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Chronic Hepatitis C Treatment with New Antiviral Agents
Yeni Antiviraller Esliginde Kronik Hepatit C Tedavisi
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Abstract

Recent advances in our knowledge of hepatitis C virus (HCV) molecular biology have enabled improvements in the efficacy and tolerability of HCV
treatment, and in this regard many direct-acting antiviral (DAA) agents have been developed. These drugs target specific stages in the HCV life cycle.
Phase 3 clinical trials have demonstrated treatment success rates of 90% with these drugs and their combinations, while real world data indicate a
rate of 80-90%. In this review, the use of DAA drugs in the treatment of chronic HCV infection is reviewed in detail.
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Guntimizde hepatit C virlisii (HCV) molekiler biyolojisinde artan bilgiler, HCV tedavisinin etkinligi ve tolerabilitesini iyilestirme cabalarina olanak
saglamis ve bu dogrultuda bircok direkt etkili antiviral (DEA) ajan gelistirilmistir. Bunlar HCV yasam siklusu iginde spesifik asamalari hedefleyen
ilaclardir. Faz 3 calismalarinda bu ilaglar ve kombinasyonlari ile tedavi basarisi >%90 bulunurken, gercek yasam verilerinde bu oran %80-90 arasinda
degismektedir. Bu derlemede kronik HCV enfeksiyonu tedavisinde DEA ilaglarin kullanimi detayh olarak gdzden gegirilecektir.

Anahtar Kelimeler: Telaprevir, boceprevir, grazoprevir, paritaprevir, simeprevir, asunaprevir, sofosbuvir

Introduction

There are currently about 170 million people with chronic
hepatitis C virus (HCV) infections worldwide, and 3-4 million
new infections are reported each year. In addition, almost
350 thousand lives are lost every year due to HCV-related
complications!t'?,

Viral genotype is one of the most important factors determining
the choice of treatment in chronic HCV. The global prevalence
of anti-HCV positivity is 1.6%, and the most common HCV
genotype is genotype 1 (46%), followed by genotype 3 (30%).
Genotypes 2, 4, and 6 account for 23% of all cases, while
genotype 5 causes the remaining 1%®. Community-based
studies conducted in Turkey have reported anti-HCV positivity
rates of 0.4-2.1%, with genotype 1 being the most common
(91.8-93.3%), followed by genotypes 3 (3.7-4.9%), 2 (1.5-2.2%),
and 4 (1.1-2.5%). Genotype 1b accounts for approximately 80%
of HCV genotype 1 cases®7.,

The goal of treatment for chronic HCV infections is eradication
of the virus (defined as HCV RNA negativity), which is referred
to as achieving sustained virologic response (SVR). Sustained
virologic response is associated with long-term absence of

HCV RNA in 97-100% of cases, and is thus considered a cure
for HCV infection®. Sustained virologic response is associated
with reductions in hepatic complications, liver transplant rates,
hepatocellular cancer rates, and liver-related mortality®!.

For many years, treatment of HCV infection was based solely
on the combination of pegylated interferon (peg-IFN) and
ribavirin (R). These drugs influence host immune factors to
inhibit viral replication and also have a slight direct antiviral
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effect. They both have indirect antiviral effects, since neither
targets specific HCV proteins or nucleic acids. More importantly,
the major disadvantages of this dual therapy are its limited
effectiveness (especially for genotype 1 HCV infections, in
which viral eradication is achieved in only 50% of patients) and
low treatment adherence due to side effects®.

In recent years, our better understanding of HCV molecular
biology has enabled improvementsin the efficacy and tolerability
of HCV treatment, leading to the development of numerous
direct-acting antiviral agents (DAAs). Desirable features of DAAs
include high efficacy, minimum adverse effects and interactions
with other drugs, good tolerability, high genetic barrier to
resistance, and low cost®.

These agents are targeted at specific stages of the HCV life
cycle. Direct-acting antiviral agents exert their effect on the
various nonstructural (NS) viral proteins (NS3-4A protease,
NS5B polymerase, and NS5A protein), thus inhibiting viral
replication and infection. Based on their mechanisms of action
and therapeutic targets, there are currently four classes of
DAA which target these three HCV proteins!'®. Phase 2 and 3
trials demonstrated over 90% treatment success with these
DAAs and their combinations. Success rates of 80-90% with
DAA treatment were also reported in real world datal'". In this
article, the use of DAA agents in the treatment of chronic HCV
infection is reviewed.

HCV Life Cycle and Therapeutic Targets

Infectious viral structures consist of the viral core protein and
RNA enclosed within an envelope composed of glycoproteins
and a lipid bilayer. Infection begins when HCV adsorbs to and
penetrates the target cell (Figure 1)'2. This phase involves a
complex interaction between envelope proteins E1/E2 and
cellular receptors('4,

attachment
and entry

Figure 1. Life cycle of HCV. (1) Entry inhibitors, (2) Translation
inhibitors, (3) Posttranslation inhibitors, (4) Replication inhibitors, (5)
Assembly and packaging inhibitors!'?

2

Following entry into the cell, HCV RNA is released into the
cytoplasm. The HCV genome synthesizes a large polyprotein of
3100 amino acids. After translation, this polyprotein is processed
by host and viral proteases to yield 10 mature proteins. Some of
these are structural and others are NS proteins. The NS proteins
include NS2, NS3, NS4, NS4B, NS5A, and NS5B; the structural
proteins include the core proteins (C), envelope proteins (E1, E2),
and p7 polypeptide (Figure 2) 1214,

Of the NS proteins, RNA-dependent RNA polymerase, NS5A, and
NS3 serine-like protease are involved in HCV maturation and
replication. Therefore, these comprise the main target zones in
the development of anti-HCV molecules. Direct-acting antiviral
agents groups used in HCV treatment and their properties are
presented in Table 10,

NS3/4A Protease Inhibitors (PI)

NS3/4A Pl suppress viral replication by inhibiting NS3/4A serine
protease, which has an important role in post-translational
processing. Telaprevir and boceprevir are first generation
NS3/4A Pls approved for use in combination with peg-
IFN + R in genotype 1 HCV infection. However, these agents
have disadvantages such as adverse effects, lower barriers to
resistance, and drug interactions. Furthermore, their clinical
importance has been greatly diminished with the development
of more potent and tolerable DAAs.

New generation Pls are more effective against genotype 1,
and most have limited efficacy against other genotypes'®. Pls
cannot be equally effective against all HCV genotypes due to
significant genotypic differences in NS3 protease amino acid
sequences. Furthermore, this drug group has a relatively lower
barrier to resistance.

