Int J Clin Exp Med 2016;9(2):1675-1683
www.ijcem.com /ISSN:1940-5901/1JCEM0017720

Original Article

Effect of interferon therapy on outcomes after
hepatic resection for hepatitis C virus-related
hepatocellular carcinoma: a meta-analysis

Yan-Jun Zhang?, Yi-Ting Liu?, Xiao-Song Yu?

1Department of Physical Examination Center, The First Affiliated Hospital, China Medical University, Shenyang
110001, Liaoning, China; ?2Department of General Practice, The First Affiliated Hospital, China Medical University,
Shenyang 110001, Liaoning, China

Received October 12, 2015; Accepted January 27, 2016; Epub February 15, 2016; Published February 29, 2016

Abstract: Aim: To investigate the efficacy and safety of Interferon (IFN) therapy for hepatitis C virus (HCV)-related
hepatocellular carcinoma (HCC) after hepatic resection. Methods: A literature search of Pubmed, Embase and
Cochrane Collaboration’s database, were searched to identify eligible studies until July 2015. Randomized con-
trolled trials (RCTs) and non-randomized controlled trials (NRCTs) were collected, if they evaluated the outcomes
of IFN therapy after resection for HCV-related HCC. Major outcomes include early recurrence, overall mortality and
1-, 2-, 3-, 5-survival rates. A meta-analysis was conducted using risk ratio (RRs) and 95% confidence interval (95%
Cls) as the effect sizes. Results: Overall, 658 papers were initially retrieved, of which 6 RCTs or NRCTs were in-
cluded. They included a total of 959 subjects. Compared to patients without IFN therapy, the recurrence rates
of HCC-related HCV in patients with IFN therapy were not significantly different [RR=0.94; 95% CI=0.71 to 1.24,
P=0.66]. The overall mortality were significantly lower in patients with IFN therapy than in those without IFN therapy
[RR=0.64; 95% CI=0.51 to 0.80; P=0.0001]. The 1- and 2-year survival rates were statistically similar between
patients with and without IFN therapy after resection for HCV-related HCC [three trials, RR=1.01, 95% CI=0.92 to
1.09, P=0.90; three trials, RR=0.97, 95% CI=0.86 to 1.10, P=0.65]. By contrast, the 3- and 5-year survival rates
were significantly higher in patients with IFN therapy than in those without IFN therapy [six trials, RR=1.09, 95%
CI=1.00 to 1.18, P=0.04; six trials, RR=1.37, 95% Cl=1.24 to 1.51, P<0.00001]. Conclusion: Adjuvant IFN therapy
may significantly reduce the mortality of patients with HCV-related HCC and improve the 3- and 5- survival rates (>2
years) of patients after resection treatment.
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Introduction

Hepatocellular carcinoma (HCC) is the most
common primary cancer of the liver, which
ranks the sixth among the malignant tumors in
incidence [1]. The global incidence of HCC has
continuously increased, with Asian countries
accounting for almost 80% of victims worldwide
[2, 3]. Chronic hepatitis B virus (HBV) and hepa-
titis C virus (HCV) infections are the leading
causes of HCC.

Current strategies for treating HCC include liver
transplantation, liver resection and local abla-
tive therapy [4]. Among these, liver resection is
a potentially curative treatment option for HCC
patients with preserved liver function [5]. With

the advances in surgical techniques and peri-
operative management, the short-term out-
come of surgery has dramatically improved
over the last decade. However, the long-term
outcome remains guarded because of the fre-
quent locoregional tumor recurrence and con-
comitant hepatic decompensation [6].

Interferons (IFNs) are common antiviral drugs
which not only have the property of suppressing
the replication of HCV, but also possessing a
variety of biological properties, including antivi-
ral, immunomodulatory, antiproliferative, and
antiangiogenic effects [7, 8]. IFNs might pre-
vent from the tumor recurrence and improve
the survival of HCV-related HCC. However, sev-
eral clinical trials on the influence of IFNs in the
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Figure 1. Flowchart of study selection.

management of HCC are still unclear.
Additionally, a few meta-analyses have been
conducted to evaluate the efficacy and safety
of IFN therapy in patients with HCC. However,
they were limited by selection bias of study pop-
ulation and treatment method and significant
heterogeneity among studies [9-12].

