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Abstract

Background—A single nucleotide polymorphism (SNP) upstream of the IL28B gene 

(rs12979860) predicts sustained virological response (SVR) to peginterferon–ribavirin therapy in 

chronic hepatitis C patients. There is scarce information regarding the influence of this IL28B 

SNP on early viral kinetics during therapy, particularly in patients coinfected with HIV, in whom 

treatment response is lower than in hepatitis C virus (HCV)-monoinfected patients.

Methods—We selected 196 HIV/HCV-coinfected individuals who had completed a course of 

peginterferon–ribavirin therapy, and a validated outcome for SVR. Association of IL28B SNPs 

with rapid, early and end-of-treatment virological responses [rapid virological response (RVR), 

early virological response (EVR) and end of treatment virological response, respectively] was 

assessed in univariate and multivariate analyses.

Results—Rate of SVR in the study population was 54%. Frequency of the IL28B CC genotype 

was 44%. The distribution of HCV genotypes was as follows: HCV-1 57%, HCV-2 1%, HCV-3 

30% and HCV-4 12%. Compared to CT/TT, the CC genotype was associated with significantly 

higher rates of all on-treatment viral outcomes, after adjusting for other predictors of viral 

response as serum HCV-RNA, HCV genotype and liver fibrosis staging. IL28B CC genotype kept 

its predictive power of SVR in patients who did not achieve RVR or cEVR. The association 

between IL28B SNP and viral kinetics and treatment outcomes was significant only for HCV 

genotypes 1 and 4.

Conclusion—IL28B CC genotype is a strong predictor of virological response to therapy in 

HIV/HCV-coinfected patients. This effect is mediated by an increase in viral clearance during the 

first 12 weeks of treatment and is mainly seen in patients infected with HCV genotypes 1 and 4.

Correspondence to Dr José M. Benito, Infectious Diseases Department, Hospital Carlos III, Calle Sinesio Delgado 10, Madrid 28029, 
Spain. Tel: +34 91 4532500; fax: +34 91 7336614; ; Email: jbenito1@hotmail.com 

The authors acknowledge no financial conflict of interest with this work.

HHS Public Access
Author manuscript
AIDS. Author manuscript; available in PMC 2016 June 03.

Published in final edited form as:
AIDS. 2011 May 15; 25(8): 1025–1033. doi:10.1097/QAD.0b013e3283471cae.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

genetic polymorphisms; HIV/hepatitis C virus-coinfection; IL28B; interferon-l; interferon; 
rs12979860; viral kinetics

Introduction

Hepatitis C virus (HCV) infects more than 175 million people worldwide [1]. In western 

countries, HCV is the leading cause of end-stage liver disease and hepatocellular carcinoma, 

as well as the main indication for liver transplantation [1]. HCV and HIV-1 share routes of 

transmission and establish chronic infections; therefore, coinfection is relatively common 

(15–40%) [2]. Current therapy for chronic hepatitis C is based on a combination of 

peginterferon-α (pegIFNα) and ribavirin (RBV) given for 6–18 months, depending on early 

viral kinetics and HCV genotype [3]. Unfortunately, the medications are poorly tolerated 

and overall only half of patients achieve sustained HCV clearance [3]. This figure is lower in 

HIV/HCV-coinfected patients [2]. Thus, identification of baseline predictors of treatment 

success is desirable for making adequate treatment decisions, encouraging therapy in those 

with a high likelihood of cure and deferring treatment when the chances of response are 

minimal and drug-related side-effects may be troublesome.

Several variables associated with sustained virological response (SVR) can be found at 

baseline, before beginning therapy or during treatment. The best baseline predictors of SVR 

are HCV genotypes 2 or 3, low serum HCV-RNA, null or minimal liver fibrosis and younger 

age [4]. However, none of them, either individually or in combination, may preclude the 

administration of therapy to any patient [3,4], as a few individuals may respond in the 

absence of a good profile. Among the on-treatment variables predicting SVR, the attainment 

of undetectable serum HCV-RNA at week 4 (rapid virological response, RVR) is the best 

predictor of SVR [3]. However, a limited proportion of patients who do not achieve RVR 

may still be cured if therapy is continued, and thus all patients are encouraged to stay on 

therapy until week 12 [3,4]. Then, if serum HCV-RNA do not drop more than 2 logs (EVR, 

early virological response) or become undetectable (cEVR, complete EVR), treatment can 

be discontinued given that the chances of cure are rather low [3,4].

