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Abstract 
Background and aim: Patients with genotype 4 (G4) chronic hepatitis C (CHC) are considered a difficult to treat popu-
lation, although current data on G4 treatment responsiveness and duration are controversial. Greece represents a country 
with an intermediate prevalence of G4 infections, offering an opportunity to compare treatment outcomes by genotype 
and to identify potential prognostic factors for sustained virologic response (SVR).
Methods: All CHC patients from the HepNet.Greece, an ongoing nationwide cohort study on viral hepatitis, with known 
hepatitis C virus (HCV) genotype who received treatment with Peg-IFNa and ribavirin were analyzed.
Results: From 4443 patients, 951 (61.7% males, 78.4% Greeks, median age 40.6 years, 10% cirrhosis) fulfilled the inclu-
sion criteria. G4 was found in 125 (13.1%) patients. Genotype distribution was not significantly different between Greeks 
and immigrants. Patients with G4 had similar odds of SVR compared to G1 but significantly lower compared to G2/G3. 
Age, treatment discontinuation, presence of cirrhosis and previous history of HCV-treatment were associated with lower 
probabilities of SVR. Ethnicity did not affect SVR for all genotypes while response to treatment was similar between Greek 
and Egyptian patients groups (35.7% vs 40.9%, p=0.660%) with G4 infection. The relation between SVR and genotype did 
not substantially change after adjustment for age, gender, cirrhosis, treatment interruption and history of HCV-treatment.
Conclusions: The findings of this large cohort of CHC patients with a well balanced genotype distribution further sup-
ports the idea of considering G4 as a difficult to treat genotype. Further investigation is needed to identify genotype 
specific prognostic factors. Hippokratia 2014; 18 (1): 57-64.
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Introduction 
Chronic infection with hepatitis C virus (HCV) is an 

important public health problem, which affects 150 - 185 
million persons worldwide1,2. It has been estimated that 
the incidence and the consequences of chronic liver dis-
ease due to HCV infection will be increased during the 
next decade as a result of the limited number of patients 
who are receiving anti-viral treatment3.

The high genetic heterogeneity (6 different HCV geno-
types and a significant number of subtypes) represents an 
important feature of viral strain, which affects duration and 
response to treatment4. Patients infected with HCV genotype 
(G) 2 or 3 seem to respond faster and better to the combina-
tion of pegylated interferon-alpha (Peg-IFNa) and ribavirin 
compared to those infected with HCV G15-7. Although ma-
jor advances with the development of direct-acting antiviral 
(DAA) agents have changed the optimal treatment regimen 
for patients with G1 infection8 the Peg-IFNa and ribavirin 
combination for 24 and 48 weeks remains the standard of care 
for patients with G2/3 and 4 respectively9. However, current 
data on G4 chronic hepatitis C (CHC) regarding treatment re-
sponsiveness and duration are limited and controversial10. 

HCV genotypes show a large degree of geographically 
defined distribution11. G1, followed by G2 and 3, are the 
most common HCV genotypes in North and South Amer-
ica and Europe while G4 is the most prevalent in Egypt, 
Saudi Arabia, Middle East and North African countries12.  

G4 is found in approximately 15% of all HCV infected 
individuals in Greece13-15. Thus, Greece represents a coun-
try with G4 prevalence higher than that observed in West-
ern Europe and USA and lower than that in Middle East, 
offering an opportunity to compare anti-HCV treatment 
outcomes by genotype and to identify potential prognostic 
factors for Sustained Virologic Response (SVR).

For this purpose we used data from the HepNet.
Greece network, a large collaboration cohort of individu-
als with CHC and chronic hepatitis B (CHB) infections 
throughout Greece14,16,17.

Patients and methods 
In 2003 the HepNet.Greece network was established 

with the support of the Hellenic Center for Infectious Dis-
ease Control and Prevention (KEELPNO) aiming to col-
lect and evaluate data on patients with CHB and CHC  in 
Greece14,16,17. Twenty-five Centers throughout the country 
participated in the network, and enrolled all patients with 
CHB and CHC followed in the Centers from January 
1997 to June 2003 and then prospectively followed them, 
along with all new cases, till March 2009. 