The aim of our study was to confirm the poten-
tial effect of IFN therapy on HCV-related HCC
after surgical resection by using currently avail-
able randomized controlled trials (RCTs) and
non-randomized controlled trials (NRCTSs).

Materials and methods
Selection of studies

A computerized literature search was conduct-
ed on the following databases up to June 19,
2015: Pubmed, Embase, Collaboration’s data-
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Excluded papers (n=306)

Cohort studies @=16)

Excluded papers (n=204)

No IFN control group (a=57)

———  IFN used for HCC prevention (n=106) g
No data regarding resection alone (n=20) f

base. The free text used for
search purposes was ‘hepatic
resection OR liver resection
OR surgery OR hepatectomy’
AND ‘interferon’ AND ‘hepati-
tis C virus OR HCV’ AND ‘hepa-
tocellular carcinoma OR liver
cancer’. The search was done
: without any restriction on lan-
: guage or publication year, and
i was conducted on human
E subject. All searched litera-
i tures were retrieved, and their
i references were checked as
: well for other relevant publica-
tions. Review papers were
also searched to find addition-
al eligible studies. For papers
with overlapping data or on
the same population, only the
most recent or the ones with
the largest group of subject
data-set were included in this
analysis. To identify potential-
ly eligible articles, the title
and abstract of each one
identified by the literature
search were assessed.

The following inclusion criteria

were used for the paper selec-

tion: (1) the study design

should be RCT or NRCT; (2)

the participants should have
primary HCC associated with HCV; (3) all eligi-
ble patients received IFN therapy after hepatic
resection regardless of previous IFN treatment;
(4) early recurrence rate, mortality and 1-, 2-,
3-, B5-survival rate and/or side effects were
compared between patients with and without
IFN therapy. Accordingly, the major reasons for
exclusion were also used: (1) letters, reviews
and duplicated literatures; (2) HBV-related HCC;
(3) rather than surgery; (4) studies with no clear
outcomes of recurrence, mortality and cumula-
tive probability of survival.

Data extraction

From each of the eligible papers, the following
data were extracted: publication data (first
author, publication year, and country of popula-
tion studied), design type, patients characteris-
tics (patients number, mean age and sex ratio),
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Table 1. Characteristics of included studies

Mean  Sexratio  Tumor Tumor Follow up
Study Years Country Design Treatment Patients age (male/ size number (median,
(years) female) (cm) (multiple) mo)
Kubo S et al. 2002 Japan RCT IFN 15 61.9 15/0 2.5 0 60.0
Control 15 60.0 15/0 2.6 0
Mazzaferro Vetal. 2006 Italy RCT IFN 42 65.0 35/7 3.5 8 45.0
Control 38 67.0 26/12 3.0 9
Uenishi T et al. 2006 Japan NRCT IFN 50 62.0 43/7 2.2 10 70.0
Control 262 65.0 214/48 3.0 81
lkeda K et al. 2010 Japan NRCT IFN 77 63.0 63/14 1.8 14 55.2
Control 302 66.0 66/236 1.8 42
Chen LT et al. 2012 China RCT IFN 133 50.0 108/25 3.5 30 63.8
(Taiwan) Control 135 49.0 112/23 3.0 20
Tanimoto Y et al. 2012 Japan NRCT IFN 43 65.0 27/16 NA 37 84.0
Control 76 71.0 47/29 NA 14
tumor characteristics (tumor number, tumor present meta-analysis after reading the

size), therapy protocols (IFN type, median fol-
low-up time).

Study quality assessment and level of evi-
dence

The methodological qualities of the included tri-
als were assessed independently by two inves-
tigators (Liu YT and Zhang YJ) in accordance
with the Cochrane Collaboration’s tool for
assessing risk of bias [13].

