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Abstract

Context: Hepatitis C virus (HCV) infection is a major public health issue worldwide, including Iran. The new direct-acting antiviral agents (DAAs)
with high efficacy have changed the landscape of HCV treatment. This guideline provides updated recommendations for clinical management of
HCV infection in Iran.

Evidence Acquisition: The recommendations of this guideline are based on international and national scientific evidences and consensus-based
expert opinion. Scientific evidences were collected through a systematic review of studies that evaluated efficacy and safety of DAA regimens, using
PubMed, Scopus and Web of Science. Expert opinion was based on the consensus of Iran Hepatitis Scientific Board (IHSB) in the 3™ national consensus
on management of Hepatitis C in Iran, held on 22" of July 2016.

Results: Pegylated Interferon alpha (PegIFN), Ribavirin (RBV), Sofosbuvir (SOF), Ledipasvir (LDV) and Daclatasvir (DCV) are currently available in
Iran. Pre-treatment assessments include HCV RNA level, HCV genotype and resistance testing, assessment of liver fibrosis, and underlying diseases.
In HCV genotype1and 4, DCV/SOF and LDV/SOF are recommended. In HCV genotype 2, SOF plus RBV and in HCV genotype 3, DCV/SOF is recommended.
Additional care for underlying diseases should be considered.

Conclusions: Affordable new HCV treatment regimens are available in Iran, providing an opportunity for HCV elimination. Recommendations
provided in this current national guideline can facilitate evidence-based management of HCV infection.
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1. Context acute infection and progress to chronic infection (1). Un-
fortunately, most of the infected patients are not aware of

heir di 2).
Hepatitis C virus (HCV) infection is a major public their disease (2)

health issue worldwide. This infection is one of the major
causes of chronic hepatitis, with the risk of progression to
cirrhosis and development of Hepatocellular Carcinoma Based on the data reported by the world health organi-
(HCC). The majority of infected patients do not clear the zation (WHO), the global prevalence of HCV infection is es-

1.1. Epidemiology and Burden of Hepatitis C
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timated as 2.2% or 130 million, with more than one million
new cases reported annually. Furthermore, after hepatitis
B Virus (HBV), HCV is the second cause of cirrhosis and HCC
in the world, while it is the first etiology of advanced liver
diseases in some regions (3-5). The global epidemiology of
HCVvaries substantially across the world (6). In Africa, HCV
prevalence is 5.3%, equating 31.9 million infected patients.
In the Eastern Mediterranean Region (EMRO), HCV preva-
lence is 4.6%, equating 21.3 million (7). Iran has the lowest
prevalence for HCV infection in the Middle East. It has been
estimated thatthe prevalence of HCVin the Iranian general
population is less than 0.5%, equating 186500 individuals
(8). The main populations at risk of HCV infection in Iran
include intravenous drug users (IDUs) followed by people
with hemophilia, thalassemia, and patients on hemodialy-
sis (9-13). Countries such as Pakistan and Azerbaijan with
high prevalence of HCV infection are neighbors of Iran.
Unfortunately, the security problems and wars in the Mid-
dle East has damaged the health infrastructure of several
countries and there are concerns of worsening situation of
HCV infection in the region in the near future (14).

Vaccination against HBV infection has decreased the
burden of HBV in the world and in the region (15, 16). It
seems that HCV will emerge as the leading cause of viral
hepatitis-related advanced liver diseases and death in the
near future in Middle Eastern countries, including Iran.
Increasing burden of HCV-related advanced liver diseases
and deathis expected in the future in Iran (8). Strategies for
increasing the rate of HCV diagnosis and treatment with
high efficacy antiviral agents are required to reverse the
rising tide of HCV burden. Young HCV-infected population
inIran provides an opportunity for timely interventions to
limit the burden of HCV disease in the future.

1.2. Preventive Strategies

There is no vaccine for HCV prevention yet and inte-
grated preventive measures on the main risk factors are
crucial to save the community. The incidence of HCV in-
fection should be reduced by providing safe blood transfu-
sion and medical procedures in hospitals and out-patient
clinics, increasing people awareness and public education
regarding the risks of exposure such as unsafe tattooing
and unsafe sexual contacts and finally implementation of
harm reduction for IDUs. The majority of young people
who acquire HCV from injecting drug use develop chronic
infection. Preventing transmission of HCV among young
IDUs is critically important, yet it is a difficult task. Most
youth are unaware of the risk of acquiring HCV from drug
use. Needle exchange programs can reduce the risk of in-
fection (17). Hepatitis C treatment programs and inten-
sive community-based education programs will remain
the mainstays of HCV prevention (18). Today, it seems that

the best strategy for HCV prevention in the community is
increasing case finding and therapy with the ultimate goal
of stopping the vicious cycle in the community.

1.3. Screening to Identify People with Hepatitis C Virus Infection

Fortunately, after screening of blood donors for HCV in
Iran, the burden of HCV infection decreased significantly
in hemophilia, thalassemia and patients on hemodialy-
sis. Unfortunately, injecting illicit drugs still continues to
be a major source of infection in Iran. Given that more
than 60% of prisoners in Iran are sentenced due to drug-
related crimes, HCV screening in the prisons are required.
Strategies to promote diagnosis, screening, and treatment
should be targeted to high-risk groups rather than the gen-
eral population. Beside the high prevalence of HCV infec-
tion in IDUs, this group also constitutes to be a potential
reservoir for HCV in the community. It is important to
implement an annual HCV screening in high-risk groups,
given the ongoing exposure to HCV infection in these pop-
ulations.

Based on the previous epidemiological studies in Iran
(19), we recommend screening of HCV through anti-HCV
antibody (HCV Ab) testing for the following groups: 1, In-
dividuals with a history of blood or blood product transfu-
sion before 1995 (time of blood screening for HCV in Iran);
2, Individuals with a history of war wounds; 3, Individu-
als with a history of injecting illicit drugs; 4, Individuals
with history of imprisonment; 5, Patients with hemophilia
or thalassemia and those on hemodialysis; 6, Patients re-
ceiving organ transplantation; 7, Individuals with high-
risk sexual behavior, including sexworkers and individuals
with multiple sex partners; 8, Individuals with a history of
tattooing or traditional phlebotomy such as Hejamat; and
9, Children born to HCV-infected mothers.

