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INTRODUCTION

Cushing’s syndrome (CS) is a rare endocrine disorder character-
ized by cortisol overproduction. Cushing’s disease (CD) is the
most common form of CS (occurring in 70.0%-85.0% of all cases)
and is caused by an ACTH-secreting pituitary corticotroph ade-
noma. Chronic exposure to hypercortisolism has a major impact
on patient health, with patients experiencing a substantial impair-
ment in health-related quality of life (HRQoL), most likely due to
the multitude of comorbidities including hypertension, diabetes,
obesity and depression and symptoms manifestation e.g. weight
gain, skin thinning, striae, bruising~.

The 2021 Pituitary Society guideline recommends surgery as the
first-line treatment for CS. If surgery is not feasible or successful,
pharmacological therapy including steroidogenesis inhibitors, is
one of the preferred second-line treatments®. According to the
guidelines®, the primary treatment goal is to normalize cortisol
concentrations (biochemical control), which may lead to improve-
ments in symptoms and subsequently in HRQoL*~.

OBJECTIVES

The objective is to estimate the Health Utility Values (HUV) in
biochemically controlled and uncontrolled patients based on the
two randomized phase Il studies, LINC-3°and LINC-4’, where pa-
tients with CD were treated with osilodrostat or placebo. These
HUV estimates can be useful in cost-effectiveness evaluations
and can inform the decision-making process and healthcare re-
source allocation.

METHODS

The EQ-5D is a self-administered, generic utility instrument de-
veloped by the EuroQol Group in 19908 EQ-5D-5L values were
available in the phase Il studies of osilodrostat for the treatment
of Cushing’s disease, LINC-3 and LINC-4 (see Table 1). LINC-
3 was a phase lll, prospective, multicentre, double-blind, ran-
domized withdrawal study with a 48 core period followed by a
48 weeks extension phase. After 24 weeks of open-label osilo-
drostat treatment, patients with normalized mean urinary free
cortisol (MUFC) and no dose uptitration between weeks 12-24
were randomized to continue osilodrostat or switch to placebo
for 8 weeks®?. LINC-4 was a phase Ill, multicentre, 48-week study
consisting of an upfront 12-week, randomized, double-blind, pla-
cebo-controlled phase followed by an 36-week, open-label osilo-
drostat treatment phase and an 48 week optional open label ex-
tension”1°.

Table 1: Data used to build regression models.

CHARACTERISTIC LINC-3 LINC-4

No. of patients 137 patients 72 patients

Number of observa-
tions 12 7
per patient (median)

Baseline and weeks 4, 8, Baseline and weeks
12, 24, 26, 28, 30, 32, 34, 12, 14, 26, 36, 48, 72
48, 72,96 and EOT and EOT

Population receiving active treatment*

Timepoints

Included population

Lacking representative population of patients
with long-time biochemically uncontrolled disease**
(patients uncontrolled mainly at baseline)

Constraints

Dose titration At a faster pace At a slower pace

MUFC enrolment cri-
teria

Mean (SD)
baseline mUFC level

>1.5 times ULN >1.3 times ULN

1,006 (1,590) 432 (389)

*Measurements between 0-12 weeks for patients receiving placebo in the LINC-4
study were not included in the dataset; Measurements from the placebo arm in the
LINC-3 study in the randomised period of weeks 26-34 were included due to ran-
domised withdrawal setting of the study

**biochemically uncontrolled disease defined as mUFC > upper limit of normal =138
nmol/24 h

Key: EOT, end of treatment; mUFC, mean urinary free cortisol; ULN, upper limit of
normal =138 nmol/24 h; SD, standard deviation

EQ-5D-3L values, which are the preferred utility measure of
health states, were obtained by mapping with the NICE DSU*
method as illustrated below.

@ \ The utility scores were first estimated using the NICE
( \ DSU mapping function to map EQ-5D-5L data to the
EQ-5D-3L. The combination of domain scores, age

and sex gave each patient a domain ID that corresponds with an esti-
mated EQ-5D-3L utility score.

The main aim of this analysis was to establish the relation between
MmUFC and HRQoL in order to estimate utility values of patients
who achieve and do not achieve biochemical disease control
over time. As other variables were available, the model could be
adjusted with additional predictors, which were identified first
In univariate analysis. Multiple linear mixed-effects regression
models were fitted to assess patients’ HRQolL, considering the
longitudinal cohort type of the data. Models considered various
combinations of the potentially relevant covariates e.g. age, sex,
BMI, any grade hypocortisolism-related adverse events (HAES),
HAEs grade 3+, duration of cortisol normalization and mUFC
value'?1s,
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RESULTS

The following patient characteristics were available in
the LINC-3 and LINC-4 studies (Table 2). HAEs were
also included as potentially relevant to HRQoL. Only
parameters that were statistically significant at the
level of 0.05 (in bold) were included in the selection of
best models. These were continuous predictors: mUFC, treatment dura-
tion, time since diagnosis, BMI and binary variables: occurrence of any
HAEs and g3+ HAEs.

Table 2: Univariate analysis results.

