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with chronic hepatitis C genotype 1 and who were non-
responders to two or more treatments over a period 
of two decades. The number of mutations in the HCV 
NS5A region was identified as an independent predictor 
of a sustained virological response regardless of the 
interferon-containing regimen or direct-acting antiviral-
containing interferon-free protocol applied.
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INTRODUCTION
The hepatitis C virus (HCV) is a globally prevalent 
human pathogen. This infection currently affects more 
than 170 million people worldwide, corresponding to 
approximately 3% of the world’s population[1], and 
the prevalence has increased by 2.3% since 1990[2]. 
HCV leads to chronic liver conditions, such as hepatitis, 
cirrhosis and hepatocellular carcinoma[3-6]. HCV encodes 
its own RNA-dependent RNA polymerase, which 
lacks 3’-to-5’ exonuclease proofreading activity; as a 
result, the HCV genome is constantly mutating. The 
combination of a high HCV replication rate, the low 
fidelity of its RNA polymerase and selective pressures 
from the immune system and drug treatments have led 
to the development of highly diverse viral sequences[7,8]. 
These high mutation rates, together with a restricted 
genome dimension and large population size, provide 
the perfect conditions for rapid evolution to occur. 

This genetic diversity plays an important role in the 
virus’s ability to evade the selective pressures exerted 
by immune responses and antiviral therapies, which 
is the main cause of the therapy-related problems[9]. 
In addition, the different HCV genotypes show different 
treatment responses, and these determine the treat-
ment strategy and patient outcome. Until 2011, the 
standard treatment for chronic hepatitis C (CHC) was 
based on interferon-alpha (IFN-α), but in recent years, 
new direct-acting antivirals (DAAs) that specifically 
target essential viral functions have been introduced 
into treatment regimens for HCV genotype 1 infections, 
in combination with IFN-based therapies and, sub-
sequently, with IFN-free regimens. 

The sustained virological response (SVR) rates to 
the different treatments for patients with CHC genotype 
1 (CHC-1) range from 5%-20%, 40%-45%, 50% and 
> 90% for IFN-α, IFN-α + ribavirin (RBV), pegylated 
(peg)-IFN + RBV and DAAs, respectively[10-17]. The 
high degree of genetic diversity of HCV and the various 
mutations at different positions in the genes for the 
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Abstract
AIM
To determine the number of mutations in the NS5A 
region of the hepatitis C virus (HCV) and its relationship 
to the response to antiviral therapy in patients with 
chronic hepatitis C genotype 1 who are non-responders 
to two or more treatments. 

METHODS
Sequences within HCV NS5A [PKR binding domain 
(PKRBD) and the interferon-sensitivity-determining 
region (ISDR)] were analysed via  direct sequencing 
in a selected cohort of 72 patients, with a total of 201 
treatments [interferon-alpha (IFN-α), n  = 49; IFN-α + 
ribavirin (RBV), n  = 75; pegylated (peg) IFN-α + RBV, 
n  = 47; first-generation direct-acting antivirals (DAAs), 
n  = 13; and second-generation DAAs, n  = 17]. Of 
these, 48/201 achieved a sustained virological response 
(SVR) and 153/201 achieved no virological response 
(NVR).

RESULTS
For both regions, treatments resulting in SVR were 
associated with more baseline mutations than were 
treatments resulting in NVR (SVR vs  NVR; PKRBD: 5.82 
± 3 vs  4.86 ± 2 mutations, P  = 0.045; ISDR: 2.65 ± 
2 vs  1.51 ± 1.7 mutations, P  = 0.005). A decrease 
or no change in the number of mutations over time 
between treatments in the PKRBD or ISDR, as shown 
by sequencing, was associated with patients who 
usually failed to respond to treatment (PKRBD, P  = 
0.02; ISDR, P  = 0.001). Moreover, patients showing a 
post-treatment baseline viral load > 600000 IU/mL and 
increased ISDR mutations with respect to the previous 
treatment were 9.21 times more likely to achieve SVR (P 
= 0.001). 

CONCLUSION
The obtained results show that among patients who 
have shown no response to two or more antiviral 
treatments, the likelihood of achieving SVR increases 
with the genetic variability in the ISDR region (≥ 2 
mutations or number of substitutions from the HCV-J 
and HCV-1 prototype), especially when the viral load is 
greater than 600000 IU/mL. 

