestations (Figure 6A).

Improvements were also observed in scores for patient
quality of life (QoL). Both standardized CushingQoL and BDI-
IT scores improved steadily during the core phase. QoL scores
continued to improve further during the extension. At week 72
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(A) Mean and (B) median osilodrostat dose over time. Shaded areas indicate the randomized, double-blind period and the open-label period of the
core phase. According to the study protocol, all patients restarted the open-label period on osilodrostat 2 mg bid unless they were on a lower dose
at week 12. All patients on <2 mg bid osilodrostat (or matched placebo) at week 12 continued to receive the same dose, regardless of initial

treatment allocation. n is the number of patients who contributed to the

and EOT, mean (SD) standardized CushingQoL score was 66.4
(19.6) and 69.0 (20.9), and mean (SD) BDI-II score was 6.5 (7.0)
and 6.2 (7.1), representing a mean (SD) change from baseline of
15.2 (19.0) and 17.1 (17.1) and —4.1 (9.3) and 4.5 (7.9),
respectively (Figure 6B).

Adverse events

AEs that occurred in >20% of patients, irrespective of study-
drug relationship, during the entire study period (median [range]
osilodrostat exposure for all patients: 87.1 [2.0-126.6] weeks;
excluding data collected in the placebo arm during the placebo-
controlled period) are shown in Table 2. The most common AEs
were decreased appetite (46.6%), arthralgia (45.2%) and fatigue
(39.7%). Most AEs were mild or moderate; 60.3% were reported as
grade 1/2 (Table 2).

Overall, 10 AEs (adrenal insufficiency, n=3; hyperbilirubinemia,
hypokalemia, headache, arthralgia, pituitary tumor, benign
pituitary tumor, and depression, n=1 each) in nine patients
(12.3%; one patient experienced both arthralgia and headache) led
to treatment discontinuation. For two patients (2.7%), those AEs
were reported as grade 3 (hyperbilirubinemia and hypokalemia).

Frontiers in Endocrinology

mean/median.

One patient discontinued following the primary analysis cut-off
date (February 25, 2020).

The most common AESIs in both the core and extension periods
were those related to adrenal hormone precursors. However, the
proportion of patients reporting these AESIs was lower in the
extension than in the core period (Figure 7). AESIs related to
hypocortisolism were most frequent during the core period but did
occur throughout the remainder of the study, albeit at lower
frequency (Figure 7). Hypocortisolism-related AEs were most
frequently managed with temporary osilodrostat interruption
(n=20) or dose adjustment (n=6), and with concomitant
glucocorticoids (n=15). There were no new occurrences of AESIs
related to arrhythmogenic potential and QT prolongation, or to
pituitary tumor enlargement, in the extension (Figure 7). During
the entire study period from core baseline to the end of the extension,
AESIs led to osilodrostat discontinuation in six (8.2%) patients (n=1,
related to accumulation of adrenal hormone precursors
[hypokalemia]; n=3, related to hypocortisolism [all adrenal
insufficiency]; n=2, related to pituitary tumor enlargement
[pituitary tumor and pituitary tumor benign]).

Following an increase in 11-deoxycortisol and 11-
deoxycorticosterone during the core study, levels tended to decrease
during longer-term treatment (Figure 8). From baseline to LOV, the
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FIGURE 3
(A) Proportion of patients with mUFC response over time, (B) mean mUFC over time, and (C) individual patient changes in mUFC. (A) Patients with
missing mUFC at any visit, including those who had discontinued treatment, were counted as non-responders. Shaded area represents the 48-week
core phase; excludes data in placebo arm collected during placebo-control period. *The proportion of patients with mUFC <ULN at week 48 was
calculated using the full analysis set (patients who had discontinued treatment were classified as non-responders). 'Discontinued, n=12; missing
because of the COVID-19 pandemic, n=4; mUFC not meeting response criteria, n=3; missing (any other reason), n=1. 'mUFC not meeting response
criteria, n=8; missing because of the COVID-19 pandemic, n=2; missing (any other reason), n=1. (B) Shaded areas indicate the randomized, double-
blind period and the open-label period of the core phase. n is the number of patients who contributed to the mean. Analysis includes scheduled
visits only. (B, C) Dashed line is the ULN for UFC (138 nmol/24 h).