1.4. Genetics and Molecular Testing in Hepatitis C Virus Infec-
tion

Genetic variability is a distinctive feature of HCV. Hep-
atitis C viral sequences are currently classified to seven dif-
ferent genotypes (20). There is a certain geographical dis-
tribution of HCV genotypes. HCV genotype 1(HCV-G1) is the
most common genotype in the United States and Europe
(6). The genotype distribution of HCV has diverse patterns
in EMRO countries. Furthermore, HCV-G1 and -G3 are pre-
dominant in Iran and Pakistan, while HCV-G4 and -G1 are
the most common genotypes in Arab countries in the Mid-
dle East and North Africa (6).

Assessment of HCV genotypes is very useful for pre-
diction of response to antiviral therapy with Pegylated-
Interferon (PegIFN) and Ribavirin (RBV), which was higher
in HCV-G2 and -G3 than HCV-G1 and -G4 (21). Today, with
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new antiviral therapies, the impact of HCV genotype on re-
sponse to treatment is less than before. The impact of poly-
morphisms near IFNL3 gene on Sustained Virological Re-
sponse (SVR) in PegIFN-based therapy was very interesting
(22). The European Association for the Study of the Liver
(EASL) and the American Association for the Study of Liver
Diseases (AASLD) included IFNL3 testing in their guidelines,
yet today with the Direct-Acting Antiviral (DAA) regimens,
there is no need for IFNL3 testing in clinical management
of HCV infection.

Naturally occurring substitutions, which confer the
decrease in the susceptibility to DAAs are called Resistance-
Associated Variants (RAVs). The RAVs can be observed in a
proportion of patients by molecular methods (Sanger se-
quencing and next-generation sequencing) prior to treat-
ment and can be selected through the pressure of the an-
tiviral medications (23). As a result, most of the patients
with treatment failure harbor the viral isolates with RAVs.
Sofosbuvir (SOF) is the only approved NS5B nucleotide ana-
log with high barrier to resistance and the NS5B Ser282Thr
RAV is rarely observed in SOF-containing clinical trials nei-
therin baseline samples nor in patients experiencing treat-
ment failure (23). The NS5A RAVs are detected in 10 to 30%
of patients at baseline and these RAVs can be observed in
most patients with viral relapse. Based on clinical trials, pa-
tients with baseline NS5A RAVs will have lower chance of
treatment response than patients without baseline NS5A
RAVs (24, 25). It seems that assessment of baseline NS5A
RAVs can have a role in optimization of treatment with
NS5A inhibitors including Ledipasvir (LDV) and Daclatasvir
(DCV).

1.5. Assessing the Degree of Liver Fibrosis and Cirrhosis

Accurate assessment of liver fibrosis and cirrhosis is
essential for predicting prognosis and for planning treat-
ment duration and adding RBV to the standard therapy
of patients with chronic HCV infection (26, 27). For many
years, percutaneous liver biopsy has been considered as
the gold standard for assessing hepatic fibrosis. However,
new non-invasive methods such as elastography measure
the mean stiffness of hepatic tissue with hepatic rigidity
being considered a marker of progressive fibrosis. The Fi-
broscan can help in exclusion of persistence of liver cirrho-
sis in HCV-infected patients.

2. Evidence Acquisition

PubMed, Scopus and Web of Science were searched
systematically with appropriate combination of the
following keywords: “Hepatitis C”, “HCV”, “Treatment”,

"«

“DAA”, “Direct-acting antiviral”, “Sofosbuvir”, “Ledipasvir”,
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“Daclatasvir”, “Simeprevir”, “Ombitasvir”, “Paritaprevir”,
“Dasabuvir”, “Elbasvir”, “Grazoprevir”, “Velpatasvir”, “NS5A
Inhibitor”, “NS5B Inhibitor”, “NS3 Inhibitor” and “Resis-
tance”. Relevant articles were included after screening of
the title and abstract by Seyed Moayed Alavian, Heidar
Sharafi, Mohammad Saeid Rezaee-Zavareh, Bita Behnava
and Khashayar Hesamizadeh. Included articles were
reviewed to collect data on effectiveness and safety of
various HCV treatment regimens. Based on the affordabil-
ity and availability of HCV treatment regimens and the
consensus of Iran Hepatitis Scientific Board (IHSB), the
recommendations were finalized by the third national
consensus on management of Hepatitis C in Iran held on
22" of July 2016.

3. Results

3.1. Definitions

The goal of treatment of chronic HCV infection is the
clearance of the virus from plasma. This can be defined as
the absence of detectable HCV RNA, 12 weeks (SVRI2) or 24
weeks (SVR24) after termination of treatment. SVR12 and
SVR24 are generally accepted as adequate evidence of cure
byregulatory bodies, given that the late relapse is very rare
in patients achieving SVR12 (28).

3.2. Pegylated-Interferon and Ribavirin Treatment of Hepatitis
C Virus Infection

Before year 2011, combination of weekly PegIFNa and
RBVin a 24- or 48-week course, was the standard of care for
chronic HCV (29), which was associated with many side ef-
fects, including anemia, depression, decompensation and
thrombocytopenia. The rate of SVR was affected by the
baseline HCV RNA level and HCV genotypes; 70% - 90% for
HCV-G2 and -G3, and almost 50% for HCV-G1 and -G4 (30).
In addition, SVR was affected by polymorphisms near the
IFNL3 gene (22). Patients with the rs12979860 CC genotype
were two or three times more likely to respond to HCV
clearance with PegIFN« plus RBV dual therapy than those
with the CT or TT genotypes (31).

The studies on treatment of HCV with PegIFN« and RBV
showed excellent response to this combination therapy in
Iranian patients either in patients with HCV-G1 or -G3 infec-
tion (32).

3.3. Treatment of Hepatitis C Virus Infection with DAAs

Treatment of chronic HCV has evolved over the years
(Figure 1). In 2011, protease inhibitors, the first generation
of DAAs, emerged as the third component of the standard
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of care given the increased SVR by triple therapy. The pro-
tease inhibitors that were recommended for use in clini-
cal practice, Telaprevir (TVR) and Boceprevir (BOC), were ef-
fective in elimination of HCV through forming a reversible
but covalent complex with the HCV NS3/4A serine protease
catalytic site. The utilization of TVR and BOC in clinical
practice was limited by their unfavorable pharmacokinetic
profile, the significant number of drug-drug interactions,
adverse events such as severe skin rashes/pruritus, anemia,
the risk of fatal complications in patients with advanced
liver disease, and finally restriction to patients with HCV-
Glinfection (33).