Key words: Interferon-based therapy; Interferon-free 
therapy; Chronic hepatitis C; NS5A region; Sustained 
virological response; Number of mutations

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: To the best of our knowledge, this study is the 
first to evaluate the change in the number of mutations 
of the hepatitis C virus (HCV) NS5A region in patients 

4539 July 7, 2017|Volume 23|Issue 25|WJG|www.wjgnet.com

Muñoz de Rueda P et al . Mutations of the HCV NS5A region in CHC-1 patients



NS3 protease, NS5B polymerase and NS5A protein 
may be associated with viral sensitivity or resistance 
to IFN-based therapy and IFN-free therapy. Several 
studies have highlighted the influence of sequence 
heterogeneity within particular regions of the HCV 
genome, such as the core, E2, NS3 and NS5A regions, 
on the outcome of IFN-based therapy. 

Of these regions, the one coding for NS5A has been 
the most extensively studied, due to its relationship 
with IFN responsiveness. This multifunctional phospho-
protein modulates HCV replication, which is mediated 
through interactions with other viral proteins and certain 
host proteins to form the HCV replication complex and 
regulate host cell functions, including responses to 
IFN and viral pathogenesis[18]. Several studies have 
associated an increase in the number of mutations in 
this region compared to the number in the HCV-J sub-
type 1b prototype with a better response to antiviral 
therapy[19-25]. 

In this study, we analysed HCV genetic diversity 
in the NS5A region in a cohort of 72 CHC-1 patients 
who were non-responders to their first treatment and 
the relationship between this diversity and subsequent 

treatment outcomes (2 to 8 consecutive treatments). 
These patients were treated with several different 
therapies over the course of more than two decades, 
and the analysis was conducted on archived serum 
samples that were obtained before each retreatment.

MATERIALS AND METHODS
Patients
A retrospective study of a prospective cohort was 
conducted at San Cecilio University Hospital (Granada, 
Spain) from 1991 until 2015 (Figure 1). A total of 680 
patients with CHC were treated with 941 anti-HCV 
treatments (historical cohort). Of these patients, 478 
had genotype 1/4 HCV, of whom 139 received two or 
more anti-HCV treatments. A total of 375 treatments 
were applied. The study cohort was selected by applying 
the following inclusion criteria: patients with genotype 
1/4 HCV, two or more anti-HCV treatments, and blood 
samples stored at -80 ℃. A total of 72 patients with 
stored blood samples, having received a total of 201 
treatments, were included in the study (Study cohort; 
Figure 1). 
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Historical cohort
(1991-2015)

680 patients with 941 treatments

108 genotype non1/non4 patients 478 genotype 1/4 
patients

Total cohort
Partial cohort patient with a stored blood sample

94 unknown genotype patients

339 only one treatment patients 139 with ≥ 2 treatments patients
(375 treatments total)

