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Opinion Statement

A small number of studies were done on Hepatitis C virus genotypes 4, 5, and 6; that is why
limited data were available on the most effective management for these patients. In the
past, treatment of this kind of patients depended on the use of the suboptimal regimen of
interferon with ribavirin achieving moderate efficacy with numerous side effects. Howev-
er, with the introduction of the new directly acting antiviral drugs (DAAs), multiple agents
became available for treatment showing high success rates, excellent tolerability, and few
adverse events.

Introduction

Hepatitis C is a worldwide problem leading to
acute and chronic hepatitis. Hepatitis C virus
(HCV) prevalence among the world’s population
is estimated to be 3 % according to the World
Health Organization (WHO) estimates with Egypt
having the highest prevalence, owing to the

antecedent use of contaminated parenteral
antischistosomal therapy [1].

Acute and chronic HCV infections usually lead
to no symptoms. Usually, extrahepatic symptoms
and signs may be the first clue for the diagnosis
[2]. About 75 % of cases infected with HCV reach
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a chronic stage leading to chronic HCV infection
[3]. Sequelae of chronic HCV may lead to liver
cirrhosis in nearly 20–50 % of infected patients;
this may be complicated by liver cell failure and
hepatocellular carcinoma later on.

Hepatitis C is divided into six distinct genotypes
throughout the world with multiple subtypes in
each genotype class. A genotype is a classification
of a virus based on the genetic material in the RNA
(ribonucleic acid) strands of the virus [4–6].

HCV treatment using directly acting antiviral drugs in
genotypes 4, 5, and 6
The primary goal of HCV therapy is to cure the infection
which depends on developing sustained virological re-
sponse (SVR). SVR means an undetectable HCV RNA
level at 12 weeks (SVR12) or 24 weeks (SVR24) after
treatment completion. The infection is cured in more
than 99 % of patients who achieve an SVR. In patients

with chronic HCV infection without cirrhosis who
achieve SVR, liver disease usually resolve, while this is
not the case in cirrhotic ones who still may suffer from
complications of liver cell failure. However, the risk of
those complications maybe reduced [7, 8].

Until 2011, the preferred treatment for chronic HCV
patients was the combination of pegylated interferon
(PegIFN) and ribavirin for 24 or 48 weeks [9]. Using
this combination, patients infected with HCV genotype
4 had intermediate SVR rates, while patients infected
with HCV genotypes 5 and 6 had higher SVR rates
reaching up to about 80 % [10]. Recently, HCV treat-
ment became easier with better tolerability and efficacy
after the development of multiple direct-acting antiviral
agents (DAAs). They target HCV at specific steps within
its life cycle. Four types of DAAs are known including the
non-structural proteins 3/4A (NS3/4A) protease inhibi-
tors (PIs), NS5B nucleoside polymerase inhibitors
(NPIs), NS5B non-nucleoside polymerase inhibitors
(NNPIs), and NS5A inhibitors [11].

Treatment
Genotype 4

Infection with HCV genotype 4 is dominant in Egypt, North Africa, and sub-
Saharan Africa, where it is responsible for more than 80 % of HCV infections,
and has recently spread to several European countries such as France, Italy,
Spain, and Greece [12].

Most studies done using the new oral directly acting antiviral agents showed
promising results with SVR rates reaching up to more than 95 % inmany cases.
There are multiple available interferon-free regimens used in treatment of HCV
genotype 4 infection (Table 1) [13].

Sofosbuvir-containing regimens

Sofosbuvir/velpatasvir
Originally termed PSI-7977, sofosbuvir is a prodrug of a uridine nucleotide
analogue inhibitor of the NS5B polymerase protein. In vivo, it is converted to
the 5’-triphosphate derivative, which targets the catalytic site of NS5B and serves
as a non-obligate chain terminator [14].

Sofosbuvir, FDA approved in December 2013, has the advantage of having
activity against all HCV genotypes, so it is considered the backbone of most of
the newly developed anti HCV regimens; the sofosbuvir-based interferon-free
regimens were either sofosbuvir plus RBV, sofosbuvir plus another DAA, or
sofosbuvir plus another DAA and RBV for different treatment durations (8–
24 weeks) [15]. It is a 400-mg once-daily capsule, which can be taken with or
without food and mainly excreted through the kidneys [16]. Metabolism of
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sofosbuvir and other NS5B inhibitors do not depend on CYP3A4 pathway. This
leads to the advantage of having little drug-drug interactions unlike other DAAs
[17].