Statistical analysis

Data were processed in accordance with the
Cochrane Handbook. Intervention effects were
expressed as risk ratios (RRs) with correspond-
ing 95% confidence intervals (95% Cls). Z-test
determined the significance of the pooled RRs
and P<0.05 was considered as statistically sig-
nificant. The random or fixed effects model was
used for significantly heterogeneous or insigni-
ficantly heterogeneous data, respectively, as
appropriate. Heterogeneity among studies was
examined by chi-square test and I test (P>50%
and/or P<0.1, significant heterogeneity; I’<50%
insignificant heterogeneity) [14]. Subgroup
analyses were used to examine the influence of
various sources of patients and different study
types. All the statistical analyses were per-
formed using Review Manager 5.3 software
(Cochrane collaboration, Oxford, UK).

Results
Search results and study characteristics

A total of 658 papers were initially searched,
among which, six articles were selected for the
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abstracts and full texts. The detailed steps of
the literature search are shown in Figure 1.

In total, three RCTs [15, 16, 19] and three
NRCTs [17, 18, 20] were eligible for this study.
Sample sizes ranged from 30 to 379. The lon-
gest follow-up time was 45.0 months and the
shortest follow-up time was 84.0 months. The
characteristics of all included studies were list-
ed in Table 1.

Risk of bias

All studies reported baseline circumstances of
cases and showed a good comparability. Risk
of bias evaluation was mainly from the following
categories: selection bias, performance bias,
detection bias, attrition bias, reporting bias and
other bias. The judgments about each risk of
bias items for each included study are shown in
Figure 2.

Recurrence rates for hepatocellular carcinoma

Six studies including 959 cases [15-20] com-
pared the IFN group and the control group with
regard to the recurrence rates of HCV-related
HCC. The results was P=0.002 (<0.1), P=73%,
which indicated that there was a significant het-
erogeneity among studies. Therefore, we used
a random-effect model. The results (RR=0.94;
95% CI=0.71 to 1.24, P=0.66) indicated that
there was no difference between the IFN group
after hepatic resection and the control group.
The subgroup analysis suggested no significant
associations in Japanese or in non-Japanese
(Figure 3).
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Cl=0.53 to 01.21; P=0.29 for
non-Japanese) revealed that
there was a significant differ-
ence between the IFN group
and the control group for de-
ath rate of HCV-related HCC in
Japanese. In the non-Japa-
nese, there was no significant
correlation (Figure 4). Overall
survival rates for hepatocellu-
lar carcinoma. The meta-anal-
ysis showed that there was a
significant difference in over-
all survival between two grou-
ps at 3 years (six trials; RR=
1.09; 95% CI=1.00 to 1.18;
P=0.04), 5 years (six trials;
RR=1.37; 95% CI=1.24 to
1.51; P<0.00001). For 1-, 2-,
4-year survival rate, pooled
data didn't suggested a sig-
nificant correlation (Figure 5).

Adverse effects of IFN

All included papers except
one trial [17] reported data

- . Blinding of participants and personnel {(performance hias)

on adverse effects. The most
common side effects of IFN

® | ® | other bias

therapy are high fever, depres-
sion, general fatigue and mal-
aise, hepatotoxicity and hyper-

thyroidism, which occurred in
almost every patient. Less

common adverse effects in-
clude thrombocytopenia [16,

® O O S| ®| O | blinding of outcome assessment (detection bias)

. . . =) . - | Allocation concealment (selection hias)

. . . . . . Random sequence generation (selection bias)

Chen LT 2012
Ikeda K 2010
Kubo S 2002 ? ?
Mazzaferro V 2006 . .
Tanimoto Y 2012 ? ®
Uenishi T 2006 ? .

. ~ | @@ |~ | @ | ncomplete outcome data (attrition bias)

® O S S| S| ® scectivereporting (reporting bias)

18-20], renal abscess [15],
hyperthyroidism [16], hepatic

Figure 2. Risk of bias summary.

