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Hepatocellular carcinoma incidence with tenofovir versus 
entecavir in chronic hepatitis B: a systematic review and 
meta-analysis
Cheng-Hao Tseng*, Yao-Chun Hsu*, Tzu-Haw Chen, Fanpu Ji, I-Sung Chen, Ying-Nan Tsai, Hoang Hai, Le Thi Thanh Thuy, Tetsuya Hosaka, 
Hitomi Sezaki, John A Borghi, Ramsey Cheung, Masaru Enomoto, Mindie H Nguyen

Summary
Background It is unclear whether tenofovir disoproxil fumarate and entecavir differ in their association with risk of 
hepatocellular carcinoma in patients with chronic hepatitis B, and previous meta-analyses have shown conflicting 
conclusions with substantial heterogeneity. We aimed to analyse the updated data and elucidate the source of 
heterogeneity.

Methods We searched PubMed, Embase, Web of Science, and the Cochrane library for relevant studies with time-to-
event data for incident hepatocellular carcinoma occurring in patients with chronic hepatitis B who received tenofovir 
disoproxil fumarate or entecavir monotherapy with follow-up of at least 1 year. Studies published between Jan 1, 2006, 
and April 17, 2020, and abstracts from international conferences in 2018 and 2019 were included. We pooled covariate 
adjusted hazard ratios (HRs) for hepatocellular carcinoma using a random-effects model, assessed heterogeneity 
among included studies using the I² statistic and Cochran’s Q test, and identified the source of heterogeneity using 
prespecified subgroup analyses. This study is registered with PROSPERO, ID CRD42020176513.

Findings 31 studies involving 119 053 patients were analysed. The 5-year cumulative incidence of hepatocellular 
carcinoma was 5·97% (95% CI 5·81–6·13, 28 studies) for entecavir and 3·06% (2·86–3·26, 13 studies) for tenofovir 
disoproxil fumarate in studies with unmatched populations (p<0·0001). For all eight studies matched by propensity 
score, the 5-year cumulative incidence was 3·44% (95% CI 3·08–3·80) for entecavir and 3·39% (2·94–3·83) for 
tenofovir disoproxil fumarate (p=0·87). Analysis of 14 comparative studies with covariate adjustment found that 
tenofovir disoproxil fumarate and entecavir had similar risk of hepatocellular carcinoma (primary outcome); adjusted 
HR 0·88, 95% CI 0·73–1·07; p=0·20), although heterogeneity was significant (I²=56·4%, p=0·0038). In a subgroup 
analysis for hospital-based clinical cohorts, there was no difference in hepatocellular carcinoma incidence between 
the two regimens (adjusted HR 1·03, 95% CI 0·88–1·21; I²=0%). However, tenofovir disoproxil fumarate was 
associated with a lower risk of hepatocellular carcinoma compared with entecavir in administrative database research 
(adjusted HR 0·67, 0·59–0·76; I²=0%).

Interpretation Our study found no significant difference between tenofovir disoproxil fumarate and entecavir in their 
association with incident hepatocellular carcinoma. We suggest that treatment should be guided by patient tolerability 
and affordability rather than whether one drug is more effective than the other.
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Introduction
Hepatitis B virus (HBV) infection affects 240 million 
people worldwide and causes 686 000 deaths per year.1 For 
patients with chronic hepatitis B, hepatocellular carcinoma 
is a major cause of mortality.1–4 Therefore, reducing 
hepatocellular carcinoma risk with long-term antiviral 
therapy is one of the cornerstones in the management of 
chronic hepatitis B, for which the first-line drugs are 
entecavir and tenofovir disoproxil fumarate.1,2,5

