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Context: Attaining a sustained virological response with antiviral therapy is a sign of clinical cure for chronic hepatitis C patients. The aim
of this meta-analysis was to evaluate the long-term efficiency and outcome of antiviral therapy in patients with hepatitis C who attained a
sustained virological response.

Evidence Acquisition: A literature search was performed on published articles between January 2008 and February 2014. Patients with
Hepatitis C who received interferon with or without ribavirin therapy were enrolled. Relative risks were estimated using either fixed or
random effect models.

Results: Patients who attained sustained virological response had a less risk (85%) for all-cause mortality and about 63% reduced risk of
hepatocellular carcinoma incidence than those who did not achieve sustained virological response. Based on deeply analysis, the stage of
liver fibrosis was a risk factor at baseline for the incidence of hepatocellular carcinoma.

Conclusions: Sustained virological response can reduce all-cause mortality and the incidence of hepatocellular carcinoma of patients
with hepatitis C. Advanced liver fibrosis is still a risk factor for the incidence of hepatocellular carcinoma, in spite of hepatitis C patients

attained a sustained virological response.
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1. Context

Chronic hepatitis C (CHC) is one of the most impor-
tant viral infections, which affects more than 185 mil-
lion people worldwide, accounting for approximately
3% of the world population and leading to 499000
deaths annually (1). Almost 30% of patients with HCV
develop cirrhosis annually and at high risk of liver fail-
ure and hepatocellular cancer (HCC) (2, 3). Since HCV
discovered in 1989 (4), promising milestones had been
achieved in treating HCV infection, especially inter-
feron (IFN) therapy. Achieving a sustained virological
response (SVR) is an indicator of successful therapy for
HCV infection (5, 6). SVR means undetection of HCV in
the blood for at least six months after the completion
of anti-HCV therapy using high sensitive real-time poly-
merase chain reaction. Although the DAA (direct act-
ing antivirals) showed a bright prospect for curing the
CHC, the standard therapy, interferon combined riba-
virin, is still widely used in developing countries with
most CHC patients. With the standard therapy, SVR rate
might be different with different conditions or factors,
while some areas and patients could achieve very high
rates (7, 8). Some predictors were found to indicate SVR
possibility for patients; for example, interleukin-28b

gene polymorphisms play a quiet role to predict treat-
ment response (9, 10). SVR predictors in the standard
therapy had been deeply investigated; however, long-
time outcome of SVR still needs to be further studied.
Patients achieved SVR had improvements in liver his-
tology and low risk of HCC and liver-related mortality
(11, 12). However, Bisceglie et al. suggested no change in
the incidence of HCC in patients with advanced fibrosis
and persistent viremia who achieved SVR (13). Consid-
ering the need for clinical evidence and inconsistent
results from relevant studies, the present meta-analysis
was designed to pool the currently available data to
determine the benefit of SVR for prognosis of patients
infected with HCV and baseline factors.

2. Evidence Acquisition

A comprehensive search was conducted for studies
published between January 1, 2008 and February 30,
2014.The search was conducted in the databases includ-
ing Web of Science, Cochrane Library, Cochrane Central
Register of Controlled Trials, EMBASE, OVID, MEDLINE,
PUBMED and Google Scholar using the following terms;
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Interferon (IFN) or Peginterferon (PEG-IFN), ribavirin
(RBV), Chronic hepatitis C (CHC) or Hepatitis C virus (HCV)
and (Prognosis).

2.1. Selection Criteria

Case-control studies and cohort studies were included
if they were published in English and used therapies of
Peg-IFN[IFN with or without RBV and SVR as a primary
or secondary endpoint. The patients who received com-
plete treatment course with no matter of whether they
attained SVR or non-SVR for all HCV genotypes included
in this meta-analysis. Studies presenting information
exclusively about patients undergoing liver transplant,
other hepatitis, acute HCV, decompensated cirrhosis with
HCC, autoimmune liver disease, non-alcoholic fatty liver
disease (NAFLD), alcoholic fatty liver disease (AFLD) and
post liver transplant patients, were excluded.