Overall mortality for hepatocellular carcinoma

Five studies including 910 patients [15-19]
were performed in the comparison between
IFN group and control group in the mortality of
HCC. The results of heterogeneity was P=0.10,
P=48% (<50%), which indicated there was no
significant heterogeneity. So we conducted the
present meta-analysis with a fixed-effect
model. The results (RR=0.64; 95% CI=0.51 to
0.80; P=0.0001) suggested that IFN therapy
might decrease the mortality of HCV-related
HCC. The subgroup results with respect to eth-
nicity (RR=0.59; 95% CI=0.45 to 0.77; P<
0.0001 for Japanese; and RR=0.80; 95%
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encephalopathy [18] and skin
eruption [20].

Sensitivity analysis

In order to compare the difference and confirm
the stability and liability of the meta-analysis,
we sequentially omitted individual eligible stud-
ies. Then, we reanalyzed the data of the remain-
ing studies. The statistical significance of the
results were not materially changed (data were
not shown), indicating our results are compara-
tively stable and credible.

Discussion

The present meta-analysis evaluates the effi-
cacy and safety of IFN therapy for HCV-related
HCC who underwent surgical resection. The
results indicate a significant benefit of IFN
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IFN Control
Study or Subgroup

1.1.1 Japanese

Kubo § 2002 9 15 13 15 151%
Uenishi T 2006 26 50 194 262 202%
lkeda K 2010 45 63 219 302 229%
Tanimoto ¥ 2012 2 43 17 76 136%
Subtotal (95% CI) 171 655 71.8%
Total events 101 443

Heterogeneity, Tau®= 0.11: Chi*= 16.46, df= 3 (P = 0,0008); F= 82%

Test for overall effect. Z=0.14 (P = 0.89)

1.1.2 Non-Japanese

Mazzaferro ¥V 2006 13 42 18 38 126%
ChenLT 2012 17 27 15 26 156%
Subtotal (95% CI) 69 64 28.2%
Total events 30 33

Heterogeneity. Tau®= 0.07; Chi*= 2.09, df=1 (P = 0.15), F=52%

Test for overall effect. Z= 0.53 (P = 0.59)

Total (95% CI) 240 719 100.0%

Total events 1 476

Heterogeneity: Tau*= 0.08, Chi*= 18.43, df=5(P=0.002), F=73%

Testfor overall effect Z=0.45 (P = 0.66)

Events Total Events Total Weight M-H, Random,95%Cl Year

Risk Ratio Risk Ratio
M-H, Random, 95% Cl
0.69(0.44,1.09] 2002 —t
0.70[0.53,0.93] 2006 -
0.98(0.83,1.17] 2010 -
218[1.30,3.67) 2012 —
0.97 [0.67, 1.42] -
0.65(0.37,1.15] 2006 —
1.09[0.70,1.69) 2012 ——
0.87 [0.52, 1.45] -
0.94[0.71, 1.24] <
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Testfor subgroup differences: ChiF= 012, df=1 (P = 0.73). F= 0% LR

Figure 3. Forest plots describing the meta-analysis of recurrence rate of HCC.
IFN Control Risk Ratio Risk Ratio

Study or Subgroup __Events Total Events Total Weight M.H, Fixed, 95% Cl _Year M.H, Fixed, 95% CI

1.2.1 Japanese

Kubo S 2002 3 15 9 15 6.2% 0.33[0.11,099] 2002 ===

Uenishi T 2006 14 50 169 262 375%  0.43[0.28,068) 2006 -

Ikeda K 2010 23 B3 136 302 325%  0.81[057,1.15) 2010 |

Subtotal (95% CI) 128 579 76.1%  0.59[0.45,0.77] ]

Total events 40 314

Heterogeneity: Chi*= 6.03, df= 2 (P = 0.05), F=67%

Test for overall effect Z= 3.90 (P < 0.0001)

1.2.2 Non-Japanese

Mazzaferro vV 2006 17 76 23 74 161%  0.72[0.42,1.23) 2006 e

ChenLT 2012 1 27 1 26 7.7% 096[051,1.82] 2012 1

Subtotal (95% CI) 103 100 23.9%  0.80[0.53, 1.21] ¢

Total events 28 34

Heterogeneity: Chi*= 0,47, df=1 (P =0.49), F=0%

Test for overall effect Z=1.06 (P = 0.29)

