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Abstract

Purpose Cushing’s disease is associated with substantial morbidity and impaired quality of life (QoL) resulting from excess 

cortisol exposure. The current study explored improvements in clinical signs and additional specific manifestations of 

hypercortisolism during osilodrostat (potent oral 11β-hydroxylase inhibitor) therapy by degree of control of mean urinary 

free cortisol (mUFC).

Methods LINC 3 (NCT02180217) was a prospective, open-label, 48-week study of osilodrostat (starting dose: 2 mg bid; 

maximum: 30 mg bid) that enrolled 137 adults with Cushing’s disease and mUFC > 1.5 times the upper limit of normal 

(ULN). mUFC (normal range 11‒138 nmol/24 h), cardiometabolic parameters (blood pressure, weight, waist circumference, 

body mass index, total cholesterol, fasting plasma glucose, glycated haemoglobin), physical manifestations of hypercorti-

solism (facial rubor, striae, fat distribution, bruising, hirsutism [females], muscle atrophy) and QoL were evaluated. mUFC 

was defined as controlled if ≤ ULN, partially controlled if > ULN but ≥ 50% reduction from baseline, and uncontrolled 

if > ULN and < 50% reduction from baseline. Concomitant medications were permitted throughout the study.

Results At weeks 24 and 48, respectively, mUFC was controlled in 93 (67.9%) and 91 (66.4%) patients, partially controlled 

in 20 (14.6%) and 13 (9.5%), and uncontrolled in 24 (17.5%) and 33 (24.1%). Overall, mean improvements from baseline 

in cardiometabolic at week 24 were greater in patients with controlled or partially controlled versus uncontrolled mUFC; at 

week 48, improvements occurred irrespective of mUFC control. Generally, physical manifestations and QoL progressively 

improved from baseline irrespective of mUFC control.

Conclusions Improvements in clinical signs and additional specific manifestations of hypercortisolism associated with 

Cushing’s disease occurred alongside decreases in mUFC.

Trial registration NCT02180217 (first posted July 2014).

Keywords Cushing’s disease · Diabetes · Dyslipidaemia · Hypertension · Osilodrostat · Urinary free cortisol

Introduction

Cushing’s disease, the most common form of endogenous 

Cushing’s syndrome, is a rare and debilitating condition 

caused by an adrenocorticotropic hormone (ACTH)-secreting 

pituitary tumour, resulting in excessive secretion of corti-

sol from the adrenal glands [1]. The subsequent exposure 

to elevated cortisol levels is associated with a wide range 

of comorbidities, impaired health-related quality of life 

(HRQoL) and, especially in the case of untreated disease, 

increased mortality [2]. Many clinical features and physi-

cal manifestations are associated with Cushing’s disease. 

Clinical complications include visceral obesity, hypertension, 

impaired glucose metabolism (including diabetes) and dys-

lipidaemia [3, 4]; these complications result in an increased 

risk of cardiovascular disease, one of the main causes of 

death in patients with Cushing’s disease [2, 5]. Dermatol-

ogical manifestations of hypercortisolism, most commonly 

including skin thinning with purple striae, ecchymoses and 

hirsutism (in females), together with fatigue and proximal 

myopathy, are also commonly associated with Cushing’s 

disease [2, 3]. Multiple comorbidities are a defining fea-

ture of patients with Cushing’s disease [6] and contribute to Extended author information available on the last page of the article
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impaired patient HRQoL [7], which may persist even follow-

ing remission [8]. Osilodrostat is an oral adrenal steroidogen-

esis inhibitor that targets 11β-hydroxylase (the enzyme that 

catalyses the final step of cortisol synthesis) and is currently 

approved for the treatment of patients with Cushing’s disease 

(USA) or endogenous Cushing’s syndrome (EU and Japan) 

who are eligible for medical therapy [9–11].

