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Abstract The aim of this study was to assess the impact of
the genetic pattern (GP) defined by the single nucleotide
polymorphisms (SNPs) rs14158 of low-density lipoprotein
receptor (LDLR) and rs12979860 of interleukin-28B
(IL28B) genes on the outcome and features of hepatitis C
virus (HCV) infection in patients with and without human
immunodeficiency virus (HIV) coinfection. 314 HIV/HCV-
coinfected and 109 HCV-monoinfected patients treated with
pegylated interferon (Peg-IFN) plus ribavirin (RBV), as well
as 51 patients with HCV spontaneous clearance (SC), were
included. Variations in both SNPs were determined by the
TaqMan polymerase chain reaction (PCR) assay. In the 286
patients chronically infected by HCV genotypes 1 or 4, both
rs14158 CC and rs12979860 CC were associated with a
higher rate of sustained virological response (SVR), and
these effects were complementary in both HCV-
monoinfected and HIV/HCV-coinfected patients. Thus,

24 % of patients with rs14158/rs12979860 TT-TC/TT-TC,
33 % with TT-TC/CC, 44.2 % with CC/TT-TC, and 75.8 %
harboring CC/CC attained SVR (p<0.001). SC was associ-
ated with the IL28B genotype (66.7 % CC in SC vs. 42.6 %
among those with chronic infection, p<0.001) but not
with the LDLR genotype. There was no association
between GP and the plasma level of alanine aminotrans-
ferase (ALT) or the presence of advanced fibrosis. There
is a complementary effect between the IL28B and
LDLR genotypes on the probability of achieving SVR
after Peg-IFN/RBV therapy in patients with HCV 1 or
4. Thus, the predictive value of IL28B genotype is
modulated by the LDLR genotype in both HCV-
monoinfected and HIV/HCV-coinfected patients. This
complementary effect of both genotypes is also ob-
served on the plasma levels of low-density lipoprotein
cholesterol (LDL-C).

Introduction

Several genome-wide association studies have shown that
genomic factors play a crucial role on certain aspects of
hepatitis C virus (HCV) infection [1, 2]. Thus, the single
nucleotide polymorphism (SNP) rs12979860, near the inter-
leukin 28B (IL28B) gene, has been identified as a strong
predictor of sustained virological response (SVR) to
pegylated interferon (Peg-IFN) plus ribavirin (RBV) in
HCV-monoinfected and human immunodeficiency virus
(HIV)/HCV-coinfected patients [1, 3]. Moreover, the favor-
able genotype (CC) of this SNP is associated with the
spontaneous clearance (SC) of HCV [4]. Besides its effect
on SC and on the response to Peg-IFN-based therapy, the
favorable rs12979860 genotype has also been associated
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with higher plasma HCV RNA levels and with more severe
liver damage [1, 5, 6], but these two associations should be
viewed as controversial, since other studies failed to find
them [3, 7, 8]. Furthermore, the rs12979860 genotype CC is
also related with higher plasma levels of low-density lipo-
protein cholesterol (LDL-C) [3, 9], a well-defined predictor
of SVR [10, 11].

The association between plasma LDL-C and SVR is
believed to be due to the fact that low-density lipoprotein
receptor (LDLR) is involved in the mechanism of HCV
entry into the hepatocytes. Accordingly, plasma LDL-C
could competitively block the entry of HCV, thus, interfer-
ing the viral replicative cycle. Also, as a consequence of that
fact, mutations in LDLR, which are associated with the
plasma levels of LDL-C [12, 13], may have an impact on
the likelihood of achieving SVR with Peg-IFN/RBV [14,
15]. With regard to this, variations in the SNP rs14158
located at the 3′UTR of the LDLR gene have been reported
to be associated with SVR to Peg-IFN/RBV, independently
of plasma HCV viral load and IL28B genotype, in
HIV/HCV-coinfected patients bearing HCV genotype 1
[16]. And, more importantly, LDLR and IL28B genotypes
seem to have a complementary effect on SVR [16].
However, these findings were observed in a relatively small
population, including only HIV-coinfected patients.
Besides, there is no information about the influence of the
genetic pattern (GP) defined by rs12979860 and rs14158
genotypes on the probability of HCV SC and on relevant
features of HCV infection, such as plasma viral load, liver
fibrosis, or plasmatic levels of LDL-C. Because of the
above-stated reasons, the possible genetic interaction be-
tween these two SNPs require further investigations in larg-
er cohorts, also comprising HCV-monoinfected patients and
addressing aspects of HCV infection other than the likeli-
hood of SVR with Peg-IFN/RBV.

