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In this study we sought to evaluate narlaprevir (NVR) pharmacokinetics (PK) after a single dose with or without ritonavir (RTV)
in cirrhotic versus healthy subjects. NVR at 200 mg was administered to 8 healthy and 8 cirrhotic subjects, and NVR at 100 mg
with RTV at 100 mg was administered to 8 healthy and 8 cirrhotic subjects. PK analysis was performed. The geometric mean max-
imum concentration of a drug in serum (Cmax) and the area under the concentration-time curve from 0 to infinity (AUC0 –�) were
563.1 ng/ml and 4,701.8 ng · h/ml in cirrhotic patients versus 364.8 ng/ml and 1,917.1 ng · h/ml in healthy volunteers, respec-
tively. The geometric mean ratios of the PK parameters of cirrhotic subjects to healthy volunteers were 1.54-fold (90% confi-
dence interval [CI] � 1.05 to 2.27) for Cmax and 2.45-fold (90% CI � 1.56 to 3.85) for AUC0 –�. The geometric mean Cmax and
AUC0 –� in cirrhotic and healthy subjects were similar: 1,225.7 ng/ml for Cmax and 15,213.1 ng · h/ml for AUC0 –� in cirrhotic
subjects and 1,178.9 ng/ml for Cmax and 14,257.2 ng · h/ml for AUC0 –� in healthy volunteers. The corresponding geometric mean
ratios were 1.04 (90% CI � 0.67 to 1.62) for Cmax and 1.07 (90% CI � 0.72 to 1.58) for AUC0 –�. Higher exposures in cirrhotic
subjects were safe and well tolerated. We found that NVR exposures after a 200-mg single dose were higher in cirrhotic subjects
than in healthy subjects and that a 100-mg single dose of NVR boosted with RTV at 100 mg resulted in no significant PK differ-
ences between cirrhotic and healthy subjects.

Narlaprevir (NVR) is a potent inhibitor of hepatitis C virus
(HCV) NS3 protease with a Ki of 7 � 1 nM and a 90% inhib-

itory concentration (IC90) of �28 ng/ml for HCV genotype 1 rep-
licon in vitro (1). Metabolic boosting with ritonavir (RTV) and
administration under a fed condition allows favorable once-daily
dosing of NVR (2). Phase II clinical trials have shown that the
addition of 200 mg of NVR with RTV at 100 mg for 12 weeks to
peginterferon and ribavirin significantly increases the rates of sus-
tained virological response (SVR) up to 85% in treatment-naive
noncirrhotic patients with chronic HCV genotype 1 infection (3).
A phase III multicenter randomized placebo-controlled efficacy
and safety study in 420 naive and treatment-experienced noncir-
rhotic patients has been recently completed in Russia.

HCV-related morbidity and mortality rates are increasing both
globally and in Eastern Europe (4, 5) due to a substantial number
of patients with advanced liver disease and liver cirrhosis. These
patients are considered to be treated with priority since the erad-
ication of HCV in them is associated with increased survival, in-
terruption of the progression of the disease, and reversal of liver
fibrosis (6). In advanced liver fibrosis and cirrhosis, liver function

impairment results in disruption of metabolic pathways of many
drugs, including direct-acting antivirals (DAAs) used for the
treatment of HCV infection; therefore, compromised metabolism
may both decrease antiviral activity and alter safety profiles of
DAAs in these patients.

The objective of this study was to evaluate pharmacokinetics
(PK) after a single oral dose of NVR alone and in combination
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TABLE 1 Demographic characteristics

Parameter

Part 1 Part 2

All participants
(n � 32)

Cirrhotic patients
(n � 8)

Healthy subjects
(n � 8)

Cirrhotic patients
(n � 8)

Healthy subjects
(n � 8)

No. male (%) 6 (75) 6 (75) 7 (87) 7 (87) 26 (81)
No. female (%) 2 (25) 2 (25) 1 (13) 1 (13) 6 (19)
Mean age in yrs (SD) 56.4 (6.99) 53.9 (7.45) 49.8 (13.48) 49.0 (15.59) 52.3 (11.35)
Mean BMI (SD) 28.5 (4.18) 27.35 (4.40) 27.3 (4.65) 26.9 (4.14) 27.5 (4.18)

crossmark

7098 aac.asm.org December 2016 Volume 60 Number 12Antimicrobial Agents and Chemotherapy

http://dx.doi.org/10.1128/AAC.01044-16
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1128/AAC.01044-16&domain=pdf&date_stamp=2016-9-19
http://aac.asm.org


with RTV in patients with compensated liver cirrhosis and in
matched healthy controls.

