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Abstract

Background: The long-term clinical outcomes of antiviral therapy for patients with chronic hepatitis C are
uncertain in terms of hepatitis C virus (HCV)-related morbidity and mortality according to the response to antiviral
therapy. This study aimed to assess the impact of antiviral treatment on the development of HCC and mortality in

patients with chronic HCV infection.

Methods: A systematic review was conducted for studies that evaluated the antiviral efficacy for patients with
chronic hepatitis C or assessed the development of HCC or mortality between SVR (sustained virologic response)
and non-SVR patients. The methodological quality of the enrolled publications was evaluated using Risk of Bias
table or Newcastle-Ottawa scale. Random-effect model meta-analyses and meta-regression were performed.

Publication bias was assessed.

Results: In total, 59 studies (4 RCTs, 15 prospective and 40 retrospective cohort studies) were included. Antiviral
treatment was associated with reduced development of HCC (vs. no treatment; OR 0.392, 95% Cl 0.275-0.557), and
this effect was intensified when SVR was achieved (vs. no SVR, OR: 0.203, 95% Cl 0.164-0.251). Antiviral treatment
was associated with lower all-cause mortality (vs. no treatment; OR 0.380, 95% CI 0.295-0.489) and liver-specific
mortality (OR 0.363, 95% Cl 0.260-0.508). This rate was also intensified when SVR was achieved [all-cause mortality
(vs. no SVR, OR 0.255, 95% Cl 0.199-0.326), liver-specific mortality (OR 0.126, 95% Cl 0.094-0.169)]. Sensitivity analyses
revealed robust results, and a small study effect was minimal.

Conclusions: In patients with chronic hepatitis C, antiviral therapy can reduce the development of HCC and

mortality, especially when SVR is achieved.
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Background

Antiviral treatment for chronic hepatitis C (CHC) aims
to prevent hepatitis C virus (HCV)-related morbidity
and mortality, including complications of liver fibrosis
or cirrhosis and the development of hepatocellular car-
cinoma (HCC). Treatment reduces the degree of
necroinflammation of the liver and induces regression of
hepatic fibrosis [1]. Although direct-acting antivirals
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have recently emerged as a promising therapy, conven-
tional interferon (IFN) or pegylated IFN (PegIFN) with
or without ribavirin (RBV) has been used as the standard
treatment for curing HCV.

A sustained virologic response (SVR) is the surrogate
indicator for eradicating HCV and is considered to be
“cure” [2]. SVR24 or SVR12, which is the state of un-
detectable HCV RNA in a sensitive assay with a lower
limit of detection <50 IU/mL at week 24 or 12 after the
end of treatment are accepted as an endpoint of treat-
ment [3].
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The evolution of CHC is slow, and there is no specific
symptom before progression to liver fibrosis. Due to de-
layed diagnosis of HCV-related chronic liver disease such
as chronic hepatitis or liver fibrosis, it is difficult to start
an anitviral treatment in the early stage of the disease. Pre-
vious study has demonstrated an achievement of SVR was
associated with less risk for mortality (risk ratio 0.16) and
development of HCC (risk ratio 0.37) [4]. However, the
majority of studies assessed short-term prognosis and the
long-term clinical outcomes of antiviral therapy for pa-
tients with chronic hepatitis C are uncertain in terms of
HCV-related morbidity and mortality, including disease
progression to advanced hepatic fibrosis or cirrhosis,
hepatic decompensation, HCC, and liver-specific death,
especially according to the response to antiviral therapy.
Moreover, viral replication of HCV is not known to be
directly related to HCC development [4].

The aim of this study was to assess the impact of anti-
viral treatment on the development of HCC and mortal-
ity in patients with CHC.

Methods

This systematic review and meta-analysis fully adhered
to the principle of PRISMA (Preferred Reporting Items
for Systematic reviews and Meta-Analyses) checKklist.

Literature searching strategy

PubMed, Embase, and the Cochrane Library were
searched using common keywords associated with
chronic hepatitis C, HCC, or SVR (from inception to
April 2016) by 2 independent evaluators (C.S.B. and
Y.J.Y.). Medical Subject Headings (MeSH) or Emtree
keywords were selected for searching of electronic data-
bases. The keywords included ‘hepatitis C, ‘HCV, ‘hepa-
tocellular carcinoma, ‘HCC; ‘sustained virologic response,
‘SVR’ and ‘mortality’. These keywords were combined
for a searching strategy using Boolean operators. The ab-
stracts of all identified studies were reviewed to exclude
irrelevant articles. Full-text reviews were performed to
determine whether the inclusion criteria were satisfied
by the remaining studies and the bibliographies of rele-
vant articles were reviewed to identify additional studies.
Disagreements between the evaluators were resolved by
discussion or consultation with a third evaluator (I.LH.S.).
The detailed searching strategy is described in Table 1.

