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SUMMARY

Background
Hepatitis C virus (HCV) infection is a leading cause of liver cirrhosis and subsequent
hepatocellular carcinoma. HCV genotype 4 is found widely in the Middle East, Egypt
and Africa, and has also spread into Europe. There are limited data available regard-
ing the use of direct-acting antiviral agents in HCV genotype 4-infected patients with
cirrhosis.

Aim
To evaluate in the phase III, open-label, single-arm PLUTO study the efficacy and
safety of 12 weeks of simeprevir (HCV NS3/4A protease inhibitor) plus sofosbuvir
(HCV nucleotide-analogue NS5B polymerase inhibitor) in treatment-na€ıve and
(peg)interferon � ribavirin-experienced HCV genotype 4-infected patients, with or
without compensated cirrhosis.

Methods
Adult patients with chronic HCV genotype 4 infection received simeprevir 150 mg
once-daily and sofosbuvir 400 mg once-daily for 12 weeks. The primary efficacy
endpoint was sustained virologic response 12 weeks after the end of treatment
(SVR12). Safety was also assessed.

Results
Forty patients received treatment; the majority were male (73%) and treatment-
experienced (68%). Overall, 7/40 (18%) patients had compensated cirrhosis. All
patients achieved SVR12 [100% (Clopper-Pearson 95% confidence interval:
91–100%)]. Adverse events, all Grade 1 or 2, were reported in 20/40 (50%) patients.
No serious adverse events were reported and no patients discontinued study treat-
ment. Grade 3 treatment-emergent laboratory abnormalities were noted in 2/40 (5%)
patients.

Conclusions
Treatment with simeprevir plus sofosbuvir for 12 weeks resulted in SVR12 rates of
100% in treatment-na€ıve and -experienced patients with HCV genotype 4 infection
with or without compensated cirrhosis, and was well tolerated. [NCT02250807]
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INTRODUCTION
Hepatitis C virus (HCV) infection is one of the leading
causes of liver disease worldwide.1 Notably, 55–85% of
patients develop chronic HCV infection and without suc-
cessful treatment, 15–30% of these progress to cirrhosis
within 20 years. Liver cirrhosis increases the risk of liver
failure, hepatocellular carcinoma and death.2 Complica-
tions of chronic HCV infection are among the leading
indications for liver transplantation.3 HCV is categorised
into at least six major genotypes,4 with genotype 4
accounting for 20% of global infections.5 HCV genotype
4 is prevalent primarily in the Middle East, Egypt and
Africa, but increasingly also in some European countries
including Italy, France, Greece and Spain,5, 6 where inci-
dence rates of 10–24% have been reported. Contributing
factors to the spread of HCV genotype 4 infection to
these countries may include injection with glass syringes
and multiple-use needles, the use of non-HCV-tested
blood products, and the historical link between regions
in southern Italy and Spain with the Middle East and
North Africa.7

The previous standard of care for HCV infection was
treatment with peginterferon (pegIFN) plus ribavirin
(PR). However, since the recent development of direct-
acting antiviral agents (DAAs), more treatment regimens
have become available. Current guidelines for HCV
genotype 4 infection include both interferon (IFN)-con-
taining and IFN-free regimens; the latter consisting of
DAAs with or without ribavirin.8, 9 However, there are
limited data available on the use of DAAs in HCV geno-
type 4-infected patients with cirrhosis.

Simeprevir, an oral, once-daily HCV NS3/4A protease
inhibitor with anti-viral activity against HCV genotypes
1, 2, 4, 5 and 6, is approved as part of an IFN-free com-
bination with sofosbuvir (a once-daily pangenotypic
HCV nucleotide-analogue NS5B polymerase inhibitor)
for HCV genotype 1 infection in the USA, and genotype
1 and genotype 4 infections in the European Union
(EU). This combination is also approved for HCV/hu-
man immunodeficiency virus (HIV) co-infection in the
EU. Furthermore, simeprevir is approved in combination
with PR for chronic HCV genotype 1 and genotype 4
infections in the USA and the EU.