New generation Pls include grazoprevir, paritaprevir, simeprevir,
and asunaprevir. Grazoprevir is a potent pangenotypic PI. It is
available as a combination with elbasvir, a NS5A inhibitor. It is a
weak inhibitor of CYP3A4. There is no need for dose adjustment
in renal diseasel"7-"%,
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Table 1. Direct-acting antiviral agents groups used in HCV treatment and their properties!'®

Protease inhibitors Nucleos(t)ide polymerase Non-nucleos(t)ide NS5A inhibitors
inhibitors olymerase inhibitors
dasabuvir)
Activity spectrum GT 1b >GT 1a All genotypes GT 1b >1a All genotypes
Efficacy High (varies by Medium-high (varies by HCV Varies by HCV genotype | High (against many
genotype) genotype and subtype) HCV genotypes)
Barrier to resistance | Low (1a <1b) High (1a=10b) Very low (1a <1b) Low (1a <1b)
Drug interaction High Low Variable Low-moderate
potential
Toxicity Rash, anemia, Mitochondrial toxicity, Variable Variable
elevated bilirubin interaction with antiretroviral
agents (nucleoside reverse
transcriptase inhibitors and
ribavirin)
Dose Once daily orin 3 Once daily or in 2 doses Once daily or in 3 doses | Once daily
doses dasabuvir twice daily
Drugs Boceprevir Sofosbuvir (GS-9669 Ledipasvir
Telaprevir Beclabuvir Daclatasvir
Simeprevir Dasabuvir Ombitasvir
Paritaprevir Elbasvir
Asunaprevir Velpatasvir
Grazoprevir
Explanation Next generation Pls | Single target for binding to the | Multiple targets for Multiple mechanisms
are expected to have | active site binding allosteric sites | of antiviral action
higher barriers to
resistance and be
effective against all
genotypes

PI: Protease inhibitors

Paritaprevir is administered with the pharmacologic enhancer
ritonavir and in combination with ombitasvir (an NS5A
inhibitor). It is commonly used in combination with the NS5B
inhibitor dasabuvir if indicated. Dose adjustment is not required
in mild/moderate/severe renal disease or mild liver disease. It is
not recommended in moderate liver dysfunction (Child-Pugh B)
and is contraindicated in patients with severe liver dysfunction
(Child-Pugh C)!",

Simeprevir is the first of the second generation Pls to be used.
It is used to treat genotype 1 infections, often in combination
with peg-IFN + R or sofosbuvir + R. A single daily dose of
150 mg is recommended. Dose adjustment is not necessary in
patients with renal disease. It is eliminated via the liver. It is
not recommended for patients with Child-Pugh grades B and
C liver dysfunction due to increased exposure. Simeprevir is
metabolized by the CYP3A subfamily. Therefore, it should be
noted that simeprevir concentration is altered when used with

drugs that significantly increase or decrease CYP3A4.

Many mutations in NS3/4A protease result in reduced
sensitivity to simeprevir. The strongest association is with Q80K

polymorphism. In a clinical study, this polymorphism was found
in 30% of patients with genotype 1a infections who were treated
with simeprevir + peglFN + R, and was associated with lower SVR
rates (58% with polymorphism, 84% without polymorphism)?.,
In patients with first generation Pl treatment failure, resistance
mutations also reduced sensitivity to treatment with simeprevir
in vitro. Therefore, these patients are expected to show a low
response to simeprevir therapy".

Asunaprevir is primarily metabolized by the liver. Liver
dysfunction may lead to higher drug concentrations. Dose
adjustment is not required for patients with renal failure and
undergoing hemodialysis. Drug interactions must be kept in
mind. It is generally well tolerated!.

Second generation Pls are better tolerated than first generation
drugs and are taken in fewer tablets. Although barrier to
resistance is lower for these drugs, combining them with other
antiviral agents substantially reduces development of resistance.

NS5B RNA-dependent RNA Polymerase Inhibitors (RdRp)

NS5B RdRp plays an important role in the HCV replication cycle.
This makes it an ideal target for medical treatment. The structure

3
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of the enzyme is well conserved in all HCV genotypes. There
are two classes of NS5B polymerase inhibitors: nucleos(t)ide
polymerase inhibitors (NIs) and non-nucleos(t)ide polymerase
inhibitors (NNIs).

NlIs target the highly conserved active area of NS5B and result in
chain termination. Although the development of various NS5B
NlIs was halted due to their high level of toxicity, some were
shown to be more tolerable. These drugs are effective against all
HCV genotypes as well as being equally effective against subtypes
1a and 1b. Their resistance barrier is very high. Sofosbuvir is
the first approved NS5B NI in this group. This drug is not used
as monotherapy but is combined with other antivirals with
different indications. Sofosbuvir is taken as a single daily dose
of 400 mg with or without food. Sofosbuvir is eliminated via
the renal route. Pharmacokinetic studies indicate that reducing
the dose or discontinuing the medication is not necessary when
glomerular filtration rate (GFR) is over 30 ml/min. Exposure to
sofosbuvir and its metabolites is greater in patients with severe
renal failure or those undergoing dialysis and is therefore not
currently recommended for this patient group. It can be used
by patients with cirrhosis (including Child-Pugh B and C). The
drug is well tolerated with no major adverse effects. The most
common side effects observed in studies of sofosbuvir + R +
peg-IFN treatment were malaise, headache, nausea, insomnia,
and anemial?. It is not metabolized with hepatic CYP450
enzymes, and thus causes limited drug-drug interactions. There
are fewer drug interactions than seen with Pls. It has been well
tolerated in the studies performed to date. As it is a substrate
of P-glycoprotein (P-gp), drugs that are potent inducers of
intestinal P-gp may decrease levels of sofosbuvir. The combined
use of sofosbuvir + amiodarone is not recommended due to
the potential for symptomatic bradycardia and fatal cardiac
arrest?, Resistance polymorphisms in NS5B polymerase have
been reported, although the clinical significance after exposure
to sofosbuvir is not known. These polymorphisms are S2821T,
L159F, and E341D. The S282T polymorphism is particularly is
associated with reduced sensitivity to sofosbuvir?¥,

NNIs act as allosteric inhibitors that prevent the enzyme
from making the structural changes required for extension of
the newly formed RNA chain. Non-nucleos(t)ide polymerase
inhibitors bind to four allosteric sites: thumb domain 1 and
2 and palm domain 1 and 2. Due to the structure of this
interaction, NS5B NNIs are less effective and more susceptible
to resistance development than NS5B Nls. This group of drugs
is generally used in addition to more potent compounds with
higher barriers to resistance. As a group, NNIs are less potent
and more genotype-specific. Dasabuvir, a member of this group,
is used in combination with ombitasvir-paritaprevir/ritonavir.
Dasabuvir must be taken twice daily'>'9,

NS5A Inhibitors

NS5A inhibitors disrupt the stages of viral replication and
accumulation of HCV virus?®. However, it is not clear by what
mechanisms they disrupt these functions. These drugs have
considerable potency, but low barriers to resistance. Although
NS5A inhibitors tend to exhibit pangenotypic activity, their
antiviral effects against genotypes other than genotype 1 differ
depending on the molecule.