Selection criteria

We included randomized or non-randomized studies
that met the following criteria: 1. Study designed to
evaluate the efficacy of antiviral treatment on the devel-
opment of HCC or mortality in CHC patients and a con-
trol group, or in CHC patients with SVR and the no
SVR group; 2. Publications on human subjects; 3. Full-
text publication; and 4. English language. Studies that
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Table 1 Clinical data of included studies
1. PubMed

1. Hepatitis C[Mesh] OR HCV

2. HCC OR “hepatocellular carcinoma”

3. SVR OR “sustained virologic response”

4. Mortality

(#1 AND #2) OR (#1 AND #3) OR (#1 AND #4) - > removed duplicated
articles

2. Embase

1. (hepatitis C or hcv).mp

2. (hcc or hepatocellular carcinoma).mp

3. (svr or sustained virologic reponse).mp

4. mortality

After accumulation of (1 and 2), (1 and 3), and (1 and 4), and then
removed duplicated articles

3. Cochrane library

1. Hepatitis C OR HCV

2. HCC OR "hepatocellular carcinoma”

3. SVR OR “sustained virologic response”

4. Mortality

(#1 AND #2) OR (#1 AND #3) OR (#1 AND #4) - > removed duplicated
articles

met the all of the inclusion criteria were sought and se-
lected. The exclusion criteria were as follows: 1. Incom-
plete data; 2. Review article; 3. Animal study; 4. Letter or
case article; or 5. Abstract only publication. Studies
meeting at least 1 of the exclusion criteria were excluded
from this analysis.

Methodological quality

The methodological quality of the enrolled publications
was assessed using the Risk of Bias table for randomized
studies and the Newcastle-Ottawa Scale for non-
randomized studies. The Risk of Bias was assessed as
described in the Cochrane handbook by recording the
method used to generate the randomization sequence, al-
location concealment, determination of whether blinding
was implemented for participants or staff, and evidence of
selective reporting of the outcomes [5]. Review Manager
version 5.3.3 (Revman for Windows 7, the Nordic
Cochrane Centre, Copenhagen, Denmark) was used to
generate the Risk of Bias table. The Newcastle-Ottawa
scale is categorized into three parameters: the selection of
the study population, the comparability of the groups, and
the ascertainment of the exposure or outcome. Each
parameter consists of subcategorized questions: selection
(n =4), comparability (n = 1), and exposure or outcome (1
=3) [6, 7]. Stars that are awarded for each item serve as a
quick visual assessment of the methodological quality of
the studies. A study can be graded a maximum of 9 stars,
which indicates the highest quality. Two of the evaluators
(C.S.B. and Y.J.Y.) independently assessed the methodo-
logical quality of all studies, and any disagreements
between the evaluators were resolved by discussion or
consultation with a third evaluator (L.H.S.).
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Primary and modifier-based analyses
The following questions were primary topic of this
meta-analyses: In patients with CHC, 1. Does the anti-
viral treatment reduce the development of HCC? 2. Does
the antiviral treatment reduce all-cause or 3. liver-
specific mortality? 4. Does the achievement of SVR re-
duce the development of HCC? 5. Does the achievement
of SVR reduce all-cause or 6. liver-specific mortality?
The analysis was performed as 6 distinct meta-
analyses to answer the 6 questions described above. Two
evaluators (C.S.B. and Y.J.Y.) independently used the
same data fill-up form to collect the primary summary
outcome and modifiers in each study. The outcome was
the relative rate of the development of HCC or mortality
between antiviral treatment and the control groups, or
the SVR and no SVR groups. These ratios were extracted
and evaluated by odds ratios (ORs). Sensitivity analyses,
including cumulative and one study removed analyses
were performed to confirm the robustness of the main
analysis results. These analyses were calculated in the
order of publication year or effect size to find whether
the time trend exists or which study is more or less in-
fluential in the pooled estimate. We also performed a
meta-ANOVA and meta-regression to identify the rea-
son of heterogeneity based on the multiple modifiers
identified during systematic review. These reasons in-
clude study format (randomized/prospective cohort/
retrospective cohort study), nationality, histology (degree
of liver fibrosis), follow-up duration, Newcastle-Ottawa
scale, age, and the regimen of the treatment (IFN, IFN
with RBV, PeglFN with or without RBV). The follow-up
duration of each study was categorized as long-term
(=5 years) or short-term (<5 years).

Statistics

Comprehensive Meta-Analysis software (version 3, Bio-
stat; Borenstein M, Hedges L, Higgins ] and Rothstein
H. Englewood, NJ, USA) was used for this meta-analysis.
We calculated the ORs with 95% confidence intervals
(CIs) using 2x2 tables from the original articles to
evaluate the efficacy of antiviral treatment between the
treatment and control groups, or the SVR and no SVR
groups whenever possible. Heterogeneity was deter-
mined using the I° test developed by Higgins, which
measures the percentage of total variation across studies
[8]. I? was calculated as follows: I? (%) = 100 x (Q-df)/Q,
where Q is Cochrane’s heterogeneity statistic and df sig-
nifies the degree of freedom. Negative values for I° were
set to zero, and an I° value over 50% was considered to
be of substantial heterogeneity (range: 0-100%) [9].
Pooled-effect sizes with 95% Cls were calculated using a
random effects model and the method of DerSimonian
and Laird due to methodological heterogeneity [10].
These results were confirmed by the I test. Significance
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was set at p = 0.05. Publication bias was evaluated using
Begg’s funnel plot, Egger’s test of the intercept, Begg and
Mazumdar’s rank correlation test, and Duval and
Tweedie’s trim and fill method [11-15].

