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Abstract

Chronic hepatitis C continues to be a major public health concern due to complications including liver cirrhosis
and hepatocellular cancer. Prior to the development of direct acting antiviral drugs, chronic hepatitis C was primarily
treated with interferon-based therapy. Treatment regimens were faced with challenges including limited efficacy, less
tolerability and limited usage in decompensated liver cirrhosis.

The introduction of Direct Antiviral Agents (DAA) has changed the landscape of chronic hepatitis C treatment.
Currently, the use of DAA has improved the sustained virologic response rates (SVR), with availability of genotype
specific treatment and increased patient tolerability. Further, the availability of newer DAAs, have helped expand the
treatment eligibility pool to include chronic hepatitis C (HCV) patients with advanced cirrhosis, patients with End
Stage Renal Disease and post-liver transplant patients.

The development of new and improved generations of DAAs is ongoing and rapidly enhancing our armamentaria
to achieve cure for patients with chronic hepatitis C infection. This short communication reviews the ongoing
development, genotype specific treatment regimens, and current use of DAA in chronic hepatitis C patients including
special patient populations such as HIV/HCV coinfections, patients with advanced liver cirrhosis, severe renal

impairment and recurrent HCV post -liver transplant.
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ABT-267: Ombitasvir; ABT-333: Dasabuvir;  ABT-450/r:
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DAA: Direct Antiviral Agents; DCV: Daclatasvir; EBR: Elbasvir; GZP:
Grazoprevir; HCV: Hepatitis C Virus; HIV: Human Immunodeficiency
Virus; LDV: Ledipasvir; PEG-IFN: Pegylated interferon; PI: Protease
inhibitor; RBV: Ribavirin; SOF: Sofosbuvir; SVR: Sustained Virologic
Response.

Introduction

It is estimated that over 170 million people worldwide are affected
with chronic hepatitis C infection [1]. The estimated prevalence of
HCV was found to be 1.3 percent of the non-institutionalized
population (3.6 million people) in US, based on HCV antibody testing
as reported by a recent survey [2]. A vast majority of these persons
being aged 40 to 59 years, are unaware that they have Hepatitis C
infection. Among this cohort, the estimated prevalence of current
chronic infection using HCV RNA positivity was 1 percent
(representing about 2.7 million people living with chronic HCV [2].

Chronic hepatitis C left untreated potentially leads to liver fibrosis,
and liver cirrhosis in 14-19% of chronic hepatitis C patients over a
period of 20 years [3]. The risk of hepatic decompensation among
compensated cirrhosis is 3.9 percent per year and hepatocellular

carcinoma 3 percent per year [4]. This underscores the importance of
treating chronic hepatitis C infection early in the course of disease.
Early diagnosis remains a challenge, as most patients are asymptomatic
for several years.

Treatment of Hepatitis C is a rapidly moving target. The
introduction of direct acting antiviral (DAA) agents for HCV has
shown great efficacy with a sustained virologic response (SVR)>90%,
and better tolerance with less side- effects among users [5]. A recent
predictive model envisions that hepatitis C will be a rare disease by
2036 with the use of DAA and screening for chronic HCV cases [6].

Despite the availability of DAA, there is a gap in knowledge in
screening patients, appropriately referring them to specialist when
warranted, and management particularly in HCV patients with co-
morbidities such as HCV/HIV co-infection and renal impairment. This
review is an update on the current treatment options available for
chronic hepatitis C , with focus on the use of DAA in treating Hepatitis
C.

The goal of anti-viral therapy

The ultimate goal of therapy in HCV infection is the achievement of
virologic cure, which is characterized by the absence of detectable
HCV RNA at 12 weeks or more after completion of therapy; known as
SVR [7]. This correlates with improved outcomes such as reduced risk
of liver transplantation, all-cause mortality, hepatic decompensation
and liver related mortality compared to non-responders [8,9].
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Direct acting antivirals

Prior to the approval of DAA for treatment of Hepatitis C, the
standard treatment of chronic Hepatitis C was a 24-48 week
combination therapy of Pegylated interferon (Peg-IFN) and ribavirin
(RBV) based on HCV genotype [10,11].

DAAs target molecular protein structures specific to HCV thereby
hindering viral replication. Currently there are four categories of DAAs
based on specific pharmacodynamics and role in hindering specific
targets in HCV replication [12]. These are NS5A inhibitors, protease
inhibitors (PIs) for specific target proteins, the RNA polymerase
inhibitors (NPIs), and NS5B non-nucleoside polymerase inhibitors
(NNPIs) [12].

