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Hepatitis C virus (HCV) infection is 
characterized by a high rate of viral 
replication, the presence of an error-
prone viral polymerase that acts twice 
in the replication cycle (converting 
positive to negative strand and nega-
tive to positive strand RNA), and ab-
sence of overlapping reading frames; 
these factors result in the generation of 
a large number of closely related viral 
variants (viral quasispecies) including 
drug-resistant variants. Infected cells 
have a turnover rate on the order of 
several weeks. However, the HCV repli-
cation unit is dynamic and is not inte-
grated into host cell DNA. The absence 
of viral genome integration suggests 
that latent infection is highly unlikely. 
HCV replication occurs in the cyto-
plasm, and replication complexes turn 
over with a half-life on the order of 10 
hours to 20 hours. These characteris-
tics present a vulnerability that can be 
exploited to achieve eradication of the 
virus from infected persons through 
drug treatment. Antiviral resistance, 
however, may present challenges to 
development of effective direct-acting 
antiviral (DAA) regimens. 

Dr Wyles is Associate Professor of Medicine 
at the University of California San Diego and 
a member of the IAS–USA Viral Hepatology 
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The addition of the hepatitis C virus (HCV) protease inhibitors telaprevir and 
boceprevir to peginterferon alfa with ribavirin therapy has increased cure 
rates in HCV infection. Numerous other direct-acting antivirals (DAAs) are 
in advanced stages of development, including next-generation protease 
inhibitors, nonstructural protein (NS) 5A inhibitors, and nonnucleoside 
and nucleos(t)ide NS5B polymerase inhibitors. The classes have different 
potencies, different resistance mutation profiles, and different barriers to 
the emergence of resistance. A comprehensive table of resistance mutations 
for classes of DAAs is presented. Numerous combinations of DAAs with or 
without ribavirin have been evaluated in early studies of interferon alfa-
free regimens, with results indicating that cure is indeed possible with such 
therapy and suggesting that identification of regimens that could produce 
cure in the majority of patients may occur within the foreseeable future. This 
article summarizes a presentation by David L. Wyles, MD, at the IAS-USA live 
continuing medical education activity held in New York in June 2012.

Perspective

Beyond Telaprevir and Boceprevir: Resistance and New 
Agents for Hepatitis C Virus Infection

HCV Resistance to Telaprevir 
and Boceprevir

Initial studies of the nonstructural 
protein (NS) 3 HCV protease inhibitors 
(PIs) telaprevir and boceprevir, each 
used alone over 2 weeks, showed rap-
id emergence of resistant mutants. In 
patients with breakthrough viremia 
during the 2 weeks of treatment with 
telaprevir, for example, there was a 
nearly complete replacement of wild-
type virus with drug-resistant variants. 
In patients who exhibited a continu-
ous decline in viral load throughout 
the treatment period, resistant vari-
ants could nevertheless be found as 
a more prominent component of the 
viral quasispecies weeks to months af-
ter treatment had ended. In patients 
with HCV genotype 1a, prominent re-
sistance mutations were the R155K/T 
and V36A/M substitutions. In patients 
with HCV genotype 1b, the A156V/T 
mutation was prominent. It was found 
that individual resistance mutations 
conferred a somewhat decreased repli-
cative fitness compared with wild-type 
virus and were not associated with 
complete loss of antiviral activity of 
telaprevir or boceprevir. However, dou-
ble mutants (eg, the R155K + V36M 
found in HCV genotype 1a) often  
exhibited increased fitness com-
pared with single mutations and were  

associated with larger changes in antivi-
ral 50% effective concentration (EC50).

