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Abstract

Background and Objectives Osilodrostat (LCI699) is an

adrenal steroidogenesis inhibitor currently in late-phase

clinical development as a potential treatment for Cushing’s

disease. This study evaluated the inhibitory effect of

osilodrostat on the pharmacokinetics of probe substrates of

the cytochrome P450 (CYP) enzymes CYP1A2, CYP2C19,

CYP2D6, and CYP3A4.

Methods Healthy adult volunteers received single-dose

cocktail probe substrates [caffeine (100 mg), omeprazole

(20 mg), dextromethorphan (30 mg), and midazolam

(2 mg)] followed by a 6-day washout. Subjects then

received a single dose of osilodrostat 50 mg followed by a

single dose of cocktail probe substrates.

Results Nineteen of twenty subjects (ten were male) com-

pleted the study. Mean age, body weight, and body mass

index were 41.8 years, 73.0 kg, and 24.4 kg/m2. Geometric

mean ratio of the area under the concentration-time curve

from time zero to the last measureable concentration and

90% confidence intervals of probe substrate exposure with

osilodrostat were: caffeine (CYP1A2 probe substrate), 2.33

(2.10–2.59); omeprazole (CYP2C19), 1.91 (1.74–2.11);

dextromethorphan (CYP2D6), 1.48 (1.34–1.63); and mida-

zolam (CYP3A4/5), 1.50 (1.41–1.60). Corresponding values

for geometric mean ratio of maximum plasma concentration

(90% confidence interval) for the change in substrate expo-

sure were 1.07 (0.988–1.15), 1.61 (1.40–1.84), 1.35

(1.21–1.50), and 1.47 (1.32–1.62).

Conclusions Osilodrostat is a moderate inhibitor of CYP1A2

and CYP2C19 and a weak inhibitor of CYP2D6 and the most

clinically important CYP enzyme, CYP3A4. Osilodrostat is

unlikely to significantly increase the exposures of other

medications cleared by CYP3A4. These findings are clinically

relevant given that Cushing’s disease is a chronic condition

often requiring multiple medications and that most other

therapies have significant drug interaction potential.

Key Points

Osilodrostat (LCI699) is currently in late-phase

clinical development as a potential treatment for

Cushing’s disease. In this study, osilodrostat was

shown to be a weak-to-moderate inhibitor of four

important human cytochrome P450 (CYP) enzymes:

CYP1A2, CYP2C19, CYP2D6, and CYP3A4/5.

Given that patients with Cushing’s disease often

require multiple medications to treat disease-

associated co-morbidities, these findings are

clinically relevant and further support osilodrostat

as a potential new treatment for this disorder.
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1 Introduction

Cushing’s disease is a rare endocrine disorder caused by an

adrenocorticotropic hormone-secreting pituitary tumor. As

adrenocorticotropic hormone controls the release of corti-

sol from the adrenal glands, excess adrenocorticotropic

hormone secreted by the tumor increases cortisol produc-

tion, resulting in a hypercortisolemic state. Treatment for

Cushing’s disease aims to normalize cortisol levels and

reverse the signs and symptoms of hypercortisolism [1].

The primary treatment is transsphenoidal pituitary surgery;

medical therapy or pituitary irradiation is used when there

is persistent or recurrent hypercortisolism after surgery [1].

Although a number of medical therapies are available to

treat Cushing’s disease [2–4], choosing an appropriate

agent for the individual patient requires numerous consid-

erations. As patients with Cushing’s disease typically

experience a high burden of illness, many are likely to be

taking multiple medications such as statins and anti-hy-

pertensive medications, thus there is an increased risk of

drug–drug interactions (DDIs). DDIs can result in profound

clinical effects, either by decreasing drug efficacy or by

augmenting toxicity. Thus, one key consideration in

choosing a medical therapy for treating hypercortisolism in

Cushing’s disease is an awareness of the potential for DDIs

with concomitant medications.