Although both entecavir and tenofovir disoproxil 
fumarate reduce hepatocellular carcinoma risk, the 
comparative effectiveness of these two drugs remains 
unclear.6–19 Between 2019 and 2020, several meta-
analyses20–27 synthesised the evidence, but findings 

comparing the two drugs are still conflicting. The 
pooled results reported to date were often drawn from 
studies with heterogeneous populations, making results 
difficult to interpret. In addition, previous meta-analyses 
have included only a few comparative studies, pooled 
unadjusted data with adjusted data, did not exclude 
articles with overlapping populations, analysed hepato-
cellular carcinoma data as a dichotomous outcome as 
opposed to time-to-event data, and lacked detailed sub-
group analysis, all of which have restricted the study 
conclusions.20–27

To clarify this controversy, we critically appraised the 
existing literature in an updated systematic review and 
meta-analysis, which included several newly published 
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articles that were not included in previous meta-analyses. 
We also evaluated heterogeneity, which was not 
adequately addressed in previous publications. Our 
analysis includes studies that investigated hepato cellular 
carcinoma incidence with the use of tenofovir disoproxil 
fumarate or entecavir in patients with chronic hepatitis B 
from both comparative and non-comparative studies. By 
including non-comparative studies we could elucidate 
heterogeneity in the risk for hepatocellular carcinoma, 
which might not be equal between patients who are 
given entecavir and tenofovir disoproxil fumarate. 
Furthermore, we determined pooled hazard ratios (HRs) 
for the risk of hepatocellular carcinoma in patients 
treated with tenofovir disoproxil fumarate versus 
entecavir, taken from comparative studies with covariate 
adjustment and subgroup analyses. Lastly, we estimated 
the pooled HRs for mortality and outcomes following a 
liver transplant, when data were available.

Methods
Search strategy and selection criteria
This systematic review and meta-analysis was done 
according to the PRISMA guidelines28 (appendix pp 2–4). 
We searched PubMed, Embase, Web of Science, and the 
Cochrane Central Register of Controlled Trials for relevant 
full-text studies, without any language restrictions, 
published between Jan 1, 2006, and April 17, 2020. 
Although entecavir was approved for use in 2005, we 
chose Jan 1, 2006, as our study start date to allow for more 
data to be collected and analysed and to make sure that 
pre-existing hepatocellular carcinoma was not accidentally 
included in the earlier studies. We also reviewed abstracts 
from the 2018 and 2019 annual scientific meetings of the 
American Association for the Study of Liver Diseases and 
the European Association for the Study of the Liver. We 

developed our search strategy in collaboration with a 
medical librarian (JAB; appendix pp 5–8). The strategy 
included keywords for hepatocellular carcinoma, HBV, 
and tenofovir disoproxil fumarate or entecavir. C-HT and 
T-HC independently screened the literature. C-HT, T-HC, 
FJ, I-SC, Y-NT, HH, LTTT, TH, HS, and ME extracted the 
data using a case report form developed for this study. 
Discrepancies were resolved by consensus and discussion 
with Y-CH, RC, and MHN (third and senior investigators).

Eligible studies were randomised controlled trials and 
cohort studies that reported hepatocellular carcinoma 
incidence as time-to-event data in patients with chronic 
hepatitis B, who were aged 16 years and older, and who 
received tenofovir disoproxil fumarate (300 mg per day 
orally) or entecavir (0·5 mg per day orally) monotherapy 
with a mean or median follow-up of at least 1 year. The 
age of 16 years and older was chosen because some 
studies in adults, especially the important study by 
Papatheodoridis and colleagues,9  used this age as the 
lower cutoff. For meeting abstracts without full-length 
text availability, only head-to-head comparative studies 
focusing on incident hepatocellular carcinoma were 
reviewed. For articles with an overlapping study popu-
lation, only the most representative (most recent, largest 
sample size, and most comprehensive) ones were 
selected. Studies were excluded if the sample size was 
less than 100 in either treatment cohort; if prevalent 
hepatocellular carcinoma cases were included; if more 
than 5% of patients had a viral coinfection; if the study 

Research in context

Evidence before this study
It remains unclear whether tenofovir disoproxil fumarate and 
entecavir differ in their association with the risk for 
hepatocellular carcinoma in patients with chronic hepatitis B. 
Before undertaking this study, we searched PubMed, Embase, 
Web of Science, and the Cochrane Library using the key search 
terms including “hepatocellular carcinoma”, “hepatitis B 
virus”, and “tenofovir disoproxil fumarate or entecavir”, 
without language restrictions. We identified eight existing 
meta-analyses with inconsistent conclusions, possibly because 
of the heterogeneity that was not fully addressed and study 
limitations which were overlooked.