Different genome-wide association studies have identified single nucleotide polymorphisms 

(SNPs) upstream of the IL28B gene coding for IFN-λ3 that are strongly associated with the 

chance of SVR in HCV-mono-infected individuals [5–7]. Similar findings have recently 

been reproduced in HCV–HIV-coinfected patients [8]. The SNP with the strongest 

association, rs12979860, confers more than two-fold increase in the SVR rate after adjusting 

for other baseline variables. Thus, IL28B genotyping has emerged as one of the single 

strongest baseline predictors of treatment success, and a model has been developed to 

predict the probability of SVR based on the interplay between these variables [9]. What is 

less clear is in what extent baseline predictors of treatment success, including IL28 

genotyping, may overcome the predictive power of on-treatment viral kinetics, as RVR. In 

other words, it seems crucial to unveil the relationship between IL28B genotypes and on-

treatment virological responses. A few studies have already addressed this question in HCV-
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monoinfected individuals [10,11] and more recently, one study has examined the effect of 

IL28B genotypes on very early viral kinetics (at several time points during the first 4 weeks 

of therapy) in 26 HIV–HCV-coinfected individuals [12]. Our study is the first exploring the 

influence of IL28B genotypes on several on-treatment outcomes with clinical relevance, as 

well as its relationship with other well known predictors of response, in a large population of 

HIV–HCV-coinfected patients in whom viral kinetics and treatment outcomes may differ 

from HCV-monoinfected patients [13].

Patients and methods

Study population

Patients were recruited at Hospital Carlos III, a reference HIV clinic located in Madrid, 

Spain. From an initial cohort of 650 HIV/HCV-coinfected patients with regular follow-up, 

whose main characteristics have been described elsewhere [14], we selected 196 individuals 

who had completed a course of therapy with pegIFNα– RBV, had a validated outcome for 

SVR and had stored samples available for IL28B rs12979860 SNP genotyping. Only 

individuals naive for IFN were included in this analysis. Patients with HBV coinfection were 

excluded.

Treatment regimens included pegIFNα-2a or pegIFNα-2b at standard doses (180 µg/week or 

1.5 µg/kg per week, respectively) and weight-adjusted RBV (1000 mg/day for patients 

weighting < 75 kg and 1200 mg/day for patients weighting > 75 kg). Following international 

guidelines for coinfected individuals [2], patients with HCV genotypes 1 or 4 received either 

48 or 72 weeks of treatment, and patients with HCV genotypes 2 or 3 received 24 or 48 

weeks of therapy, according to virological response at week 4. Early stopping rules were 

applied for patients with suboptimal virological response at week 12 [2].

The following on-treatment virological responses were assessed: RVR, EVR, cEVR and end 

of treatment virological response (EOTVR), reflecting undetectable serum HCV-RNA at the 

completion of therapy. SVR was defined as undetectable serum HCV-RNA 24 weeks after 

the end of treatment; otherwise, patients were considered as relapsers [15]. For the purpose 

of this study, relapsers were considered along with nonresponders, who were patients who 

experienced suboptimal virological response during the treatment period, and accordingly 

did not complete the planned duration of therapy. Patients with poor drug compliance and/or 

who discontinued therapy due to side-effects were excluded from this analysis.

To participate in the study, written informed consent for genetic testing was obtained from 

all individuals, and the study protocol was evaluated and approved by the hospital ethics 

committee. Both plasma and peripheral blood mononuclear cells (PBMCs) were stored for 

all patients.

Hepatitis C virus and HIV viremia and hepatitis C virus genotyping

Plasma HCV-RNA was measured using a real-time PCR assay (COBAS TaqMan; Roche, 

Barcelona, Spain), which has a lower limit of detection of 10 IU/ml. HCV genotyping was 

performed using a commercial real-time-PCR hybridization assay (Versant HCV Genotype 

v2.0 LiPA; Siemens, Barcelona, Spain), which maximally reduces the chances of HCV 
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genotype misclassification [16]. Plasma HIV-RNA was measured using Versant HIV-1 RNA 

v3.0 (Siemens), which has a lower limit of detection of 50 copies/ml.