2.2. Data Extraction and Quality Assessment

Two authors (YW and YXZ) evaluated each potentially
eligible study independently. If evaluation results were
controversial, a final consensus was reached. Data includ-
ing publication details, type of study, baseline character-
istics of patients, information about the disease, treat-
ment strategy, clinical outcomes (all-cause mortality and
the incidence of HCC), duration of follow-up and evalua-
tion criterion during the follow-ups were extracted.

2.3. Data Analysis

RevMan 5.2 (Nordic Cochrane Centre, Cochrane Col-
laboration, Copenhagen, Denmark) was used to per-
form statistical analysis and meta-analysis. The Mantel-
Haenszel method (M-H) was chosen to pool the studies.
The meta-analysis of observational studies in epidemi-
ology was performed according to proposed guidelines
by MOOSE group (14). According to meta-analysis inclu-
sion criteria, the following data was extracted from the
literature: 1) patients’ general information including
original number of subjects, author, date and journal
details; 2) study characteristics including the study de-
sign, the number of patients enrolled and controls and
control of confounding factors. The values of risk ratios
(RRs) were used to assess the risk estimate for cohort
studies; while, odd ratios (ORs) were provided for case-
control studies, which were regarded as approximate
RRs in this meta-analysis. The heterogeneity of studies
was tested using the y? square test and I? statistic. If a
significant heterogeneity (the y? square test P < 0.10)
was found, the random-effect model was used in the
analysis, and if the heterogeneity was considered to be
not significant (the y? square test P > 0.10), the fixed-
effect model was used. Studies with substantial hetero-
geneity (12 > 50%) are not suitable for meta-analysis.
In this meta-analysis, the potential risk of HCC and all-
cause mortality between HCV patients of SVR and non-

SVR was assessed. The combined RR was displayed in
the Forest plot. In deeply analysis, some baseline char-
acteristics of patients before receiving treatment such
as gender, genotype or the stage of liver fibrosis were
assessed in SVR groups.

3. Results

3.1. Literature Search

A total of 1839 relevant publications were initially iden-
tified through online searching. Most ineligible studies
were excluded based on information in the title or ab-
stract. The selection process is shown in the flow diagram
in Figure 1. Finally, nine publications met the inclusion
criteria for the meta-analysis of SVR versus Non-SVR and
five studies were included to analysis the baseline char-
acteristics in SVR groups.

Citations identified via Pubmed,
Cochrane library, EMBASE, OVID,
and Medline (n=1839)

Exclusion of irrelevant
articles (n=1809)

Eligible potentially relevant citations
according to title, abstract, and
keywords (n=30)

Among them 6 articles were|

excluded Meta-analysis (2)

| Studies to be reviewed in detail (n=24)|

11articles excluded:
No published outcome (8)
Have comorbidity (3)

l i

Studies included for Studies included for deeply
meta-analysis (SVR vs meta-analysis (baseline in
NO-SVR) (n=9) SVR) (n=5)

Figure 1. The Selection Process in the Flow Diagram

3.2. Study Characteristics

According to the aforementioned search results,
nine articles (Table 1) were finally included in the me-
ta-analysis for SVR versus non-SVR, and all of which
were cohort studies. These studies were conducted in
five countries including the United States, Japan, Italy,
France, and China. They were all expected to represent
the prognosis (death and HCC) of patients infected
with HCV and their SVR or non-SVR. Overall, 18837 pa-
tients with HCV were followed up after a standard care
of therapy; among them 8226 patients achieved SVR,
while 10611 patients were not and 19 patients died and
29 patients developed HCC. Five studies were included
in deeply meta-analysis for baseline characteristics in
SVR groups (Table 2).