Results

Identification of relevant studies

Figure 1 presents a flow diagram of how relevant studies
were identified. In total, 36,421 articles were identified
by a search of 3 databases. In all, 7451 duplicate studies
and an additional 28,481 studies were excluded during
the initial screening through a review of the titles and
abstracts. The full texts of the remaining 489 studies
were then thoroughly reviewed. Among these studies,
431 articles were excluded from the final analysis. The
reasons for study exclusion during the final review were as
follows: review article (n=12), incomplete data (n=7),
not meeting the inclusion criteria (n =409), or abstract
only study (# =3). The remaining 58 studies [4 random-
ized controlled studies (RCTs), 15 prospective cohort, and
40 retrospective cohort studies] were included in the final
analysis.

Characteristics of included studies

In each study topic, about 13-35 studies were enrolled.
In terms of the study format, RCTs, prospective and
retrospective cohort studies were mixed. The number of
Western population-based studies and the number of
Asian population-based studies were evenly distributed.
The age of enrolled patients ranged from 37 to 64 years
(median). The follow-up duration ranged from
32 months (mean) to 11.5 years (median). Most of the
studies used IFN-based regimens with or without RBV
in topic 1, 2 and 3. However, a PeglFN-based regimen
and IFN-based regimens were evenly distributed in topic
4, 5, and 6. Underlying histology of liver was variable,
but some studies exclusively assessing liver cirrhosis pa-
tients were included. The detailed characteristics of the
included studies are described in Tables 2, 3, 4, 5, and 6.

Methodological quality

The methodological quality of cohort study is described
in the Table 3, 4, 5 and 6. This feature was evaluated as
modifiers in each analysis. The methodological quality of
RCT is described in Additional file 1: Appendix 1. Given
the similar methodological quality among RCTs, sensi-
tivity analysis or subgroup analyses based on the meth-
odological quality in RCTs were not performed.

Efficacy of antiviral treatment on the development of HCC
in chronic hepatitis C patients

The overall efficacy of antiviral treatment on the develop-
ment of HCC exhibited an OR of 0.392 (95% CI: 0.275—
0.557, p <0.001) in a random effect model analysis (Fig. 2).
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Records identified through
database searching (n = 36421)
-Pubmed (n = 8286)

-Cochrane library (n = 1820)
-Embase (n = 26315)

(n=0)

Additional records identified
through hand searching

l }

‘ Records after duplicates removed (n = 28970) ‘

l

’ Records screened (n = 28970)

v

I Records excluded (n = 28481)

Full-text articles assessed for eligibility (n = 489) ‘

Full-text articles excluded, with reasons

v

(n=430)

| Studies included in qualitative synthesis (n = 59) |

-Review article including meta-analysis (n = 12)
-Incomplete data (n = 7)

}

-Not meeting the inclusion criteria (n = 408)
-Abstract only study (n = 3)

Studies included in quantitative synthesis
(meta-analysis) (n = 59)

Fig. 1 Flow diagram for identification of relevant studies
A

The funnel plot showed asymmetry on the right lower
quadrant area (Additional file 1: Appendix Figure S2).
However, the Egger’s test revealed an intercept of -2.131
(95% CI: -4.81-0.54, t-value: 1.64, df: 23, p=0.11 (2-
tailed)). The rank correlation test also showed a Kendall’s
tau of -0.19 with a continuity correction (p =0.17). The
trim and fill method indicated that no study was trimmed.
Overall, there was no evidence of publication bias.

A cumulative meta-analysis of enrolled studies based
on publication year showed no specific time trend
(Additional file 1: Appendix 3). A cumulative meta-
analysis based on effect size showed no small study bias
(Additional file 1: Appendix 4). One study removed
meta-analysis revealed a stable feature (Additional file 1:
Appendix 5). Overall, the sensitivity meta-analyses re-
vealed robust results.

Methodological quality of Newcastle-Ottawa scale po-
tentially explained heterogeneity in meta-ANOVA tests
(p=0.027) (Additional file 1: Appendix 6). A meta-
regression revealed a Newcastle-Ottawa scale score of 8
for the reason of heterogeneity (p =0.027) (Additional
file 2: Table S1). After excluding 10 studies (Newcastle-
Ottawa scale 8), no covariates explained heterogeneity in
meta-regression tests. Therefore, methodological quality
was the reason of heterogeneity in this analysis.

