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Abstract

Background and Objectives—Suvorexant is an orexin receptor antagonist indicated for the 

treatment of insomnia, characterized by difficulties with sleep onset and/or sleep maintenance. As 

suvorexant is metabolized primarily by Cytochrome P450 3A (CYP3A), and its pharmacokinetics 

may be affected by CYP3A modulators, the effects of CYP3A inhibitors (ketoconazole or 

diltiazem) or an inducer (rifampin [rifampicin]) on the pharmacokinetics, safety, and tolerability of 

suvorexant were investigated.

Methods—In two Phase I, open-label, fixed-sequence trials (Studies P008 and P038), healthy 

subjects received a single oral dose of suvorexant followed by co-administration with multiple 

once-daily doses of strong/moderate CYP3A inhibitors (ketoconazole/diltiazem) or a strong 

CYP3A inducer (rifampin). Treatments were administered in the morning: suvorexant 4 mg with 

ketoconazole 400 mg (Study P008; N = 10), suvorexant 20 mg with diltiazem 240 mg (Study 

P038; N = 20), and suvorexant 40 mg with rifampin 600 mg (Study P038; N = 10). Area under the 

plasma concentration–time curve from time zero to infinity (AUC0–∞), maximum plasma 

concentration (Cmax), half-life (t½), and time to Cmax (tmax) were derived from plasma 

concentrations of suvorexant collected at prespecified time points up to 10 days following CYP3A 

inhibitor/inducer co-administration. Adverse events (AEs) were recorded.
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Results—Co-administration with ketoconazole resulted in increased exposure to suvorexant 

[AUC0–∞: geometric mean ratio (GMR); 90% confidence interval (CI) 2.79 (2.35, 3.31)] while 

co-administration with diltiazem resulted in a lesser effect [GMR (90% CI): 2.05 (1.82, 2.30)]. 

Co-administration with rifampin led to a marked decrease (88%) in suvorexant exposure. 

Consistent with morning administration and known suvorexant pharmacology, somnolence was 

the most frequently reported AE.

Conclusions—These results are consistent with expectations that strong CYP3A inhibitors and 

inducers exert marked effects on suvorexant pharmacokinetics. In the context of a limited sample 

size, single suvorexant doses were generally well tolerated in healthy subjects when co-

administered with/without a CYP3A inhibitor/inducer.

1 Introduction

Orexin antagonism has been extensively studied in the past decade as an alternative 

mechanism for the treatment of insomnia [1, 2]. Orexin A (OX-A) and orexin B (OX-B) are 

the key signaling neuropeptides in the orexinergic signaling pathway, which plays a central 

role in regulation of the transition between wake and sleep [3–5]. These neuropeptides exert 

their wake-promoting effects by activating their cognate orexin receptors (OX1R and OX2R) 

in the posterolateral hypothalamus and brain stem nuclei [2, 6, 7]. Suvorexant is an orally 

active, first-in-class orexin receptor antagonist indicated in the USA and other regions for 

the treatment of insomnia, characterized by difficulties with sleep onset and/or sleep 

maintenance [8, 9]. Data from clinical trials have demonstrated the efficacy of suvorexant in 

promoting sleep onset and maintenance with minimal residual next-day effects [10–16]. As 

the target patient population may include those with comorbidities and elderly patients, 

polypharmacy may be common in the treatment of insomnia and, as such, evaluation of the 

potential for drug–drug interactions (DDIs) is critical to inform both prescribing information 

and clinical practice.

Recent draft guidance from the US Food and Drug Administration (FDA) recommends that 

DDI management strategies should be developed when a clinically significant DDI for a 

drug is identified. These strategies may include contraindicating concomitant drug use, 

avoidance of concomitant drug use, temporary discontinuation of an interacting drug, dosage 

modifications of the new and concomitant drug, and specific monitoring strategies [17]. The 

overall objective of these DDI assessments is to provide an understanding of the 

mechanisms, magnitude, and potential consequences of any given DDI in order to optimize 

clinical response [17]. Cytochrome P450 3A (CYP3A) inhibition can increase exposure to 

gamma-aminobutyric acid (GABA)A-receptor hypnotics that are CYP3A substrates (e.g. 

zolpidem, eszopiclone) [18, 19]. It therefore follows that co-administration of CYP3A 

inhibitors and inducers with suvorexant, a CYP3A substrate [8], may alter suvorexant 

plasma concentrations, and subsequently, its therapeutic effect and safety profile. In vitro 

and in vivo characterization of suvorexant metabolism and disposition following single oral 

dose administration in humans has been reported else-where [20].

