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Abstract

Context: Hepatocellular carcinoma (HCC) is the most common form of primary liver cancer, and different hepatitis viruses might
affect the prognosis of patients with HCC.
Objectives: This study aimed to reveal the differences in the postoperative prognosis of patients with hepatitis B virus-related HCC
(HBV-HCC), hepatitis C virus-related HCC (HCV-HCC), and non-HBV non-HCV hepatocellular carcinoma (NBNC-HCC).
Methods: The databases PubMed, Embase, Cochrane, Web of Science, and Scopus were searched for articles published until April
2022. Stata software version 12 and Review Manager version 5.4 were used to conduct the meta-analysis, and the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement was adopted in this study.
Results: In the present study, 26 papers on a total of 20381 participants who met the inclusion criteria were analyzed. The 5-year
overall survival in the HBV-HCC and HCV-HCC groups was lower than in the NBNC-HCC group (HBV-HCC vs. NBNC-HCC, P = 0.005;
HCV-HCC vs. NBNC-HCC, P = 0.001). Patients with HBV-HCC and HCV-HCC had worse 5-year recurrence-free survival than patients
with NBNC-HCC (HBV-HCC vs. NBNC-HCC, P = 0; HCV-HCC vs. NBNC-HCC, P = 0). In addition, the 5-year recurrence-free rate in the
HCV-HCC group was lower than in the HBV-HCC group (P = 0). The observed association between serum alpha-fetoprotein levels and
the postoperative prognosis was inconsistent in different subgroups.
Conclusions: Patients with NBNC-HCC had a significantly better postoperative prognosis than those with virus-related HCC. The
alpha-fetoprotein levels significantly correlated with the postoperative prognosis of patients with HCC.
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1. Context

Liver cancer is one of the most common malignan-
cies and ranks sixth in incidence and third in mortality
worldwide (1). Hepatocellular carcinoma (HCC) accounts
for 75% - 85% of primary liver cancer cases. The leading
causes of HCC include chronic hepatitis B virus (HBV) or
hepatitis C virus (HCV) infections, heavy alcohol intake,
metabolic syndrome, and aflatoxin-contaminated food-
stuff (2-4). Chronic HBV infection and aflatoxin contamina-
tion are likely the predominant causes in high-risk HCC ar-
eas, such as China and sub-Saharan Africa, whereas the key
determinant of HCC is chronic HCV infection in low-risk ar-

eas, such as Japan and southern and eastern Europe (1, 5).
In recent years, rising obesity prevalence has contributed
to the incidence of HCC in low-risk HCC areas (6, 7). Al-
though treatments such as immune checkpoint inhibitors
and anti-angiogenic targeted drugs have advanced vigor-
ously in the past decade, the 5-year overall survival (OS) of
patients with HCC is still lower than expected.

Hepatic resection is the leading treatment for early-
stage HCC, while the high recurrence and metastasis rates
after hepatectomy are still perplexing. Compared to post-
operative prognosis, the results were controversial among
patients with different hepatitis virus statuses in HCC. Ac-
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cording to a study by Li et al. (8) on 413 patients, those with
HCV-related HCC (HCV-HCC) had a lower 5-year survival
rate accompanied by higher intrahepatic and multiple re-
currence rates than those with HBV-related HCC (HBV-HCC)
and non-HBV non-HCV HCC (NBNC-HCC) patients. How-
ever, a retrospective study found no difference in long-
term outcomes (15 years) after hepatectomy between pa-
tients with NBNC-HCC and hepatitis virus HCC (666 pa-
tients) (9). Zhou et al. (10) reported that the 5-year disease-
free survival (DFS) of patients with HBV/HCV-related HCC
was lower than that of patients with NBNC-HCC. This study
indicated a tendency toward the highest 5-year OS in the
NBNC-HCC group. However, the differences were not sta-
tistically significant. There was no significant difference in
the 5-year OS and DFS between the HBV-HCC and HCV-HCC
groups (10).