Added value of this study
In this systematic review and meta-analysis, we identified 
31 studies including several new studies that were not included 
in previous meta-analyses. First, we showed that the pooled 
5-year cumulative hepatocellular carcinoma incidence with 
tenofovir disoproxil fumarate and with entecavir were similar 

(p=0·87) from all eight studies with matched populations using 
propensity score matching. Second, we showed there was a 
similar association between hepatocellular carcinoma incidence 
and the use of tenofovir disoproxil fumarate or entecavir. 
Lastly, there was no difference between tenofovir disoproxil 
fumarate and entecavir in studies with no or minimal disparity 
in the follow-up duration, but tenofovir disoproxil fumarate 
was associated with a significantly lower risk of hepatocellular 
carcinoma compared with entecavir in studies in which the 
follow-up duration for entecavir was longer than that of 
tenofovir disoproxil fumarate by at least 1 year.

Implications of all the available evidence
Tenofovir disoproxil fumarate and entecavir should be 
considered equally effective for the prevention of hepatocellular 
carcinoma; therefore, the choice of treatment should not be 
made by an assumed difference in treatment efficacy but will 
depend on factors such as cost and tolerability.

See Online for appendix

Figure 1: Study selection
Some papers provide data for more than one analysis, so the sum of studies 
from each analysis might be more than 31 studies. More than one exclusion 

criteria were applied for some papers. HR=hazard ratio. 
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1294 duplicate titles excluded 

5669 studies identified in total by searching databases
1058 from PubMed
2752 from Embase
1685 from Web of Science

169 from Cochrane Library 
5 from a manual search 

4375 studies screened by title and abstract

4172 excluded 
2922 were irrelevant articles
1003 were basic animal studies

601 were not an original article
307 included a specific population
209 were duplicates

60 had a sample size lower than 100

203 eligible articles
5 meeting abstracts

198 full-text articles retrieved for review

172 full-text articles excluded
77 had an overlapping population
32 had no hepatocellular carcinoma incidence data
24 had no separate entecavir versus tenofovir disoproxil fumarate data
15 had a low case number (<100)

9 had included prevalent hepatocellular carcinoma  or malignancy
5 did not include all patients with nucleos(t)ide analogue treatment
5 in which the index date of treatment initiation was not with

nucleos(t)ide analogue
3 were duplicates
1 had included hepatitis C virus co-infection
1 included a combination with an anti-fibrotic agent

31 eligible studies included in meta-analysis
5 meeting abstracts 

26 full-text articles

5-year cumulative hepatocellular carcinoma incidence 
29 studies
29 051 patients receiving tenofovir disoproxil

fumarate and 86 960 patients receiving entecavir

Pooled HR comparing tenofovir disoproxil fumarate
versus entecavir for hepatocellular carcinoma incidence
15 studies
29 772 patients receiving tenofovir disoproxil fumarate 

and 58 369 patients receiving entecavir

Pooled HR comparing tenofovir disoproxil fumarate versus
entecavir for mortality and liver transplant
8 studies
19 925 patients receiving tenofovir disoproxil

fumarate and 19 664 patients receiving entecavir

Pooled from unmatched cohorts
13 studies on tenofovir disoproxil fumarate including