The objective of this study was to assess the impact of the
GP defined by rs14158 and rs12979860 genotypes on the
outcome and features of HCV infection in HIV/HCV-
coinfected and HCV-monoinfected patients.

Methods

Study patients

A population of 544 patients who tested positive for serum
HCV antibodies, 51 with SC of HCV and 493 with chronic
HCV infection (CHC), were prospectively recruited in the
Infectious Diseases Units of three tertiary-care hospitals in
Spain from May 2000 to December 2010. Patients with
chronic hepatitis C included 144 HCV-monoinfected pa-
tients and 349 HIV/HCV-coinfected patients (184 of them
were included in a previously published study) [16]. All of

them were previously naïve for therapy against HCV and
started treatment with Peg-IFN/RBV. A whole blood or
peripheral blood mononuclear cell sample was collected
from each patient and stored at −70 °C for subsequent
genetic determinations.

Drug therapy

All chronically infected patients received Peg-IFN alfa-2a at
a dose of 180 μg once per week or Peg-IFN alfa-2b at a dose
of 1.5 μg/kg once per week, both in combination with RBV
at a daily dose of 800 mg to 1,200 mg. Subjects harboring
HCV genotype 2 or 3 received HCV therapy during a period
of 24 weeks, if they were HCV-monoinfected or if they were
HIV/HCV-coinfected and showed undetectable plasma
HCV-RNA load at week 4. Therapy was given for 48 weeks
in the remaining patients. At weeks 12 and 24, HCV therapy
was prematurely discontinued in non-responders.

Definition of spontaneous clearance and viral responses

Spontaneous clearance was defined as the presence of HCV
antibody seropositivity with undetectable plasma HCV-
RNA without prior HCV treatment. Chronic HCV infection
was defined as a persistent elevation of serum transaminases
for longer than 6 months, along with positive serum anti-
bodies against HCV and detectable plasma HCV-RNA.

SVR was defined as undetectable serum HCV-RNA
24 weeks after the completion of HCV therapy. For the
purpose of this analysis, SVR was assessed in an on-
treatment approach, i.e., excluding those who voluntarily
dropped out or discontinued therapy due to adverse events.
Undetectable HCV-RNA in plasma at week 4 was consid-
ered as rapid virological response (RVR) and a decrease in
plasma HCV-RNA level ≥2 log10 or below the detection
limit at week 12 was considered as early virological re-
sponse (EVR). End of treatment response (ETR) was defined
as undetectable plasma HCV-RNA at the moment when ther-
apy was completed. Patients without EVR, as well as those
with detectable plasma HCV-RNA at week 24 after showing
EVR, were considered to be non-responders. Virological
breakthrough was defined as detectable plasma HCV-RNA
after week 24 and before the end of treatment. Relapse was
defined as the lack of SVR after having reached ETR.

Laboratory determinations

Plasma HCV-RNA load was measured by quantitative real-
time polymerase chain reaction (PCR) assays (Cobas TaqMan;
Roche Diagnostic Systems Inc., Pleasanton, CA, USA).

For SNP genotyping, DNA was extracted using the
MagNA Pure system (Roche Diagnostics Corporation,
Indianapolis, IN, USA). SNP rs12979860 (IL28B)
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genotyping and rs14158 (LDLR) were done as previously
reported [3, 16]. The researchers responsible for genotyping
were blinded to the remaining data from the patients.