Based on the draft 2017 FDA DDI guidance, ketoconazole is designated as a clinical 

example of a strong CYP3A inhibitor [21] and is known to reduce metabolism of CYP3A 

Wrishko et al. Page 2

Clin Drug Investig. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



substrates such as triazolam and alprazolam [22]. Although itraconazole or clarithromycin 

may reflect the preferred strong CYP3A index inhibitors for clinical investigation, at the 

time of suvorexant clinical development, ketoconazole was routinely utilized in clinical trials 

and its designation as a strong CYP3A inhibitor remains. As such, results from DDI trials 

with ketoconazole may be extrapolated to other examples of strong CYP3A inhibitors such 

as itraconazole [21]. Diltiazem, a calcium channel antagonist [23], has commonly been 

regarded as a moderate CYP3A inhibitor, such that the effects of diltiazem on CYP3A 

substrates may be extrapolated to the setting of co-administration with other moderate 

CYP3A inhibitors such as erythromycin [21]. Although the preferred categorization of 

diltiazem continues to evolve, the results reported herein are consistent with its designation 

and assessment as a moderate CYP3A inhibitor. Conversely, rifampin (rifampicin) is a 

strong inducer of CYP3A [17, 21], and is known to induce several-fold increases in hepatic 

and intestinal CYP3A protein expression [24]. Induction of CYP3A expression by rifampin 

can ultimately lead to > 90% decreases in plasma concentration of sensitive CYP3A 

substrates, and has been shown to reduce plasma concentration and effects of several 

GABAA-receptor hypnotics (e.g. triazolam, zolpidem) [25, 26].

Two Phase I, open-label, fixed-sequence clinical trials in healthy subjects evaluated the 

potential for CYP3A-mediated DDIs during the administration of suvorexant. Specifically, 

the pharmacokinetics of suvorexant were assessed following co-administration with 

ketoconazole, diltiazem, or rifampin. The safety and tolerability of suvorexant in the 

presence and absence of these inhibitors/inducers were also evaluated.

2 Methods

Two Phase I, open-label, fixed-sequence clinical studies [Merck Sharp & Dohme Corp., a 

subsidiary of Merck & Co., Inc., Kenilworth, NJ, USA, Protocol MK-4305–008 (referred to 

as “P008”) and MK-4305–038 (“P038”)] were performed. Study P008 assessed the potential 

for a DDI arising from co-administration of suvorexant with ketoconazole, and Study P038 

assessed co-administration of suvorexant with diltiazem or rifampin.

Study P008 was conducted at ProMedica Clinical Research Center, Inc., MA, USA, and 

Study P038 at Thomas Jefferson University Clinical Research Unit, PA, USA. Both studies 

were conducted in accordance with the principles of Good Clinical Practice and were 

approved by the appropriate institutional review boards and regulatory agencies. All subjects 

provided informed consent.

2.1 Study Populations and Procedures

Subjects in Study P008 were healthy men aged 18–45 years, with a body mass index (BMI) 

of ≤31 kg/m2 at pre-study screening. Study P038 subjects were healthy men and healthy 

non-pregnant women aged 18–50 years, with a BMI of ≥ 20 to ≤30 kg/m2 at pre-study 

screening. In both trials, subjects were non-smokers and in good overall mental and physical 

health based on vital signs, medical history, physical examination, laboratory safety tests, 

and had no abnormality on electrocardiograms (ECG) performed at screening. Those with a 

history of persistent difficulties in initiating or maintaining sleep for ≥ 3 months and those 

with obstructive sleep apnea, restless legs syndrome, narcolepsy, rapid eye movement, 
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behavioral disorders (Study P038 only), or difficulty sleeping with sleep aids (Study P038 

only) were excluded. In addition, subjects who could not refrain from prescription and/or 

non-prescription drugs and herbal remedies, and those who were frequent users of sedative 

hypnotics, including benzodiazepines, ‘soft’ GABAnergic agents, barbiturates, and/or other 

pharmaceutical sleep agents, were excluded. Subjects who had crossed three or more time 

zones in the 2 weeks prior to study initiation were also excluded from Study P008 only.

