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Abstract
Single nucleotide polymorphisms near the interleukin 
28B (IL-28B) gene have been identified as strong pre-
dictors of both spontaneous or Peg-interferon (Peg-IFN) 
and ribavirin (RBV) induced clearance of hepatitis C vi-
rus (HCV). Several studies have shown that, in patients 
with genotype 1 (GT-1), rs12979860 C/C and rs8099917 
T/T substitutions are associated with a more than two-
fold increase in sustained virological response rate to 
Peg-IFN and RBV treatment. Although new treatment 
regimens based on combination of DAA with or with-
out IFN are in the approval phase, until combination 
regimens with a backbone of Peg-IFN will be used, we 
can expect that IL28B holds its importance. The clinical 
relevance of IL28B genotyping in treatment of patients 
infected with HCV genotype 2 (GT-2) and 3 (GT-3) re-
mains controversial. Therefore, after a careful examina-
tion of the available literature, we analyzed the impact 
of IL28B in GT-2 and -3. Simple size of the studies and 
GT-2 and GT-3 proportion were discussed. An algorithm 
for the practical use of IL28B in these patients was sug-
gested at the aim of optimizing treatment.
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Core tip: The clinical relevance of interleukin 28B ge-
notyping in patients with hepatitis C virus genotype 2 
and 3 infection is debated. In this critical analysis of 
studies performed so far, it was shown that this genetic 
tool may help in optimizing treatment of genotype 3 
patients, whilst it plays a marginal role in genotype 2 
infected patients management.
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INTRODUCTION
In patients with hepatitis C virus (HCV) genotype 1 
(GT-1), the standard treatment based on dual combina-
tion of  Pegylated interferon (Peg-IFN) and ribavirin 
(RBV) has been replaced by the triple combination regi-
men including a protease inhibitor; on the contrary, in 
patients with HCV genotype 2 (GT-2) and genotype 3 
(GT-3), it continues to represent the standard of  care[1,2].

Interleukin28B (IL-28B) genotype is a strong predic-
tor of  response to IFN-based treatment in GT-1[3-6], 
but at a first glance, genetic analyses so far conducted 
in GT-2 and -3 patients provided ambiguous results[7-14]. 
The studies published so far may have bias but we 
should also bear in mind that identification of  response 
predictors assumes a different relevance in different 
HCV genotypes. Indeed, high rates of  sustained viro-
logic response (SVR) achieved in GT-2 infected patients 
make response predictors of  marginal interest and limit 
their use to the identification of  patients who may take 
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profit from a treatment of  short duration whilst. On 
the contrary, in GT-3 patients, the unsatisfactory rate of  
SVR reported even with IFN-free regimens, induce a 
continuous search of  predictors of  response[15]. 

A detailed examination of  the studies on IL28B in 
GT-2 and GT-3 patients suggests that there are valid expla-
nations for the contrasting results on SVR association. In 
our opinion, the analysis of  genetic predictors performed 
in mixed cohorts, incorporating GT-2 or -3 in different 
proportions may be the first responsible of  these contrast-
ing results[10,11]. Additional confounders are the different 
treatment regimens of  the patients included in these stud-
ies, heterogeneous in terms of  duration and intensity[11,14], 
and, more importantly, the different populations of  pa-
tients evaluated in these retrospective genetic analyses that 
combines naive and previous treatment-experienced[16]. 

Finally, the use of  either rs8099917 SNP located 7.6 
kb upstream the IL-28B gene or rs12979860, located 3.2 
kb upstream the open reading frame of  IL28B gene may 
be an additional source of  confusion. Indeed, these two 
SNPs showed similar distribution in Caucasian patients 
but different frequency and, consequently, lower strength 
of  association in races other than Caucasian. 

To overcome some of  these issues, two meta-
analyses on the role of  IL28B in GT-2 and 3 have been 
recently published[17,18]. However, as happened with (the) 
single studies, these meta-analyses reached contrast-
ing results. In the study by Chen et al[17] no association 
between SVR and IL-28B CC was found in the sub-
group of  GT-2 and 3, although it was shown that TT at 
rs8099917 SNP is associated with a favorable response 
in GT-2 Asian subjects. In the second meta-analysis, the 
Authors reached the conclusion that the favorable IL-
28B CC genotype is a statistically significant predictor of  
SVR and rapid virological response (RVR) in Caucasian 
patients treated with Peg-IFN and ribavirin for 24 wk, 
with the exception of  Asian patients with GT-2 achiev-
ing higher rates of  RVR when carrying the favorable IL-
28B genotype[18].

DETAILED ANALYSIS OF THE STUDIES
Data summarizing the results of  the studies on rs1297860 
in HCV mono-infected patients are reported in Table 1. 
Studies including GT-2 and -3 lumped together[10,11,13,19] 
and studies investigating cohorts of  patients with GT-3 
alone were separately analyzed[12,14,20,21]. Results by geno-
type were provided by a large study from our group 
investigating 710 patients[21]. Another study focused on 
viral kinetics of  IL28B polymorphisms by GT-1 vs GT-2 
and -3[20]. 