(Some of the results of this study were presented at the Liver
Meeting AASLD, 13 to 17 November 2015, San Francisco, CA,
USA.)

MATERIALS AND METHODS
This was an international two-part, open-label, parallel-group, single-
dose phase I pharmacokinetic study conducted in two sites in Georgia and
1 site in Russia. A total of 32 adult subjects (6 women and 26 men) aged 18
to 75 years were included in the study: 16 patients with compensated
cirrhosis Child-Pugh class A without active HCV infection and 16 healthy
subjects, all Caucasians (Table 1). Subjects with cirrhosis were in stable
condition, required to have documented history of hepatic disease other
than chronic hepatitis C (CHC) diagnosed by liver biopsy, imaging tech-
niques, and/or medical history of chronic liver disease, and had Child-
Pugh scores of 5 or 6, consistent with Child-Pugh class A category.
Healthy subjects, individually matched to cirrhotic patients based on gen-
der, age, body mass index (BMI), and smoking status, were deemed
healthy based on medical history, physical examination, laboratory tests,
and 12-lead electrocardiograms and had negative test results for hepatitis
B virus surface antigen and HCV antibodies. Key exclusion criteria for all
subjects included positive screening tests results for hepatitis B and C

viruses and human immunodeficiency virus, a history of drug sensitivity
or drug abuse, prior use of medications contraindicated with ritonavir
within 1 month prior to study drug administration, the presence of clin-
ically significant comorbidities (other than liver failure for patients with
cirrhosis), pregnancy, lactation, or pregnancy planning. The study was
conducted in accordance with the principles of Good Clinical Practice, the
Declaration of Helsinki, and local ethical and legal requirements. All par-
ticipants provided informed consent forms approved by Independent
Ethics Committees prior to the initiation of any screening or study-spe-
cific procedures.

In part 1 of the study, 8 patients with compensated cirrhosis and 8
matched healthy adult subjects received single doses of NVR at 200 mg
with 240 ml of water after a standard breakfast. The 200-mg NVR dose was
chosen since this is the intended therapeutic dose. This dose is the ap-
proved marketed dose of NVR for the treatment of CHC genotype 1 in the
Russian Federation.

In part 2 of the study, 8 patients with compensated cirrhosis and 8
healthy subjects received NVR at 100 mg in combination with RTV at 100
mg with 240 ml of water after a standard breakfast. The study design is
depicted in Fig. 1. As an additional safety precaution, dosing in part 2 of
the study was conducted after an interim analysis of the part 1 results.

Intensive blood sampling for NVR and RTV (for part 2) concentra-
tions was performed 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 8, 12, 24, 36, 48, 72,
96, and 120 h after dosing. Blood samples were collected into EDTA tubes

FIG 1 Study design.

FIG 2 Concentration-time curves for cirrhotic patients and healthy volun-
teers after 200-mg single-dose narlaprevir treatment (part 1) on a normal scale.

FIG 3 Concentration-time curves for cirrhotic patients and healthy volun-
teers after narlaprevir (100 mg) plus ritonavir 100-mg single dosing (part 2) on
a normal scale.
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and stored on ice until centrifugation, and plasma samples were stored
at �20°C until analysis. Narlaprevir and ritonavir levels in human matrix
were determined through a validated high-performance method in a cer-
tified analytical laboratory, Quinta-Analytica, under Good Laboratory
Practices according to EU regulations. The method was based on tandem
mass spectrometry (high-pressure liquid chromatography/electrospray
ionization/tandem mass spectrometry) in positive mode performed after
the removal of proteins in the sample by precipitation with methanol.

A noncompartmental model was used for PK analysis of NVR and
RTV in plasma and urine (data are not shown). PK parameters were
calculated using Phoenix WinNonlin software (version 6.3). The maxi-
mum observed plasma concentration (Cmax) and the time to Cmax

achievement (Tmax), the terminal half-life (t1/2), and the area under the
concentration-time curve from time zero to infinity (AUC0 –�) were cal-
culated for NVR; the Cmax, the area under the concentration-time curve
from time zero to the last measurement (AUC0 –last), and the Tmax were
calculated for RTV. Simulation of PK parameters for NVR at steady state
was performed using the WinNonlin module “NonParametric Superpo-
sition.” The Cmax for steady state (Cmax ss), the AUCtau (tau � 24 h), the
minimal predose concentration (Ctrough), and the accumulation index
were calculated. The lower limit of quantification (LLOQ) for NVR in
plasma was 10.0 ng/ml, with an interassay accuracy of 103.94% and an
interassay precision matching a 7.51% coefficient of variation (CV) at
LLOQ.