NS5A inhibitors: Phosphorylation of NS5A is thought to aid in
HCV particle production by its interaction with core protein. Mutation
of the C-terminal serine cluster of NS5A required in basal
phosphorylation inhibits NS5A-core protein interaction [13].
Currently, NS5A inhibitors available include Ledipasvir (LDV),
Ombitasvir (ABT-267) and Daclatasvir (DCV) which are in fixed dose
combinations with other DAA. The use of NS5A inhibitors with other
direct-acting antivirals have been shown to achieve high SVR in HCV
genotype 1 patients such as the use of LDV and Sofosbuvir (SOF) [14].
Recent trials have shown Elbasvir (EBR) in a fixed-dose combination
with the protease inhibitor Grazoprevir (GZP) achieve high SVR in
treatment-naive patients (genotypes 1,4 and 6) [15].

NS3/4A Protease inhibitors: NS3/4A protease inhibitors inhibit
NS3/4A serine protease, which is involved in viral processing and HCV
replication [16]. The first generation NS3/4A inhibitor, telaprevir and
boceprevir, are gradually being replaced by second-generation protease
inhibitors which have greater efficacy and fewer side-effects such as
Simeprevir (SIM) [17]. In the OPTIMIST-1 trial, HCV genotype 1
patients with and without cirrhosis attained SVR 12 rates of 95% and
97% in treatment -naive and experienced patients respectively in
patients treated with SIM and SOF [18]. Other second generation
NS3/4A inhibitors include Paritaprevir which is available in fixed dose
combination with ritonavir (ABT-450r) and ombitasvir (ABT-267) is

frequently given with dasabuvir (ABT-333) a non-nucleoside NS5B
inhibitor. Faldaprevir is a new NS3/4A inhibitor that has shown
favorable results in a phase 2b trial in HCV genotype 1 patients when
used with deleobuvir with or without ribavirin [19].

NPIs: The NPT’s cause premature HCV nascent RNA termination
thereby inhibiting HCV replication. NPT’s are usually pan-genotypic
with high antiviral efficacy [20]. SOF an NPI, has been used in
combination with other DAA, particularly as a fixed dose combination
of LDV/SOF in treatment-naive HCV genotype 1 patients [21].

NNPIs: Non-nucleoside polymerase inhibitors bind to one of the
four allosteric sites inhibiting the RNA-dependent RNA-polymerases
via the interruption of conformational changes in enzymatic function
[22]. NNPI tend to be less efficacious and have a less to moderate
resistance profile [23]. NNPI’s serve primarily as adjuncts to other
DA A’ with a high resistance profile. A recent clinical trial involving the
use of Dasabuvir, an NNPI, in combination with ombitasvir-
paritaprevir-ritonavir with RBV in HCV genotype 1 patients resulted
in an SVR of 95%-98% [24].

Genotype based treatment

HCV Genotype 1: Currently there are 5 recommended highly
efficacious DAA oral combinations in HCV genotype 1 patients,
determined by the existence of cirrhosis or its absence, type of HCV 1
genotype subtype, and the existence of NS5A resistance-associated
variants detected by testing for resistance [25]. LDV/SOF combination
is approved for 12 weeks in patients that were not previously treated,
with either addition of RBV for 12 weeks or 24 weeks without the use
of RBV in previously treated patients that failed or relapsed after prior
treatment [26].

Other combinations include 12 weeks of SIM/SOF combination
(OPTMIST-2 trial), 12 weeks of ombitasvir/ABT-450r plus ABT-333
with or without RBV (SAPPHIRE-I trial) or 12 weeks of EBR/GZP (C-
EDGE trial) [24,27,28]. The current treatment recommendations in
HCV Genotype 1 patients in both treatment-naive and treatment-
experienced patients have been summarized in Table 1 [25,29].

Genotype 1a Treatment Naive Patients, No cirrhosis Duration of Treatment
LDV/SOF 12 weeks
EBR/GZP 12 weeks
ABT-450/r+ABT-267+ABT-333+RBV 12 weeks
SIM+SOF 12 weeks
*DCV+SOF 12 weeks
Genotype 1a Treatment-naive Patients + Compensated cirrhosis

EBR/GZP 12 weeks
LDV/SOF 12 weeks
ABT-450/r+ABT-267+ABT-333+RBV 24 weeks
SIM+SOF + RBV 24 weeks
*DCV+SOF + RBV 24 weeks
*EBR/GZP+RBV 16 weeks
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Treatment Failure: PEG-IFN and RBV

LDV/SOF 12 weeks
ABT-450/r+ ABT-267+ABT-333 12 weeks
SOF+SIM + RBV 12 weeks
Genotype 1a: Defer treatment