28 946 patients
28 studies on entecavir including 86 855 patients
Pooled from matched cohorts
8 studies for each drug group
16 266 patients receiving tenofovir disoproxil fumarate 

and 19 702 patients receiving entecavir

For unadjusted HR
10 studies
8946 patients receiving tenofovir disoproxil fumarate 

and 40 737 patients receiving entecavir
For adjusted HR
14 studies
26 672 patients receiving tenofovir disoproxil

fumarate and 28 054 patients receiving entecavir

For mortality or liver transplant
5 studies
17 198 patients receiving tenofovir disoproxil fumarate 

and 17 351 patients receiving entecavir
Unadjusted HR: 4506 on tenofovir disoproxil fumarate and
5887 on entecavir
Adjusted HR: 14 621 on tenofovir disoproxil fumarate and
15 670 on entecavir
For mortality
3 studies
2729 patients receiving tenofovir disoproxil fumarate 

and 2311 patients receiving entecavir
Unadjusted HR: 2322 on tenofovir disoproxil fumarate and
1896 on entecavir
Adjusted HR: 2436 on tenofovir disoproxil fumarate and
2076 on entecavir
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Country or 
region

Study scale Drug Number of 
participants

Mean or 
median age, 
years

Male 
participants 
(%)

Female 
participants (%)

Previous 
nucleos(t)ide 
analogue 
treatment 
(%)

Cirrhosis (%) Follow-
up, 
months

Hepatocellular 
carcinoma 
occurrence

Comparative studies with propensity score matching or weighting*

Oh et al 
(2020)19

South Korea Multicentre; 
single 
country

Entecavir vs 
tenofovir 
disoproxil 
fumarate

Before 
matching 
(753 vs 807); 
after 
matching 
(516 vs 516)

48·7 (11·4) vs 
46·3 (11·2); 
49·2 (12·6) vs 
49 (9·4)

480 (63·7%) 
vs 503 
(62·3%); 319 
(61·8%) vs 
325 (63·0%)

273 (36·3%) vs 
304 (37·7%); 
197 (38·2%) vs 
191 (37·0%)

Naive 315 (41·8%)  
vs 310 
(38·4%); 238 
(46·1%) vs 224 
(43·4%)

Mean 56·4 
vs 54; 58·8 
vs 56·4

34 vs 45;  
29 vs 37

Ha et al (2020)7 South Korea Single 
centre; single 
country

Entecavir vs 
tenofovir 
disoproxil 
fumarate

Before 
matching 
(921 vs 419); 
after 
matching 
(298 vs 298)

48 (15·0) vs 
45 (16·0); 48 
(16·0) vs 48 
(14·0)

558 (61·0%) 
vs 266 
(63·0%); 181 
(61·0%) vs 
179 (60·0%)

363 (39·0%) vs 
153 (37·0%); 117 
(39·0%) vs 119 
(40·0%)

Naive 259 (28%) vs 
39 (9·3%); 
39 (9%) vs 39 
(9%)

Mean 54·2 

vs 54·2†
82 vs 24; ··

Yip at al 
(2020)17

Hong Kong Multicentre; 
single 
territory; 
electronic 
health record

Entecavir vs 
tenofovir 
disoproxil 
fumarate

Before 
matching 
(28 041 vs 
1309); after 
matching 
(4636 vs 
1200)

53·4 (13·0) vs 
43·2 (13·1); 
42·9 (12·7) vs 
44·4 (13·1)

18 094 
(64·5%) vs 
591 (45·1%); 
2267 (48·9%) 
vs 587 
(48·9%)

9947 (35·5%) vs 
718 (54·9%); 
2369 (51·1%) vs 
613 (51·1%)

Naive 3822 (13·6%) 
vs 38 (2·9%); 
167 (3·6%) vs 
37(3·1%)

Median 
44·4 vs 
33·6; 33·6 
vs 34·8

1386 vs 8; 76 
vs 8

Hsu et al 
(2020)14

USA and 
Asia

Multicentre; 
international

Entecavir vs 
tenofovir 
disoproxil 
fumarate

Before 
matching 
(4837 vs 
700); after 
matching 
(520 vs 520)

50·8 (0·2) vs 
45·7 (0·5); 
44·1 (0·5) vs 
44·9 (0·6)

3328 (68·8%) 
vs 456 
(65·1%); 354 
(68·1%) vs 
338 (65·0%)