Statistical analysis

The Hardy–Weinberg equilibrium was evaluated using the
Haploview software [17]. PLINK software, complemented
with gPLINK (http://pngu.mgh.harvard.edu/~purcell/plink/
gplink.shtml), was used to estimate and compare the single-
marker and two-locus associations. A dominant model for the
risk allele (TT=TC<CC) was used to determine the associa-
tion between both genotypes (rs14158 and rs12979860) and
SVR. For the analysis, advanced fibrosis was defined as a
stage of fibrosis ≥F3, according to the Scheuer’s scoring
system in patients with a liver biopsy prior to therapy [18],
or as a baseline liver stiffness ≥11 kPa, as determined by
transient elastography (FibroScan®, Echosens, Paris, France)
, in subjects without biopsy. In the same way, patients with
stage of fibrosis F4 or baseline liver stiffness ≥14 kPa were
classified as individuals with cirrhosis.

Frequencies were compared using the Chi-square test or
Fisher’s test. The Student’s t-test and the Mann–Whitney U-
test were used for comparing continuous variables in two
groups and the Kruskal–Wallis test was used to compare
continuous variables among more than two independent
groups. The median (interquartile range, IQR) value was
used as the cutoff value when continuous variables were
categorized, unless otherwise specified.

In order to identify predictors of SVR in patients with CHC,
a logistic regression analysis adjusted for age and sex was
performed. Factors associated with SVR in the bivariate anal-
ysis with a p-value ≤0.2 were entered as covariates. The statis-
tical analysis was carried out using the SPSS statistical software
package release 19.0 (IBM SPSS Inc., Chicago, IL, USA).

Ethical aspects

The study was designed and performed according to the
Helsinki Declaration and was approved by the Ethics
Committees of the participating hospitals.

Results

Main characteristics of the study patients

Twenty-seven (5.5 %) out of 493 patients with chronic HCV
infection who started therapy with Peg-IFN/RBV during the
study period stopped treatment due to adverse events and 43
(8.7 %) voluntarily dropped out. Therefore, 423 (85.8 %)
patients were the chronically HCV-infected population ana-
lyzed in this study.

The 51 patients with spontaneous HCV clearance and the
423 patients with chronic HCV infection were of European
ancestry and Caucasian race. Forty-two (82.4 %) patients
with SC were male. The median (IQR) age of this group was
43 (40–45) years. Among these patients, 12 (23.5 %) were
HCV-monoinfected and 39 (76.5 %) were HIV/HCV-
coinfected. Forty-one (80.4 %) had been infected with HCV
through the use of intravenous drugs (IDU), 5 (9.8 %) by
sexual contact, and in the remaining 5 (9.8 %), the route of
infection was unknown. The main baseline features of the
patients with CHC patients are shown in Table 1.

The studied SNPs were in linkage equilibrium (D′=0.21).
There was no association between LDLR rs14158 and IL28B
rs12979860 genotypes distribution. In this way, 105 (43.4 %)
patients were LDLR CC and IL28B CC versus 75 (41.4 %)
patients with LDLR TT-TC and IL28B CC (p=0.688).

Impact of LDLR and IL28B genotypes on spontaneous
HCV clearance

The rs12979860 genotype distribution was significantly dif-
ferent between patients with SC and those with CHC. Thus,
subjects with SC showed TT in 1 (2 %), TC in 16 (31.4 %),
and CC in 34 (66.6 %), whereas the corresponding figures
among CHC carriers were TT in 57 (13.5 %), TC in 186
(44 %), and CC in 180 (42.6 %) (p<0.001). The distribution
of the rs14158 genotype in patients with SC was TT in 4
(7.8 %), TC in 16 (31.4 %), and CC in 31 (60.8 %), while in
those who had CHC, there was TT in 19 (4.5 %), TC in 162
(38.3 %), and CC in 242 (57.2 %) (p=0.980). The GP char-
acterized by the carriage of rs14158 CC/rs12979860 CC was
significantly more frequent among the patients with SC, al-
though this fact was due to the differences in the IL28B
genotype (Fig. 1).