Efficacy of antiviral treatment on All-cause mortality in
patients with chronic hepatitis C

The overall efficacy of antiviral treatment on all-cause
mortality revealed an OR of 0.380 (95% CI: 0.295-0.489,
p <0.001) in a random effect model analysis (Fig. 3). The
funnel plot showed asymmetry on the right lower quad-
rant area (Additional file 1: Appendix 7). However, the
Egger’s test revealed an intercept of 0.266 (95% CI:
-2.010-2.542, t-value: 0.25, df: 15, p=0.81 (2-tailed)).
The rank correlation test also showed a Kendall’s tau of

0.04 with a continuity correction (p =0.84). The trim
and fill method indicated that 1 study was trimmed.
After excluding the study by Testino et al. [16] located
on the left lower quadrant in funnel plot, the OR was
0.385 (95% CI: 0.298-0.496, p <0.001). Overall, the im-
pact of bias was minimal.

A cumulative meta-analysis of enrolled studies based on
publication year showed no specific time trend (Additional
file 1: Appendix 8). A cumulative meta-analysis based on ef-
fect size showed no small study bias (Additional file 1:
Appendix 9). One study removed meta-analysis revealed a
stable feature (Additional file 1: Appendix 10). Overall, the
sensitivity meta-analyses revealed robust results.

Meta-ANOVA or meta-regression showed no specific
modifier for the reason of heterogeneity (Additional file 1:
Appendix 11) (Additional file 2: Table S2). Overall, no co-
variates were found to be explaining heterogeneity in this
meta-analysis.

Efficacy of antiviral treatment on liver-specific mortality in
chronic hepatitis C patients

The overall efficacy of antiviral treatment on liver-
specific mortality exhibited an OR of 0.363 (95% CIL:
0.260-0.508, p <0.001) in a random effect model analysis
(Additional file 1: Appendix 12). The funnel plot showed
symmetry (Additional file 1: Appendix 13). However, the
Egger’s test revealed that intercept was 3.06 (95% CI:
0.295-5.831, t-value: 2.43, df: 11, p=0.03 (2-tailed)).
The rank correlation test showed a Kendall’s tau of 0.28
with a continuity correction (p = 0.20). The trim and fill
method indicated that no study was trimmed. After
excluding an outlier (study by Kasahara A et al. [17]) lo-
cated on the left upper quadrant area in funnel plot, the
OR was 0.398 (95% CI: 0.314-0.504, p <0.001). Overall,
the impact of bias was minimal.
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Statistics for each study

limit Z-Value p-Value

Odds ratio and 95% CI

2452 0.014 +——
2296 0.022 —l—
2703 0.007 —i—
2457 0014 —1
-3.176  0.001 ——
-2.961  0.003 -
2393 0.017 -
-7.210  0.000 L 3
-8.534  0.000 —H-
-0.943 0346 —
-3.534  0.000 -
2726  0.006 ——
-4.244  0.000 —t—
0513 0.608 ——
-0.916  0.360 —l—
-3.283  0.001 ——
2589 0.010 —
-3.653  0.000 E =
-7.147  0.000 -
1075 0282 ——
3260 0.001 £
-2730  0.006 -
0974 0330 —+m—
-3.390  0.001 ——
0641 0522
-5.209  0.000 -r-
0.01 0.1 1 10 100

Favours treatment Favours control

Study name

Odds Lower Upper

ratio  limit
Mazella G et al (1996) 0.245 0.080 0.754
Bruno S et al (1997) 0.312 0115 0.843
Fattovich G et al (1997) 0.282 0113 0.706
Serfaty L et al (1998) 0136 0.028 0.668
Benvegnu L et al (1998) 0.161 0.052 0.496
International Interferon-a Hepatocellular Carcinoma Study Group (1998) 0.438 0.253 0.756
Imai Y etal (1998) 0471 0254 0873
Yoshida H et al (1999) 0281 0199 0.397
Okanoue T et al (1999) 0.071 0.039 0131
VallaDC etal (1999) 0.569 0.176 1.838
lkeda K et al (2001) 0.452 0291 0.702
Gramenzi A et al (2001) 0.254 0095 0.680
Nishiguchi S et al (2001) 0.132 0052 0.337
Testino G et al (2002) 0.816 0375 1.776
Coverdale SA et al (2004) 0.664 0277 1594
Azzaroli F et al (2004) 0.068 0.014 0.338
Shiratori Y et al (2005) 0501 0296 0.845
Yu ML et al (2006) 0477 0321 0710
Sinn DH et al (2008) 0127 0072 0.223
Di Martino V et al (2011) 1.841 0.605 5.603
Tateyama M et al (2011) 1799 1.264 2561
Maruoka D et al (2012) 0538 0.345 0.840
Cozen ML et al (2013) 1569 0.634 3.885
Aleman S etal (2013) 0.287 0.139 0.590
Cozen ML et al (2016) 1132 0775 1654

0392 0275 0557
Heterogeneity: X2 = 182.934, df = 24 (P <0.001); P = 86.881%
Test for overall effect: Z=-5.209 (P <0.001)

Fig. 2 Efficacy of antiviral treatment on the development of HCC in patients with CHC. The size of each square is proportional to the study's weight.
Diamond is the summary estimate from the pooled studies (random effect model). HCC, hepatocellular carcinoma; CHC, chronic hepatitis C

A cumulative meta-analysis of enrolled studies based on
publication year showed no specific time trend (Additional
file 1: Appendix 14). A cumulative meta-analysis based on
effect size showed no small study bias (Additional file 1:
Appendix 15). One study removed meta-analysis revealed a
stable feature (Additional file 1: Appendix 16). Overall, the
sensitivity meta-analyses showed robust results.