2. Objectives

Meta-analysis is a rigorous and effective statistical tool
that makes qualitative and quantitative evaluations of
published scientific evidence to integrate the results bet-
ter. Owing to the lack of recent, large-sample, multicenter
research in the previous meta-analyses, this study aimed
to compare the postoperative prognosis of HBV-HCC, HCV-
HCC, and NBNC-HCC.

3. Methods

3.1. Data Sources

This study was performed in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (11). Two independent review-
ers performed screening and data extraction, and a third
reviewer resolved the differences. A number of electronic
databases, including PubMed, Embase, Cochrane, Web of
Science, and Scopus, were systematically searched to iden-
tify all available articles published since April 15, 2022. The
keywords or medical subject headings for reference were
“hepatocellular carcinoma", “hepatitis B virus", “hepatitis
C virus", “survival rate", and “hepatectomy". Only human
studies published in English were included.

3.2. Inclusion Criteria

The inclusion criteria for the studies were (1) cohort
study design; (2) subjects being patients with HCC who
underwent radical resection confirmed by postoperative
pathology; (3) study outcomes of 5-year survival data that
could be obtained from the article or the survival curve;
and (4) all patients being serologically tested for hepatitis
virus prior to surgery.

3.3. Exclusion Criteria

The exclusion criteria entailed (1) being published mul-
tiple times; (2) lacking full text and the corresponding
author’s response not received; (3) incomplete data and
where data were extracted effectively; (4) patients under-
going palliative care; and (5) small sample size (sample size
< 30) or a large amount of censored data (lost to follow-up
rate > 10%).

3.4. Data Extraction and Evidence Evaluation

Data were extracted from the texts, tables, and figures
of the selected studies. The following data were extracted
from each study: Publication year, first author, the number
of patients, population characteristics, preoperative sero-
logical indicators, operation-related indicators, preoper-
ative viral status, inclusion and exclusion criteria, 5-year
OS, and recurrence-free survival (RFS). When 5-year OS or
RFS was not directly provided in the literature, the survival
curve was extracted using the Engauge Digitizer software.
The methodological quality of all selected studies was eval-
uated and scored using the Newcastle-Ottawa Scale (NOS),
which includes three parts: participant selection, compa-
rability, and outcome (12).

3.5. Statistical Analysis

Stata™ version 12 software was used for data analysis,
and Review Manager™ version 5.4 was used for data collec-
tion. The dichotomous variables were analyzed using rela-
tive risk (RR) with a 95% confidence interval (95% CI), and
continuous variables were analyzed utilizing weighted
mean difference (WMD) with a 95% CI. P-value < 0.05 was
considered statistically significant. Moreover, χ2 and I2

were used to evaluate heterogeneity in these studies (13).
According to the relevant standards in the Cochrane Inter-
vention System Evaluation Manual, the fixed-effect method
was used if heterogeneity was acceptable (I2 < 50%, P >
0.10). Once heterogeneity was established (I2 ≥ 50% and P
≤ 0.10), the subgroup analyses were further conducted to
explore between-study sources of heterogeneity. Descrip-
tive analysis was used in cases where inter-group hetero-
geneity was excessive or difficult to merge. Publication
bias was assessed using Begg’s test and Egger’s test, and P
> 0.10 was considered no publication bias.

4. Results

4.1. Selection of Studies

The preliminary systematic search identified 733 rele-
vant studies. After further screening, 30 papers met the
inclusion criteria (8, 9, 14-41). Among these studies, four
were excluded because of insufficient survival information
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or overlapping study populations (38-41). Finally, 26 arti-
cles involving 20381 participants were identified as eligi-
ble papers published during 1997 - 2021. Among these ar-
ticles, 5, 16, 2, 1and 1 were from China, Japan, the United
States, France, Italy, and a multicenter study, respectively.
The study identification process is provided in Figure 1 de-
tails. The characteristics of the selected studies are pre-
sented in Table 1.

4.2. Patients Characteristics

4.2.1. General Materials

The results from the overall meta-analysis are outlined
in Table 2. The mean age of patients with HBV-HCC was sig-
nificantly lower than that of patients with HCV-HCC and
NBNC-HCC (P < 0.05). The incidence rate of male patients
in the HCV-HCC group was lower than in the other two
groups (P < 0.05).