A structured case report form was made including de-
tailed data on demographic, clinical, biochemical, viro-
logical, serological and histological characteristics of the 
patients, as well as a detailed therapy history. Prior to the 
network establishment (i.e., before 2003) data were col-
lected retrospectively from the patients’ medical records 
and prospectively updated twice per year thereafter. 

The  study  protocol  was reviewed  and  ap-
proved by the Governing Board of  KEELPNO. 

All individuals with CHC enrolled in the HepNet.Greece 
study, with known HCV genotype and treated by Peg-IFNa 
plus ribavirin for at least 2 weeks (to avoid including pa-
tients who have been prescribed but never started antiviral 
treatment), were considered for inclusion in the current anal-
ysis.  Patients co-infected with HBV; aged less than 14 years 
at treatment initiation and those who were under treatment 
or they have not completed the 6 months follow-up period 
at the data frozen date were excluded from the analysis. 
History of previous treatment with non Peg-IFNa with or 
without ribavirin and with Peg-IFNa monotherapy was not 
considered as an exclusion criterion.

Diagnosis of cirrhosis was made histologically, when 
a baseline liver biopsy was available. Otherwise, clas-
sification was based on ultrasound features (presence of 
hepatic nodules, splenomegaly, diameter of portal vein 
>16mm)18. The non-invasive test APRI (AST to Platelet 
Ratio Index) was also used in order to assess liver fibro-
sis. APRI score was calculated according to the formula 
proposed by Wai et al19. Alcohol abuse was defined as 
consumption of more than one drink daily.  

Decision for treatment initiation followed the nation-
al or international guidelines, using the standard clinical 
and laboratory criteria. Treatment discontinuation was 
based on physicians’ discretion when major side effects 
were observed or when patient could not fulfill the treat-
ment schedule. Reasons for treatment discontinuation 
were classified according to the cause of interruption: no 
response, major side effects and patient’s willingness. 

Commercial PCR methods [bDNA, Limit of Detec-
tion (LOD) <615 IU/ml; Amplicor HCV Monitor, LOD 
<50 IU/ml; Versant TMA, LOD <15 IU/ml] were used to 
determine serum HCV RNA levels. Undetectable serum 
HCV RNA at the end of treatment was considered as End 
of Treatment Response (ETR), while SVR was defined 
as undetectable HCV RNA at the 6th month follow-up 
visit. Patients were classified in three groups according 
to their response to treatment: responders (R) when both 
ETR and SVR were observed, non responders (NR) when 
both ETR and SVR were absent and responders/relapsers 
(RR) when ETR, but not SVR, was observed. 

Statistical methods
Description of the quantitative variables was based on the 

median and the interquartile range (IQR). For the qualitative 
variables counts and percents were used. Bivariate compari-
sons of SVR with demographic and medical characteristics of 
the patients were performed using the non-parametric Mann-
Whitney test for the quantitative variables and the Pearson’s 
Chi-Square test for the qualitative ones. In order to investigate 
the effect of HCV genotype on SVR, adjusting also for po-
tential confounders, we applied multiple logistic regression 
analysis. Missing SVR status was filled in using the multiple-
imputations method20. Briefly, a multiple logistic model, in-
cluding all, biologically and statistically, relevant covariates 
was fitted in patients with known SVR status. The fitted mod-
el was then used to impute missing cases 20 times. Logistic 
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regression analysis was carried out on each imputed dataset 
and finally, results were combined using standard methods. 
The multiple-imputations method relies on the assumption 
that data are missing at random (MAR), which implies that 
the probability of missingness is independent of the true SVR 
status conditioning on other prognostic factors. Three sensi-
tivity analyses were performed: firstly, analysis was restricted 
to those with known SVR status (complete case analysis); 
secondly, following the intend to treat principle, patients with 
missing SVR status were considered as not having achieved 
sustained virology response; thirdly, analysis was restricted to 
HCV treatment naïve patients. 

Results
Demographic data 

The HCV HepNet.Greece database, updated in May 2009, 
included data from 4.443 patients, of whom 1689 (38%) initi-

Table 1: Characteristics of patients with chronic hepatitis C overall and by hepatitis C virus (HCV) genotype.