Association between LDLR, IL28B genotypes,
and response to HCV therapy

Two hundred and thirty-two out of 423 (54.8 %) CHC patients
achieved SVR. Ninety-one (40.3 %) of the patients with geno-
type 1, two (100 %) with genotype 2, 111 (82.2 %) harboring
genotype 3, and 28 (46.7 %) of those infected with genotype 4
(p<0.001) achieved SVR. The frequencies of virological
events according to HIV serostatus are shown in Table 1.

In the overall population with CHC infection, 140 (57.9 %)
patients harboring rs14158 genotype CC and 92 (50.8 %)
patients with genotype TT-TC attained SVR (p=0.151). The
respective figures for the rs12979860 genotype were 130
(72.2 %) for CC and 102 (42 %) for TT-TC (p<0.001).
However, when the population was stratified according to
the HCV genotype, rs12979860 and rs14158 genotypes pre-
dicted SVR only in those with HCV 1 or 4, but not in subjects
harboring genotypes 2 or 3. Thus, the rate of SVR in
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patients with HCV genotypes 1 or 4 and rs14158 CC
was 48.8 % versus 31.4 % in those bearing rs14158

genotype TT-TC (p=0.003), whereas in subjects harbor-
ing HCV genotypes 2 or 3, they were 78.4 % and 87.3 % (p=

Table 1 Characteristics of the patients with chronic hepatitis C according to human immunodeficiency virus (HIV) infection (n=423)

Parameter HIV/HCV (n=314) HCV (n=109) p-Value

Age (years)a 41.5 (38.5–44.8) 42.3 (37.6–48.5) 0.367

Male gender, no. (%) 251 (79.9) 91 (83.5) 0.417

Body mass index (kg/m2)a 23.4 (21.8–26.3) 25.8 (22.9–28.6) 0.001

IDU, no. (%) 275 (89.3) 75 (68.8) <0.001

Virological response

Non-response, no. (%) 93 (29.6) 23 (21.1) 0.086

RVR, no. (%)b 87 (30.5) 43 (42.6) 0.028

EVR, no. (%) 241 (77.7) 93 (86.1) 0.062

Viral breakthrough, no. (%) 20 (6.4) 2 (1.8) 0.066

ETR, no. (%) 201 (64) 84 (77.1) 0.012

Relapse, no. (%)c 39 (19.4) 14 (16.7) 0.588

SVR, no. (%) 162 (51.6) 70 (64.2) 0.022

HCV genotype, no. (%)

1 165 (52.5) 61 (56)
2 1 (0.3) 1 (0.9)

3 102 (32.5) 33 (30.3)

4 46 (14.6) 14 (12.8) 0.777

Plasma HCV-RNA load (log10 IU/mL)a 6.1 (5.5–6.4) 6.1 (5.3–6.8) 0.625

Plasma HCV-RNA load >600,000 IU/mL 202 (64.5) 68 (62.4) 0.687

Baseline serum ALT (IU/L)a 69 (46–104) 71 (42–130) 0.515

Advanced fibrosis, no. (%)d 118 (46.1) 27 (27.3) 0.001

rs12979860, no. (%)

TT 40 (12.7) 17 (15.6)
TC 142 (45.2) 44 (40.4)

CC 132 (42) 48 (44.1) 0.606

rs14158, no. (%)

TT 13 (4.1) 6 (5.5)
TC 121 (37.6) 41 (37.6)

