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The hepatitis C virus life cycle has allowed us to develop
multiple targets which are collectively known as direct-acting
antivirals (DAAs). There are 4 major classes of DAAs and 2
of the 4 classes have multiple approved agents within them
(Figure 1). The suffix of each drug allows grouping of drugs
with the same mechanism of action.

The focus of this monograph is on HCV resistance and its
implications for treatment. Resistance associated substitutions
(RASs) may be present prior to the start of DAA therapy or
may develop while on DAA therapy (breakthrough). RASs
can be detected against drugs of any of the above classes
although specific RASs that develop against agents in the
NS5A inhibitor class are the most problematic. On the other
hand, NS5B nucleotide inhibitors such as sofosbuvir have
the highest barrier to resistance and are least likely to be
impacted by RASs.

Figure 1.

RASs can be detected in both genotype (GT) 1a and 1b viruses;
however, those in GT1b are easier to eradicate and the presence
of these variants means very little. However, GT1a is a more
difficult virus to eradicate especially when RASs against NS5A
are detected. The most problematic NS5A RASs are at amino
acid position M28, Q30, L31 and Y93. The emerging NS5A
agents (eg, velpatasvir, pibrentasvir and ruzasvir) are the most
effective drugs against these problematic NS5A RASs based
on replicon data and clinical trial data.
Multiple studies have shown that ~16% of GT1 patients
have baseline NS5A RASs even before exposure to an NS5A
inhibitor. Sarrazin et al (Gastroenterology 2016 Sep 151(3):
501-512) demonstrated that baseline NS5A RASs negative
effect on the achievement of SVR12 in GT1 patients treated
with ledipasvir/sofosbuvir with or without ribavirin. The major
impact was observed in GT1a infected patients (Figure 2).

The replicon model is a cell-based culture system that
serves as a mini-genome. Phenotypic analyses are done to
determine the drug concentration needed to inhibit viral
replication. The effective concentration needed to inhibit viral
replication by 50% is known as the EC50 for a drug. Less
susceptible viruses will require more drug to be inhibited
and thus have a higher EC50 compared to wild-type virus.
Based on the replicon model, the newer NS3 protease
inhibitors (glecaprevir, grazoprevir and voxilaprevir) appear
to be very potent agents against all HCV genotypes (wild
type and most common RASs). Additionally, results from
replicon testing demonstrates that the emerging agents
(pibrentasvir, velpatasvir and ruzasvir) are potent pangenotypic
NS5A inhibitors.
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Figure 2.

Figure 3.

To maximize SVR12 for patients with baseline NS5A RASs,
longer durations (>12 weeks) and/or the addition of ribavirin
have been studied and have shown improved SVR12 rates.

NS5A RASs can develop while on treatment (breakthrough) in
some patients if therapy is not effective. Unlike NS3 protease
inhibitor RASs, NS5A RASs are very fit and can persist for long
periods of time. Krishnan et al (EASL 2015, Abstract #O057)
demonstrated that 96% of NS5A RASs were detectable 48
weeks post-treatment in GT1 patients who failed ombitasvir/
paritaprevir/ritonavir + dasabuvir +/- ribavirin regimen. Wyles
et al (EASL 2015, Abstract O0069) demonstrated that 86% of
GT1 patients who failed ledipasvir treatment still had NS5A
RASs detected 96 weeks post-treatment.

One other important factor to consider is whether the detected
RASs are class-specific or drug-specific to measure their
impact. Jacobson et al (AASLD 2015, Abstract LB-22) reported
on the impact of baseline NS5A substitutions in GT1-infected
patients treated with grazoprevir (NS3 protease inhibitor)/
elbasvir (NS5A inhibitor). NS5A RASs with <5 fold shift to
elbasvir had no impact (SVR12=100%); however, NS5A RASs
with >5 fold shift to elbasvir decreased SVR12 to 52.4%.
Although elbasvir-specific RASs are less commonly detected
via population sequencing (~5% of GT1a patients not previously
exposed to an NS5A inhibitor) than NS5A RASs, their impact
on SVR12 is very different (Figure 3). Longer duration (16-18
weeks) and the addition of ribavirin achieves 100% SVR12.

Future DAA Regimens
Newer pangenotypic regimens with activity against RASs are
in late stage development. One of these late-stage regimens
contains glecaprevir (NS3 protease inhibitor)/pibrentasvir
(NS5A inhibitor). This is a regimen which is dosed once daily,
has minimal metabolism and primary biliary excretion. There
is negligible renal excretion and no dose adjustment is needed
for patients with chronic kidney disease.
Poordad et al (EASL 2016, abstract #GS11) presented data
using this regimen for 12 weeks with or without ribavirin in
GT1 patients who previously failed DAA therapy. More than
half the patients (54%) had NS5A RASs prior to treatment and
>90% of those patients achieved SVR12 (Figure 4).

2
This activity is supported by educational grants from AbbVie, Bristol-Myers Squibb, and Merck.
Jointly provided by Purdue University College of Pharmacy and the GI and Liver Association of the Americas.

Figure 4.

RAS achieved SVR when treated with the triplet for 16 weeks
+ ribavirin or 24 weeks without ribavirin (Figure 6).

Figure 6.

Another late-stage once daily pangenotypic regimen is
sofosbuvir (nucleotide polymerase inhibitor)/velpatasvir (NS5A
inhibitor)/voxilaprevir (NS3 protease inhibitor). Bourliere et al
(AASLD 2016, Abstract #194) presented SVR12 data in GT16 treatment-experienced patients treated with this regimen
for 12 weeks. More than 94% of patients with baseline NS5A
RASs achieved SVR12 (Figure 5).

The AASLD/IDSA HCV guidance document (www.hcvguidelines.
org) provides recommendations on what and in whom to test
for RASs (Figure 7). In the future, effective treatment regimens
with high barriers to resistance will likely be available
and thereby remove the need for resistance testing. The
HCV guidance document is updated on a regular basis so
reference to the website is important to assure the most up to
date information.

Figure 5.

Figure 7.

The third late-stage once-daily regimen is uprifosbuvir
(nucleotide polymerase inhibitor)/grazoprevir (NS3 protease
inhibitor)/ruzasvir (NS5A inhibitor). As previously noted, the
most problematic NS5A RAS is Y93. Wyles et al (AASLD 2016,
Abstract #193) reported that 100% of patients with the Y93
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