proportion of patients with elevated 11-deoxycorticosterone and 11-
deoxycortisol levels increased from 10.0% (n=1/10) to 90.0% (n=9/10)
and from 57.9% (n=33/57) to 86.7% (n=5 and 2/60), respectively. In
female patients, mean (SD) testosterone levels increased from 1.1 (0.6)
nmol/L at baseline to 2.5 (2.6) nmol/L at the end of the core phase,
then decreased to within the normal range (0.7-2.6 nmol/L for
females) by the extension phase end-of-treatment visit (1.9 [1.7]
nmol/L; Figure 8). The proportion of females with an elevated
testosterone level increased from 15.0% (n=9/61) at baseline to
63.2% (n=24/61) at week 72 and then reduced to 41.7% (n=25/61)
at LOV. In males, testosterone levels increased and remained within

Frontiers in Endocrinology

the normal range throughout osilodrostat treatment (Figure 8). The
proportion of male patients with testosterone levels below the lower
limit of normal decreased from 58.3% (n=7/12) at baseline to 33.3%
(n=4/12) at LOV. The proportion of patients experiencing AEs
potentially related to increased testosterone (increased blood
testosterone, acne and hirsutism) was lower during the extension
than during the core study (Supplementary Figure 2). Mean serum
potassium levels remained stable and within the normal range (3.5-5.3
mmol/L) throughout osilodrostat treatment (Figure 8). The
proportion of patients with a normal potassium level was similar
between baseline (98.6%, n=72/73) and LOV (94.4%, n=68/72).
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(A) Mean serum cortisol and (B) mean LNSC from baseline to the end of treatment. Shaded areas indicate the randomized, double-blind period and
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cortisol range for males and females >18 years old (127-567 nmol/L). Dashed line in (B) indicates reference LNSC (22:00-23:00) range for males

and females >18 years old (<2.5 nmol/L)

At baseline, median (range) tumor volume was 82.0 (12.0-
2861.0) mm?’; 28.8% (n=21/73) of patients had a macroadenoma
(210 mm) and 68.5% (n=51/73) had a microadenoma (<10 mm). At
week 72, median (range) tumor volume was 68.0 (10.0-3638.0)
mm?® (Figure 9A). Of the 27 patients with measurements at both
baseline and week 72, 29.6% (n=8/27) had a >20% decrease in
tumor volume and 37.0% (n=10/27) had a >20% increase
(Figure 9B). Notably, mean (SD) plasma ACTH increased steadily
between baseline (17.1 [32.1] pmol/L, n=73) and week 72 (65.0
[96.9] pmol/L, n=45; Figure 9C); mean ACTH levels appeared to
stabilize after week 72. All patients experienced an increase in
ACTH levels from baseline to week 72 (n=45) and LOV (n=73); of
these, 34/45 (75.6%) and 47/73 (64.4%) experienced an increase in
ACTH of 22 x baseline levels to week 72 and to LOV, respectively.
There was no correlation between change in tumor volume and
change in ACTH from baseline to week 72 (r=0.1; calculated
without two extreme outliers).

Discussion

Following transsphenoidal surgery, approximately one-third
of patients experience persistence or recurrence of disease and
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subsequently require further treatment to control excess cortisol
secretion (4). It is therefore essential that clinical studies
evaluating the long-term safety and efficacy of potential new
treatments, such as osilodrostat, are performed. The data
presented here from the LINC 4 extension reinforce previous
reports demonstrating that osilodrostat is effective and well
tolerated during long-term treatment of Cushing’s disease (7,
8, 13, 14).

The normalization of mUFC excretion, observed from as early as
week 2 in some patients (13), was sustained to the end of the optional
open-label extension phase. Overall, the response rate was durable
and remained >60% throughout the study, with 72.4% of patients
maintaining mUFC <ULN at their extension EOT visit. Considering
the range in baseline mUFC values (21.4-2607.3 nmol/24 h), this
indicates that patients can benefit from osilodrostat treatment
regardless of their baseline mUFC level. This also suggests that
baseline mUFC is not an indicator of whether a patient will
respond to osilodrostat treatment. Notably, there were no escape
events during the extension period. Additionally, the improvements
in most cardiovascular and metabolic parameters, physical
manifestations and QoL previously reported during the 48-week
core phase were maintained or further improved with long-term
treatment (13). Collectively, these results demonstrate the ability of
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Changes in cardiovascular-related metabolic parameters. Shaded area indicates the core phase. n is the number of patients who contributed to the
mean. Error bars indicate standard deviation. DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic
blood pressure.

osilodrostat to reduce the burden of disease and comorbidities  secretion (18). As such, one potential explanation for persistent

frequently experienced by patients with Cushing’s disease. comorbidities in some patients with normalized mUFC excretion is
that LNSC, although reduced, remains just above the ULN.

