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Introduction. Hepatitis C virus (HCV) infection is 
a global health problem which can lead to liver 
cirrhosis or hepatocellular carcinoma in one-fifth 
of chronically infected patients. Materials and 
methods. The study group consisted of 123 pa-
tients: 90 with HCV mono- and 33 with HIV/HCV 
co-infection, who were treated with pegylated 
interferon alfa (Peg-IFN-α)  and ribavirin. We ana-
lyzed selected pretreatment factors: age, sex, HIV/
HCV co-infection, grade of inflammation, necrotic 
changes and fibrosis in histological analysis of liv-
er bioptates, HCV viral load, HCV genotypes, and 
single nucleotide polymorphisms (SNPs) of IL28B 
and tried to find out which of them influence sus-
tained virological response (SVR). The IL28B SNP 
C/T (rs12979860) was analyzed using Custom® SNP 
Genotyping Assays (Applied Biosystems). Results. 
Multivariate analysis demonstrated that after ad-
justing for the other variables three predictors in-
dependently influence SVR, namely genotype 3 of 
HCV, presence of the CC genotype and age >40 
years (OR respectively 15.14, 3.62, and 0.36). HCV 
mono-infected patients were infected with HCV 
genotype 3 or 4 less frequently (p=0.0001) com-
pared to HIV/HCV co-infected individuals. In pa-
tients with HIV/HCV co-infection the CC variant 
occurred more frequently whereas CT was found 
less frequently (p=0.001, p=0.0146, respectively). In 
patients with HIV/HCV co-infection, 3 and 4 geno-
type of HCV occurred more frequently compared 
to patients with HCV mono-infection (p=0.0001). 
Conclusions. These data suggest that age, HCV 
genotype and IL28B polymorphism are useful for 
prediction of the response to treatment with Peg-
IFN-α and ribavirin. The more frequent occurrence 
of HCV genotypes 3 or 4 in patients with HIV/HCV 
co-infection could be associated with the route of 
transmission.
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INTROduCTION

WHO estimates that 3% of the world population is 
infected with hepatitis C virus and 3–4 million new in-
fections occur every year (WHO) (Chen & Morgan, 

2006). Approximately 80% of patients with acute hep-
atitis C fail to eliminate the virus and become chroni-
cally infected (Lauer & Walker, 2001). It is estimated 
that one out of five chronically infected persons devel-
ops cirrhosis after 20 years from the infection (Koziel 
& Peters, 2007). Up till now Peg-IFN-α and ribavirin 
have been a standard treatment in hepatitis C virus in-
fections, however this therapy does not eliminate HCV 
in approximately half of the treated patients infected 
with HCV genotype 1 or 4 (Fried & Hadziyannis, 2004). 
In the near future the addition of direct-acting antivi-
rals (DAAs) to the Peg-IFN and ribavirin (RBV) will 
become a routine practice. Recently two new drugs for 
hepatitis C, boceprevir (made by Merck) and telaprevir 
(made by Vertex Pharmaceuticals), have been approved 
by FDA (Pockros, 2011). Although both boceprevir and 
telaprevir promise a better chance of a cure, they have 
to be administered together with IFN and ribavirin, are 
very expensive and have potentially serious side effects. 
Currently the treatment of chronic hepatitis is inclined 
towards individualized therapy, based on the knowledge 
of factors predicting response to treatment. 

Great progress has been achieved thanks to the re-
cent discovery through a genome-wide association study 
(GWAS), that a single nucleotide polymorphism (SNP) 
near the IL28B gene can predict the response to hepa-
titis C treatment with interferon and ribavirin (Ge et al., 
2009; Suppiah et al., 2009; Tanaka et al., 2009).

In our present study we analyzed the results of the 
combined therapy with Peg-IFN and ribavirin in HCV 
mono-infected and HIV/HCV co-infected patients in 
our center. We compared these two populations of pa-
tients, focusing on the analysis of prognostic factors for 
SVR with regard to the C/T polymorphism near the 
IL28B gene.