2.2 Treatments

Both studies consisted of two periods: in Period 1, subjects received a single oral dose of 

suvorexant (Merck Sharp & Dohme Corp., a subsidiary of Merck & Co., Inc., Whitehouse 

Station, NJ, USA) only; in Period 2, they received a single oral dose of suvorexant co-

administered with a CYP3A inhibitor or inducer (Fig. 1). All dosing occurred once daily in 

the morning. Selected CYP3A inhibitor and inducer doses were based on those known to be 

clinically relevant and/or able to maximize the inhibitory or induction potential described for 

CYP3A substrates [27–29].

Suvorexant doses were guided in part by pharmacokinetic data from a rising single-dose 

clinical study in healthy males [30]. Assuming a maximum 10-fold increase in suvorexant 

area under the concentration–time curve from time of administration to infinity (AUC0–∞) 

and maximum observed concentration (Cmax) as a result of co-administration of 

ketoconazole, the suvorexant 4-mg dose selected for Study P008 would still have been 

associated with a lower exposure and similar Cmax compared with the well-tolerated 120-mg 

dose in the rising single-dose study. This approach was considered conservative, given that 

only a moderate increase in suvorexant exposure was expected in the presence of 

ketoconazole, based on published data for midazolam and triazolam [31, 32], which are 

extensively metabolized by CYP3A [33]. Two days of ketoconazole administration is 

sufficient to achieve maximal CYP3A inhibition prior to suvorexant dosing; however, due to 

the approximately 240-h pharmacokinetic sampling scheme required for suvorexant 

characterization, and the need to ensure continued ketoconazole-mediated CYP3A inhibition 

throughout the sample duration, ketoconazole was administered for an additional 9 days.

Co-administration of diltiazem was anticipated to have a lesser impact. Assuming a 

conservative maximum 5-fold increase in suvorexant AUC0–∞ and Cmax as a result of co-

administration of diltiazem, the suvorexant 20-mg dose selected for Study P038 would have 

been associated with lower exposure (AUC0–∞ and Cmax), compared with the generally 

well-tolerated 240-mg dose in the rising single-dose study. Substantial CYP3A inhibition 

can be achieved with one day of diltiazem administration, but to ensure continued diltiazem-

mediated CYP3A inhibition during the 120-h suvorexant pharmacokinetic sampling scheme, 

diltiazem was co-administered with suvorexant on Day 2 and for 4 subsequent days 

following suvorexant administration.

The selection of suvorexant 40 mg was largely informed by the maximum clinical dose that 

was investigated in parallel during Phase III clinical development, and owing to the 

pharmacokinetic properties across the clinically relevant dose range (10–40 mg), any effect 

of rifampin on suvorexant 40 mg could also support similar conclusions at the lower doses 

including those currently approved of 10–20 mg. In the current study, rifampin was 

Wrishko et al. Page 4

Clin Drug Investig. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



administered for 13 days prior to administration of suvorexant to allow near-maximal levels 

of induction to be achieved, and then co-administered with a single suvorexant dose. 

Rifampin was further administered for an additional 3 days throughout the 96 h of 

suvorexant pharmacokinetic sampling to ensure continued CYP3A induction during this 

period for a total of 17 days.

2.3 Pharmacokinetic Evaluations

Venous blood samples were collected at prespecified time points for suvorexant plasma 

concentration analysis in both studies (Fig. 1; Table 1). Suvorexant pharmacokinetic 

parameters were evaluated and included: AUC0–∞, Cmax, apparent terminal elimination half-

life (t½), and time to reach Cmax (tmax). These parameters were assessed following 

administration of suvorexant alone, and following co-administration with ketoconazole, 

diltiazem, or rifampin.