155 SVR patients 129 NVR 
patients

55 patients who don't 
finish treatment 71 SVR treatments 252 NVR 

treatments
52 treatments to 

stop or leave 

Study cohort Patients with a stored blood sample

72 patients = 201 treatments
Type of treatments

49 IFN-α treatments

75 IFN-α + RBV treatments

47 peg-IFN-α + RBV treatments

13 DAAs 11 treatments

17 DAAs 22 treatments

48 patients
achieved SVR

24 patients 
achieved NVR

72 first NVR 
treatments

129 retreatments

153 NVR treatments

48 SVR treatment

81 NVR treatment

Figure 1  Historical and study chronic hepatitis C patient cohort from 1991 to 2015 in the San Cecilio University Hospital. 1First-generation DAAs (n = 
13): peg-IFN-α + RBV + telaprevir (n = 7) and peg-IFN-α + RBV + boceprevir (n = 6); 2Second-generation DAAs (n = 17): peg-IFN-α + RBV + simeprevir (n = 2), 
simeprevir + sofosbuvir + RBV (n = 2), simeprevir + sofosbuvir (n = 1), sofosbuvir + daclatasvir (n = 1), ledipasvir + sofosbuvir + RBV (n = 4), ledipasvir + sofosbuvir (n 
= 4) and ombitasvir/paritaprevir/ritonavir + dasabuvir (n = 3). DAAs: Direct-acting antivirals NVR: No virological response; IFN: Interferon; peg-IFN + RBV: Pegylated-
interferon + ribavirin; RBV: Ribavirin; SVR: Sustained virological response. 
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round PCR was performed under the same conditions. 
The sequences of the amplified fragments were 
determined via direct sequencing. The second-round 
PCR product was purified using the Wizard SV Gel 
and the PCR Clean-Up System (Promega, Promega 
Biotech Ibérica, Madrid, Spain) and resuspended in 20 
µL of water. Next, 2-5 µL of purified PCR product was 
sequenced in a 3130 XL Genetic Analyzer automatic 
sequencer (Applied Biosystems, Foster City, CA, United 
States).

Sequence analysis 
All of the nucleotide sequences obtained in the present 
study were aligned. To detect amino acid substitutions, 
sequences were aligned with reference strands, HCV-J 
(GenBank accession number D90208) for genotype 1b 
and HCV-1 (GenBank accession number M62321) for 
genotype 1a, and translated into amino acid sequences 
with Mega 5.0 software (Molecular Evolutionary Genetics 
Analysis)[26]. 

Statistical analysis 
Quantitative variables are expressed as the means 
± SD, and qualitative variables are expressed as 
absolute values with percentages. The χ2 test was used 
for qualitative variables. Comparisons of continuous 
variables with a non-normal distribution were performed 
using the Mann-Whitney U test or Kruskal-Wallis test. 
The degree of association between dependent and 
independent variables was determined by calculating 
the crude odds ratio and its 95%CI (bivariate analysis). 
Interaction studies were performed using logistic 
regression. Synergy studies were conducted in accor-
dance with the method of Andersson et al[27]. The 
criterion for statistical significance was P ≤ 0.05. All 
statistical analyses were performed using SPSS 15.0 
for Windows software (SPSS Inc, Chicago, IL, United 
States). 

RESULTS
Anti-HCV treatments and responses in the study cohort 
The characteristics of the historical cohort (n = 680 
patients) are shown in Table S1. After application of 
the inclusion criteria, 72 patients were selected [45/72 
(63.5%) were men], with a total of 201 treatments 
(72 first treatments and 129 retreatments; Figure 1). 
The number of treatments received was distributed as 
follows: 2 treatments (n = 35, 48.6%), 3 treatments 
(n = 24, 33.3%), 4 treatments (n = 9, 12.5%), 5 

A total of 48/72 patients (66.7%) achieved SVR 
after several treatments. Of the 201 treatments, 153 
resulted in no virological response (NVR), and 48 
led to SVR. The outcomes of treatments resulting in 
NVR were defined as follows: relapse (R), treatment 
with serum HCV RNA undetectable in patients at 12 
wk but detectable subsequently; partial virological 
response (pVR), treatment with a low viral load > 2log 
in patients at 12 wk; null response (NR), treatment 
with a low viral load < 2log in patients at 12 wk; and, 
unknown, i.e., treatments for patients whose reason 
for NR was not stated in their medical history. 

The study protocol conformed to the ethical guide-
lines of the 1975 Helsinki Declaration, and all patients 
involved in the study were informed verbally and in 
writing of the characteristics of the study and provided 
their consent to participate by signing an informed 
consent form. This study was approved by the Ethics 
Committee of the San Cecilio University Hospital.

RT-PCR and direct sequencing
HCV genomes were analysed in serum samples obtained 
before the patients were subjected to treatments 
involving different antiviral therapies. The sequences of 
viruses from baseline serum samples associated with 
201 treatments were amplified; samples that failed 
long RT-PCR amplification were excluded (n = 16). 
The amplified HCV genome region corresponded to a 
fragment from gene NS5A (nucleotides 6966 to 7164 
in the reference HCV genome sequence, GenBank 
accession number AF009606), including the PKR 
binding domain (PKRBD) and the interferon-sensitivity-
determining region (ISDR). These regions include 
structural motifs related to antiviral treatment. 

