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ARTICLE

No Pharmacokinetic Interactions Between Elbasvir or
Grazoprevir and Buprenorphine/Naloxone in Healthy
Participants and Participants Receiving Stable Opioid
Agonist Therapy

Hwa-Ping Feng1,∗, Zifang Guo1, Luzelena Caro1, William L. Marshall1,2, Fang Liu1, Deborah Panebianco1, Pavan Vaddady1,
April Barbour1, Christina Reitmann1, Patricia Jumes1, Jocelyn Gilmartin1, Dennis Wolford1, Robert Valesky1, Monika Martinho1,
Joan R. Butterton1, Marian Iwamoto1, Iain Fraser1,3, Lynn Webster4,5 and Wendy W. Yeh1

The aims of these phase I trials were to evaluate the pharmacokinetic interaction between elbasvir (EBR)
or grazoprevir (GZR) and buprenorphine/naloxone (BUP/NAL). Trial 1 was a single-dose trial in healthy
participants. Trial 2 was a multiple-dose trial in participants on BUP/NAL maintenance therapy. Coadmin-
istration of EBR or GZR with BUP/NAL had minimal effect on the pharmacokinetics of BUP/NAL, EBR, and
GZR. The geometric mean ratios (GMRs (90% CI)) for BUP, norbuprenorphine, and NAL AUC0-� were 0.98
(0.89–1.08), 0.97 (0.86–1.09), and 0.88 (0.78–1.00) in the presence/absence of EBR; 0.98 (0.81–1.19), 1.13
(0.97–1.32), and 1.10 (0.82–1.47) in the presence/absence of GZR. The GMRs (90% CI) for EBR and GZR
AUC0-� in the absence/presence of BUP/NAL were 1.22 (0.98–1.52) and 0.86 (0.63–1.18). In conclusion, no
dose adjustment for BUP/NAL, EBR, or GZR is required for patients with HCV infection receiving EBR/GZR
and BUP/NAL maintenance therapy.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
✔ HCV infection is common among people who are on
opioid maintenance therapy.
WHAT QUESTION DID THIS STUDY ADDRESS?
✔ This study evaluated potential drug–drug interactions
between the opioid substitution therapy BUP/NAL and the
anti-HCV therapies EBR and GZR.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
✔ There were no clinically relevant changes in the pharma-
cokinetics of EBR, GZR, BUP, or NAL in this study.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOL-
OGY OR TRANSLATIONAL SCIENCE?
✔ EBR/GZR dose adjustments are therefore not required in
people also receiving BUP/NAL maintenance therapy. The
EBR/GZR fixed-dose combination is a treatment option for
HCV-infected people receiving opioid substitution therapy.

Injection drug users are the largest group of persons infected
with hepatitis C virus (HCV),1 and the global emergence of
injection drug use-related HCV epidemics is associated with
an estimated HCV prevalence of 60–80%.2,3 Many injec-
tion drug users are undergoing treatment for opioid addic-
tion and, as a consequence, HCV-infected people often
receive opioid substitution therapy, such as the mixed par-
tial agonist opioid-receptor modulator buprenorphine (BUP),
which is commonly administered with the opioid antagonist
naloxone (NAL).
Elbasvir (EBR), a potent inhibitor of the HCV NS5A protein,

and grazoprevir (GZR), an HCV NS3/4A protease inhibitor,
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are components of a fixed-dose combination regimen that
is approved in the United States, European Union, and sev-
eral other regions for the treatment of chronic HCV genotype
(GT) 1 and 4 infection.4,5 EBR and GZR have been shown
to retain in vitro and in vivo activity against several clinically
relevant resistant variants.6–8 Phase III studies in participants
with HCV GT1 or 4 infection have consistently reported rates
of sustained virologic response �95% in diverse popula-
tions, including treatment-naive9 and treatment-experienced
participants,10–12 and those with HIV coinfection13 or stage
4/5 chronic kidney disease.14 The EBR/GZR fixed-dose com-
bination is administered once daily, without regard to food
intake.
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Buprenorphine undergoes oxidative metabolism to form
the reportedly active metabolite norbuprenorphine (NorBUP)
via cytochrome P450 3A (CYP3A), whereas NAL elimina-
tion involves oxidative metabolism via glucuronidation and
reductive metabolism.15–17 It has not been unequivocally
established whether BUP and NAL are P-glycoprotein (P-
gp) substrates, and it is unknown whether BUP and NAL are
breast cancer resistance protein (BCRP) substrates.18 Both
BUP and NorBUP are inhibitors of CYP2D6, and BUP addi-
tionally inhibits CYP3A.19 Naloxone is not a P-gp inhibitor,
and it is unknown whether BUP inhibits P-gp or whether
BUP or NAL inhibits organic anion transporting polypep-
tide (OATP)1B1/3.18 Both EBR and GZR are substrates of
CYP3A/P-gp, and GZR is a substrate for OATP1B1/3. Grazo-
previr is a weak CYP3A inhibitor, and both EBR and GZR are
inhibitors of BCRP; additionally, EBR has minimal inhibitory
activity for intestinal P-gp.
Although the drug–drug interaction risk is relatively low

based on known disposition pathways for EBR, GZR, BUP,
and NAL, coadministration of EBR/GZR with BUP/NAL in
HCV-infected people who are undergoing treatment for opi-
oid addiction could theoretically result in pharmacokinetic
(PK) drug interactions, since these drugs do share overlap-
ping disposition pathways and enzyme inhibition profiles,
such as CYP3A. In order to avoid unintentional opioid intoxi-
cation or withdrawal in the HCV-infected people who receive
opioid substitution therapy and to inform the dosing recom-
mendation for EBR/GZR in this population, two drug–drug
interaction (DDI) studies were conducted to assess the PK
effects of EBR or GZR coadministered with BUP and NAL.
PK interactions between EBR and BUP/NAL were assessed
in healthy participants, whereas the interaction between GZR
and BUP/NAL was assessed in participants who were receiv-
ing stable opioid maintenance therapy.