4.2.2. Liver Function

The preoperative serum alanine aminotransferase, as-
partate aminotransferase levels, and indocyanine green re-
tention rate at 15 min (ICG R15) were higher in the HCV-HCC
group than in the HBV-HCC and NBNC-HCC groups (P <
0.05). The NBNC-HCC group had a lower serum total biliru-
bin level and a higher platelet count than the other two
groups (P < 0.05). The preoperative serum albumin (ALB)
level and proportion of Child-Pugh grade A in the HBV-HCC
and NBNC-HCC groups were higher than in the HCV-HCC
group (P < 0.05).

4.2.3. Tumor Characteristics

The mean tumor size in the NBNC-HCC group was the
largest among the three groups (P < 0.05). The incidence
of intrahepatic metastases/satellite nodules was lower in
the HCV-HCC group than in the other two groups (P <
0.05). The proportion of patients with cirrhosis in the HCV-
HCC, HBV-HCC, and NBNC-HCC groups gradually increased
(P < 0.05).

4.3. Survival

4.3.1. Five-Year Overall Survival

A total of 25 studies reported 5-year OS, including 24
with HCV-HCC and HBV-HCC, 17 with HBV-HCC and NBNC-
HCC, and 16 with HCV-HCC and NBNC-HCC. The results
showed that 5-year OS was not significantly different be-
tween the HCV-HCC and HBV-HCC groups (HR: 1.06, 95% CI:
0.99 - 1.12, P = 0.076). The 5-year OS rates were lower in the
HBV-HCC (HR: 1.14, 95% CI: 1.04 - 1.24, P = 0.005) and HCV-
HCC groups (HR: 1.14, 95% CI: 1.06 - 1.23, P = 0.001) than in

the NBNC-HCC group. The above results showed high het-
erogeneity (HCV-HCC vs. HBV-HCC, I2: 48.7%, P = 0.004; HBV-
HCC vs. NBNC-HCC, I2: 66.5%, P = 0; HCV-HCC vs. NBNC-HCC,
I2: 63.7%, P = 0; Figure 2A, C, and E).

4.3.2. Five-Year Recurrence-Free Survival

A total of 23 studies reported 5-year RFS, including 22
with HCV-HCC and HBV-HCC, 16 with HBV-HCC and NBNC-
HCC, and 15 with HCV-HCC and NBNC-HCC. There were sig-
nificant differences in 5-year RFS between patients with dif-
ferent hepatitis virus statuses. Compared to cases with
NBNC-HCC, patients with HBV-HCC or HCV-HCC had lower
5-year RFS (HBV-HCC vs. NBNC-HCC, HR: 1.33, 95% CI: 1.16 -
1.52, P = 0; HCV-HCC vs. NBNC-HCC, HR: 1.71, 95% CI: 1.46 - 2,
P = 0, respectively). In addition, the 5-year RFS in the HCV-
HCC group was lower than in the HBV-HCC group (HR: 1.38,
95% CI: 1.19 - 1.59, P = 0). All the above results showed high
heterogeneity (HCV-HCC vs. HBV-HCC, I2: 73.1%, P = 0; HBV-
HCC vs. NBNC-HCC, I2: 58.7%, P = 0.002; HCV-HCC vs. NBNC-
HCC, I2: 72.1%, P = 0; Figure 2B, D, and F).

4.4. Sensitivity Analysis

The random deletion of the literature in this study had
little impact on the results, which means that our results
were reasonably robust (Appendix 1).