The approvals of simeprevir plus PR for HCV geno-
type 4-infected patients were primarily based on the
results of the Phase III RESTORE study (NCT01567735),
where simeprevir in combination with PR was shown to
be effective in the treatment of HCV genotype 4-infected
patients. In total, 83% of treatment-na€ıve patients and
57% of prior relapsers/nonresponders to PR-based

treatment achieved sustained virologic response 12 weeks
after the end of treatment (SVR12).10 Similarly, sofosbu-
vir in combination with PR has been proven effective in
this patient population.11 The combination of simeprevir
and sofosbuvir has been studied in the Phase III
OPTIMIST-1 and -2 studies in HCV genotype 1-infected
treatment-na€ıve or (peg)IFN � ribavirin-experienced
patients, in which SVR12 rates of 83% and 97% were
reported with 12 weeks of treatment in patients with
and without cirrhosis respectively.12, 13

The present study assessed for the first time in Europe
the treatment combination of simeprevir and sofosbuvir
for 12 weeks in treatment-na€ıve or (peg)IFN �
ribavirin-experienced HCV genotype 4-infected patients,
with and without compensated cirrhosis.

MATERIALS AND METHODS

Patients and study design
PLUTO was a Phase III, multicentre, open-label study
(NCT02250807) conducted at 10 centres in Spain, and
was initiated on 7 January 2015 and completed on 23
December 2015. The study was approved by the relevant
Institutional Review Board or Independent Ethics Com-
mittee at each study centre and met the principles of the
Declaration of Helsinki and guidelines of Good Clinical
Practice. All patients provided written, informed consent
to participate.

Eligible adults (age 18–70 years) had chronic HCV
genotype 4 infection confirmed at screening, with plasma
HCV RNA >10 000 IU/mL and a liver biopsy within
2 years of the screening visit or a FibroScan performed
within 6 months of the screening period. If a biopsy or
FibroScan more than 2 years prior to screening had
already demonstrated cirrhosis, the procedure did not
have to be repeated. For patients with cirrhosis, hepatic
imaging within 6 months before screening was required
to rule out hepatocellular carcinoma.

Key exclusion criteria were evidence of hepatic
decompensation (including history or current evidence
of ascites, bleeding varices or hepatic encephalopathy),
any liver disease of non-HCV aetiology, co-infection
with HCV non-genotype 4, hepatitis B virus or HIV-1/
-2 infection, or presence of other clinically significant
disease. Patients with significant laboratory abnormali-
ties, such as total serum bilirubin >1.59 upper limit of
normal, albumin <3 g/dL and platelet count <50 9 103/
lL, were excluded. Patients previously treated with any
HCV DAA (approved or investigational) were also not
eligible.
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Treatment-na€ıve and treatment-experienced patients
[prior relapsers, prior nonresponders (partial responders,
null responders and unknown), IFN-intolerant and ‘other’
(patients not classified as among any of the aforemen-
tioned categories)] were enrolled. Treatment-experienced
patients must have received ≥1 documented course of
(peg)IFN-based therapy with or without ribavirin.

The study consisted of a screening period of up to
4 weeks followed by a 12-week, open-label treatment
phase during which patients received simeprevir (150 mg,
1 oral capsule once-daily) and sofosbuvir (400 mg, 1 oral
tablet once-daily), taken with food. Patients were followed
up until 24 weeks after the end of treatment (EOT).

Procedures
Blood samples for HCV RNA level determination were
collected at: screening; baseline (Day 1); Day 7; end of
Weeks 2, 3, 4, 8 and 12; and follow-up Weeks 4, 12 and
24. HCV RNA was measured using the Roche COBAS
AmpliPrep/COBAS TaqMan HCV Test v2.0 (Roche
Molecular Diagnostics, Pleasanton, CA, USA) (with a
lower limit of quantification and limit of detection of
15 IU/mL).

Population sequencing of the HCV NS3/4A and NS5B
genes was performed pre-treatment in all patients to
identify pre-existing sequence polymorphisms, and
sequencing of post-baseline samples was to be performed
in patients not achieving SVR to potentially characterise
emerging viral variants (detection limit: ~20–25%). In
addition, a mandatory blood sample was collected at
baseline to determine IL28B genotype.