The current report explores changes in clinical signs 

and additional specific manifestations of hypercortisolism 

in patients with Cushing’s disease following medical treat-

ment with osilodrostat. Osilodrostat treatment led to rapid 

and sustained normalisation of mean urinary free cortisol 

(mUFC) in many patients during the 48 week core phase of 

the Phase III LINC 3 study [12], which continued into the 

long-term extension [13]. The majority of enrolled patients 

(n = 132/137, 96.4%) achieved normal mUFC (below the 

upper limit of normal [ULN]) at least once during the 

study, and more patients maintained a complete response 

with osilodrostat versus with placebo following the 8 week 

randomised-withdrawal period (n = 31 [86.1%] vs n = 10 

[28.6%]; odds ratio 13.7 [95% confidence interval (CI) 

3.7–53.4]; P < 0.0001) [12]. Late-night salivary cortisol 

(LNSC) was also measured; mean levels rapidly decreased 

within the first 12 weeks, then remained below baseline val-

ues [12]. However, LNSC data were not recorded for all 

patients at all time points, precluding meaningful analyses of 

outcomes in patients with control of mUFC and/or LNSC in 

the LINC 3 study alone. mUFC is regularly used to evaluate 

the efficacy of medical therapies in patients with Cushing’s 

disease, and achieving mUFC normalisation is a key treat-

ment goal [5]. Furthermore, if mUFC improves but does not 

normalise, alternative medical therapy options may be con-

sidered [5]. Changes in clinical features of hypercortisolism 

according to the degree of mUFC control achieved by each 

patient are examined in this report.

Methods

Patients and study design

Full details of the study design for the 48 week core phase 

of the LINC 3 study have been described previously 

[12]. Briefly, adult patients with confirmed Cushing’s 

disease and mUFC (calculated from three 24  h urine 

samples) > 1.5 × ULN were enrolled. All patients 

received osilodrostat (starting dose: 2  mg twice daily 

[bid]; maximum dose: 30 mg bid) throughout the study, 

except those randomised to placebo during an 8-week 

randomised-withdrawal phase after receiving osilodrostat 

for 26 weeks (weeks 26–34). Dose titration was permitted 

based on efficacy (to achieve the goal of mUFC ≤ ULN) 

and tolerability. Concomitant medications were permitted 

throughout the study, including medications for the treatment 

of hypertension, diabetes and dyslipidaemia. Patients were 

classified as having hypertension if they had one or more 

of the following: history of antihypertensive medication; 

medical history of hypertension; baseline systolic blood 

pressure (SBP) > 130  mmHg; baseline diastolic blood 

pressure (DBP) > 90  mmHg. Glycaemic status was 

defined as follows based on fasting plasma glucose (FPG): 

normoglycaemia, FPG < 100  mg/dL; impaired fasting 

glucose, FPG 100– < 126 mg/dL; diabetic, FPG ≥ 126 mg/

dL. Patients could also be classified as having diabetes at 

baseline if they had one or more of the following: history of 

antidiabetic medication; medical history of diabetes mellitus; 

glycated haemoglobin  (HbA1c) ≥ 6.5%; FPG ≥ 126  mg/

dL. Patients were classified as having dyslipidaemia if 

they had one or more of the following: history of lipid-

lowering medication; medical history of dyslipidaemia; 

baseline total cholesterol ≥ 200 mg/dL (≥ 5.2 mmol/L); 

triglycerides > 150 mg/dL (> 1.7 mmol/L); high-density 

lipoprotein cholesterol (HDL-c) < 40 mg/dL (< 1.0 mmol/L) 

in male patients or < 50 mg/dL (< 1.3 mmol/L) in female 

patients; low-density lipoprotein cholesterol (LDL-

c) > 100 mg/dL (> 2.6 mmol/L). 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. The LINC 3 study 

is registered at ClinicalTrials.gov (NCT02180217).

Study objectives and assessments

In the present post hoc analysis from the LINC 3 study, 

changes from baseline in clinical features of hypercorti-

solism and HRQoL were assessed by degree of mUFC 

control. Mean 24 h UFC concentration (three 24 h urine 

samples) was determined using liquid chromatography-tan-

dem mass spectrometry (normal range: 11–138 nmol/24 h 

[4–50 μg/24 h]) at baseline, then every 2–4 weeks (depend-

ing on the study period), as used in the assessment of the 

primary and secondary endpoints of the study [12]. Degree 

of mUFC control was defined as controlled (mUFC ≤ ULN), 

partially controlled (> ULN but ≥ 50% reduction from base-

line) or uncontrolled (mUFC > ULN and < 50% reduction 

from baseline).

Physical examination, including measurement of body 

weight (with calculation of body mass index [BMI]), waist 

circumference, SBP and DBP, was conducted at baseline, 

then every 2–4 weeks (depending on the study period). 