Genotype
1 2 3 4 Overall p-value

 Age [years; Median (IQR*)]
46.1 (34.0, 

58.9)
51.5 (42.0, 

60.7)
34.4 (26.6, 

42.2)
44.4 (37.0, 

55.7)
40.6 (31.5, 

54.2) <0.001

N (%) N (%) N (%) N (%) N (%)
Gender <0.001

 Male 212 (52.3) 35 (43.2) 253 (74.4) 87 (69.6) 587 (61.7)

 Female 193 (47.7) 46 (56.8) 87 (25.6) 38 (30.4) 364 (38.3)

Race <0.001

White 392 (99.7) 75 (100.0) 323 (98.8) 105 (86.8) 895 (97.7)

Asian 1 (0.3) 0 (0.0) 2 (0.6) 5 (4.1) 8 (0.9)

Black 0 (0.0) 0 (0.0) 2 (0.6) 11 (9.1) 13 (1.4)

Ethnicity 0.115

 Greek 279 (76.4) 58 (77.3) 258 (82.7) 86 (73.5) 681 (78.4)

 Other 86 (23.6) 17 (22.7) 54 (17.3) 31 (26.5) 188 (21.6)

Possible source of infection <0.001

 Intravenous drug use 62 (15.3) 11 (13.6) 195 (57.4) 29 (23.2) 297 (31.2)

 Transfusion 122 (30.1) 23 (28.4) 35 (10.3) 29 (23.2) 209 (22.0)

 Other 82 (20.2) 18 (22.2) 41 (12.1) 16 (12.8) 157 (16.5)

 Unknown 139 (34.3) 29 (35.8) 69 (20.3) 51 (40.8) 288 (30.3)

Alcohol abuse 55 (14.9) 9 (12.0) 83 (26.7) 25 (22.7) 172 (19.9) <0.001

Cirrhosis at baseline 44 (10.9) 12 (14.8) 25 (7.4) 14 (11.2) 95 (10.0) 0.153

Normal ALT† (IU/L; n=828) 242 (71.2) 58 (76.3) 170 (53.6) 74 (77.9) 544 (65.7) <0.001

Normal AST‡ (IU/L; n=823) 275 (81.4) 59 (78.7) 219 (69.5) 80 (84.2) 633 (76.9) <0.001

TBIL‡<1.5 (mg/dl; n=687) 270 (95.4) 56 (93.3) 250 (94.7) 72 (90.0) 648 (94.3) 0.309

PLT¶> 150000 (/mm3; n=794) 246 (74.8) 56 (77.8) 237 (78.2) 73 (81.1) 612 (77.1) 0.56
Median 
(IQR*)

Median 
(IQR*)

Median 
(IQR*)

Median 
(IQR*)

Median 
(IQR*) p-value

Baseline APRI score (n=782) 0.6 (0.4, 1.1)
0.6 (0.4, 

1.2)
0.7 (0.4, 

1.2)
0.6 (0.3, 

1.0)
0.6 (0.4, 

1.2) 0.058

* Interquartile Range,  †Alanine Aminotransferase, ‡Aspartate Aminotransferase, §Total Bilirubin, ¶Platelets.

ated treatment with Peg-IFNa and ribavirin. Excluded were: 
39 HBV co-infected cases; 5 aged less than 14 years at treat-
ment initiation and 482 whose follow-up time from treatment 
end till May 2009 was less than 6 months. Of the 1163 eligible 
patients, HCV genotype was available for 951 (81.8%). G4 
was found in 125 (13.1%) of them, while the most frequent 
genotype was G1 (n=405, 42.5%). G2 and 3 were found in 
81 (8.5%) and 340 (35.6%) patients, respectively. Genotype 5 
was found in 3 patients only, who were excluded from further 
analysis. Descriptive characteristics of the final study popula-
tion by HCV genotype and overall, are presented in Table 1. 

The majority of patients were Greeks (681/869, 
78.4%); among non Greeks the larger group (82/188, 
43.6%) consisted of patients coming from former Soviet 
Union countries whereas Egyptians were the next group 
in frequency (29/188, 15.4%). The most commonly re-
ported sources of infection were intravenous drug use 
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(31.2%) and transfusion (22.0%). Source of infection was 
unknown in 288 (30.3%) patients. Histological evidence 
of cirrhosis was present in 68 (9.9%) out of 684 patients 
with available biopsy prior to treatment. In 27 out of 267 
non biopsied patients (10.1%), diagnosis of cirrhosis was 
based on clinical signs or imaging. 