Different agents were studied before the appearance of sofosbuvir, but they
were shown to have less efficacy as the enzymatic addition of the first of the
three phosphate groups of the triphosphate is slow. This defect was avoided in
the design of sofosbuvir making it an effective antihepatitic C treatment [18].
Common side effects of sofosbuvir are mostly mild and include fatigue, head-
ache, nausea, insomnia, and pruritus.

Velpatasvir (formerly known as GS-5816) is an NS5A inhibitor with antivi-
ral activity against all HCV genotypes [19].

The Food and Drug Administration (FDA) approved the use of sofosbuvir
(400 mg) with velpatasvir (100 mg) in a fixed-dose combination for 12 weeks
in patients with and without cirrhosis. The most important clinical study done
evaluating this fixed-dose combination is the ASTRAL-1 study which included
64 treatment-naïve patients, SVR rate was 100 % demonstrating that
sofosbuvir/velpatasvir is an effective and well-tolerated regimen for HCV geno-
type 4 [20].

Sofosbuvir/ledipasvir
Ledipasvir is a potent inhibitor of HCVNS5A, a viral phosphoprotein that plays
an important role in viral replication, assembly, and secretion. One tablet of the
fixed-dose combination of sofosbuvir/ledipasvir (400 mg/90 mg) was recom-
mended by the FDA in 2014 for HCV treatment [21].

Available data has demonstrated the combination of sofosbuvir/ledipasvir
has been very well tolerated with minor side effects in the form of headache or
fatigue [21]. The concomitant use of sofosbuvir/ledipasvir with P-gp inducers is
not recommended as they exhibit major drug interactions when given together
[21].

Table 1. Different regimens studied for HCV genotype 4

Regimens Duration (weeks) Use in initial treatment
Sofosbuvir/velpatasvir 12 Recommended

Sofosbuvir/ledipasvir +/− ribavirin 12 Recommended

Sofosbuvir/ledipasvir 24 Recommended

Sofosbuvir + daclatasvir +/− ribavirin 12 Alternate

Sofosbuvir + daclatasvir 24 Alternate

Sofosbuvir + simeprevir +/− ribavirin 12 Alternate

Sofosbuvir + simeprevir 24 Alternate

Ombitasvir/paritaprevir/ritonavir + ribavirin 12 Recommended

Elbasvir/grazoprevir 12 Recommended

Elbasvir/grazoprevir + ribavirin 16 Recommended
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Different clinical trials studied the use of sofosbuvir/ledipasvir in HCV
genotype 4 infection. In one of them, 44 patients with HCV genotype 4
infection were randomized, divided into two groups according to their treat-
ment experience where the first group contained 22 naïve patients while the
second one contained 22 interferon-experienced patients; ten patients out of
those 44 were cirrhotics. Excellent SVR12 and SVR24 rates were achieved
reaching 95.5 and 90.9 % for groups 1 and 2, respectively [22].

In the SYNERGY trial, 21 HCV genotype 4-infected patients were evaluated
for treatment using 12 weeks of sofosbuvir/ledipasvir, out of which 20 patients
completed treatment and achieved complete viral clearance achieving 100 %
SVR12 rate in the per-protocol analysis [23].

The use of sofosbuvir/ledipasvir in patients with decompensated liver
disease or post-transplantation was the field of interest in two clinical
trials (SOLAR-1 and SOLAR-2). In the SOLAR-1 study, five patients with
only genotype 4 were studied among 331 patients as a sample size,
while in SOLAR-2 open-label phase II, multicenter, randomized trial, 32
patients with HCV genotype 4 infection were evaluated and assigned to
two groups. One group included post-transplant patients without cirrho-
sis or with compensated cirrhosis (Child–Pugh A) while the second
group included patients with decompensated cirrhosis whether pre- or
post-transplant. Treatment duration was either for 12 or 24 weeks +/−
ribavirin. SVR12 rates in group 1 were 91 and 100 % when treatment
duration was extended to 24 weeks. Regarding the second group, it
appeared that extending treatment duration to 24 weeks had greater
impact as SVR12 rate reported in the 12-week arm was 57 % compared
to 86 % in the 24-week arm.

Based on those two studies, the fixed-dose combination of
sofosbuvir/ledipasvir along with ribavirin in patients with decompensat-
ed liver cirrhosis or post-transplantation is considered an effective ther-
apy for HCV [24•].

Sofosbuvir plus daclatasvir
Daclatasvir is an NS5A inhibitor that is FDA approved for genotypes 1 and 3 in
combination with sofosbuvir. There is no data with this combination in pa-
tients infected with HCV genotype 4. Nevertheless, given the antiviral effective-
ness of both sofosbuvir and daclatasvir against these genotypes in vitro, it is
likely that it can be effective for use in HCV genotypes 4, 5, and 6 patients [21].

