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incidence of HCC in CHB patients: a meta
analysis
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Abstract

Background: It has been proved that nucleos(t) ide analogues (NAs) therapy could improve underlying liver
disease and reduce the incidence of hepatitis B virus (HBV)-related hepatocellular carcinoma (HCC). However, the
difference of effectiveness in reducing HCC occurrence between tenofovir (TDF) and enticavir (ETV), two first-line
NAs drugs, is still little known. This meta analysis aims to assess the efficacy in reducing incidence of HCC
comparing tenofovir monotherapy with entecavir monotherapy among chronic hepatitis B (CHB) patients by
analyzing their long-term clinical outcomes.

Methods: Databases including PubMed, Embase, Cochrane Central Register of Controlled Trial, and ISI Web of
Science were fully investigated according to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. For the included articles, two of the authors independently extracted and confirmed
relevant data. Review Manager software (RevMan 5.3) was using for meta analysis.

Results: Seven articles with 3698 patients were finally included in this research, 1574 in tenofovir group and 2124
in entecavir group. For meta analysis, the incidence of HCC was significantly lower among the tenofovir group than
entecavir group [rate ratio (95% CI) of 0.66 (0.49, 0.89), P = 0.008], while there was no statistical significance in
incidence of death or transplantation [rate ratio (95% CI) of 0.78 (0.55, 1.13), P = 0.19], encephalopathy [risk ratio
(95% CI) of 0.72 (0.45, 1.13), P = 0.15] or variceal bleeding [risk ratio (95% CI) of 0.71 (0.34, 1.50), P = 0.37] between
the two groups.

Conclusion: There is a better effect of tenofovir in reducing HCC incidence than entecavir, which indicates tenofovir
should be used more widely while treating chronic hepatitis B patients. However before applying, randomized
controlled trial and large prospective cohort study should be performed in the future.
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Background
Chronic hepatic B virus (HBV) infection, affecting ap-
proximately 350 to 400 million people worldwide [1], is
the most significant cause of liver disease that could lead
to hepatocellular carcinoma (HCC) [2]. There are 15–
40% of chronic HBV cases suffering from cirrhosis, while
decompensate occurs one fifth of them within couple
years with an essential need of transplantation [3]. HCC,
a worse situation in CHB patients, is the fifth most com-
mon cancer and the third leading cause of cancer-

related death in the world [4, 5]. In the established sys-
tem, age, male gender, cirrhosis, positive hepatitis B e
antigen (HBeAg) and high level of HBV-DNA are the
risk factors for the development of HCC [4, 5]. To re-
duce the tremendous cost of social and economy and
loss of life, effectively treating infection of HBV and pre-
venting further HBV associated liver disease, especially
HCC, are essential public health issues.
After recent decades of development in anti-HBV

drugs, oral nucleos(t) ide analogues (NAs) have been
recommended as the first-line therapy and widely used
to inhibit HBV replication, improve underlying liver
disease and reduce the incidence of HBV related HCC
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[6–8]. Among available NAs, entecavir (ETV) and teno-
fovir disoproxil fumarate (TDF) are both considered
first-line regimens because of their high efficacy and low
rates of resistance [8]. But the comparison between TDF
and ETV remains controversial in decades. Recently, a
meta analysis conducted by Zuo [9] showed that TDF
was superior to ETV in suppressing HBV viral load and
had a similar safety profile. However, it is still unclear
about the efficacy of TDF and ETV on the HCC inci-
dence. Since the last published systematic review in this
area included only two study associated with TDF [10],
several studies reporting HCC incidence in CHB patients
using ETV and TDF monotherapy have been published.
The purpose of our research is to compare the efficacy
of TDF monotherapy with ETV monotherapy in redu-
cing the incidence of HCC among CHB patients.