Adverse events (AEs) were monitored throughout the
study until post-treatment follow-up Week 4. For
patients who might have prematurely discontinued study
treatment, AEs would be collected until EOT plus
Week 4 of follow-up. AEs were coded according to
Medical Dictionary for Regulatory Activities (MedDRA)
preferred terms, with severity determined according to
the World Health Organization toxicity grading scale.
The relationship of AEs to study treatment was assessed
by the investigator. From Week 4 of follow-up onwards,
reporting was limited to treatment-related AEs.

Clinical laboratory assessments, including haematology,
serum chemistry and urinalysis, and safety assessments,
including physical examination and vital signs, were con-
ducted at screening, Days 1 and 7, end of Weeks 2, 4, 8
and 12, and post-treatment Week 4. Mean changes from
baseline to post-treatment Week 4 for total haemoglobin,
neutrophils and precursors, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), bilirubin, lipase,

amylase and platelets were plotted. Electrocardiogram
assessments were performed at screening.

Outcomes
The primary objective was to demonstrate the superiority
of simeprevir in combination with sofosbuvir for
12 weeks vs. a historical control derived from the Phase
III RESTORE study,10 with respect to the proportion of
patients achieving SVR12 (SVR defined as HCV RNA
<15 IU/mL detectable or undetectable 12 weeks after
actual EOT; Table 1). The primary efficacy endpoint was
the proportion of patients with SVR12.

Pre-defined secondary endpoints included: SVR at
4 and 24 weeks after EOT (SVR4 and SVR24, respec-
tively); on-treatment virologic response [including HCV
RNA <15 IU/mL detectable or undetectable at all time
points, and rapid virologic response (RVR; HCV RNA
<15 IU/mL undetectable at Week 4)]; on-treatment fail-
ure including viral breakthrough (confirmed >1.0 log10
increase in HCV RNA from nadir or confirmed HCV
RNA >100 IU/mL in patients who had previously
achieved HCV RNA <15 IU/mL detectable or unde-
tectable); viral relapse (patients not achieving SVR12,
with HCV RNA 15 IU/mL undetectable at EOT and
confirmed HCV RNA ≥15 IU/mL during follow-up);
changes from baseline in the HCV NS3/4A and NS5B
sequences in patients not achieving SVR; and safety and
tolerability. Exploratory objectives included the evalua-
tion of SVR12 in patient subgroups.

Statistical analysis
All analyses were performed on the intent-to-treat (ITT)
population (all patients who received at least one dose of
study drug).

The null hypothesis of this study was that the overall
SVR12 rate with 12 weeks of simeprevir in combination
with sofosbuvir was not superior to the derived historical
control rate of 61% (Table 1). The historical control used
was a composite of the SVR12 rates from the RESTORE
study, in pre-defined subpopulations.10 The historical con-
trol rate depended upon the proportion of treatment-
na€ıve, prior relapser, prior nonresponder, IFN-intolerant
and ‘other’ patients enrolled in this study. The SVR12
threshold for each subpopulation was based on the histori-
cal data provided in Table 1. Superiority was concluded if
the lower limit of the 95% confidence interval (CI) of the
SVR12 rate for simeprevir in combination with sofosbuvir
was greater than the historical control SVR12 rate.

Assuming an actual SVR12 rate of 90% in this study,
a sample size of 40 patients was considered sufficient to
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provide 90% power to show superiority vs. the historical
control using a one-sided binomial test at a significance
level of 0.025, as long as the SVR12 threshold was no
more than 70% (based on the historical control).

For the primary efficacy outcome, a Clopper-Pearson
95% CI was constructed around the SVR12 rate in this
study using the Clopper-Pearson exact interval.

Secondary efficacy outcomes were analysed using
descriptive statistics and SVR rates were determined
overall and by subpopulation. All viral sequencing and
safety data were analysed descriptively.

Data are presented from the final analysis (performed
when all patients had completed their last study-related
visit).

RESULTS

Patients
Forty-six patients were screened and 40 received treat-
ment and comprised the ITT population (Figure 1). All
40 patients (100%) completed study treatment.

