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BACKGROUND: Traditional therapy with pegylated interferon and
ribavirin combined with the new protease inhibitors boceprevir or
telaprevir has demonstrated improved outcomes in hepatitis C virus
(HCV)-infected patients. Prevalence data regarding pre-existing drug-
resistant variants to these two new virus inhibitors in the Canadian
population are not available.

OBJECTIVE: To detect pre-existing mutations conferring resistance
to boceprevir and/or telaprevir in Canadian patients infected with
HCV genotype la.

METHODS: Resistance-associated mutations (RAMs) were evaluated
in 85 patients infected with HCV genotype la who had not yet
received antiviral therapy. The NS3 protease gene was sequenced and
common RAMs were identified based on a recently published list.
RESULTS: The overall prevalence of pre-existing RAMs to bocepre-
vir and telaprevir was higher compared with other similar studies. All
of the observed RAMs were associated with a low level of resistance.
A surprisingly high proportion of patients had the V55A RAM
(10.6%). None of the mutations associated with a high level of resis-
tance were observed. The simultaneous presence of two low-level
resistance mutations (V36L and V55A) was observed in only one
patient. Three other patients had both T54S RAM and V55I muta-
tions, which may require a higher concentration of the protease drugs.
The prevalence of various mutations in Aboriginal Canadian patients
was higher (37.5%) compared with Caucasians (16.39%) (P=0.038).
CONCLUSIONS: The present study was the first to investigate pre-
existing drug resistance to boceprevir/telaprevir in Canadian HCV-
infected patients. A relatively high proportion of untreated HCV
genotype la patients in Manitoba harbour low-level RAMs, especially
patients of Aboriginal descent, which may contribute to an increased
risk of treatment failure.
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La résistance préthérapeutique au bocéprévir et au
télaprévir, des inhibiteurs de la protéase du virus de
I’hépatite C, chez des patients du Manitoba infectés
par le sous-génotype la de ’hépatite C

HISTORIQUE : La thérapie habituelle a linterféron pégylé et a la
ribavirine associée au bocéprevir ou au télaprévir, de nouveaux inhibi-
teurs de la protéase, donne une meilleure issue démontrée chez les
patients infectés par le virus de I’hépatite C (VHC). On ne possede pas
de données de prévalence au sujet des variantes de résistance pré-
thérapeutique a ces deux inhibiteurs de virus au sein de la population
canadienne.

OBJECTIF : Déceler les mutations préexistantes conférant une résis-
tance au bocéprévir, au télaprévir ou a ces deux médicaments chez les
patients canadiens infectés par le génotype 1a du VHC.
METHODOLOGIE : Les chercheurs ont évalué les mutations associées
a la résistance (MAR) chez 85 patients infectés par le génotype la du
VHC qui n’avaient pas encore recu d’antivirothérapie. Ils ont séquencé
le géne de protéase NS3 et déterminé les MAR courantes d’aprés une
liste récemment publiée.

RESULTATS : La prévalence globale des MAR préexistantes au
bocéprévir et au télaprévir était plus élevée que dans des études simi-
laires. Toutes les MAR observées s’associaient a un faible taux de
résistance. Une proportion étonnamment élevée de patients présen-
taient la MAR V55A (10,6 %). Les chercheurs n’ont observé aucune
mutation associée 2 un fort taux de résistance, mais ont observé un seul
cas de présence simultanée de deux mutations de faible niveau de
résistance (V36L et V55A). Trois autres patients présentaient une
MAR T54S et une mutation V55, qui peut exiger une plus forte con-
centration d’inhibiteurs de la protéase. La prévalence de diverses
mutations chez les patients autochtones du Canada était plus élevée
(37,5 %) que chez les blancs (16,39 %) (P=0,038).

CONCLUSIONS : La présente étude était la premicre a porter sur la
résistance préexistante au bocéprévir et au télaprévir chez des patients
canadiens infectés par le VHC. Une proportion relativement élevée de
patients du Manitoba atteints du génotype la du VHC non traité
présentent de faibles niveaux de MAR, notamment ceux d’origine
autochtone, ce qui peut contribuer a un risque plus élevé d’échec du
traitement.