Osilodrostat (LCI699) is an oral inhibitor of 11b-hy-

droxylase [cytochrome P450 (CYP) 11B1], the enzyme

that catalyzes the final step in cortisol synthesis in the

adrenal cortex [5]. Osilodrostat also blocks aldosterone

synthesis via inhibition of aldosterone synthase

(CYP11B2) [6, 7]. Osilodrostat has a half-life of 3–5 h [5],

allowing for twice-daily dosing, and has been shown to

effectively decrease urinary free cortisol (UFC) levels in

patients with Cushing’s disease [8, 9]. In a 10-week, proof-

of-concept study (LINC 1), osilodrostat (2–30 mg twice

daily, titrated according to patient response) normalized

UFC in 92% (11/12) of patients with Cushing’s disease [8].

Reductions in UFC were confirmed over a longer follow-up

period in the LINC 2 study: osilodrosat normalized UFC in

79% (15/19) of patients after 22 weeks of treatment [9].

The effect of osilodrostat in larger patient populations is

currently under evaluation in the confirmatory phase III

studies LINC 3 and LINC 4.

As previous in vitro studies have suggested that osilo-

drostat has inhibitory potential against certain CYP

enzymes (Supplemental Information), a pharmacokinetic

study was conducted in healthy adult subjects to charac-

terize the clinical drug interaction potential of osilodrostat

for CYP1A2, CYP2C19, CYP2D6, and CYP3A4/5 with

the respective probe substrates caffeine, omeprazole, dex-

tromethorphan, and midazolam.

2 Methods

2.1 Study Population and Design

This was a single-center, phase I, open-label, fixed-se-

quence, DDI study in healthy adult volunteers: male and

female individuals aged between 18 and 55 years with

systolic and diastolic blood pressure, pulse rate, and body

temperature within normal ranges, body weight between 50

and 100 kg, and body mass index between 18 and

33 kg/m2 were recruited. Subjects were excluded from the

study if they had used or consumed substances known to

interfere with those CYP enzymes being investigated.

The study consisted of two treatment periods. In period

1 (day 1), each subject received a single dose of the probe

drug cocktail (modified Cooperstown cocktail) orally,

which contained caffeine (100 mg), omeprazole (20 mg),

dextromethorphan (30 mg), and midazolam (2 mg). After a

washout period of 6 days, in period 2 (day 8), subjects

received a single 50-mg dose of osilodrostat orally fol-

lowed by a single dose of probe drug cocktail 30 min later.

Blood samples were collected after administration of the

cocktail in both study periods at the following time points:

0 (pre-dose), 0.25, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 24, and

48 h post-dose. Plasma concentrations of the cocktail probe

substrates were assayed using validated methods (WuXi

AppTec Co., Ltd). The analytes were extracted from

plasma samples and analysis was performed by validated

liquid chromatography-tandem mass spectrometry assay.

The limits of quantitation for the different analytes were

25.0 ng/mL for caffeine, 0.1 ng/mL for dextromethorphan,

3.0 ng/mL for omeprazole, 0.05 ng/mL for midazolam, and

1.0 ng/mL for osilodrostat. Plasma concentrations of

osilodrostat were assayed using a validated liquid chro-

matography-tandem mass spectrometry assay, with a limit

of quantitation of 1.00 ng/mL [10].

2.2 Analysis Sets

The safety set included all subjects who received at least

one dose of study medication. Five separate pharmacoki-

netic analysis sets were evaluated, one for each probe drug

substrate and one for osilodrostat. For each probe substrate,

the pharmacokinetic analysis set included all subjects who

received the planned amount of probe substrate in period 1

or the planned amount of probe substrate plus osilodrostat

in period 2, did not vomit within 4 h of study drug

administration, and had sufficient pharmacokinetic con-

centration data to determine at least one evaluable primary

pharmacokinetic parameter. The pharmacokinetic analysis

set for osilodrostat included all subjects who received the

planned amount of osilodrostat in period 2, did not vomit
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within 4 h of study drug administration, and had at least

one evaluable pharmacokinetic parameter.