VARIABLE NAME P-VALUE
Sex 0.214
mUFC <0.005
Treatment time <0.005
Age 0.0642
mUFC at baseline 0.710
Time since diagnosis <0.005
BMI <0.005
Has HAE g3+ <0.005
Has HAE any grade <0.005

Key: mUFC, mean urinary free cortisol; HAE g3+, hypocortisolism related adverse
event with toxicity grade of 3 or higher; BMI, body mass index

As presented in the boxplot below, the inclusion of the HAESs vari-
able was supported by considerable differences in utilities for af-
fected patients in months of event occurrence.

Figure 1: Comparison of utilities by occurrence of grade 3+ events
in patient groups.
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Key: HAE g3+, hypocortisolism-related adverse events of toxicity grade 3+

HRQoL values were higher for the patients with no HAE grade 3+
events. The highest scores were observed in the group that nev-
er experienced this type of AE. The prevalence of HAE grade 3+
events in the included dataset of LINC-3 and LINC-4 studies was
0.04% and the median duration of the events was 11 days with a
standard deviation of 10.8 days.

The final model was selected based on the information criterion
(AIC and BIC), with emphasis on the former to avoid favouring
simpler models that might omit the significant HRQoL predictors.
The three best models were presented, along with two scenario
models additionally presented for validation purposes (Table 3).

The first validation model was similar to the base case model (best
information criterion) however it included only the LINC-3 data-
set. Due to the relatively low number of patients in the LINC-4
study there was no regression model scenario where observa-
tions solely from this trial were utilized. The additional validation
scenarios included age and sex as potentially relevant parameters
for HRQoL according to the literature!“.

Table 3: Best models basing on AIC information criterion.
TYPE MODEL NO. OF NO. OF AIC

OF MODEL STRUCTURE  OBSERVATIONS PATIENTS (BIC)
Treatment time + 2002
Model AIC 1 mUFC+ BMI+ has_ 1931 209 (-1963)
HAE_g3
Treatment time + 1998
Model AIC 2 mUFC+ has_HAE_ 1931 209
(-1965)
g3
Treatment time
+ mUFC+ BMI+ -1998
Model AIC 3 s AR 4 i 1931 209 (-1953)
HAE_g3

SCENARIO MODELS

Treatment time +

Orﬁileéﬂiil mUFC+ BMI + has_ 1444 137 (_'11??141'3*
Y HAE g3
Treatment time +
Best model age, ¥ mUFC + age + sex -1987
sex and mUFC + BMI + has_ HAE_ Lo c (-1937)
g3

*not comparable to other information criterion as model built on different dataset

Key: HAE g3+, hypocortisolism related adverse event with toxicity grade of 3 or
higher; mUFC, mean urinary free cortisol; BMI, body mass index; AlC, Akaike Infor-
mation Criterion; BIC, Bayesian Information Criterion

Figure 2: Mean mUFC values reported in LINC-3 and LINC-4 studies.
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The dashed line in Figure 2 indicates the biochemical
control of disease defined as mUFC values below the
ULN (138 nmol/24 h). It shows that after week 32 no
mean MUFC value exceeds the ULN. A decrease in
mUFC levels was accompanied by an increase in the
quality of life, as shown in Figure 3.

Figure 3: Mean utility values observed during LINC-3 and LINC-4
studies.
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Figure 4: Predictions for EQ-5D-3L utilities from Model 1 AIC
with 95% confidence intervals.
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' Only the predictions of the best fitted model (AIC 1 on two

\ U4
-O- different datasets) were shown. For the other models tested
7=’ the predictions were almost identical to those for Model AIC
1 on the full dataset, validating the stability of base case esti-
mation. Reference population norms for EQ-5D-3L values, matched to
CS patients by age, range from 0.85 to 0.97%. These are similar to those
which were obtained from regression models for CS patients with sta-
ble, long-term biochemical disease control.

Table 4: Predictions for all fitted models.

TREATMENT MODEL MODEL MODEL MODEL MODEL

TIME AIC1 AIC 2 AIC 3 AIC1  AGE & SEX
(WEEKS) LINC-3
0 0.696 0.696 0.696 0.646 0.697
48 0.735 0.734 0.735 0.689 0.735
96 0.762 0.763 0.762 0.717 0.763
204 0.825 0.826 0.824 0.780 0.825
248 0.851 0.852 0.849 0.806 0.851

CONCLUSIONS

There Is a significant difference in HUVs between biochemically
controlled and uncontrolled CS patients. HRQoL improves with
MUFC reduction and lower BMI and declines with hypocorti-
solism-related AEs. HRQoL also increases with the duration of
cortisol normalization suggesting that patients' health status may
improve with effective biochemical control. The prognosis of the
regression model is stable, which was validated by numerous oth-
er models employing different parameters sets. Scenario where
the results are generated based on the LINC-3 dataset only con-
firms the general trend of utilities improving with disease control.
Estimated values are slightly lower which can be explained with
the lower baseline mUFC values for patients in the LINC-3 study
as compared to the LINC-4 study. To our knowledge, this is the
first study to present the relationship between biochemical con-
trol in patients with Cushing's syndrome and EQ-5D estimates.
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