More than one dozen antiviral compounds directly targeting hepa-
titis C virus (HCV) replication have recently been developed.
The most promising include inhibitors of the NS3/NS4A protease and
the NS5B polymerase. In 2011, boceprevir and telaprevir were the first
antivirals to be approved in combination with pegylated interferon-
alpha and ribavirin for the treatment of chronic HCV (genotype 1)
infection in North America and Europe. The use of these drugs has led
to the emergence of HCV resistance-associated mutations (RAMs),
which are generally characterized by different levels of reduced sus-
ceptibility of the dominant virus population. Moreover, there is evi-
dence that some of these RAMs already exist to different extents, even

before treatment, in some, if not most, patients (1-3). To complicate
matters further, a significant cross-resistance is observed between these
two new drugs — namely, a single resistance mutation profile for
boceprevir is common for telaprevir or vice versa (1). Furthermore, the
resistance profile associated with HCV antivirals against the same
target — the HCV protease or polymerase — is also distinct depending
on the HCV genotype or subgenotype (1,4).

Approximately one-half of all Canadian patients with chronic
hepatitis C, including those in the province of Manitoba, are infected
with HCV subgenotype la, which is more difficult to treat (5-7).
Most of the currently published investigations on NS3/NS4A drug
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resistance mutations, although focusing on HCV genotype 1, do not
reliably differentiate their findings between subgenotypes la and 1b,
the latter being significantly more common in Europe, especially
among the adult population (8,9). The objective of the present study
was to investigate the level of pre-existing boceprevir/telaprevir-
relevant HCV RAMs among HCV subgenotype la treatment-naive
patients in M nitoba.

METHODS

EDTA-plasma samples from 85 randomly selected HCV-infected
patients with known genotype la were identified in 2011 through
routine HCV diagnostic testing. The main criterion for selection was
sufficient residual volume because the samples were previously tested
for anti-HCV antibodies and HCV RNA. All patients were treatment
naive for protease inhibitors. None of the patients were HIV or hepa-
titis B virus coinfected. HCV subgenotype was determined using a
commercially available assay (Versant HCV Genotype 2.0 Assay
[LiPA], Siemens, Belgium). In cases for which reliable differentiation
was not possible, reverse transcription polymerase chain reaction
(RT-PCR) followed by complementary DNA sequencing was used.

Amplification and sequencing of the HCV NS3 gene

HCV RNA was extracted from 250 pL of serum using an automated
nucleic acid extraction system (NucliSENS easyMag, bioMerieux Inc,
USA) and amplified by RT-PCR using primers specific for the HCV
subgenotype 1a NS3 protease catalytic domain as described previously
(10). Amplicon products were gel purified before cycle sequencing on
an ABI Prism 3100 Genetic Analyzer (Applied Biosystems, USA)
using BigDye version 3.1 terminator chemistry. Sequence data obtained
were used to confirm HCV subgenotype 1a of each viral sample; fur-
ther sequence alignment and analysis was performed to determine
common protease inhibitor resistance mutations based on a recently
published list by the HCV Phenotype Working Group of the HCV
Drug Development Advisory Group (11).

RESULTS

The median age of the patients was 48 years (range 20 to 73 years),
male to female ratio was 2:1, 61 were Caucasian and 24 were First
Nations (various Aboriginal peoples in Canada who are neither Inuit
nor Métis).

Phylogenetic analysis using HCV subgenotype 3a as an outlier con-
firmed that all isolates belonged to subgenotype 1a (data not shown).

The frequency of RAMs to linear protease inhibitors (Pls) observed
in the present study are shown on Table 1 and compared with several
other studies from North America and Europe. The overall preva-
lence of pre-existing RAMs to boceprevir and telaprevir was much
higher than reported in other studies. Although all of the observed
RAMs are characterized by low-level resistance (<10 fold change), all
were usually found in at least 10% of patients who failed treatment
based on previous studies (11). A surprisingly high proportion of the
patients harboured the V55A RAM (10.6%). Additionally, 4.7% had
a V551 mutation, which may also confer a low level of resistance. It is
important to note that none of the mutations associated with a high
level of resistance were observed. The simultaneous presence of two
low-level RAMSs (V36L and V55A) was observed in only one patient.
Three others had both the T54S RAM and V55I mutation; however,
although suspected, the latter may not be resistance associated. Two
additional mutations were observed (T54W and A156G); while there
are no data for the former in terms of its relevance to linear PI resist-
ance, the latter has a minor fold change of 2.1 resistance effect on
boceprevir (12). RAMs observed in other studies (Q41, F43) were not
detected among patients in the present study. Although the focus of
the present study was on linear PI resistance, it is of interest to note
that Q80K, known to be associated with resistance to macrocyclic
PIs such as TMC43535, was present in almost one-half of the study
population (47%).