Baseline demographic and disease characteristics are
presented in Table 2. The majority of patients were
male (73%), white (95%) and treatment-experienced
(68%). In total, 7/40 (18%) patients had compensated
cirrhosis. Patients were infected with HCV geno/sub-
types 4a (25%), 4d (73%) or 4f (3%). No NS3
simeprevir resistance-associated variants [RAVs; defined
as fold change in 50% effective concentration
(EC50) >2, compared with wild type HCV replicon],
nor the NS5B sofosbuvir RAV S282T, were observed
at baseline.

Efficacy
All 40 HCV genotype 4-infected patients achieved
SVR12 and SVR24 (100%; 95% CI: 91–100%). Accord-
ingly, the primary objective of superiority to the histori-
cal control was achieved as the lower limit of the CI of
the SVR12 rate exceeded the historical control rate
(91 > 61%) (Figure 2a). All patients (100%) achieved
SVR12 and SVR24 regardless of fibrosis stage, IL28B
genotype or prior treatment history.

Table 1 | Historical SVR12 rates in patients with HCV genotype 4 infection and treated with simeprevir in
combination with peginterferon and ribavirin in the RESTORE study10

Prior HCV treatment history Historical SVR12 rates, % (n/N)

Simeprevir 150 mg once-daily plus
sofosbuvir 400 mg once-daily

n/N (%) Derived (%)

Treatment-na€ıve/prior relapser 84 (48/57) 15/40 (38) 32
Prior nonresponder 44 (22/50) 21/40 (53) 23
Interferon-intolerant* 5 1/40 (3) 0
Other† 84 3/40 (8) 6

Derived historical control SVR12 rate 61%

HCV, hepatitis C virus; SVR12, sustained virologic response 12 weeks after end of treatment.

* SVR rates in interferon-intolerant patients were set to 5%.
† For conservative reasons, the SVR12 rate of the ‘other’ population was set to the same SVR rate for treatment-na€ıve patients
and prior relapsers.

Excluded (n = 6)

Discontinued (n = 0)

• Not meeting all inclusion criteria (n = 5)
• Withdrew consent (n = 1)

Screened patients
(N = 46)

Completed (n = 40)

Received study treatment
simeprevir 150 mg once-daily +

sofosbuvir 400 mg once-daily for
12 weeks (ITT) (N = 40)

Figure 1 | Patient disposition.
ITT, intent-to-treat.
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Results for the key secondary efficacy outcomes are
presented in Figure 2b. RVR was achieved by 26/40
(65%) patients. Consistent with all patients achieving
SVR24, no patients experienced viral breakthrough.

Safety
A summary of AEs is presented in Table 3. AEs were
reported in 20/40 (50%) patients and all were Grade 1 or 2.

In total, 11/40 (28%) were considered at least possibly
related to treatment with simeprevir or sofosbuvir by the
investigator.

No Grade 3, Grade 4 or serious AEs were reported,
and there were no treatment discontinuations. The most
common AE was headache [8/40 (20%)] and this was
the only AE reported in >10% of patients. No photosen-
sitivity reactions were reported in this study.

Of the treatment-emergent laboratory abnormalities,
one patient [1/40 (3%)] had both Grade 3 amylase and
Grade 3 lipase increases, while another patient [1/40
(3%)] also had a Grade 3 amylase increase. All elevations
were transient and asymptomatic and no cases of pan-
creatitis were reported.

Table 2 | Patient demographics and baseline disease
characteristics (ITT population)

Simeprevir 150 mg
plus sofosbuvir
400 mg (N = 40)

Age, years
Median (range) 51 (29–69)

Male, n (%) 29 (73)
BMI, kg/m2

Median (range) 25 (18–39)
Race, n (%)
White 38 (95)
Black/African American 2 (5)

Ethnicity, n (%)
Hispanic or Latino 10 (25)

HCV geno/subtype, n (%)
4a 10 (25)
4d 29 (73)
4f 1 (3)

Cirrhosis status, n (%)
No 33 (83)
Yes 7 (18)

FibroScan score (kPa), median (range)
All patients* 8 (5–44)
Patients with cirrhosis 28 (22–44)

Baseline HCV RNA, log10 IU/mL
Median (range) 6 (5–7)

IL28B genotype, n (%)†

CC 6 (15)
CT 19 (48)
TT 15 (38)

Treatment history
Treatment-na€ıve 13 (33)
Treatment-experienced‡ 27 (68)

Platelets <90 9 109/L, n (%) 4 (10)
Albumin <40 g/L, n (%) 3 (8)

BMI, body mass index; HCV, hepatitis C virus;
ITT, intent-to-treat.