SBP and DBP were recorded as the mean of three values at 

1–2 min intervals after the patient had been sitting for 5 min 

(with back supported and both feet placed on the floor).

Physical features of hypercortisolism (facial rubor, 

hirsutism [in females], striae, bruising, proximal muscle 
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wasting, central obesity, supraclavicular and dorsal fat pads) 

were assessed at baseline, then at the end of each study 

period (weeks 12, 24, 34 and 48). Two photographs were 

taken, one frontal and one lateral, from the shoulders up to 

assess facial rubor and supraclavicular and dorsal fat pads. 

Two additional photographs were taken, one frontal and one 

dorsal, of the trunk with the patient in a standing position 

to assess hirsutism, striae, proximal muscle atrophy, central 

obesity and bruising. Photographs were rated subjectively 

by local investigators (0 = absent; 1 = mild; 2 = moderate; 

3 = severe).

Assessment of FPG,  HbA1c and cholesterol was per-

formed at a central laboratory. FPG and  HbA1c were 

measured every 12 weeks, except during the randomised-

withdrawal period, when measurements were taken every 

2 weeks. Cholesterol was measured every 4 weeks through-

out the study.

Bone mineral density (BMD; L1–L4 lumbar spine and 

total hip) was assessed by dual-energy X-ray absorptiom-

etry and standardised against BMD T-score at baseline and 

week 48. Each patient was scanned with the same instrument 

throughout the study, and images were reviewed centrally.

HRQoL was measured using the CushingQoL question-

naire (scored from 12 [worst] to 60 [best]) [14] and the Beck 

Depression Inventory II (BDI-II; scored from 0 [best] to 63 

[worst]) [15] prior to any clinical assessments, drug dosing 

or diagnostic testing at baseline, then at weeks 4, 8, 12, 24, 

26, (28 for randomised patients only,) 30, (32 for randomised 

patients only,) 34 and 48.

Statistical methods

All data were analysed descriptively. Mean change from 

baseline and corresponding 95% CIs were provided for clini-

cal signs of hypercortisolism by degree of mUFC control 

at weeks 24 and 48. Correlations were evaluated using the 

Pearson’s correlation coefficient.

Results

Patient characteristics

Overall, 77.4% of patients enrolled in the study were female. 

Mean baseline mUFC was 7.3 × ULN (Table 1). All patients 

had at least one relevant medical history/current medical 

condition, which included hypertension, diabetes and dyslip-

idaemia (Table 1). At baseline, the most frequently reported 

physical manifestation rated as severe was central obesity 

(16.1% mild, 29.9% moderate, 25.5% severe). Additional 

physical manifestations were rated mostly as mild or moder-

ate: supraclavicular fat pad (24.8% mild, 35.0% moderate, 

8.8% severe); dorsal fat pad (32.1% mild, 34.3% moderate, 

7.3% severe); facial rubor (34.3% mild, 23.4% moderate, 

5.8% severe); hirsutism (females; 37.7% mild, 17.0% mod-

erate, 3.8% severe); proximal muscle atrophy (30.7% mild, 

15.3% moderate, 5.8% severe); striae (24.1% mild, 18.2% 

moderate, 6.6% severe); ecchymoses (22.6% mild, 11.7% 

moderate, 4.4% severe).

Effect of osilodrostat on mUFC

Median duration of osilodrostat exposure from baseline to 

core study data cut-off was 75 weeks (range 1–165, IQR 

48–117), and average median daily osilodrostat dose was 

7.1 mg/day (range 1.1–53.9, IQR 3.8–14.0). The majority 

(71.5%) of patients achieved control of mUFC (≤ ULN) by 

week 12, with a further 13.9% achieving partial control. The 

proportion of patients with mUFC ≤ ULN remained high 

throughout the core study (Fig. 1). Overall, 132 (96.4%) 

patients achieved control of mUFC at least once during the 

48 weeks. Descriptive analyses of the proportion of patients 

with mUFC control by age, sex, race and time since diagno-

sis suggest that these factors do not affect response to treat-

ment at weeks 24 and 48 (Fig. 2; Supplementary Table 1).