In the PROVE (Protease Inhibitor 
for Viral Evaluation) 1 and 21,2 clinical 
trials with telaprevir in combination 
with peginterferon alfa and ribavirin, 
viral breakthrough occurred in ap-
proximately 7% of patients with HCV 
genotype 1a infection, compared with 
about 2% of those with genotype 1b 
infection; approximately 10% of pa-
tients with either genotype had re-
lapse after cessation of HCV PI treat-
ment. And, as shown in the boceprevir 
SPRINT-2 (Serine Protease Inhibitor 
Therapy 2)3 trial, the rate of emer-
gence of resistance variants depended 
to a considerable degree on activity of  
peginterferon alfa in the individual pa-
tients. Patients having a decrease in 
HCV viral load greater than 1 log10 IU/
mL during the 4-week lead-in period 
of peginterferon alfa with ribavirin 
therapy had very low rates of emer-
gence of boceprevir-resistant mutants 
(< 5%) during subsequent triple ther-
apy, whereas those with less than a  
1 log10 IU/mL decrease in HCV RNA 
had higher rates (>  30%-45%).

Overall, phase III telaprevir and bo-
ceprevir triple therapy trials in treat-
ment-naive patients have shown that 
resistant variants are detected in 50% 
to 75% of patients not achieving sus-
tained virologic response (SVR). Of the 
10% to 15% with virologic failure (ie, 
excluding patients in whom therapy 
failed because of such factors as intol-
erance), greater than 90% have resis-
tant variants as the predominant HCV 
species when viral breakthrough oc-
curs. Viral breakthrough during treat-
ment is associated with emergence 
of resistant variants conferring high-
fold changes in sensitivity—eg, V36M 
plus R155K in HCV genotype 1a infec-
tion and A156T/V, T54S, and V55A in 
genotype 1b infection. Relapse after 
the end of treatment is associated 
with low-fold change variants, such as 
R155K or V36M alone in genotype 1a 
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and T54A, A156S, or V170A in geno-
type 1b. Data on telaprevir resistant 
variants in patients not achieving SVR 
suggest that reversion to wild-type vi-
rus occurs in 96% of patients over 16 
months off treatment,4 with less fit 
variants decaying more rapidly. 

Population sequencing in patients 
from phase III trials of telaprevir and 
boceprevir showed that preexisting re-
sistant variants were present in 5% to 
7% of patients. Studies using ultradeep 
sequencing indicate that protease resis-
tant variants are detectable at the 1% 
level in approximately 7% to 8% and 
include variants with substitutions at 
positions 155 and 156 that are associ-
ated with substantial loss of sensitivity. 
It is generally assumed that even when 
resistant variants cannot be detected, 
almost all single resistant variants are 
present prior to treatment at very low 
levels. An analysis of how preexisting 
resistant variants might affect clinical 
outcome from the boceprevir phase III 
trials suggested, again, that treatment 
response was dependent on whether 
patients had a good response to the 
4-week lead-in treatment with pegin-
terferon alfa and ribavirin. Overall, 66 
(7%) of 980 patients had detectable re-
sistant variants at baseline, including 
variants associated with treatment fail-
ure (V36M, R155K, T54A/S, and V55A; 
65% of variants identified) and those 
that conferred reduced susceptibility 
to boceprevir but were not implicated 
in virologic failure (V36I/L, Q41H, V55I, 
V170M, and M175L; 35% of variants). 
Among patients who responded to pe-
ginterferon alfa, SVR rates were 80% 
overall, 78% in patients with the first 
group of variants, and 73% in patients 
with the second group of variants. 
Among patients with poor response 
to initial peginterferon alfa, SVR rates 
were approximately 30% overall, 0% in 
those with the first group of variants, 
and 50% in those with the second 
group. A total of 7 patients (<1% of the 
total population) did not respond to pe-
ginterferon alfa and had variants in the 
first group. 