4.5. Subgroup Analysis According to Hepatitis Virus Status

According to the extracted data and basic information
from all selected studies, a subgroup analysis was per-
formed based on the mean tumor size (diameter ≥ 5 cm
and diameter < 5 cm), serum alpha-fetoprotein (AFP) level
(AFP ≥ 1000 ng/mL and AFP < 1000 ng/mL), serum ALB
level (ALB≥ 4 g/dL and ALB < 4 g/dL), and country. Detailed
results are provided in Tables 3 - 5. The observed associa-
tion between serum AFP levels and the postoperative prog-
nosis was inconsistent among the different subgroups. In
the AFP ≥ 1000 ng/mL subgroup, the HCV-HCC group had
a lower 5-year OS than the HBV-HCC group (HR: 1.10, 95% CI:
1.06 - 1.14, P = 0). Meanwhile, the 5-year OS rate was lower
in the HBV-HCC and HCV-HCC groups than in the NBNC-
HCC group (HBV-HCC vs. NBNC-HCC, HR: 1.04, 95% CI: 1.01
- 1.08, P = 0.024; HCV-HCC vs. NBNC-HCC, HR: 1.10, 95% CI:
1.03 - 1.17, P = 0.007). Similarly, virus-related patients had a
worse 5-year RFS than patients with NBNC-HCC (HBV-HCC
vs. NBNC-HCC, HR: 1.14, 95% CI: 1.07 - 1.21, P = 0; HCV-HCC vs.
NBNC-HCC, HR: 1.40, 95% CI: 1.18 - 1.67, P = 0). The mentioned
results had low heterogeneity (5-year OS: HCV-HCC vs. HBV-
HCC, I2: 0.0%, P = 0.557; HBV-HCC vs. NBNC-HCC, I2: 0.0%, P
= 0.747; HCV-HCC vs. NBNC-HCC, I2: 38.0%, P = 0.140; 5-year
RFS: HBV-HCC vs. NBNC-HCC, I2:0.0%, P = 0.865; HCV-HCC vs.
NBNC-HCC, I2: 58%, P = 0.547). However, the heterogeneity
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Figure 1. Flow diagram of the selection process of the studies included in the systematic review

of each group was high in the AFP < 1000 ng/mL subgroup
(5-year OS: HCV-HCC vs. HBV-HCC, I2: 67.5%, P = 0.009; HBV-
HCC vs. NBNC-HCC, I2: 60.8%, P = 0.037; HCV-HCC vs. NBNC-
HCC, I2: 82.0%, P = 0; 5-year RFS: HCV-HCC vs. HBV-HCC, I2:
69.7%, P = 0.006; HBV-HCC vs. NBNC-HCC, I2:55.8%, P = 0.060;
HCV-HCC vs. NBNC-HCC, I2: 75.5%, P = 0.003). In addition,
the heterogeneity of the mean tumor size, serum ALB level,
and country subgroups did not significantly change com-
pared to before grouping. Therefore, these factors were
considered to have little correlation with heterogeneity. In
summary, AFP had a certain impact on the prognosis of pa-
tients with HCC and might be one of the sources of het-
erogeneity. For those with differences between groups, the

results of the two-way comparison were P > 0.05, indicat-
ing that they were balanced and comparable. Similarly, no
statistically significant differences were observed between
subgroups.

4.6. Publication Bias

According to the results of Begg’s test and Egger’s test,
the 5-year OS of the HBV-HCC vs. NBNC-HCC group, 5-year
RFS of the HBV-HCC vs. NBNC-HCC group, and 5-year RFS of
the HCV-HCC vs. NBNC-HCC group were accompanied by
significant publication bias, whereas little publication bias
was detected for the other groups (Table 6). To remove the
influence of publication bias on the combined results, the
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Figure 2. Results of the meta-analysis on 5-year OS and 5-year RFS. A, HCV-HCC vs. HBV-HCC 5-year OS; B, HCV-HCC vs. HBVHCC 5-year RFS; C, HBV-HCC vs. NBNC-HCC 5-year OS;
D, HBVHCC vs. NBNC-HCC 5-year RFS; E, HCV-HCC vs. NBNC-HCC 5- year OS; F, HCV-HCC vs. NBNC-HCC 5-year RFS

Hepat Mon. 2022; 22(1):e121820. 5
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Table 3. Subgroup Analysis of Hepatitis C Virus-Related Hepatocellular Carcinoma and Hepatitis B Virus-Related Hepatocellular Carcinoma