2.4 Safety Assessments

Subjects were queried daily throughout the trials for the occurrence of adverse events (AEs). 

All AEs were evaluated with respect to seriousness, severity [mild (awareness of sign or 

symptom but easily tolerated), moderate (discomfort enough to cause interference with usual 

activity), severe (incapacitating with inability to work or do usual activity)], relation to trial 

drug, and action taken in response to their emergence. AEs considered events of clinical 

interest (ECIs) included: cataplexy, sleep paralysis (including sleep-onset paralysis), 

hypnagogic or hypnopompic hallucinations, suicidal ideation and/or behaviors, complex 

sleep-related behaviors, falls, and events associated with potential for abuse. Physical 

examinations were conducted at screening, pre-dose, and 24 h post-dose (ketoconazole 

only), and at the post-trial visit (14 days following the last dose of inhibitor/inducer). Vital 

signs measurements, in addition to ECG and laboratory safety analyses (hematology, serum 

chemistry, and urinalysis) were conducted at screening, pre-dose, and various time points 

between 1 to 8 and 24 h, and Day 3 (for Study P038 only) post-dose, and at the post-trial 

visit (14 days following the last dose of inhibitor/inducer).

2.5 Sample Analysis, Data Analysis, and Statistics

Plasma concentrations of suvorexant (molecular weight: 450.932 g/mol) were determined by 

liquid–liquid extraction followed by quantification using reversed-phase high-performance 

liquid chromatography–mass spectrometry [34]. The lower limit of quantification of the 

assay and its linear calibration range were 1 ng/mL and 1–1000 ng/mL, respectively. 

Suvorexant plasma concentrations, and their corresponding sampling times relative to the 

dosing time, were used to derive the pharmacokinetic parameters in each subject using the 

WinNonlin software (version 5.1.1/5.2.1; Pharsight Corporation, Mountain View, CA, USA). 

The apparent terminal rate constant (λ) was estimated by regression of the terminal log-

linear portion of the plasma concentration–time profile. AUC from time of administration to 

the last time point of detectable plasma concentration (AUC0–last) was calculated using the 

linear trapezoidal method for ascending concentrations and the log trapezoidal method for 

descending concentrations up to the last detectable plasma concentration. AUC0–∞ was 

estimated as the sum of AUC0–last and the extrapolated area given by the quotient of the last 

detectable concentration and λ. Cmax was obtained by inspection of the plasma 
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concentration data. tmax was obtained by inspection of the plasma concentration data and, 

finally, the t½ was calculated as the quotient of ln(2) and λ.

Individual AUC0–∞ values were ln-transformed and evaluated with a mixed-effect analysis 

of variance (ANOVA) model, with treatment as a fixed effect and subject as a random effect. 

A two-sided 90% confidence interval (CI) for the true mean difference (suvorexant with 

CYP3A inhibitor or inducer—suvorexant alone) in ln-AUC was calculated using the mean 

square error from the ANOVA and referencing a t-distribution. These confidence limits were 

exponentiated to obtain a CI for the true geometric mean ratio (GMR) for AUC0–∞ 
(suvorexant with CYP3A inhibitor or inducer/suvorexant alone). Suvorexant Cmax was 

analyzed in a similar manner. No-effect boundaries of 0.5–2.0 were selected to inform 

sample size of the current studies and preliminary clinical development and trial conduct 

criteria. The totality of evidence, including clinical efficacy and safety data, and other 

approaches provide conclusive recommendations and interpretation of clinical relevance for 

any drug interactions and dosing guidelines.

AEs were tabulated for administration of suvorexant alone and in the presence of 

ketoconazole, diltiazem, or rifampin by frequency of occurrence. For vital signs, laboratory 

safety tests, and ECG monitoring, summary statistics of mean and standard error were 

generated for values and changes from baseline by part, treatment, and time point. Selected 

non-serious AEs (ECIs) were recorded and consisted of cataplexy, hypnagogic or 

hypnopompic hallucinations, sleep paralysis or sleep-onset paralysis, suicidal ideation 

and/or behaviors, complex sleep-related behaviors, falls, and selected events associated with 

potential for abuse.