2.3 Pharmacokinetic Assessment

The primary objective was to assess the effect of osilo-

drostat on the pharmacokinetic parameters of the CYP1A2,

CYP2C19, CYP2D6, and CYP3A4/5 probe substrates

caffeine, omeprazole, dextromethorphan, and midazolam

using a modified Cooperstown cocktail in healthy adult

subjects. Secondary objectives included: determination of

key pharmacokinetic parameters [area under the concen-

tration-time curve (AUC) from time zero to the last mea-

sureable concentration (AUClast), AUC from time zero

extrapolated to infinity (AUCinf), and maximum plasma

concentration (Cmax)] for metabolites of the probe sub-

strates [i.e., paraxanthine (caffeine), dextrorphan (dex-

tromethorphan), 5-hydroxyomeprazole (omeprazole), and

hydroxymidazolam (midazolam)]; pharmacokinetic expo-

sure of a single 50-mg dose of osilodrostat; and safety and

tolerability of osilodrostat when co-administered with

probe substrates. All pharmacokinetic parameters of

osilodrostat and cocktail probe substrates were determined

by non-compartmental analysis using Phoenix WinNonlin

version 6.2.

2.4 Safety and Tolerability

Safety assessment was based mainly on the frequency of

adverse events (AEs), as reported by the investigator at any

time from informed consent until 30 days after the last

dose of osilodrostat was administered, and on the number

of laboratory values that fell outside of pre-determined

ranges. Laboratory tests were performed at screening and at

the end-of-treatment visit (study day 10). All AEs were

coded according to Common Terminology Criteria for

Adverse Events version 4.03. Treatment-emergent AEs

were defined as those that started on or after study drug

administration but not after 30 days from the date of study

drug administration, or those that started before study drug

administration and worsened afterwards.

2.5 Statistical Analyses

Statistical analyses of the pharmacokinetic parameters for

the primary objective were performed using the pharma-

cokinetic analysis set for each probe drug. The single-dose

pharmacokinetics of each of the probe drugs administered

with and without a single 50-mg dose of osilodrostat was

compared using a model-based statistical analysis. The

single-dose pharmacokinetic parameters AUClast, AUCinf,

and Cmax for the CYP1A2, CYP2C19, CYP2D6, and

CYP3A4/5 substrates (caffeine, dextromethorphan,

omeprazole, and midazolam) were log transformed and

analyzed separately for each probe drug with a linear

mixed-effects model. For the DDI analysis, the point esti-

mate for the treatment difference in least-squares means

(for the log pharmacokinetic parameters) and the corre-

sponding 90% confidence intervals (CIs) were calculated to

obtain the point estimate and 90% CI for the ratio of

geometric means (for the pharmacokinetic parameters) of

the test compared with the reference [(probe plus osilo-

drostat 50 mg)/probe alone]. The 90% CIs for the ratio of

geometric means for AUClast, AUCinf, and Cmax of sub-

strates with and without osilodrostat co-administration

were determined. Descriptive statistics were reported for

all secondary pharmacokinetic analyses.

2.6 Physiologically Based Pharmacokinetic

Modeling of Osilodrostat Pharmacokinetics

and Drug–Drug Interactions

A physiologically based pharmacokinetic (PBPK) model

was developed for osilodrostat within the framework of the

Simcyp� Simulator (version 15, release 1; Certara Inc.).

The model incorporated physiochemical and clinical

pharmacokinetic parameters, in vitro and in vivo enzyme

phenotyping information, and in vitro CYP perpetrator

(inhibition and induction) characteristics of osilodrostat.