They have variable toxicity profiles. Currently available NS5A
inhibitors are ledipasvir, ombitasvir, elbasvir (in combination
with other DAAs), and daclatasvir.

Daclatasvir: Generally used in combination with sofosbuvir.
It should not be used as monotherapy. It is administered as a
single daily dose of 60 mg taken irrespective of meals. Dose
adjustment is not needed in patients with renal and liver
dysfunction. Although well-tolerated, the most common side
effects are mild to moderate headache, malaise, and nausea'?®.,
The drug is primarily metabolized via CYP3A. Therefore, it
should not be used with drugs that increase this enzyme. The
NS5A protein polymorphisms M28, A30, L31, and Y93 have been
associated with in vitro daclatasvir resistance. Mutations in Y93
have the strongest clinical association with resistance. In a study
including 148 patients infected with genotype 3 and receiving
treatment with sofosbuvir + daclatasvir, 13 patients were found
to have baseline Y93H polymorphism and exhibited lower
SVR®"), Of the 10 patients without baseline Y93H polymorphism
that showed virologic failure, 9 were found to have developed
Y93H polymorphism. Other polymorphisms were not associated
with clinical response.

Fixed Dose Combinations

Grazoprevir/Elbasvir

Grazoprevir is a NS3/4A Pl with high barrier to resistance,
and elbasvir is a NS5A inhibitor. A single tablet contains 100
mg grazoprevir combined with 50 mg elbasvir. It is taken as
a single daily dose with or without food. Before use, patients
with genotype 1a infection must be tested for NS5A resistance,
and baseline aminotransferase levels should be checked in all
patients. While grazoprevir/elbasvir can be given safely to dialysis
patients, it is contraindicated in patients with Pugh B and C
cirrhosis. The drug is well-tolerated and the most common side
effects reported in clinical trials have been headache, malaise,
and nauseal®?, Severe adverse events are rare and occur at
similar rates to placebo. Approximately %71 of patients had
aminotransferase levels 5 times higher than the normal upper
limits without bilirubin elevation, and these values decreased
to normal levels when treatment was discontinued. Therefore,
aminotransferase monitoring is recommended at baseline and at
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8 and 12 weeks of treatment. Treatment should be discontinued
if ALT elevation is accompanied by elevated bilirubin and INR.
This combination is primarily metabolized via CYP3A. The drug
must not be used with others that strongly induce or inhibit this
enzyme. Grazoprevir is a substrate of OATP1B1/3 and should not
be given together with drugs that inhibit this enzyme.

Baseline NS5A polymorphisms at M28, Q30, L31, and Y93 are
associated with elbasvir resistance and with reduced SVR with
combined grazoprevir/elbasvir in patients with subtype 1a
infections?®. These polymorphisms are believed to be present in
about 11% of subtype 1a. Therefore, the patients infected with
subtypela should be tested for these polymorphisms before
initiating grazoprevirfelbasvir. If any of these polymorphisms
are detected, SVR can be increased by adding R to the treatment
or by extending the treatment duration®. In contrast, these
polymorphisms do not seem to affect SVR in patients with
genotype 1b.

The list of amino acid substitutions that have been associated
with reduced sensitivity and resistance (resistance-associated
substitutions; RASs) in different HCV genotypes and subtypes
for different DAAs is shown in Table 28,

Sofosbuvir/Ledipasvir

Nucleotide polymerase inhibitor sofosbuvir and NS5A inhibitor
ledipasvir have been co-formulated in a single tablet. The
combination contains 400 mg of sofosbuvir and 90 mg of
ledipasvir. The drug is taken once daily with or without food.
Although ledipasvir's pharmacokinetics is not influenced in
severe renal failure, sofosbuvir and its metabolites accumulate.
Combination therapy should not be used by patients with
severe renal failure until further data are available. However,
it can be used by patients with mild to moderate renal disease
and moderate (Child-Pugh B) to severe (Child-Pugh C) liver
dysfunction with no dosage adjustment. This combination is
well tolerated, with mild to moderate fatigue, headache, nausea,
and insomnia being the most commonly reported side effects.
Like sofosbuvir, ledipasvir is also a substrate of P-gps. Therefore,
intestinal P-gp inducers may reduce levels of ledipasvir. Similarly,
increased gastric pH levels may also reduce levels of ledipasvir.
This should be considered if the two must be used together. Drugs
that are not used with sofosbuvir should also not be used with
this combination. Virologic failure with sofosbuvir/ledipasvir
may occur due to NS5A mutations that reduce sensitivity to
ledipasvir. The most common of these are Q30R, Y93H/N, and
L31M in subtype 1a and Y93H in subtype 16632,

Ombitasvir + Paritaprevir/Ritonavir + Dasabuvir (OBV/PTV/r,
DSV)

The NS5A inhibitor ombitasvir has been formulated together
with the Pls paritaprevir and ritonavir. In Turkey it is commercially

available in a single pack for OBV/PTV/r and a separate pack for
dasabuvir.

Ritonavir does not exhibit direct anti-HCV activity, but inhibits
the CYP3A-mediated metabolism of paritaprevir and increases
its concentration. Patients with genotype 1 infection are treated
with OBV/PTV/r + DSV with or without R depending on the
patient population, while patients with genotype 4 infection
are given OBV/PTV/r with R. OBV/PTV/r (12.5/75/50 mg tablet) is
taken once daily with food. Dasabuvir as part of the regimen is
taken as a 250 mg tablet twice daily. Although dose adjustment
is not required in renal disease, this therapy is not recommended
for patients with moderate/severe liver dysfunction. It is
generally well tolerated with mild side effects. Decompensation
has been reported in patients with cirrhosis. Adverse effects
are more common when used in combination with R34, Since
the components of this combination are both substrates and
inhibitors of major metabolic enzymes (CYP2C8, CYP3A), the
potential for drug interactions must be kept in mind. Exposure to
OBV/PTV/r and DSV may select for mutations in NS3, NS5A, and
NS5B, which may reduce the activities of the drugs. In clinical
studies, the mutations that most commonly appear during
treatment or in relapsed patients with subtype 1a infection are
D168V in NS3, M28A/T/V and Q80E/K/R in NS5A, and S556G/R
in NS5BE032381 Virologic failure is rare in subtype 1b infections.
Although the prevalence of some baseline resistance-associated
mutations was found to be significantly higher in patients whose
treatment failed compared to those who achieved SVR, these
were shown to be clinically insignificant or have no prognostic
value in relation to treatment.