In 2013, Sofosbuvir, a new DAA, was introduced for
treatment of HCV infection. SOF-containing regimens had
a shorter duration of therapy, with fewer side effects in
comparison with protease inhibitor-based triple therapy.
Different trials of SOF in treatment-naive patients with
HCV-G1 through -G6 showed that patients with HCV-G1 in-
fection had higher virologic response than the response
rates in PegIFN and RBV combination therapy and first gen-
eration protease inhibitor-based therapies. For patients
with HCV-G2 and -G3, efficacy was similar between an IFN-
free SOFregimen and a PegIFN and RBV regimen (34). Tradi-
tional predictors of treatment response, such as polymor-
phisms near IFNL3, baseline HCV RNA level, and early re-
sponse do not seem to affect response rates in IFN-free reg-
imens (35).

3.3.1. Sofosbuvir

Sofosbuvir is a potent nucleotide analogue of the HCV
NS5B polymerase inhibitor that is administered orally. So-
fosbuvir with a high barrier to resistance without any viro-
logic breakthrough has a potent antiviral activity against
all genotypes of HCV, although it might be less efficient
against HCV-G3.

Many studies evaluated the efficacy of SOF in chronic
HCV.The first studywas ELECTRON that evaluated the safety
and efficacy of SOF as a backbone of combination antivi-
ral therapy in patients with chronic HCV-Gl, -G2 and -G3
infections, including both treatment-naive and treatment-
experienced patients (36). For patients with HCV-G1 in-
fection, 12-week SOF plus RBV provided SVRI2 in 84% of
treatment-naive, and only 10% in treatment-experienced
patients. Among patients with HCV-G2[3, receiving SOF
mono-therapy, SVR was 60% (36). This study showed that
SOF and RBV might be the backbone for treatment of HCV
patients, yet it needs to be in combination with other an-
tiviral agents. The NEUTRINO trial was a study of SOF plus
PegIFN/RBV (37), the FISSION trial was a study of SOF plus
RBV in patients with HCV-G2 or -G3 infection (37), and the
POSITRON trial was a study of SOF and RBV in a treatment-
experienced group.

3.3.2. Ledipasvir/Sofosbuvir

Ledipasvir is an HCV NS5A inhibitor with antiviral ac-
tivity against HCV GT-1 and -G4 (38). Ledipasvir was used in
combination with SOF in clinical studies, including ION-
1 (24), ION-2 (25), and ION-3 (39). In naive, treatment-
experienced, cirrhotic or non-cirrhotic patients, fixed-dose
combination of LDV and SOF, with or without RBV for 12
or 24 weeks showed very high efficacy, and SVR was not
less than 95% in patients with HCV-Gl1 infection. In most
patients with relapse, resistance assessment showed the
NS5A RAVs. Moreover, some of the cases with treatment fail-
ure also had HCV NS5A RAVs at baseline (24), yet at the time
of relapse most of the patients had NS5A RAVs. In HCV GT-
1a patients with relapse, the L31M variant and in HCV GT-1b,
the Y93H variant was seen at the time of relapse. It seems
that history of treatment and polymorphisms near IFNL3
did not affect the SVR but in patients with cirrhosis, using
RBV increased SVR (40). Serious side effects were rare in
these patients and rate of discontinuation due to adverse
effects were very low. The most common side effects were
fatigue, headache and nausea (24). In the SIRIUS study (41),
previous non-responders with HCV-G1 and compensated
cirrhosis treated with LDV/SOF and RBV for 12 weeks and
had actual SVR very well (42).

3.3.3. Simeprevir

Simeprevir (SMV) is an orally-administered, reversible,
specific and potent NS3/4A protease inhibitor for use in
combined treatment regimens against chronic HCV infec-
tion (43). Simeprevir has a potent antiviral activity against
all HCV genotypes, except HCV-G3. It has been approved in
combination with other components such as PegIFN/RBV
or SOFin HCV-G1and -G4 in the United States and European
countries (28). The main difficulty in treatment with SMV
in clinical practice is the presence of NS3 Q80K polymor-
phism that reduces susceptibility to treatment, and occurs
in approximately 20% of HCV-Gla (33). Similar to the other
protease inhibitors, treatment with SMV is associated with
emerging NS3 RAVs in clinical practice.

3.3.4. Daclatasvir

Daclatasvir is a pan-genotypic inhibitor of the NS5A
protein of HCV, which seems to be promising for clinical
practice. It has good antiviral potency against multiple
HCV GTs, yet low barrier to resistance, which can be re-
solved by adding PegIFN and/or other DAAs to the regi-
mens. The Food and Drug Administration (FDA) approved
the use of DCV in combination with SOF, first for HCV-G3
(July 2015) and then for HCV-G1 (February 2016) (44). How-
ever, it had been approved in European Commission and
European Medicines Agency across HCV-Gl1,-G2,-G3 and -G4
in 2014 (45).

Hepat Mon. 2016; 16(8):e40959.
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Figure 1. Direct-Acting Antiviral Agents for Treatment of Hepatitis C Virus Infection

Daclatasvir is generally safe and well tolerated with
mild side effects. The efficacy and safety of DCV-containing
regimens were demonstrated in the ALLY-l and ALLY-2
phase 3 clinical trials. Finally, the combination of SOF
and DCV, once daily with or without RBV, in patients with
chronic HCV-G1, -G2, or -G3 infection resulted in SVR rates
of up to 89-100% in treatment-experienced or -naive pa-
tients, patients with liver transplantation and HIV/HCV
coinfected patients (46-49). The experience with the Ira-
nian fixed-dose combination of DCV/SOF (Sovodak) indi-
cated an SVRrate of 98% in both HCV-G1 and -G3 (Presented
in the 3 national consensus on management of Hepati-
tis C in Iran, Tehran, 22" of July 2016). Daclatasvir has
demonstrated an excellent safety profile when combined
with SOF, including patients with decompensated liver dis-
ease, post-liver transplantation and HIV/HCV coinfection
(46). Daclatasvir has a high profile of cross-resistance with
LDV, and M28T, Q30R, L31M/V and Y93H/N RAVs are associ-
ated with resistance to DCV at baseline (23).

The evidence in HCV G4 is from DCV plus PegIFN and
RBV with SVR12 rate of 82% in previously untreated pa-
tients. Serious adverse events associated with DCV were
low (50).

Hepat Mon. 2016;16(8):e40959.