HCV resistance testing is clinically 
available, but given that the 2 available 
DAAs are completely cross-resistant 
(see Figure 1), results of testing have 

little clinical utility in making treat-
ment decisions at this point. Baseline 
testing to determine the presence of 
resistant variants prior to therapy is 
also currently of little clinical value. 
It remains unclear what effect the 
identification of preexisting resistant 
variants has on treatment outcomes 
with the currently available PIs; tela-
previr or boceprevir responses are 
still largely based on patient interfer-
on-sensitivity. Available data suggest 
a very small proportion of treatment 
naive patients (<1%) will possess both 
baseline-resistant variants and be poor 
responders to interferon. Thus, there is 
no straightforward way to determine 
if patients with preexisting resistant  
variants should be spared telaprevir or 
boceprevir treatment. 

With regard to preexisting resistant 
variants for other classes of DAAs in 
development, ultradeep pyrosequenc-
ing capable of identifying variants that 
account for as little as 0.5% of the vi-
ral population indicates that 10% of  
patients have a majority of preexist-
ing variants resistant to nonnucleoside 
inhibitors of HCV nonstructural pro-
tein (NS)5B polymerase and 22.5% 
have a minority of resistant variants  
(in association with polymorphisms 
at the allosteric binding sites of the  
polymerase).5 Thus far, no preexisting re-
sistant variants (S282T) to nucleos(t)ide 
NS5B polymerase inhibitors have been 
identified. Preexisting variants resistant 
to HCV NS5A inhibitors have been iden-
tified in approximately 16% of patients. 

With regard to next-generation 
investigational PIs such as TMC-435 
(simeprevir), it is known that 1 resis-
tant variant (Q80K) is present in ap-
proximately 20% of patients at baseline 
(particularly common in patients with 
genotype 1a infection). In a phase II  
study, SVR rates in patients receiving a 
lower dose of simeprevir (75 mg po qd)  
were approximately 82% in those 
without the Q80K polymorphism ver-
sus 57% in those with it. At the higher 
dose (150 mg po qd), rates were some-
what closer, approximately 85% versus 
67%.6 The higher dose is being tested 
in a phase III trial, which will include 
analysis to determine whether screen-
ing for the Q80K variant at baseline 
might have clinical utility in targeting 
patients for treatment. 

Development of Interferon  
Alfa-Free Regimens

DAA Class Activity and Resistance

The currently identified mutations as-
sociated with resistance to telaprevir 
and boceprevir and investigational 
PIs, NS5A inhibitors, and nucleos(t)ide 
NS5B polymerase inhibitors are shown 
in Figure 1.

Among the current classes of HCV 
agents, the NS3 PIs have good poten-
cy (3-4 log10 IU/mL reductions in HCV 
RNA level) and established efficacy 
when used in combination with pegin-
terferon alfa and ribavirin. However, 
they require several doses every day, 

Figure 1 (next page). Mutations in hepatitis C virus (HCV) that impact susceptibility to HCV drugs 
approved by the US Food and Drug Administration (FDA) and to investigational drugs. The num-
ber on the bar refers to the amino acid position; the letter above the number refers to the wild-
type amino acid  and the letter(s) below the bar are relevant substitutions. Amino acid abbrevia-
tions: A, alanine; C, cysteine; D, aspartate; E, glutamate; F, phenylalanine; G, glycine; H, histidine; I, 
isoleucine; K, lysine; L, leucine; M, methionine; N, asparagine; P, proline; Q, glutamine; R, arginine; 
S, serine; T, threonine; V, valine; W, tryptophan; Y, tyrosine. Bolded type under the amino acid 
position number represents the key mutations that are clearly associated with virologic failure 
and result in a resistant phenotype. ©IAS–USA 2012
* The majority of mutations seen in HCV genotype 1a are I170F/T substitutions in which I is the
consensus amino acid. The majority of mutations seen in HCV genotype 1b are V170A/T, in which 
V is the consensus amino acid.
** Variants rarely seen in vivo and of unclear clinical significance. These variants are most fre-
quently seen in combination with other resistance-associated mutations. In vitro, they do not con-
fer substantial resistance to telaprevir (< 2-fold increase in median effective concentration [EC50]).
a Comprehensive resistance data have not been published. All mutations should be considered 
provisional.
b Indicates wildtype in HCV genotype 1a only.
c Indicates HCV genotype 1b only.
d Nonnucleoside polymerase inhibitor position designations according to Pauwels et al.7