Assessment of LNSC during treatment with other medical

mUFC excretion is commonly assessed in clinical trials and
during routine clinical practice to evaluate response to treatment. It
is also important to monitor the recovery of the circadian cortisol ~ therapies has been reported, although differences in treatment
rhythm in response to treatment by measuring serum cortisol and
LNSC (6, 15-17). Elevated LNSC levels have been linked to

dysregulation in glucose tolerance, insulin sensitivity and insulin

duration and patient population type and size limit meaningful
comparisons between therapies (15-17). In LINC 4, mean serum
cortisol levels remained within the normal range. Mean LNSC
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FIGURE 6

Changes in (A) physical manifestations of Cushing's disease and (B) patient-reported outcomes. Shaded area indicates the core phase. n is the

number of patients who contributed to the mean.

improved considerably from baseline but remained above the ULN
throughout the study; 47.8% (n=11/23) of patients achieved
normalized LNSC at their LOV visit. A numerically large decrease
in LNSC, but with mean levels remaining above the ULN, is
consistent with previous reports during long-term osilodrostat
treatment (8); the mechanism underlying this observation is
currently unknown. In real-life clinical practice, the osilodrostat
label allows flexible dosing (9, 11), which may help achieve
normalization of LNSC. Furthermore, the number of patients
with available LNSC assessments was limited, particularly during
the extension; therefore, the data should be interpreted with
caution. Future studies should examine whether patients with

Frontiers in Endocrinology

normalization of both UFC and LNSC have better outcomes than
patients with only normalized UFC.

Overall, the safety findings reported here for the extension
period were consistent with those reported in the primary
analysis (13) and previous clinical trials (7, 8, 14). Osilodrostat
was generally well tolerated throughout the study; most reported
AEs were mild or moderate in severity and manageable. Only nine
of 73 (12.3%) patients discontinued osilodrostat at any time because
of an AE (3/73 [4.1%] prior to week 48; 6/60 [10.0%] after week 48).
Given that osilodrostat is a potent inhibitor of 11B-hydroxylase,
AEs related to hypocortisolism or increased levels of adrenal
hormone precursors are expected. The frequency of these AEs
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TABLE 2 Summary of adverse events during LINC 4 core and extension periods.

All patients* (N=73)

All grades Grade 3/4
Any AE 72 (98.6) 29 (39.7)
Serious AE 10 (13.7) 9 (12.3)
>1 AE leading to discontinuation” 9 (12.3) 2(2.7)
>1 AE leading to dose adjustment/interruption 42 (57.5) 13 (17.8)
>1 AE requiring additional therapy 67 (91.8) 22 (30.1)

Most common AEs (occurring in >20% of patients overall)

Decreased appetite 34 (46.6) 1(1.4)
Arthralgia 33 (45.2) 22.7)
Fatigue 29 (39.7) 3(4.1)
Nausea 27 (37.0) 1(1.4)
Headache 25 (34.2) 1(1.4)
Dizziness 22 (30.1) 0
Adrenal insufficiency 19 (26.0) 3(4.1)
Increased blood testosterone 18 (24.7) 0
Myalgia 18 (24.7) 5 (6.8)
Asthenia 17 (23.3) 2(2.7)
Diarrhea 17 (23.3) 0
Hypertension 16 (21.9) 9 (12.3)
Upper respiratory tract infection 16 (21.9) 0

A patient with multiple severity grades for an AE is only counted under the maximum grade. *Excludes data collected for placebo recipients during the 12-week randomized period; *Adrenal
insufficiency, n=3; hyperbilirubinemia, hypokalemia, headache, arthralgia, pituitary tumor, benign pituitary tumor, depression, n=1 each (one patient discontinued because of two events,
arthralgia and headache).