Studies combining GT-2 and-GT-3
The results of  the largest studies on IL28B treatment 
response prediction in GT-2 and GT-3 are here analyzed. 
Combined results for GT-2 and GT-3 together are gener-
ally provided. Stored DNA samples from 268 Caucasian 
patients enrolled in a multicenter controlled trial from 
Italy were tested for rs12979860. Patients were random-
ized to Peg-IFN and RBV for standard (24 wk) or vari-
able (12/24 wk) treatment duration on the basis of  RVR. 
Two hundred and thirteen patients were GT-2 and 55 
GT-3 infected[10]. IL-28B CC-type was present in 37% of  
patients. Rates of  SVR were 82% in patients with CC-
type, 75% in CT and 58% in TT. The CC-type resulted 
an independent predictor of  SVR, but the predictive role 
was largely driven by the capability of  predicting SVR 
among patients without RVR. Like in GT-1 (22), among 
the 165 (61%) patients with HCV RNA undetectable at 
week 4, IL-28B genotype was not predictive of  SVR[10]. 

These findings reinforce the concept that a week 4 
undetectable HCV RNA is the strongest predictor of  
SVR to Peg-IFN and RBV treatment; at the same time, 
they suggest that the clinical relevance of  IL-28B geno-
type for GT-2 and -3 is far from being borderline, as it 
can help in selecting patients that may be interferon in-
sensitive at baseline.

The results reported by Sarrazin et al[11] regarding 267 
patients (GT-2 = 77, GT-3 = 190), among which only 
205 received treatment, are apparently in contrast with 
our conclusions. The Authors showed an association 
between IL-28B CC-type and SVR in the subgroup of  
patients with RVR. No association was observed in pa-
tients without RVR[11]. However, despite a lower rate of  
RVR in observed in this study than in others (40%), only 
11 patients without RVR were analyzed (CC = 3, CT = 4 
TT = 3). Therefore, a type Ⅱ error cannot be ruled out. 
Moreover, if  we analyze CC vs CT plus TT patients who 
completed the treatment, we can observe a trend toward 
a statistically significant association with SVR in the sub-
group of  patients without RVR (P = 0.08). 

If  we consider the results of  the previously reported 
studies on GT-2 and -3 in comparison with those attained 
in patients with G1 infection[22], we could hypothesize 
that the lower the rate of  RVR, the stronger the associa-
tion between SVR and CC-type (Figure 1). 

Similar considerations apply to the study by Lindh 
et al[13]. In this study, 341 White patients with GT-2 and 
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  Study No. of Prevalence Treatment RVR in SVR in 
patients of IL-28B CC duration IL-28B CC IL-28B CC 

genotype (wk) genotype genotype
  Mangia 
  et al[10]

268 41% 12-24 59% 79%

  Sarrazin 
  et al[11]

 2671 43% 24-48 51% 47%

  Lindh 
  et al[13]

341 44% 12-24 67% 70%

  Bitetto 
  et al[19]

101 37%      24 na 78%

Table 1  Prevalence and impact of interleukin 28B 
rs12979860 in studies combining genotype 2 and genotype 3 

1Follow-up information not available in all patients. RVR: Rapid virologi-
cal response; SVR: Sustained virological response; IL: Interleukin.



-3 were evaluated. The RVR rate was 61%; 134 patients 
did not achieve RVR. Patients were subdivided accord-
ing to a treatment duration of  12 or 24 wk (n = 166 and 
n = 175, respectively). When patients were considered 
overall, a significant association between IL28B and RVR 
was shown. However, association between CC and SVR 
was significant for patients treated for 24 wk (P = 0.02), 
but not for those receiving a short course of  treatment 
with Peg-IFN alpha-2a and fixed 800 mg doses of  RBV. 
Among patients without RVR, CC genotype was repre-
sented in 35%, CT in 47% and TT in 15%. In the sub-
group of  patients without RVR treated for 24 wk, SVR 
rates were higher for patients with CC as compared to 
CT and TT (74% vs 59% and 29%, respectively). 

The study by Bitetto et al[19] evaluated 101 patients 
with GT-2 and -3 as part of  a larger cohort of  patients 
with different HCV genotypes. In this study no associa-
tion with either RVR or SVR was demonstrated among 
GT-2 and -3. In particular, 78% of  IL28B CC infected 
with GT-2 and GT-3 combined together and 88% of  
IL28B CT/TT achieved viral clearance after treatment.

Studies evaluating GT-3 separately
Two studies focused on GT-3 only; Scherzer et al[12], eval-
uated a small cohort of  71 patients, while Moghaddam et 
al[14] studied 281 patients (Table 2)[20]. Data on 475 GT-3 
were separately available also in the study by Fattovich et 
al[20] and in our prospective cohort of  710 patients with 
GT-2 and GT-3[21]. These studies are analysed below.