MATeRIAlS ANd MeTHOdS

The study group consisted of 123 patients: 90 with 
HCV mono- and 33 with HIV/HCV co-infection, who 
were treated in our center from 2006 through 2010. In 
all the patients treatment with Peg-IFN-α and ribavirin 
was the first chronic hepatitis C therapy. Patients were 
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Table 1. Comparison between patients with HIV/HCV co-infection and with HCV mono-infection

HIV/HCV HCV p value

N/Total % N/Total %

Women 17/33 51.51 34/90 37.78 >0.05

Men 16/33 48.48 56/90 62.22

HCV viremia
 >600000 IU/ml

12/33 36.36 33/88 37.50 >0.05

G≤2 28/31 90.32 71/89 79.78 >0.05

S≤2 27/31 87.10 64/89 71.91 >0.05

Liver cirrhosis 1/31 3.22 7/89 7.87 >0.05

Genotype 1 8/33 24.24 79/90 87.78 =0.0001

Genotype 3 12/33 36.36 7/90 7.78 =0.0001

Genotype 4 13/33 39.39 4/90 4.44 =0.0001

CC 17/33 51.52 19/90 21.11 =0.001

CT 12/33 36.36 55/90 62.22 =0.0146

TT 4/33 12.12 16/90 16.67 >0.05

Age >40 years 4/33 12.12 40/90 44.44 =0.0009

Age* years 32 (29–37) 33.5 (22–49) >0.05

HCV viral load*  (x106) IU/ml 2.78 (0.38–4.8) 2.78 (0.368–5.78) >0.05

*median (lower quartile-upper quartile)

Table 2. Comparison between patients with SVR and without SVR

Respondent characteristic
SVR Without SVR

p value
N/Total % N/Total %

Women 30/72 41.67 21/51 41.18 >0.05

Men 42/72 58.33 30/51 58.82

Viral load >600000 IU/ml 45/72 62.5 31/51 60.78 >0.05

Viral load ≤600000 IU/ml 27/72 37.5 20/51 39.22

HIV/HCV 23/72 31.94 10/51 19.61 >0.05

HCV 49/72 68.06 41/51 80.39

Liver cirrhosis
Without liver cirrhosis

3/70
67/70

4.29
95.71

5/50
45/50

10.00
90.00

>0.05

G>2
G≤2

11/70
59/70

15.71
84.29

10/50
40/50

20.00
80.00

>0.05

S>2
S≤2

15/70
55/70

21.43
78.57

14/50
36/50

28.00
72.00

>0.05

Genotyp 1
not Genotype 1

42/72
30/72

58.33
41.67

45/51
6/51

88.24
11.76

=0.0003

Genotype 3 
not Genotype 3

18/72
54/72

25.00
75.00

1/51
50/51

1.96
98.04

=0.0005

Genotype 4 
not Genotype 4

12/72
60/72

16.67
83.33

5/51
46/51

9.80
90.20

>0.05

CC
not CC

28/72
44/72

38.89
61.11

8/51
43/51

15.69
84.31

=0.0053

CT
not CT

34/72
38/72

47.22
52.78

33/51
18/51

64.71
35.29

>0.05

TT
not TT

10/72
62/72

13.89
86.11

10/51
41/51

19.61
80.39

>0.05

Age>40 years
Age≤40 years

18/72
54/72

25.00
75.00

26/51
25/51

50.98
49.02

=0.0031
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considered eligible for this study if they fulfilled the fol-
lowing inclusion criteria. 

Patients finished the treatment with Peg-IFN-α and 
ribavirin at least 6 months earlier.

The treatment was conducted according to the proto-
col described below.

Combined therapy using Peg-IFN-α 2a (Pegasys; 
Roche, Switzerland) or Peg-IFN-α 2b (PEGIntron; 
Schering Corp) and ribavirin was applied. Peg-IFN-α was 
administered subcutaneously once a week in a standard 
dose (Pegasys dose of 180 μg, PEGIntron dose depend-
ent on the patient’s weight). Ribavirin was administered 
per os daily in a dose dependent on the patient’s weight 
(less than 60 kg–1000 mg, above 60 kg–1200 mg). The 
decision to continue the therapy or not was made 12 
weeks after its beginning. Patients with undetectable 
HCV viremia continued the therapy until 24 or 48 weeks 
(genotype 3–24 weeks, genotype 1 or 4–48 weeks). In 
patients with a decrease in viral load of less than 2 log 
the therapy was discontinued. In patients with a decrease 
in viral load exceeding 2 log the therapy was continued 
— for genotype 3 until 24 week, for genotypes 1 and 4 
until 48 weeks if the viral load at 24 week was undetect-
able.