Genotype distribution was not significantly differ-
ent between patients of Greek origin and immigrants 
(p=0.115), although G4 was slightly less prevalent in 
Greeks compared to those of other nationalities (12.6% 
vs 16.5%). Twenty five out of 29 Egyptians (86.2%) were 
infected by G4. Age at treatment initiation did not dif-
fer between G1 and 4 patients [median (IQR) age: 46.1 
(34.0, 58.9) vs 44.4 (37.0, 55.7) respectively], whereas 
the youngest among all patients were those infected with 
G3 [median (IQR) age 34.4 (26.6, 42.2) years].

Therapeutic outcome
Treatment related characteristics according to HCV 

genotype are presented in Table 2. One hundred and nine-
ty two patients (20.2%) had received anti HCV treatment 
(interferon-alpha with or without ribavirin or Peg-IFNa 
monotherapy) before initiating standard combination 
therapy with Peg-IFNa and ribavirin. 

Of the 951 patients who initiated Peg-IFNα and ribavi-
rin, 239 (25.1%) interrupted treatment, mainly due to side 
effects (n=128, 53.6%) or patients’ non-compliance (n=55, 

23.0%; Table 2). The percentage of treatment interruption 
due to side effects was slightly higher in patients infected 
by G1 (17.2%) compared to those infected by G4 (13.6%). 
The overall genotype effect on treatment interruption due 
to side effects was not significant in the multivariable anal-
ysis (adjusted P=0.383) with an overall median time of 
treatment duration before discontinuation of 3.5 months. 

In total, SVR was achieved in 414/799 (51.8%) patients, 
whereas information on ETR and SVR was not available 
for 218 (22.9%) and 152 (16.0%) patients respectively. SVR 
rates according to different patients characteristics are shown 
in Table 3. Patients with G1 and 4 achieved lower SVR rates 
(37.6% and 37.1% respectively) compared to those with G2 
or 3 (64.8% and 72.9% respectively). Gender, race, ethnicity 
and type of PegIFNa used did not seem to affect SVR rates 
significantly. Patients with cirrhosis had lower response 
rates (25.9% vs 54.9% for non-cirrhotics, P<0.001). Patients 
with SVR were younger, had lower APRI score and a short-
er duration of infection. Treatment naïve patients achieved 
more frequently SVR compared to those previously treated 
(57.2% vs 31.1%, P<0.001). The SVR rates among treat-
ment naïve patients were 41.8%, 67.7%, 74.6% and 41.1% 
for patients with G1, 2, 3 and 4 CHC respectively. 

For all genotypes, ethnicity did not affect SVR, 
whereas response to treatment was similar between Greek 
and Egyptian patient groups (35.7% vs 40.9%, P=0.660) 
with G4 infection.

Genotype

1 2 3 4 Overall

N (%) N (%) N (%) N (%) N (%) p-value

HCV-treatment naive <0.001

 Yes 289 (71.4) 73 (90.1) 310 (91.2) 87 (69.6) 759 (79.8)

 No 116 (28.6) 8 (9.9) 30 (8.8) 38 (30.4) 192 (20.2)

Type of treatment 0.432

 PEG-IFNα-2a + RIB 170 (42.0) 36 (44.4) 161 (47.4) 51 (40.8) 418 (44.0)

 PEG-IFNα-2b + RIB 235 (58.0) 45 (55.6) 179 (52.6) 74 (59.2) 533 (56.0)

Treatment discontinuation 125 (30.9) 12 (14.8) 65 (19.1) 37 (29.6) 239 (25.1) <0.001

Reason for treatment discontinuation 0.004

 Non-response 27 (21.6) 2 (16.7) 7 (10.8) 10 (27.0) 46 (19.2)

Side-effects 68 (54.4) 9 (75.0) 34 (52.3) 17 (45.9) 128 (53.6)

 Non-compliance 20 (16.0) 1 (8.3) 24 (36.9) 10 (27.0) 55 (23.0)

 Unknown 10 (8.0) 0 (0.0) 0 (0.0) 0 (0.0) 10 (4.2)

Response to treatment† <0.001

 Non responders 118 (41.5) 11 (17.7) 32 (12.7) 42 (46.7) 203 (29.5)

Responders/Relapsers 33 (11.6) 5 (8.1) 23 (9.2) 9 (10.0) 70 (10.2)

 Responders 133 (46.8) 46 (74.2) 196 (78.1) 39 (43.3) 414 (60.3)
Sustained virologic 
response (overall) ‡ 133 (37.6) 46 (64.8) 196 (72.9) 39 (37.1) 414 (51.8) <0.001

†N=687 for those with available laboratory or clinical information at the end of treatment and at 6 months afterwards, ‡N=799 for those with 
available laboratory or clinical information at 6 months after the end of treatment.