Scherzer et al[12] investigated both rs12979860 and 
rs8099917 SNPs in a cohort of  patients originally ran-
domized 1:1 to 800 or 400 mg of  RBV in combination 
with Peg-IFN alpha-2a. The results of  this study might 
be limited by the small sample size, moreover the low 
dosages of  RBV (used) may impact the generalizability 
of  the conclusions. In the final analysis, only patients 
who completed the treatment were considered, they were 
37 and 31 in each arm, respectively. A CC genotype was 
identified in 38% of  patients, but no association with 
SVR was observed. Indeed, 19/25 (76%) CC and 34/44 
CT and TT combined together (77.3%) achieved SVR[12]. 
As shown in patients with genotype 1 infection[22], higher 

levels of  baseline HCV RNA were associated in this 
study with CC genotype as compared to CT or TT[12]. 

A larger study investigating IL28B in GT-3 has been 
published by Moghaddam et al[14]. The Authors evaluated 
both rs12979860 and rs8099917 SNPs in DNA extracted 
from plasma of  281 GT-3 patients representing 51% of  
patients enrolled into two previous clinical trials, a non-
randomised and a randomised one[23,24]. Authors demon-
strated rates of  SVR comparable between CC, CT and 
TT (77% vs 81% and 96%), whereas a statistically signifi-
cant association between RVR and favorable genotypes 
was shown. Indeed, 84% of  CC-type, 62% of  CT and 
56% of  TT achieved RVR (OR = 3.3, 95%CI: 1.9-5.8). 
Genotyping rs8099917 SNP, the results were not differ-
ent (OR = 2.7, 95%CI: 1.6-4.7). In this study, the exclu-
sion of  a number of  patients who did not fit the inclu-
sion criteria may have represented a bias. Moreover, the 
association analysis between the different host genotypes 
and SVR should have been adjusted for confounders, as 
for example an uneven distribution of  patients with fa-
vourable genotypes across the different treatment arms. 
Strikingly, in this study the frequency of  CC genotype 
was 8%-9% higher than in other studies[10].

Negative results were reported also by Fattovich et 
al[20] in a retrospective cohort study on Italian patients. 
This study offered the possibility to a separate analysis of  
GT-2 and GT-3 but the overall number was not higher 
than 159 including 104 GT-2 and 55 GT-3. No associa-
tion with RVR was reported in 24 of  28 patients with 
IL28CC and GT-3 in comparison to 20 of  27 CT/TT 
(P = 0.31). Similarly, the results were not different for 20 
of  23 GT-3 CC and 28 of  32 subjects with CT/TT who 
achieved SVR (P = 0.79).

The Write study with IL28B available in 93.7% of  710 
GT-2 and GT-3 patients is the largest series prospectively 
evaluating for IL28B. Results of  this study including 475 
GT-3 showed that while within GT-2 no association be-
tween IL28B CC and SVR (90.3% for CC vs 82.0% for 
non CC, P = 0.15) can be observed, within GT-3, the 
association between IL-28B CC and SVR is highly signifi-
cant (84% vs 60%, P < 0.001).

These results demonstrate that when the sample size 
is adequate, the association between IL28B and RVR or 
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G2        CC (+) 12 wk

G3

RVR (+)

RVR (-)

12-16 wk

24/48 wk
If IL-28B  CC or CT

If unfavorable IL-28B  TT genotype: defer

Figure 1  Algorithm for clinical application of interleukin 28B genotyping 
in hepatitis C virus GT-2 and GT-3 infected patients. RVR: Rapid virological 
response; IL: Interleukin.

  Study No. of Prevalence of Treatment RVR in SVR in 
patients IL-28B CC duration IL-28B CC IL-28B CC 

Genotype (wk) genotype genotype
  Scherzer 
  et al[12]

  71 38%        2 78% 76%

  Moghaddam
   et al[14]

281 46% 14-24 84% 77%

  Fattovich 
  et al[20]

  55 51%      24 86% 87%

  Mangia 
  et al[21]

470 41% 12-24 80% 84%

Table 2  Prevalence and impact of interleukin 28B 
rs12979860 in studies analyzing genotype 3 separately

RVR: Rapid virological response; SVR: Sustained virological response; IL: 
Interleukin.
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A further consideration owes to be made, the role of  
predictive factors is not absolute, but it depends on the 
efficacy of  treatment. With about 80% of  SVR attained 
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is easy to understand that the sensitivity of  the IL-28B 
genotype for the prediction of  SVR in patients with 
GT-2 is limited and it is easy to understand that combin-
ing together GT-2 and GT-3 the sensitivity of  the IL-28B 
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40%-47%[10,11]. The lower rate of  SVR in patients with 
GT-3 only put things in a different context suggesting 
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fibrosis may represent a good reason to defer treatment 
based on Peg-IFN backbone due to the expectancy of  a 
very poor response. Waiting for alternative treatment may 
be in these case a more reasonable choice. 

Based on these considerations, we have imagined an 
algorithm for the management of  patients with chronic 
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ment response (Figure 1). Our proposal is to perform 
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ing of  IL-28B polymorphisms may be used to convince 
skeptical patients, to maintain on treatment those who are 
at risk of  withdrawing because of  side effects and to de-
fer treatment in patients with low likelihood of  response. 
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