3.3.5. Ombitasvir/Paritaprevir/Ritonavir and Dasabuvir

Combination of four antiviral agents, Ombitasvir
(OBV), an HCV NS5A inhibitor, Paritaprevir (PTV), an HCV
NS3/4A protease inhibitor, Ritonavir (r), a CYP3A inhibitor,
and Dasabuvir (DSV), an HCV nonnucleoside NS5B poly-
merase inhibitor, may be administered with or without
RBV (28, 51). This combination is primarily excreted in the
feces, although minimal elimination into the urine does
occur. In patients with impaired renal function, exposure
to PTV-r and DSV increases, however, the difference is not
expected to be clinically relevant, and no dosage adjust-
ment is required for patients with mild, moderate or se-
vere renal impairment. Paritaprevir is potentially hepato-
toxic. Cases of liver failure leading to liver transplantation
or death have been attributed to the OBV plus PTV-r com-
bination, administered with or without DSV. This combi-
nation carries a high-risk of pharmacokinetic interactions,
making it difficult to use.

3.3.6. Grazoprevir/Elbasvir

Grazoprevir (GZR) (an NS3/4A protease inhibitor) and
Elbasvir (EBR) (an NS5A inhibitor) are being developed for
HCV-G1 and -4. The combination is administered as a once-
daily, single-tablet regimen, with or without RBV. The two
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medications are active against multiple genotypes of HCV.
This combination has no excretion through the kidneys, so
these drugs can be used without dose adjustment in pa-
tients with renal failure. In phase 2 and 3 studies, GZR/EBR
for 12 weeks, resulted in actual SVR rates among treatment-
naive and treatment-experienced patients, who had cir-
rhosis and were infected with HCV-G1b. For treatment-
experienced patients with HCV-Gla and -G4, a 16- to 18-week
regimen with or without RBV was highly effective. The
GZR[EBR combination regimen was generally well toler-
ated among patients with cirrhosis as well. The FDA ap-
proved the combination of GZR/EBR for HCV-G1 and -G4, in
January 2016. Recently, in a study among treatment-naive
patients with HCV-G1 infection treated by GZR/RBV, SVR12
after 12 weeks of treatment was only 58% while it was 90%
after 24 weeks of treatment (52). The patients with relapse
and breakthrough had wild-type virus before therapy, but
they developed Y56H, V55A, A156T and D168A/N RAVs.

3.3.7. Velpatasvir/Sofosbuvir

Velpatasvir (VEL) is a new pan-genotypic HCV NS5A in-
hibitor with antiviral activity against all HCV-G1 through
-G6. In July 2016, combination of VEL/SOF was approved
as the first once-daily pan-genotypic single tablet regimen
for the treatment of adults with all genotypes of HCV in-
fection. This new combination therapy was approved, rep-
resenting an important step towards elimination of HCV
infection. The efficacy, safety and tolerability of VEL/SOF
were supported by data from four phase 3 clinical studies,
ASTRAL-1(53), ASTRAL-2, ASTRAL-3 (54) and ASTRAL-4 (55).

The SVR rates among patients receiving 12 weeks of
VEL/SOFwas 95% -99% in treatment-naive and -experienced
patients (54, 56, 57) and 94% in decompensated cirrhosis
patients, who received 12 weeks of VEL/SOF with RBV (55).

3.4. Management of Hepatitis C Infection

The future of HCV antiviral therapy will be IFN-free
regimens with high-resistance barrier, curing nearly 100%
of the infected patients. Keeping in mind that the ulti-
mate HCV treatment is available or will be available in the
near future, there is great interest to eliminate HCV in-
fection globally until 2030 (58). Treatment recommenda-
tions in various genotypes and in patients with other co-
morbidities have been discussed in the following sections.
Availability of affordable DAAs with high insurance cover-
age for HCV treatment and testing are key to insure utiliza-
tion of the recommendations.

We will explain here the affordable strategies with ac-
ceptable prices for use in clinical practices to improve our
strategies for greater coverage of HCV-infected patients in
treatment scenario. We tried to simplify and summarize
the protocols for therapy in HCV-infected patients.

3.4.1. Variables in Decision to Treat

In PegIEN and RBV-based therapy, some features of HCV
such as HCV genotype, and host factors such as polymor-
phisms near IFNL3, age, gender, insulin resistance, 25 (OH)
vitamin D status, coinfection with HBV and/or HIV and liver
fibrosis stage were associated with antiviral response (35).
With new generation DAAs, SVR improved significantly in
all those subgroups. The SVR is still lower in patients
with advanced liver fibrosis or cirrhosis, while the num-
ber of these patients is increasing in coming decades (59).
Hepatitis C Virus genotypes, cirrhosis, co-morbidities like
hemodialysis, HIV/HCV coinfection and liver transplanta-
tion, history of previous treatment, treatment cost and
contraindications (Table 1) are some of the important fac-
tors, which should be considered in selecting the appropri-
ate treatment regimens. In addition to SVR, incidence of
adverse events, drug resistance and drug-drug interaction
can be considered for selecting the best regimen.

3.4.2. Management of Hepatitis C Virus Genotype 1

In the era of IFN therapy of HCV infection, HCV-G1 was
the most intractable among all HCV genotypes, catego-
rized as a difficult-to-treat genotype (60). Using IFN-free
DAAregimens, HCV-G1 changed from the “difficult-to-treat”
to the “easy-to-treat” genotype. The main barrier for using
DAA was high cost, but today, high quality drugs with low
cost are domestically manufactured in Iran.

The regimen of SOF/PegIFN/RBV for HCV-G1 was associ-
ated with an SVR of 73% in a real-world study (61), which
was lower than the clinical trials. The data from clinical tri-
als showed that SVR in treatment naive and non-cirrhotic
patients with this regimen was more than 90% (62). Our
meta-analysis showed that combination therapy with SOF
plus PegIFN/RBV resulted in an SVR of 88.54% in patients
with HCV-G1 infection (In press). However, detectable HCV
RNA (more than 43 IU/mL) at week four was predicted to de-
crease the likelihood of achieving SVR for HCV-G1 patients
over 60%. It is worth mentioning that around 95% of pa-
tients clear HCV RNA during four weeks of treatment with
SOF/PegIFN/RBV regimen (37, 63, 64). Moreover, Kowdley
et al. (63) showed that there is no significant difference
between response to treatment with SOF/PegIFN/RBV reg-
imen for 12 and 24 weeks (89% vs 89%). As a result, it seems
that response-guided therapy plays no role in the treat-
ment with SOF/PegIFN/RBV regimen.