METHODS

These trials were conducted in accordance with the princi-
ples of Good Clinical Practice and approved by the New Eng-
land Institutional Review Board (Newton, MA). All procedures
performed were in accordance with the ethical standards of
the institutional and/or national research committee and with
the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards. All participants provided writ-
ten, informed consent. The studies were funded by Merck &
Co., Kenilworth, NJ.

EBR and BUP/NAL drug interaction trial (Trial 1;
MK-8742 P021)
Clinical conduct
This was a phase I, open-label, three-period, fixed-sequence
trial in healthy male and female participants who were 19–55
years of age, with a bodymass index (BMI) 18–32 kg/m2 (Fig-
ure S1). Participants were required to be medically healthy
with no clinically significant medical history, physical exam-
ination, laboratory profiles, vital signs, and electrocardio-
grams (ECGs). Participants with a history or presence of clin-
ically significant medical or psychiatric diseases, or with any
condition that might confound the results of the study, were
excluded.

On day 1 of Period 1, all participants received a single dose
of the sublingual fixed-dose combination of BUP 8 mg/NAL
2 mg, followed by a washout period of 15 days. In Period 2,
all participants received a single oral dose of EBR 50 mg,
followed by a washout period of 13 days. In Period 3, all
participants received a single oral dose of EBR 50 mg, fol-
lowed within 5 minutes by a single dose of the sublingual
fixed-dose combination of BUP 8mg/NAL 2mg. To block the
major adverse effects of BUP, healthy participants received
naltrexone (NTX) blockade with a single 50-mg NTX dose on
day −1 of Periods 1 and 3, �14 hours before each BUP/NAL
dose and repeated approximately every 12 hours thereafter
(hour −2 of day 1 pre-BUP/NAL dosing and hour 10 on day 1
post-BUP/NAL dosing), for a total of three NTX doses in each
period. All study treatments were administered under fasted
conditions to eliminate the potential confounding effect of
food.

Analytical methods
Bioanalytical methods for the determination of plasma EBR,
BUP, NorBUP, and NAL are described in the Supplementary
Information.

PK and safety assessments
Blood samples for determination of EBR, BUP, NorBUP, and
NAL PKs were collected predose and at specified timepoints
over 96 hours (in Periods 2 and 3 for EBR) or 144 hours (in
Periods 1 and 3 for BUP/NorBUP/NAL). Estimates of the fol-
lowing PK parameters were determined: AUC0-� (area under
the concentration–time curve from time 0 postdose to infinity)
and T½ (apparent terminal half-life) using noncompartmental
analysis, and Cmax (maximum concentration), C24 (concen-
tration at 24 hours postdose), and Tmax (time to Cmax) directly
from concentration–time data. Safety was assessed bymoni-
toring adverse events (AEs), physical examination, vital signs,
ECGs, pulse oximetry, and laboratory safety assessments.

Statistical analysis and power
Values of exposure parameters (AUC0-�, Cmax, and C24) were
natural log-transformed and analyzed with a linear mixed-
effects model containing a fixed-effect term for treatment;
an unstructured covariance matrix was assumed to allow
for unequal treatment variances and to model the correla-
tion between the two treatment measures within each partic-
ipant. The Kenward–Roger’s method was used to calculate
the appropriate degrees of freedom for the fixed effects. The
least-squares means (LSMs) and corresponding 95% confi-
dence intervals (CIs) were calculated by treatment, and the
difference in treatment LSMs and corresponding 90% CIs
were estimated for each parameter. The back-transformed
summary results are reported for each parameter as the
geometric LSMs (GMs) and corresponding 95% CIs, as
well as the GM ratios (GMRs, coadministered drugs/single-
administered drug) and corresponding 90% CIs.

With a sample size of 14 participants, the half-widths of
the 90% CI of GMR on the log scale would be 0.27 assum-
ing a within-participant standard deviation (SD) of 0.40 on
the natural log scale (NAL AUC; EBR AUC), 0.17 assuming
a within-participant SD of 0.26 on the natural log scale (BUP
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AUC), and 0.14 assuming a within-participant SD of 0.21 on
the natural log scale (NorBUP AUC).

GZR and BUP/NAL drug interaction trial (Trial 2;
MK-5172 P030)
Clinical conduct
This was a phase I, open-label, fixed-sequence, multiple-
dose trial in participants on stable oral BUP/NAL mainte-
nance therapy (Figure S1). Participants were 18–55 years
of age with a BMI of 18–36 kg/m2. All participants were
required to be in good health based onmedical history, phys-
ical examination, vital signs, and laboratory safety tests. Par-
ticipants with clinically significant disease as described for
Trial 1 were excluded. Prior to enrolling in this study, partic-
ipants were part of an opioid maintenance program, receiv-
ing BUP/NAL therapy (8/2 mg once daily (q.d.) to 24/6 mg
q.d.) for opioid use disorder for at least 2 months with stable
dosing for at least the previous 14 days. Participants who
were on a BUP maintenance program were eligible to par-
ticipate but were required to switch to BUP/NAL �2 weeks
before day 1. On day 1 of this study, participants received
a sublingual dose of BUP/NAL after an overnight fast. On
days 2–11, participants received oral GZR 200 mg q.d. fol-
lowed by a maintenance dose of BUP/NAL after an overnight
fast. Participants received either sublingual film or sublingual
tablet formulation of BUP/NAL as long as the same formu-
lation was used throughout the study. All study treatments
were administered under fasted conditions to eliminate the
potential confounding effect of food.