Hepat Mon. 2015;15(5):e27181
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Table 1. General Characteristics of Patients from Nine Clinical Trials Included in the Meta-Analysis 2

Reference Year Press Collect Long-Term TypeofTreatment Number Non-SVR SVR HCC Death
Date  Follow up of Patient
Cardoso et al. (15) 2010  Journal of 1987-  Median35 Peg-IFN +RBV, Peg- 307 204 103 SVR: 6, SVR: 6,
Hepatology 2007 year IEN, Interferon with Non-SVR:  Non-SVR:
or without RBV 40 40
Maruoka et al. (16) 2012 Journal of 1986 - 9.9+53  IFN with or without 577 356 221 SVR:5, SVR:10,
Gastroenter- 2005 years RBV Non-SVR:  Non-SVR:
ology and 80 74
Hepatology
Backus et al. (17) 201 Clinical of 2001-  Approxi- Peg-IFN + RBV GT1:12166, GT1:7918, GT1:4248, SVR:223, SVR:525,
Gastroenter- 2007 mately 3.8 GT2:2904, GT2:815, GT2:2089, Non-SVR: Non-SVR:
ology and years GT3:1794  GT3:697 GT3:1097 283 1440
Hepatology
Iacobellis et al. (18) 2011 Clinicalof ~ 2002- 51+18 Peg-IFN + RBV 75 51 24 SVR: 5, SVR: 2,
Gastroenter- 2006 months Non- Non-SVR:
ology and SVR: 11 23
Hepatology
Alfaleh et al. (19) 2013 Liverinterna- 2001- 63.8%32.8 Peg-IFN with or 157 95 62 SVR: 0, SVR: 0,
tional 2012 months without RBV Non-  Non-SVR:8
SVR: 4
Di Martino etal.(20) 2011 Journalofvi- 1994- Median 59 All 368 125 59 SVR:1, SVR: 0,
ral hepatitis 2001 months Non-  Non-SVR:9
SVR: 8
Morgan et al. (21) 2010 Hepatology 2000- Median3.5 Peg-IFN + RBV 1145 386 140 SVR: 2, SVR: 4,
2003 years Non-SVR:  Non-SVR:
33 75
Yamasakietal.(22) 2012 BMCGastro- 1992- Median11.5 IFN with or without 351 80 72 None SVR: 9,
enterology 201 years RBV Non-SVR:
16
Wang et al. (23) 2013 Hepatology ~None  Median8 Peg-IFN + RBV 138 27 m SVR: 15, None
International years Non-
SVR: 6

2 Abbreviations: HCC, hepatocellular carcinoma; and SVR, sustain virologic response.

Table 2. Deeply Analysis of Baseline Factors of Gender, Genotype (HCV) and Fibrosis Level @

Study Age,y b Male Female Follow-up Fo0-2/ F3-4 GI1 Non-GTt SVR HCC

Morgan et al. (21) 49.8+8.02 107 33 3.5 years m 29 101 39 140 2

Morisco et al. (24) 47.69 100 50 8.6years none none none none 150 2

Chang et al. (25) 55.4%9.4 661 610 413 532 339 321 492 871 37
months

Ferreira Sda et al. (26) 45.6 £10 127 47 47 months 138 28 50 124 174 2

Papastergiou et al. (27) 473191 87 58 68.8+35 95 24 61 84 145 2
months

Trapero-Marugan et al. (28) 4719 71 82 5 years 140 13 116 37 153 1

@ Abbreviations: HCC, hepatocellular carcinoma; and SVR, sustain virologic response.

Values are presented as mean + SD.

3.3. SVR Versus Non-SVR

3.3.1. Reduced Risk of all-Cause Mortality in SVR

The all-cause mortality between patients with HCV
who attained SVR and non-SVR in the long-term follow-
up was examined (15-22). Due to Wang et al. (23) did not
involve all-cause mortality data, so did not include this
group. A significant homogeneity was found among the

Hepat Mon. 2015;15(5):e27181

included studies in this meta-analysis (x* =3.69, df =5 (P
= 0.59), I2 = 0%). Data was pooled from studies with RR
= 0.16, 95% CI = [0.10-0.25] to assess the risk of all-cause
mortality. It was concluded that SVR reduced about 84%
risk of all-cause mortality than non-SVR (Figure 2).