In 2014, FDA approved the fixed-dose combination of
LDV/SOF, as the first [FN-free all-oral HCV antiviral therapy
with more than 95% efficacy, in non-cirrhotic patients with
HCV-G1 infection (24, 25). Although the combination of
LDV/SOF is more efficacious and more tolerable, this regi-
men is expensive in most countries. Fortunately, LDV/SOF
is now available in Iran at a low cost. The LDV/SOF has been
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Table 1. Contraindication of Treatment with Direct-Acting Antiviral Agents®

Direct-acting Antiviral Agents  Contraindication/Warning

Daclatasvir

Sofosbuvir
co-administration with beta blockers

Ledipasvir/Sofosbuvir
Velpatasvir/Sofosbuvir

Simeprevir

Cirrhotic patients with Child Pugh class Band C

Drug Influencing CYP3A, Co-administration with Amiodarone

Co-administration with Amiodarone, patients with estimated GFR of less than 30 mL/min/1.73 m*. Caution is needed for

Co-administration with Amiodarone, inducers of p-glycoprotein, patients with estimated GFR of less than 30 mL/min/1.73 m*

Inducers of p-glycoprotein, patients with estimated GFR of less than 30 mL/min/1.73 m?, Co-administration with Amiodarone

Source: based on the 2015 AASLD and EASL guideline and product label information.

prescribed with or without RBV and for 12 or 24 weeks (24,
25), based on liver fibrosis, previous treatment experience,
and RBV tolerability. Interestingly, in our meta-analysis (In
Press), it was shown that treatment efficacy is comparable
in all 12 or 24 weeks regimens with or without RBY, includ-
ing 95% for 12 weeks of treatment with LDV/SOF, 96% for
24 weeks of treatment with LDV/SOF, 96% for 12 weeks of
treatment with LDV/SOF/RBV and 98% for 24 weeks of treat-
ment with LDV/SOF/RBV. In this study it was observed that
cirrhosis (Child-Pugh A) could impact (OR = 0.21) the SVR12
only in the regimen of 12 weeks of treatment with LDV/SOE.
As a result, it is recommended to treat patients with cir-
rhosis (Child-Pugh A) with LDV/SOF/RBV for 12 weeks or
with LDV/SOF for 24 weeks based on the RBV contraindica-
tion and affordability of drugs while it seems treatment of
non-cirrhotic patients with LDV/SOF for 12 weeks is reason-
able. Based on WHO guideline, the regimen of DCV/SOF had
better results than LDV/SOF, based on the rate of serious
adverse events and treatment discontinuation, although
the differences were not statistically significant. Other
DAAs with high efficacy have also been introduced includ-
ing PTV-r/OBV/DSV, SMV-containing regimens and GZR/EBR
(35).

The current recommendation (51) for therapy in
treatment-naive patients without cirrhosis, who are in-
fected with HCV-G, is 12 weeks of DCV/SOF or LDV/SOEF. The
only regimens that are currently approved for the treat-
ment of HCV infection in patients with decompensated
cirrhosis are LDV/SOF plus RBV (24 weeks) or DCV/SOF
plus RBV (24 weeks), approved in Europe for patients with
HCV-G1 and -G4 (65).

For treatment-naive and -experienced patients with
HCV-G1 infection, LDV/SOF, PTV-r/OBV/DSV and DCV/SOF
were superior to PegIFN-based treatments. The recommen-
dations for treatment of HCV-Gl are summarized in Table 2.

3.4.3. Management of Hepatitis C Virus Genotype 2

The best first-line treatment option for patients in-
fected with HCV-G2 is the combination of SOF plus RBV

Hepat Mon. 2016;16(8):e40959.

at divided doses for 12 weeks. Twelve weeks treatment
with SOF and RBV led to an SVR12 of 80% among veterans
with HCV-G2 infection, compensated cirrhosis, and mul-
tiple comorbidities, regardless of their treatment history
(66). Other options may be useful in a small number of
patients, who fail on this regimen (65). The recommenda-
tions for treatment of HCV-G2 are summarized in Table 3.

3.4.4. Management of Hepatitis C Virus Genotype 3

Patients infected with HCV-G3 are at a higher risk
of HCC and faster progression to cirrhosis and despite
progress in the development of well-tolerated, all-oral,
interferon-free therapies, there are many un-answered
and challenging questions regarding therapy of HCV-
G3. The optimal regimen and duration of treatment in
some groups remain unclear, especially for treatment-
experienced patients.

Welzel and colleagues (67) investigated the safety and
efficacy of SOF/RBV in patients with HCV-G3, including
those who had previously received IFN-based therapy or
had cirrhosis. Overall SVR12 was 62%. The SVR was the
lowest in treatment-experienced patients with cirrhosis
(43%). Sofosbuvir plus PegIFN/RBV in treatment-naive pa-
tients increased SVR to 92%, but it was associated with ad-
verse events (68). However, SOF-containing regimen with
PegIFN/RBV has the benefit of shortening duration of ther-
apy to 12 weeks. Furthermore, SOF/PegIFN/RBV can be rec-
ommended in non-cirrhotic patients with HCV-G3 as the
second option if DCV/SOF is not available (69). The SVR
for LDV/SOF and LDV/SOF/RBV in HCV-G3 is 62.5% and 81%,
respectively. Sofosbuvir/LDV is not an ideal treatment for
HCV-G3.

Preliminary data of DCV/SOF combination, showed
SVR12 of 70% (with RBV) and 71% (without RBV) in de-
compensated cirrhosis (70). However, the data of the
ALLY-3 trial demonstrated a SVR12 of 90% and 86% for
treatment-naive and treatment-experienced patients, re-
spectively (48). This regimen has been approved for HCV-
G3 in the United States. However, the low SVR in cirrhotic
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Table 2. Treatment of Hepatitis C Virus Genotype 1 Infection

Non-Cirrhotic and Naive to
SOF-Based Regimens

Non-Cirrhotic with History
of SOF-Based Therapy

Compensated Cirrhosis®
(Child A) and Naive to
SOF-Based Regimens

Compensated Cirrhosis®
(Child A) with History of
SOF-Based Therapy

Decompensated Cirrhosis
(ChildBor C)

A.Daily DCV (60 mg) + Daily
SOF (400 mg) for 12 weeks”

A.Daily DCV (60 mg) + Daily
SOF (400 mg) with Daily RBV
(1000 -1200 mg) for 12 weeks®