Across both studies, sample sizes were selected based on study objectives and the 

pharmacokinetic variability of suvorexant established at the time of study conduct. 

Assuming a true GMR of 1.0, each of the sample sizes were expected to achieve a ≥ 80% 

probability that the 90% CI would fall between 0.5 and 2.0.

3 Results

3.1 Study Populations

Study P008 was conducted from November to December 2008, and Study P038 was 

conducted from August to October 2010, with treatment periods of approximately 4 and 8 

weeks, respectively. Ten male subjects enrolled in and completed Study P008 (Table 2). A 

total of 30 subjects were enrolled in Study P038: 20 in the diltiazem sub-study, and 10 in the 

rifampin sub-study (Table 2). Seventeen and 10 subjects completed the diltiazem and 

rifampin sub-studies, respectively. In the diltiazem sub-study, one subject discontinued at the 

post-study visit having completed Periods 1 and 2.

All subjects were included in the pharmacokinetic analyses, with complete data available for 

all 10 (100%) subjects in Study P008, 18/20 [90% (including the subject who discontinued 

at the post-study visit)] in the P038 diltiazem sub-study, and all 10 (100%) in the P038 

rifampin sub-study. Two subjects in Study P038 (both from the diltiazem sub-study) did not 

Wrishko et al. Page 6

Clin Drug Investig. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



have a complete pharmacokinetic data set, as only data for Period 1 were available. Across 

both studies, all subjects (N = 40) were included in the safety evaluation.

3.2 Pharmacokinetic Evaluations

Arithmetic mean plasma concentration–time profiles for suvorexant alone and following co-

administration with ketoconazole (400 mg), diltiazem (240 mg), or rifampin (600 mg) are 

provided in Fig. 2a–c, and the corresponding pharmacokinetic parameters are described in 

Table 3.

GMRs and their associated 90% CIs for the comparison of suvorexant in the presence and 

absence of inhibitors or an inducer of CYP3A are presented in Fig. 3. Co-administration of 

ketoconazole resulted in a moderate increase in suvorexant exposure (AUC0–∞) while co-

administration of diltiazem resulted in a lesser effect. In contrast to exposure, marked 

differences in suvorexant Cmax were not observed following co-administration with strong or 

moderate CYP3A inhibitors. In contrast to co-administration of ketoconazole or diltiazem, 

co-administration of rifampin resulted in a decrease in suvorexant exposure (AUC0–∞, 88%) 

and suvorexant Cmax (64%).

Compared with suvorexant administered alone (t½ range 11.2–12.9 h), suvorexant t½ was 

prolonged when co-administered with ketoconazole (19.4 h) or diltiazem (16.1 h; Table 3) 

and decreased with rifampin co-administration (7.70 h; Table 3).

3.3 Safety Assessments

The incidence of AEs is summarized in Table 4 for both trials. In Study P008, six (60%) 

subjects reported at least one AE with suvorexant administered alone and seven (70%) 

subjects reported at least one AE when suvorexant was co-administered with ketoconazole. 

In the P038 diltiazem sub-study, 20 (100%) subjects reported at least one AE with 

suvorexant administered alone and 18 (90%) with suvorexant co-administered with 

diltiazem (Table 4). All 10 (100%) subjects in the P038 rifampin sub-study reported at least 

one AE, with both suvorexant administered alone and when co-administered with rifampin 

(Table 4). Somnolence was the most frequently reported AE across all treatments for both 

studies, consistent with the reported pharmacology of suvorexant [8].

All AEs were mild in intensity, except one moderate AE of headache reported in the P038 

diltiazem sub-study, which resolved without intervention. All AEs in Study P008, and the 

majority of AEs in Study P038, were considered probably or possibly related to study 

treatment by the investigator. There were no serious AEs or deaths in either trial.