Liver fibrosis staging

The extent of liver fibrosis was measured using transient elastography by FibroScan 

(Echosens, Paris, France). Details about this noninvasive method, the examination procedure 

and correlation of liver fibrosis estimates with liver biopsy have been reported elsewhere 

[17,18]. The median value of all tests per patient is expressed in kilopascal (kPa) units. 

Advanced liver fibrosis (severe fibrosis or cirrhosis, corresponding to Metavir scores F3 and 

F4, respectively) was defined for liver stiffness values at least 9.5 kPa, based on results from 

studies conducted in both HCV-monoinfected and HIV/HCV-coinfected patients [19,20].

rs12979860 SNP genotyping

IL28 genotyping was performed at the Duke Institute for Genome Sciences and Policy and 

at Hospital Carlos III. It was conducted in a blinded fashion on DNA specimens collected 

from each individual, using the 5′ nuclease assay with allele-specific TaqMan probes (ABI 

TaqMan allelic discrimination kit and the ABI7900HT Sequence Detection System; Applied 

Biosystems, Carlsbad, California, USA) [21]. Genotyping calls were manually inspected and 

verified prior to release.

Statistical analyses

The main characteristics of the study population, and the different parameters evaluated are 

expressed as median (interquartile range). Comparisons between groups were carried out 

using nonparametric analysis of variance (ANOVA). Associations between different 

qualitative parameters were explored using χ2 or Fisher’s exact tests, as appropriate. 

Univariable (χ2 test) and multivariable (logistic regression) analyses were used to assess the 

predictors of treatment outcome. Receiver operating characteristic (ROC) analysis was 

performed to estimate the cut-off values with the best positive predictive value (PPV) of 

treatment response. All statistical analyses were performed using the SPSS software version 

13 (SPSS Inc., Chicago, Illinois, USA). All P values were two-tailed and were considered as 

significant only when below 0.05.

Results

Study population

Table 1 summarizes the main characteristics of the HIV/HCV-coinfected study population. 

Of note, all patients were of European ancestry and no Asians or Africans were present in 

this group. Up to 83% reported prior intravenous drug use as the primary route of HCV 

transmission. Most patients were men and only a quarter of the population presented low 

baseline serum HCV-RNA (<600 000 IU/ml). The median CD4 cell count was 483 cells/µl, 

with 74% of patients on antiretroviral therapy and undetectable plasma HIV-RNA. The 

proportion of patients with undetectable HIV viremia did not vary according to HCV 

genotype (76, 69 and 74% for HCV genotypes 1, 3 and 4, respectively). In untreated HIV-

infected individuals, median plasma HIV-RNA was 3.4 (2.2–3.9) log copies/ml and the 

median CD4 cell count was 475 (370–652) cells/µl. HCV genotype distribution was as 
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follows: HCV-1 57%, HCV-2 1%, HCV-3 30% and HCV-4 12%. Most patients (70%) had 

no evidence of significant liver fibrosis.

In the whole population, the prevalence of the CC rs12979860 genotype was 44% (86 

individuals). There were no significant differences between CC and non-CC patients for 

most baseline characteristics, except for the distribution of HCV genotypes and liver 

enzymes levels. The proportion of patients infected with HCV genotype 1 was higher in 

non-CC than CC patients (68 vs. 44%), whereas conversely HCV genotype 3 was more 

frequent in CC than non-CC patients (43 vs. 19%). Liver enzymes aspartate 

aminotransferase (AST) and alanine aminotransferase (ALT) were significantly increased in 

CC compared to non-CC patients.