Safety and tolerability were evaluated based on adverse event moni-
toring, vital signs measurements, physical examinations, two-lead ECG
assessments, and laboratory tests. All cirrhotic patients and healthy vol-
unteers (32 in all) completed the study and were included in the analysis.
The total duration of each patient’s participation in the study was up to 35
days. Geometric means (GMEAN) were calculated for single-dose PK
parameters and for steady-state simulation results, both with 90% CIs.
The narlaprevir Ctrough values in part 2 of the study were compared to the
IC90 against HCV in order to demonstrate the achievement of therapeutic
concentrations in plasma. The IC90 value was not protein adjusted.

RESULTS AND DISCUSSION

Healthy subjects were individually matched to cirrhotic patients;
therefore, subject demographics were well balanced between co-
horts in terms of age, body weight, sex, smoking status, and race/
ethnicity (all were Caucasians). The mean concentration-time
curves after single dosing of NVR at 200 mg in part 1 of the study
and NVR plus RTV in part 2 for patients with cirrhosis and healthy
subjects are shown in Fig. 2 and 3 on a normal scale.

The GMEAN Cmax and AUC0 –� values were 1.54 and 2.45
times higher in patients with compensated cirrhosis versus healthy
subjects, respectively, in part 1 of the study (Tables 2 and 3). The
simulated steady-state (tau � 24 h) GMEAN Cmax ss and AUCtau

values in patients with compensated cirrhosis were 1.67 and 2.37
times higher than in healthy subjects, respectively (Table 4). Tak-
ing into account the increase in NVR exposure in patients with
cirrhosis compared to healthy volunteers in part 1 of the study and
further expected increase due to RTV boosting, NVR dose was
reduced to 100 mg in part 2 of the study.

The reduced single 100-mg NVR dose in combination with
RTV at 100 mg in part 2 of the study led to significantly higher
NVR concentrations than those observed in part 1, both in healthy
volunteers and in patients with compensated cirrhosis. There were
no significant differences in plasma NVR exposures between pa-
tients with compensated cirrhosis and healthy subjects after sin-
gle-dose NVR at 100 mg in combination with RTV at 100 mg; the
GMEAN Cmax and AUC0 –� values were 1.04 and 1.07 in patients
with compensated cirrhosis versus healthy subjects, respectively.
In steady-state simulations, the GMEAN Cmax ss and AUCtau val-
ues were 1.05 and 1.07, respectively, in patients with compensated
cirrhosis versus healthy subjects (Table 4).

The ritonavir PK parameters were determined for cirrhotic
patients and healthy volunteers in part 2 of the study. The concen-
tration-time curves demonstrated similar patterns for cirrhotic
patients and healthy volunteers; however, the achieved maximum
concentration and the AUC were 44.6 and 63.6% higher, respec-
tively, in the compensated cirrhosis group (Fig. 4). All ritonavir
PK parameters demonstrated high variability (Table 5).

Narlaprevir Ctrough plasma values at steady state (simulation
for NVR at 100 mg with RTV at 100 mg using once-daily dosing)
were at least 8 times higher than the IC90 both in patients with
compensated cirrhosis and in healthy volunteers (Fig. 5, 6, and 7).
Therefore, the 100-mg dose of NVR boosted by RTV at 100 mg can
theoretically be sufficient for the treatment of HCV-infected pa-
tients with compensated cirrhosis, although this concept requires
further clinical investigation.

NVR accumulation at steady-state was low in patients with
compensated cirrhosis in both parts of the study. The accumula-

TABLE 2 Plasma PK parameters after single-dose administration of narlaprevir (part 1) and narlaprevir with ritonavir (part 2) in patients with
compensated cirrhosis and in healthy subjectsa

Parameter

Part 1 (NVR 200 mg) Part 2 (NVR 100 mg/RTV 100 mg)

Cirrhotic patients (n � 8) Healthy subjects (n � 8) Cirrhotic patients (n � 8) Healthy subjects (n � 8)

t1/2 (h) 9.3 (44.2) 2.6 (53.6) 10.4 (36.6) 12.2 (24.8)
Tmax (h) 4.0 (48.7) 1.5 (49.2) 4.0 (52.0) 4.0 (39.8)
a t1/2 and Tmax values are both expressed as medians, with the coefficients of variation indicated in parentheses. NVR, narlaprevir; RTV, ritonavir.