Changes in blood pressure

In total, 86.9% of patients were classified as hyper-

tensive at baseline (Table  1). Of patients with base-

line SBP > 130  mmHg (n = 79), 58.2, 50.6 and 49.4% 

had SBP ≤ 130  mmHg after 12, 24 and 48  weeks of 

osilodrostat treatment, respectively; of patients with 

Table 1  Baseline clinical characteristics

IQR interquartile range, SD standard deviation
a History of antidiabetic medication, medical history of diabetes mel-

litus,  HbA1c ≥ 6.5%, or FPG ≥ 126 mg/dL
b History of antihypertensive medication, medical history of hyperten-

sion, baseline SBP > 130 mmHg, or baseline DBP > 90 mmHg
c History of lipid-lowering medication, medical history of dyslipid-

aemia, baseline total cholesterol ≥ 200  mg/dL (≥ 5.2  mmol/L), 

triglycerides > 150  mg/dL (> 1.7  mmol/L), HDL-c < 40  mg/dL 

(< 1.0  mmol/L) in male patients or < 50  mg/dL (< 1.3  mmol/L) in 

female patients, or LDL-c > 100 mg/dL (> 2.6 mmol/L)

All patients (N = 137)

Median age, years (IQR) 40.0 (31.0‒49.0)

Female, n (%) 106 (77.4)

Mean mUFC, nmol/24 h(SD) 1006 (1590; 7.3 × ULN)

Median mUFC, nmol/24 h (range) 476 (314–919; 3.4 × ULN)

Mean weight, kg (SD) 80.8 (22.4)

Mean BMI, kg/m2 (SD) 30.3 (7.8)

Patients with diabetes,a n (%) 61 (44.5)

Patients with hypertension,b n (%) 119 (86.9)

Patients with dyslipidaemia,c n (%) 115 (83.9)
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baseline DBP > 90 mmHg (n = 50), 72.0, 62.0 and 66.0% 

had DBP ≤ 90  mmHg at weeks 12, 24 and 48, respec-

tively. In patients without hypertension at baseline, both 

SBP and DBP generally remained stable during osilo-

drostat treatment. At week 48, five patients with baseline 

SBP ≤ 130 mmHg had SBP > 130 mmHg, and four patients 

with baseline DBP ≤ 90 mmHg had DBP > 90 mmHg. Of 

all patients classified as hypertensive at baseline, at week 

48, mean (95% CI) SBP and DBP improved both in patients 

who did and in those who did not receive antihypertensive 

medications during the study (SBP − 8.7 [− 12.6, − 4.8] 

and −  14.5 [−  20.1, −  9.0] mmHg, respectively; DBP 

− 5.1 [− 7.7, − 2.5] and − 10.2 [− 14.5, − 6.0] mmHg, 

respectively). Overall, at week 48, 40% (n = 34/85) of 

patients taking antihypertensive medication at baseline 

had either stopped or reduced the dose; 40% (n = 34/85) 

had an increase in dose of antihypertensive medication or 

number of medications. Of patients with controlled, par-

tially controlled and uncontrolled mUFC at week 48, 43.1% 

(n = 25/58), 33.3% (n = 3/9) and 33.3% (n = 6/18), respec-

tively, had either stopped or reduced the dose of antihy-

pertensive medication; 39.7% (n = 23/58), 44.5% (n = 4/9) 

and 38.9% (n = 7/18), respectively, had an increase in dose 

or number of medications, and 17.2% (n = 10/58), 22.2% 

(n = 2/9) and 27.8% (n = 5/18), respectively, had no change. 

Clinically relevant improvements from baseline in mean 

(95% CI) SBP and DBP were noted by week 24 in patients 

with controlled (− 7.1 [− 10.3, − 3.9] and − 4.9 [− 7.1, 

− 2.7] mmHg, respectively) and partially controlled mUFC 

(− 7.2 [− 14.0, − 0.4] and − 5.2 [− 9.8, − 0.6] mmHg), but 

not in patients with uncontrolled mUFC (2.0 [− 9.7, 13.7] 

and 5.3 [− 3.3, 13.9] mmHg). By week 48, improvements in 

both SBP and DBP were seen irrespective of mUFC control 

(Fig. 3A). There was no correlation between change from 

baseline in mUFC and change from baseline in SBP or DBP 

at week 24 (r = − 0.02, P = 0.8326 and r = 0.02, P = 0.8160, 

respectively) and a weak correlation at week 48 (r = 0.20, 

P = 0.0433 and r = 0.18, P = 0.0715, respectively).