The treatment was not discontinued due to side ef-
fects and during the therapy patients turned up at all ap-
pointed visits.

HCV viremia was assessed 6 months after the end of 
the treatment.

On introduction of Peg-IFN-α with ribavirin patients 
with HIV/HCV co-infection had to receive antiretroviral 
treatment, had undetectable HIV viremia (<50 copies/
ml) and CD4 count higher than 350 cells/µl.

Before the treatment liver biopsy was performed in 
almost all patients (120 persons). The grade of inflam-
mation and necrotic changes as well as stage of fibrosis 
were assessed according to the Batt and Ludwig’s scale 
(Batts & Ludwig, 1995).

In all the patients who fulfilled the abovementioned 
criteria the IL28B single-nucleotide polymorphism C/T 
(rs12979860) was analysed.. 

Genomic DNA were isolated from 200 µl of blood 
using the QIAamp DNA Blood Mini Kit (Qiagen) ac-
cording to the manufacturer’s protocol. DNA was 
quantified using a PicoDrop spectrophotometer (Pico-
drop). The IL28B single-nucleotide polymorphism C/T 
(rs12979860) was analysed using Custom® SNP Geno-
typing Assays (Applied Biosystems). Primer and probe 
sequences were: Forward Primer 5′-GCCTGTCGTG-
TACTGAACCA, Reverse Primer 5′-GCGCGGAGT-
GCAATTCAAC, Probe (C allele) 5′-VIC-TGGTTC-
GCGCCTTC, Probe (T allele) 5′-FAM-CTGGTTCAC-
GCCTTC. Genotyping was performed using an ABI-
7900HT Real-Time PCR System (Applied Biosystems) 
in 25 µl reaction volume containing 10 ng DNA, 12.5 
µl TaqMan® Universal PCR Master Mix and 1.25 µl 
(40x) Custom® SNP Genotyping Assays and analysed 
using Sequence Detection System 2.3 Software.

Statistical Methods. Average values and standard 
deviation of quantitative traits were calculated for pa-
rameters with normal distribution. Variables that were 
not normally distributed were expressed as median 
(lower–upper quartiles). These variables were compared 
according to the Mann-Whitney test. To compare cat-
egorical variables between groups we used: Chi-square 
distribution, Yates’ correction for continuity or Fisher’s 
exact test (according to the size of the studied group). 
Multivariate logistic regression was used to determine 
whether SVR was related to selected predictors.

ReSulTS

The study group consisted of 123 Caucasian patients 
with chronic hepatitis C, out of whom 33 were HIV/
HCV co-infected. 

Among the patients with HIV/HCV co-infection 30 
were HIV-infected through intravenous drug use, three 
through heterosexual contacts (out of whom two had 
sex with intravenous drug users). None of the HCV mo-
no-infected patients declared even an incidental intrave-
nous drug usage.

In the HIV/HCV co-infected patients infection with 
genotype 3 or 4 of hepatitis C virus was observed 
more frequently and infection with genotype 1 less fre-
quently compared to patients with HCV mono-infection 
(p=0.0001). In patients with HIV/HCV co-infection the 
CC polymorphism occurred more frequently whereas CT 
less frequently than in the mono-infected ones (p=0.001, 
p=0.0146) (Table 1).

Patients with the CC genotype did not differ from 
other patients before the treatment in the level of 
viremia, grade of inflammation and necrotic changes, 
stage of fibrosis in histopathological examination of bi-
optates, or the occurrence of various genotypes of the 
HCV virus (Table 2). In contrast, the CC genotype oc-
curred more frequently in patients with HIV/HCV co-
infection compared to patients with HCV mono-infec-
tion (16/33 vs 20/90 — p=0.005).