1509 (31·2%) vs 
244 (34·9%); 
166 (31·9%) vs 
182 (35·0%)

Naive 1344 (27·8%) 
vs 131 (18·7%); 
107 (20·6%) vs 
105 (20·2%)

Median 60 
vs 38·7; 60 
vs 38·9

285 vs 13;  
19 vs 11

Lee et al 
(2020)10

South Korea Single 
centre; single 
country

Entecavir vs 
tenofovir 
disoproxil 
fumarate

Before 
matching 
(1583 vs 
1439); after 
matching 
(1370 vs 
1370)

46·7 (11·8) vs 
47·3 (11·6); 
47·0 (11·7) vs 
46·9 (11·3)

926 (58·5%) 
vs 841 
(58·4%); 806 
(58·8%) vs 
798 (58·3%)

657 (41·5%) vs 
598 (41·6%); 
564 (41·2%) vs 
572 (41·7%)

Naive 567 (35·8%)  
vs 483 
(33·6%); 465 
(33·9%) vs 
464 (33·9%)

Mean‡ 
51·5 vs 
36·6; 51·5 
vs 36·6

84 vs 50;  
64 vs 47

Kim et al 
(2019)13

South Korea Multicentre; 
single 
country

Entecavir vs 
tenofovir 
disoproxil 
fumarate

Before 
matching 
(1484 vs 
1413); after 
matching 
(1278 vs 
1278)

48·2 (11·5) vs 
48·8 (12·0); 
48·6 (11·4) vs 
48·2 (12·0)

889 (59·9%) 
vs 913 
(64·6%); 793 
(62·1%) vs 
794 (62·1%)

595 (40·1%) vs 
500 (35·4%); 
485 (37·9%) vs 
484 (37·9%)

Naive 499 (33·6%) 
vs 
411 (29·1%); 
394 (30·8%) 
vs 400 (31·3%)

Mean 58·1 
vs 51·3; ··

138 vs 102; ··

Choi et al 
(2019)16

South Korea Single centre 

(hospital 
cohort); 
multicentre 

(national 
claims 
database 
cohort) from 
a single 
country

Entecavir vs 
tenofovir 
disoproxil 
fumarate

Single centre 
before 
matching 
(1560 vs 
1141); after 
matching 
(869 vs 869); 
multicentre 
before 
matching 
(11 464 vs 
12692); after 
matching 
(10923 vs 
10923)

Single centre 
before 
matching 
49·2 (10·5) vs 
48·1 (10·5); 
after 
matching 
48·8 (10·4) vs 
48·8 (10·4); 
multicentre 
before 
matching 
49·3 (9·8) vs 
48·6 (9·8); 
after 
matching 
49·1 (9·8) vs 
49 (9·8)

Single centre 
before 
matching 
965 (61·9%) 
vs 962 
(60·6%); after 
matching 
519 (59·7%) 
vs 540 
(62·1%); 
multicentre 
before 
matching 
7171 (62·6%) 
vs 7949 
(62·6%); after 
matching 
6802 (62·3%) 
vs 6834 
(62·6%)

Single centre 
before matching 
595 (38·1%) vs 
179 (39·4%); 
after matching 
350 (40·3%) vs 
329 (37·9%); 
multicentre 
before matching 
4293 (37·4%) vs 
4743 (37·4%); 
after matching 
4121 (37·7%) vs 
4089 (37·4%)

Naive Single centre 
before 
matching 
935 (59·3%) vs 
653 (57·2%); 
after matching 
511 (58·8%) vs 
505 (58·1%); 
multicentre 
before 
matching 
2991 (26·1%) 
vs 
3488 (27·5%); 
after matching 
2891 (26·5%) 
vs 
2919 (26·7%)

Median 
48 vs 32; 
48 vs 32; 
51 vs 36; 
51 vs 36

115 vs 39; 
61 vs 31; 
590 vs 394; 
567 vs 350

(Table 1 continues on next page)
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Country or 
region

Study scale Drug Number of 
participants

Mean or 
median age, 
years

Male 
participants 
(%)