Analytical methods
Bioanalytical methods for the determination of plasma GZR,
BUP, NorBUP, and NAL are described in the Supplementary
Materials.

PK and safety assessments
Blood samples for determination of GZR, BUP, NorBUP,
and unconjugated NAL PKs were collected predose and
at specified timepoints over 24 hours on days 1 and 11.
Estimates of the following PK parameters were determined:
AUC0-24 and T½ by noncompartmental analysis and Cmax and
Tmax directly from observed concentration–time data. Safety
was assessed by monitoring AEs, physical examination find-
ings, vital signs, ECGs, pulse oximetry, and laboratory safety
assessments.

Statistical analysis and power
Dose-normalized exposure parameters for BUP, NorBUP,
and NAL (AUC0-24 and Cmax) were natural log-transformed
and analyzed as described for the EBR and BUP/NAL drug
interaction trial (Trial 1). To provide an estimate of the effect
of BUP/NAL coadministration on GZR PKs, GZR exposures
following coadministration with BUP/NAL were compared
with pooled GZR exposures in non-HCV-infected healthy
participants after multiple-dose administration of GZR 200
mg under fasted conditions in a historical database as
the reference comparator group. A total of 107 non-HCV-
infected participants from a historical database were pooled
and used for comparison of Tmax; however, only 106 partici-
pants were included in the model-based AUC, Cmax, and C24

analyses due to missing covariate information in one partici-
pant. Grazoprevir AUC0-24, Cmax, and C24 following BUP/NAL
coadministration in Trial 2 and administration alone in the
historical database were log-transformed and analyzed with
a linear fixed-effect model containing a fixed-effect term for
treatment and covariates of race (white/Asian, black, other),
ethnicity (Hispanic or Latino, non-Hispanic or non-Latino),
age, sex, and body weight. Grazoprevir exposure data from
the treatment of GZR + methadone were also included in
the model (i.e., a total of three treatments in the model) and
the results are reported separately (Feng et al., submitted
to Clinical and Translational Science, December 2017).
The LSMs obtained using observed margins as weights
for categorical variables and corresponding 95% CIs were
calculated by treatment for each PK parameter in the natural
log scale. The differences in LSMs and corresponding 90%
CIs were calculated for the comparisons between treat-
ments. Exponentiating the LSMs (LSM differences) and the
corresponding CIs yielded estimates for the GMs (GMRs)
and corresponding CIs in the original scale.
With a sample size of 12 participants, the half-widths of

the 90% CI of GMR on the log scale would be 0.29 assum-
ing a within-participant SD of 0.40 on the natural log scale
(NAL AUC), 0.19 assuming a within-participant SD of 0.26
on the natural log scale (BUP AUC), and 0.15 assuming a
within-participant SD of 0.21 on the natural log scale (Nor-
BUP AUC). For the comparison of GZR AUC using pooled
historical data, with sample sizes of 106 and 12 for the two
groups and assuming a between-participant SD of 0.60 on
the natural log scale, the half-width of the 90% CI of GMR
on the log scale would be 0.31.

RESULTS
Trial populations
In the EBR and BUP/NAL drug interaction trial (Trial 1), 16
healthy participants were enrolled; of those, 13 completed
treatment and three discontinued due to an AE of vomiting.
Of the three participants who discontinued, one discontin-
ued on day 1 of Period 1 (BUP/NAL alone) due to vomiting
within 3 hours of dosing (last sample was 2 hours postdose);
therefore, complete PK profiles for EBR, BUP, NorBUP, and
unconjugated NAL were not obtained for this participant with
any treatment. Two other participants were discontinued on
day 1 of Period 3 (EBR + BUP/NAL) due to vomiting within 8
hours of dosing (last blood samples were 2 hours postdose,
and predose in Period 3). Therefore, EBR, BUP, norBUP, and
unconjugated NAL PKs could not be determined following
EBR + BUP/NAL for these participants.
In the GZR and BUP/NAL drug interaction trial (Trial 2),

12 participants receiving ongoing BUP/NAL treatment were
enrolled and completed treatment. Of the 12 participants
enrolled in Trial 2, six were taking BUP/NAL 8/2 mg, one was
taking 12/3 mg, three were taking 16/4 mg, and two were
taking 24/6 mg. A total of 107 non-HCV-infected participants
from a historical database were included as the reference in
the statistical analysis to assess the effect of BUP/NAL coad-
ministration onGZRPKs; one participant was excluded in the
model-based AUC, Cmax, and C24 analyses due to missing
covariate information. Demographic data for the trial popu-
lations and the historical controls are provided in Table 1.
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Table 1 Participant characteristics

EBR BUP/NAL DDI trial (n = 16) GZR BUP/NAL DDI trial (n = 12) Historical data: GZR (n = 107a)

Sex, no. (%)

Male 9 (56.2) 9 (75.0) 71 (66.4)

Female 7 (43.8) 3 (25.0) 36 (33.6)

Age, years, mean (range) 29 (23–44) 30 (22–47) 37 (18–64)

Height, m, mean (range) 1.73 (1.60–1.86) 1.73 (1.57–1.85) 1.71 (1.49–1.90)