Impact of rs12979860 IL28B genotypes on virological responses

The proportion of patients achieving virological response at different time points is recorded 

in Table 2. The overall SVR rate in patients completing the planned duration of therapy was 

54% (105/196). Information regarding RVR, EVR, cEVR and EOTVR was available for 

139, 175, 175 and 189 patients, respectively. The overall rate of these on-treatment 

virological responses was 31% (43/139), 80% (140/175), 59% (104/175) and 65% 

(123/189), respectively. When patients were stratified according to IL28B genotype, the 

subset carrying the CC genotype showed a significantly greater rate of RVR, EVR, cEVR, 

EOTVR and SVR than those harboring CT/TT genotypes. Of note, half of CC patients 

achieved RVR and all attained EVR, whereas RVR only was seen in 17% of non-CC patients 

and only 62% of them attained EVR. Moreover, cEVR was achieved by 82% of CC patients 

but only in half (41%) of non-CC patients. Finally, EOTVR and SVR were also significantly 

higher in CC compared to non-CC patients (87 vs. 48% and 76 vs. 36%, respectively).

Given the large size of our cohort, a comparison of treatment outcomes in patients infected 

with HCV genotypes 1, 3 and 4 was performed. Significant differences were found between 

genotype 3 and 1 or 4, but no significant differences were found comparing genotypes 1 and 

4. For this reason, genotypes 1 and 4 were grouped together in subsequent analyses.

These differences observed according to rs12979860 IL28B genotypes were maintained 

when the analysis was applied only to patients infected with HCV genotypes 1 or 4 (GT1/4 

patients), whereas tended to vanish in patients infected with HCV genotypes 2 or 3 (GT2/3 

patients). Thus, the beneficial effect of the CC genotype was mainly exerted in the difficult-

to-treat GT1/4 patients, whereas in GT2/3 patients, the additional benefit of this genotype 

was only marginal.

Influence of rs12979860 IL28B genotypes on viral kinetics during the first 12 weeks of 
treatment

The strong association of IL28B CC genotype with on-treatment virological responses 

prompted us to explore the mechanism behind it. In a first step, the variation in serum HCV-

RNA levels at weeks 4 and 12 with respect to baseline was calculated for each patient, and 

then the median variation at these two time points was compared in CC vs. non-CC patients. 

Interestingly, CC patients showed significantly greater declines in serum HCV-RNA at 

weeks 4 and 12 of treatment than non-CC patients (median decrease: 3.60 vs. 1.77 log IU/ml 
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at week 4 and 5.33 vs. 3.36 log IU/ml at week 12, P < 0.0001 for both, Fig. 1). Whereas the 

same results were reproduced in GT1/4 patients, no significant differences in viral kinetics 

according to IL28 genotypes were seen in GT2/3 patients. Furthermore, most of the decrease 

in serum HCV-RNA in GT2/3 patients was attained within the first 4 weeks of therapy with 

only a marginal decrease between weeks 4 and 12. In contrast, in GT1/4 patients, serum 

HCV-RNA decreased to a much lesser extent during the first 4 weeks of therapy and 

continued to decline thereafter until week 12.

A linear regression analysis confirmed the association between the CC genotype and viral 

kinetics in GT1/4 patients, either at week 4 or 12. In this analysis, the IL28B genotype was 

the only variable significantly associated with the magnitude of serum HCV-RNA decrease 

at these two time points after controlling for baseline serum HCV-RNA, liver fibrosis 

staging, age and sex. The beta coefficients in the regression model for the CC genotype at 

weeks 4 and 12 were β = −1.20 and β = −1.79, respectively (P < 0.0001 for both).

Multivariable logistic regression analysis

Given that multiple variables, including age, sex, BMI, serum HCV-RNA, detectable plasma 

HIV-RNA, HCV genotype and liver fibrosis staging have previously shown to influence 

HCV treatment outcomes, we examined the independent contribution of the IL28B genotype 

on virological responses. For this purpose, a multivariable logistic regression analysis, 

including all baseline predictors of virological response in the univariate analysis (baseline 

serum HCV-RNA < 600 000 IU/ml, HCV genotype 3, liver fibrosis Metavir stages F0–F2 

and IL28B CC genotype) were assessed. Their respective contribution to RVR, EVR, cEVR, 

EOTVR and SVR is shown in Figure 2. It is noteworthy that the IL28B CC genotype 

remained as strong predictor of response at all different time points. Similar results were 

observed when this multivariable analysis was applied only to GT1/4 patients (data not 

shown), whereas in GT2/3 patients, there was no significant influence of the IL28B 

genotype on virological responses.