HCV genotype 4 patients were recruited in some studies that evaluated the
use of sofosbuvir with daclatasvir in HCV patients irrespective of their geno-
types such as the ALLY-1 trial which is a phase III trial evaluating the use of
daclatasvir, sofosbuvir, and ribavirin in cirrhotic participants and participants
post-liver transplant. In this trial, 113 patients were studied and four of them
were genotype 4. All of these four patients were cirrhotics and none of themwas
post-liver transplant. Three patients achieved SVR12making SVR12 rate of 75%
[25].

Another observational study called the French ANRS CO22 HEPATHER
evaluated the use of sofosbuvir with daclatasvir in 47 patients with HCV
genotype 4. Ribavirin was added in 15 patients. Thirty-six patients received
treatment for 24weeks while 11 patients for 12weeks. There was suggestion of a
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beneficial effect of adding ribavirin to the combination of sofosbuvir +
daclatasvir on the SVR rate (reaching 100 %) and also on the shortening of
treatment duration from 24 to 12 weeks [26].

Sofosbuvir plus simeprevir
Simeprevir is a NS3/4a inhibitor approved by the FDA for use in
genotype 1 along with sofosbuvir [27]. This regimen should not be used
in patients with moderate to severe hepatic impairment (decompensated
cirrhosis).

A large multicentre observational study was done in Egypt including
583 patients with HCV genotype 4 infection who received 12 weeks
therapy of sofosbuvir with simeprevir. Three hundred forty-two (59 %)
patients were treatment naïve. They were grouped according to fibrosis
score into patients with severe fibrosis (F3 and F4) accounting for 45 %
of all patients and patients with mild fibrosis (F1 and F2) accounting
for 55 % of the sample size. Out of 583, 558 patients (95.7 %)
achieved SVR12 rate. Generally, SVR12 in naïve patients with fibrosis
scores F1, F2, and F3 were around 98 % moving down to 80.8 % for
F4. SVR in patients with previous interferon treatment was achieved in
100 % (45/45) of patients with F1 and 98.7 % (74/75) with F2, while
94.7 % (72/76) in experienced patients with F3 and 88.9 % (40/45)
with F4 achieved SVR12. Notable side effects included rash in 21 pa-
tients, photosensitivity in 18 patients, pruritus in 44 patients, and
hyperbilirubinemia in 42 patients [28•].

Another study evaluated the use of sofosbuvir + simeprevir on 50
adult Egyptian patients, out of which 20 were relapsers on a previous
treatment for HCV. SVR12 rates were 100 % independent of previous
treatment status and fibrosis score, while SVR24 rates were 96.6 % in
naïve patients, 100 % for relapser non-cirrhotic patients, and 90 % for
relapser cirrhotic patients [29•].

Non-sofosbuvir-containing regimens

Paritaprevir/ritonavir/ombitasvir +/− ribavirin
This fixed-dose combination includes an NS5A inhibitor (ombitasvir) and an
NS3/4A serine protease inhibitor (paritaprevir) and, added to them, ritonavir
which is an HIV protease inhibitor with no activity against HCV; however, it is
used as a booster for paritaprevir increasing its plasma concentration [30].

Paritaprevir/ritonavir/ombitasvir is given in the form of two tablets (12.5/
75/50 mg, respectively) once daily [21].

Reported adverse events using this regimen are usually mild and include
headache, fatigue, asthenia, and nausea [21]. This drug combination should not
be used in patients with moderate to severe hepatic impairment (decompen-
sated cirrhosis).

Multiple clinical trials studied the safety and efficacy of paritaprevir/ritona-
vir/ombitasvir (PrO) with or without ribavirin on HCV genotype 4 infection.

PEARL-I was an open-label phase IIb study that included 135HCV genotype
4 non-cirrhotic patients. Theywere divided into three groups; one containing 44
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naïve patients receiving 12 weeks of the daily fixed-dose combination of PrO
without ribavirin. The second group contained 42 naïve patients receiving the
fixed-dose combination along with weight-based ribavirin for 12 weeks while
the third group included 49 interferon-experienced patients receiving 12 weeks
of the fixed-dose combination along with weight-based ribavirin. The results of
this trial showed the importance of the addition of ribavirin as in the two
groups receiving ribavirin in addition to the fixed-dose combination, SVR12
and SVR24 rates were 100 % while in the group receiving the fixed-dose
combination alone, SVR12 and SVR24 rates were 90.9 and 86.4 %, respectively
[31].