Weight, kg, mean (range) 82.9 (66.8–102.2) 76.8 (56.0–100.2) 77.3 (52.3–111.0)

BMI, kg/m2, mean (range) 27.8 (23.1–31.6) 26.0 (20.3–35.3) 26.3 (19.3–35.0)

Race, no. (%)

White 10 (100.0) 12 (100.0) 89 (83.2)

Black/African American 0 (0) 0 (0) 9 (8.4)

Asian 0 (0) 0 (0) 2 (1.9)

Other 0 (0) 0 (0) 6 (5.6)

Unknowna 0 (0) 0 (0) 1 (0.9)

Ethnicity, no. (%)

Hispanic or Latino 0 (0) 2 (16.7) 22 (20.6)

Not Hispanic or Latino 16 (100) 10 (83.3) 85 (79.4)

BMI, body mass index; BUP, buprenorphine; EBR, elbasvir; GZR, grazoprevir; NAL, naloxone.
aRace of one participant was unknown and the participant was excluded from the model-based analysis for the comparison of GZR AUC, Cmax, and C24 with and
without BUP/NAL coadministration (n = 106). A total of 107 non-HCV-infected participants from a historical database were pooled and used for comparison of
Tmax.

Effect of EBR or GZR coadministration on BUP, NorBUP,
and NAL PKs
In healthy participants, coadministration of EBR with
BUP/NAL had no meaningful effect on the concentration–
time profiles of BUP, its active metabolite NorBUP, or
NAL (Figure 1). Statistical comparisons showed no notable
changes in the PKs of BUP or NorBUP when BUP/NAL was
coadministered with EBR. GMRs for AUC0-�, Cmax, and C24

(BUP/NAL coadministered with EBR relative to BUP/NAL
alone) ranged from 0.94–0.98 for BUP and 0.97–1.10 for Nor-
BUP, with narrow CIs (Table 2). The GMRs for NAL AUC0-�

and Cmax (BUP/NAL coadministered with EBR relative to
BUP/NAL alone) were 0.88 and 0.85, respectively, with 90%
CIs containing 1. Tmax and apparent T½ for BUP, NorBUP, and
NAL were similar for the two treatments.
In participants on stable BUP/NAL opioid agonist therapy,

coadministration of GZR with BUP/NAL had no meaningful
effect on the concentration–time profiles of BUP, NorBUP, or
NAL (Figure 2). Statistical comparisons for BUP showed that
the GMRs for dose-normalized AUC0-24 and Cmax (BUP/NAL
coadministered with GZR relative to BUP/NAL alone) were
0.98 and 0.90, respectively, with 90% CIs containing 1
(Table 3). Statistical comparisons for NorBUP and NAL
showed that the GMRs for dose-normalized AUC0-�

(BUP/NAL coadministered with GZR relative to BUP/NAL
alone) were 1.13 and 1.10, respectively, with 90% CIs con-
taining 1. The dose-normalized Cmax GMRs (BUP/NAL coad-
ministered with GZR relative to BUP/NAL alone) were 1.10
and 1.00, respectively, with 90% CIs containing 1 (Table 3).

Effect of BUP/NAL coadministration on EBR or GZR PKs
In healthy participants, coadministration of BUP/NAL with
EBR had nomeaningful effect on the concentration–time pro-
file of EBR (Figure 1). EBR GMRs for AUC0-�, Cmax, and C24

(EBR coadministered with BUP/NAL relative to EBR alone)
ranged from 1.13–1.22, with 90% CIs containing 1. The

observed EBR median Tmax was �1 hour later when admin-
istered alone than when coadministered with BUP/NAL (4.00
vs. 3.01 hours) (Table 4). The EBR GM apparent terminal T½
was similar in the absence and presence of BUP/NAL (18.46
hours vs. 18.60 hours).

To assess the effect of BUP/NAL coadministration on GZR
PKs, GZR exposures (AUC0-24, Cmax, and C24) from partic-
ipants who were on stable maintenance BUP/NAL opioid
agonist therapy were compared with those following multiple
administration of GZR 200 mg alone in a historical database.
GMRs for GZR AUC0-24, Cmax, and C24 (GZR coadministered
with BUP/NAL relative to GZR alone) ranged from 0.80–0.97
(Table 5) with the associated 90% CIs containing 1. In addi-
tion, coadministration did not appear to have an effect on the
range of GZR Tmax.

Safety and tolerability in the clinical drug
interaction studies
Coadministration of EBR or GZR with BUP/NAL was gen-
erally well tolerated in healthy participants. In the EBR and
BUP/NAL drug interaction trial (Trial 1), three participants dis-
continued due to AEs of drug-related vomiting. Thirteen par-
ticipants reported a total of 78 AEs, of which 73 were consid-
ered drug-related (three AEs were related to NTX (n = 3), 4 to
EBR (n = 3), 28 to EBR, BUP/NAL, and NTX (n = 7), and 38
to BUP/NAL and NTX (n = 11)). All AEs were mild or moder-
ate in intensity and resolved by the end of the trial. There
were no serious AEs, clinically meaningful laboratory AEs,
AEs of special interest, or deaths reported. Themost frequent
drug-related AEs were nausea (63%), dizziness (38%), vom-
iting (31%), and headache and somnolence (25% each), all
of which were reported during periods when BUP/NAL was
administered and are known side effects of these drugs.17

In the GZR and BUP/NAL drug interaction trial (Trial 2),
there were no serious AEs, treatment discontinuations, or
deaths during the trial. Seven participants receiving stable
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Figure 1 Arithmetic mean (standard deviation) plasma concentration–time profiles of (a) elbasvir, (b) buprenorphine, (c) norbuprenor-
phine, and (d) naloxone following the administration of a single oral dose of elbasvir 50 mg with and without a single sublingual dose of
buprenorphine/naloxone 8/2 mg in healthy participants (N = 16).