A meta-ANOVA indicated that follow-up duration (p =
0.036) and methodological quality (p = 0.029) were suspi-
cious for the reason of heterogeneity (Additional file 1:
Appendix 17). A meta-regression indicated that follow-up
duration (p = 0.036) and Newcastle-Ottawa scale score of 8
(p=0.029) explained the heterogeneity (Additional file 2:
Table S3). After excluding 2 studies (short-term follow-up
duration), no covariates explained heterogeneity in meta-
regression tests. After excluding 7 studies (Newcastle-
Ottawa scale 8), no covariates explained heterogeneity in
meta-regression tests. Therefore, follow-up duration and
methodological quality were the reasons of heterogeneity
in this analysis.

Efficacy of SVR on the development of HCC in patients
with chronic hepatitis C

The overall efficacy of SVR on the development of HCC
exhibited an OR of 0.203 (95% CI: 0.164-0.251, p <0.001)

in a random effect model analysis (Fig. 4). The funnel plot
showed symmetry (Additional file 1: Appendix 18). The
Egger’s test showed that intercept was 0.56 (95% CL
-0.099-1.217, t-value: 1.73, df: 33, p = 0.09 (2-tailed)). The
rank correlation test showed a Kendall’s tau of —0.17 with
a continuity correction (p=0.16). The trim and fill
method indicated that no study was trimmed. Overall,
there was no evidence of publication bias.

A cumulative meta-analysis of enrolled studies based on
publication year showed no specific time trend (Additional
file 1: Appendix 19). A cumulative meta-analysis based on
effect size showed no small study bias (Additional file 1:
Appendix 20). One study removed meta-analysis showed a
stable feature (Additional file 1: Appendix 21). Overall, the
sensitivity meta-analyses revealed robust results.

Meta-ANOVA or meta-regression identified no spe-
cific modifier for the reason of heterogeneity (Additional
file 1: Appendix 22) (Additional file 2: Table S4). Overall,
no covariates explained heterogeneity.

Efficacy of SVR on all-cause mortality in patients with
chronic hepatitis C

The overall efficacy of SVR on all-cause mortality re-
vealed an OR of 0.255 (95% CIL: 0.199-0.326, p < 0.001)
in a random effect model analysis (Fig. 5). The funnel
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Study name Statistics for each study

Odds Lower Upper

ratio limit limit Z-Value
Ikeda K et al (2001) 0.255 0.153 0.424 -5.257
Gramenzi A et al (2001) 0.754 0.265 2.147 -0.529
Nishiguchi S et al (2001) 0.091 0.030 0.275 -4.257
Testino G et al (2002) 0.138 0.017 1.124 -1.851
Yoshida H et al (2002) 0.337 0.214 0.532 -4 679
Imazeki F et al (2003) 0.608 0.316 1.169 -1.491
Coverdale SA et al (2004) 0.509 0.250 1.034 -1.868
Kasahara A et al (2004) 0.153 0.106 0.219 -10.134
Shiratori Y et al (2005) 0.415 0.232 0.743 -2.961
Yu ML et al (2006) 0.704 0.331 1.500 -0.909
Di Martino V et al (2011) 0.447 0.198 1.010 -1.936
Yamasaki K et al (2012) 0.238 0.143 0.398 -5.492
Maruoka D et al (2012) 0.493 0.317 0.765 -3.156
Cozen ML et al (2013) 0.783 0.470 1.305 -0.937
Aleman S et al (2013) 0.403 0.210 0.772 -2.741
Kutala BK et al (2015) 0.444 0.238 0.829 -2.548
Cozen ML et al (2016) 0.408 0.324 0.513 -7.668

0.380 0.295 0.489 -7.532

Odds ratio and 95% CI

p-Value

0.000
0.597
0.000
0.064
0.000
0.136
0.062
0.000
0.003
0.363
0.053
0.000
0.002
0.349
0.006
0.011
0.000
0.000

¢+'++*'+l"'

’.++***+

0.01 0.1

-

10 100

Favors treatment Favors control

Heterogeneity: X2=53.796, df = 16 (P <0.001); 2 = 70.258%
Test for overall effect: Z=-7.532 (P <0.001)

Fig. 3 Efficacy of antiviral treatment on all-cause mortality in patients with CHC. The size of each square is proportional to the study's weight.
Diamond is the summary estimate from the pooled studies (random effect model). CHC, chronic hepatitis C

plot showed asymmetry on the right lower quadrant
area (Additional file 1: Appendix 23). The Egger’s test
showed that the intercept was -1.44 (95% CIL
-1.921- -0.949, t-value: 6.16, df: 20, p <0.001 (2-
tailed)). The rank correlation test showed a Kendall’s
tau of -0.23 with a continuity correction (p=0.14).
The trim and fill method indicated 11 studies were
trimmed. Overall, there was evidence of publication bias.