Characteristics and
Subgroups

5-Year OS (HCV-HCC vs. HBV-HCC) 5-Year RFS (HCV-HCC vs. HBV-HCC)

HR [95% CI] P a P
Heterogeneity

HR [95% CI] P a P
Heterogeneity

I2 (%) P I2 (%) P

Tumor size (cm) 0.53 0.75

≥ 5 0.99 [0.74, 1.33] 0.969 28.8 0.246 1.50 [0.68, 3.32] 0.313 66.9 0.049

< 5 1.10 [1.00, 1.20] 0.054 65.3 0.001 1.32 [1.09, 1.58] 0.003 68.6 0.000

AFP (ng/mL) 0.33 0.77

≥ 1000 1.10 [1.06, 1.14] 0.000 0.0 0.557 1.31 [0.96, 1.75] 0.069 50.8 0.071

< 1000 0.99 [0.81, 1.22] 0.939 67.5 0.009 1.23 [0.87, 1.72] 0.239 69.7 0.006

ALB (g/dL) – b – b

≥ 4 – b – b – b – b – b – b – b – b

< 4 1.04 [0.94, 1.16] 0.457 15.6 0.314 1.39 [0.86, 2.26] 0.182 79.5 0.000

Country 0.73 0.56

Japan 1.06 [1.00, 1.13] 0.065 42.5 0.037 1.49 [1.26, 1.76] 0.000 70.7 0.000

China 1.09 [0.82, 1.44] 0.555 78.3 0.003 1.23 [0.90, 1.70] 0.196 63.4 0.042

United States 1.16 [0.94, 1.43] 0.175 0.0 0.363 1.97 [0.29, 13.23] 0.486 86.1 0.007

Abbreviations: OS, overall survival; RFS, recurrence-free survival; HR, hazard ratio; CI, confidence interval; AFP, alpha-fetoprotein; ALB, albumin; HCV-HCC, hepatitis C
virus-related hepatocellular carcinoma; HBV-HCC, hepatitis B virus-related hepatocellular carcinoma
a Between-group statistically significant
b Data could not be extracted.

Table 4. Subgroup Analysis of Hepatitis B Virus-Related Hepatocellular Carcinoma and Non-hepatitis B Virus Non-hepatitis C Virus Hepatocellular Carcinoma

Characteristics and
Subgroups

5-Year OS (HBV-HCC vs. NBNC-HCC) 5-Year RFS (HBV-HCC vs. NBNC-HCC)

HR [95% CI] P a P
Heterogeneity

HR [95% CI] P a P
Heterogeneity

I2 (%) P I2 (%) P

Tumor size (cm) 0.13 0.10

≥ 5 1.20 [0.98, 1.46] 0.083 50.7 0.087 1.54 [1.07, 2.22] 0.019 59.9 0.058

< 5 1.01 [0.91, 1.11] 0.900 0.0 0.800 1.09 [0.89, 1.34] 0.415 25.3 0.260

AFP (ng/mL) 0.18 0.11

≥ 1000 1.04 [1.01, 1.08] 0.024 0.0 0.747 1.14 [1.07, 1.21] 0.000 0.0 0.865

< 1000 1.22 [0.97, 1.53] 0.086 60.8 0.037 1.52 [1.08, 2.13] 0.016 55.8 0.060

ALB (g/dL) 0.09 0.43

≥ 4 1.04 [1.01,1.08] 0.024 0.0 0.979 1.14 [1.07, 1.21] 0.000 0.0 0.920

< 4 1.25 [1.02, 1.53] 0.031 0.0 0.583 1.33 [0.91, 1.95] 0.142 24.3 0.266

Country 0.09 0.32

Japan 1.07 [0.99, 1.15] 0.086 32.8 0.120 1.23 [1.07, 1.41] 0.003 34.0 0.120

China 1.39 [1.03, 1.87] 0.030 82.9 0.003 1.51 [1.02, 2.24] 0.038 84.0 0.002

Abbreviations: OS, overall survival; RFS, recurrence-free survival; HR, hazard ratio; CI, confidence interval; AFP, alpha-fetoprotein; ALB, albumin; HBV-HCC, hepatitis B
virus-related hepatocellular carcinoma; NBNC-HCC, non -hepatitis B virus non-hepatitis C virus hepatocellular carcinoma
a Between-group statistically significant
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Table 5. Subgroup Analysis of Hepatitis C Virus-Related Hepatocellular Carcinoma and Non-hepatitis B Virus Non-hepatitis C Virus Hepatocellular Carcinoma