BUP/NAL opioid agonist therapy reported a total of 13 AEs,
of which two were considered drug-related. The two drug-
related AEs were dry mouth and constipation, both in par-
ticipants receiving GZR with BUP/NAL. All AEs were mild
to moderate in intensity and resolved by trial completion.
The most frequent AE was headache, noted in two partici-
pants (one receiving BUP/NAL and one receiving GZR with
BUP/NAL). There were no clinically meaningful changes in
laboratory values, vital signs, or ECGs noted in either study.

DISCUSSION

Data from the present trials demonstrate that in healthy
participants or non-HCV-infected participants on stable

BUP/NAL maintenance therapy, coadministration of EBR or
GZR with BUP/NAL had a minimal effect on the PKs of BUP
and NAL. The stable plasma concentrations of BUP and NAL
suggest that coadministration with EBR or GZR is unlikely to
lead to opioid intoxication or withdrawal. Similarly, coadmin-
istration of BUP/NAL with EBR in healthy participants and
GZR in non-HCV-infected participants on stable BUP/NAL
maintenance therapy also did not meaningfully impact the
PKs of EBR or GZR, suggesting that the safety and efficacy
profiles of EBR or GZR would not be affected if coadmin-
istered with BUP/NAL. The results from these DDI studies
supported the inclusion of HCV-infected participants who
were on opioid agonist therapy in phase III clinical studies
that investigated the safety and efficacy of EBR/GZR for the
treatment of individuals with HCV infection.
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Figure 1 Continued.

Although the two DDI studies reported here were con-
ducted as separate studies using single-entity formula-
tions of EBR or GZR, the conclusion from these studies is
expected to be applicable to the clinical setting of coad-
ministering BUP/NAL with the fixed-dose combination of
EBR/GZR, because i) it has been demonstrated that EBR
and GZR coadministration have no meaningful effect on the
PK of either EBR or GZR (AUC GMRs (90% CIs) for EBR
and GZR were 1.01 (0.83–1.24) and 0.90 (0.63–1.28) for the
comparisons EBR + GZR/EBR alone and GZR + EBR/GZR
alone, respectively),4,5 and ii) the lack of clinically meaning-
ful interactions noted with EBR and GZR separately provides
support that the combination is unlikely to produce clinically
meaningful effects on BUP/NAL exposures. In addition, par-
ticipants in these studies received either sublingual film or
sublingual tablet formulations of BUP/NAL as long as the

same formulation was used throughout the study. Since the
results were summarized based on the effects in each indi-
vidual participant, the potential difference in the PK profiles
for each formulation is not expected to affect the DDI assess-
ment and interpretation.

The potential for drug interaction between EBR and
BUP/NAL was assessed in a single-dose design in healthy
volunteers. Elbasvir was administered at a dose of 50mg/day
in the present study, the approved dose for individuals with
HCV infection. Since in vitro data have shown that EBR does
not induce drug-metabolizing enzymes or transporters,4,5

and neither BUP nor NAL is reported to induce enzymes
or transporters involved in the disposition of EBR, it is not
necessary to assess the potential for drug interaction due
to induction using a multiple-dose study design. In addition,
since EBR exhibits linear PKs and the BUP and NAL PKs are
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Table 2 Summary statistics of buprenorphine, norbuprenorphine, and naloxone plasma pharmacokinetics following administration of a single oral dose of elbasvir
50 mg with and without a single sublingual dose of buprenorphine 8 mg / naloxone 2 mg in healthy participants