Sofosbuvir + Velpatasvir

Pangenotypic NS5A inhibitor velpatasvir and NS5B inhibitor
sofosbuvir have been co-formulated in a single tablet. The tablet
contains 100 mg velpatasvir and 400 mg sofosbuvir and is taken
once daily with or without food. It can be used by patients with
mild to moderate renal disease and moderate to severe liver
dysfunction (Child-Pugh B and C). Studies have shown that the
pharmacokinetics of velpatasvir is not affected by severe renal
failure (GFR <30 ml/min/1.73 m?), whereas levels of sofosbuvir
and its metabolites increase. Therefore, this combination should
not be used with patients with severe renal failure until further
data are availableR®,

The drug is well tolerated and the frequency of adverse effects
is similar to that in placebo. The most common side effects are
headache, malaise, nausea, nasopharyngitis, and insomnia. Like
sofosbuvir, velpatasvir is also a substrate of P-gp. Therefore
inducers of intestinal P-gp may reduce levels of velpatasvir.
Virologic failure has been associated with Y93N/H mutations
arising in the NS5A gene in genotypes 1 and 3. It is reported
that the baseline mutations in genotype 3 (particularly Y93H)
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Table 2. Amino acid substitutions associated with reduced sensitivity and resistance (resistance-associated substitutions, RASs)
for different direct-acting antivirals in different HCV genotypes and subtypes?”

Drug group Genotype/subtype
Ta 1b 2 3 4 5 6
Nucleotide analog | L159F L159F L159F L159F S282T S282T
(sofosbuvir) S282T/R S282T S282T S282T
L320I/FV V321A
V321A
NS5A K24G/N/R L28M/T* T24A M28T L28S/V | L28l Q24H
inhibitors K26E P29S L/F28MV/S* | A30K/S L30H L31v* | F28L
M28A/G/T/S/V* R30G/H/P/Q/R L30H/S L31/MN | 311/ L31M/V*
Q30C/D/E/G/H/I[KILIQ/R/S[TIY* | L3TF/I/M/N* L31M/V* Y93H T58P/S P32L/S
L311/F/M/[P/\* P32F/L/S Y93H Y93H/R T58A/IN/S
P32L/S* P58D/S* V36l
S38F Q/E62D
H58D/L/R* A92K
A92K(T Y93C/H/N/S*
Y93C/F/H/L/N/R/S[T/W*
Protease inhibitors | V36A/C/G/L/IM V36A/C/G/LIM Y56H Q168R Y56H Y56H
Q41R Q41R D168V* L8OK/Q
F43L F43I/S/V S122T
T54A/S T54A/C/G/S D168E/Y*
V55A/1 V55A 1170V
Y56H Y56H/L
Q80H/K/L/R Q80H/K/L/R
S122G/R S122D/G/I/N/R[T
R155G/I/K/M/S[TIW R155C/G/I/K/Q/M/S[TIW
A156S/T/V* A156G/F/S[T/V*
V158l V158l
D168A/C/E/FG/H/I[KIL/N/TV/Y* | D168A/C/E/F/G/H/I[K/LIN[T/VY*
IIV170F[TIV IV170A/LT
M175L
Nonnucleoside L314H* C316H/N/Y/W*
palm-1 inhibitor | c316y* S368T*
(dasabuvir) M4141TN N411S
E446K/Q M4141[TIV
Y448C/H* C445F[Y
C451R Y448C[H*
A553T* A553V*
G5545* (G554S5*
Y555H S556G/R
S556G/R* G558R
G557R D559G/N*
G558R
D559G/N*
Y561H/N

*Resistance-associated substitutions associated with high-level resistance in a replicon model
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may be more associated with relapse. High rates of SVR were
observed even in the presence of these mutants (88% in patients
with mutation and 97% in others)!,

Glecaprevir/Pibrentasvir

The fixed dose tablet contains 100 mg of the NS3/4A inhibitor
glecaprevir and 40 mg of the NS5A inhibitor pibrentasvir
and is taken as a single dose 3 times daily. This is one of the
combinations preferred for treatment-naive and treatment-
experienced patients with genotype 1 and/or in patients with
compensated cirrhosis. The drug can also be given to patients
with renal failure. The other new regimens approved for severe
renal failure include only genotype 1 and 4. Glecaprevir/
pibrentasvir is particularly important in terms of offering a
treatment option without R to chronic HCV patients with end
stage renal failure infected with genotypes 2, 3, 5, and 6.

Recommended treatment duration for this combination is 8
weeks for non-cirrhotic patients without NS3/4A or NS5A
inhibitor treatment experience and 12 weeks for cirrhotic
patientst’3%. Treatment for 12 weeks is recommended for
patients with NS3/4A inhibitor experience and 16 weeks in
patients with NS5A inhibitor experiencel*.

The drug is well tolerated. The most common side effects
are headache and malaise/'*?. Rarely, aminotransferase and
bilirubin may be elevated. It should not be used with rifampin,
atazanavir, oral contraceptives, carbamazepine, or cyclosporine.
Amino acid substitutions at A156 and to a lesser extent D/
Q168 are associated with reduced sensitivity to glecaprevir in
genotypes 1a, 1b, 2, 3, 4, and 6. However, these mutations are
rare in clinical practice.

Sofosbuvir/Velpatasvir/Voxilaprevir

The NS5B inhibitor sofosbuvir, NS5A inhibitor velpatasvir, and
NS3/4A Pl voxilaprevir comprise a fixed dose combination taken
once daily. It has pangenotypic efficacy. It is an effective option
in NS5A inhibitor-naive patients with genotype 1a infection with
prior failure of treatment including sofosbuvir. Treatment duration
is 12 weeks in this patient subgroup. With this combination, the
rate of SVR in patients previously treated with NS5A inhibitors
was 96% in genotype 1a and 100% in genotype 164, Although
many patients exhibited baseline NS3/4A and NS5A amino acid
substitutions, they did not have reduced SVR ratest*4,

Adding R to the treatment regimen for cirrhotic patients did not
affect outcomes™. In a study comparing sofosbuvir/velpatasvir/
voxilaprevir and sofosbuvir/velpatasvir in NS5A inhibitor-naive
patients with prior treatment failure with a sofosbuvir-based
regimen, SVR rate was higher in genotype 1a patients receiving
triple treatment (98% and 89%, respectively). The rates did not
differ significantly in patients with genotype 1b infection (96%
and 95%, respectively)4,

The most common adverse effects of the drug are headache,
malaise, diarrhea, and nausea. While its use with rifampin is
contraindicated, it is not recommended for use with amiodarone,
St John's wort, anticonvulsants, some antiretrovirals, and
cyclosporine.