Method
Study selection
Two authors independently searched four databases in-
cluding Pubmed, Embase, Cochrane Central Register of
Controlled Trial, and ISI Web of Science following the
PRISMA guidelines on August 2018. Search expressions
were used as: (HBV OR hepatitis B) AND (ETV OR
entecavir) AND (TDF OR tenofovir) AND (HCC OR he-
patocellular carcinoma). The search details were shown
in Additional file 1. Abstracts of the meeting were in-
cluded and only English studies were included. Dupli-
cated information because of overlapping patients would
be excluded. In addition, we also performed a manual
search of the references from the identified articles.

Inclusion and exclusion criteria
The inclusion criteria: (1) patient population – CHB pa-
tients; (2) treatment – ETV monotherapy versus TDF
monotherapy; (3) study design – randomized controlled
trials, retrospective or prospective studies; (4) outcome
– HCC as determined by the American Association for
the Study of Liver Diseases criteria [11]. (5) total sample
size > 100 and available incidence of HCC.
The exclusion criteria: (1) studies that included Human

Immunodeficiency Virus or HCV co-infected patients; (2)
past or present HCC or liver transplantation; (3) no pa-
tient with HCC event in either TDF or ETV group at the
end of the study; (4) case(s) report.

Data extraction
The required information was independently extracted
and examined by two authors from eligible studies, in-
cluding: (1) author and publication year; (2) design of
study; (3) sample size; (4) basic patient information; (5)
follow-up time; (6) outcomes (HCC incidence or hazard
ratio (HR), death or transplantation incidence or HR, en-
cephalopathy incidence and variceal bleeding incidence).

To minimize random and bias errors in analyzing the tri-
als, these data were extracted from the methodology sec-
tions using Cochrane methods.

Quality assessment
The Newcastle–Ottawa Scale (The Newcastle–Ottawa
Scale for assessing the quality of non-randomized studies in
meta-analyses. Ottawa, Canada: Department of Epidemi-
ology and Community Medicine, University of Ottawa.)
was used to evaluated study quality [9].

Data analysis
Review Manager software (RevMan 5.3; Cochrane Collab-
oration) was used for this meta-analysis. P < 0.05 was con-
sidered statistically significant. Data on HCC incidence,
death or transplantation incidence were pooled and re-
ported in form of events per 100 patient years of follow-
up. Incidence rate ratios (IRR) and 95% confidence inter-
val (95% CI) were pooled or calculated by method re-
ported in previous articles [12, 13]. Rate ratios which
combined IRR and HR were reported for HCC incidence
and death or transplantation incidence while risk ratios
(RR) with 95% CI were reported for encephalopathy inci-
dence and variceal bleeding incidence. The heterogeneity
of studies was assessed by a chi-square test and I2 statis-
tics, while I2 > 50% was considered to be significantly het-
erogeneous. According to the differences of results and I2

of two methods, random effect method or fixed effect
method was chose to combine the results of studies. Sub-
group analysis and sensitivity analysis should be per-
formed when heterogeneity was detected if necessary.

Results
Study selection
We initially collected 1030 articles. As showed in Fig. 1,
209 were collected for further evaluation after excluding
821 abstracts according to the title. Among them, we
screened and excluded 191 studies due to: HCC cohort (n
= 37), do not report HCC incidence (n = 78) and data com-
bining ETV and TDF together (n = 75), by reading title, ab-
stract or full text. In the remaining 15 unduplicated studies,
a careful full text review was performed and 6 were ex-
cluded according to inclusion and exclusion criteria while
two were excluded due to not providing data of event per
100 patient-year or lacking exact follow-up time causing
unable to calculate IRR. Unfortunately, no RCT or real-
world study was found in remaining studies. Finally, seven
retrospective cohort studies with 3698 patients were in-
cluded in analysis group [14–20]. It was worth mentioning
that one out of seven study came from a conference ab-
stract with a large cohort and propensity score matching
[16], and our group reached the consensus to include it in
this review since it provided enough information and rea-
sonable methodology.
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Study characteristics
The studies included in the meta-analysis were summa-
rized in Table 1. A total of 3698 CHB patients, 1574 in
TDF group and 2124 in ETV group, had TDF or ETV
monotherapy and the exact follow-up time for HCC

occurrence in each study was shown in Table 1. All of
the studies were male-dominated, and most patients
were 40–60 years old with cirrhosis and detectable
HBVDNA. Four of seven studies included only NAs
therapy-naive CHB patients,while the rest also included