[ Related to hypocortisolism [ Related to adrenal hormone precursors
B Related to arrhythmogenic potential and QT prolongation B Related to pituitary tumor enlargement
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FIGURE 7

Occurrence of AESIs by time interval. The denominator for each time period only included patients who had at least one scheduled visit, or at least
one observed AE, during that period. From baseline to week 12, the denominator only included patients randomized to osilodrostat. A patient with
multiple occurrences of an AE within the same period is counted only once in that period. However, if an AE ends and occurs again in a different
period, it is then counted in both periods. Shaded areas indicate the randomized, double-blind period and the open-label period of the core phase.
*Maximum duration of follow-up was 127 weeks.
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was lower in the extension period than in the core period, although
events did still occur, highlighting the importance of monitoring
patients regularly throughout long-term osilodrostat use. AEs
potentially related to arrhythmogenic potential and QT
prolongation remained infrequent throughout the study.
Furthermore, the clinical benefit and tolerability of osilodrostat is
supported by the high proportion of patients who chose to continue
into the extension period: 92.3% who completed the core phase
continued into the optional extension phase, with 88.3% of those
completing the extension.

Although dose adjustments were allowed in the open-label
phase, the dose of osilodrostat remained stable over long-term
treatment, with 4 mg/day adequate for most patients to achieve
and sustain control of mUFC excretion. Most AEs related to
hypocortisolism occurred during the dose-escalation periods of
both LINC 4 (27%) and LINC 3 (51%) (19); the lower occurrence
in LINC 4 than LINC 3 may have been related to the more gradual
dose-escalation schedule of LINC 4 (every 3 weeks) relative to that
of LINC 3 (every 2 weeks) (13, 14, 19). As such, an increased dose-
titration interval could be considered when there is a need to
mitigate the potential for glucocorticoid withdrawal syndrome or
hypocortisolism-related AEs following a rapid decrease in cortisol.
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Dose-increase decisions should be informed by regular cortisol
assessments, the rate of decrease in cortisol, and the individual’s
clinical response and tolerability to osilodrostat. Furthermore, as
with all steroidogenesis inhibitors, patients should be educated on
the expected effects of treatment and dose increases, with a
particular focus on the symptoms of hypocortisolism and the
advice to contact their physician if they occur.

As expected, levels of 11-deoxycortisol, 11-deoxycorticosterone
and, in women, testosterone increased during osilodrostat
treatment. These then decreased during long-term treatment;
notably, testosterone levels in women returned to within the
normal range and to near baseline levels. These observations are
consistent with the findings of LINC 3, which also demonstrated
that these increases were reversible following discontinuation of
osilodrostat (14). Compared with the primary analysis, there were
no new AEs of increased testosterone in the extension phase of
LINC 4; these findings are consistent with both LINC 2 and LINC 3
long-term analyses (7, 8).

In general, osilodrostat did not adversely affect pituitary tumor
volume, with similar proportions of patients reporting either a
220% decrease, 220% increase or stable tumor volume throughout
the study. Although ACTH levels increased during osilodrostat
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FIGURE 9

(A) Mean and median tumor volume over time, (B) number of patients with a change in tumor volume from baseline, and (C) mean ACTH over time.
Shaded areas indicate the core phase. n is the number of patients who contributed to the mean. Dashed lines in (C) indicate reference morning
(07:00-10:00) plasma ACTH ranges for males and females >18 years old (1.3-11.1 pmol/L).

treatment, there was no apparent correlation between the change in
ACTH and the change in tumor volume after 72 weeks of treatment;
however, longer-term data are needed to evaluate this further. As
ACTH-producing pituitary adenomas are the underlying drivers of
hypercortisolism, in turn responsible for the high morbidity and
poor QoL associated with the disease, tumor stability is of great
clinical importance in patients with Cushing’s disease, especially
those for whom surgery has failed or is not a viable option.