BUP/NAL alone BUP/NAL + EBR
BUP/NAL + EBR/
BUP/NAL alone

Pharmacokinetic parameter na GM 95% CI na GM 95% CI GMR 90% CI

Pseudo
within-

participant
%CVb

BUP

AUC0-�
c,d, ng·hr/mL 14 38.4 30.5–48.4 13 37.6 31.4–45.2 0.98 0.89–1.08 13.1

Cmax
c, ng/mL 15 3.79 3.05–4.72 13 3.57 2.85–4.48 0.94 0.82–1.08 19.7

Tmax
e, hr 15 1.51 0.75, 3.00 13 1.49 0.73, 2.99

Apparent terminal T½d,f, hr 14 37.39 32.53 13 39.59 36.24

NorBUP

AUC0-�
c,d, ng·hr/mL 14 49.4 38.9–62.6 13 47.7 37.1–61.4 0.97 0.86–1.09 17.5

Cmax
c, ng/mL 15 0.992 0.751–1.31 13 1.09 0.823–1.44 1.10 0.98–1.23 16.5

Tmax
e, hr 15 1.51 0.50, 12.01 13 1.01 0.49, 11.98

Apparent terminal T½d,f, hr 14 38.81 33.64 13 33.92 33.27

NAL

AUC0-�
c,d, ng·hr/mL 14 0.47 0.37–0.598 13 0.416 0.316–0.549 0.88 0.78–1.00 17.9

Cmax
c, ng/mL 15 0.165 0.133–0.203 13 0.139 0.103–0.188 0.85 0.66–1.09 36.3

Tmax
e, hr 15 0.75 0.50, 1.51 13 0.98 0.49, 1.01

Apparent terminal T½d,f, hr 14 1.93 51.48 13 2.08 48.71

BUP/NAL alone: a single sublingual dose of BUP 8 mg / NAL 2 mg (with naltrexone (NTX) blockage administered as NTX HCl 50 mg every 12 hours starting 14
hours prior to the BUP/NAL dose, for a total of three NTX doses).
BUP/NAL + EBR: a single oral dose of EBR 50 mg coadministered with a single sublingual dose of BUP 8 mg / NAL 2 mg (with NTX blockage administered as
NTX HCl 50 mg every 12 hours starting 14 hours prior to the BUP/NAL dose, for a total of three NTX doses).
AUC0-�, area under the concentration–time curve from time 0 to extrapolated to infinity; BUP, buprenorphine; CI, confidence interval; Cmax, maximum concentra-
tion; EBR, elbasvir; GM, geometric mean; GMR, geometric mean ratio; NAL, naloxone; NorBUP, norbuprenorphine; Tmax, time to Cmax.
aOne participant was discontinued on day 1 of Period 1 (BUP/NAL alone) due to vomiting within 3 hours of dosing, and two participants were discontinued on
day 1 of Period 3 (EBR+ BUP/NAL) due to vomiting within 8 hours of dosing.
bPseudo within-participant %CV = 100 × sqrt[(σA

2 + σB
2 -2σAB)/2], where σA

2 and σB
2 are the estimated variance on the log scale for the two treatments, and

σAB is the corresponding estimated covariance, each obtained from the linear mixed-effects model.
cBack-transformed least-squares mean and CI from the linear mixed-effects model performed on natural log-transformed values
dThe terminal elimination phase could not be characterized for one participant following BUP/NAL alone; therefore, AUC0-� and apparent terminal T½ could not
be calculated for this participant.
eMedian (minimum, maximum) reported for Tmax.
fGM and geometric CV reported for apparent terminal T½.

dose-proportional,20,21 the results and interpretation from the
single-dose study can be extended to repeated administra-
tion. The NAL AUC and Cmax were slightly decreased, with
GMRs of�0.8 in this single-dose study, and it is possible that
the magnitude of the effect could theoretically increase with
multiple dosing of EBR if there is underlying enzyme or trans-
porter induction that was not predictable from in vitro studies.
However, EBR has not been observed to have any induction
potential in the numerous DDI studies that have been con-
ducted in the clinical development program.4,5 Furthermore,
the favorable safety and efficacy data from the phase III C-
EDGE CO-STAR trial in HCV-infected participants who were
receiving opioid agonist therapy support no clinically mean-
ingful interaction between BUP/NAL and EBR.22 Given that
a single-dose study design was adequate to interrogate the
DDI potential between BUP/NAL and EBR, it was possible
to conduct this short study with NTX blockade to minimize
the major adverse effects of BUP in healthy volunteers. The
administration of NTX in the BUP/NAL and EBR study is not
expected to affect the PKs of EBR, GZR, BUP, and NAL,23

since NTX is not an inhibitor or inducer of drug-metabolizing
enzymes.
In contrast, the potential for BUP/NAL and GZR interac-

tion was assessed after multiple doses of BUP/NAL and GZR

administration to fully assess the victim potential of GZR
due to the nonlinear and time-dependent PKs of GZR.4,5

Since it is considered unethical to administer long-term
daily BUP/NAL in healthy volunteers given the substan-
tial risk of causing opioid addiction, this study was con-
ducted in non-HCV-infected participants with established
opioid dosing regimens who remained on their regimens
throughout the study. In this study, GZR was adminis-
tered at a dose of 200 mg/day, since it has an �2-fold
higher exposure in HCV-infected people compared with
healthy people at steady state. The 200-mg dose in non-
HCV-infected participants was therefore selected to match
the exposure achieved when administering a 100-mg dose
(the clinically approved dose) in people with HCV infection.
For the DDI assessment between EBR and BUP/NAL, no
dose adjustment was necessary, as all participants received
the same dose of BUP/NAL. In contrast, in the GZR and
BUP/NAL DDI study, comparisons of BUP and NAL PKs
were based on dose-normalized exposure parameters in
non-HCV-infected participants who were on stable opioid
maintenance therapy. This analysis is considered accept-
able, because BUP and NAL PKs (both AUC and Cmax)
are reported to be dose-proportional within the dose range
used.20,21
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Figure 2 Arithmetic mean (standard deviation) dose-normalized plasma concentration–time profiles of (a) buprenorphine, (b) norbuprenor-
phine, and (c) naloxone following multiple oral doses of grazoprevir 200 mg once daily with and without coadministration of stable main-
tenance doses of buprenorphine/naloxone 8/2 mg to 24/6 mg once daily in adult participants receiving stable buprenorphine/naloxone
substitution therapy (N = 12).
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Table 3 Summary statistics of buprenorphine, norbuprenorphine, and naloxone plasma pharmacokinetics following stable maintenance doses of buprenor-
phine/naloxone 8/2 mg to 24/6 mg once daily with or without coadministration of multiple doses of grazoprevir 200 mg once daily for 10 days in adult participants
receiving stable buprenorphine/naloxone substitution therapy