Information concerning all of the aforementioned treatment
regimens and potential drug interactions are available at https://
www.hep-druginteractions.org/.

Major clinical phase trials of the DAAs used in HCV infection and

the sources cited in these studies are given in Table 3[3637.39.4446-
72]

Table 3. Important clinical trials of direct-acting antiviral
agents used in HCV infection and their sources

Drug Study name Source
Sofosbuvir + ledipasvir ION | 46
ION Il 47
ION 11l 48
Eradicate 49
SOLAR 50
Cirrhosis 500 51
Paritaprevir/ritonavir ombitasvir Sapphire | 52
dasabuvir Sapphire Il 53
Turquase Il 54
Turquase 111 55
Pearl Il 56
Pearl Il 57
Pearl IV 57
Sofosbuvir + simeprevir COSMOS 58
Daclatasvir + asunaprevir + UNITY | 59
beclabuvir UNITY Il 59
Grazoprevir + elbasvir C-EDGE 60
C-Salvage 61
C-WORTHY 62
C-EDGE TE 63
Glecaprevir + pibrentasvir ENDURANCE 1 35
ENDURANCE 2 64
ENDURANCE 3 65
ENDURANCE 4 66
SURVEYOR 1 67
SURVEYOR 2 68
EXPEDITION 1 39
EXPEDITION 2 69
Sofosbuvir + velpatasvir ASTRAL 1
ASTRAL 2 36
70
ASTRAL 3 -
POLARIS 2
72
POLARIS 3
Sof(_)sbuvir_ + velpatasvir + POLARIS 4 44
voxilaprevir
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Table 4. Drugs approved internationally and in Turkey for the treatment of hepatitis C*!

Drug Contents Usage Approved in Turkey
Sovaldi Sofosbuvir 400 mg Once daily (morning) *

Harvoni Sofosbuvir 400 mg + ledipasvir 90 mg Once daily (morning) *

Viekirax Paritaprevir 75 mg + ritonavir 50 mg + ombitasvir 12.5 mg Two tablets once daily (morning) *

Exviera Dasabuvir 250 mg Twice daily (morning, evening) *

Epclusa Sofosbuvir 400 mg + velpatasvir 100 mg Once daily (morning)

Zepatier Grazoprevir 100 mg + elbasvir 50 mg Once daily (morning)

Daklinza Daclatasvir 30 mg or 60 mg Once daily (morning) *

Olysio Simeprevir 150 mg Once daily (morning) *

Sunvepra® Asunaprevir 100 mg Twice daily (morning, evening) *

a: Not approved by the FDA or EMEA. Approved in Japan, Canada, and Australia

Hepatitis C treatments approved throughout the world and in
Turkey are listed in Table 4173,

Who Should Be Treated?

All patients with proven chronic HCV infection (those with detectable
HCV RNA level for longer than six months) should be treated.
Treatment regimen should be selected based on virus genotype and
patient factors (e.g.: cirrhosis, previous treatment history).

Monitoring Antiviral Treatment

Viral Load Monitoring

Viral load is monitored during DAA therapy to evaluate
adherence to the treatment regimen, document the course of
treatment, determine virologic response in relapse patients, and
make decisions regarding retreatment. Considering that the
drugs are expensive and their improper use creates potential
risk for resistance, quantitative HCV RNA analysis after 4 weeks
is appropriate in clinical practice. According to the IDSA and
AASLD guidelines, if HCV RNA is positive at 4 weeks, it should
be reevaluated at 6 weeks, and the treatment discontinued
if HCV RNA level has increased more than 1 logP¥. The
clinical significance of evaluating viral load at the end of the
treatment has not been determined. Furthermore, although not
recommended by some specialists, virologic response is generally
reevaluated at 12 weeks after treatment.

Other monitoring: Although drug toxicity is rare in DAA
therapy, laboratory tests (complete blood count, creatinine, liver
enzymes, bilirubin levels) should be done at baseline and again
after 4 weeks of treatment.

Follow-up with Grazoprevir/Elbasvir

In addition to the above, liver enzymes and bilirubin levels
should be checked in week 8 of treatment and also in week
12 for treatment durations of 16 weeks. Treatment should be
discontinued if ALT is increased more than 10 times baseline
level or hyperbilirubinemia is present.

Follow-up with Paritaprevir/Ritonavir + Ombitasvir

Patients with compensated cirrhosis should be followed
closely throughout treatment for hepatic decompensation.
This follow-up should include clinical evaluation for findings
of hepatic decompensation as well as testing liver enzyme and
bilirubin levels in weeks 2, 4, 12, and 24. Treatment should be
discontinued in the presence of clinical findings or elevation of
these parameters.

Follow-up for Regimens Including Ribavirin

Complete blood count analysis should be done in weeks 4, 8,
and 12 to monitor for anemia and R dose should be adjusted in
cases of anemial’®.

Follow-up of Patients with HBV Coinfection

Patients with previously untreated or new HBV infection require
special caution due to the risk of HBV reactivation during the
HCV treatment. For HBsAg positive patients, HBV DNA levels
should be monitored during HCV treatment, and HBV treatment
should be initiated if the relevant treatment criteria are
met. Two approaches can be taken if the HBV infection does
not meet treatment criteria (i.e. HBV DNA levels are low or
undetectable): either prophylaxis is initiated and continued for
12 weeks after completion of DAA therapy for HCV infection,
or HBV DNA level is monitored regularly (usually every 4 weeks)
during and after HCV treatment. Antiviral therapy for HBV is
initiated when HBV DNA increases more than 10 times baseline
level or previously undetectable HBV DNA level rises above
1000 I1U/ml. There are no definitive data regarding follow-up
of patients who are HBsAg negative but anti-HBs positive. It
is currently recommended to monitor liver enzymes at 4-week
intervals during HCV treatment. In cases of unexplainably high
enzyme levels during or after HCV treatment, HBsAg and HBV
DNA should be reevaluated"?.

Follow-up After Treatment

Viral load should be evaluated 12 weeks after the end of
treatment. It has been reported that less than 1% of patients
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experience relapse 12-24 weeks after the treatment, some of
which are reinfections rather than true relapses’®’”., Therefore,
some specialists recommend monitoring HCV RNA at 24 weeks
to confirm continued SVR. Although SVR indicates that the HCV
infection is cured, it does not provide HCV immunity, and patients
are at risk of reinfection with future exposure. Patients without
bridging necrosis or cirrhosis who achieve SVR do not require
specific monitoring for HCV infection. In patients who do not
achieve SVR, monitoring should continue to evaluate for signs
of progressive liver disease and retreatment of HCV infection.
Patients with severe fibrosis and cirrhosis should be monitored
continuously regardless of SVR achievement. Because these are
risk groups for hepatocellular cancer and other complications.