Interplay between IL28B genotype, early viral kinetics and sustained virological response

RVR and EVR are included in the current treatment guidelines as two therapeutic milestones 

that greatly influence SVR. It is unknown in what extent the impact of IL28B genotypes on 

SVR is mediated by early viral kinetics. In our study, overall 31% (43/139) of patients 

achieved RVR and almost all of them (93%, 40/43) attained SVR. Interestingly, in 

individuals without RVR (69%, 96/139), the presence of the IL28B CC genotype was 

significantly associated with more than two-fold increase in the SVR rate in comparison 

with non-CC carriers (64 vs. 27%, respectively). When adjustment was made for other 

baseline variables, the IL28 CC genotype in non-RVR patients was independently associated 

with SVR [odds ratio (OR) 8.7 (2.5–30), P = 0.001]. In agreement with this finding, the 

IL28B CC genotype predicted SVR independently of RVR, although the OR for RVR was 

higher [7.6 (1.8–31); P = 0.005] than for the IL28B CC genotype [3.9 (1.4–10.5), P = 

0.009]. It is noteworthy that the beneficial effect of the CC genotype on SVR in the subset of 

patients lacking RVR was recognized not only in GT1/4 patients but also in GT2/3 patients. 

SVR rates were 89 and 50% in CC and non-CC carriers, respectively (P = 0.06) in non-RVR 

GT2/3 patients.
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Overall 80% (140/175) of patients reached EVR. In this subset of patients, the presence of 

the IL28B CC genotype was slightly associated with an increased SVR rate (75 vs. 59%; P = 

0.05). The impact of the IL28B genotype on SVR was particularly recognizable in the subset 

of individuals with partial EVR in comparison with those who achieved cEVR. Of 34 

patients with partial EVR, SVR in CC and non-CC carriers was 43% (six of 14) and 10% 

(two of 20), respectively (P = 0.04). In contrast, these figures were 85 and 82%, respectively, 

in cEVR patients.

Predictors of virological failure

As lack of achievement of EVR is considered as treatment failure and accordingly is used as 

criterion to interrupt treatment, the ability to predict at baseline non-EVR could have a great 

impact on therapeutic decisions. This is particularly true for GT1/4 patients as non-EVR was 

recognized in 29% of them, whereas it was seen in only 4% of GT2/3 patients. In our series, 

lack of EVR was only seen in non-CC IL28B genotypes. In this subset of patients, the 

presence of high serum HCV-RNA (>600 000 IU/ml) had only 50% PPV of non-EVR. 

Using a ROC analysis, the serum HCV-RNA cut-off with the highest PPV of non-EVR was 

established at 7.28 log IU/ml [area under the receiver operating characteristic curve 

(AUROC): 0.66 + 0.06, P = 0.02]. For this threshold, the PPV of non-EVR was 95%, 

meaning that in GT1/4 non-CC patients with viremia above 7.28 log IU/ml, the rate of 

virological failure at week 12 was 95%. It must be kept in mind that 10% (13/135) of our 

GT1/4 patients meet all these criteria.

Discussion

The discovery of the rs12979860 IL28B polymorphism is expected to largely impact HCV 

therapy. In addition to the influence on SVR [5–8], emerging data support that early viral 

kinetics on treatment in HCV-monoinfected patients are significantly modulated by IL28B 

polymorphisms [10,11]. Our study is the first to confirm this finding in a large cohort of 

HIV/HCV-coinfected individuals in whom response rates are lower and exhibit different 

viral kinetics [12,22]. Our results suggest that although the effect of IL28B polymorphisms 

on SVR is largely mediated by its impact on early viral responses on treatment, as RVR and 

EVR, they exert its action beyond that, influencing the SVR regardless of the achievement of 

RVR. Importantly, the significant association between IL28B polymorphisms and all on-

treatment responses was independent of other well known predictors of treatment response, 

such as serum HCV-RNA and liver fibrosis staging. An interesting finding was that our 

results were mainly confined to GT1/4 patients, whereas the benefit of the IL28B CC 

genotype on virological outcomes was only marginal in GT2/3 patients. Overall, our results 

largely confirm and extend the original findings from Thompson et al. [10] examining a 

population of HCV GT1-monoinfected individuals to HIV-coinfected individuals and other 

HCV genotypes.