BUP/NAL alone BUP/NAL + GZR
BUP/NAL + GZR/
BUP/NAL alone

Pharmacokinetic parameter n GM 95% CI n GM 95% CI GMR 90% CI

Pseudo
within-

participant
%CVa

BUP

AUC0-�/Db, ng·hr/mL/mg 12 4.65 3.64–5.95 12 4.57 3.35–6.23 0.98 0.81–1.19 26.4

Cmax/Db, ng/mL/mg 12 0.802 0.628–1.02 12 0.722 0.509–1.02 0.90 0.76–1.07 23.4

Tmax
c, hr 12 1.99 1.00, 3.00 12 2.01 1.00, 4.00

Apparent terminal T½d,e, hr 10 10.71 73.09 11 13.43 30.71

NorBUP

AUC0-�/Db, ng·hr/mL/mg 12 3.53 2.55–4.90 12 3.99 2.76–5.76 1.13 0.97–1.32 20.9

Cmax/Db, ng/mL/mg 12 0.223 0.153–0.324 12 0.246 0.167–0.36 1.10 0.97–1.25 17.2

Tmax
c, hr 12 3.00 1.00, 12.00 12 3.00 1.50, 6.00

Apparent terminal T½d,f, hr 5 16.13 26.12 8 33.87 49.98

NAL

AUC0-�/Db, ng·hr/mL/mg 12 0.352 0.257–0.482 12 0.387 0.256–0.584 1.10 0.82–1.47 39.6

Cmax/Db, ng/mL/mg 12 0.149 0.113–0.196 12 0.149 0.110–0.204 1.00 0.80–1.27 31.7

Tmax
c, hr 12 0.75 0.50, 3.00 12 1.24 0.50, 2.02

Apparent terminal T½d,g, hr 10 3.33 92.14 12 5.20 107.25

BUP/NAL alone: BUP 8 mg / NAL 2 mg to 24/6 mg on day 1.
BUP/NAL + GZR: coadministration of BUP 8 mg / NAL 2 mg to 24/6 mg once daily with GZR 200 mg once daily on days 2–11.
AUC0-�, area under the concentration–time curve from time 0 extrapolated to infinity; BUP, buprenorphine; CI, confidence interval; Cmax, maximum concentration;
D, dose normalized; GM, geometric mean; GMR, geometric mean ratio; GZR, grazoprevir; NAL, naloxone; NorBUP, norbuprenorphine; Tmax, time to Cmax.
aPseudo within-participant %CV = 100 × sqrt[(σA

2 + σB
2 -2σAB)/2], where σA

2 and σB
2 are the estimated variance on the log scale for the two treatments, and

σAB is the corresponding estimated covariance, each obtained from the linear mixed-effects model.
bBack-transformed least-squares mean and CI from the linear mixed-effects model performed on natural log-transformed values.
cMedian (minimum, maximum) reported for Tmax.
dGM and geometric CV reported for apparent terminal T½.
eNo apparent terminal T½ could be calculated for two participants following administration of BUP/NAL alone and for one participant following coadministration
of BUP/NAL with GZR, due to the lack of data in the terminal phase.
fNo apparent terminal T½ could be calculated for seven participants following administration of BUP/NAL alone and for four participants following coadministration
of BUP/NAL with GZR, due to the lack of data in the terminal phase.
gNo apparent terminal T½ could be calculated for two participants following administration of BUP/NAL alone due to the lack of data in the terminal phase.

Since participants in the BUP/NAL and GZR drug inter-
actions study were already receiving stable maintenance
BUP/NAL therapy and BUP/NAL dosing could not be inter-
rupted in this study population without substantial risk
of inducing withdrawal symptoms and their psychological
sequelae, it was not feasible to assess the effect of BUP/NAL
coadministration on GZR PKs in the same participants using
a crossover study design. Therefore, in order to provide an
estimate of the effect of BUP/NAL coadministration on GZR
PKs, GZR exposures when coadministered with BUP/NAL
were compared with pooled GZR exposures in non-HCV-
infected healthy participants in a historical database. All his-
torical controls were selected based on the following cri-
teria that were chosen to match the conditions of the DDI
study: i) PK data were from non-HCV-infected participants;
ii) PK data were measured after multiple-dose administra-
tion of GZR 200 mg alone; and iii) the study treatment was
administered under fasted conditions. As such, the pooled
data set represented a general non-HCV-infected popula-
tion that can be compared with the study populations in the
GZR BUP/NAL DDI study. Although the validity of pooling
the historical data for the GZR comparison was supported
by the similar demographics between the participants in the
GZR BUP/NAL DDI study and the historical cohort as well

as additional analyses suggesting that the interstudy varia-
tion in the historical cohort is minimal, there may be potential
limitations in the GZR comparison since the historical cohort
was not matched to participants in the GZR BUP/NAL study.
A GZR population PK model has been developed with the
primary goal of characterizing GZR PK in HCV-infected indi-
viduals. The model was developed based on PK data from a
limited number of non-HCV participants and PK data from
several studies in a large number of HCV-infected partici-
pants. As such, the GZR population PKmodel was not suited
to assess the effect of BUP/NAL coadministration on GZR
exposure in non-HCV-infected participants as described in
the studies in this article. Instead, the GZR PK comparison
in non-HCV-infected participants was treated using statisti-
cal mixed-effectsmodeling considering various covariates as
fixed effects in the statistical model. A large number of covari-
ates, such as race, ethnicity, age, sex, and body weight, were
included in the statistical model based on knowledge of the
effects of these factors on GZR PK that are derived from
population PK analyses.4,24

Despite the limitations of the study designs and the two-
step approach of noncompartmental analysis for the esti-
mation of GZR PK in non-HCV-infected populations fol-
lowed by statistical analysis PK comparisons, the lack of
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Table 4 Statistical comparison and summary statistics of elbasvir plasma pharmacokinetics following administration of a single oral dose of elbasvir 50 mg with
and without a single sublingual dose of buprenorphine/naloxone 8/2 mg in healthy participants