Treatment Failure: SOF without advanced fibrosis:

Genotypela:Treatment Failure: PEG-IFN and RBV+Cirrhosis

LDV/SOF 24 weeks
LDV/SOF+RBV 12 weeks
ABT-450/r+ABT-267+ABT-333+RBV 24 weeks

Genotype 1a:

Treatment Failure: SOF+Cirrhosis

Advanced fibrosis: LDV/SOF + RBV 24 weeks

Genotype 1b :Treatment-naive Patients with no Cirrhosis

EBR/GZP 12 weeks
LDV/SOF 12 weeks
ABT-450/r+ABT-267+ABT-333+RBV 12 weeks
SIM+SOF 12 weeks
*DCV+SOF 12 weeks

Genotype 1b :Treatment-naive Patients+Compensated Cirrhosis

GZP/EBR 12 weeks
LDV/SOF 12 weeks
ABT-450/r+ABT-267+ABT-333+RBV 12 weeks
SIM+SOF + RBV 24 weeks
*DCV+SOF + RBV 24 weeks

Genotype 1b:Treatment Failure: PEG-IFN+RBV

LDV/SOF 12 weeks
ABT-450/r+ ABT-267+ABT-333+RBV 12 weeks
SOF+SIM + RBV 12 weeks
Treatment Failure: SOF With No advanced fibrosis: Defer treatment

Treatment Failure: PEG-IFN, RBYV, PI

LDV/SOF 12 weeks

Treatment Failure: PEG-IFN and RBV+Cirrhosis

LDV/SOF 24 weeks
LDV/SOF+RBV 12 weeks
ABT-450/r+ABT-267+ABT-333+RBV 12 weeks
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Treatment Failure: SOF+Cirrhosis

Advanced fibrosis: LDV/SOF + RBV 24 weeks
Treatment Failure: PEG-IFN, RBV, PI+Cirrhosis

LDV/SOF 24 weeks
LDV/SOF+RBV 12 weeks

Table 1: [25,29] Treatment guidelines for HCV Genotype la and 1b.

HCV Genotype 2 and 3: Sofosbuvir with weight-based RBV for 24
weeks in patients with genotype 2 and 3 achieved SVR at 12 weeks;
93% in HCV genotype 2 and 85% at 24 weeks in genotype 3
(VALENCE HCV treatment study) [30]. Higher SVR 12 rates were

achieved in patients with HCV genotype 3 in the 24-week regimen
compared to the 12 week and 16 week regimen reported in subsequent
trials [31,32]. The current treatment recommendations in HCV
Genotype 2 and 3 patients have been summarized in Table 2 [25,29].

Genotype 2 (Treatment-naive Patients, no cirrhosis) Duration of Treatment
SOF+RBV 12 weeks

*DCV+SOF 12 weeks

Genotype 2:Treatment-naive+Compensated cirrhosis

*DCV+SOF 16 weeks to 24 weeks
Genotype 3 (Treatment-naive, no cirrhosis)

DCV+SOF 12 weeks
SOF+RBV+weekly PEG-IFN 12 weeks

Genotype 3 (Treatment-naive+ Compensated cirrhosis)

SOF+RBV+weekly PEG-IFN 12 weeks

*DCV+SOF + RBV 24 weeks

Genotype 4 (Treatment-naive , no cirrhosis)

ABT-450/r+ABT-267+ RBV 12 weeks

Genotype 4 (Treatment-naive+Compensated cirrhosis)

* ABT-450/r+ABT-267+RBV 12 weeks

*LDV/SOF 12 weeks

*EBR/GZP 12 weeks

Genotype 5/6 (Treatment-naive * Cirrhosis)

* LDV/SOF 12 weeks
*SOF+RBV+weekly PEG-IFN 12 weeks

Table 2: [25,29] Treatment guidelines for HCV genotypes (2,3,4, 5/6).

HCV Genotype 4: Hezode et al. in a randomized, open-label trial
(PEARL-I) evaluated the use of once-daily ABT-267 plus ABT-450r
with or without RBV for 12 weeks. A high SVR 12 (100% versus 90.9%)
in the ribavirin containing regimen and ribavirin-free regimen
respectively were achieved [33]. Recent study by Asselah et al. among
treatment-naive genotype 4 patients treated with daily EBR /GZP with
weight-based RBV achieved an overall SVR 12 of 97% (64/66) [34].

Treatment recommendations for HCV Genotype 4 patients have been
summarized in Table 2 [25,29].