Viral RNA was extracted from 300 µL of serum 
using the PrepitoViral DNA/RNA 300 Kit (Chemagen 
Technologie, PerkinElmer, Madrid, Spain). Two micro-
litres of the RNA solution were subjected to reverse 
transcription using a qScript Flex cDNA Synthesis Kit 
(Quanta Biosciences, Gaithersburg, MD, United States). 
PKRBD sequences were amplified via RT-PCR using 
SYBR Green Supermix Low ROX (Quanta Biosciences). 
The primers used for reverse transcription and first 
and second round amplifications of the NS5A region (nt 
6966-7164) are shown in Table 1. 

RT was performed at 45 ℃ for 30 min and ter-
minated at 85 ℃ for 5 min, followed by the first-
round PCR over 35 cycles, with each cycle consisting 
of denaturation at 95 ℃ for 30 s, annealing at 55 ℃ 
for 30 s and extension at 72 ℃ for 70 s. The second-

Application Direction Sequence

First PCR Sense 5´-ACAACTCCCATGCGAGCCCGAGCCGGA-3´
RT and first PCR Antisense 5´-GAGGGGGAGCCGGGGGATCCCGATCTC-3´
Second PCR Sense 5´-TGCTCACCGACCCATCCCACATTACAGCAGA-3´

Antisense 5´-ATGCCCCCTCTCGAGGGGGAGCCGGG-3´

Table 1  NS5A primers used in the current study
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treatments (n = 3, 4.2%) or 8 treatments (n = 1, 1.4%). 
The following anti-HCV therapies were provided: IFN-α 
alone (24%, n = 49), IFN-α + RBV (37%, n = 75), 
peg-IFN-α + RBV (23%, n = 47) and DAAs (16%, n = 
30) (including first-generation DAAs: peg-IFN-α + RBV 
+ telaprevir 24% and peg-IFN-α + RBV + boceprevir, 
20%; and second-generation DAAs: peg-IFN-α + RBV 
+ simeprevir, 7%; simeprevir + sofosbuvir + RBV, 7%; 
simeprevir + sofosbuvir, 3%; sofosbuvir + daclatasvir, 
3%; ledipasvir + sofosbuvir + RBV, 13%; ledipasvir + 
sofosbuvir, 13% and ombitasvir/paritaprevir/ritonavir 
+ dasabuvir, 10%). 

One patient was treated with eight different 
therapies (one treatment with IFN-α (Wellferon; the 
Wellcome Foundation Ltd, part of GlaxoSmithKline 
PLC, Brentford, United Kingdom), three with IFN-α + 
RBV, two with peg-IFN-α + RBV, one with peg-IFN-α + 
RBV + telaprevir and one with simeprevir + sofosbuvir 
+ RBV) and finally achieved SVR. Of the 72 patients, 
66.7% (n = 48) achieved SVR, while 33.3% (n = 24) 
did not respond to any of the treatments received. 
In the latter scenario, the clinical decision in almost 
all cases was not to perform a retreatment until a 
new treatment became available. Regarding the 201 
total treatments in our cohort, 24% (48 treatments) 
achieved SVR, while 76% (153 treatments) showed 
NVR. The types of NVR in the 153 treatments were 
as follows: R, 21% (n = 32); pVR, 8% (n = 13); NR, 
34% (n = 52); and unknown 37% (n = 56). 

We then analysed how the prior type of SVR or 
NVR affected subsequent treatment responses (Table 
2), and we found that previously treated patients 
showing R were 6.09 times more likely to respond to a 
new treatment than were patients with a previous NR 
(P = 0.006). In our study cohort, we also analysed the 
response achieved according to the type of therapy 
employed (Table 3). As expected, retreatments based 
on therapies introduced before the use of DAAs were 
significantly less likely to achieve SVR than were those 
based on DAAs. 

When we distinguished between first- and second-
generation DAA treatments, as expected, logistic 
regression analysis showed that first-generation DAA 
treatments were significantly less likely to achieve 
SVR than second-generation DAA treatments (OR = 
0.16, 95%CI: 0.026-0.97, P = 0.04). Regarding this 

analysis, it should be noted that the patients recruited 
from the historical cohort who responded to the 
initial treatment (treatment-naïve patients) were not 
included in the study cohort, which accounts for the 
low rates of SVR observed in the study. To avoid bias 
in the analysis, the first 72 treatments were removed 
from the analysis as these all involved NVR according 
to the application of the inclusion criteria, regardless of 
the treatment received.