The Supplemental Information contains details of the

methods and results from the in vitro CYP inhibition

(Supplemental Table 1), CYP induction (Supplemental

Tables 2 and 3), CYP enzyme reaction phenotyping studies

(Supplemental Table 4), and the input parameters for the

PBPK model (Supplemental Table 5). The model was

developed to simulate the concentration-time profiles and

pharmacokinetic parameters of osilodrostat after 30- and

50-mg single doses. In addition, the model was developed

to simulate the pharmacokinetic parameters and the geo-

metric mean AUC and Cmax ratios of the CYP probe sub-

strates when co-administered with a single 50-mg dose of

osilodrostat according to the actual clinical trial design

described above. The qualified model was then used to

predict the pharmacokinetics of osilodrostat after multiple

30-mg twice-daily doses (14 days), and to predict the DDIs

of the CYP probe substrates dosed on day 14 after multiple

doses of osilodrostat (30 mg twice daily, dosed on days

1–16).

3 Results

3.1 Patient Population

Twenty subjects entered the study, of whom 19 completed

it (one subject discontinued the study because of
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withdrawal of consent). The median age was 41.5 years

(range 27–55 years); most subjects (95%) were Caucasian,

ten subjects were male, and the mean (standard deviation)

body mass index and weight were 24.4 (2.9) kg/m2 and

73.0 (12.9) kg, respectively.

3.2 Effect of Osilodrostat on the Pharmacokinetics

of Probe Cytochrome P450 Substrates

Co-administration of each probe substrate with a single 50-mg

dose of osilodrostat resulted in a modest increase in exposure

vs. probe substrate alone (Fig. 1). When caffeine was co-ad-

ministered with osilodrostat, higher caffeine concentrations

were observed vs. caffeine alone (Fig. 2a). Although large

variations were observed at each time point for both

omeprazole and dextromethorphan when co-administered

with osilodrostat, there was an overall increase in omeprazole

and dextromethorphan exposures (Fig. 2b, c, respectively).

Midazolam co-administered with osilodrostat produced a

slight increase in midazolam exposure compared with mida-

zolam alone (Fig. 2d). The increased exposure of caffeine,

omeprazole, dextromethorphan, and midazolam following

co-administration with osilodrostat indicated a modest inhi-

bitory effect of osilodrostat on each probe substrate (Table 1).

3.3 Secondary Pharmacokinetic Results

Caffeine, omeprazole, and midazolam were eliminated

more slowly when co-administered with osilodrostat vs.

alone, as indicated by a longer half-life and a 61, 30, and

33% decrease in apparent total clearance of the drug from

plasma after oral administration, respectively (Table 1).

Dextromethorphan data for these parameters were affected

by large inter-patient variations (data not shown), mainly

owing to two outliers with extreme values, consistent with

subjects who are poor metabolizers of dextromethorphan.

There was a reduction in metabolite formation of all

four probe substrates following co-administration of

osilodrostat compared with administration of the probe

substrates alone. Caffeine, omeprazole, dextromethorphan,

and midazolam metabolite ratios were reduced by 62, 21,

35, and 14%, respectively.

3.4 Pharmacokinetic Exposure of Osilodrostat

Following a single oral dose of osilodrostat 50 mg, peak

plasma concentration occurred at *1.53 h. The geometric

mean (coefficient of variation) of AUCinf and Cmax was

3430 ng�h/mL (30.2%) and 392 ng/mL (21.4%), respec-

tively, with a half-life of 4.73 h.

3.5 Safety and Tolerability

All 20 subjects were included in the safety analysis set. Of

these, at least one AE was experienced by eight subjects

(40%). AEs suspected to be drug related were reported by six

subjects (30%); fatigue (three subjects; 15%) and dizziness

(two subjects; 10%) were most common, with one subject

reporting flatulence and diarrhea (5%). These AEs resolved

on the day of onset (except flatulence, which resolved on the

next day after onset) without any action. All but one of the

suspected AEs were of grade 1 severity; one AE of dizziness

was of grade 2 severity. No grade 3 or 4 AEs, or serious AEs,

were reported.

Fig. 1 Inhibitory effect of a single 50-mg dose of osilodrostat on

cytochrome P450 (CYP) probe substrates based on definitions

provided by US Food and Drug Administration guidelines [22].