Fig. 1 Flow diagram for the selection of studies
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non-naive. All the studies had comparable baseline data
between two groups, as shown in Table 1, except patients
in ETV group were older than TDF group in two studies.
Besides, there was a significant difference on follow-up
time between TDF and ETV group. Therefore, we used
IRR instead of RR to compare the differences on HCC in-
cidence and death or transplantation incidence.

Quality assessment
Newcastle–Ottawa scale (NOS) was used to evaluate the
quality of retrospective cohort studies, and the high
quality was admitted when a NOS score > 6. The quality
assessment results of seven studies were shown in
Table 2. Six studies were considered as high quality but
the NOS score of the only conference abstract was un-
clear because of lacking detail information, however it
performed a propensity score matching with large co-
hort and comparable patient baseline data. We conjec-
tured the NOS score was high enough to include it in
this review. Besides, an updated quality assessment table
(Additional file 2) subsequently proved our conjecture.

Meta-analysis results
Incidence of HCC
The result of HCC incidence between TDF and ETV
groups was shown in Fig. 2a. In the final result, the HCC
incidence was significant lower in TDF group than ETV
group [rate ratio (95% CI) of 0.66 (0.49, 0.89), P = 0.008],
though only one study reported a significant benefit in
TDF group comparing to ETV group. A chi-square test
and I2 statistics showed homogeneous data extracted from
the seven studies [Chi2 = 3.22, degrees of freedom (df) = 6
(P = 0.78); I2 = 0%] and fixed effect model was used. A
funnel plot analysis of publication bias was shown in Add-
itional file 3. In order to avoid influence of age difference

in incidence of HCC, we also performed a subgroup ana-
lysis excluding the two studies with significant difference of
age and the result was shown in Fig. 2b. The HCC inci-
dence was still significant lower in TDF group [rate ratio
(95% CI) of 0.60 (0.43, 0.84), P = 0.003] with homogeneous
pooled data.

Incidence of death or transplantation
Five studies reported incidence of death or transplantation,
however there was no event in TDF group of one study
[17] and in ETV group of another study [19]. Eventually
three studies were included in the analysis and the results
were shown in Fig. 2c. As the figure showed, there was no
statistically significant difference between TDF and ETV
groups using fixed effect model [rate ratio (95% CI) of 0.78
(0.55, 1.13), P = 0.19] without significant between-study het-
erogeneity [Chi2 = 0.30, df = 2 (P = 0.86); I2 = 0%].

Incidence of encephalopathy
Three studies that reported incidence of encephalopathy
were included in this part of analysis with 852 patients,
including 404 were tenofovir treated and 448 entecavir
treated (Fig. 3a). According to the Chi2 and I2 analyses,
no heterogeneity was detected between the 3 studies
[Chi2 = 3.94, df = 2 (P = 0.14); I2 = 49%]. A fixed effect
model was selected analyzing the data. And the differ-
ence in the incidence of encephalopathy between two
drugs was insignificant [RR (95% CI) of 0.72 (0.45, 1.13),
P = 0.15].