Total (95% CI) 231 679 100.0%  0.64 [0.51, 0.80] L]

Total events 68 348

Heterogeneity: Chi*=7.74, df= 4 (P=0.10); F= 48%
Test for overall effect Z= 3.93 (P < 0.0001)

0002 01 1 10 500
IFN Control

Testfor subgroup differences: Chi*=1.51.df=1 (P=0.22). F=33.7%

Figure 4. Forest plots describing the meta-analysis of mortality of HCC.

treatment on overall mortality and 3-, 5-year
survival rate. But the effect of IFN on recur-
rence and 1, 2-year survival rate between IFN
group and control group are not significant. In
order to exclude bias stratified by the source of
patients, we performed subgroup analysis on
recurrence rate and mortality. Patients were
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divided into two groups including Japanese and
non-Japanese. On recurrence rate aspect, both
in Japanese and non-Japanese, the subgroup
analysis results are similar to the overall re-
sults. On mortality, there is significant differ-
ence in Japanese but insignificant correlation
in non-Japanese.
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Overall pool of patients: 1-year survival rate

IFN Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl__Year M-H, Fixed, 95% CI
Kubo S 2002 15 15 14 15 188%  1.07(0.89,1.28] 2002
Mazzaferro V 2006 | 42 34 38 46.3%  1.01[0.87,1.17] 2006
Chen LT 2012 26 27 26 26 350%  0.96([0.87,1.07] 2012
Total (95% CI) 84 79 100.0%  1.01[0.92, 1.09]
Total events 79 74
Heterogeneity: Chi*= 1.08, df= 2 (P = 0.58); = 0% ’ y T t 1
o - 0.01 0.1 1 10 100
Testfor overall effect: Z=0.13 (P = 0.90) IFN  Control
Overall pool of patients: 2-year survival rate
IFN Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl _Year M_H, Fixed, 95% CI
Kubo S 2002 15 15 13 15 18.8%  1.15[0.91,1.44] 2002
Mazzaferro V 2006 32 42 30 38 43.8% 0.97 [0.76,1.22] 2006
Chen LT 2012 24 27 26 26 37.5%  0.89[0.77,1.04] 2012
Total (95% CI) 84 79 100.0% 0.97 [0.86, 1.10]
Total events 71 B9
Heterogeneity: Chi*= 3.33, df= 2 (P = 0.19); F= 40% b t ' + |
Testfor overall effect: Z=0.45 (P = 0.65) 0.01 01 lFN1 Control 10 100
Overall pool of patients: 3-year survival rate
IFN Control Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Kubo S 2002 14 15 12 15 67% 1.17 (0,98, 1.55] 2002
Mazzaferro V 2006 22 42 21 38 37% 0.95[0.63,1.42] 2006
Uenishi T 2006 47 80 193 262 24.4% 1.24 [1.12,1.36] 2006
Ikeda K 2010 57 63 267 302 25.8% 1.02(0.94,1.12] 2010
Chen LT 2012 23 27 22 26 108% 0.96 [0.78,1.19] 2012
Tanimato ¥ 2012 43 43 70 76 286% 1.08 (1.00,1.16] 2012
Total (95% Cl) 240 719 100.0% 1.09[1.00, 1.18]
Total events 206 592
Heterogeneity: Tau®= 0.00; Chi*= 10.64, df= 5 (P = 0.06), F= 53% b t t |
Testfar overall effect Z=2.02 (F = 0.04) 0.01 01 IFN  Control 10 100
Overall pool of patients: 4-year survival rate
IFN Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Kubo S 2002 12 15 9 15 438%  1.33(0.82,2.16) 2002
Mazzaferra V 2006 14 42 11 38 56.2% 1.15(0.60,2.22] 2006
Total (95% Cl) 57 53 100.0%  1.23[0.81, 1.87]
Total events 26 20
Heterogeneity: Chi*= 0.14, df=1 (P = 0.70); = 0% t t T t i
Testfor overall effect Z=0.97 (P=0.33) 0.01 o1 1FN1 Control 10 100
Overall pool of patients: 5-year survival rate
IFN Control Risk Ratio Risk Ratio
Study or Subgroup E'vents Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Kubo S 2002 15 5 15  29%  1.40[0.57,3.43] 2002 —
Uenishi T 2006 40 50 139 262 26.0%  1.51[1.26,1.80] 2008 -
Mazzaferro V 2006 10 42 3 38 1.8% 3.02[0.90,10.15 2008 1
lkeda K 2010 54 B3 208 302 41.9%  1.24[1.10,1.41] 2010 o
Chen LT 2012 20 27 19 26 11.3%  1.01[0.73,1.40] 2012 T
Tanimoto Y 2012 33 43 38 76 160%  1.53[1.16,2.03] 2012 -
Total (95% Cl) 240 719 100.0%  1.37[1.24,1.51] ]