* n = 39; the remaining one patient had a liver biopsy only
and did not have cirrhosis (METAVIR F3). The FibroScan cut-
off for cirrhosis used in this study was 12.5 kPa.
† Single nucleotide polymorphism rs12979860.
‡ Treatment-experienced patients included prior relapsers,
prior nonresponders, interferon-intolerant and ‘other’ patients
(n = 2, 21, 1 and 3, respectively).
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Grade 4 hyperkalaemia, hypocalcaemia and hypomag-
nesaemia laboratory abnormalities were noted concur-
rently in the same patient [1/40 (3%)], who was
clinically asymptomatic. No Grade 3 or 4 treatment-
emergent ALT, AST or bilirubin elevations were
observed. None of the treatment-emergent laboratory
abnormalities were reported as AEs.

DISCUSSION
Treatment for 12 weeks with simeprevir in combination
with sofosbuvir resulted in an SVR rate of 100% (40/40
patients) in HCV genotype 4-infected treatment-na€ıve
and -experienced patients with and without compensated
cirrhosis in the PLUTO study.

Although patient numbers were small for subgroups,
all patients achieved SVR12 regardless of fibrosis stage
[7/40 (18%) of patients had compensated cirrhosis],
IL28B genotype or prior treatment history. It has been
previously reported that IL28B genotype is strongly asso-
ciated with SVR in patients with HCV genotype 4 infec-
tion receiving treatment with PR;14 however, the results
of this study demonstrate that simeprevir in combination
with sofosbuvir was effective regardless of IL28B geno-
type. As expected, the NS3 Q80K polymorphism was not
observed in this HCV genotype 4-infected population.

The results of this study provide support for the clini-
cal effectiveness of simeprevir in combination with sofos-
buvir for the treatment of HCV genotype 4 infection in

treatment-na€ıve and -experienced patients with and
without compensated cirrhosis. The 100% SVR12 rate in
this study is complemented by the Phase IIa OSIRIS
study, which investigated 12 weeks of simeprevir plus
sofosbuvir in HCV genotype 4-infected patients in Egypt,
and reported an SVR12 rate of 100% (43/43 patients)
regardless of prior treatment history or fibrosis stage
[23/43 (53%) patients had cirrhosis].15 In contrast, the
PLUTO study investigated simeprevir plus sofosbuvir in
a predominantly Caucasian HCV genotype 4-infected
population.

The results of this study are comparable with those
of the Phase III OPTIMIST-1 study in HCV genotype
1-infected patients without cirrhosis treated with
simeprevir plus sofosbuvir for 12 weeks [97% (150/155)
achieved SVR12],12 and improve upon those of the
Phase III OPTIMIST-2 study in patients with cirrhosis
treated with simeprevir plus sofosbuvir for 12 weeks
[83% (86/103) achieved SVR12].13 Of note, a limited
number of patients with cirrhosis were included in the
PLUTO study.

Real-world evidence has also highlighted 12 weeks of
this treatment combination as a simple, effective and
well-tolerated IFN-free regimen. Treatment-na€ıve and
-experienced patients in a study in Egypt that included
patients with cirrhosis, reported an SVR4 rate of 96%
(207/215 patients).16 In a study in Qatar, 100% (17/17)
of HCV genotype 4-infected patients with cirrhosis
achieved SVR12.17 Similar results have also been
reported in a study in Belgium, with 100% (23/23) of
HCV genotype 4-infected patients with cirrhosis, treated
with or without ribavirin, achieving HCV RNA below
the lower limit of quantification at Week 12 of treat-
ment.18