Table 2: Antiviral treatment characteristics of patients with chronic hepatitis C overall and by hepatitis C virus (HCV)  genotype.
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Table 3: Sustained Virological Response (SVR) to antiviral treatment and chronic hepatitis C (CHC) patients characteristics.

  SVR  
No Yes

Age [years; Median (IQR*)] 49.6 (37.5, 60.6) 37.3 (29.2, 47.2) <0.001
  N (%) N (%) p-value
Gender 0.263
 Male 225 (46.6) 258 (53.4)

 Female 160 (50.6) 156 (49.4)

Ethnicity 0.755

 Greek 267 (46.8) 304 (53.2)

 Other 78 (48.1) 84 (51.9)

Alcohol abuse 0.541

 Yes 65(49.6) 66(50.4)

No 273(46.7) 312(53.3)
Possible source of infection <0.001

 Intravenous drug use 69 (31.2) 152 (68.8)

 Transfusion 109 (58.3) 78 (41.7)

 Other 75 (53.2) 66 (46.8)

 Unknown 132 (52.8) 118 (47.2)

Duration of infection (years) <0.001
 <10 35 (26.7) 96 (73.3)
 10-19.9 74 (47.1) 83 (52.9)

 20+ 115 (59.3) 79 (40.7)

Genotype <0.001

 1 221 (62.4) 133 (37.6)
 2 25 (35.2) 46 (64.8)
 3 73 (27.1) 196 (72.9)
 4 66 (62.9) 39 (37.1)

HCV-treatment naive 113 (68.9) 51 (31.1) <0.001

Type of PEG-IFNα + RIB 0.814

 PEG-IFNα-2a + RIB 167 (47.7) 183 (52.3)

 PEG-IFNα-2b + RIB 218 (48.6) 231 (51.4)

Cirrhosis at baseline 63 (74.1) 22 (25.9) <0.001

Baseline APRI score (n=782) 0.003

 <0.5 108 (41.4) 153 (58.6)

 0.5-0.99 83 (42.1) 114 (57.9)
 1+ 110 (56.1) 86 (43.9)
Normal ALT† (IU/L; n=828) 214 (46.6) 245 (53.4) 0.655
Normal AST‡ (IU/L; n=823) 229 (43.5) 297 (56.5) 0.013

TBIL§<1.5 (mg/dL; n=687) 241 (44.6) 299 (55.4) 0.110
PLT¶>150000 (/mm³; n=794) 214 (42.3) 292 (57.7) 0.001

†Alanine Aminotransferase, ‡Aspartate Aminotransferase, §Total Bilirubin, ¶Platelets, ††N=799 for those with available laboratory or clinical 
information at 6 months after the end of treatment, * Interquartile Range.

Multivariable analysis
Results from the multivariable analysis of SVR are 

shown in Table 4. As mentioned before, the multiple im-
putations method was applied to deal with missing SVR 
status in 152 patients. The relation between SVR and 
genotype did not substantially change after adjustment for 

age, gender, cirrhosis status, treatment interruption status 
and previous history of HCV-treatment. G4 was associated 
with similar odds of SVR compared to G1, but significant-
ly lower odds of SVR compared to G2 and 3. Older age 
at treatment initiation, presence of cirrhosis, treatment dis-
continuation and previous history of HCV-treatment were 
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negatively associated with the probability of SVR. Results 
were almost identical when the analysis was restricted to 
patients with known SVR status (complete case analysis). 
Results from the sensitivity analysis considering patients 
with missing SVR status as non-responders confirmed the 
robustness of our main results. Restricting the analysis to 
the treatment of naïve patients gave similar to the main 
analysis results, regarding the by genotype differences (Ta-
ble 4). 