Extending treatment duration to 16 weeks with ribavirin versus 12 weeks
was assessed in 120 treatment-naïve and treatment-experienced patients with
genotype 4 HCV and compensated cirrhosis in another clinical trial (AGATE-I)
where SVR12 rates in the 12-week and 16-week arms were 96 and 100 %,
respectively. The regimens were generally well tolerated [32].

A largemulticenter trial done in Egypt called the AGATE-II trial recruited 160
patients withHCV genotype 4 infection whether treatment naïve or experienced
divided into 100 non-cirrhotic and 60 cirrhotic individuals. In the non-cirrhotic
group, SVR12 rates reached 94 % using PrO plus weight-based ribavirin for
12 weeks. The most common adverse events in patients without cirrhosis were
headache (41 [41 %]) and fatigue (35 [35 %]). Regarding the cirrhotic group,
they were given the fixed-dose combination of PrO with ribavirin for either 12
or 24 weeks. Surprisingly, SVR12 rate was higher in those who received treat-
ment for 12 weeks achieving 97 % compared to 93 % in the 24-week arm
showing no benefit from extending treatment duration to 24 weeks [33].

Elbasvir/grazoprevir
Elbasvir/grazoprevir is a combination product where elbasvir is an NS5A inhib-
itor, preventing hepatitis C viral RNA replication and virion assembly, while
grazoprevir is a protease inhibitor of HCV NS3/4A that prevents cleavage of the
polyprotein necessary for replication. It was FDA approved for HCV genotype 4
infection in January 2016 [34].

Elbasvir/grazoprevir is a fixed-dose tablet containing 50 mg of elbasvir and
10-mg of grazoprevir that is given once daily. Elbasvir/grazoprevir is given for
12 weeks without ribavirin in treatment naïve patients and with ribavirin for
16 weeks in those who failed interferon-based therapy. This drug combination
should not be used in patients with moderate to severe hepatic impairment
(decompensated cirrhosis) [34]. The most frequently reported adverse effects of
this drug combination were headache, nausea, fatigue, decreased appetite,
anemia, pyrexia, and elevations of ALT.

A clinical trial investigating the use of elbasvir/grazoprevir for HCV genotype
4 infection was done on 66 treatment-naïve patients. They were treated with
daily elbasvir/grazoprevir for 12 weeks. Ten patients were given additional
weight-based ribavirin while 56 patients did not receive ribavirin. Six patients
were cirrhotic while the rest were non-cirrhotic. SVR12 rate reported was 97 %
(64/66) [35].

Elbasvir/grazoprevir was highly efficacious in a small number of GT4-
infected patients studied in the C-EDGE trial where 18 treatment-naïve geno-
type 4 patients were treated with 12 weeks of the fixed-dose combination
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therapy. All of them achieved complete viral clearance with 100 % SVR12 rates
[36].

Genotypes 5 and 6
Genotype 5 hepatitis C infection (HCV) is endemic to South Africa accounting
for about 40 % of individuals infected with HCV. Small numbers are present in
regions in Europe. Genotype 6 hepatitis C infection has been found primarily in
China, Korea, Taiwan, and Southeast Asia, including Thailand, Vietnam, Singa-
pore, andMalaysia. Due to the low prevalence of genotypes 5 and 6 in the USA,
relatively little data are known about the optimal treatment of genotype 5 or 6
infection [37, 38].

Previously, the initial treatment for HCV genotypes 5 and 6 was through the
use of pegylated interferon (PegIFN) and ribavirin for 24 or 48 weeks. SVR rates
were higher than that of other genotypes. However, after the introduction of the
newDAAs, multiple FDA-approved regimens achieved better safety and efficacy
profiles (Table 2) [37, 38].

Sofosbuvir/velpatasvir
FDA permitted the use of sofosbuvir (400 mg)/velpatasvir (100 mg) for
12 weeks in patients with HCV genotypes 5 and 6 irrespective of their fibrosis
stages [20]. ASTRAL-1 clinical trial studied the use of this fixed-dose combina-
tion in genotypes 5 and 6. In genotype 5, 24 naïve patients whether cirrhotics or
not were treated. Twenty-three patients achieved SVR12 (96 %), while in
genotype 6, 38 treatment-naïve subjects achieved complete viral clearance
(100 % SVR12).