Treatment Selection

Although current international guidelines recommend patient-
based selection of IFN-free DAA treatment regimens for HCV
infection, this review is based on information obtained from
the 2017 Turkish Guideline for the Diagnosis and Treatment of
Viral Hepatitis™!. Moreover, every country has its own priorities
concerning antivirals to be used in treatment based on their
reimbursement terms. Currently the DAA regimens used/
reimbursed (with treatment schedule and duration adjusted
according to genotype, cirrhosis, and treatment history) are
combinations of sofosbuvir + R, sofosbuvir/ledipasvir, and
paritaprevir/ritonavir + ombitasvir + dasabuvir + R in Turkey.
These treatment schemes are constantly updated when needed
and as circumstances allow.

Treatment-naive Patients with Genotype 1 Infection, Without
Cirrhosis or with Compensated Cirrhosis (Algorithm 1) 78

Sofosbuvir/Ledipasvir

Treatment duration varies depending on the viral load and
presence of cirrhosis. It is usually 8 weeks in non-cirrhotic
patients with a viral load less than 6 million IU/ml. This duration
should be extended to 12 weeks in patients that meet these
criteria but have negative predictive factors (such as being male
or black) or are HIV-positive. Recommended treatment duration
for patients who have cirrhosis or viral load over 6 million 1U/
ml is 12 weeks. In both cirrhotic and non-cirrhotic patients, this
regimen yields SVR rates over 95007%%,

Paritaprevir/Ritonavir + Ombitasvir + Dasabuvir (OBV/PTV/r,
DSV)

In this group of patients, the treatment duration and inclusion
of R depend on the virus subtype and presence of cirrhosis.
Treatment including R is recommended for 12 weeks for non-
cirrhotic patients with subtype 1a infection and 24 weeks for
cirrhotic patients with subtype 1a infection. Patients infected
with subtype 1b should be treated for 12 weeks regardless
of the presence of cirrhosis. Close monitoring for hepatic
decompensation is advised if this treatment is given to cirrhotic
patients. This treatment regimen is contraindicated in Child-
Pugh B and C liver dysfunction. Sustained virologic response
rates are over 95%, with higher rates in patients infected with
subtype 1b (99-100%)5.

- Fibrosis grade
- Subtype

v

I Does the patient have decompensated cirrhosis?

| — =

| Subtype 1a infection

v
R
|

v

Consider antiviral treatment under ‘

\ specialist supervision

Subtype 1b infection |

v v v v
Non-cirrhotic (Metavir stage Cirrhotic (Metavir stage F4) Non-cirrhotic (Metavir stage FO-F3) Cirrhotic (Metavir stage F4)
FO-F3)

v v v v

Sofosbuvir + ledipasvir, 12 weeks
(treatment may be given for 8
weeks if hepatitis C virus RNA
level <6 million IU/mL)

Ledipasvir + sofosbuvir, 12 weeks

Ombitasvir-paritaprevir + ritonavir
+ dasabuvir + ribavirin, 24 weeks
Paritaprevir + ritonavir + Sofosbuvir + daclatasvir + ribavirin,
ombitasvir + dasabuvir + ribavirin, 12 weeks; without ribavirin, 24

12 weeks weeks

ir + ir, 12 weeks

i+ ir, 12 weeks
Sofosbuvir + velpatasvir 12 weeks
Alternative regimens

Alternative regimens
e Grazoprevir + elbasvir + ribavirin,

16 weeks (treatment may be given
for 12 weeks without ribavirin if
baseline NSSA mutation analysis is
negative)

Grazoprevir + elbasvir + ribavirin,
16 weeks (treatment may be given
for 12 weeks if baseline NS5A
mutation analysis is negative)

Sofosbuvir + simeprevir (in absence

Sofosbuvir + simeprevir (in 0
of basal Q80K mutation), 24 weeks

absence of basal Q80K mutation),
12 weeks

Sofosbuvir + ledipasvir, 12
weeks (treatment may be given
for 8 weeks if hepatitis C virus
RNA level <6 million TU/mL)

Paritaprevir + ritonavir +
ombitasvir + dasabuvir, 12 weeks
(EASL guide states that treatment
can be given for 8 weeks in
patients with <F3. This
recommendation is not in the

Ledipasvir + sofosbuvir, 12 weeks

Paritaprevir + ritonavir + ombitasvir
+ dasabuvir + ribavirin, 12 weeks

Sofosbuvir + daclatasvir, 12 weeks
Elbasvir + grazoprevir, 12 weeks

Sofosbuvir + simeprevir + ribavirin,
12 weeks; without ribavirin, 24

Algorithm 1. Antiviral treatment options for treatment-naive patients with hepatitis C virus genotype 1 infection’37¢!

product insert) weeks

Sofosbuvir + daclatasvir, 12
‘weeks

ir + sil ir, 12

Sofosbuvir + velpatasvir, 12 weeks

Alternative regimens

weeks
Grazoprevir + elbasvir, 12 weeks

Sofosbuvir + velpatasvir, 12
weeks

Alternative regimens
Daclatasvir + asunaprevir, 24
weeks (if baseline NSSA

mutations are absent: Y93, L31,
Q30, M28)

D: ir + ir, 24 weeks
(if baseline NS5A mutations are

absent: Y93, 131, Q30, M28)
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Daclatasvir/Sofosbuvir

This combination is not approved by the FDA for use in
genotype 1 infections in America. It is currently in use in other
countries. It is administered to non-cirrhotic patients for a
period of 12 weeks. The optimal treatment duration is unknown
for the cirrhotic genotype 1a patients. AASLD/IDSA guidelines
recommended treatment +R for a period of 24 weeks. The
European Association for the Study of the Liver (EASL) guideline
recommends treatment for 12 weeks with R and 24 weeks
without RE'. Turkish guidelines offer similar recommendations
to that in the EASL guideline”®. Treatment duration is 12 weeks
for cirrhotic patients infected with subtype 1b.

Sofosbuvir/Velpatasvir

The recommended treatment duration is 12 weeks. Treatment
duration does not depend on the presence of cirrhosis. Sustained
virologic response rate is reported to be 98-9901,

Fibrosis grade, treatment history, subtype ‘

v
Does the patient have decompensated —> - >
cirrhosis?