141

Drug Resistance in HCV   Volume 20 Issue 4   October/November 2012

FDA-APPROVED HEPATITIS C VIRUS (HCV) DRUGS
MUTATIONS IN THE HCV PROTEASE GENE ASSOCIATED WITH RESISTANCE TO NONSTRUCTURAL PROTEIN 3 (NS3) PROTEASE 
INHIBITORS

V T V R A V i*V M
Boceprevir 36 54 55 155 156 158 170 175

A A A K S i f*A L
M S i T T t*t

G V
C

V t i R A d
Telaprevir 36 54 132 155 156 168

A A V** K S n**
M S T T
G G V
L M

INVESTIGATIONAL HCV DRUGSa

MUTATIONS IN THE HCV PROTEASE GENE ASSOCIATED WITH RESISTANCE TO NONSTRUCTURAL 3 PROTEIN (NS3) PROTEASE 
INHIBITORS

V f t Q S S R A d
Simeprevir 36 43 54 80 122 138 155 156 168

M S S K A t K t A
R R V V
L E

H
t

R A D
Faldaprevir 155 156 168

K t A
V V

E
H
Y
n
P
i

V V R A d
ABT-450 36 55 155 156 168

M i K t A
A V V
G Y

E
K

V V R D
Danoprevir 36 55 155 168

M i K E
A T
G

MUTATIONS IN THE HCV NONSTRUCTURAL PROTEIN 5A (NS5A) GENE ASSOCIATED WITH RESISTANCE TO NS5A INHIBITORS
Mb Qb l Qc H Q A y

Daclatasvir 28 30 31 54 58 62 92 93
V R V H d R K h
A E M n E t n
t H f Y C

MUTATIONS IN THE HCV POLYMERASE GENE ASSOCIATED WITH RESISTANCE TO NONSTRUCTURAL PROTEIN 5B (NS5B) 
NUCLEOS(T)IDE INHIBITORS

S
Sofosbuvir 282

t

S
Mericitabine 282

t

MUTATIONS IN THE HCV POLYMERASE GENE ASSOCIATED WITH RESISTANCE TO NONNUCLEOSIDE POLYMERASE INHIBITORSd 
P P V

BI207127 
NNI-1 (thumb 1)

495 496 499
l S A
S
A
t
Q

l R M
VX222 

NNI-2 (thumb 2)
419 422423
S K t

V
M G d

Setrobuvir 
NNI-3 (palm 1)

414 554 559
t d G
L



IAS–USA        Topics in Antiviral Medicine

142

have adverse effect profiles that can 
be improved on, have low to moder-
ate barriers to resistance with cross-
resistance, and have considerable drug 
interaction potential, since many are 
metabolized by or affect cytochrome 
P450 (CYP450) isoenzymes. NS5A in-
hibitors are very potent (4-5 log10 IU/mL 
reductions in HCV RNA level), can be 
dosed once daily, appear to have good 
adverse effect profiles, and provide 
broader HCV genotype coverage. How-
ever, they have a low barrier to resis-
tance and also exhibit cross-resistance. 
Available data to date suggest that the 
nucleos(t)ide NS5B polymerase inhibi-
tors are potent, and later-generation 
agents can be given once daily and 
have improved adverse effect profiles. 
These drugs have the highest bar-
rier to resistance among the current 
classes, and thus appear to be strong 
candidates for inclusion in potential 
interferon alfa-sparing regimens. The 
nonnucleoside polymerase inhibitors 
have numerous target sites but mod-
est potency. They also have the lowest 
barrier to resistance, because allosteric 
binding sites are not highly conserved. 