An interesting observation in our study was that the CC genotype dramatically influenced 

viral kinetics during the first 12 weeks of HCV therapy. This is in agreement with findings 

from a recent study that has examined very early viral kinetics on therapy in a small group 

of 26 coinfected patients [12]. Our results confirm that HCV decay at weeks 4 and 12 of 
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therapy is largely influenced by IL28B genotypes. As a result of this enhancement of viral 

kinetics in CC carriers, and given that baseline serum HCV-RNA was similar in CC and non-

CC patients, the likelihood of attaining RVR and/or EVR was significantly greater in CC 

than non-CC patients. It is noteworthy that the boosting in viral kinetics conferred by the CC 

genotype was mainly recognized in GT1/4 patients, whereas the much faster viral kinetics in 

GT2/3 patients was independent of the IL28B genotype. Altogether, these results suggest 

that different mechanisms of treatment-induced viral clearance are operating for distinct 

HCV genotypes.

The biological mechanisms involved in the boosting of viral kinetics associated with the CC 

genotype are not well understood. The IFN-λ3, a type III IFN, depicts strong in-vitro activity 

against HCV [23]. Both IFN-λ3 and IFNα share signaling cascades within the cells [24] and 

may exert an additive effect in their antiviral effect [25]. Thus, it may be hypothesized that 

individuals with the CC genotype may show a differential IL28B expression, whose antiviral 

effect is boosted when exogenous IFNα is given. Alternatively, immune pathways such as T-

cell-mediated adaptive immunity might play a role. In this regard, it must be highlighted that 

the IFN-λ family upregulates the production of IFN-γ in response to viral infections [26]. 

Given the immunomodulatory action of IFN-γ and its role in recruiting T cells to livers in 

patients with chronic viral infections [27], IFN-λ could exert its action indirectly through 

IFN-γ, promoting the recruitment of T cells into the liver without inducing the expression of 

IFN-stimulated genes. As T-cell-mediated immunity has been proposed as one of the major 

mechanisms involved in the control of HCV replication [28–31], distinct IFN molecules 

might exert their effects using separate but interlinked branches of the immune network.

Finally, our results have several important clinical implications. First, the beneficial effect of 

the IL28B CC genotype is mainly seen in the difficult-to-treat GT1/4 patients. Second, we 

found that the influence of the CC genotype on SVR was not only mediated by its effect on 

RVR, as the CC genotype still kept its predictive value of SVR in patients without RVR. In 

fact, patients with the CC genotype lacking RVR have a more than two-fold increase in SVR 

compared to non-CC genotype patients. Moreover, this beneficial effect of CC genotype in 

patients not achieving RVR was also present in patients infected with GT2/3. Given that 

RVR was a stronger predictor of SVR than the CC genotype, our data reinforce the need for 

assessing treatment response at week 4 in all patients regardless of the baseline profile.

Third, current guidelines for early stopping rules requires treatment exposure of at least 12 

weeks in all patients, with clear impact on healthcare costs and undesirable side-effects in 

patients who will not ultimately benefit from treatment. Our results suggest that combination 

of IL28 genotyping along with week 4 response might confidently advance discontinuation 

of therapy in the subset of patients lacking RVR, carrying non-CC genotype and presenting 

high baseline HCV load. In our cohort, this subset of patients represented 10% of all GT1/4 

patients.

Lastly, in the group of patients experiencing partial EVR (18% of our global study 

population), the presence of the IL28 CC genotype significantly increased the probability of 

attaining SVR (43 vs. 10% for CC and non-CC carriers, respectively). Thus, although the 

benefit of the CC genotype is mainly operating through its effect on viral kinetics during the 
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first 12 weeks of therapy, it extends beyond that point. Altogether, our findings support 

IL28B genotyping in chronic hepatitis C patients planned to be treated with pegIFN–RBV 

therapy, as this information seems to be crucial to assist treatment decisions both at baseline 

and during therapy.