EBR alone BUP/NAL + EBR
BUP/NAL + EBR/EBR

alone
EBR pharmacokinetic
parameter na GM 95% CI na GM 95% CI GMR 90% CI

Pseudo
within-

participant
%CVb

AUC0-�
c, μM·hr 15 2.08 1.54–2.83 13 2.55 1.94–3.35 1.22 0.98–1.52 32.1

Cmax
c, μM 15 0.103 0.076–0.139 13 0.116 0.091–0.149 1.13 0.87–1.46 38.3

C24
c, nM 15 32.5 24.50–43.1 13 39.7 30.20–52.1 1.22 0.99–1.51 30.9

Tmax
d, hr 15 4.00 2.00, 6.00 13 3.01 2.00, 6.05

Apparent terminal T½e, hr 10 18.46 17.34 3 18.60 18.92

EBR alone: a single oral dose of EBR 50 mg.
BUP/NAL + EBR: a single oral dose of EBR 50 mg coadministered with a single sublingual dose of BUP 8 mg / NAL 2 mg (with naltrexone (NTX) blockage
administered as NTX HCl 50 mg every 12 hours starting 14 hours prior to the BUP/NAL dose, for a total of three NTX doses).
AUC0-�, area under the concentration–time curve from time 0 extrapolated to infinity; BUP, buprenorphine; C24, plasma drug concentration at time 24 hours after
dosing; CI, confidence interval; Cmax, maximum concentration; EBR, elbasvir; GM, geometric mean; GMR, geometric mean ratio; NAL, naloxone; Tmax, time to
Cmax.
aTwo participants were discontinued from the trial by the investigator on day 1 of Period 3 (EBR+ BUP/NAL) due to vomiting within 8 hours of dosing, and one
participant was discontinued by the investigator on day 1 of Period 1 (BUP/NAL alone) due to vomiting within 3 hours of dosing.
bPseudo within-participant %CV = 100 × sqrt[(σA

2 + σB
2 -2σAB)/2], where σA

2 and σB
2 are the estimated variance on the log scale for the two treatments, and

σAB is the corresponding estimated covariance, each obtained from the linear mixed-effects model.
cBack-transformed least-squares mean and CI from the linear mixed-effects model performed on natural log-transformed values.
dMedian (minimum, maximum) reported for Tmax.
eGM and geometric CV reported for apparent terminal T½.

Table 5 Statistical comparison of grazoprevir pharmacokinetic parameter values following multiple-dose administration of grazoprevir 200 mg alone once daily
(historical cohort) and coadministration of grazoprevir 200 mg and buprenorphine/naloxone in non-HCV-infected participants

GZR alone BUP/NAL + GZR
BUP/NAL + GZR/GZR

alone

GZR pharmacokinetic
parameter na GM 95% CI n GM 95% CI GMR 90% CI rMSEb

AUC0-24
c, μM·hr 106 2.47 2.20–2.77 12 2.13 1.49–3.03 0.86 0.63–1.18 0.600

Cmax
c, μM 106 0.583 0.508–0.681 12 0.473 0.302–0.739 0.80 0.54–1.20 0.757

C24
c, nM 106 13.9 12.8–15.2 12 13.5 10.5–17.5 0.97 0.77–1.22 0.436

Tmax
d, hr 107 3.00 1.00, 6.00 12 4.00 2.00, 6.00

AUC0-24, area under the concentration–time curve from time 0–24 hours postdose; BUP, buprenorphine; C24, plasma drug concentration at time 24 hours after
dosing; CI, confidence interval; Cmax, maximum concentration; GM, geometric mean; GMR, geometric mean ratio; GZR, grazoprevir; NAL, naloxone.
aRace of one participant was unknown. This participant was excluded from the model-based analysis for the comparison of GZR pharmacokinetics with and
without BUP/NAL coadministration.
brMSE: square root of mean squared error (residual error) from the analysis of covariance model. rMSE*100% approximates the between-participant %CV on the
raw scale.
cBack-transformed least-squares mean and CI from the linear fixed-effects model performed on natural log-transformed values.
dMedian (minimum, maximum) reported for Tmax.

clinically meaningful DDIs observed in these studies is sup-
ported by the favorable safety and efficacy profiles in the
phase III, placebo-controlled, C-EDGE CO-STAR trial in
treatment-naive participants with HCV GT1, 4, or 6 infec-
tion receiving opioid agonist therapy.22 In this study, HCV-
infected participants received either an immediate EBR 50
mg / GZR 100 mg fixed-dose combination q.d. for 12 weeks,
or placebo for 12 weeks followed by deferred treatment with
EBR/GZR. Overall, EBR/GZR demonstrated high efficacy,
with 91.5% of participants in the immediate-treatment group
achieving sustained virologic response at follow-up week
12.22 There were similar safety profiles in the active treat-
ment group and the placebo treatment group, and there was
excellent treatment adherence despite a high rate of ongo-
ing drug use. These results demonstrate that antiviral activity
and the safety profile are maintained in HCV-infected partic-
ipants receiving EBR/GZR and opioid agonist therapy with
BUP or BUP/NAL and that the coadministration of EBR/GZR
with BUP or BUP/NAL is well tolerated in this population.22

Taken together, the findings of these studies demonstrate
that no dose adjustment is required for people with HCV
infection receiving the EBR/GZR fixed-dose combination in
combination with stable BUP/NAL opioid agonist therapy
and that the fixed-dose combination of EBR/GZR is a safe
and effective treatment option for people with HCV infection
who are receiving opioid agonist therapy.
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