CC 180 (57.3) 62 (56.9) 0.837

Genetic pattern

rs14158 TT-TC/rs12979860 TT-TC 79 (24.8) 27 (25.2)
rs14158 CC/rs12979860 TT-TC 103 (32.8) 34 (31.2)

rs14158 TT-TC/rs12979860 CC 55 (17.5) 20 (18.3)

rs14158 CC/rs12979860 CC 77 (24.5) 28 (25.7) 0.775

Baseline plasma LDL cholesterol (mg/dL)a,e 90 (70–112) 91 (75–116) 0.355

Baseline plasma HDL cholesterol (mg/dL)a 42 (33–54) 48 (40–62) 0.003

Baseline plasma total cholesterol (mg/dL)a 163 (140–187) 165 (140–197) 0.725

Baseline plasma triglycerides (mg/dL)a 113 (82–182) 97 (72–143) 0.016

IDU intravenous drug user, RVR rapid virological response, EVR early virological response, ETR end of treatment response, SVR sustained
virological response, HCV hepatitis C virus, ALT alanine aminotransferase, LDL low-density lipoprotein, HDL high-density lipoprotein
aMedian (quartile 1–quartile 3)
b Available in 285 HIV/HCV-coinfected and 101 HCV-monoinfected patients
c Calculated over 201 HIV/HCV-coinfected and 85 HCV-monoinfected patients who attained ETR
d Fibrosis stage in biopsy ≥F3 or liver stiffness ≥11 kPa if biopsy had not been carried out; available in 256 HIV/HCV-coinfected and 99 HCV-
monoinfected patients
e Available in 285 HIV/HCV-coinfected and 75 HCV-monoinfected patients
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0.171), respectively. In the same way, the rate of SVR in
patients with HCV genotypes 1 or 4 and rs12979860 CC
was 62.9 % versus 29.3 % in those with TT-TC (p<0.001).
The corresponding figures in subjects infected with HCV
genotypes 2 or 3 were 85.3 % versus 79 % (p=0.334).
Figure 2 shows the virological events in patients infected with
genotypes 1 or 4.

Relationship between the genetic pattern including LDLR
and IL28B genotypes and sustained virological response

In the overall CHC population, 44 (41.5 %) patients with
rs14158 TC-TT/rs12979860 TC-TT, 58 (42.3 %) with
rs14158 CC/rs12979860 TC-TT, 48 (64 %) with rs14158
TC-TT/rs12979860 CC, and 82 (78.1 %) with rs14158
CC/rs12979860 CC achieved SVR (p<0.001). However,
the effect of the LDLR genotype on the relationship between

IL28B genotype and SVR was restricted to subjects bearing
HCV genotypes 1 or 4 but not in HCV genotypes 2 or 3
carriers (Fig. 3). This effect was observed in both HCV-
monoinfected and HIV/HCV-coinfected patients with geno-
types 1 or 4 (Fig. 4). In an intention-to-treat approach, where
those who discontinued therapy voluntarily or due to ad-
verse events were also considered, a similar trend was
observed. Thus, among those individuals infected by geno-
types 1 or 4, 18 (22.2 %) patients with rs14158 TC-
TT/rs12979860 TC-TT, 35 (31.8 %) with rs14158
CC/rs12979860 TC-TT, 19 (40.4 %) with rs14158 TC-
TT/rs12979860 CC, and 47 (70.1 %) with rs14158
CC/rs12979860 CC achieved SVR (p<0.001).

In a logistic regression analysis conducted in patients with
HCV genotypes 1 or 4, a statistical interaction between
rs12979860 and the GP (p<0.001) was detected. The
Nagelkerke R2 values were 0.317 for the model with IL28B
alone, while it was 0.347 when the GPwas included instead of
IL28B. Then, the analysis was continued using only the GP as
the covariate. The multivariate analysis showed that the GP
was a predictor of SVR independent of HIV, plasma HCV-
RNA load, and baseline plasma level of LDL-C in subjects
carrying HCV genotypes 1 or 4 (Table 2).