In addition to LINC 4, other studies have assessed the long-term
efficacy and safety of other medical therapies (20-24); however, there
is a paucity of prospective, long-term data. For metyrapone, an oral
steroidogenesis inhibitor that is given three or four times daily (25),
prospective data are currently only available for 36 weeks of
treatment in the Phase III/TV PROMPT study (22, 23).
Normalization of mUFC excretion was observed in 48.6% (n=17/
35) of patients at week 36 (23), and gastrointestinal, fatigue and
adrenal insufficiency AEs were the most commonly reported during
the first 12 weeks of treatment (22). Current data for
levoketoconazole, an oral steroidogenesis inhibitor that is a
ketoconazole stereoisomer taken twice daily, are available for 12
months (median duration of exposure 15 months, n=60) following
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the extended open-label extension of the Phase III SONICS study
(26). Of patients with data, 40.9% (n=18/44) had normal mUFC
excretion at month 12 (26). During the extension, no patient
experienced alanine aminotransferase or aspartate aminotransferase
>3 x ULN, suggesting that the potentially clinically important events
relating to liver toxicity may be more likely to occur early during
treatment, although periodic monitoring during long-term treatment
is advisable (26). Pasireotide is a second-generation somatostatin
receptor ligand that is administered subcutaneously twice daily (27,
28) or intramuscularly once a month (29-31). In a 12-month
extension of a Phase III study evaluating the long-term efficacy of
long-acting pasireotide, 53.1% of patients had normalized mUFC at
study completion (median treatment duration 23.9 months), with the
most common AEs being related to hyperglycemia (21). The
differences in duration and design of these studies prevent a
meaningful comparison of the long-term efficacy of medical
treatments for Cushing’s disease.

The extension period of LINC 4 was initially planned to run to
week 96; however, in agreement with the FDA, a protocol
amendment was approved that resulted in approximately half of
the patients completing the extension phase between weeks 72 and
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96. We also acknowledge the potential for selection bias for patients
who experienced the greatest clinical benefit during the 48-week
core study; however, over 80% of patients chose to continue
osilodrostat treatment after consenting to take part in the extension.

Conclusions

During the LINC 4 extension period, osilodrostat provided
long-term control of cortisol excretion, accompanied by sustained
improvements in clinical symptoms, physical manifestations of
hypercortisolism and QoL. The safety profile was favorable. These
data provide further evidence of the durable clinical benefit of long-
term osilodrostat treatment in patients with persistent, recurrent or
de novo Cushing’s disease.

Data availability statement

The datasets generated and analyzed during the current study
are not publicly available but are available from the corresponding
author on reasonable request. Recordati Rare Diseases will share the
complete de-identified patient dataset, study protocol, statistical
analysis plan, and informed consent form upon request, effective
immediately following publication, with no end date.

Ethics statement

The studies involving human participants were reviewed and
approved by an independent ethics committee/institutional review
board at each study site. The patients/participants provided their
written informed consent to participate in this study.

Author contributions

The study steering committee (PS, AH, RF, and RA), AP, and
the funder designed the study. AH, MG, MB, PW, ZB, AT, and PS
enrolled patients in the study. Data were collected by investigators
of the LINC 4 Study Group using the funder’s data management
systems. MP and the funder’s statistical team analyzed the data. A
data-sharing and kick-oft meeting was held with all authors and an
outline prepared by a professional medical writer based on
interpretation provided by the authors. Each new draft of the
manuscript subsequently prepared by the medical writer was
reviewed and revised in line with direction and feedback from all
authors. All authors contributed to the article and approved the
submitted version.

Funding

This study was funded by Novartis Pharma AG; however, on
July 12, 2019, osilodrostat became an asset of Recordati. Financial

Frontiers in Endocrinology

13

10.3389/fendo.2023.1236465

support for medical editorial assistance was provided
by Recordati.

Acknowledgments

We thank all the investigators, nurses, study coordinators and
patients who participated in the trial. We thank Catherine Risebro,
PhD of Mudskipper Business Ltd for medical editorial assistance
with this manuscript.

Conflict of interest

Author MG has received speaker fees from Recordati, Ipsen,
Crinetics Pharmaceuticals, and Novo Nordisk and attended
advisory boards for Novo Nordisk, Recordati, Ipsen, and
Crinetics Pharmaceuticals. Author PS reports consultancy for
Teva Pharmaceuticals. Author PW reports receiving travel grants
and speaker fees from Novartis, Ipsen, Recordati, Novo Nordisk,
Strongbridge Biopharma now Xeris Pharmaceuticals, and Lilly.
Author MB reports receiving travel grants from Novartis, Ipsen,
and Pfizer and consultancy for Novartis. Author ZB has nothing to
disclose. Author AT reports consultancy for CinCor and PhaseBio.
Author RF reports consultancy for HRA Pharma and Recordati and
a research grant from Corcept Therapeutics. Author AH reports
speaker fees from Chiasma and Ipsen and has been an advisor to
Strongbridge Biopharma now Xeris Pharmaceuticals, Novo
Nordisk, and Lundbeck Pharma. Author MP is employed by the
company Novartis Pharma AG. Author AP was employed by the
company Recordati AG at the time of manuscript development.
Author RA reports grants and personal fees from Xeris
Pharmaceuticals, Spruce Biosciences, Neurocrine Biosciences,
Corcept Therapeutics, Diurnal Ltd, Sparrow Pharmaceuticals, and
Novartis and personal fees from Adrenas Therapeutics, Janssen
Pharmaceuticals, Quest Diagnostics, Crinetics Pharmaceuticals,
PhaseBio Pharmaceuticals, H Lundbeck A/S, Novo Nordisk, and
Recordati Rare Diseases.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material
The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fendo.2023.
1236465/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2023.1236465/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1236465/full#supplementary-material
https://doi.org/10.3389/fendo.2023.1236465
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Gadelha et al.