Patients with good response to treatment were charac-
terised by younger age at the moment of the treatment 
introduction (more frequently below 40 years of age) 
as well as a more frequent occurrence of the CC geno-
type. Moreover, in patients with SVR the infection with 
genotype 1 occurred less frequently and with genotype 
3 more frequently than in patients without SVR. Multi-
variate analysis demonstrated that after adjusting for the 
other variables 3 predictors independently influence SVR 
the presence of CC polymorphism, genotype 3 of HCV 
and age less than 40 years (Table 3).

dISCuSSION

To achieve optimal virologic response and good toler-
ability, individualized treatment with Peg-IFN and riba-
virin is attempted. There are many pretreatment factors 
such as age, sex, ethnicity, body mass index, insulin re-
sistance, hepatic steatosis, degree of liver fibrosis, HCV 
genotype, baseline viral load and viral kinetics during 
treatment which can influence the response to the ther-
apy with Peg-IFN and ribavirin in patients with chronic 
hepatitis C (CHC) (Idrees & Riazuddin S, 2009; Reddy 

Table 3. Multivariate analyses for chosen parameters and SVR

Respondent characteristic
Adjusted odds ratio

p value
Ratio 95% Cl

Gender 1.07 0.44–2.57 >0.05

Age >40 years 0.36 0.13–0.99 =0.0478

G>2 1.45 0.35–6.00 >0.05

S>2 0.64 0.17–2.35 >0.05

Genotype 3 15.14 1.78–128.85 =0.0129

Viral load >600000 IU/ml 1.37 0.57–3.28 >0.05

CC 3.62 1.28–10.26 =0.0155



336           2012E. Jabłonowska and others

et al., 2009; Aziz et al., 2011; Eslam et al., 2011). Out of 
these factors the HCV genotype is known as the strong-
est predictor of SVR and thus exerts a considerable in-
fluence on the decision regarding the duration of treat-
ment (Hadziyannis et al., 2004; Navaneethan et al., 2009). 
Recently, four genome-wide association studies (GWAS) 
have identified single nucleotide polymorphisms (SNPs) 
near the IL28B gene (encoding IFN-λ3) to be strongly 
associated with spontaneous and treatment-induced 
clearance of HCV infection  in patients with genotype 
1 HCV (Ge et al., 2009; Suppiah et al., 2009; Tanaka et 
al., 2009; Rauch A et al., 2010). Ge and colleagues con-
ducted a GWAS analysis of more than 1000 patients 
with genotype 1. Using the Illumina Human 610® quad 
bead chip, the authors demonstrated that the probability 
of achieving SVR in patients bearing CC in the position 
rs12979860 in the 19q13 region was double compared to 
those with CT/TT. Importantly from the clinical point 
of view, as many as approximately two-thirds of patients 
bearing the CC genotype (rs12979860) achieved SVR, 
while only less than a half of CT heterozygous and one-
third of TT homozygous individuals could achieve SVR 
when treated with Peg-IFN and RBV (Ge et al., 2009). 
Pineda et al. (2010) reported rates of SVR according to 
the HCV genotype in patients with genotype CC and 
in those with genotype CT or TT  at, respectively, 50% 
and 17% with genotype 1 and 93% and 77% with geno-
type 3. Similarly in our study SVR was achieved more 
frequently in patients with the CC genotype. 

In contrast to unambiguous data on genotype 1 HCV 
infection, the available data on IL-28B polymorphisms as 
predictors of SVR in patients with genotype 2 or 3 HCV 
infection are conflicting. Mangia et al. (2010) showed that 
IL-28 variations play a minor role in the treatment out-
come in patients with HCV genotype 2 or 3 (Mangia et 
al., 2010). In contrast, a study from Japan showed that 
the IL28B SNP genotype is an important predictive fac-
tor for SVR in patients with HCV genotypes 2a or 2b 
(Kawaoka et al., 2011). In our study patients infected 
with HCV genotype 3 who had genotype CC for IL28B 
did not achieve SVR more frequently compared to pa-
tients infected with HCV genotype 3 who had genotypes 
CT or TT. However, it has to be emphasized that in 
present group only 19 patients were infected with HCV 
genotype 3, out of whom eight had the IL28B CC geno-
type. 