In Study P008, no AEs were considered to be ECIs. In Study P038, five AEs were 

considered ECIs (diltiazem sub-study, n = 1; rifampin sub-study, n = 4). These events were: 

euphoric mood (n = 1) with suvorexant 20 mg plus diltiazem, and euphoric mood (n = 1), 

sleep paralysis (n = 1), hypnagogic hallucination (n = 1), and hypnopompic hallucination (n 
= 1) with suvorexant 40 mg alone in the rifampin sub-study. These events were assessed as 

possibly related to study treatment and short-lived in duration, ranging from 1 min 

[hypnopompic hallucination (suvorexant 40 mg in the rifampin sub-study)] to 1 h [euphoric 

mood (suvorexant 20 mg plus diltiazem)].
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Across both studies, no clinically meaningful changes in vital signs, laboratory safety tests, 

physical examination, or ECG monitoring were observed. Although some laboratory values 

fell outside the normal range, these variations were considered minor and, therefore, not 

clinically significant by the investigator and clinical monitor.

4 Discussion

Clinical pharmacokinetic DDI studies in healthy subjects were conducted with ketoconazole 

(strong CYP3A inhibitor), diltiazem (moderate CYP3A inhibitor), and rifampin (strong 

CYP3A inducer) to evaluate the potential for suvorexant to be subject to drug interactions 

mediated via inhibition or induction of CYP3A. Overall, CYP3A inhibition increased 

suvorexant exposure, while CYP3A induction decreased suvorexant exposure. Both studies 

used morning administration of suvorexant, and consistent with the known pharmacology of 

suvorexant, somnolence was the most widely reported AE [8].

Consistent with expectations of a CYP3A substrate, administration of suvorexant with 

strong or moderate CYP3A inhibitors resulted in increases in exposure (AUC0–∞). When 

suvorexant was co-administered with the strong CYP3A inhibitor ketoconazole or the 

moderate CYP3A inhibitor diltiazem, there were increases in suvorexant plasma 

concentrations compared with suvorexant alone (2.79- and 2.05-fold increases in AUC0–∞, 

respectively), with a prolongation in t½ (ketoconazole study, an increase of 8.2 h; diltiazem 

sub-study, an increase of 3.7 h). The observed increase in t½ with minimal increase in Cmax 

suggests that the observed increase in suvorexant AUC0–∞ following co-administration with 

ketoconazole may be due to an effect on systemic clearance, rather than on pre-systemic 

metabolism. While suvorexant is primarily cleared by CYP3A metabolism [8], the < 5-fold 

increase in AUC0–∞ following co-administration with ketoconazole was considered 

moderate and is likely due to the low clearance of suvorexant. When single doses of 

suvorexant 40 mg were co-administered with multiple doses of the strong CYP3A inducer 

rifampin, suvorexant exposure was reduced compared with when suvorexant was 

administered alone (approximately 88% reduction in suvorexant AUC0–∞ and 64% 

reduction in suvorexant Cmax). The larger impact of rifampin administration on suvorexant 

AUC0–∞ compared with Cmax indicates that the effects of this drug are mediated largely by 

changes in systemic clearance-related mechanisms. Consistent with previously reported 

pharmacokinetic parameters [35], suvorexant was readily absorbed, with a median tmax of 1–

2 h in both trials summarized herein.

Although doses of suvorexant 20 mg were not specifically evaluated in the present trials, 

since the relative bioavailability between 10 and 20 mg tablets is equivalent, and suvorexant 

displays linear (time- and dose-independent) systemic pharmacokinetics (data on file), the 

anticipated suvorexant exposures in the presence of CYP3A inhibitors or inducers can be 

expected to be similar to those reported in the trials summarized herein. Further, given the 

collective pharmacokinetic data indicating the absence of a significant difference in elderly 

versus non-elderly healthy subjects and patients [8], the same assumptions may be 

applicable to elderly and non-elderly populations [12].
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Notably, the observed increase in suvorexant exposure resulting from reduced CYP3A-

mediated metabolism may be expected to lead to increased therapeutic effect and potential 

side effects, such as increases in next-day residual effects. However, in a randomized, 

double-blind, placebocontrolled, 4-period crossover polysomnography study in healthy 

subjects, no clinically meaningful effect on psycho-motor performance was observed 

following single doses of suvorexant 10 and 50 mg, whereas a statistically significant 

prolongation in reaction time (assessed using choice reaction time and simple reaction time) 

was observed with the 100 mg dose [14]. Suvorexant is approved at doses between 10 and 