To determine how best to use and 
combine these agents, modeling stud-
ies have been performed to provide 
a basis for rational design of interfer-
on alfa-free regimens. Some of these 
models assume that all single and 
double mutants are present prior to 
exposure to DAAs, accounting for the 
rapid emergence of resistance with ex-
posure to single drugs, and that triple 
mutants are selected by drug pressure 
within a day of starting treatment. It 
has thus been posited that a success-
ful interferon alfa-free regimen would 
need to require the virus to develop 
4 resistance mutations (ie, possess a 
4-mutation barrier to resistance).

The NS5B polymerase has at least 
4 allosteric binding sites and an active 
site. For each of these sites, inhibitors 
have been developed and a unique re-
sistance profile identified. There is po-
tential for cross-resistance at the palm 
site of the polymerase, against which 2 
different classes of inhibitor have been 
developed. As noted, the nonnucleo-
side polymerase inhibitors are charac-
terized by relatively low potency and a 

low barrier to resistance, with a wide 
variability of response being observed 
among patients receiving single-agent 
treatment. In a study of an investiga-
tional inhibitor (ANA598), the high-
est dose produced an approximately 
1.5 log10 IU/mL reduction in HCV RNA 
level, with viral breakthrough occur-
ring rapidly thereafter and the C316Y 
resistant variant being found in more 
than 50% of patients. 

An example of the higher bar-
rier to resistance among the nucleo- 
s(t)ide polymerase inhibitors is the 
effect of the resistant variant S282T 
on viral sensitivity and replicative fit-
ness. This variant produces a low-fold 
change in EC50 (approximately 3-fold 
shift) and has replicative fitness that 
is 5% to 15% that of wild-type virus. 
The activity of NS5A inhibitors is indi-
cated by a phase II study of one such 
investigational inhibitor (BMS-790052 
or daclatasvir) that showed an SVR 
rate of 83% when used in combina-
tion with peginterferon alfa and riba-
virin. When studied as a single agent, 
4-log10 IU/mL decreases in HCV RNA 
level over the first several days are 
seen followed by viral breakthrough 
with a variety of resistance mutations. 
Some resistance mutations observed 
in patients with HCV genotype 1a  
infection were not observed in geno-
type 1b, apparently reflecting a dif-
ference in polymorphisms present 
at baseline in the 2 HCV genotypes. 
Those resistant variants that are com-
mon to the 2 genotypes have different 
effects on drug sensitivity. Thus, in the 
study of BMS-790052 alone, the resis-
tant variants M28T, Q30H, L31V, and 
Y93H were identified in patients with 
genotype 1a infection and the variants 
L31V and Y93H were found in those 
with genotype 1b infection. There 
were dramatic differences in the effect 
on drug susceptibility with the com-
mon mutations by genotype: the L31V 
variant caused a 3000-fold change in 
genotype 1a but only a 28-fold change 
in genotype 1b, and the Y93H vari-
ant caused a 5000-fold change and a  
24-fold change, respectively. 

These data highlight that there are 
differences between the HCV genotype 
1 subtypes with regard to mutational 

and functional barriers to resistance. 
In another example, transition to the 
R155K variant requires only a single 
nucleotide change in genotype 1a, but 
requires 2 substitutions in genotype 
1b. As shown in the study of the NS5A 
inhibitor, identical variants can have 
dramatically different effects on fold-
change in susceptibility in genotype 1a 
versus genotype 1b.8 

Promising investigational DAAs in 
phase II and III studies that are likely 
candidates for testing in interferon 
alfa-free regimens include the nucleo-
side polymerase inhibitor mericitabine 
and the nucleotide inhibitor GS-7977; 
the nonnucleoside inhibitor tegobuvir; 
the next-generation PIs simeprevir, 
BI-201335 (faldaprevir), and ritonavir-
boosted danoprevir; and the NS5A 
inhibitor daclatasvir. Alisporivir, not a 
DAA, is a cyclophilin A inhibitor that 
interacts with HCV polymerase and 
NS5A. Although promising, this com-
pound is on clinical hold because of an 
association with pancreatitis. 