The prevalence of various mutations in First Nations patients was

higher (37.5%) compared with Caucasians (16.39%) (P=0.038).
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Resistance to HCV protease inhibitors

TABLE 1

Prevalence of naturally occurring hepatitis C virus (HCV)
protease inhibitor (Pl) resistance-associated mutations at
baseline in treatment-naive HCV subgenotype 1la patients
from Winnipeg, Manitoba

Study (reference)

Pl resistance- Kuntzen Vicenti Gaudieri
associated Present et al (14)* etal (15)* etal (16)*
mutations (n=85) (n=362) (n=62) (n=112-159)"
V36L 2.3% 1.7% 6% 1.8%
V36M 1.2% 0.5% 0% 0%
T54S 5.9% 1.9% 3% 4.4%
V55A 10.6% ND 1.5% ND
V551# 4.7% ND ND ND
R155K 0% 0.6% 0% 0.5%
A156/S,T.V,] 0% (A156G: 1.2%) 0% 0% 0%
D168/A,V,E 0% 0.3% 0 1.3%
Total$ 20% 5% 10.5%

Note: Low level of resistance fold change <10; intermediate to high fold
change = 11 to 100 ; high level of resistance fold change >100. *Only HCV
subgenotype 1a samples included for analysis from these references;
TVariable number of samples tested for different mutations; ¥V55I may result in
low-level resistance such as V55A; $Does not include V551 mutation. ND Not
done

DISCUSSION

We analyzed the prevalence of pre-existing drug resistance mutations
associated with boceprevir and telaprevir among 85 patients infected
with HCV subgenotype 1a, which is the most common subgenotype
among Canadians with chronic HCV infection. Well-known RAMs
conferring a low level of resistance to linear PIs (V36L, V36M and
T54S) were detected in a small proportion of cases, similar to previous
studies (13-16). A surprisingly high prevalence of the V55A mutation
was observed in our study population. This RAM is associated with a
low level of resistance to boceprevir, both in vitro (6.9-fold increase in
half maximal inhibitory concentration [ie, [C50]) and in vivo (10,13).
An additional 4.7% of patients harboured a similar mutation (V55I),
which may also be associated with resistance to boceprevir. These
findings are somewhat unusual because the naturally occurring V55A
amino acid change was observed in only 0.3% and V551 in 1.1%,
respectively, among 621 HCV subgenotype la strains from GenBank
(4) and require additional studies.

None of the patients exhibited either single mutations associated
with a high level of drug resistance or a previously known combination
of two low-level mutations, such as V36M and R155K, leading to high
PI resistance.

The high proportion of cases harbouring the Q80K mutation
(47%) conferring resistance to one of the macrocyclic inhibitors
TMC435 is consistent with some previous findings (15,16) and indi-
cates that this amino acid site is polymorphic in nature rather than a
naturally pre-existing mutation.

Due to the direct sequencing approach, only the dominant bases
were called after analyzing the sequences; therefore, the observed RAMs
represent the principal virus population. Although clinical in vivo data
suggest that sustained virological response could be achieved, albeit
not always, in the presence of RAMs during triple combination ther-
apy, it is possible that in some instances at least pre-existing low-level
RAMs can result in reduction of the early treatment response and
perhaps contribute to poor treatment outcomes in patients with sub-
standard adherence to the PI component. In addition, the probability
of subsequent RAMS developing in the presence of a pre-existing
dominant mutation, thus leading to virus breakthrough, is higher com-
pared with de novo formation of two complementing RAMS.

Presently, screening for PI RAMs in treatment-naive patients is
not warranted; however, as more information regarding the cost
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efficiency of this process becomes available and, in view of the
increased cost and hematological side effects associated with triple
therapy, the need for drug resistance prescreening, at least in previous
non- or partial responders to peginterferon and ribavirin therapy, may
be better justified.

Although approved in 2011, triple therapy with peginterferon,
ribavirin and boceprevir or telaprevir has only been recently imple-
mented in some Canadian provinces. To the best of our knowledge,
our data regarding detection of pre-existing drug resistance to
boceprevir/telaprevir are the first to be reported in Canada. Albeit
preliminary, our observations regarding an increased rate of low-level
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