Grazoprevir/Elbasvir

Treatment duration and the addition of R (weight-based dosing)
are determined based on viral subtype and the presence of
NS5A resistance-associated variants (RAVs). Patients infected
with subtype 1a should be tested for the presence of NS5A RAVs
before treatment. Recommended treatment duration is 12 weeks
in the absence of RAVs and 16 weeks with R in the presence
of RAVs. In subtype 1b infections, treatment does not include
R and lasts 12 weeks. Treatment duration is not dependent on
the presence of cirrhosis. Sustained virologic response rate is
reported to be above 95%%@%. This regimen is contraindicated in
Child-Pugh B and C liver dysfunction.

Sofosbuvir/Simeprevir

Treatment duration is 12 weeks for non-cirrhotic cases and 24
weeks for cirrhotic cases. Cirrhotic subtype 1a patients should
be evaluated for Q80K polymorphism and treatment should be

Consider antiviral treatment under
specialist supervision

v I

Only pegylated interferon + ribavirin

Subtype la «

» R Y

[

J N

l Non-cirthotic (Metavir stage FO-F3)

| | Cirrhotic (Metavir stage F4) ||

Non-cirthotic (Metavir stage FO-F3)

| | Cirrhotic (Metavir stage F4)

‘v

v

'

2

Sofosbuvir + ledipasvir, 12 weeks

Paritaprevir + ritonavir + ombitasvir +
dasabuvir + ribavirin, 12 weeks

Sofosbuvir + daclatasvir, 12 weeks
Sofosbuvir + velpatasvir, 12 weeks
Alternative regimens

Grazoprevir + elbasvir + ribavirin, 16
weeks (treatment may be given for 12
‘weeks without ribavirin if baseline
NS5A mutation analysis can be

performed and results are negative)

Sofosbuvir + simeprevir (in absence of
basal Q80K mutation), 12 wecks

Sofosbuvir + ledipasvir + ribavirin, 12
weeks; without ribavirin, 24 weeks

Paritaprevir + ritonavir + ombitasvir +
dasabuvir + ribavirin, 24 weeks

Sofosbuvir + daclatasvir + ribavirin, 12
weeks (without ribavirin, 24 wecks)

Sofosbuvir + velpatasvir, 12 weeks
Alternative regimens

Grazoprevir + elbasvir + ribavirin, 16
weeks (treatment may be given for 12
weeks without ribavirin if baseline NS5A

mutation analysis is negative)

Sofosbuvir + simeprevir (in absence of
basal Q80K mutation), 24 wecks

Sofosbuvir + ledipasvir, 12 weeks

Paritaprevir + ritonavir + ombitasvir
+ dasabuvir, 12 weeks

Sofosbuvir + daclatasvir, 12 weeks
Sofosbuvir + simeprevir, 12 weeks
Grazoprevir + elbasvir, 12 weeks

Sofosbuvir + velpatasvir, 12 weeks

Paritaprevir + ritonavir + ombitasvir +
dasabuvir, 12 weeks

Sofosbuvir + ledipasvir + ribavirin, 12
weeks; without ribavirin, 24 weeks

Grazoprevir + elbasvir, 12 weeks

Sofosbuvir + daclatasvir + ribavirin, 12
weeks: without ribavirin, 24 weeks

Sofosbuvir + simeprevir + ribavirin, 12
weeks; without ribavirin, 24 weeks

Sofosbuvir + velpatasvir, 12 weeks

Prior treatment —>

Protease inh. + pegylated interferon +
ribavirin

‘ —| Prior —

SOF

a Sa

Regimens
including NS5A-

Not cirrhotic (Metavir stage FO-F3)

| | Cirrhotic (Metavir stage F4)

| |

v

v

!

Sofosbuvir + ledipasvir, 12 weeks
Sofosbuvir + daclatasvir, 12 weeks
Sofosbuvir + velpatasvir, 12 weeks
Alternative regimens

Grazoprevir + elbasvir + ribavirin, 12
weeks (16 weeks if baseline NSSA

mutation analysis is positive or not
done)

Sofosbuvir + ledipasvir + ribavirin,
without ribavirin, 24 weeks

without ribavirin, 24 weeks

Grazoprevir + clbasvir + ribavirin,

is positive or not done)

Sofosbuvir + daclatasvir + ribavirin, 12 weeks;

Sofosbuvir + velpatasvir, 12 weeks.

(16 weeks if baseline NS5A mutation analysis

Ledipasvir + sofosbuvir
+ ribavirin, 12-24
weeks (depending on
cirrhosis status)

, 12 weeks;

12 weeks

There is no proven effective
therapy to recommend for these
patients.

Treatment of patients with
advanced liver disease may be
delayed until new data are
available.

Patients with advanced liver
disease may be treated for a
period of 24 weeks with quadruple
regimens including sofosbuvir and
ribavirin.

Algorithm 2. Selection of antiviral treatment in treatment-experienced patients with hepatitis C virus genotype 1 infectiont>7®
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changed if positive. Simeprevir should not be used in Child-
Pugh B and C liver dysfunction. The effect of adding R to this
treatment has not been clearly established. Sustained virologic
response rate with this treatment is reported to be about 909,

Treatment-experienced Patients Infected with Genotype 1
(Algorithm 2)t7¢]

Failed Treatment with Peg-IFN + R
Options are the same as in treatment-naive patients.
Failed Treatment with Protease Inhibitors

For patients with failed prior treatment with simeprevir,
boceprevir, or telaprevir + peg-IFN + R:

Sofosbuvir/ledipasvir: Twelve weeks is recommended for
patients without cirrhosis; 12 weeks with R and 24 weeks
without R is recommended for patients with compensated
cirrhosis. SVR rate with this regimen is 96-10000'#2,

Daclatasvir/sofosbuvir: Recommended for 12 weeks for patients
without cirrhosis; 12 weeks with R and 24 weeks without R for
patients with cirrhosis.

Sofosbuvir/velpatasvir: Recommended treatment duration is 12
weeks for this subgroup regardless of the presence of cirrhosis.

Grazoprevir/elbasvir + R: It is effective in patients with prior
failed Pl treatment®. Although grazoprevir is a Pl, it has a
very high resistance threshold. Treatment duration of 12 weeks
is recommended for this population. Patients with subtype 1a
infection should be tested for RAVs due to concerns of reduced
efficacy with baseline NS5A RAVs. Treatment duration should
be 16 weeks if RAV is detected or cannot be assessed. Other Pls
(paritaprevir, simeprevir) are not recommended in patients with
prior Pl failure. Therefore, the OBV/PTV/r + DSV and sofosbuvir
+ simeprevir regimens cannot be used.

- Failed Treatment with Sofosbuvir + peg-IFN + R (Without
Exposure to NS5A)

These patients should be given sofosbuvir/ledipasvir + R for 12-
24 weeks, depending on the presence of cirrhosis.