Initial Interferon Alfa-Free Studies

Early interferon alfa-free studies es-
tablished that viral breakthrough is 
universal when combinations with low 
barriers to resistance, such as a non-
nucleoside polymerase inhibitor plus a 
PI, are used, with addition of ribavirin 
often preventing early breakthrough 
and prolonging response. On the oth-
er hand, the higher resistance barrier 
combination of a PI with a nucleoside 
polymerase inhibitor resulted in a con-
tinuous antiviral response during short-
term treatment, with no on-treatment 
viral breakthroughs observed. 

The first trial to show that patients 
could achieve cure with an interferon 
alfa-free regimen was recently report-
ed by Lok and colleagues.9 This small 
trial compared the DAA combination 
of the NS5A inhibitor daclatasvir and 
the PI asunaprevir (2-drug regimen) 
with the 2 agents in combination with 
peginterferon alfa and ribavirin (4-
drug regimen) in subjects who had not 
responded to peginterferon alfa and 
ribavirin. Breakthrough occurred in 6 
of the 11 dual-therapy patients during 
treatment and in 1 after treatment had 
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stopped, with 4 being cured (Figure 2). 
All 10 patients receiving the 4-drug 
regimen achieved cure. It is of interest 
that both patients with HCV genotype 
1b in the dual therapy arm achieved 
cure, suggesting a higher barrier to re-
sistance in this genotype. The patient 
relapsing at the end of treatment had 
a preexisting R155K PI-resistant vari-
ant, with breakthrough being marked 
by emergence of the NS5A-resistant 
variant Q30E. Breakthrough was asso-
ciated with a higher baseline viral load 
and was characterized by emergence 
of resistance to both drug classes. 

The ability of a 2-drug regimen to 
achieve cure in genotype 1b patients 
was supported by a study in Japanese 
patients, who almost exclusively have 
genotype 1b infection. In this trial, 
the combination of daclatasvir and 
asunaprevir produced cure in 77% of 
more than 40 genotype 1b patients who 
had not responded to peginterferon alfa 
with ribavirin or who could not receive 
peginterferon alfa.10 

The findings in the study reported 
by Lok and colleagues tend to support 
the notion that a 4-mutation barrier 
is needed for cure in genotype 1a pa-
tients, given the fact that most of these 
patients had breakthrough and that 
the dual-drug regimen did not provide 
such a barrier. It is less clear whether 
the regimen satisfies this theoretical 
requirement in patients with genotype 
1b infection, in whom it nevertheless 
appeared to be successful in achieving 
cure. Another issue highlighted by this 
trial is whether continued administra-
tion of dual therapy in patients with 
viral breakthrough leads to emergence 
of additional resistance mutations. Pa-
tients with breakthrough on dual thera-
py continued treatment with the addi-
tion of peginterferon alfa and ribavirin. 
In one of these patients, a reduction in 
viral load occurred with the addition 
of peginterferon alfa and ribavirin, fol-
lowed by another breakthrough, with 
the patient having 6 months of cumu-
lative exposure to a failing regimen 
including a PI and NS5A inhibitor. PI 
resistance due to variants at the 168  
position evolved from wild-type at  
baseline to D168Y and D168A during 
dual therapy. Both of these variants are 

associated with high fold chang-
es in drug susceptibility (525-fold 
and 30-fold respectively) but very 
low relative fitness (23% and 1% 
respectively). Continued evolu-
tion during 4-drug therapy led to 
emergence of the D168T variant, 
which is associated with a high 
fold change in drug susceptibility 
(170-fold) and increased replica-
tive fitness (160% that of wild-
type). Such findings suggest that 
failing DAAs should be stopped 
if viral breakthrough occurs, to 
prevent continued evolution of 
resistance. 