References

1. Lacroix A, Feelders RA, Stratakis CA, Nieman LK. Cushing's syndrome. Lancet
(2015) 386:913-27. doi: 10.1016/S0140-6736(14)61375-1

2. Feelders RA, Pulgar SJ, Kempel A, Pereira AM. The burden of Cushing's disease:
clinical and health-related quality of life aspects. Eur J Endocrinol (2012) 167:311-26.
doi: 10.1530/eje-11-1095

3. Coelho MC, Santos CV, Vieira Neto L, Gadelha MR. Adverse effects of
glucocorticoids: coagulopathy. Eur J Endocrinol (2015) 173:M11-21. doi: 10.1530/
EJE-15-0198

4. Pivonello R, De Leo M, Cozzolino A, Colao A. The treatment of Cushing's
disease. Endocr Rev (2015) 36:385-486. doi: 10.1210/er.2013-1048

5. Tritos NA, Biller BMK. Current management of Cushing's disease. ] Intern Med
(2019) 286:526-41. doi: 10.1111/joim.12975

6. Fleseriu M, Auchus R, Bancos I, Ben-Shlomo A, Bertherat J, Biermasz NR, et al.
Consensus on diagnosis and management of Cushing's disease: a guideline update.
Lancet Diabetes Endocrinol (2021) 9:847-75. doi: 10.1016/S2213-8587(21)00235-7

7. Fleseriu M, Biller BMK, Bertherat J, Young J, Hatipoglu B, Arnaldi G, et al. Long-
term efficacy and safety of osilodrostat in Cushing's disease: final results from a Phase I
study with an optional extension phase (LINC 2). Pituitary (2022) 25:959-70.
doi: 10.1007/s11102-022-01280-6

8. Fleseriu M, Newell-Price ], Pivonello R, Shimatsu A, Auchus R], Scaroni C, et al.
Long-term outcomes of osilodrostat in Cushing's disease: LINC 3 study extension. Eur |
Endocrinol (2022) 187:531-41. doi: 10.1530/EJE-22-0317

9. Recordati Rare Diseases. Isturisa (osilodrostat) tablets, for oral use, prescribing
information (2020). Available at: https://www.isturisa.com/pdf/isturisa-prescribing-
information.pdf. (Accessed February 2021).

10. Recordati Rare Diseases. Isturisa® Japan prescribing information (2021).
Available at: https://www.pmda.go.jp/PmdaSearch/iyakuDetail/GeneralList/24990A5/.
(Accessed August 2021).

11. Recordati Rare Diseases. Osilodrostat summary of product characteristics (2020).
Available at: https://www.ema.europa.eu/en/documents/product-information/isturisa-
epar-product-information_en.pdf. (Accessed February 2021).

12. Swissmedic. Isturisa®, Filmtabletten (Osilodrostatum) (2020). Available at:
https://www.swissmedic.ch/swissmedic/en/home/humanarzneimittel/authorisations/
new-medicines/isturisa_filmtablette_osilodrostatum.html. (Accessed October 2021).