Geometric mean ratios (90% confidence interval) of (substrate plus

osilodrostat)/substrate alone for each pharmacokinetic parameter are

shown. AUCinf area under the concentration-time curve from time

zero extrapolated to infinity, AUClast area under the concentration-

time curve from time zero to the last measureable concentration, Cmax

maximum plasma concentration, CYP cytochrome P450
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3.6 Physiologically Based Pharmacokinetic

Modeling of Osilodrostat Pharmacokinetics

and Drug–Drug Interactions

The PBPK model was qualified to simulate the concen-

tration-time profiles and pharmacokinetic parameters of

osilodrostat 30- and 50-mg single oral doses (Supplemental

Fig. 1 and Supplemental Table 6). The PBPK-modeled

pharmacokinetic parameters were within 15% of the

observed values. This model was further qualified to sim-

ulate the DDI of a single 50-mg osilodrostat dose on the

individual CYP probe substrates according to the actual

trial design. The model simulated the geometric mean

AUC ratios within 30% of the observed value for all CYP

substrates (Table 2). With this qualified model, osilodrostat

(30 mg twice daily) concentration-time profile and phar-

macokinetic parameters were predicted up to 14 days of

dosing (Supplemental Fig. 2 and Supplemental Table 6).

After multiple 30-mg twice-daily doses of osilodrostat

(days 1-16) with a single dose of CYP substrates on day

14, the model predicted a similar DDI effect to that with a

single 50-mg dose of osilodrostat for the CYP1A2,

CYP2D6, and CYP3A4/5 substrates (B3% change;

Table 2). For CYP2C19, a modest increase of 26% in the

geometric mean AUC ratio was predicted after 30 mg

twice-daily multiple osilodrostat doses compared with a

single 50-mg dose. This predicted increase after multiple

osilodrostat doses was a result of the additional time-de-

pendent nature of CYP2C19 inhibition by osilodrostat.

4 Discussion

CYP enzymes are responsible for metabolizing most ther-

apeutic agents [11]. Although 58 human CYP genes have

been identified to date [11], only a minority are involved in

most therapeutic drug metabolism [12]. Of the 200 most

frequently prescribed medications in the USA, 37% are

Fig. 2 Arithmetic mean concentration-time profiles of a caffeine,

b omeprazole, c dextromethorphan, and d midazolam given alone vs.

with osilodrostat. Error bars represent standard deviation. Samples

for pharmacokinetic analysis were collected up to 48 h; concentra-

tion-time profiles are shown up to 24 h. CYP cytochrome P450
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metabolized by CYP3A, followed by CYP2C9 (17%),

CYP2D6 (15%), CYP2C19 (10%), and CYP1A2 (9%),

with CYP2C8, CYP2B6, and other CYP isoforms metab-

olizing the remainder [12]. The CYP3A family is arguably

the most clinically significant, not only because of their

majority role in drug metabolism, but also because they are

the most abundant CYP enzymes in human liver, com-

prising 30–50% of total CYP content [13]. Four CYP3A

enzymes exist in humans: CYP3A4, CYP3A5, CYP3A7,

and CYP3A43 [14], with CYP3A4/5 being the most pre-

dominant isoforms in adult liver [15].

Inhibition or induction of CYP enzymes may result in

clinically significant DDIs, leading to toxicity or thera-

peutic failure. These potentially serious consequences have

prompted regulatory agencies to issue guidance on char-

acterizing the DDI potential of new molecular entities

[16, 17]. In vitro screening for investigative compounds

that inhibit CYP enzymes is a well-known methodology for

predicting drug interaction potential in vivo. Based on

previous in vitro assessments, osilodrostat has inhibitory

potential against CYP1A2, CYP2C19, CYP2D6, and

CYP3A4/5. The current study was therefore conducted in

human subjects to further characterize the potential inhi-

bitory effects of osilodrostat on these key human CYP

enzymes.