More Recent Interferon 
Alfa-Free Studies

With regard to more recent 
studies of interferon alfa-free 
regimens, the results of the Gil-
ead Sciences 0120 study with the 3 
DAAs plus ribavirin was reported at 
the 2012 EASL (European Associa-
tion for the Study of the Liver) confer-
ence. Sulkowski and colleagues evalu-
ated quadruple therapy including a 
PI, NS5A antagonist (2 dosage levels), 
nonnucleoside polymerase inhibitor, 
and ribavirin.11 Patients in the high-
dose NS5A antagonist group (arm 2) 
were randomized to 12 weeks or 24 
weeks of therapy if HCV RNA level 
was undetectable at 2 weeks (very 
rapid virologic response [vRVR]). All 
other patients received 24 weeks of 
treatment. Patients without vRVR had 
peginterferon alfa added to their treat-
ment. Patients were also analyzed ac-
cording to variants in IL28B, a gene 
in which the CC variant is predictive 
of response to peginterferon alfa with 
ribavirin. As shown in Figure 3, there 
was less difference between vRVR 
rates according to whether patients 
had IL28B CC or non-CC genotypes 
with the stronger regimen containing 
the higher NS5A antagonist dose. Vi-
ral breakthrough was more common 
in patients with genotype 1a HCV and 
was characterized by triple-class re-
sistance variants in the majority of 
cases. Preliminary SVR data for pa-
tients with vRVR showed 4-week SVR 
in nearly all arm-2 patients after the 

12-week treatment course (Figure 4). 
The data showed 12-week SVR in 80%. 
In the vRVR group getting 24 weeks of 
treatment, 4-week SVR was observed 
in all patients with available data and 
12-week SVR was observed in most. 
Overall, 87% of patients without vRVR 
had viral suppression with the addition 
of peginterferon alfa. 

Another study reported by Poordad 
and colleagues at the 2012 EASL con-
ference12 examined the triple combina-
tion of a ritonavir-boosted PI (ABT-450, 
at 2 dosage levels), a nonnucleoside 
polymerase inhibitor (ABT-333), and 
ribavirin for 12 weeks. This combi-
nation was given to treatment-naive  
patients and to prior null responders 
to peginterferon alfa who had geno-
type 1 infections. In treatment-naive 
patients, SVR rates 12 weeks after 
treatment were 95% in the higher-
dose boosted PI group and 93% in 
the lower-dose group, and 47% in the 
prior nonresponders. Among the treat-
ment-naive patients, 1 in each group 
stopped treatment within 2 weeks due 
to intolerance or nonadherence; thus, 
all patients completing treatment had 
a 12-week SVR. Reasons for the poor 
treatment outcomes in the prior non-
responders remain unclear; none had 
the IL28B CC genotype. These patients 
exhibited an initial decline in viral 

Figure 2. Virologic response to the investigational 
drugs daclatasvir and asunaprevir (interferon alfa-
free regimen). Viral breakthrough occurred in 6 of 11 
patients during dual therapy and 1 patient relapsed 
after therapy. The patient with relapse had a preexist-
ing R155 hepatitis C virus (HCV) gene variant, with 
relapse marked by emergence of a Q30E variant. 
LLOQ indicates lower limit of quantification; LLOD, 
lower limit of detection. Adapted from Lok et al.9
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load, but many had viral breakthrough 
during treatment or had relapse after 
treatment, with failure being associ-
ated with dual class resistance. 

The ELECTRON study examined 12 
weeks of treatment with the nucleo-
tide polymerase inhibitor GS-7977  
(sofosbuvir) plus ribavirin in patients 
with genotype 1 HCV who were treat-
ment naive or were prior nonre-
sponders to peginterferon alfa with 
ribavirin, and in patients with geno-
type 2 or 3 virus who were either 
treatment naive or had prior treat-
ment failures.13,14 The trial also exam-
ined the polymerase inhibitor alone 
in treatment-naive patients with gen-
otype 2 or 3 HCV, and an additional 
arm assessed the combination of GS-
7977, ribavirin, and peginterferon 
alfa in treatment-naive patients with 
genotype 2 or 3 virus. Suppression 
was observed in all groups during the 
12 weeks of treatment, consistent 
with other observations indicating 
that virtually no patients receiving 
the nucleotide polymerase inhibitor 
exhibited viral breakthrough during 