Discussion
In this multicenter nationwide study, we analyzed data 

from a sizeable cohort of patients with CHC who were in-
cluded in the HepNet.Greece cohort and were treated with 
the combination of Peg-IFNa plus ribavirin. Our data clearly 
showed identical response rates between patients with G4 
and G1 HCV infections, which were significantly lower than 
those observed in G2/3 patients. In addition, we confirmed 
that cirrhotic patients, the elderly, those with a previous treat-
ment failure and those who discontinued treatment are less 
likely to achieve SVR independently of HCV genotype. 

The majority of data regarding HCV treatment are de-
rived from clinical studies focusing on patients with G1, 2 
and 3 infections. Despite the high prevalence of G4 in many 
parts of the world, data on treatment outcome, optimal dura-
tion of treatment and factors that may affect response rates 
in CHC patients with G4, are limited. The wide geographic 
variation in HCV genotypes prevalence, as reflected by the 
small percentage of G4 in Western countries, in association 

with the higher proportion of G4 in African and Arabic coun-
tries, may explain the scarcity of the existed data. It is of note 
that, approximately, only 3% of the patients participating in 
large clinical trials had G4 infection5,6. As a result, the recom-
mendations by international panels for the treatment of G4 
patients are based on limited and not robust data. Treatment 
duration, response guided treatment, new pharmaceutical 
agents, SVR predictors and clinical management guidelines 
remain a matter of consideration in G4 patients21. 

In this study we analyzed data from 951 patients with 
chronic hepatitis C receiving combination of Peg-IFN-α 
and ribavirin in 25 centers throughout the country. In 
contrast to most previously published studies22-28, in our 
report, we present data after a meticulous analysis from 
the whole cohort in order to reveal possible differences 
in response rates among HCV genotypes. Since Greece 
seems to have the highest prevalence of G4 infections in 
Europe, we were able to compare treatment outcome and 
factors that may affect it, across all genotypes. Indeed, 
in our study, G4 infection was found in 13.1% of CHC 
patients while G1 was detected in 42.5% of them. 

In this analysis, the average rate of SVR in patients 
with G4 infection was 37.1%, being 41.1% in treatment 
naïve patients. These results are compatible with those re-
ported from a recent Greek study28 but in contrast to those 
from clinical trials conducted in Egypt and Middle East, 
where combination treatment with Peg-IFNa and ribavirin 
resulted in SVR rates up to 65-69% in G4 patients22-25. The 
reasons for this discrepancy remain unclear; variations in 

Table 4: Factors associated with Sustained Virologic Response (SVR) probability: Results from a multiple logistic regres-
sion model after applying the multiple-imputations method to deal with the missing SVR status.

Overall Treatment Naive Patients

 
Odds ratio
(95% CI)

p-value
Odds ratio
(95% CI)

p-value

Age (per 5 year) 0.811 (0.738, 0.890) <0.001 0.786 (0.707, 0.877) <0.001

Gender

  Male 1 1

  Female 1.278 (0.897, 1.822) 0.174 1.182 (0.802, 1.742) 0.397

Genotype

  1 0.957(0.582, 1.575) 0.864 1.043 (0.594, 1.834) 0.883

  2 3.398 (1.552, 7.439) 0.002 4.768 (2.029, 11.205) <0.001

  3 2.993 (1.635, 5.478) <0.001 3.234 (1.654, 6.324) 0.001

  4 1 1

Treatment discontinuation

  No 1 1

  Yes 0.189 (0.079, 0.451) <0.001 0.176 (0.070, 0.438) <0.001

Cirrhosis at baseline

  No 1 1

  Yes 0.497 (0.281, 0.880) 0.017 0.465 (0.235, 0.922) 0.028

History of HCV-treatment

  No 1

  Yes 0.696 (0.463, 1.046) 0.081
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epidemiological, clinical and virological features, associ-
ated with poor response to treatment, may explain the find-
ing. However, these comparisons should be treated cau-
tiously due to the lack of a head to head comparison and 
the small number of patients included in these trials22-25. 