In summary, our study demonstrates an important role for IL28B genotypes in predicting on-

treatment virological responses to pegIFNα–RBV therapy in HIV/HCV-coinfected 

individuals. The benefit of the CC genotype is largely mediated by an enhancement of viral 

kinetics during the first 12 weeks of therapy. Interestingly, this effect is mainly seen in 

GT1/4 patients and only a marginal effect is seen in GT2/3 patients. Knowledge at baseline 

of the IL28B genotype may helpfully assist in treatment decisions, both at the time of 

deciding who should be treated and during treatment.
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Fig. 1. Viral kinetics on the basis of IL28B genotype
Viral kinetics on the basis of IL28B genotype in all patients, in patients infected with 

hepatitis C virus (HCV) genotypes 1 or 4 and in patients infected with HCV genotypes 2 or 

3. Data show median (interquartile range) reduction of HCV viral load from baseline to 4 

and 12 weeks post-HCV therapy. (*) P < 0.0001 for comparison between non-CC and CC 

patients using Mann-Whitney nonparametric test.
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Fig. 2. Predictors of virological responses to peginterferon–ribavirin therapy in HIV/HCV-
coinfected patients
Horizontal axes represent adjusted odds ratio (95% confidence interval).
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Table 1

Baseline characteristics of the study population.

Variable All patients (n = 196) CT/TT carriers (n = 110) CC carriers (n = 86) P

Age (years) 42 (38–45) 43 (38–45) 41 (39–45) 0.9

Male sex 75% (147) 79% (87) 70% (60) 0.14

Plasma HCV-RNA (log IU/ml) 6.63 (5.87–7.05) 6.68 (6.02–7.06) 6.49 (5.56–7.04) 0.12

Plasma HCV-RNA < 600 000 IU/ml 25% (48) 20% (22) 30% (26) 0.1

HCV genotypes 0.001

    1 57% (112) 68% (74) 44% (38)

    2 1% (2) 0% (0) 2% (2)

    3 30% (58) 19% (21) 43% (37)

    4 12% (23) 13% (14) 11% (9)

Liver stiffness (kPa) 6.8 (5.1–10) 7 (5.1–10) 6.2 (4.8–11) 0.28

Significant liver fibrosis (≥9.5 kPa) 30% (59) 31% (34) 27% (23) 0.53

CD4 cell count (cells/µl) 483 (378–692) 502 (398–720) 480 (359–646) 0.23

Plasma HIV RNA < 50 copies/ml 74% (145) 72% (78) 78% (66) 0.39

Liver enzymes

    AST IU/ml 56 (43–85) 49 (41–73) 64 (48–97) 0.02

    ALT IU/ml 75 (52–112) 64 (48–99) 85 (61–136) 0.02

    GGT IU/ml 66 (40–131) 76 (43–153) 60 (36–99) 0.08

ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transpeptidase. For continuous variables, all data are given 
as median (interquartile range).
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Table 2

Treatment responses according to IL28B SNP genotypes in the study population.

All patients
Total

(n = 196)
CT/TT carriers

(n = 110)
CC carriers

(n = 86) P

    RVR (n = 139) 31% 17% 51% <0.0001

    EVR (n = 175) 80% 62% 100% <0.0001

    cEVR (n = 175) 59% 41% 82% <0.0001

    EOTVR (n = 189) 65% 48% 87% <0.0001

    SVR (n = 196) 54% 36% 76% <0.0001

HCV GT1/4 patients (n = 135) (n = 88) (n = 47)

    RVR (n = 97) 22% 11% 42% <0.0001

    EVR (n = 119) 71% 54% 100% <0.0001

    cEVR (n = 119) 45% 29% 72% <0.0001

    EOTVR (n = 132) 57% 41% 85% <0.0001

    SVR (n = 135) 42% 28% 68% <0.0001

HCV GT2/3 patients (n = 61) (n = 22) (n = 39)

    RVR (n = 41) 54% 41% 63% 0.18

    EVR (n = 55) 96% 90% 100% 0.047

    cEVR (n = 55) 91% 84% 94% 0.22

    EOTVR (n = 56) 84% 75% 89% 0.18

    SVR (n = 60) 78% 67% 85% 0.10

cEVR, complete early virological response; EOTVR, end of treatment virological response; HCV, hepatitis C virus; RVR, rapid virological 
response; SVR, sustained virological response.
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