The change from one type of therapy to another 
in retreatments increased the probability of achieving 
SVR. In our cohort, of the total of 129 retreatments, 82 
were based on a change to a more effective therapy, 
while 47 involved no change in therapy. In neither 
case was the difference in responses statistically 
significant (data not shown). It should be noted that 
the 2 patients who did not respond to treatment with 
second-generation DAAs (relapsers) previously showed 
NVR to treatment with first-generation DAAs.

Evolution of the genetic variability of the HCV NS5A 
region (PKRBD and ISDR) in the cohort study 
The genetic evolution of the HCV NS5A-PKRBD and 
NS5A-ISDR regions in the course of the different treat-
ments received was investigated using 201 baseline 
samples from each treatment, of which 16 were sub-
sequently excluded due to non-amplification (total 
sample, n = 185). Figure 2 shows the number of 
mutations found in each region for the 185 amplified 
samples. The mean number of mutations in the PKRBD 
region (min-max = 1-15) compared to the number in 
the reference sequence HCV-J and HCV-1 was 5.19 ± 
2.6; in the ISDR (min-max = 0-10), this number was 
1.85 ± 2.1. 

With respect to the association between the number 
of mutations and the response to antiviral treatment, 
the treatments that resulted in SVR were associated 
with significantly more baseline mutations in both 
regions than were the treatments resulting in NVR (SVR 
vs NVR; PKRBD: 5.82 ± 3 vs 4.86 ± 2 mutations, P = 
0.045; ISDR: 2.65 ± 2 vs 1.51 ± 1.7 mutations, P = 
0.005). When we distinguished patient outcomes by 
type of NVR (R, pVR, NR), significant differences were 
found in the ISDR region (P = 0.029; Table 4), with R 

Previous response NVR, 
n  = 46

SVR, 
n  = 32

OR (95%CI) P  value

Relapse   7 (30) 16 (70) 6.09 (2.0-18.4) 0.006
Partial response viral   7 (64)   4 (36) 1.5 (0.3-6.1) n.s.
Null response 32 (73) 12 (27) 1

Table 2  Influence of the type of previous response on the 
sustained virological response to a subsequent treatment n  (%)

This analysis excluded previous treatments for which the reason for non-
response was unknown (n = 51). NVR: No virological response; SVR: 
Sustained virological response.

Total, 
n  = 129

NVR, 
n  = 81

SVR, 
n  = 48

OR 
(95%CI)

P  value

IFN 16 (12) 14 (88)   2 (12) 0.05 (0.01-0.3)   0.001
IFN + RBV 40 (31) 27 (68) 13 (32)   0.2 (0.06-0.5)   0.001
pegIFN + RBV 43 (34) 32 (74) 11 (26) 0.12 (0.04-0.4) 0.00
DAAs 30 (23)   8 (27) 22 (73) 1

Table 3  Type of response according to the type of treatment 
received n  (%)

This analysis excluded the first 72 treatments, which presented statistical 
bias, because one of the inclusion criteria was that these should be non-
responders. DAAs: Direct-acting antivirals; IFN: Interferon; NVR: No 
virological response; RBV: Ribavirin; SVR: Sustained virological response.
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patients presenting fewer mutations than SVR patients 
(P = 0.025). In the ISDR region, and applying the 
criteria recommended by Enomoto et al[19], we found 
that treatments associated with 4 or more mutations 
in the baseline sample showed an SVR rate of 65%, 
compared to 31% for those associated with 0-3 
baseline mutations (P = 0.002; Figure 3).

With respect to changes in the viral population 
during the time between one treatment and another 
and its relationship with the response to antiviral 
therapy, our analysis shows that when there was no 
change in the number of mutations both in the PKRBD 
and in the ISDR, or when this number decreased, 
between one treatment and another, the patient tended 
to be unresponsive to antiviral therapy (PKRBD, P = 
0.02; ISDR, P = 0.001) (Table 5). From a clinical 
standpoint, we studied the viral variability of the ISDR 
region of the HCV between one treatment and another 
to determine how this variability was associated with 
the response or non-response to antiviral therapies 
(i.e., its use as a diagnostic test), and the following 

diagnostic values were obtained: 33% sensitivity, 90% 
specificity, 68% positive predictive value and 70% 
negative predictive value. 