treatment. However, shortly after stop-
ping treatment, different relapse pat-
terns emerged. Four-week SVR rates 
following GS-7977 plus ribavirin were 
100% in the treatment-naive genotype 
2 or 3 group, 88% in the treatment-
naive genotype 1 group, 80% in the 
treatment-experienced genotype 2 or 
3 group, and only 11% (1 of 9 patients) 
in the genotype 1 prior null 
responders. SVR rates at 
4 weeks were 60% in the 
treatment-naive genotype 
2 or 3 group receiving the 
polymerase inhibitor with-
out ribavirin. Population 
sequencing and deep se-
quencing studies in 5 of the 
8 patients with relapse in the 
genotype 1 null responder 
group showed no evidence 
of the S282T polymerase 
resistance variant. That ob-
servation leaves open the 
question of how relapse oc-
curred in these patients in 
the absence of identified re-
sistance mutations. 

Finally, another study included 24 
weeks of treatment with the nucleo-
tide polymerase inhibitor GS-7977 and 
the NS5A inhibitor daclatasvir with 
or without ribavirin, in 3 groups of  
treatment-naive patients with geno-
type 1 infection.15 One group started 
NS5A inhibitor therapy a week after 
starting polymerase inhibitor treat-
ment and one started both concurrent-
ly, with neither group receiving ribavi-
rin; the third group started all 3 drugs 
together. Four-week SVR rates were 
100% in all 3 groups. Further follow-up 
will help determine whether the ap-
parent lack of need for ribavirin with  
this DAA combination is borne out in 
this setting. 

Conclusion

HCV variants that are resistant to DAAs 
emerge in patients who experience 
virologic failure. Multiclass resistance 
emerges in patients on interferon alfa-
free regimens that contain DAAs, with 
the possible exception of resistance to 
nucleoside polymerase inhibitors. The 
long-term impact of emergence of re-
sistant variants is not known at this 
point. It is known that such variants 
decay over time, but it remains un-
clear whether reexposure to the same 
drug classes will result in rapid reemer-
gence of resistance. Progress in devis-
ing interferon alfa-free regimens is 
rapid and can be expected to continue  
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Figure 3. Peginterferon alfa-free therapy with 4-drug combination of a protease inhibitor, 
nonstructural protein 5A antagonist (2 dosage levels), nonnucleoside polymerase inhibitor, 
and ribavirin. Very rapid virologic response (vRVR) rates shown in genotype 1a and 1b pa-
tients receiving therapy. Arm 2 patients received the highest dose of nonstructural protein 
5A antagonist. Patients were also analyzed according to IL28B variant (CC or non-CC) [top]. 
Triple-class resistance was seen in most of 1a breakthroughs [bottom]. Adapted with permis-
sion from Sulkowski et al.11
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Figure 4. Sustained virologic response (SVR) in patients with 
very rapid virologic response (vRVR) on 4-drug regimen that 
did not include peginterferon alfa. Patients in the high-dose 
nonstructural protein 5A antagonist group (arm 2) who 
achieved vRVR were randomized to 12 weeks (12-SVR) or 24 
weeks (24-SVR) of therapy. Overall, 87% (26/30) of patients 
without vRVR had viral suppression with the addition of pegin-
terferon alfa. Adapted with permission from Sulkowski et al.11
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in this manner for the next several 
years. Hope remains that interferon-
free regimens can be crafted for the 
vast majority of HCV patients within 
the near future. 

Presented by Dr Wyles in June 2012. First 
draft prepared from transcripts by Matthew 
Stenger. Reviewed and edited by Dr Wyles in 
October 2012.
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