Sofosbuvir/ledipasvir
Sofosbuvir/ledipasvir exhibits good in vitro activity against HCV genotype 5
infection; however, on clinical basis, limited experience is available regarding
this fixed-dose combination. Abergel and colleagues recruited 41 HCV geno-
type 5-infected patients, 39 of them (95 %) achieved SVR12 [22].

Ledipasvir has also in vitro activity against most HCV genotype 6 subtypes
(except for 6e) [39, 40]. A small open-label study (NCT01826981) investigated
the safety and in vivo efficacy of sofosbuvir/ledipasvir for 12 weeks in treat-
ment-naïve and treatment-experienced patients with HCV genotype 6 infection.
Twenty-five patients were included with two of them only were cirrhotics.

Table 2. Different regimens studied for HCV genotypes 5 and 6

Regimens Duration (weeks) Use in initial treatment
Sofosbuvir/velpatasvir 12 Recommended

Sofosbuvir/ledipasvir +/− ribavirin 12 Recommended

Sofosbuvir/ledipasvir 24 Recommended

Elbasvir/grazoprevir 12 Recommended

Elbasvir/grazoprevir 16 Recommended
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Twenty-four patients (96 %) achieved SVR12 [41].

Elbasvir/grazoprevir
C-SCAPE evaluated the efficacy and safety of 12 weeks of elbasvir (50 mg)/
grazoprevir (100 mg) with or without weight-based ribavirin for 12 weeks in
treatment-naïve, non-cirrhotic genotypes 5 and 6. In genotype 5, eight patients
were recruited where four received this fixed-dose combination alone while the
other four received ribavirin with the fixed-dose combination. The addition of
ribavirin was found to be effective as all the four patients who received ribavirin
achieved SVR12 (100 %). In the second group who did not receive ribavirin,
one patient only achieved SVR12 (25 %). Also, eight patients with genotype 6
were recruited in this study where SVR12 rate was 75 % irrespective of the
addition of ribavirin [42].

C-EDGE evaluated 10 treatment-naïve genotype 6 patients who were treated
with 12 weeks of the fixed-dose combination therapy, elbasvir (50 mg)/
grazoprevir (100 mg). Eight of 10 (80 %) achieved SVR12 [36].

Drugs in the pipeline for management of genotypes 4, 5, and 6
Ravidasvir (PPI-668) is an NS5A inhibitor in clinical trials for chronic hepatitis
C genotype 4. A phase III trial in Egyptian HCV gt-4 patients assessed the
combination of ravidasvir (RDV), a pan-genotypic HCV NS5A inhibitor, and
sofosbuvir with or without ribavirin. Three hundred naïve and treatment-
experienced patients were enrolled in this study. In naïve non-cirrhotic patients,
SVR12 rates were 100 % for those treated with sofosbuvir and ravidasvir alone,
and 98% for those who added ribavirin. In treatment-experienced non-cirrhotic
participants, the response rates were 95–100 %. Among cirrhotics, SVR rates
were a bit lower reaching 93 % for treatment-naïve patients treated with
sofosbuvir and ravidasvir alone, and 92 % for those who added ribavirin.
Treatment-experienced cirrhotic patients achieved response rates of 86 and
100 %, respectively, for those treated for 12 and 16 weeks. Treatment was
generally safe and well-tolerated [43].

There are other drugs at different phases of trials, for example, Abbvie’s ABT-
493/ABT-530 in the Expedition-1 single-arm study. In phase 2a study by Trek
Therapeutics, PBC is designed to assess the safety, efficacy, and pharmacokinet-
ics of faldaprevir and TD-6450 in combination with ribavirin for treatment-
naïve genotype 4 HCV infection. Merck Sharp & Dohme Corp. designed a new
study in its phase II and is now studying the efficacy and safety of MK-3682 and
MK-8408 in adults with chronic HCV genotype 1, 2, 3, 4, 5, or 6 infection (MK-
3682-035). Results are pending.

Conclusions

In conclusion, different regimens are available for treatment of HCV genotypes
4, 5, and 6 in the era of the new directly acting antiviral agents. High SVR rates
are well achieved while retaining good safety and tolerability. It is quiet con-
fusing when deciding which treatment option is preferred as all of them have
nearly the same success rate, but sometimes in special situations, a regimen
maybe preferred over another such as patients with impaired renal functions
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and eGFR less than 30mL/minute. where non-sofosbuvir-containing regimen is
recommended.

In general, all the prescribed drugs were considered in the current
IDSA/AASLD guidelines apart from the use of daclatasvir and simeprevir in
patients with genotype 4 that we suppose they will be considered later depend-
ing on results published which showed good efficacy and safety.
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