Interaction between baseline viral load and mutations in 
the ISDR region 
Viral load is another variable that can be considered 
a predictor of the treatment response. In our cohort 
study, logistic regression analysis showed that treat-
ments for patients with a baseline viral load ≤ 600000 
IU/mL were 3.3 times more likely to result in SVR 
(OR = 3.3, 95%CI: 1.4-7.7, P = 0.005). However, the 
analysis also showed that the variation in response 
according to baseline viral load was influenced by 
the change in the number of mutations between one 
treatment and another (Figure 4). Thus, when the 
treatments were associated with a low baseline viral 
load (≤ 600000 IU/mL), a response was usually 
achieved, whereas for treatments associated with a 
baseline viral load > 600000 IU/mL, depending on the 
genetic variability of the virus, a response may or may 

Treatments according to response, n  = 134 SVR, n  = 46 R, n  = 29 pVR, n  = 10 NR, n  = 49 P value1

PKRBD mutations   5.82 ± 3.06  5.1 ± 2.3 4.9 ± 1.8 5.12 ± 2.2 n.s.
ISDR mutations 2.65 ± 2.5 1.38 ± 1.82 1.5 ± 1.3   1.6 ± 1.7 0.029

Table 4  Number of mutations, according to the response to antiviral treatment

1Kruskal-Wallis; 2SVR vs R: P = 0.025, Mann-Whitney U. This analysis excluded treatments for which the NVR type was unknown and samples that were 
not amplified (n = 134). NR: Null responders; NVR: No virological response; pVR: Partial virological response; SVR: Sustained virological response; 
PKRBD: PKR binding domain; ISDR: Interferon-sensitivity-determining region.

PKRBD (n  = 119) NVR, n  = 74 SVR, n  = 45 P value1 ISDR, n  = 122 NVR, n  = 77 SVR, n  = 45 P value1

Mutations increase by ≥ 2, n = 24 10 (42) 14 (58) 0.02 Mutations increase by ≥ 2, n = 22   7 (32) 15 (68) 0.001
No such increase2, n = 95 64 (67) 31 (33) No such increase2, n = 100 70 (70) 30 (30)

Table 5  Variation in the viral population of the PKR binding domain and interferon-sensitivity-determining region regions of NS5A 
over time and its relationship with the response to treatment n  (%)

1χ 2 test. 2Genetic variability increases when the number of mutations increases by 2 or more (22, 23, 30), while the viral population does not vary if the 
number of mutations remains unchanged, increases by only 1, or decreases. NVR: No virological response; SVR: Sustained virological response; PKRBD: 
PKR binding domain; ISDR: Interferon-sensitivity-determining region.
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not be achieved; when the number of mutations had 
increased since the previous treatment, there was a 
71% probability of SVR (P ≤ 0.0001). 

Using logistic regression, we then sought to corro-
borate these results for the interaction between the 
two variables (P = 0.023) (Table 6). Treatments in 
which the patient had a baseline viral load of > 600000 
IU/mL were 9.21 times more likely to achieve SVR if 
there had been an increase in the number of mutations 
in the ISDR region since the earlier treatment (P = 
0.001). However, in those treatments in which the 
patient’s baseline viral load was < 600000 IU/mL, the 
increase in the number of mutations did not affect 
the response (P = 0.75) (Table 6). No synergy was 
detected between the two variables [relative excess 
risk due to interaction (RERI) = -6.052; proportion 
attributable to the interaction (PA) = -0.74; synergy 
index, S = 0.54].

DISCUSSION
IFN-based therapies have been used for the treatment 
of CHC for more than two decades. Since 2011, the 
incorporation of first-generation DAAs (boceprevir 
and telaprevir) into the standard treatment with 
pegIFN-α + RBV and, currently, the IFN-free therapies 
using various combinations of second-generation 
DAAs (simeprevir, sofosbuvir, daclatasvir, ledipasvir, 
ombitasvir/paritaprevir/ritonavir and dasabuvir) has 

proved to be a breakthrough in the treatment of 
HCV-1, achieving SVR rates of 90%-95% in naïve and 
retreated patients[16,17]. In addition to the incorporation 
of new antiviral molecules, a greater understanding 
of the viral and host factors involved in treatment 
outcomes has contributed to therapeutic advances. 
With respect to viral factors, numerous studies have 
reported a correlation between heterogeneity of the 
NS5A region of HCV-1 and treatment outcomes[19-25]. 