A.Daily DCV (60 mg) + Daily
SOF (400 mg) for 24 weeks or
plus Daily weight adjusted
RBV (1000 -1200 mg) for 12
weeks

A.Daily DCV (60 mg) + Daily
SOF (400 mg) plus Daily
weight adjusted RBV (1000 -
1200 mg) for 24 weeks”

A.Daily DCV (60 mg) + Daily
SOF (400 mg) with Daily RBV
(1000 -1200 mg) for 24 weeks
or without RBV"'©

B. Daily LDV (90 mg)+ Daily
SOF (400mg) for 12 weeks®

B. Daily LDV (90 mg)+ Daily
SOF (400mg) with Daily RBV
(1000 -1200 mg) for 12 weeks”

B. Daily LDV (90 mg)+ Daily
SOF (400mg) for 24 weeks or
plus Daily weight adjusted
RBV (1000 -1200 mg) for 12
weeks”

B. Daily LDV (90 mg)+ Daily
SOF (400mg) plus Daily
weight adjusted RBV (1000 -
1200 mg) for 24 weeks®

B. Daily LDV (90 mg)+ Daily
SOF (400mg) with Daily RBV
(1000 -1200 mg) for 24 weeks
or without RBV"*¢

C. As alternative: Daily SOF
(400 mg) + Weekly PegIFN
«-2a (180 pg) Or-2b (1.5
1glKg) + Daily weight
adjusted RBV (1000-1200 mg)
for 12 weeks

Abbreviations: DCV, Daclatasvir; LDV, Ledipasvir; SOF, Sofosbuvir; RBV, Ribavirin.
*Including patients with pre-cirrhosis (F3-F4).
PThere is not any priority between suggested regimens above. Both regimens are available now.
€24 weeks without RBV in cases with RBV intolerance or contraindication.

Table 3. Treatment of Hepatitis C Virus Genotype 2 Infection

Non-cirrhotic and Naive to
SOF-Based Regimens

Non-Cirrhotic with History
of SOF-Based Therapy

Compensated Cirrhosis®
(Child A) and Naive to
SOF-Based Regimens

Compensated Cirrhosis®
(Child A) with History of
SOF-Based Therapy

Decompensated Cirrhosis
(Child B or C)

A.Daily SOF (400 mg) + Daily
weight adjusted RBV (1000 -
1200 mg) for 12 weeks

A.Daily DCV (60 mg) + Daily
SOF (400 mg) with Daily RBV
(1000 -1200 mg) for 12 weeks

A.Daily SOF (400 mg) + Daily
weight adjusted RBV (1000 -
1200 mg) for 24 weeks

A.Daily DCV (60 mg) + Daily
SOF (400 mg) with Daily RBV
(1000 -1200 mg) for 24 weeks

A.Daily DCV (60 mg) + Daily
SOF (400 mg) with Daily RBV
(1000 -1200 mg) for 24 weeks
or without RBV®

B. As alternative: Daily DCV
(60 mg) + Daily SOF (400 mg)
for 12 weeks

B. As alternative: Daily DCV
(60 mg) + Daily SOF (400 mg)
for 12 weeks

C. As alternative: Daily SOF
(400 mg) + Weekly PegIFN
«-2a (180 p1g) Or-2b (1.5
11g[Kg) + Daily weight
adjusted RBV (1000 -1200 mg)
for 12 weeks

Abbreviations: DCV, Daclatasvir; RBV, Ribavirin; SOF, Sofosbuvir.
Including patients with pre-cirrhosis (F3-F4).
P24 weeks without RBV in cases with RBV intolerance or contraindication.

patients mandates prolongation of therapy to 24 weeks
and addition of RBV. The DCV/SOF combination is the best
oral therapy option and the addition of RBV does not ap-
pear to be needed in non-cirrhotic patients (49, 71). The rec-
ommendations for treatment of HCV-G3 are summarized
in Table 4.

3.4.5. Management of Hepatitis C Virus Genotype 4

The all-oral regimen of LDV/SOF and DCV/SOF are ef-
fective and safe for HCV-G4 in both treatment-naive and -
experienced patients, including those with compensated
cirrhosis (72). We have limited data regarding combina-

tion of DCV/SOF in patients with HCV-G4. Nevertheless,
given the antiviral effectiveness of both DCV/SOF against
this genotype in vitro, it is likely that the results in patients
infected with HCV-G1 can be extrapolated (65). In one study,
HCV-G4 infected patients were treated by DCV/SOF with or
without RBV for 12 or 24 weeks. The SVR12 was achieved
in different treatment regimens as follows: DCV/SOF for 12
weeks (84.12%), DCV/SOF for 24 weeks (87.5%), DCV/SOF/RBV
for 12 weeks (92.72%) and finally SOF/DCV|RBV for 24 weeks
(96.77%) (73). The recommendations for treatment of HCV-
G4 are summarized in Table 5.
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Table 4. Treatment of Hepatitis C Virus Genotype 3 Infection

Non-cirrhotic and Naive to
SOF-Based Regimens

Non-Cirrhotic with History
of SOF-Based Therapy

Compensated Cirrhosis®
(Child A) and Naive to
SOF-Based Regimens

Compensated Cirrhosis®
(Child A) with History of
SOF-Based Therapy

Decompensated Cirrhosis
(Child B or C)

A.Daily DCV (60 mg) + Daily
SOF (400 mg) for 12 weeks

A.Daily DCV (60 mg) + Daily
SOF (400 mg) with Daily RBV
(1000 -1200 mg) for 12 weeks

A.Daily DCV (60 mg) + Daily
SOF (400 mg) with Daily RBV
(1000 -1200 mg) for 24 weeks

A.Daily DCV (60 mg) + Daily
SOF (400 mg) with Daily RBV
(1000 -1200 mg) for 24 weeks

A.Daily DCV (60 mg) + Daily
SOF (400 mg) with Daily RBV
(1000 -1200 mg) for 24 weeks
or without RBV®

B. As alternative: Daily SOF
(400 mg) + Weekly PegIFN
-2a (180 p1g) Or-2b (1.5
11g[Kg) + Daily weight
adjusted RBV (1000 -1200 mg)
for 12 weeks

C. As alternative: Daily SOF
(400 mg) + Daily weight
adjusted RBV (1000 -1200 mg)
for 24 weeks

Abbreviation: DCV, Daclatasvir; RBV, Ribavirin; SOF, Sofosbuvir.
?Including patients with pre-cirrhosis (F3-F4).
P24 weeks without RBV in cases with RBV intolerance or contraindication.