TABLE 3 Plasma PK parameters after single-dose administration of narlaprevir (part 1) and narlaprevir with ritonavir (part 2) in patients with
compensated cirrhosis and in healthy subjectsa

Investigated regimen Parameter

GMEAN

P/H

90% CI

Cirrhotic patients (n � 8) Healthy subjects (n � 8) Lower Upper

NVR at 200 mg (part 1) AUC0–� (ng · h/ml) 4,701.8 1,917.1 2.45 1.56 3.85
Cmax (ng/ml) 563.1 364.8 1.54 1.05 2.27

NVR at 100 mg � RTV at 100 mg (part 2) AUC0–� (ng · h/ml) 15,213.1 14,257.2 1.07 0.72 1.58
Cmax (ng/ml) 1,225.7 1,178.9 1.04 0.67 1.63

a Cmax and AUC0 –� are presented as arithmetic means. P/H, patient/healthy subject ratio; NVR, narlaprevir; RTV, ritonavir.
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tion index was 1.23 (CV � 18.7%) in part 1 and 1.21 (CV �
17.7%) in part 2 of the study.

Cirrhotic patients and healthy volunteers tolerated NVR well
both in monotherapy and in combination with RTV. Of 32 sub-
jects, 2 reported four adverse events in all (Table 6). No clinically
significant treatment-emergent laboratory abnormalities were
observed. There were no clinically significant changes from base-
line in vital signs.

The study was designed to assess the impact of mild hepatic
impairment on NVR pharmacokinetics after single dosing alone
and in combination with RTV. Narlaprevir plasma exposures in
patients with cirrhosis (Child-Pugh class A) were found to be sig-
nificantly higher than in healthy volunteers (Cmax values were 1.54
times higher, and AUC values were 2.45 times higher) after single-
dose administration. Coadministration of NVR in a reduced dose
with RTV in the second part of the study resulted in higher NVR
exposure values compared to those after single NVR dosing in part
1 of the study, both in patients with mild hepatic impairment and
in healthy volunteers. There were no differences in plasma NVR
exposure between patients with cirrhosis and healthy volunteers
(Cmax values were 1.04 times higher, and AUC values were 1.07
times higher).

It is clear that chronic liver disease can significantly affect he-
patic drug metabolism and elimination, thereby potentially affect-
ing the pharmacokinetics of drugs that are primarily eliminated by
the liver. Another explanation is that RTV can affect NVR metab-
olism and elimination. Narlaprevir metabolism occurs in the liver,

and biliary excretion is the major route for elimination. NVR is a
substrate for the efflux transporter P-gp and the cytochrome P450
enzyme CYP3A4; the enhancing effect of RTV may be attributed
to the inhibition of both P-gp and CYP3A4. A phase I study
(P05065) has shown that only 3.1% of the radioactivity was found
in urine, whereas 81.1% of the radioactivity was detected in feces
after single oral administration of radiolabeled NVR at 400 mg as
a single agent (data not shown). It is noteworthy that the percent-
age of detected radioactivity in urine and feces changed when RTV
was coadministered with NVR; radioactivity in the urine and feces
accounted for 33.5 and 55.9% of the dose, respectively, after a
single oral dose of radiolabeled NVR at 400 mg with RTV at 100
mg. These results are consistent with data from our study: NVR
exposure in patients with cirrhosis and mild hepatic insuffi-
ciency was significantly higher than in healthy volunteers when
NVR was administered as monotherapy. This can be explained
by the fact that NVR given as a single agent is primarily elimi-
nated via the liver and the gastrointestinal tract, whereas elim-
ination via urine becomes more relevant after coadministra-
tion with RTV.

In order to confirm that the reduced dose of NVR coadminis-
tered with RTV will be sufficient to achieve feasible efficacy of
NVR-containing regimens in patients with or without cirrhosis,
we compared actual NVR exposure values with the IC90 against
the HCV replicon in vitro. Steady-state narlaprevir Ctrough plasma
values (simulation for NVR at 100 mg with RTV at 100 mg once-
daily dosing) were shown to be at least 8 times higher than the IC90

both in patients with compensated cirrhosis and in healthy volun-
teers (Fig. 5 to 7). However, despite these promising observa-
tions, there is an unmet need to conduct clinical studies in
HCV-infected patients with cirrhosis in order to make definite
recommendations regarding a feasible NVR dose in this cate-
gory of patients.