20 mg, and the need for dose adjustment or other clinical considerations in the setting of co-

administration with strong or moderate CYP3A inhibitors is dependent on the approved dose 

in a particular geographical location. Local prescribing information should, therefore, be 

consulted for guidance. In contrast to co-administration with a CYP3A inhibitor, co-

administration with a strong CYP3A inducer is likely to reduce suvorexant exposure and 

may, therefore, reduce efficacy [8]. In subsequent Phase II and III trials of the suvorexant 

development program, the concomitant use of mild-to-moderate CYP3A inhibitors (e.g. 

verapamil and diltiazem) and inducers (e.g. glucocorticoids) was permitted (data on file). 

Although only a limited number of subjects received these inhibitors (n = 15) and inducers 

(n = 25), an associated, significant effect on suvorexant exposure was not observed (data on 

file). This observation is consistent with expectations that co-administration of suvorexant 

with these mild-to-moderate inhibitors and inducers would exert much smaller effect sizes 

on suvorexant exposure than the strong inhibitors and inducers evaluated during Phase I 

development.

Consistent with morning administration and the known pharmacology of suvorexant [8], 

somnolence was the most frequently reported AE, with a greater incidence at higher doses of 

suvorexant.

Five AEs were considered ECIs and were reported following administration of suvorexant 

40 mg alone or suvorexant 20 mg plus diltiazem in Study P038, including euphoric mood, 

hypnagogic and hypnopompic hallucinations, and sleep paralysis. Such sleep-related 

hallucinations have been previously reported in trials of zolpidem and zaleplon [18, 36].

The effects of CYP3A inhibition and induction are generalizable from single dose to chronic 

use; however, owing to the small sample size of the trials, the overall clinical response, 

efficacy, and safety should be informed by risk:benefit assessments.

5 Conclusions

CYP3A inhibition and induction altered the pharmacokinetic profile of single-dose 

suvorexant in healthy subjects. The relative magnitude of the impact was consistent with the 

effects expected of strong or moderate CYP3A modulators and continues to support the role 

of CYP3A in the biotransformation of suvorexant. In contrast, weak inhibitors/inducers will 

be expected to have smaller effect sizes and their impact is unlikely to be clinically relevant. 

Overall, it is recommended that clinicians refer to local labeling for specific guidance on the 

prescription of suvorexant in the presence of CYP3A inhibitors or inducers.
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Key Points

• The pharmacokinetic interactions of inhibitors (ketoconazole or diltiazem) or 

an inducer (rifampin) of CYP3A on suvorexant are summarized.

• Co-administration of ketoconazole or diltiazem with suvorexant resulted in 

increases in suvorexant AUC0–∞, and co-administration of rifampin with 

suvorexant resulted in a decrease in suvorexant AUC0–∞.

• Single suvorexant doses were generally well tolerated in healthy subjects, 

both alone and when co-administered with a CYP3A inhibitor or inducer.
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Fig. 1. 
Study design for a Study P008, b Study P038 diltiazem sub-study, and c Study P038 

rifampin sub-study. D day, h hours
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Fig. 2. 
Arithmetic mean plasma concentration–time profile of suvorexant following administration 

of suvorexant alone or co-administered with a the strong CYP3A inhibitor ketoconazole (N 
= 10, Study P008), b the moderate CYP3A inhibitor diltiazem (suvorexant alone, N = 20; 

suvorexant plus diltiazem, N = 18; Study P038), or c the strong CYP3A inducer rifampin (N 
= 10, Study P038), in healthy subjects. Inset: semilog scale. CYP cytochrome P450, h hours
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Fig. 3. 
GMRs (90% CI) for suvorexant co-administered with the strong CYP3A inhibitor 

ketoconazole, the moderate CYP3A inhibitor diltiazem, or the strong CYP3A inducer 

rifampin, versus suvorexant alone, for suvorexant AUC0–∞ (top) and Cmax (bottom). 

AUC0–∞ area under the concentration–time curve from time of administration to infinity, CI 
confidence interval, Cmax maximum observed concentration, CYP cytochrome P450, GMR 
least-squares geometric mean ratio
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