Table 5. Treatment of Hepatitis C Virus Genotype 4 Infection

Non-cirrhotic and Naive to
SOF-Based Regimens

Non-Cirrhotic with History
of SOF-Based Therapy

Compensated Cirrhosis®
(Child A) and Naive to
SOF-Based Regimens

Compensated Cirrhosis®
(Child A) with History of
SOF-Based Therapy

Decompensated Cirrhosis
(Child B or C)

A.Daily DCV (60 mg) + Daily
SOF (400 mg) for 12 weeks”

A.Daily DCV (60 mg) + Daily
SOF (400 mg) with Daily RBV
(1000-1200 mg) for 12 weeks”

A.Daily DCV (60 mg) + Daily
SOF (400 mg) for 24 weeks or
plus Daily weight adjusted
RBV (1000 - 1200 mg) for 12
weeks

A. Daily DCV (60 mg) + Daily
SOF (400 mg) plus Daily
weight adjusted RBV (1000 -
1200 mg) for 24 weeks”

A.Daily DCV (60 mg) + Daily
SOF (400 mg) with Daily RBV
(1000 -1200 mg) for 24 weeks
or without RBV""¢

B. Daily LDV (90 mg)+ Daily
SOF (400mg) for 12 weeks”

B. Daily LDV (90 mg)+ Daily
SOF (400mg) with Daily RBV
(1000 - 1200 mg) for 12 weeks®

B. Daily LDV (90 mg)+ Daily
SOF (400mg) for 24 weeks or
plus Daily weight adjusted
RBV (1000 -1200 mg) for 12
weeks

B. Daily LDV (90 mg)+ Daily
SOF (400mg) plus Daily
weight adjusted RBV (1000 -
1200 mg) for 24 weeks”

B. Daily LDV (90 mg)+ Daily
SOF (400mg) with Daily RBV
(1000 -1200 mg) for 24 weeks
or without RBV*©

C. As alternative: Daily SOF
(400 mg) + Weekly PegIFN
«-2a (180 pg) Or-2b (1.5
1g[Kg) + Daily weight
adjusted RBV (1000 -1200 mg)
for 12 weeks

Abbreviations: DCV, Daclatasvir; LDV, Ledipasvir; RBY, Ribavirin; SOF, Sofosbuvir.
?Including patients with pre-cirrhosis (F3-F4).
PThere is not any priority between suggested regimens above. Both regimens are available now.
€24 weeks without RBV in cases with RBV intolerance or contraindication.

3.4.6. Management of Hepatitis C Virus in Patients with Human
Immunodeficiency Virus/Hepatitis C Virus Coinfection

It has been estimated that about 2.3 million people are
infected with both HIV and HCV (74). These coinfected pa-
tients have more rapid progression towards advanced liver
fibrosis and decompensation compared with those with
HCV-monoinfection. Therefore, all patients with HIV/JHCV
coinfection should be considered for HCV treatment (75,
76) and SVR is the same for co-infected and mono-infected
individuals. Previously, treatment of HIV/HCV patients
with PegIFN has led to major side effects like depression,
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weight loss, severe anemia, thrombocytopenia and neu-
tropenia. In addition, SVR among these patients was lower
than HCV-mono-infected patients (77). Currently, treat-
ment with DAAs has substantially simplified treatment of
HIV/HCV coinfection with actual SVRrate and minimal side
effects (78). The most important issue regarding HCV/HIV
treatment with DAAs is related to drug-drug interaction
with antiretroviral therapy. Table 6 shows the most impor-
tant drug-drug interaction.


http://hepatmon.com/

Alavian SM et al.

Table 6. Drug-Drug Interaction in the Treatment Regimens Used for Human Immunodeficiency Virus and Hepatitis C Virus Co-infection®®

Direct-acting Antiviral Agents Interaction

Daclatasvir Potential interaction with Efavirenz, Nevirapine and Ritonavir
Ledipasvir/Sofosbuvir Potential interaction with Tenofovir and Efavirenz

Simeprevir It should not be used with Efavirenz, Nevirapine, Lopinavir and Ritonavir
Grazoprevir/Elbasvir

Velpatasvir/Sofosbuvir

Sofosbuvir None

It should not be used with cobicistat, efavirenz, etravirine, nevirapine, or any HIV protease inhibitor

Potential Interaction with Tenofovir-DE. It should not be used with Efavirenz and Nevirapine

*Drug-Drug interaction were reported here are beween DAAs and these drugs: Abacavir, Emtricitabine, Lamivudine, Tenofovir, Zidovudine, Dolutegravir, Efavirenz, Nevi-

rapine, Lopinavir and Ritonavir.

bSource: University of Liverpool, hepatitis drug interactions webpage (http://www.hep-druginteractions.org).

3.4.7. Management of Hepatitis C Virus in Patients with Chronic
Kidney Disease

Hepatitis C Virus infection is prevalent among
hemodialysis patients and they are at risk of transmit-
ting HCV. Therefore, they should be prioritized for HCV
treatment (65). Briefly, HCV treatment among patients
with chronic kidney disease should be performed based
on Creatinine Clearance (CRCL). Sofosbuvir, which is used
in many DAA regimens cannot be administered in patients
with severe renal failure (CRCL < 30 mL/min/1.73 m?) (77).

Based on the 2015 AASLD guideline (51), for patients
with CRCL between 30 and 80 mL/minute, no dose ad-
justment is needed. This means that DCV (60 mg), SMV
(150 mg), SOF (400 mg), fixed dose combination of LDV
(90 mg)/SOF (400 mg) and fixed dose combination of VEL
(100mg)/ SOF (400mg) can be applied in these patients.

For patients with CRCL of less than 30 mL/min/1.73 m?
and infected with HCV-G1 and -G4, the regimen of EBR (50
mg) plus GRZ (100 mg) for 12 weeks can be used. For other
genotypes (2, 3, 5 and 6) PeglIFN plus dose adjusted RBV at
200 mg daily can be used. The RBV should be discontinued
if hemoglobin level declines more than 2 g/dL despite ad-
ministration of erythropoietin.