Changes in body weight, waist circumference 
and BMI

Most patients had physical evidence of central obesity at 

baseline; mean weight was 80.8 kg and mean BMI was 

30.3 kg/m2 (Table 1). Clinically relevant improvements in 

mean (95% CI) weight, waist circumference and BMI were 

noted by week 24 in patients with controlled mUFC (− 2.7 

[− 3.6, − 1.8] kg, − 3.4 [− 4.9, − 1.8] cm and − 1.1 [− 1.4, 

− 0.7] kg/m2, respectively); improvements were not clini-

cally relevant in patients with partially controlled mUFC 

(− 1.7 [− 3.8, 0.3] kg, − 2.4 [− 5.0, 0.3] cm and − 0.6 

[− 1.4, 0.2] kg/m2) or uncontrolled mUFC (− 1.6 [− 3.5, 

0.3] kg, 0.1 [− 2.4, 2.6] cm and − 0.6 [− 1.4, 0.1] kg/m2). By 

week 48, improvements from baseline were seen irrespective 

of mUFC control (Fig. 3A). No correlation was observed 

between change in mUFC and change in mean body weight, 

waist circumference or BMI at either week 24 or week 48 

(Supplementary Table 2).

Changes in lipid profile

In total, 83.9% of patients had dyslipidaemia at baseline 

(Table 1). Mean changes in cholesterol (including LDL-c 

and HDL-c) and triglycerides were similar across mUFC 

response subgroups at both week 24 and week 48 (Fig. 3B). 

There were no strong correlations between change in mUFC 

Fig. 1  Proportion of patients 

with controlled, partially con-

trolled and uncontrolled mUFC 

over time. Based on patients in 

the full analysis set (N = 137). 

Patients who had discontin-

ued or otherwise had missing 

mUFC values at a given visit 

were counted as uncontrolled. 

Controlled, mUFC ≤ ULN; par-

tially controlled, mUFC > ULN 

but ≥ 50% reduction from 

baseline; uncontrolled, 

mUFC > ULN and < 50% reduc-

tion from baseline
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and change in total cholesterol, LDL-c, HDL-c or triglycer-

ides at either week 24 or week 48 (Supplementary Table 2).

Changes in glycaemic status

At baseline, 61 (44.5%) patients were classified as 

diabetic. Based on FPG levels only, most (67.9%) patients 

had normoglycaemia (FPG < 100  mg/dL) at baseline; 

26.3% of patients had either impaired fasting glucose or 

diabetes (FPG ≥ 100 mg/dL). Of patients with baseline 

FPG ≥ 100  mg/dL (n = 36), 58.3, 63.8 and 44.4% had 

FPG < 100 mg/dL by weeks 12, 24 and 48, respectively. 

In total, at week 48, 48.8% (n = 21/43) of patients taking 

antidiabetic medication at baseline had stopped or reduced 

the dose, and 23.3% (n = 10/43) increased the dose or 

number of medications. Of patients with controlled, partially 

controlled and uncontrolled mUFC at week 48, 55.6% 

(n = 15/27), 75% (n = 3/4) and 25% (n = 3/12), respectively, 

had either stopped or reduced the dose of antidiabetic 

medication; 18.5% (n = 5/27), 25% (n = 1/4) and 33.3% 

(n = 4/12), respectively, had an increase in dose or number 

of medications, and 25.9% (n = 7/27), 0% (n = 0/4) and 

41.7% (n = 5/12), respectively, had no change. Improvements 

in mean (95% CI) FPG and  HbA1c at week 24 occurred 

irrespective of mUFC control, although they were more 

evident in patients with controlled mUFC (− 13.3 [− 18.9, 

− 7.7] mg/dL and − 0.3% [− 0.5, − 0.2], respectively) or 

partially controlled mUFC (− 21.2 [− 37.0, − 5.4] mg/dL 

and − 0.4% [− 0.9, 0.0]) than in those with uncontrolled 

mUFC (− 7.4 [− 17.1, 2.4] mg/dL and − 0.0% [− 0.3, 0.3]). 