A cumulative meta-analysis of enrolled studies based on
publication year showed no specific time trend (Additional
file 1: Appendix 24). A cumulative meta-analysis based on
effect size showed no small study bias (Additional
file 1: Appendix 25). One study removed meta-
analysis revealed a stable feature (Additional file 1:
Appendix 26). Overall, the sensitivity meta-analyses
showed robust results.

Meta-ANOVA indicated that methodological quality
potentially explained heterogeneity (p = 0.030) (Additional
file 1: Appendix 27). Meta-regression revealed a
Newcastle-Ottawa scale score of 8 for the reason of het-
erogeneity (Additional file 2: Table S5). After excluding 16
studies (Newcastle-Ottawa scale 8), no covariates ex-
plained heterogeneity in meta-regression tests. Therefore,
methodological quality was the reasons of heterogeneity
in this analysis.

Efficacy of SVR on liver-specific mortality in chronic
hepatitis C patients

The overall efficacy of SVR on liver-specific mortality ex-
hibited an OR of 0.126 (95% CI: 0.094—0.169, p < 0.001) in
a random effect model analysis (Additional file 1: Appen-
dix 28). The funnel plot showed asymmetry on the right
lower quadrant area (Additional file 1: Appendix 29). The
Egger’s test indicated that intercept was -0.77 (95% CIL
-1.473 — -0.057, t-value: 2.25, df: 21, p = 0.036 (2-tailed)).
The rank correlation test revealed a Kendall’s tau of —0.19
with a continuity correction (p =0.20). The trim and fill
method showed 6 studies were trimmed. Overall, there
was evidence of publication bias.

A cumulative meta-analysis of enrolled studies based on
publication year showed no specific time trend
(Additional file 1: Appendix 30). A cumulative meta-
analysis based on effect size showed no small study
bias (Additional file 1: Appendix 31). One study re-
moved meta-analysis revealed a stable feature
(Additional file 1: Appendix 32). Overall, the sensitiv-
ity meta-analyses showed robust results.

Meta-ANOVA or meta-regression revealed no specific
modifier for the reason of heterogeneity (Additional file
1: Appendix 33) (Additional file 2: Table S6). Overall,
no covariates explained heterogeneity.
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Study name Statistics for each study

Odds Lower Upper
ratio limit limit Z-Value p-Value

Nishiguchi S et al (1885) 0.972 0.04222.407 -0.017 0.987
Tansks K et al (1998) 0.210 0.011 2347 -1.042 0297
Yoshida H et al (1939) 0.242 0.128 0.482 -4.108 0.000
Testine G et al (2002) 0.875 0.197 2.880 -0.1768 0.861
OCkancue T et al (2002) 0.07¢ 0028 0.208 -5024 0.000
Coverdale SA et al (2004) 0.252 0.022 1.204 -1.328 0.182
Shiratori Y et al (2005) 0.281 0.187 0.774 -2667 0.008

Yu ML et al (2008) 0.133 0068 0257 -5982 0.000
Pradst P et al (2007) 0.078 0005 1.209 -1.772 0.076
Braks RE et al (2007) 0.080 0008 0485 -2822 0.007
Bruno S et al (2007) 0.212 0.142 0686 -2.8%8 0.004
Hasegaws E et al (2007) 0.171 0.046 0622 -2657 0.008
Veldt BJ et al (2007) 0.206 0.082 0.882 -2582 0.010
Floreani A et al (2008) 0.075 0.004 1.410 -1.720 0.084
Sinn DH et al (2008) 0.252 0.078 0.815 -2.200 0.021
Kurckawa M et al (2009) 0.242 0.115 1.012 -1.825 0.054
Asshins Y et 51 (2010) 0.268 0.170 0.424 -5624 0.000
Kawamura Y et al (2010) 0.169 0.020 0.215 -5.581 0.000
Cardoso AC et sl (2010) 0.254 0.104 0.620 -2.008 0.002
Morgan TR et al (2010) 0.155 0.037 0.855 -2.526 0.011
Di Martino V et al (2011) 0.252 0.021 2.084 -1.284 0.192
Velosa J et al {2011) 0.093 0012 0723 -2270 0.023
|lscobellis Aetsl (2011) 0357 0.291 2145 -0.072 0.942
Hung CH et al (2011) 0.229 0.152 0.375 -8.250 0.000
Takshashi H et al (2011) 0.097 0.012 0.758 -2.224 0.028
Badkus LI et al (2011) 0.126 0.105 0.152 -21.774 0.000
Tateyama M et sl (2011) 0.085 0.029 0.212 -3.872 0.000
Osaki Y et al (2012) 0.042 0008 0.224 -2.058 0.002
van der Meer Al et al (2012).257 0.115 0.572 -2.321 0.001
Msrucks D =t sl (2012) 0.080 0022 0.201 -5372 0.000
Cozen ML et al (2013) 0262 0058 1.286 -1.845 0.100
Alfaleh FZ et al (2013) 0.162 0.009 3075 -1.211 0.226
Aleman S et al (2013) 0.271 0.148 0.221 -2.112 0.025
Di Marco V et al (2016) 0.184 0082 0.410 -4.128 0.000
lkezaki H et al (2018) 0.180 0022 03811 -2213 0027