3.4.8. Management of Hepatitis C Virus in Patients with Liver
Transplantation

Recurrence of HCV infection among patients, who un-
dergoliver transplantation with detectable HCVRNA s still
a major concern with morbidity and allograft loss after
transplantation. Approximately 30% of HCV transplanted
patients develop acute severe recurrent hepatitis progress-
ing rapidly to liver cirrhosis and increased risk of death
(79). In patients with end stage liver disease in the wait-
ing list for liver transplantation, it is advised to start DAA
as soon as possible (80). It has been shown that the chance
of HCVrecurrence post-transplantation would be reduced
if HCV RNA is undetectable at least 30 days before trans-

10

plantation (81). In the case of post liver transplantation re-
currence of HCV, treatment should be started two to four
months after liver transplantation to pass the initial criti-
cal period. For years, IFN-based therapy including PegIFN
with or without RBV had been widely used against recur-
rent HCV after liver transplantation. Unfortunately, these
regimens were poorly tolerated and the SVR in these pa-
tients was reported to be only 20% - 50%, with significant
adverse effects (82). After the advent of DAAs, satisfac-
tory virological responses with minimal side effects were
observed in this setting. Various regimens, including 12
to 24 weeks treatment with SOF-based regimens includ-
ing DCV/SOF, LDV/SOF and SMV/SOF with or without RBV
have satisfactory responses in more than 80% of the post-
transplant patients (83-85). The treatment regimens for
postliver transplant patients with different HCV genotypes
are showed in Table 7.

Despite excellent response to treatment of HCV after
liver transplantation, many groups have suggested treat-
ment of hepatitis in patients, who are candidate for trans-
plantation and are on the waiting list awaiting transplan-
tation. The regimen best works in patients with compen-
sated cirrhosis, however, some patients with decompen-
sated disease have shown excellent response with clear-
ance of the virus and decrease in their disease severity
(Model for End-stage Liver Disease, MELD score), not need-
ing a transplant. Here, it should be cautioned that pa-
tients, who improve under the therapy but not enough
to be delisted, may be disadvantaged because of moving
down on the waiting list and further delays in their trans-
plantation. Avariety of regimens established for treatment
of HCVinfection after liver transplantation work in the pre-
transplant setting as well (Table 7).

Hepat Mon. 2016; 16(8):e40959.


http://hepatmon.com/

Alavian SM et al.

Table 7. Treatment Regimens Used for Hepatitis C Virus Recurrence After Liver Transplantation

Patients Group HCV Genotype 1 or 4, Treatment

Naive or Experienced

HCV Genotype 2, Treatment Naive
or Experienced

HCV Genotype 3, Treatment Naive
or Experienced

A. Daily fixed-dose combination of LDV
(90 mg)/SOF (400 mg) with

Non-cirrhotic or compensated weight-based RBV for 12 weeks

A. Daily DCV (60 mg)[SOF (400 mg),
with low initial dose of ribavirin for 12
weeks

A.Daily DCV (60 mg)/SOF (400 mg)
with low initial dose of ribavirin for 12
weeks

cirrhosis .
B. Daily DCV (60 mg)/SOF (400 mg)

with low initial dose of RBV for 12
weeks

B. Daily SOF (400 mg) and
weight-based RBV for 24 weeks

Decompensated cirrhosis A. Daily fixed-dose combination of LDV
(90 mg)/SOF (400 mg) with low initial

dose of ribavirin for 12 weeks

A.Daily SOF (400 mg) and RBV (initial
dose 600 mg/day, increased as
tolerated to weight-based dose) for 24
weeks.

A. Daily fixed-dose combination of LDV
(90 mg)/SOF (400 mg) for 24 weeks

A.Daily DCV (60 mg)/ SOF (400 mg) for
24 weeks

A.Daily DCV (60 mg)/ SOF (400 mg) for
24 weeks

RBVineligible
B. Daily DCV (60 mg)/ SOF (400 mg) for
24 weeks

Abbreviations: DCV, Daclatasvir; LDV, Ledipasvir; RBV, Ribavirin; SOF, sofosbuvir.

4. Conclusions

Low cost DAAs and increasing HCV diagnosis and treat-
ment rate are crucial for HCV elimination programs. We
believe that health insurances can help expand treatment
programs. Hepatitis C Virus screening system should be
designed, with more focus on high-risk populations.

In the near future and with availability of low cost DAA,
HCV elimination seems to be possible in Iran if infrastruc-
ture for enhanced diagnosis and treatment uptake is pro-
vided. Increasing insurance coverage and consequently
lower patient co-payment for DAA will help expand access
to therapy among HCV-infected patients. High coverage
screening programs, with a main focus on groups at a
higher risk of HCV infection, like IDUs, are required. These
screening programs should be designed based on the cur-
rent human resources in the public health system such as
Behvarz and general practitioners (GPs). In addition, GPs
can be trained for HCV therapy in targeted seminars and
then they can be guided via telecommunication for more
HCV therapy all over the country (86).

Increasing diagnosis and treatment uptake can make
HCV elimination, a real possibility in Iran. While increas-
ing efficacy has moderate declines in all HCV-related indi-
cators, an aggressive treatment strategy would eliminate
HCV in Iran, bringing the viremic prevalence to approxi-
mately 0.02% by 2030 (8).

Currently, access to DAAs is limited in the world, with
treatment rates being lowest in most resource-limited
countries, including those countries with the highest
prevalence. Fortunately, we have access to DAAs in Iran.
The use of oral DAAs has the potential to provide treatment
scale-up due to simplified drug regimens, laboratory as-
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sessments during treatment, and service delivery models.
Key desirable characteristics of future HCV treatment regi-
mens include high efficacy, high tolerability, pan-genotype
activity, short treatment duration, oral therapy, affordabil-
ity, and availability as fixed-dose combination. Using such
a regimen, HCV treatment delivery could be greatly sim-
plified. Treatment could be initiated following confirma-
tion viremia, with an initial assessment of the stage of liver
disease. A combination of DAA therapy that is safe and ef-
fective across genotypes could remove the need for inter-
mediate HCV RNA level assessments for response-guided
therapy and reduce the need for adverse event monitor-
ing. Simple, safe and short therapy will also facilitate sim-
plified service delivery, including task shifting, decentral-
ization, and integration of treatment and care. The oppor-
tunity for HCV treatment scale up using such delivery ap-
proaches will depend on efforts needed to guarantee that
the new DAAs are affordable in low-income settings. This
will require the engagement of all stakeholders, includ-
ing, clinicians, and companies developing these new treat-
ments, Ministry of Health, health insurance companies,
and community-based organizations.

Supplementary Material

Supplementary material(s) is available here.
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