Impact of the genetic pattern including LDLR and IL28B
genotypes on other features of HCV infection

The proportion of patients with baseline HCV-RNA load
below 600,000 IU/mL tended to be higher among those
harboring rs14158 CC than among TT-TC carriers (39 %
vs. 32 %, respectively, p=0.140). Moreover, patients with
rs14158 CC showed higher baseline plasma levels of LDL-
C than TT-TC [91 (74–115) mg/dl vs. 89 (68–110) mg/dl,
respectively, p=0.162]. In the same way, the baseline plasma
level of LDL-C was higher in patients with rs12979860 CC [96
(74–121) mg/dL] than in those with TT-TC [88 (69–106)

Fig. 1 Genetic pattern (GP) distribution among patients with spontane-
ous clearance (SC) (n=51) and chronic HCV infection (CHC) (n=423)

Fig. 2 Frequency of
virological events according to
interleukin-28B (IL28B) and
low-density lipoprotein receptor
(LDLR) genotypes in patients
infected with hepatitis C virus
(HCV) genotypes 1 or 4
(n=286)
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mg/dL] (p=0.001). The proportion of patients with HCV-RNA
load below 600,000 IU/mL was 35 % in subjects with
rs12979860 CC versus 36.8 % in those with the TT-TC geno-
type (p=0.70).

There was no association between the GP and the baseline
plasma level of ALT, plasma HCV-RNA load, body mass
index, and the presence of advanced fibrosis or cirrhosis.
However, the combination of LDLR genotype and IL28B
genotype also showed a complementary effect on the baseline
plasma levels of LDL-C (Fig. 5).

Discussion

The results presented here confirm that there is an interac-
tive effect between IL28B and LDLR genotypes on the
probability of achieving SVR after Peg-IFN/RBV therapy
in patients with HCV genotypes 1 or 4. Thus, the

combination of these genotypes markedly increases the ca-
pacity of IL28B to predict SVR, in both HCV-monoinfected
and HIV/HCV-coinfected patients. This complementary ef-
fect of both genotypes is also observed on plasma levels of
LDL-C, a predictor of SVR, but it is not seen on the
likelihood of SC of HCV infection, mainly due to the lack
of impact of the LDLR genotype on SC.

LDLR gene expression is regulated at transcriptional and
post-transcriptional levels by changes in mRNA stability
[19, 20]. In this way, changes in 3′UTR could reduce the
LDLR mRNA half-life, the production of LDLR [20], the
LDL-C entry into hepatocytes, and, consequently, increase
plasma LDL-C and total cholesterol levels [12, 16]. A
higher baseline level of LDL-C has been associated with
higher rates of SVR in several studies [10, 11]. LDL-C is
thought to interfere with HCV replication, as it could com-
pete with HCV for LDLR on the surface of hepatocytes
[21]. In this study, patients with rs14158 CC tended to show
a lower plasma HCV-RNA load than those with genotypes
TT-TC. This finding is in agreement with the above-stated
hypothesis. Specific functional assays should be carried out
to assess more precisely how variations in rs14158 impact
on the expression of the LDLR gene.

Both SNPs genotypes studied herein could have a differ-
ent impact on the HCV replication. Thus, IL28B seems to
act through interferon-stimulated genes [22], whereas
LDLR variations would cause inefficient viral entry [23].
Because of this, it is not surprising that their effects on viral
kinetics during the treatment of chronic hepatitis C caused
by HCV 1 or 4 are also different. As previously reported
[24], favorable IL28B genotype has a marked effect on the
early phases of treatment, leading to higher rates of RVR
and EVR. This effect leads to a strong impact on ETR and
SVR. However the risk of relapse is hardly influenced by
the IL28B genotype. The impact of the LDLR genotype on
early kinetics is less relevant, whereas it is strongly associ-
ated with the likelihood of relapse. This is a plausible
explanation for the complementary effect of both SNPs.
Furthermore, the favorable IL28B genotype is associated
with higher plasma levels of LDL-C, which may play a role
in the effect of IL28B variations on SVR. As this study has
shown, the combination of IL28B and LDLR genotype also
seems to have an effect on the plasma levels of LDL-C.
However, as observed in Fig. 5, this effect is not well defined,
as the trend of the median values among the different genetic
patterns is not linear. It is, thus, likely that the underlying
mechanism for our observations is more complex and cannot
only be explained by plasmatic levels of LDL-C.