Characteristics and
Subgroups

5-Year OS (HCV-HCC vs. NBNC-HCC) 5-Year RFS (HCV-HCC vs. NBNC-HCC)

HR [95% CI] P a P
Heterogeneity

HR [95% CI] P a P
Heterogeneity

I2 (%) P I2 (%) P

Tumor size (cm) – b – b

≥ 5 – b – b – b – b – b – b – b – b

< 5 1.12 [0.96, 1.30] 0.139 69.4 0.011 1.28 [1.01, 1.62] 0.044 55.8 0.060

AFP (ng/mL) 0.39 0.70

≥ 1000 1.10 [1.03,1.17] 0.007 38.0 0.140 1.40 [1.18, 1.67] 0.000 58.0 0.547

< 1000 1.24 [0.94, 1.63] 0.121 82.0 0.000 1.84 [1.26, 2.69] 0.002 75.5 0.003

ALB (g/dL) – b – b

≥ 4 – b – b – b – b – b – b – b – b

< 4 1.25 [1.05, 1.50] 0.014 66.6 0.018 1.98 [1.33, 2.96] 0.001 74.0 0.002

Country 0.17 0.20

Japan 1.13 [1.05, 1.21] 0.001 56.6 0.006 1.69 [1.43, 2.00] 0.000 71.0 0.000

China 1.46 [1.02, 2.08] 0.037 68.3 0.076 2.32 [1.47, 3.65] 0.000 55.4 0.134

Abbreviations: OS: overall survival, RFS: recurrence-free survival, HR: hazard ratio, CI: confidence interval, AFP: alpha-fetoprotein, ALB: albumin
a Between-group statistically significant
b Data could not be extracted.

trim-and-fill analysis was used to handle this bias. Finally,
the trim-and-fill method adjusted results were consistent
with the original analysis, showing that the combined ef-
fect was trustworthy (Appendix 2).

5. Discussion

Hepatitis B virus and HCV are both hepatotropic viral
infections with significantly different molecular carcino-
genic mechanisms. The carcinogenic potential of HBV is
due to its ability to integrate into the DNA of host cells,
directly activate adjacent cellular genes, and provide se-
lective growth advantages for hepatocytes (42). In con-
trast, HCV is a positive-strand RNA virus that cannot inte-
grate into the genome of liver cells. Therefore, it likely
promotes hepatocarcinogenesis through chronic inflam-
mation, liver regeneration, and fibrosis rather than direct
carcinogenesis (43). In addition, the carcinogenic mech-
anism of NBNC-HCC is significantly different from that
of virus-related HCC. The exact molecular mechanism for
the increase in the NBNC-HCC incidence rate is still indis-
tinct, possibly caused partly by the changing prevalence
of non-alcoholic steatohepatitis and metabolic syndrome
(1). The difference in the etiology and pathogenesis of HCC
might lead to unique clinicopathological characteristics
and prognosis in patients with HCC. The present study ex-
amined the differences in the postoperative prognosis of
HCC with distinct viral statuses and found that the prog-

nosis of patients with NBNC-HCC was superior to patients
with HBV-HCC and HCV-HCC in terms of OS and RFS. Mean-
while, patients with HBV-HCC had a more prolonged RFS
than patients with HCV-HCC. Furthermore, our research
found that HBV-HCC, HCV-HCC, and NBNC-HCC differed sig-
nificantly in terms of clinical features, liver function, and
tumor characteristics.