Human liver microsomes from patients with cirrhosis or pa-
tients with both cirrhosis and cholestasis demonstrated approxi-
mately 25 to 90% lower expression of CYP3A4 activity (7).

TABLE 4 Simulated steady-state PK after single-dose administration of narlaprevir (part 1) and narlaprevir with ritonavir (part 2) in patients with
compensated cirrhosis and in healthy subjectsa

Investigated regimen Parameter

GMEAN

P/H

90% CI

Cirrhotic patients (n � 8) Healthy subjects (n � 8) Lower Upper

NVR at 200 mg (part 1) AUCtau (ng · h/ml) 4,607.2 1,944.0 2.37 1.50 3.74
Cmax ss (ng/ml) 618.9 370.5 1.67 1.14 2.45

NVR at 100 mg � RTV at 100 mg (part 2) AUCtau (ng · h/ml) 15,105.7 14,115.9 1.07 0.72 1.58
Cmax ss (ng/ml) 1,450.6 1,378.1 1.05 0.68 1.62

a AUCtau, area under narlaprevir concentration-time curve at steady state; Cmax ss, maximum narlaprevir concentration at steady state; P/H, patient/healthy subject ratio; GMEAN,
geometric least square mean; NVR, narlaprevir; RTV, ritonavir.

FIG 4 Mean ritonavir concentrations after single-dose administration (narl-
aprevir at 100 mg plus ritonavir at 100 mg) in patients with compensated
cirrhosis and healthy volunteers in part 2 of the study.

TABLE 5 Plasma PK parameters of ritonavir after single-dose
administration of narlaprevir with ritonavir (part 2) in patients with
compensated cirrhosis and in healthy subjectsa

Parameter

Cirrhotic patients
(n � 8)

Healthy subjects
(n � 8)

P/HGMEAN CV (%) GMEAN CV (%)

Cmax (ng/ml) 0.556 80.5 0.384 20.3 1.45
AUC0–last (ng · h/ml) 5.198 66.1 3.178 21.7 1.64
Tmax (h) 4.0 52.1 4.2 34.4 0.9
a Cmax and AUC values are presented as arithmetic means, and Tmax values are
presented as medians. P/H, patient/healthy subject ratio; CV, coefficient of variation.
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CYP3A4 protein concentrations and enzymatic activity were also
lower in patients with noncholestatic liver cirrhosis (8, 9). There-
fore, the prominent effect of mild hepatic impairment on the ex-
posure to NVR in monotherapy can be due to decreased CYP3A4
activity, since this is the primary route of NVR metabolism. In the
presence of RTV, the booster significantly inhibiting NVR metab-
olism both in patients with cirrhosis and in healthy subjects, dif-
ferences in NVR exposure between these groups become less
prominent.

Cirrhotic patients have been shown to have increased expo-
sures of other HCV protease inhibitors. The mean steady-state
AUC of simeprevir was 2.4-fold higher in HCV-uninfected sub-
jects with moderate hepatic impairment (Child-Pugh class B) and
5.2-fold higher in HCV-uninfected subjects with severe hepatic
impairment (Child-Pugh class C) compared to HCV-uninfected
subjects with normal hepatic function (10). The mean AUCs of
boceprevir active diastereomer (SCH534128) were 32 and 45%
higher in subjects with moderate and severe hepatic impairment,
respectively, than in subjects with normal hepatic function (11).
Mild hepatic impairment had only a minimal effect on steady-
state asunaprevir pharmacokinetics (21% decrease compared to
controls), whereas moderate and severe hepatic impairment sig-
nificantly increased asunaprevir plasma exposures (9.83- and

32.1-fold increase in AUC, respectively) (12). It is noteworthy that
telaprevir steady-state exposures decreased by 15 and 46% in
HCV-negative subjects with mild (Child-Pugh class A) and mod-
erate (Child-Pugh class B) hepatic impairment, respectively, com-
pared to healthy subjects (13).