The distribution of the IL28B variants in patients 
infected with various HCV genotypes is also differ-
ent. McCarthy et al. (2010) showed that the CC geno-
type at rs12979860 occurs more frequently in patients 
infected with HCV genotype 3 and patients infected 
with this genotype had a higher HCV viremia. In a 
German cohort the rs12979860 CC genotype was 
found in 42.7% of HCV genotype 2 or 3 patients, in 
33.9% of HCV genotype 1 patients, and in 49% of 
uninfected controls (Thomas et al., 2009). In agree-
ment with previous findings we found that the CC 
genotype was present more frequently in patients with 
HCV genotype 3 in comparison with patients with 
genotypes 1 or 4 (42.11% and 26.92%, respectively). 
Despite the fact that our group of patients infected 
with HCV genotype 3 was small, this difference was 
statistically significant. 

All studies which analyzed SNPs near the IL28B 
locus emphasize the role of genetic factors in predic-
tion of SVR. But it is interesting if earlier known and 
established predictors of SVR still remain independent 
when assessed together with this new genetic factor. 
In the present study we found three positive indepen-

dent prognostic factors for SVR: viral genotype 3, CC 
genotype, and age (<40 years). Neither viremia nor 
liver fibrosis was independently associated with SVR. 
In the analysis presented by McCarthy et al. (2010), 
similarly to our results, stage of liver fibrosis was not 
an independent predictive factor for SVR, yet, unlike 
in our study, lower viral load before the treatment 
predicted higher SVR. Possibly the lack of a relation 
between HCV viremia and SVR observed in our study 
was due to the fact that in analyses of small groups of 
patients such a relation with regard to a rather weak 
predictor is difficult to detect. However, results pre-
sented in some studies where the IL28B genotypes 
associated with treatment-induced clearance also cor-
related with higher baseline viral loads are very in-
triguing (Ge et al., 2009). This phenomenon was not 
confirmed in our study. 

Another challenging population in which virologic 
response to the therapy is decreased includes patients 
with chronic hepatitis C who are co-infected with HIV. 
The most important prognostic factors associated with 
SVR among HIV/HCV co-infected patients treated with 
Peg-IFN-α plus ribavirin are similar to those observed 
in patients with HCV mono-infection (Fried et al., 2002). 
New data suggest that, like in HCV mono-infected pa-
tients, rs12979860 and rs8099917 IL28B polymorphisms 
play an important role in predicting SVR in this popula-
tion, particularly in patients with genotype 1 HCV infec-
tion (Rallón et al., 2011).

There are other factors specific for HIV/HCV co-
infected patients which can influence the results of the 
treatment with Peg-IFN-α and ribavirin. These factors, 
including HIV viremia, CD4 count before the treat-
ment, nadir CD4 count, were not a subject of this study 
(Chung et al., 2011; Myers et al., 2004). To reduce the 
influence of these factors, we analyzed HIV/HCV co-in-
fected patients on cART with undetectable HIV viremia 
and with CD4 count higher than 350 cells/µl.

The obtained results indicating that in patients includ-
ed in the study the rate of SVR in HIV/HCV co-infect-
ed patients was higher than in mono-infected patients 
(69.70% vs 54.44%) were surprising. 

These findings are in opposition to other studies 
where SVR occurred less frequently in co-infected pa-
tients than in HCV mono-infected ones (Torriani et al., 
2004; Gonvers et al., 2010). 

However, in the present study HIV/HCV co-infected 
patients were more frequently younger than 40 years of 
age, infected with genotype 3 of HCV and had the CC 
IL28 genotype. The more frequent occurrence of these 
three positive predictive factors for SVR can explain so 
good results of treatment in the co-infected patients in 
our study. 

We believe that our results point out that in the treat-
ment of HIV/HCV co-infected patients (who are on 
successful antiretrovarial treatment) the most important 
factors for SVR are the same as in mono-infected pa-
tients and the results of the treatment with Peg-IFN-α 
and ribavirin in this group of patients can be very good.

CONCluSIONS

These data suggest that age, HCV genotype and 
IL28B polymorphism are useful for prediction of the 
response to treatment with Peg-IFN-α and ribavirin. 
More frequent occurrence of HCV genotypes 3 and 4 in 
patients with co-infection could be associated with the 
route of transmission.
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