Previous studies compared the prognostic differences
between virus-related HCC and NBNC-HCC with inconsis-
tent results (10, 14, 44). A retrospective single-center study
reported that viral hepatitis did not significantly affect
long-term prognosis after surgical treatment in patients
with HCC (44). A meta-analysis of 4744 cases showed that
patients with NBNC-HCC had better 5-year DFS and a ten-
dency toward higher 5-year OS (not statistically significant)
than HCC patients with HBV or HCV infection. However,
there was no difference in survival between the HBV-HCC
and HCV-HCC groups (10). Another large-sample study on
11950 cases revealed that the NBNC-HCC group had a sig-
nificantly lower risk of recurrence than the HBV-HCC and
HCV-HCC groups (14). Similarly, our data from 20381 pa-
tients confirmed that patients with NBNC-HCC had better
5-year OS and RFS than those with HBV-HCC or HCV-HCC.
Cancer-promoting factors in the inflammatory microen-
vironment of hepatitis result in gene mutation and chro-
mosomal instability in hepatocytes, leading to intrahep-
atic recurrence, which is the main cause of death in pa-
tients with HCC postoperatively (45, 46). Therefore, we
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Table 6. Symmetry Test of the Funnel Plot

Survival Group Begg’s Test Egger’s Test

Five-year overall survival

HCV-HCC vs. HBV-HCC 0.309 0.699

HBV-HCC vs. NBNC-HCC 0.044 0.132

HCV-HCC vs. NBNC-HCC 0.499 0.934

Five-year recurrence-free survival

HCV-HCC vs. HBV-HCC 0.735 0.614

HBV-HCC vs. NBNC-HCC 0.034 0.035

HCV-HCC vs. NBNC-HCC 0.048 0.201

Abbreviations: HBV-HCC: hepatitis B virus-related hepatocellular carcinoma, HCV-HCC: hepatitis C virus-related hepatocellular carcinoma, NBNC-HCC: non-hepatitis B
virus non-hepatitis C virus hepatocellular carcinoma.

believe that the improved survival rate of NBNC-HCC is
because of the absence of a chronic viral attack, and pa-
tients with NBNC-HCC maintained good liver function fol-
lowing the initial hepatectomy. These biological advan-
tages provide more opportunities for antitumor treatment
(34). Furthermore, we found that the 5-year RFS rate of
patients with HCV-HCC was lower than patients with HBV-
HCC. Franssen et al. (47) found that the postoperative re-
currence rate of HBV-HCC was lower than that of HCV-HCC.
Previous studies demonstrated that HCC with different vi-
ral etiologies has unique molecular signatures and im-
mune landscapes. Compared to HBV-HCC, HCV-HCC leads
to the downregulation of T-cell-related genes within the tu-
mor and the upregulation of oxidative stress genes outside
the tumor, and the persistent necrotic inflammatory envi-
ronment might cause recurrence (48). Consequently, effec-
tive therapy could prevent postoperative recurrence and
improve the OS of patients with virus-related HCC through
viral inhibition and anti-inflammatory effects (49). A large
prospective study published in 2021 indicated that direct-
acting antiviral (DAA) medication enhanced the survival of
patients with HCV-HCC after liver transplantation and was
comparable to patients with HBV-HCC (50).

Our analysis indicated that the mean age of patients in
the HBV-HCC group was the lowest compared to those in
the HCV-HCC and NBNC-HCC groups because chronic HBV
infections usually result from the maternal vertical trans-
mission, whereas HCV is mainly caused by blood transmis-
sion, such as drug abuse and transfusion, mainly in adult-
hood. Similarly, NBNC-HCC mainly occurs with long-term
excessive drinking and metabolic syndrome for decades.
The latter finding was consistent with a previous study
that the age of onset in patients with HBV-HCC was lower
than in patients with HCV-HCC and NBNC-HCC (10). It is
well known that the HCC incidence and mortality rates in
men are significantly higher than in women worldwide
(1). Our data showed that the proportion of male patients
was lower in the HCV-HCC group than in the other two

groups. Previous investigations have also reported that the
proportion of male patients was smaller for the HCV-HCC
than for the HBV-HCC or NBNC-HCC groups (51, 52). Gen-
der significantly contributes to the shape of immune re-
sponses and initiates differences in the pathogenesis of in-
fectious diseases (53). Androgens directly interact with the
HBV genome integrated into the cell nucleus and activate
the transcription of HBV oncoproteins (54). These findings
may partially explain the male gender preference for HBV-
related HCC.