0.202 0.184 0.251 -14752 0.000

Odds ratio and 85% CI

——
—_—
—_—
L
—_—
——
L
—_—
RN S —
R —
i —
[RS——
——
+——
| ——

0.01

1 10 100

Favours SVR Favours no SVR

Test for overall effect: Z=-14.759 (P <0.001)

chronic hepatitis C
A\

Heterogeneity: X2= 56.031, df = 34 (P = 0.010); 2 = 39.319%

Fig. 4 Efficacy of SVR on the development of HCC in patients with CHC. The size of each square is proportional to the study's weight. Diamond
is the summary estimate from the pooled studies (random effect model). SVR, sustained virologic response; HCC, hepatocellular carcinoma; CHC,

The results of meta-regression analyses for each topic
are summarized in Table 7.

Discussion

This meta-analyses confirmed the long-term efficacy of
antiviral treatment in terms of prevention of HCC and
reduction in all-cause and liver-specific mortality in pa-
tients with chronic HCV infection. This long-term effi-
cacy was also intensified when SVR was achieved.
Clinical outcomes regarding the efficacy of antiviral ther-
apy in CHC patients have been continuously investigated
by previous studies with a small number of patients or
short-term follow-up duration. The reasons for perform-
ing this meta-analysis were a persistent risk of HCC
even after attainment of SVR and a lack of sufficient
data regarding long-term efficacy [18]. Persistent low-
level of viremia and dysplastic hepatocyte regeneration
are representative grounds for persistent risk of HCC
after antiviral treatment [19, 20]. Interestingly, a recent
meta-analysis revealed that IFN nonresponders exhibited

a decreased risk of HCC recurrence after curative treat-
ment of HCC, compared with no treatment patients,
thus indicating that reduced necroinflammation and an
inhibition of hepatic fibrosis progression prevent the de-
velopment of HCC [21]. This results is consistent with
that of our study and emphasized the importance of
screening strategy of chronic hepatitis C.

Early antiviral treatment before progression to ad-
vanced fibrosis or cirrhosis is associated with an increas-
ing probability of achieving SVR [22]. However, an
indolent course of chronic hepatitis C makes it difficult
for early diagnosis and treatment. Authors have revealed
that favorable antiviral efficacy persists in all patients
with chronic hepatitis C, regardless of histology. This re-
sult was also confirmed by a previous study indicating
favorable antiviral efficacy even in patients with LC [18].
Considering the advanced fibrosis or cirrhosis is the se-
quelae of long-standing inflammation of liver, our study
confirmed antiviral treatment is still valid in the late
course of chronic hepatitis C. Although histology was
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Study name Statistics for each study QOdds ratio and 95% CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Yoshida H et al (2002) 0276 0.124 0612 -3.169 0.002 —T
Okanoue T et al (2002) 0.095 0023 0.393 -3249 0.001
Imazeki F et al (2003) 0259 0089 0754 -2477 0.013 -
Kasahara A et al (2004) 0187 0086 0405 -4253 0.000 —a———
Shiratori Y et al (2005) 0.059 0008 0436 -2772 0.006
Yu ML et al (2006) 0155 0.050 0483 -3211 0.001 |—=
Arase Y et al (2007) 0493 0234 1040 -1857 0.063 —_—
Braks RE et al (2007) 0.037 0002 0626 -2283 0.022
Bruno S et al (2007) 0288 0.124 0669 -2.893 0.004 &
Veldt BJ et al (2007) 0186 0043 0799 -2262 0.024 —
Innes HA et al (2011) 0184 0101 0335 -5531  0.000 j—_
Di Martino V et al (2011) 0.103 0006 1.801 -1.557 0.120
Backus LI et al (2011) 0422 0380 0468 -16.123  0.000 ll
Yamasaki K et al (2012) 0571 0235 1388 -1236 0217 |—
van der Meer AJ et al (2012)0.354 0191 0656 -3.298  0.001 ———
Maruoka D et al (2012) 0.181 0.091 0358 -4904 0.000 f———
Cozen ML et al (2013) 0248 0095 0644 -2862 0.004 -
Alfaleh FZ et al (2013) 0.082 0005 1453 -1705 0.088
Aleman S et al (2013) 0336 0166 0678 -3.043 0.002 ———
Singal AG et al (2013) 0.071 0017 0.302 -3.581 0.000
Dieperink E et al (2014) 0269 0.158 0459 -4.817 0.000 T
Kutala BK et al (2015) 0213 0063 0721 -2488 0013
0255 0199 0326 -10.832  0.000 L g
01 02 05 1 2 5 10
Favors SVR Favors no SVR
Heterogeneity: X2= 43.249, df = 21 (P = 0.003); P = 51.444%
Test for overall effect: Z=-10.832 (P <0.001)
Fig. 5 Efficacy of SVR on all-cause mortality in patients with CHC. The size of each square is proportional to the study’s weight. Diamond is the
summary estimate from the pooled studies (random effect model). SVR, sustained virologic response; CHC, chronic hepatitis C