HCV Genotype 5 and 6: Data is limited in the treatment of HCV
genotype 5 and 6 patients due to few studies. LDV/SOF combination
for 12 weeks is recommended due to high SVR 12 (95%) achieved in
HCV genotype 5 in a study conducted in France by Abergel et al. [35].
Treatment recommendations for HCV Genotype 5 and 6 patients have
been summarized in Table 2 [25,29].
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Unique subgroup of HCV patients

HIV/HCV co-infection: HIV infection in HCV patients increases
the risk of cirrhosis and advanced fibrosis [36]. LDV/SOF
combination, over 12 weeks can be used with most antiretroviral
therapy, however its concomitant use with tenofovir requires frequent
evaluation of creatinine clearance due to increased risk of tenofovir -
associated renal toxicity [25]. There is data to suggest the effectiveness
and safety of DAA in HIV/HCV-co-infected patients with HCV
genotype 1 who were on antiretroviral therapy [37]. Other trials,
namely the C-EDGE trial and TURQUOISE-1 study that evaluated the
safety and effectiveness of Elbasvir/grazoprevir and Paritaprevir/
ritonavir/omitasvir+dasabuvir respectively in HIV/HCV-co-infected
patients had favorable outcomes [38]. It is important to review the
drug to drug interactions while selecting the appropriate treatment
regimen in patients with HIV/HCV co-infection.

HCV with decompensated cirrhosis: The SOLAR-2 study examined
the use of LDV/SOF with low initial dose of RBV (600 mg, increased as
tolerated) for 12 weeks and 24 weeks in HCV genotype 1 and 4
patients with decompensated cirrhosis. SVR at 12 weeks was 87% and
89% at 24 weeks, however more adverse outcomes were observed at 24
weeks, compared to the 12 weeks duration of therapy [39]. An SVR 12
rate of 83% was demonstrated in patients with advanced cirrhosis
treated with DCV with daily SOF in combination with low initial dose
of RBV for 12 weeks in the ALLY-1 study [40].

Patients with recurrent HCV infection post-liver transplantation:
The ALLY-1 also evaluated the use of daclatasvir administered with
daily SOF and RBV for 12 weeks in patients with recurrent HCV
infection post transplant. An SVR 12 rate of 94% was achieved among
those with recurrent HCV infection post transplant [39]. Kwo et al.
evaluated a fixed-dose combination of ABT-450r, and ombitasvir plus
ABT-333 with RBV given for 24 weeks. An SVR24 rate of 96% was
achieved among liver-transplant recipients with recurrent HCV
genotype 1 [41].

Patients with severe renal impairment or ESRD requiring hemolysis:
Results from the C-SURPER study showed that EBR/GZP given for 12
weeks achieved an SVR 12 of 99% in patients with HCV genotype 1
infection with severely compromised renal function(stage 4-5 chronic
kidney disease) [42] The ongoing HCV-TARGET study evaluating the
use of sofosbuvir-containing regimens (PEG-IFN, RBV and SOF; SIM
and SOF with or without RBV; or SOF and RBV) in patients with less
to severe renal dysfunction, has reported high response rates ,
comparable to patients without renal dysfunction [43].

Drug-drug interactions (DDIs): Some DAA such as simeprevir,
daclatasvir, elbasvir and grazoprevir are metabolized through the
CYP3A metabolism pathway [44]. Co-administration with strong
inducers and inhibitors of CYP3A are invariably not recommended.
Other DAA such as Sofosbuvir, Ledipasvir are substrates of the P-
glycoprotein (P-gp) drug transporter. Co-administration of potent
intestinal P-gp inducers such as rifampin, cambazepine , phenobarbital
and phenytoin is not recommended. A recent review of drug to drug
interactions in administration of DAA and other prescription
medications reported most significant interactions with combination
of ombitasvir/ritonavir/paritaprevir with or without dasabuvir [45].

Conclusion

The introduction of DAA has revolutionized the treatment of
chronic hepatitis C. The use of DAA offers higher SVR, with high

levels of safety and efficacy. As new and improved DAAs are
continually being developed, the prospects of achieving cure for all
types of chronic HCV including prior treatment failures, patients with
decompensated cirrhosis and transplant recipients is feasible. Potential
DDIs should be considered in the use of DAA. Primary care providers
ought to be educated through CME programs regarding screening
tests, available treatment regimens, getting access to treatment for
patients and indications for patients referral to a specialist. We
recommend extensive programs utilizing print, electronic and social
media aimed at increasing public awareness to risk factors for
transmission, available screening tests as well as treatment advances.

However, high health care costs involved in successfully treating
patients with DAA are the next major barrier to overcome, in
providing access to treatment.
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