Total events 164 412
Heterogeneity: Chi*= 8.95, df=5 (P = 0.11); F= 44% F f t d
Test for overall effect: Z= 6.20 (P < 0.00001) 0.01 o1 FN Control 10 100
Figure 5. Forest plots describing the meta-analysis of overall survival rate.
The effects of IFN on HCC are affected by sev- enviroment [21]. IFN is currently the standard
eral factors, including antitumor, antiviral, anti- therapy for HCV-infection and has also been
angiogenic and modulatory inflammotory fac- proven to inhibit HCC development in HCV
tors or hepatic stellate cells in the tumor micro- patients through clearance of HCV RNA, improv-
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ing the degree of inflammation and preventing
worsening of compensated cirrhosis [22].
Unquestionable, the recurrence of postopera-
tive HCC has become the most important diffi-
culty to improve the prognosis of patients [23,
24]. A meta-analysis of Singal AK et al. [25]
found that patients underwent liver resection
or ablation therapy for HCV-related HCC, the
recurrence rate of sustaining virological
responders who achieving IFN treatment was
significantly lower than non-responders. Non-
responders comparing to control groups with-
out IFN treatment, the recurrence rate between
the two groups was not statistically significant.
In the report from China [26], there was no sig-
nificant difference existing between IFN and
control groups in a forest plot, which in consis-
tent with our results. However, the meta-analy-
ses conducting by Xu JB et al. [12] and Zhang W
et al. [21] suggested a significant difference.
Reportedly, the risk factors of tumor recurrence
after surgical treatment include tumor location,
tumor size, multi-nodular tumor and insufficient
safety margin [27]. In contrast, Eastern
Cooperative Oncology Group performance
score, tumor size, microvascular invasion and
tumor number were independent prognostic
factors for overall survival [19]. Studies shown
that, IFN therapy could reduce mortality in
patients with HCC, and accordingly improving
overall survival. Probably due to the following
reasons: IFN helps relieve the inflammatory
activity in the liver and improve liver function.
Meanwhile, the improving of liver function pro-
vides a good condition for the following treat-
ment of tumor recurrence. Though antiprolifer-
ative effect of IFN fails to prevent tumor recur-
rence, it suppresses tumor growth and reduce
the severity of the tumor recurrence [28, 39].

Some limitations existing in this meta-analysis
should be talked over. First of all, six trials
included three NRCTs. In general, NRCTs are
identified to result in incorrect associations
because of the lack of reliability and precision.
Second, the results failed to analyze the corre-
lation between IFN therapy group and control
group on early recurrence rate (<2 years) and
late recurrence rate (>2 years) of HCC proposed
by Llovet et al [30]. Third, the treatment of most
patients in this paper is surgery, but one study
[19] did not list the curative treatments in detail
and included ablation treatment, although
making up a very small percentage of the total.
Forth, the regimen of IFN therapy varied widely
in the studies. The interval between previous
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therapies and IFN administration was not men-
tioned in most of the articles, which might be
the potential factor that affects the efficacy.
Lastly, four studies brought into Japanese pop-
ulations, which might lead to bias. Further stud-
ies should include data from other ethnicities.
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