In 1995, Enomoto et al[19] demonstrated the 
clinical influence of NS5A sequence heterogeneity on 
responses to IFN treatment. These authors identified 
what they termed the IFN sensitivity-determining 
region (ISDR), located within the PKRBD region of the 
NS5A of HCV-1b, and found that Japanese patients 
presenting four or more mutations in the ISDR (ISDR 
≥ 4) relative to the sequence of the HCV-1b proto-
type (HCV-J) successfully responded to IFN therapy, 
whereas patients with three or fewer mutations (ISDR 
≤ 3) were non-responders. Subsequently, Pascu 
et al[21] confirmed the importance of the ISDR in 
determining IFN treatment outcome in European and 
Japanese patients infected with HCV-1b and treated 
with IFN monotherapy. For peg-IFN + RBV therapy, the 
predictive value of the ISDR remained significant, but 
the criterion of ISDR ≥ 4 to predict SVR was replaced 
by ISDR ≥ 2[28-30] due to the selective impact of IFN 
monotherapy, whereby the prevalence of sensitive 
isolates with ISDR ≥ 4 decreased and that of HCV 
isolates of ISDR ≤ 3 increased. Therefore, the isolates 

Viral > 600000 
IU/mL

Viral ≤ 600000 
IU/mL

Decrease or no increase 
in mutations

1 1

≥ 2 increase in mutations OR = 9.21 (2.5-33.3) OR = 0.76 (0.13-4.3)
P = 0.001 P = 0.75

Table 6  Interaction between baseline viral load and the viral 
variability of the interferon-sensitivity-determining region

P  = 0.00280
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Figure 3  Relationship between sustained virological response and 
number of baseline mutations in the interferon-sensitivity-determining 
region of NS5A. The number of baseline mutations in the interferon-sensitivity-
determining region is based on the criteria of Enomoto et al[19]. Comparisons 
between groups were made using χ 2 tests. SVR: Sustained virological 
response; NVR: No virological response.
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with ISDR ≥ 2 were selected as sensitive isolates and 
those with ISDR ≤ 1 as resistant isolates for peg-IFN 
plus RBV therapy[22,23,30]. On the basis of these criteria, 
we assumed an increased genetic variability in the 
majority HCV sequence when the number of ISDR 
mutations was ≥ 2 throughout this study.

This paper describes a retrospective study of 
a selected cohort of 72 patients with CHC-1 who 
received two or more antiviral treatments (specifically, 
2-8 treatments). Thus, it represents a study of HCV 
evolution in response to retreatments conducted over 
the course of two decades (1991-2015) for a group of 
patients for whom clinical treatment was problematic 
and who had achieved very low response rates. No 
previous studies with these particular characteristics 
have been performed. As expected, our results show 
that patients who relapsed following a previous 
treatment were more likely to respond to retreatment 
than were null responders[31]. Moreover, treatments 
with second-generation DAAs achieved a much 
higher response rate than previous IFN-based treat-
ments (including first-generation DAAs), both in naïve 
patients and in difficult-to-treat patients who were 
retreated[16,17].

The results of our analysis of the number of 
mutations in the NS5A region corroborate previous 
findings that a higher number of mutations in the 
PKRBD and ISDR in the majority HCV sequence is 
associated with a greater probability that SVR will be 
achieved[19-25]. However, when we differentiated NVR 
treatment outcomes into R, NR and pVR, the number 
of mutations in the PKRBD lost statistical significance 
(although this was not the case in the ISDR). The 
R patients showed fewer mutations than the SVR 
patients, as is to be expected in NR patients[32,33]. 
Previous studies of the number of mutations also 
analysed the influence of quasispecies. Sakuma et al[33] 
demonstrated that during treatment with IFN-α, NR 
patients show greater numbers of minority quasispecies 
that present the smallest number of mutations in the 
ISDR region (non-mutant or wild-type quasispecies), 
while SVR patients have increased numbers of 
quasispecies with ≥ 3 ISDR mutations prior to treat-
ment. These data are corroborated by other studies, 
which show that R patients have viruses with a greater 
number of mutations in the ISDR than do NR patients, 
both before and after antiviral treatment[32]. By contrast, 
no studies have reported how the genetic variability 
of the HCV evolves in patients who undergo various 
treatments over a period of two decades, as in the 
present study. 