The finding that the HCV-HCC group had the lowest
liver reserve function and the highest ratio of cirrhosis
among the three groups was similar to the conclusions of
previous studies (10, 14). The complex interaction between
HCV and host proteins can cause host responses, increase
inflammation and fibrosis, and finally lead to liver cirrho-
sis (55).

Consistent with the results of Watabe et al. (56), the
tumor diameter in the NBNC-HCC group was significantly
larger than in the hepatitis virus-related HCC group, which
may be attributed to the lack of a regular review of liver
diseases in patients with NBNC-HCC. Tumors in patients
with NBNC-HCC might be detected only when the tumors
are enlarged and cause subjective symptoms. The pro-
portions of vascular invasion and tumor capsule forma-
tion were not significantly different between the three
etiology-related HCC cases, which is also in line with pre-
vious meta-analyses (10). In addition, a published meta-
analysis showed that the incidence of intrahepatic metas-
tasis and satellite nodules was similar in the three etiology-
related HCC, while we found the incidence of intrahepatic
metastasis and satellite nodules in the HCV-HCC group was
lower than in the HBV-HCC and NBNC-HCC groups. The
high incidence of intrahepatic metastasis in the HBV-HCC
group is probably related to the biological behavior of HBV.
The expression of HBx in HBV-related hepatocytes can acti-
vate the Wnt/β-catenin signaling pathway and further pro-
mote the development and progression of HCC (57).
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We found that heterogeneity among the groups signif-
icantly changed when AFP was used as the grouping basis
after subgroup analysis for tumor diameter, AFP, ALB, and
country, suggesting that AFP had a certain impact on the
prognosis of patients. The same result that AFP level af-
fects the prognosis of patients with HCC was also reported
by Al-Ameri et al. (58). Many factors, including surgi-
cal margin, vascular invasion, capsule integrity, transarte-
rial chemoembolization, antiviral treatment, and targeted
therapy, might initiate heterogeneity, making the survival
analysis for patients with the HCC of various etiologies
challenging to calculate.

This study had some limitations. First, because of the
important heterogeneities between the investigations, we
adopted the random-effects model to eliminate the effect
of heterogeneity partially. Second, all our analyzed data
came from retrospective studies with inherent limitations
and inevitable selection bias. Third, since HCC studies
without the evaluation of survival were excluded, there
might be a certain degree of bias in the results of HCC char-
acteristics. However, the large sample size of this review
(26 studies on 20381 participants) is reasonable and feasi-
ble to represent the clinical characteristics of the HCC pa-
tients of diverse etiologies to a large extent. Fourth, most
studies included here were Asian (5 from China and 16 from
Japan) owing to the highest incidence rates in China and
other parts of East Asia. As a result, the data may not be
extrapolated to the non-Asian population. Fifth, the in-
fluence of confounding factors from three small studies
(40 - 50 patients) cannot be excluded. Finally, this review
was not registered, but this meta-analysis was carried out
strictly with the PRISMA statement. Based on the above lim-
itations, multicenter, high-quality, and large-sample-size
studies must be discussed further.

This study indicated that patients with NBNC-HCC had
a significantly better postoperative prognosis than pa-
tients with virus-related HCC. Although the 5-year RFS rate
of HBV-HCC was higher than HCV-HCC, the difference was
relatively small. Moreover, the AFP levels correlated with
the postoperative prognosis of patients with HCC. In ad-
dition to the tumor stage or hepatic reserve function, our
findings suggest that treatment screening for HCC should
also be based on hepatitis viral infection status. Antiviral
therapy may be a cost-effective and efficient strategy to im-
prove the prognosis of patients with virus-related HCC.
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