13. Gadelha M, Bex M, Feelders RA, Heaney AP, Auchus RJ, Gilis-Januszewska A,
et al. Randomized trial of osilodrostat for the treatment of Cushing’s disease. J Clin
Endocrinol Metab (2022) 107:¢2882-95. doi: 10.1210/clinem/dgac178

14. Pivonello R, Fleseriu M, Newell-Price ], Bertagna X, Findling J, Shimatsu A, et al.
Efficacy and safety of osilodrostat in patients with Cushing's disease (LINC 3): a
multicentre Phase III study with a double-blind, randomised withdrawal phase. Lancet
Diabetes Endocrinol (2020) 8:748-61. doi: 10.1016/52213-8587(20)30240-0

15. Fleseriu M, Pivonello R, Elenkova A, Salvatori R, Auchus RJ, Feelders RA, et al.
Efficacy and safety of levoketoconazole in the treatment of endogenous Cushing's
syndrome (SONICS): a Phase 3, multicentre, open-label, single-arm trial. Lancet
Diabetes Endocrinol (2019) 7:855-65. doi: 10.1016/52213-8587(19)30313-4

16. Ceccato F, Zilio M, Barbot M, Albiger N, Antonelli G, Plebani M, et al.
Metyrapone treatment in Cushing's syndrome: a real-life study. Endocrine (2018)
62:701-11. doi: 10.1007/s12020-018-1675-4

Frontiers in Endocrinology

14

10.3389/fendo.2023.1236465

17. Newell-Price ], Pivonello R, Tabarin A, Fleseriu M, Witek P, Gadelha MR, et al.
Use of late-night salivary cortisol to monitor response to medical treatment in
Cushing's disease. Eur ] Endocrinol (2020) 182:207-17. doi: 10.1530/EJE-19-0695

18. Plat L, Leproult R, L'Hermite-Baleriaux M, Fery F, Mockel ], Polonsky KS, et al.
Metabolic effects of short-term elevations of plasma cortisol are more pronounced in
the evening than in the morning. J Clin Endocrinol Metab (1999) 84:3082-92.
doi: 10.1210/jcem.84.9.5978

19. Fleseriu M, Auchus R], Snyder PJ, Lacroix A, Heaney AP, Geer EB, et al. Effect of
dosing and titration of osilodrostat on efficacy and safety in patients with Cushing's
disease (CD): results from two Phase III trials (LINC3 and LINC4). Endocrine Practice
(2021) 27(6 Suppl):S112 (abst 999926). doi: 10.1016/j.eprac.2021.04.707

20. Castinetti F, Guignat L, Giraud P, Muller M, Kamenicky P, Drui D, et al.
Ketoconazole in Cushing's disease: is it worth a try? J Clin Endocrinol Metab (2014)
99:1623-30. doi: 10.1210/jc.2013-3628

21. Fleseriu M, Petersenn S, Biller BMK, Kadioglu P, De Block C, T'Sjoen G, et al.
Long-term efficacy and safety of once-monthly pasireotide in Cushing's disease: a Phase
TII extension study. Clin Endocrinol (Oxf) (2019) 91:776-85. doi: 10.1111/cen.14081

22. Nieman LK, Boscaro M, Scaroni CM, Deutschbein T, Mezosi E, Driessens N,
et al. Metyrapone treatment in endogenous Cushing’s syndrome: results at week 12
from PROMPT, a prospective international multicenter, open-label, Phase III/IV study.
J Endocr Soc (2021) 5(Suppl 1):A515. doi: 10.1210/jendso/bvab048.1053

23. Nieman L, Boscaro M, Carla S, Deutschbein T, Mezosi E, Driessens N, et al.
Metyrapone treatment in endogenous Cushing’s syndrome. Long term efficacy and
safety results of the extension of the phase III/IV study PROMPT. Endocrine Abstracts
(2021) 73:0C3. doi: 10.1530/endoabs.73.0C3.3

24. Gadelha MR, Wildemberg LE, Shimon I. Pituitary acting drugs: cabergoline and
pasireotide. Pituitary (2022) 25:722-5. doi: 10.1007/s11102-022-01238-8

25. HRA Pharma Rare Diseases. Metopirone® capsules 250 mg summary of product
characteristics (1998). Available at: https://www.medicines.org.uk/emc/medicine/
26460. (Accessed February 2021).

26. Fleseriu M, Auchus RJ, Greenman Y, Zacharieva S, Geer EB, Salvatori R, et al.
Levoketoconazole treatment in endogenous Cushing's syndrome: extended evaluation
of clinical, biochemical, and radiologic outcomes. Eur ] Endocrinol (2022) 187:859-71.
doi: 10.1530/EJE-22-0506

27. Recordati Rare Diseases. Signifor® (pasireotide) injection for subcutaneous use
prescribing information (2012). Available at: https://signifor.com/wp-content/themes/
signifor/dist/pdf/signifor-pi.pdf. (Accessed October 2021).