Similar results were observed in an open-label study
that assessed the combination of sofosbuvir and ledi-
pasvir for 12 weeks in HCV genotype 4-infected patients,
reporting an SVR12 rate of 93% (41/44 patients).19 In
contrast, a lower SVR12 rate of 78% (14/18 patients) was
reported in HCV genotype 4-infected patients treated
with sofosbuvir and ledipasvir plus ribavirin for
12 weeks.20 Furthermore, the treatment combination of
12 weeks of ritonavir-boosted paritaprevir and ombitasvir
(without dasabuvir), with and without ribavirin, resulted
in SVR12 rates of 100% (42/42) and 91% (40/44),
respectively, for HCV genotype 4-infected treatment-
naїve patients without cirrhosis in the Phase IIb PEARL
study.21 Ritonavir-boosted paritaprevir and ombitasvir
with ribavirin for 12 weeks has also shown favourable
results in HCV genotype 4-infected patients with

Table 3 | Summary of adverse events (ITT population)

Simeprevir 150 mg plus
sofosbuvir 400 mg
(N = 40)

Any AE, n (%) 20 (50)
Worst Grade 1 or 2 20 (50)
Worst Grade 3 or 4 0

AEs at least possibly related to
study treatment*, n (%)

11 (28)

Most common AEs (>5% patients), n (%)
Headache 8 (20)
Asthenia 3 (8)
Erythema 2 (5)
Rash 2 (5)
Constipation 2 (5)
Catarrh 3 (8)

AE, adverse event; ITT, intent-to-treat.

* AEs at least possibly related to at least one of the study
drugs.

There were no serious AEs, deaths or AEs leading to perma-
nent discontinuation in this study.
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compensated cirrhosis in the AGATE-1 study, in which
SVR12 rates of 97% (57/59 patients) were reported.22

Another DAA treatment combination, grazoprevir in
combination with elbasvir without ribavirin, was studied
in the Phase 3 C-EDGE study, in which treatment-na€ıve
and -experienced patients with HCV genotype 4 infection
achieved SVR12 rates of 100% (18/18 patients) and 78%
(7/9 patients), respectively, with 12 weeks of treat-
ment.23–25

The safety and tolerability of DAAs has previously
been described in detail. Whilst DAAs have drastically
reduced side effects when compared with IFN-contain-
ing regimens, subgroup-specific contraindications and
safety-related limitations are being studied further.26

Notably, in this study, the 2-DAA regimen of simepre-
vir plus sofosbuvir was safe and well-tolerated, with all
AEs Grade 1 or 2. Of the treatment-emergent labora-
tory abnormalities, no Grade 3 or 4 increases in AST,
ALT or bilirubin were noted. The safety profile seen
in this study is in-line with the OPTIMIST-1 and -2
studies.12, 13

Strengths of the PLUTO study included the short
12-week IFN-free treatment regimen without ribavirin.
The benefits of ribavirin-free regimens have been further
highlighted in a recent article comparing patient-
reported outcomes data from multicentre, multinational,
Phase 3 studies of sofosbuvir with and without IFN and
ribavirin. In a multivariate analysis, the use of ribavirin
was independently associated with �9.0% worsening of
the patient-reported outcome scores, and ribavirin-free
regimens were associated with better patient experience
and work productivity during treatment.27

Limitations of the PLUTO study included the limited
sample size overall and in the subgroups, including
patients with cirrhosis, and therefore the results of this
study must be interpreted with caution. Due to the small
number of patients with cirrhosis, the proportions of
patients with albumin <40 g/L and platelets <90 9 109/L
were limited and the use of this regimen in patients with
advanced liver disease was not investigated. In addition,
the patient population was predominantly Caucasian and
therefore the results need to be confirmed in the HCV
genotype 4-infected populations in many countries. The
open-label nature of the study and the lack of a com-
parator arm could formally be viewed as potential limita-
tions; however, the US Food and Drug Administration
draft guidance, and guidance from the European

Medicines Agency, include historical-controlled trials as
one of the accepted Phase 3 study designs.28–30

In conclusion, the combination of simeprevir and
sofosbuvir for 12 weeks resulted in a 100% SVR12 rate
and was well-tolerated (with no Grade 3/4 AEs or treat-
ment discontinuations reported) by treatment-na€ıve and
treatment-experienced patients with chronic HCV geno-
type 4 infection, regardless of fibrosis stage or prior
treatment history. These data are encouraging with
respect to the potential use of this regimen in this
patient population.
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