Although osilodrostat is in late-phase clinical develop-

ment as a treatment for Cushing’s disease, the rarity of the

disorder was expected to affect the study recruitment rate,

thus healthy volunteers were enrolled in the DDI study

instead. Additionally, the doses of osilodrostat in patients

with Cushing’s disease are not fixed; they are titrated for

each subject according to their response up to a maximum

Table 1 Summary of primary and secondary pharmacokinetic parameters for probe substrates with and without a single 50-mg dose of

osilodrostat (pharmacokinetic analysis set)

Probe substrate Treatment AUClast (ng�h/mL) AUCinf (ng�h/mL) Cmax (ng/mL) Half-life (h) CL/F (L/h)

Caffeine (CYP1A2) Substrate alone 17,200 (61.7) 16,200 (44.8) 2500 (29.5) 5.39 (58.1) 6.18 (44.8)

Substrate plus osilodrostat 41,100 (37.5) 41,900 (32.1) 2640 (20.1) 7.39 (48.4) 2.39 (32.1)

Omeprazole (CYP2C19) Substrate alone 460 (97.0) 618 (92.9) 271 (69.7) 0.77 (48.4) 32.3 (92.9)

Substrate plus osilodrostat 852 (90.7) 885 (89.9) 420 (70.8) 0.87 (43.9) 22.6 (89.9)

Dextromethorphan

(CYP2D6)

Substrate alone 7.63 (1758.1) 22.8 (193.8) 1.24 (330.9) 7.63 (87.5) 1310 (193.8)

Substrate plus osilodrostat 12.6 (1857.4) 20.0 (233.9) 1.80 (332.6) 7.71 (107.4) 1500 (233.9)

Midazolam (CYP3A4/5) Substrate alone 21.2 (40.2) 22.0 (39.6) 8.78 (38.8) 4.44 (38.3) 91.0 (39.6)

Substrate plus osilodrostat 31.7 (34.2) 32.8 (34.1) 12.8 (26.9) 4.81 (35.1) 61.0 (34.1)

Data are shown as geometric mean (CV%)

AUCinf area under the concentration-time curve from time zero extrapolated to infinity, AUClast area under the concentration-time curve from

time zero to the last measureable concentration, CL/F apparent total clearance, Cmax maximum plasma concentration, CV% coefficient of

variation, CYP cytochrome P450

Table 2 Physiologically based pharmacokinetic model-predicted effects of osilodrostat on cytochrome P450 (CYP) substrates after single (50-

mg) or multiple (30-mg twice-daily) doses of osilodrostat

Probe substrate Treatmenta Predicted geometric mean ratio (prediction error, %)b

AUClast (48 h) Cmax

Caffeine (CYP1A2) Single dose (osilodrostat 50 mg) 1.66 (-29%) 1.17 (?9.3%)

Multiple dose (osilodrostat 30 mg twice daily) 1.67 1.15

Omeprazole (CYP2C19) Single dose (osilodrostat 50 mg) 1.55 (-19%) 1.44 (-11%)

Multiple dose (osilodrostat 30 mg twice daily) 1.95 1.73

Dextromethorphan (CYP2D6) Single dose (osilodrostat 50 mg) 1.47 (-0.7%) 1.43 (?5.9%)

Multiple dose (osilodrostat 30 mg twice daily) 1.52 1.47

Midazolam (CYP3A4/5) Single dose (osilodrostat 50 mg) 1.49 (-0.67%) 1.39 (-5.4%)

Multiple dose (osilodrostat 30 mg twice daily) 1.51 1.45

AUClast (48 h) area under the concentration-time curve from time zero to the last measureable concentration at 48 h, Cmax maximum plasma

concentration
a Simulated single dose of osilodrostat 50 mg plus substrate on day 1 or predicted multiple doses of osilodrostat 30 mg twice daily on days 1–16

plus a single dose of substrate on day 14
b Calculated prediction error (%) = [(predicted value - observed value)/observed value] 9 100; observed values are shown in Fig. 2
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of 30 mg twice daily. In addition, the dose requirement in

an individual subject may change over time. It is for this

reason that a cross-over DDI study with a fixed dose of

osilodrostat would not have been feasible in the Cushing’s

disease population.