Incidence of variceal bleeding
Three studies that reported incidence of variceal bleed-
ing were included in this part of analysis containing 404
treated with tenofovir and 448 treated with entecavir
(Fig. 3b). There was no heterogeneity observed between

Table 2 The quality assessment according to the Newcastle–Ottawa quality assessment scale (NOS) of each study

References Koklu,
(2013) [14]

Goyal
(2015) [15]

Choi
(2017) [16]

Tsai
(2017) [17]

Kim,B.G
(2018) [19]

Kim,Y.M
(2018) [18]

Yu
(2018) [20]

Selection Reprensentativeness of the
exposed cohort

1 1 unclear 1 1 1 1

Selection of the non-exposed cohort 1 1 unclear 1 1 1 1

Ascertainment of exposure 1 1 1 1 1 1 1

Demonstration that outcome of interest was
not present at the
start of study

– 1 unclear 1 1 – 1

Comparibility Study controls for age or gender 1 1 1 – 1 1 –

Study controls for any additional factor 1 1 1 1 1 1 1

Outcome Assessment of outcome 1 1 unclear 1 1 1 1

Follow-up long enough for outcomes
to occur

– 1 – – 1 1 1

Adequacy of follow-up of cohort 1 1 unclear 1 1 1 1

Total 7 9 unclear 7 9 8 8
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3 studies according to the Chi2 and I2 analyses [Chi2 =
1.08, df = 2 (P = 0.58); I2 = 0%]. A fixed effect model was
used to analyze the data because of homogeneity and
the difference in the number of patients that occurred
event between two group was statistically insignificant
[RR (95% CI) of 0.71 (0.34, 1.50), P = 0.37].

Discussion
In this systematic review, seven retrospective cohort
studies with 3698 patients fulfill our criteria. The current
meta analysis demonstrated TDF monotherapy reduced
the incidence of HCC comparing to ETV monotherapy
in CHB patients with no significant differences in the in-
cidence of death or transplantation, encephalopathy or
variceal bleeding, which indicates that TDF monother-
apy may be superior to ETV monotherapy in treating
CHB patients.
The use of NAs, including lamivudine, telbivudine,

adefovir, TDF and ETV, has been proved to be beneficial

in preventing progression to cirrhosis and delaying the
development of HCC in CHB patients by many research
[21–24]. Meta analyses performed by Sun in 2014 [25]
and Yuan in 2016 [26] both demonstrated antiviral ther-
apy with NAs had potential benefits in reducing the re-
currence rate and improving the overall survival (OS)
and disease-free survival (DFS) of patients with HBV-
related HCC after curative therapy. Furthermore,
according to a meta analysis performed by A.K.Singal et
al. in 2013 with 49 studies [26], NAs treatment signifi-
cantly reduced the incidence of HCC compared with no
treatment. However, the comparison of effectiveness be-
tween TDF and ETV is still little known, although it is
widely accepted that these two drugs are superior to
others and treated as first-line NAs drugs. In recent
years, several studies have focused on comparing effect-
iveness of the two drugs. SR Zuo et al. performed a meta
analysis comparing the efficacy of ETV and TDF with
short time follow-up for the treatment of chronic

Fig. 2 a Forest plot of incidence of HCC between TDF group and ETV group. b Forest plot of incidence of HCC between TDF group and ETV group
excluding two studies with significant different age. c. Forest plot of incidence of death or transplantation between TDF group and ETV group
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hepatitis B infection [9]. Including 11 studies with 1656
patients, the results showed TDF was better able to sup-
press HBV viral load and had a similar safety profile as
ETV. For HCC incidence, besides the studies included in
the analysis, a retrospective cohort study with 346 patients
by Li et al. [27], which was excluded due to lacking neces-
sary information, showed no significant difference be-
tween TDF group and ETV group. With the same reason
for excluding, a retrospective cohort study by Song et al.
[28] showed higher HCC incidence in ETV than TDF
arm, which is identical with our meta analysis result.
For the lower incidence of HCC in TDF group, there