3.3.2. Reduced Risk of HCC in SVR

The studies (15-21, 23) included for assessing the risk
of HCC showed a good homogeneity (y? = 7.27, df = 5 (P
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< 0.20); I2 = 31% < 50%). Through pooled analysis of in-
cluded studies with RR = 0.37, 95% CI =[0.23 - 0.58], it was
concluded that SVR might be a protective factor against
HCC (Figure 3). SVR reduced about 63% risk of HCC com-
pared with non-SVR patients.

3.4. The Deeply Meta-Analysis

Although patients who attained SVR had low risk of
HCC, HCC could still occur. The deeply analysis aimed
to discover whether the baseline characteristics of pa-
tients who attained SVR would be a factor for HCC risk.

As seen in Table 2, we supposed gender, genotype (HCV)
and fibrosis level as factors for HCC risk of SVR patients.
All studies (I> =0) showed well homogeneity after the
heterogeneity test. Although pooled RRs of gender and
genotype shown in parts A and B of Figure 4 were respec-
tively 1.76 and 1.67, their 95% CI contained 1. Gender and
genotype might not play significant role in the risk of
HCC in patients who attained SVR. However, pooled RR
of fibrosis level was 0.09, while the 95% CI [0.04, 0.19]. It
means that patients who achieved SVR might have a high
risk of HCC, if they had advanced liver fibrosis before the
treatment.

Figure 2. Risk of All-Cause Mortality Between SVR And non-SVR

SVR non-SVR Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random,95% Cl M-H. Random, 95% CI
Faleh Z. Alfaleh 2013 0 62 8 95 25% 0.09[0.01,1.53) *
V. Di Martino 2011 0 59 9 125 25% 0.11(0.01,1.87) *
angelo Lacobellis 2011 2 24 23 51 107% 0.18[0.05,0.72]
Ana-Carolina 2010 3 103 28 61 151% 0.06 [0.02,0.20] [
Timothy R. Morgan 2010 4 140 75 386 204% 0.15[0.05, 0.39] =
Kazumi Yamasaki 2012 9 72 16 80 0.0% 0.63(0.29,1.33]
LISA . BACKUS 2011 525 7434 1440 9430 0.0% 0.46[0.42,0.51]
Daisuke Maruoka 2012 10 221 74 356 48.8% 0.22[0.11,0.41] ——
Total (95% ClI) 609 1074 100.0% 0.16 [0.10, 0.25]) <>
Total events 19 217
Heterogeneity: Tau®= 0.00; Chi*= 3.69, df= 5 (P = 0.59); F= 0% ; t t {
Test for overall effect: Z=8.12 (P < 0.00001) 0.01 0t SVR1 non-SVR L 100

The heterogeneity of the studies was tested using »2 test and I2 statistic. If a significant heterogeneity (XZ test, P < 0.10) was found, the random-effect
model was used in the analysis, and if the heterogeneity was not significant (% test, P > 0.10), the fixed-effect model was used. Studies with substantial

heterogeneity (I2 >50%) are not suitable for meta-analysis.

Figure 3. Risk of HCC Between SVR and non-SVR

SVR non-SVR Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed. 95% CI
Ana-Carolina 2010 6 103 40 204 385% 0.30[0.13,0.68) —
angelo Lacobellis 2011 5 24 11 51 101% 0.97 [0.38, 2.47) T
Daisuke Maruoka 2012 5 221 80 356 Not estimable
Faleh Z. Alfaleh 2013 0 62 4 95 51% 0.17[0.01,3.09 ¢
LISA ILBACKUS 2011 223 7434 283 9430 Not estimable
Timothy R. Morgan 2010 2 140 33 386 252% 0.17 [0.04, 0.69) —_—
V. Di Martino 2011 1 59 8 125 7.4% 0.26 [0.03, 2.07)
wang CH 2013 15 111 6 27 13.8% 0.61[0.26,1.42) I
Total (95% CI) 499 888 100.0%  0.37[0.23, 0.58] <>
Total events 29 102
Heterogeneity: Chi*= 7.27, df= 5 (P = 0.20); F= 31% b t t {
Test for overall effect: Z=4.27 (P < 0.0001) 0.01 0.1 SVR1 NO-SVR 10 100

The heterogeneity of the studies was tested using > test and I2 statistic. If a significant heterogeneity (the 2 square test P < 0.10) was found, the random-
effect model was used in the analysis, and if the heterogeneity was not significant (4% test, P > 0.10), the fixed-effect model was used. Studies with sub-

stantial heterogeneity (I2 >50%) are not suitable for meta-analysis.