Regulatory agencies recommend a cocktail approach to

screening for potential in vivo DDIs. Simultaneous

administration of multiple in vivo probes of drug-metabo-

lizing enzymes offers several distinct advantages such as

time and cost savings, minimizing the confounding influ-

ence of inter- and intra-individual variability over time.

Substrates for the CYP enzymes were chosen based on

considerations that the substrates are specific to individual

CYP enzymes, and that simultaneous administration of

these multiple substrates does not result in mutual drug

interactions [18].

As osilodrostat is a potent inhibitor of cortisol synthesis,

multiple dosing without intervention was not feasible, thus

a single-dose design that provided adequate coverage of

steady-state exposure at the current highest clinical dose

(30 mg twice daily) was used. Through modeling and

simulation of single-dose osilodrostat pharmacokinetics

and DDI on the CYP probe substrates, the effect of mul-

tiple-dose DDI of osilodrostat was predicted. PBPK mod-

eling offers the ability to bridge clinically tested situations

to those that are more challenging or impossible to conduct

[19–21]. Based on the in vitro data and extrapolation

in vivo, time-dependent inhibition/induction effects of

LCI699 are weak; therefore, similar DDI was predicted

after single (50 mg) and multiple (30 mg twice daily)

doses of osilodrostat.

US Food and Drug Administration guidance on DDIs

classifies the inhibitory effect of an investigational com-

pound according to the following criteria: strong inhibitor,

C5-fold increase in AUC; moderate inhibitor, C2- but\5-

fold increase in AUC; weak inhibitor, C1.25- but\2-fold

increase in AUC [22]. Based on these criteria, the current

study indicates that a single dose of 50 mg osilodrostat is a

weak inhibitor of CYP2D6 and CYP3A4/5 and a moderate

inhibitor of CYP1A2 and CYP2C19. Predicted effects after

multiple 30-mg twice-daily doses of osilodrostat resulted in

the same classification for inhibition of these CYP

enzymes.

The finding that osilodrostat has low inhibitory impact

on CYP3A4/5 is clinically relevant, particularly given that

commonly prescribed medications that may be used to treat

Cushing’s disease, such as amlodipine and nifedipine (anti-

hypertensive medications), as well as simvastatin (statin),

are CYP3A4 substrates. By contrast, ketoconazole, used

off-label for several decades to reduce cortisol levels in

Cushing’s disease and recently approved in Europe for the

treatment of endogenous Cushing’s syndrome, is a potent

inhibitor of CYP3A4 [23]. Pharmacokinetic studies have

shown up to a 16-fold increase in midazolam AUC after

ketoconazole administration [24–26]. This would classify

ketoconazole as a strong inhibitor ([5-fold change) of

CYP3A4 based on Food and Drug Administration guidance

[22]. As a result, a considerable number of clinically

important medications would be contraindicated if keto-

conazole is administered [23]. Of the other current medical

therapies available to treat Cushing’s disease, data on DDI

potential are mostly limited to the prescribing information,

although mifepristone has been shown to be a strong

inhibitor of CYP3A4 [27], while mitotane is a strong

inducer [28]. Co-administration of either of these agents

with other therapeutics metabolized by CYP3A4 is likely

to have an effect on systemic exposure of co-administered

medications, potentially causing an unwanted DDI.

5 Conclusions

A single dose of 50 mg of osilodrostat showed weak

inhibition of CYP3A4/5- and CYP2D6-mediated interac-

tions, and weak-to-moderate inhibition of CYP2C19- and

CYP1A2-mediated interactions. Metabolic drug interac-

tions at lower therapeutic doses of osilodrostat (\30 mg

twice daily, which corresponds to the single-dose exposure

at 50 mg in this study) with medications taken concurrently

to treat common co-morbidities in patients with Cushing’s

disease are expected to be even weaker. This provides

further support for osilodrostat as a future treatment for

Cushing’s disease, particularly in the light of recent treat-

ment guidelines for Cushing’s disease [1] that recommend

clinicians be cautious and check for potential DDIs before

starting or adding agents that treat hypercortisolism.
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