A similar pattern of mean changes in FPG and  HbA1c was 

observed at week 48 (Fig. 3C). There was a weak correlation 

between change from baseline in mUFC and change from 

baseline in FPG (r = 0.25, P = 0.008) and  HbA1c (r = 0.23, 

All patients (n=137)

Age <31 years (n=36)

Age >31–<49 years (n=63)

Age >49 years (n=38)

Sex – male (n=31)

Sex – female (n=106)

Race – Caucasian (n=89)

Race – Asian (n=39)

Time since diagnosis <20 months (n=36)

Time since diagnosis >20–<89 months (n=67)

Time since diagnosis >89 months (n=34)

Proportion (95% CI) of patients with mUFC control (%)
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Fig. 2  Overview of mUFC control by age, sex, race and time since diagnosis at A) 24 and B) 48 weeks. mUFC control defined as mUFC ≤ ULN; 

shaded area indicates the ‘all patients’ data
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P = 0.012) at week 24. At week 48, the correlation was 

stronger for FPG (r = 0.33, P = 0.001) but absent for  HbA1c 

(r = 0.14, P = 0.161).

Changes in BMD

Mean baseline L1‒L4 lumbar spine and total hip BMD in all 

patients was 1.0 and 0.9 g/cm2, respectively. Mean change 

from baseline to week 48 in BMD at both the lumbar spine 

and total hip was 0.0 g/cm2 in both male and female patients; 

as a mean percentage change from baseline (95% CI), the 

increase in BMD was more pronounced in males (lumbar 

spine: + 3.9% [− 0.2, 8.0]; total hip: + 1.7% [− 0.5, 4.0]) than 

females (lumbar spine: + 2.7% [1.3, 4.1]; total hip: − 0.1% 

[− 1.6, 1.3]). The degree of mUFC response had no effect 

on outcomes (Supplementary Table 3).

Changes in physical manifestations 
of hypercortisolaemia

Physical manifestations of hypercortisolaemia were preva-

lent at baseline. At weeks 24 and 48, improvements in 

rated severity score from baseline occurred across all 

physical manifestations, with few patients rated with 

worsening scores. Improvements in physical manifesta-

tion severity scores were seen irrespective of the degree 

of mUFC response, with the exception of proximal muscle 

atrophy at week 24, whereby a numerically larger pro-

portion of patients with controlled (26.5%) and partially 

controlled (43.8%) mUFC had improved severity scores 

compared with uncontrolled patients (14.3%; Fig. 4).

Changes in HRQoL

Clinically meaningful improvements in mean CushingQoL 

scores for the overall study population were reached at 

weeks 26, 30, 32, 34 and 48, and for mean change in 

BDI-II scores at weeks 24, 26, 28, 30 and 48 [12, 14, 

15]. At week 24, numerical improvements in both mean 

(95% CI) CushingQoL and BDI-II scores occurred irre-

spective of whether patients had controlled mUFC (9.2 

[6.1, 12.4] and − 3.6 [− 5.4, − 1.9], respectively), par-

tially controlled mUFC (9.4 [0.9, 17.8] and − 6.8 [− 11.2, 

− 2.4]) or uncontrolled mUFC (10.1 [2.0, 18.2] and − 4.6 

[− 11.2, 2.0]). A similar finding was observed at week 48, 

although the 95% CIs were notably wider for patients with 

uncontrolled mUFC (Fig. 5). There was a weak correla-

tion between change in mUFC and change in CushingQoL 

score at week 24 (r = − 0.15, P = 0.0875), which was not 

evident at week 48 (r = 0.02, P = 0.8028). A weak cor-

relation between change in mUFC and change in BDI-II 

score was observed at both week 24 and week 48 (r = 0.24, 

P = 0.0081 and r = 0.30, P = 0.0016, respectively).
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Fig. 4  Proportion of patients with improvements in rated severity 

score from baseline for physical manifestations of hypercortisolism 

by degree of mUFC control at week 24 and week 48. An improve-

ment was defined as the symptom score being lower (ie less severe) 

than at baseline. The denominator for the percentage is the number of 

patients in the full analysis set (all enrolled patients who received at 

least one dose of osilodrostat) with data available at both baseline and 

the given visit. *Females only
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Discussion