In this study, no association between the GP and plasma
HCV-RNA load was observed. This may be due to the fact
that the effects of both genotypes on this parameter are
different. Thus, while rs14158 CC tends to be associated
with lower plasma HCV-RNA load, the IL28B genotype has

Fig. 4 Rate of SVR according to the GP, stratified by human immu-
nodeficiency virus (HIV) serostatus, in patients with HCV genotypes 1
or 4 (n=286)

Fig. 3 Rate of sustained virological response (SVR) according to the
GP (LDLR/IL28B) and HCV genotype (n=423)

1432 Eur J Clin Microbiol Infect Dis (2013) 32:1427–1435



been associated with higher HCV burden in some studies [1,
6] or had no effect in others [25, 26], as happened in the
present investigation.

The LDLR genotype, although having a weaker impact
than the IL28B genotype on the likelihood of SVR, may be
useful in clinical practice. Indeed, it clearly enhances the
predictive value of the IL28B genotype for SVR. In this
manner, patients bearing HCV 1 or 4 with rs12979860 CC
have a likelihood of SVR of 75.8 % if rs14158 is CC, but
only 44.2 % if rs14158 is TT-TC. Conversely, patients with
both unfavorable genotypes have a rate of SVR of 24 %,

which increases to 33 % if rs14158 is CC, despite IL28B
being TT-TC. The complementary effect of IL28B and
LDLR genotypes, observed in patients with HCV genotypes
1 or 4, was not found in those bearing HCV genotypes 2 or
3. The reason for this finding may be that HCV genotypes 2
and 3 are highly susceptible to Peg-IFN/RBV therapy and,
thus, the influence of the host factors could be less signifi-
cant. Despite this limitation, the GP defined by the IL28B
and LDLR genotypes allow us to predict SVR in a high
proportion of patients infected with HCV 1 or 4, over two-
thirds in this study, who are precisely those in whom

Table 2 Predictors of sustained virologic response (SVR) in the univariate and multivariate analysis in patients with hepatitis C virus (HCV)
genotypes 1 or 4 (n=286)

Parameter SVR,
n (%)

Unadjusted OR
(95 % CI)

p-Value
univariate

Adjusted OR
(95 % CI)

p-Value
multivariate

Age (years)a

≤ 42 68 (44.7) 0.85 (0.64–1.13) 0.99 (0.94–1.06)

>42 51 (38.1) 0.253 0.751

Gender

Male 100 (41.8) 0.97 (0.66–1.13) 1.48 (0.61–3.58)

Female 19 (40.4) 0.857 0.389

HIV

Yes 77 (36.5) 1.54 (1.17–2.01) 3.61 (1.66–7.87)

No 42 (56) 0.003 0.001

HCV genotype

1 91 (40.3) 0.86 (0.63–1.18)

4 28 (46.7) 0.371 – –

Genetic pattern

rs14158 TT-TC/rs12979860 TT-TC 18 (24) 0.09 (0.03–0.25) <0.001

rs14158 CC/rs12979860 TT-TC 35 (33) 0.14 (0.06–0.37) <0.001

rs14158 TT-TC/rs12979860 CC 19 (44.2) 0.40 (0.13–1.19) 0.100

rs14158 CC/rs12979860 CCb 47 (75.8) 2.81 (1.79–4.4)c <0.001 1 <0.001

IDU

Yes 95 (40.9) 1.17 (0.85–1.63)

No 24 (48) 0.360 – –

Advanced liver fibrosisd

Yes 36 (36) 1.25 (0.91–1.72) 1.19 (0.57–2.47)

No 65 (45.1) 0.154 0.648

Baseline HCV-RNA load (IU/mL)