Hepat Mon. 2015;15(5):e27181
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Figure 4. Baseline Factors of Gender, Genotype (HCV) and Fibrosis Level and HCC Risk

A male female Risk Ratio Risk Ratio
Study Events Total Events Total Weight M-H, Fixed, 95% CI M_-H, Fixed, 95% CI
Filomena Morisco 2013 2 100 0 50  41% 252[0.12 51.61)
Kuo-Chin Chang 2012 25 466 12 405 78.7% 1.81[0.92, 3.56] il
Sandro da Costa Ferreira 2010 1 127 1 47 8.9% 0.37[0.02,5.80]
Timothy R. Morgan 2010 2 107 0 33 47% 1.57(0.08,31.99)
Vasilios Papastergiou 2012 2 87 0 58 3.7% 3.35[0.16, 68.58]
Total (95% CI) 887 593 100.0% 1.76 [0.96, 3.22] -
Total events 32 13
Heterogeneity: Chi*=1.48, df= 4 (P = 0.83); F= 0% b y y y
o & 0.01 0.1 10 100
Test for overall effect: Z=1.82 (P=0.07) tamialal mals
B genotype1 HCV  non-genotype1 HCV Risk Ratio Risk Ratio
Study Events Total Events Total Weight M-H, Fixed. 95% CI M-H, Fixed. 95% CI
Daisuke Maruoka 2012 5 120 0 101 3.3% 9.27(0.52,165.69) >
Kuo-Chin Chang 2012 17 3 18 492 86.6%  1.45(0.76,2.77) "._
Maria Trapero-Marugan 2011 1 116 0 37 46% 0.97([0.04,23.42)
Vasilios Papastergiou 2012 1 61 1 74 55% 1.21(0.08,19.00)
Total (95% CI) 618 704 100.0%  1.67[0.92,3.03] s
Total events 24 19
Heterogeneity: Chi*=1.71, df= 3 (P = 0.63); F= 0% ; t t |
e = 0.01 0.1 1 10 100
Testfor overall effect: Z=1.70 (P = 0.09) non-genotype1 HCV genotype HCV
C i s
FO-F2 F3-F4 Risk Ratio Risk Ratio
Study Events Total Events Total Weight M-H, Fixed. 95% CI M-H, Fixed, 95% CI
Filomena Morisco 2013 0 69 2 21 71% 0.06[0.00,1.26] *
Kuo-Chin Chang 2012 5. 532 32 339 728% 0.10[0.04, 0.25] ——
Maria Trapero-Marugan 2011 0 140 1 13 51% 0.03[0.00,077) ¥———
Sandro da Costa Ferreira 2010 0 138 2 28 7.7% 0.04[0.00,0.85) *
Vasilios Papastergiou 2012 0 95 2 24 7.4% 0.05[0.00,1.05) ¢
Total (95% ClI) 974 425 100.0%  0.09[0.04,0.19] -
Total events 5 39
ih Ohi® = = = cR= I + t {
Heterogeneity: Chi*=0.81, df=4 (P=0.94); F=0% 0.01 01 10 100

Test for overall effect: Z= 6.05 (P < 0.00001)

FO-F2 F3-F4

The heterogeneity of the studies was tested using 7(2 test and 12 statistic. If significant heterogeneity (xz test, P < 0.10) was found, the random-effect model
was used in the analysis, and if the heterogeneity was not significant (xz test,P > 0.10), the fixed-effect model was used. Studies with substantial hetero-

geneity (I2 > 50%) are not suitable for meta-analysis.