- Failed Treatment with NS5A-inhibitor Regimens

There is no proven effective therapy to recommend for this
patient subgroup. Treatment of patients with advanced liver
disease may be delayed until new data are available. Patients
with advanced liver disease may be treated for a period of 24
weeks with quadruple regimens including sofosbuvir and R.

Treatment-naive or peg-IFN + R-Experienced Patients
Infected with Genotype 2 (Algorithm 3)[4

Sofosbuvir + daclatasvir or sofosbuvir/velpatasvir may be
given for 12 weeks, regardless of the presence of cirrhosis?®.

No previous DAA use, or failed pegylated interferon + ribavirin treatment

Non-cirrhotic (Metavir stage FO-F3) Cirrhotic (Metavir stage F4)

l |

Sofosbuvir + daclatasvir, 12 weeks

Sofosbuvir + daclatasvir, 12 weeks
Sofosbuvir + velpatasvir, 12 weeks Sofosbuvir + velpatasvir, 12 weeks
Alternative regimens Alternative regimens

Sofosbuvir + ribavirin, 16-20
weeks

Sofosbuvir + ribavirin, 12 weeks

Algorithm 3. Selection of antiviral treatment for patients with
hepatitis C virus genotype 2 infection7*#4

The addition of R to the regimens is not necessary according
to Turkish guidelines. In preliminary studies on the use of
sofosbuvir/velpatasvir, treatment failure was not observed in
any patients with genotype 2 infection®,

Treatment After Direct-acting Antiviral Agents Failure
Failed Treatment with Sofosbuvir + R (NS5A-naive)

Sofosbuvir/velpatasvir is recommended for 12 weeks. Sustained
virologic response rate with this treatment is reported to
be 97%"4. Although available data are very limited, using
sofosbuvir + daclatasvir + R for 24 weeks is another option.

Sofosbuvir + NS5A-experienced Cases

Since treatment with sofosbuvir/fvelpatasvir rarely fails in
genotype 2 patients, sofosbuvir/velpatasvir + R is recommended
for 24 weeks!®®.

Treatment-naive Patients or peg-IFN + R Experienced Patients
Infected with Genotype 3 (Algorithm 4)&4

The DAA regimen options for this group are sofosbuvir +
daclatasvir, and sofosbuvir/velpatasvir. Regimen implementation
varies depending on the presence of cirrhosis. For optimal
efficacy, treatment-naive patients without cirrhosis should take
sofosbuvir + R for 24 weeks. Although SVR rates of 90-95% have
been observed, lower rates are reported in real world data®®®7,
Sofosbuvir/ledipasvir + R may be effective when used for 12
weeks with this group of patients, but is not recommended due
to concerns about the in vitro efficacy of ledipasvir against
genotype 3 and the availability of better regimens!®,
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Fibrosis grade, treatment history

|

Consider antiviral treatment under

Does the patient have decompensated cirrhosis? —»| Yes |

specialist supervision

Treatment-naive

P ~

-

Treatment history

Treatment-experienced

Non-cirrhotic (Metavir stage FO-F3)

Cirrhotic (Metavir stage F4)

v

g ~

Non-cirrhotic (Metavir stage

Cirrhotic (Metavir stage F4)

FO-F3)
i v

Sofosbuvir + daclatasvir, 12

Sofosbuvir + velpatasvir, 12

Alternative regimens

Sofosbuvir + ribavirin, 24 weeks

Sofosbuvir + daclatasvir +
weeks ribavirin, 12 weeks; without
ribavirin, 24 weeks

weeks Sofosbuvir + velpatasvir +
ribavirin, 12 weeks

Sofosbuvir + daclatasvir +
ribavirin, 12 weeks

Sofosbuvir + velpatasvir

Ribavirin, 12 weeks

Sofosbuvir + daclatasvir +
ribavirin, 24 weeks

Sofosbuvir + velpatasvir +
ribavirin, 12 weeks

Algorithm 4. Selection of antiviral treatment for patients with hepatitis C virus genotype 3 infection(>#4

Table 5. Antiviral therapy in treatment-naive cases with

HCV genotype 4, 5, and 6 infectionl”]

Table 6. Antiviral therapy in treatment-experie
with HCV genotype 4, 5, and 6 infection*

nced cases

Genotype 4, treatment-naive patients without cirrhosis

Genotype 4, peglFN/Ribavirin treatment-experien
without cirrhosis

ced patients

Recommended treatment Duration Ombitasvir-paritaprevir/ritonavir + ribavirin 12 weeks

Ombitasvir-paritaprevir/ritonavir + ribavirin 12 weeks Sofosbuvir + velpatasvir 12 weeks

Sofosbuvir + velpatasvir 12 weeks Elbasvir + grazoprevir (patients with relapse) 12 weeks
_ _ Elbasvir + grazoprevir + ribavirin (patients with 16 weeks

Elbasvir + grazoprevir 12 weeks treatment failure or breakthrough)

Sofosbuvir + ledipasvir 12 weeks Sofosbuvir + ledipasvir 12 weeks

Genotype 4, treatment-naive patients with compensated

Genotype 4, peglFN/Ribavirin treatment-experien
with compensated cirrhosis

ced patients

cirrhosis

Ombitasvir-paritaprevir/ritonavir + ribavirin 12 weeks
Sofosbuvir + velpatasvir 12 weeks
Elbasvir + grazoprevir 12 weeks
Sofosbuvir + ledipasvir 12 weeks

Genotype 5 and 6, treatment-naive patients with cirrhosis

and compensated cirrhosis

Ombitasvir-paritaprevir/ritonavir + ribavirin 12 weeks
Sofosbuvir + velpatasvir 12 weeks
Elbasvir + grazoprevir (patients with relapse) 12 weeks
Elbasvir + grazoprevir + ribavirin (patients with 16 weeks
treatment failure or breakthrough?

Sofosbuvir + ledipasvir + ribavirin 12 weeks

Sofosbuvir + velpatasvir

12 weeks

Genotype 5 and 6, peglFN/ribavirin treatment-experienced

patients with cirrhosis and compensated cirrhosis

Sofosbuvir + ledipasvir

12 weeks

Sofosbuvir + velpatasvir

12 weeks

Sofosbuvir + ledipasvir

12 weeks
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Treatment Selection for Patients Infected with Genotype 4,
5, and 6

Treatment options and durations for treatment-naive and
treatment-experienced cases infected with these genotypes are
given in Tables 5 and 613

There have been remarkable developments in recent years
concerning the use of antivirals in the treatment of chronic
HCV infection. These treatment options are attractive due to
the low side effects and toxicities as well as ease of treatment
compliance and high SVR rates even in problematic patient
groups (those with cirrhosis, renal failure, etc.), and offer hope
for overcoming the problem of HCV infection in the future.
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