Cushing’s syndrome, including Cushing’s disease, is 

associated with many clinical complications that affect 

multiple organ systems. The patients enrolled in LINC 3 

typically presented with multiple underlying conditions 

and exhibited sometimes severe physical manifestations 

of hypercortisolism. Treatment with osilodrostat resulted 

in rapid and sustained normalisation of mUFC in many 

patients, with almost all patients achieving control of 

mUFC at least once during the study. Alongside controlling 

excess cortisol levels, medical therapy with osilodrostat 

resulted in improvements in multiple clinical features of 

hypercortisolism, which supports findings from trials of 

different medical therapies that act by reducing cortisol 

levels [16–23]. In the present study, to fully explore 

improvements in specific clinical signs and additional 

specific  manifestations of hypercortisolism during 

osilodrostat therapy, a large number of clinical features 

were analysed over several time points. Initial improvements 

following osilodrostat treatment, as measured at week 24, 

were generally greater in patients with controlled or partially 

controlled mUFC than in patients with uncontrolled mUFC, 

which may be clinically important for some patients. 

It is important to note that the addition or adjustment 

of concomitant medications to treat comorbidities was 

permitted throughout the study and may have contributed 

to over- or underestimation of the observed improvements, 

such as in hypertension, dyslipidaemia and diabetes. The 

results of the present analysis also demonstrated that age, 

sex, race or time since diagnosis did not affect a patient 

achieving mUFC control during osilodrostat treatment.

Improving cardiometabolic parameters, such as blood 

pressure, weight, BMI and waist circumference, is an 

important aspect of care for patients with Cushing’s 

syndrome in order to reduce the risk of cardiovascular 

disease [24–27]. During osilodrostat treatment in patients 

with Cushing’s disease in the LINC 3 study, improvements 

in both SBP and DBP were observed, with over half of the 

patients with high blood pressure at baseline achieving 

normal SBP and DBP within 12 weeks, which remained 

within normal limits throughout the 48 weeks of the study. 

Furthermore, 40.0% of patients were able to stop or reduce 

their medication for hypertension during the study as 

prescribed at the discretion of the investigator. In addition, 

dose or number of antihypertensive medications was reduced 

or stopped in a numerically greater proportion of patients 

with controlled mUFC than in those with partially or 

uncontrolled mUFC, whereas a similar proportion of patients 

had an increase in dose or number of antihypertensive 

medications irrespective of mUFC control. Notably, 

improvements in SBP and DBP were numerically greater in 

patients with hypertension at baseline who did not receive 

antihypertensive medication during the study. Furthermore, 

patients who achieved control or partial control of mUFC 

at week 24 had numerically greater improvements in both 

SBP and DBP than those with uncontrolled mUFC. By 

week 48, when most patients had controlled mUFC (or 

could have achieved control of mUFC at some point during 

this time), it was not unexpected that improvements were 

evident irrespective of mUFC control. The correlation 

between change in mUFC and change in SBP or DBP from 

baseline was weak and indicated a weak relationship at week 

48. Taken together, these findings highlight the benefits of 

controlling mUFC, which has the concomitant benefit of 

also improving blood pressure.

Although there was no correlation between change in 

mUFC and change in body weight, waist circumference or 

Fig. 5  Mean (95% CI) change 

from baseline to week 48 in 

A) CushingQoL total score 

and B) BDI-II score by degree 

of mUFC control at week 48. 

CushingQoL scores range from 

12 (worst) to 60 (best), and 

BDI-II scores range from 0 
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BMI, again, there was a tendency for patients with controlled 

mUFC at week 24 to have better outcomes. As weight and 

waist circumference are only gross indicators of fat mass, it 

is also possible that improvements occurred in visceral body 

fat that were not detected in this study. Overall, changes in 

cholesterol and triglycerides occurred irrespective of mUFC 

control, and there was no indication that improvements were 

related to the reduction in mUFC. Notably, some clinical 

features of hypercortisolism may take years to reverse, par-

ticularly when they have been present for some time [28].

Impaired glucose tolerance, including diabetes, is one 

of the main contributors to mortality identified in patients 

with Cushing’s syndrome [29–31]. During treatment with 

osilodrostat in the LINC 3 study, approximately 50% of 

patients with Cushing’s disease reduced their FPG levels 

to within normal limits, with some patients able to reduce 

or stop antidiabetic medications as prescribed at the dis-

cretion of the investigator; this was particularly notable in 

patients with controlled or partially controlled mUFC com-

pared with those with uncontrolled mUFC. Improvements 

in FPG and  HbA1c were more evident in patients with con-

trolled or partially controlled mUFC at both weeks 24 and 

48. Furthermore, the correlation between change in mUFC 

and change in FPG from baseline was notable at both time 

points, indicating a possible direct relationship. Again, these 

data support the notion of aiming to control mUFC given the 

additional benefits to patients in relation to comorbidities.