4. Conclusions

Qu et al. (29) demonstrated that the incidence of HCC
was significantly lower in IFN-treated than untreated
patients with HCV infection. The long-term prognosis of
treated patients who got different curative effect had less
been studied. This meta-analysis was designed to con-
firm the benefit of SVR in the long-term prognosis and
to make sure whether the baseline factors before treat-
ment could affect the incidence of HCC in patients who
achieved SVR. The results of the present meta-analysis
indicated that patients infected with HCV who attained
SVR had an 85% reduction in all-cause mortality risk (RR
=0.15,95% CI =[0.10-0.24]). In addition, patients with SVR
could have 63% reduced risk of HCC (RR = 0.37 95% CI =
[0.23-0.58]) than non-SVR patients. Although, SVR would
be regarded as a sign of clinical cure and with reduced

Hepat Mon. 2015;15(5):e27181

risk of HCC for patients with SVR, HCC might be unavoid-
able to all patients with CHC. A previous study results
suggested that patients with CHC who had no evidence
of virological relapse might still have the risk of HCC (27).
The mechanism of HCC development in patients with
SVR is elusive. HCC development is not directly related
to HCV replication. The incidence of HCC may have some
association with hepatic regeneration and hepatocyte cy-
cling that occurs after antiviral therapy and may activate
the cellular pathways leading to dysplasia and thereby in-
creasing the risk of HCC (30). The results of our research
were consistent with Morgan et al. (31) that SVR was a
protective factor in the incidence of HCC. However, SVR
patients with a risk factor for the occurrence of HCC were
unknown. We tried to find that which baseline status
before treatment would affect HCC risk in patients who
achieved SVR. Interestingly, the liver fibrosis stage might
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be the mostimportantattributing factor. Patients who had
a mild fibrosis before treatment might have 91% reduced
risk of HCC (RR = 0.09, 95% CI = [0.04-0.19]) compared to
patients with CHC who had advanced fibrosis (especially
cirrhosis) before treatment, while all patients attained
SVR at last. The reason might be explained by the fact that
liver fibrosis staging would actually represent the degree
of liver damage and accordingly the higher stage of liver
fibrosis would represent more serious liver damage. Based
on the results of this meta-analysis, the authors concluded
that earlier treatment, especially before the development
of advanced liver fibrosis, would benefit more for patients
with CHC. As we see, the benefit of SVR for CHC patients was
apparent, which would reduce the risk of all-cause mortal-
ity and HCC. Even, some studies indicated that SVR would
reduce the risk of relapse in HCV infected transplant pa-
tients (32). However, patients achieved SVR still need long-
time follow-up, especially some who already had advanced
fibrosis before treatment, because of HCC risk. The above
told us two things: Firstly, screening HCV is important,
especially in some developing countries, hepatitis super-
infections were widely in high-risk populations (33). Early
treatment would avoid fibrosis development, which indi-
cated better long-time prognosis. Secondly, liver fibrosis
must be detected for all HCV patients. Percutaneous liver
biopsy with ultrasonography is a quick, effective and safe
procedure (34), while noninvasive tests such as fibro-scan
and fibro-test, could provide live fibrosis information as
baseline. The present meta-analysis had some potential
limitations. Firstly, the final results of this meta-analysis
are greatly affected by limitations of the included publica-
tions. Secondly, as the numbers of literatures included in
this meta-analysis are small, predicators for patients with
or without an SVR on all-cause mortality and the incidence
of HCC may not be accurate. Thirdly, there are differences
in antiviral therapy using IFN and PEG-IFN with or with-
out RBV that may lead to different effects on long-term
outcomes. This may have biased the meta-analysis results.
Fourthly, due to the limited available literature, gender,
degree of fibrosis and genotypes were selected to evaluate
SVR achievement and these parameters could not compre-
hensively conclude the baseline factors. This meta-analysis
clearly demonstrated that SVR was a protective factor for
HCV patients against HCC and all-cause death. For HCV pa-
tients, advanced fibrosis status before treatment, might
increase HCC risk even in patients who achieved SVR. The
earlier treatment for patients with CHC, the better long-
term prognosis.
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