It should be noted that we did not perform a 
study of quasispecies but rather of the evolution of 
the genetic variation of the majority ISDR sequence 
in patients subjected to two or more treatments over 
time. Taking into account the findings of previous 
studies[22,23,30], we assumed that viral variability would 
increase when the PKRBD and ISDR regions presented 
≥ 2 mutations. Thus, our results show that patients 

who have undergone different treatments and who do 
not present viruses with genetic variability (either no 
increase or a return to the wild-type sequence) tend 
not to respond to a new treatment, regardless of its 
overall effectiveness.

In a similar study, Watanabe et al[34] analysed a 
44-year-old patient with CHC-1 and a high baseline 
viral load who received two IFN-α treatments and was 
NR in each case. Between the first and the second 
treatment, the patient’s baseline viral load decreased, 
and the number of ISDR mutations increased from one 
to six. At this stage, a new treatment was performed, 
and a rapid virological response was achieved. In view 
of these results, the authors concluded that retreat-
ment should be considered for NR and R patients when 
the viral load falls and when the number of mutations 
in ISDR increases, as the chances of achieving SVR 
would then be higher. 

In our cohort study, we found similar results in a 
patient who had undergone eight different treatments 
over a period of 22 years; on five occasions, he showed 
NR, on one a R, on one a breakthrough and then 
showed SVR after the final treatment. During the time 
elapsed between the first and second treatments, the 
number of mutations in the PKRBD region decreased by 
four, while in the ISDR region, the number remained 
unchanged. In both cases, the number of mutations 
remained unchanged for 19 years, at which point they 
increased in both regions, and SVR then was achieved. 

Conversely, Ibarrola et al[35] analysed 62 patients, 
42 of whom showed NR and 20 a R in response to 
previous treatments with IFN-α, who were then 
retreated with IFN-α + RBV. In 38 of these patients, an 
analysis was performed on the relationship between 
the mutations in the ISDR region before treatment 
and the SVR achieved. There was no correlation 
between the presence of mutations in and around the 
ISDR region and the response to the new treatment, 
although the number of patients was rather low for a 
reliable evaluation of these results. In addition to the 
predictive response value of the genetic variability in 
the PKRBD and ISDR regions, which has been amply 
demonstrated[19-25], many other factors also influence 
the response, one of which is the baseline viral load[36].

According to previous research, ISDR sequences 
with ≥ 4 mutations are correlated with a low viral 
load[20,37,38], although Nakagawa et al[30] found that 
more patients had ≥ 2 ISDR mutations and higher 
virus loads. Logistic regression analysis showed that 
both factors were independent variables to predict 
SVR, although the number of mutations within the 
ISDR was associated with a higher OR and was a 
predictive factor associated with SVR by multivariate 
analysis[30]. Our results indicate that patients with 
CHC-1, subjected to retreatment and with a high 
baseline viral load (≥ 600000 IU/mL) and who are 
classified as difficult to treat because of the low 
response rate obtained, will respond to new treatment 
depending on the evolution of viral genetic variability. 
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Thus, if there is no change in the majority sequence of 
the viral population despite the application of different 
types of HCV treatment or if it tends to revert to the 
original status or to a wild-type sequence, the patient 
will not respond. Conversely, if there is an increase 
in the genetic variability of the ISDR region, despite 
the presence of a high viral load, the patient will have 
a greater likelihood of achieving SVR with a new 
treatment.

In conclusion, when the evolution of genetic vari-
ability in the ISDR region of HCV increases in patients 
with CHC-1 who have received two or more antiviral 
treatments and who have a high viral load, there 
is a greater probability of these patients achieving 
SVR with a new treatment. The present study shows 
that the genetic diversity of the HCV genome during 
decades of infection continues to be an independent 
predictor of SVR regardless of the treatment applied.
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