Reduced BMD is common in patients with Cushing’s 

syndrome [2]. Even in patients with normal BMD, there is 

an increased risk of fractures as a result of cortisol excess [5, 

32]. Data suggest that bone damage is reversible with control 

of hypercortisolism following surgery [2, 33]; however, data 

are limited on the effects of medical therapies [33]. Data 

from the 48-week core phase of the LINC 3 study indicated 

some improvement in BMD, which was more pronounced 

in male than female patients. It is possible that cortisol had 

not been at normal levels for long enough to have a clinically 

significant impact on BMD in all patients [28, 34]. Improve-

ments in BMD may require longer-term medical treatment; 

patients with low BMD should be closely monitored and 

treated accordingly [5, 35].

Improvements in physical manifestations of 

hypercortisolism, including hirsutism in females, and 

HRQoL indicators (CushingQoL and BDI-II scores) 

generally occurred irrespective of the degree of mUFC 

control, suggesting that improvements may occur 

independently of the extent of cortisol reduction. This is 

similar to findings in prospective studies of pasireotide and 

levoketoconazole [16, 17]. For hirsutism in particular, the 

proportion of patients with improvements in rated severity 

score progressively increased, despite the potential for 

increases in testosterone levels following the initiation 

of osilodrostat [13]. Preliminary data suggest excess 

11-oxygenated C19 steroids as the primary cause, the 

synthesis of which can be blocked by osilodrostat [36]. It 

is possible that a relationship could become more evident 

with longer follow-up [13, 37], considering the severity 

of hypercortisolism in patients at baseline in this study. 

Furthermore, as physical manifestations of hypercortisolism 

were assessed subjectively by different investigators, 

the findings should be considered with some caution. 

Interestingly, improvements in the rated score for proximal 

muscle atrophy at week 24 were numerically greater for 

patients with controlled or partially controlled mUFC than 

for those with uncontrolled mUFC. Data from the European 

registry have highlighted the prevalence of muscle weakness 

in patients with Cushing’s syndrome [29, 38], which was 

frequently reported in patients who died [29]. Improving 

muscle strength in these patients remains a challenge even 

in patients with surgical remission [39]; therefore, the 

early improvements in proximal muscle atrophy observed 

in patients with control of mUFC following osilodrostat 

treatment could be of clinical importance.

The current analysis is limited by the fact that patients 

were not evenly distributed between subgroups based on 

degree of mUFC control, as most patients achieved either 

complete or partial mUFC control from week 12 onwards 

[12]. As a result, some subgroups (eg partially controlled 

and uncontrolled mUFC) comprised fewer patients than 

different groups (eg controlled mUFC). Furthermore, it is 

important to acknowledge the limitations of measuring and 

guiding treatment decisions based on mUFC only, which 

was used to assess the primary endpoint in the current study. 

Measurements of mUFC can be subject to intra-patient vari-

ability [40] and can fluctuate among individuals according to 

their sensitivity to excess cortisol. As such, some comorbidi-

ties can persist despite improvements in hypercortisolism [2, 

28]. It is probable that mUFC assessment alone is not suf-

ficiently discriminative to fully reflect control of hypercorti-

solism, given the general improvements in clinical signs and 

additional manifestations of hypercortisolism irrespective of 

mUFC control by week 48, as well as the lack of correlation 

between mUFC and clinical outcomes. Further research into 

the relationship between clinical improvements and changes 

within the hypothalamic–pituitary–adrenal axis during med-

ical therapy is warranted. Use of LNSC as a complementary 

measure for monitoring treatment response continues to be 

investigated [41], alongside changes in clinical outcomes, 

in patients who achieve control of both mUFC and LNSC.

In conclusion, improvements in clinical signs and addi-

tional specific manifestations of hypercortisolism associated 

with Cushing’s disease were observed during 48 weeks of 

therapy with osilodrostat, alongside the rapid and sustained 

control of mUFC. Normalisation of cortisol levels remains 

an important treatment goal for patients with Cushing’s dis-

ease, particularly when there are indications that controlled 
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mUFC levels can be associated with the greatest clinical 

improvements.
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