not a significant modifier in our meta-analysis, all of the
included studies have substantially heterogeneous popu-
lations regarding the degree of fibrosis or cirrhosis of the
liver. This finding was commonly detected in a previous
meta-analysis [18]. However, considering the expanding
treatment indication, including decompensated LC by
the advent of direct-acting antiviral agents, histology is
not expected to affect the long-term efficacy of antiviral
treatment in the near future.

Despite the favorable efficacy of antiviral treatment, 2
modifiers associated with heterogeneity were identified in
the meta-ANOVA and meta-regression analyses. Studies
with Newcastle-Ottawa scale of 8 were modifier in the
analysis of association between antiviral treatment and the
development of HCC (Additional file 2: Table S1), in the
analysis of association between antiviral treatment and the

Table 7 Results of meta-regression analyses

liver-specific mortality (Additional file 2: Table S3), and in
the analysis of association between SVR and all-cause
mortality (Additional file 2: Table S5). Studies with a
short-term follow-up duration were also modifier in the
analysis of association between antiviral treatment and
liver-specific mortality (Additional file 2: Table S3). Al-
though these modifiers were confirmed as not significantly
affecting the results of main analyses, this finding indi-
cated the need for more number of high-quality and long-
term follow-up studies on this topic.

Publication bias was detected in 2 topics (topic 5 and
6). Sensitivity analyses including cumulative and one
study removed meta-analyses were rigorously performed
to find the small study effect associated with publication
bias, and these analyses showed no small study effect.
Overall, the impact of publication bias was minimal.

Modifier Coefficient Standard error P value
NOS (topic 1) NOS 8:1.203 0.565 0.033

NOS 7: 0.501 0.561 0.372

Q: 7.24,df: 2, P=0.027

Follow-up duration (topic 3) 1.140 0.542 0.036
NOS (topic 3) NOS 8: —0.659 0.302 0.029
NOS (topic 5) NOS 8: —0.540 0.209 0.010

NOS 7: —0.544 0.322 0.091

Q:7.03,df: 2, P=0.030

NOS Newcastle-Ottawa scale
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This meta-analysis included the largest number of arti-
cles identified by a comprehensive literature search, and
potential confounding modifiers were searched within
each study whenever possible. Sensitivity analyses and
meta-regression tests were performed to demonstrate ro-
bustness or identify the reason of heterogeneity. Despite
the strengths, several limitations were detected during the
systematic review. First, pretreatment predictive factors
associated with the treatment response were not con-
trolled or evaluated in these analyses, including pretreat-
ment viral load, genotype, IL-28f polymorphism, and
HBV or HIV coinfection. Direct-acting antiviral agents are
expected to overcome these factors. Therefore, results of
studies including these agents are expected in the near fu-
ture. Second, the baseline characteristics of each enrolled
study were not comparable between the treatment vs. no
treatment groups, or the SVR vs. no SVR groups in some
studies. This phenomenon was reflected in the evaluation
of methodological quality and was confirmed to be a sig-
nificant modifier associated with heterogeneity. Notably,
difference by race or country including life style (obesity,
consumption of alcohol or aflatoxin-contaminated foods,
and chemical carcinogens exposure) was not appropriately
investigated in our study. Considering the HCC is a
heterogenous malignancy resulting from diverse causes of
liver injury, different mechanisms or molecular pathways
on the basis of country could be a cause of different treat-
ment response. However, due to the heterogenous base-
line characteristics including genotype and lacking of
enough data about risk factors of HCC, the subgroup ana-
lyses by country could not present meaningful data. The
limitations described above could be a cause of potential
heterogeneity and bias. Therefore, studies controlling for
various risk factors are needed to confirm these findings.

Conclusion

In conclusion, antiviral treatment for chronic hepatitis C
showed improved outcome in the development of HCC
and mortality, especially when SVR is achieved, although
studies controlling for various risk factors of HCC and
mortality are still lacking.

Additional files

Additional file 1: Contains 33 figures including assessment of
methodological quality, funnel plots for publication bias, sensitivity
analyses, and Meta-ANOVA. (DOC 24248 kb)

Additional file 2: Contains 6 tables including detailed meta-regression
data of 6 study topics of this study. (DOC 79 kb)
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studies; SVR: Sustained virologic response
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