Increased exposures of another ritonavir-boosted protease in-
hibitor, paritaprevir, were demonstrated in patients with moder-
ate and severe hepatic impairment compared to healthy volun-
teers (14). That study evaluated the effect of various degrees of
hepatic impairment on paritaprevir, ritonavir, ombitasvir, and
dasabuvir pharmacokinetics after a single oral dose of this combi-
nation in patients with nonviral cirrhosis and in subjects with
normal liver function. Paritaprevir AUC values decreased by 29%
in patients with mild hepatic failure and increased by 62 and
945%, respectively, in subjects with moderate and severe hepatic
impairment compared to subjects with normal hepatic function
(14, 15). Grazoprevir exposures were increased 62% in patients
with mild (Child-Pugh class A) and 388% in patients with mod-
erate (Child-Pugh class B) hepatic impairment relative to those
with no hepatic impairment (16). The difference in our study is
that all components of the combination, including ritonavir, were
given in a single therapeutic dose. Only NVR was given in the first
part of our study, where a significant increase in NVR exposure
was detected, and then a reduced dose was given in combination
with ritonavir, whereas the therapeutic dose of NVR for noncir-
rhotic patients (200 mg) in combination with RTV was not inves-
tigated in cirrhotic subjects.

FIG 5 Mean narlaprevir concentrations at steady state in patients with
compensated cirrhosis and in healthy volunteers in part 2 of the study
(narlaprevir at 100 mg plus ritonavir at 100 mg) compared to the IC90 level
(28 ng/ml).

FIG 6 Individual narlaprevir concentrations at steady state in patients with
compensated cirrhosis in part 2 of the study (narlaprevir at 100 mg plus ritona-
vir at 100 mg) compared to the IC90 level (28 ng/ml).

FIG 7 Individual narlaprevir concentrations at steady state in healthy volun-
teers in part 2 of the study (narlaprevir at 100 mg plus ritonavir at 100 mg)
compared to the IC90 level (28 ng/ml).

TABLE 6 Adverse events

Adverse eventa

% (n)

Cirrhotic patients
(n � 16)

Healthy volunteers
(n � 16)

Supraventricular tachycardia 6.3 (1) 0
Atrial fibrillation paroxysm 6.3 (1) 0
Premature ventricular contractions 6.3 (1) 0
Mild somnolence 6.3 (1) 0
a These first adverse events occurred in the same patient on day 4 after a single dose of
narlaprevir at 200 mg (part 1), including premature supraventricular contractions,
which was considered serious and possibly related to study treatment. It developed in a
67-year-old patient with arterial hypertension and previous episodes of premature
ventricular contractions in her medical history. All adverse events in this patient
resolved with appropriate medical treatment.
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Subtype 1b is the most prevalent genotype of HCV in many
countries across Central and Eastern Europe, Asia, and the Middle
East (17), where interferon-based treatment regimens are still
used due to cost and acceptable efficacy. Recently, narlaprevir has
been approved by the Russian Ministry of Health for the treatment
of naive and treatment-experienced patients with CHC genotype
1 in combination with RTV, peginterferon, and ribavirin; this
combination demonstrated a very high SVR rate but was still
associated with adverse events typical to interferon-based reg-
imens. Therefore, in the near future, NVR may become a part
of interferon-free all-oral regimens with other DAAs that will
be available in some regional markets, including Russia and
Turkey. The most promising combination among different
DAA regimens could be NVR/RTV plus an NS5A inhibitor or
an HCV polymerase inhibitor. The combination of NVR/RTV
with other DAA classes could be very effective, particularly in
genotype 1b patients.

Improved NVR exposure by RTV plays an important role in
sustaining the antiviral efficacy of narlaprevir. So far, no ad-
verse events were solely attributed to ritonavir in the NVR
clinical program. The coadministration of RTV with NVR may
also facilitate multidrug regimens suitable for patients with
HCV and HIV coinfection, where ritonavir is commonly used
as a pharmacologic booster. A limitation associated with
ritonavir coadministration is the increased risk for drug-drug
interactions (DDIs) at the level of the CYP3A4 enzyme. How-
ever, the DDI potential of ritonavir is also well characterized,
and guidance for the coadministration of this medication is
easily determined according to the label.

In conclusion, a single dose of NVR administered as a single
agent and in combination with RTV was well tolerated both by
patients with compensated cirrhosis and by healthy volunteers.
Narlaprevir exposures after a single dose of 200 mg were higher
in patients with compensated cirrhosis than in healthy sub-
jects. No significant effect on NVR exposure in patients with
compensated cirrhosis compared to healthy subjects was found
when NVR at 100 mg was coadministered with RTV at 100 mg.
The narlaprevir Ctrough at steady state was at least 8 times higher
than the corresponding IC90 values both in patients with com-
pensated cirrhosis and in healthy volunteers, although addi-
tional studies in patients with HCV-related cirrhosis are essen-
tial in order to determine a safe and effective NVR dose for this
population.
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