28. Recordati Rare Diseases. Signifor summary of product characteristics (2012).
Available at: https://www.medicines.org.uk/emc/product/4200/smpc. (Accessed
October 2021).

29. Recordati Rare Diseases. Signifor LAR summary of product characteristics
(2012). Available at: https://www.medicines.org.uk/emc/product/1932/smpc.
(Accessed October 2021).

30. Recordati Rare Diseases. Signifor® LAR (pasireotide) for injectable suspension,
for intramuscular use (2012). Available at: https://www.signiforlar.com/wp-content/
themes/signifor-lar-theme/dist/pdf/signifor-lar-pi.pdf. (Accessed October 2021).

31. Lacroix A, Gu F, Gallardo W, Pivonello R, Yu Y, Witek P, et al. Efficacy and
safety of once-monthly pasireotide in Cushing's disease: a 12 month clinical trial.
Lancet Diabetes Endocrinol (2018) 6:17-26. doi: 10.1016/S2213-8587(17)30326-1

frontiersin.org


https://doi.org/10.1016/S0140-6736(14)61375-1
https://doi.org/10.1530/eje-11-1095
https://doi.org/10.1530/EJE-15-0198
https://doi.org/10.1530/EJE-15-0198
https://doi.org/10.1210/er.2013-1048
https://doi.org/10.1111/joim.12975
https://doi.org/10.1016/S2213-8587(21)00235-7
https://doi.org/10.1007/s11102-022-01280-6
https://doi.org/10.1530/EJE-22-0317
https://www.isturisa.com/pdf/isturisa-prescribing-information.pdf
https://www.isturisa.com/pdf/isturisa-prescribing-information.pdf
https://www.pmda.go.jp/PmdaSearch/iyakuDetail/GeneralList/24990A5/
https://www.ema.europa.eu/en/documents/product-information/isturisa-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/isturisa-epar-product-information_en.pdf
https://www.swissmedic.ch/swissmedic/en/home/humanarzneimittel/authorisations/new-medicines/isturisa_filmtablette_osilodrostatum.html
https://www.swissmedic.ch/swissmedic/en/home/humanarzneimittel/authorisations/new-medicines/isturisa_filmtablette_osilodrostatum.html
https://doi.org/10.1210/clinem/dgac178
https://doi.org/10.1016/S2213-8587(20)30240-0
https://doi.org/10.1016/S2213-8587(19)30313-4
https://doi.org/10.1007/s12020-018-1675-4
https://doi.org/10.1530/EJE-19-0695
https://doi.org/10.1210/jcem.84.9.5978
https://doi.org/10.1016/j.eprac.2021.04.707
https://doi.org/10.1210/jc.2013-3628
https://doi.org/10.1111/cen.14081
https://doi.org/10.1210/jendso/bvab048.1053
https://doi.org/10.1530/endoabs.73.OC3.3
https://doi.org/10.1007/s11102-022-01238-8
https://www.medicines.org.uk/emc/medicine/26460
https://www.medicines.org.uk/emc/medicine/26460
https://doi.org/10.1530/EJE-22-0506
https://signifor.com/wp-content/themes/signifor/dist/pdf/signifor-pi.pdf
https://signifor.com/wp-content/themes/signifor/dist/pdf/signifor-pi.pdf
https://www.medicines.org.uk/emc/product/4200/smpc
https://www.medicines.org.uk/emc/product/1932/smpc
https://www.signiforlar.com/wp-content/themes/signifor-lar-theme/dist/pdf/signifor-lar-pi.pdf
https://www.signiforlar.com/wp-content/themes/signifor-lar-theme/dist/pdf/signifor-lar-pi.pdf
https://doi.org/10.1016/S2213-8587(17)30326-1
https://doi.org/10.3389/fendo.2023.1236465
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Long-term efficacy and safety of osilodrostat in patients with Cushing’s disease: results from the LINC 4 study extension
	Introduction
	Methods
	Patients
	Study design
	Outcomes
	Statistical methods

	Results
	Patient disposition and baseline characteristics
	Exposure to osilodrostat
	Long-term efficacy of osilodrostat treatment
	Changes in cardiovascular and metabolic parameters, physical manifestations of Cushing’s disease and patient-reported outcomes
	Adverse events

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