A study from France investigated a relatively large co-
hort of European, Egyptian and African ΗCV G4 patients 
and showed that Egyptian patients had higher SVR rates 
compared to European and African ones26. In another French 
study it was found that among patients with G4, those with 
subtype 4a infection27, which is more common in Egypt28, 
had higher response rate. Interestingly, a Greek molecular 
epidemiology study showed that 4a is the most common 
subtype among Greek patients with G4 (78%) as well13. 
Therefore, one might expect G4 studies from Greece to re-
port SVR rates similar to those from Egypt, which however 
does not appear to be the case29. It could be hypothesized 
that different treatment susceptibility due to heterogeneity 
within subtype 4a30 may explain the observed differences.

Another hypothesis could be based on a different im-
mune response due to different host genetic background. In 
fact, according to recent studies, IL28 C/C polymorphism 
is a strong predictor of treatment outcome to Peg-IFN plus 
ribavirin in G4 infected patients31-33. Thus, a different phar-
macogenomic profile between people of Greek and Egyp-
tian origin might explain the differences in SVR rates, but 
population data confirming this hypothesis are lacking. Of 
note however, Egyptian origin was not associated with high-
er SVR rates in our multivariate analysis, but this could be 
due to the relatively small number of Egyptian individuals 
included in the study (n=29 of whom 23 with G4).   

Previous studies revealed that Peg-IFNalpha-2a is 
significally more efficient than Peg-IFNalpha-2b on G4 
CHC34,35. However, our analysis did not reveal any differ-
ence on SVR between the two pegylated interferons, both 
in univariable and multivariable analysis. The different re-
sult could be possibly explained by the non randomized 
design of our study, although the distribution of genotypes 
was similar between the available pegylated interferons. 

In our cohort, treatment naïve patients achieved signifi-
cantly higher SVR response rates compared to experienced 
ones. Recognizing that patients, who have been treated in 
the past by IFN, with or without ribavirin, do not have the 
same odds of SVR with treatment naïve cases, we adjusted 
our statistical analysis for history of treatment. There is no 
evidence of an interaction between G4 and previous treat-
ment history, regarding SVR (p-value=0.67). Furthermore, 
when we restricted the analysis only to naïve patients (sen-
sitivity analysis) the results regarding differences by HCV 
genotype remained practically unchanged.

Despite the fact that in G2/3 treatment duration is sig-
nificantly shorter, we did not find any genotype specific dif-
ference in treatment discontinuation due to adverse events 
or no compliance. In our study, discontinuation rate due to 
reasons not related to treatment response (20.3%) is higher 
than that observed in clinical trials. However we believe 
that our study reflects the real life clinical experience of 
CHC treatment. Actually, in the multivariable analysis, the 

only factor significantly associated with discontinuation of 
treatment was low educational level (data not shown).  

Using a rigorous statistical analysis we did not reveal 
any virus, host or treatment related factor, whose impact on 
SVR was differentiated according to the genotype. Older 
age, presence of cirrhosis, previous treatment failure and 
discontinuation of treatment schedule were associated with 
treatment failure similarly across all genotypes. 

However, our study has several limitations. First of all, 
the retrospective design is associated with recall, recording 
and selection bias. Additionally, in this study we were unable 
to analyze factors that may affect SVR, such as body mass 
index, baseline or on treatment virological parameters, be-
cause our data were derived from the daily clinical practice 
where availability of laboratory examinations is sometimes 
limited. Nevertheless, we believe that the multicenter nature 
of our network, the large size of our cohort and the rigorous 
analysis with the multiple imputations method, minimized 
potential biases and enhanced the power of our analysis.

In the coming years, treatment against HCV may 
change as several agents are under investigation with 
promising results. Currently, the use of protease inhibitors 
(boceprevir or telaprevir) in combination with the standard 
of care is the optimal therapy only for patients with G1 
infection. Boceprevir does not seem to be effective against 
G4 with the present regimen, while limited evidence in a 
small proof of concept study has shown that telaprevir may 
have some antiviral activity in patients with G4 infection36. 
In addition, new agents with pangenotypic activity are un-
der investigation in combination or not with Peg-IFN and 
ribavirin. Until the new treatment regimens against HCV 
G4 infection are clarified, the Peg-IFN plus ribavirin com-
bination would be the standard of care.  

In conclusion, in this large sized cohort of CHC pa-
tients we showed clearly that Caucasian patients with G4 
HCV infection should be considered as a difficult to treat 
population. Further investigation is needed to identify 
genotype specific prognostic factors and to clarify the na-
ture of the differences observed among different ethnicity 
groups of patients infected by HCV G4.  
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