are several reasons that could probably explain the dif-
ferences. First, recent study reveals that nucleutide ana-
logues, rather than nucleoside analogues, provide
additional effect to induce expression of interferon-λ3
[29] which will induce IFN-stimulated genes and inhibit
hepatitis B surface antigen (HBsAg) production in hepa-
toma cells. Furthermore, interferon-λ3 has been demon-
strated to be involved in modulation of immunity during
virus infection or autoimmune diseases [30]. Second,
TDF is related to a higher virological response rate and
a lower rate of resistance comparing to ETV [31]. The
uncontrolled viral status could lead to a higher risk of
HCC occurrence. Lastly, the bias of the present study
can not be neglected even we strictly followed the
principle of PRISMA guidelines. So more studies are still
needed to update this analysis. Overall, the mechanism
still requires further clinical evidences.
Ascites, variceal bleeding, spontaneous bacterial peri-

tonitis, hepatic encephalopathy and hepatorenal
syndrome represent decompensation landmarks in the

natural history of a cirrhotic patient, and the reported
yearly rate of decompensation is 2–5% [32]. In the
meantime, NAs agents are effective in restoring liver
function, preventing and reversing liver decompensation,
improving survival in CHB patients without significant
side effects [33]. At the present study, no significant dif-
ference was found in incidence of death or transplant-
ation, encephalopathy or variceal bleeding, and relatively
few included studies (three studies) reported these data.
We consider the results can be unstable with a small
quantity of data. Besides, Song reported higher mortality
in TDF-treated patients than ETV-treated patients [28],
which is different from our result. More studies should
be performed aiming at these issues. In addition, analysis
of renal impairment was not performed in our study be-
cause only two of the included studies provided enough
data. Nephrotoxicity with tenofovir has been demon-
strated, including increases in serum creatinine and
blood urea nitrogen, decrease in serum phosphate,
glycosuria, proteinuria and phosphaturia in vivo experi-
ment [34, 35]. However, real-world studies [36–39] and
two of included studies [15, 17] showed controversial re-
sults. So future studies should determine the issue.
As far as we concerned, this is the first study compar-

ing the incidence of HCC between TDF monotherapy
and ETV monotherapy in CHB patients. Comparatively
convincing data on all published studies are included in
this study, which ensures reliable results and controls
publication bias. Meanwhile, this study inspiringly show
that TDF monotherapy reduces the incidence of HCC
comparing to ETV monotherapy in chronic HBV pa-
tients which indicates TDF instead of ETV may be a

Fig. 3 a Forest plot of incidence of encephalopathy between TDF group and ETV group. b Forest plot of incidence of variceal bleeding between
TDF group and ETV group
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better choice to treat CHB patients for lower incidence
of HCC, thus provides relatively strong evidences for
better clinical use of antiviral drugs.
There are several limitation in our meta analysis. (1)

Only retrospective cohort studies met our inclusion and
exclusion criteria, which mean no prospective study or
RCT was included in our analysis. (2) There was still a
need of large-scale studies. (3) We did not distinguish
the genotype of HBV and baseline HBVDNA because of
lacking adequate studies, which might result in unavoid-
able bias. (4) The follow-up time in TDF group was
shorter than in ETV group in most of included studies,
which could prevent from detecting more occurrence of
HCC. Although we used event per 100 patient-year and
IRR to diminish the affection to result, the bias was still
unavoidable. In the mean time, longer follow-up time
was needed to provide more accurate HCC incidence
data. (5) Most of included studies were the result of
Asian CHB cohort, which might cause bias while consid-
ering all races. An update meta-analysis should be per-
formed in future using more comprehensive data. (6)
ETV group was older than TDF group in two included
studies. Although we performed a subgroup analysis to
avoid bias, it still existed in some extent because the
patients with older age were more likely to have HCC
especially if infected at birth or early in life. (7) Different
indications were applied in the included studies, making
it impossible to figure out which kind of patients could
benefit more from TDF therapy. (8) Some data whose
exact values were unable to obtain when processing be-
cause of lacking original data.

Conclusion
In summary, despite these limitation listed above, our
study still demonstrates better effect of TDF in reducing
HCC incidence than ETV, which indicates TDF to be a
better choice while treating CHB patients. However, RCT
and large prospective cohort study should be performed
before applying.
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