≤600,000 61 (64.2) 0.47 (0.36–0.61) 0.20 (0.09–0.43)

>600,000 57 (30) <0.001 <0.001

Baseline LDL-Ce

≤100 mg/dL 44 (32.1) 1.3 (1.04–1.61) 1.01 (1.01–1.03)

>100 mg/dL 49 (47.6) 0.015 0.025

IDU intravenous drug user
a Categorized by median
b Reference category
c rs14158 CC/rs12979860 CC versus non-rs14158 CC/rs12979860 CC
d Fibrosis stage in biopsy ≥F3 or liver stiffness ≥11 kPa if biopsy had not been carried out; available in 244 patients
e Available in 240 patients
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predicting SVR is more necessary, because the chance to
attain it is lower.

The IL28B genotype has been strongly associated with SC
in previous studies [4, 27, 28]. On the contrary, the rs14158
genotype was not associated with SC of HCV in two previous
surveys [14, 15]. In the current study, the favorable GP was
significantly more frequent among patients with SC.
Nonetheless, this effect seemed to be mainly driven by the
action of the IL28B CC genotype, which was clearly more
common in individuals with SC (66.7 %) compared to those
with CHC infection (42.6 %). Conversely, the frequency of
rs14158 CC was similar in patients with SC and CHC (58.1 %
vs. 60.8%). It is possible that SCmay principally depend on the
immune response of the host, and specifically on the endoge-
nous interferon activity, rather than on the fact that HCVentry is
interfered or not, which is the effect of the LDLR genotype.

A limitation of this study is that SNPs at the LDLR gene
other than rs14158 were not tested, and some of them may
have a more significant phenotypic effect [12]. We selected
this SNP because it was the only one that has been previ-
ously associated with SVR [14]. Nevertheless, this fact does
not reduce the interest of the findings reported herein, since
the application of the GP defined by rs12979860 and
rs14158 has proven to be useful, and it should be considered
for clinical application, in order to improve the management
of patients. One further limitation is that the number of
HCV-monoinfected patients in this study is relatively low
and larger populations of these patients will be necessary to
confirm these results. Nevertheless, most therapy response
predictors are shared by HIV/HCV-coinfected and HCV-
monoinfected patients. Moreover, the present study shows
a very similar effect of the GP in HIV/HCV-coinfected and
HCV-monoinfected patients, which lead us to think that the
GP will be equally useful in both populations.

Triple therapy combining Peg-IFN, RBV, and a direct-
acting antiviral (DAA) drug is currently the standard of care
for HCV-infected patients carrying genotype 1 [29, 30].
With these regimens, very high rates of SVR are achieved
and the impact of the host genetic features on the therapy
outcome may be less significant. However, even in this
setting, the findings of this study will likely continue to be
relevant. Thus, this GP may be useful to identify patients
who are very likely to respond to bitherapy with Peg-IFN
plus RBV, which may reduce adverse effects, expenses, and,
in the case of HIV/HCV-coinfection, drug interactions. In
addition, GP could also help us to tailor the length of
treatment. Moreover, DAA drugs currently available are
active only against HCV genotype 1, but not for genotype
4, which accounts for a non-negligible proportion of HCV
infection in some areas, such as Spain. However, specific
studies addressing the predictive value of the GP including
IL28B and LDLR genotypes in patients receiving triple
therapy including DAA drugs should be undertaken.

In summary, the LDLR genotype modulates the effect of
the IL28B genotype on SVR and plasma LDL-C levels, but
not on other aspects of HCV infection, such as SC. The GP
obtained from the combination of both genotypes is appli-
cable to the clinical practice. The use of this
pharmacogenomic marker may improve the management
of patients, especially that of HIV/HCV-coinfected patients.
In any case, it will be necessary to analyze the usefulness of
the GP defined by the IL28B and LDLR genotypes to
individualize the optimal composition and duration of treat-
ment regimens including DAA drugs.
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