Female 
participants (%)

Previous 
nucleos(t)ide 
analogue 
treatment 
(%)

Cirrhosis (%) Follow-
up, 
months

Hepatocellular 
carcinoma 
occurrence

(Continued from previous page)

Kim et al§ 
(2019)12

USA Multicentre; 
single 
country; 
claims 
database

Entecavir vs 
tenofovir 
disoproxil 
fumarate

Before 
matching 
(4060 vs 
6145)

48 (39–57) vs 
44 (35–54)

2524  
(62·2%) vs 
3401 (55·4%)

1536 (37·8%) vs 
2744 (44·6%)

Naive ·· Mean 23·9 
vs 25·4

49 vs 41

Kim et al 
(2018)18

South Korea Single 
centre; single 
country

Entecavir vs 
tenofovir 
disoproxil 
fumarate

Before 
matching 
(721 vs 604); 
after 
matching 
(354 vs 354)

52 (11) vs 50 
(11); 51 (11) 
vs 51 (11)

471  
(65·3%) vs 
363 (60·1%); 
220 (62·1%) 
vs 222 
(62·7%)

250 (34·7%) vs 
241 (39·9%); 
134 (37·9%) vs 
132 (37·3%)

Naive 346 (48%) vs 
267 (44·2%); 
169 (47·7%) vs 
156 (44·1%)

Median 
66 vs 33; 
mean 48·1 

vs 32·9

40 vs 14;  
24 vs 7

Comparative studies with adjusted data by multivariable modelling

Su et al¶ 
(2020)6

USA Multicentre; 
single 
country; 
electronic 
health record

Entecavir vs 
tenofovir 
disoproxil 
fumarate

1317 vs 695 ·· ·· .. Naive ·· Mean 64·4 
vs 54·4

84 vs 47

Lee et al§ 
(2019)11

Taiwan Single 
centre; single 
country

Entecavir vs 
tenofovir 
disoproxil 
fumarate

452 vs 288 53·0 
(23·4–29·7) vs 
54·1 
(24–94·1)

297  
(65·7%) vs 
178 (61·8%)

155 (34·3%) vs 
110 (38·2%)

·· 142 (31·4%)  
vs 39 (12·5%)

Median 
37·2 vs 
33·6

31 vs 8

Papatheodoridis 
et al§ (2019)9

Europe Multicentre; 
international

Entecavir vs 
tenofovir 
disoproxil 
fumarate

772 vs 1163 52 (14) vs 
53 (13)

538  
(70·0%) vs 
827 (71·0%)

234 (30·0%) vs 
336 (29·0%)

165 (21·4%) 
vs 642 
(55·2%)

166 (22%) vs 
358 (31·6%)

Median 
91·2 vs 90

51 vs 93

Pol§ (2019)8 France Multicentre; 
single 
country

Entecavir vs 
tenofovir 
disoproxil 
fumarate

1143 vs 1515 ·· ·· .. ·· ·· Median 45 
vs 45

35 vs 44

Gordon et al§ 
(2019)15

USA Multicentre; 
single 
country

Entecavir or 
tenofovir 
disoproxil 
fumarate

822|| .. .. .. 164 (20·0%) 151 (18%) Median 36 ..

Non-comparative studies (not designed to compare hepatocellular carcinoma incidence by a specific antiviral drug)

Wu et al 
(2019)34

China Multicentre; 
single 
country

Entecavir 485 47·3 (11·1) 352  
(72·6%)

133 (27·4%) Naive 485 (100%) Mean 36 27

Suzuki et al 
(2019)35

Japan Single 
centre; single 
country

Entecavir 967 50 (17–89) 730  
(67·0%)

237 (33·0%) Naive 170 (17·6%) Median 66 47

Inoue et al 
(2019)36

Japan Multicentre; 
single 
country

Entecavir 362 ·· ·· .. ·· 80 (22·1%) ·· ··

Yu et al (2018)37 South Korea Single 
centre; single 
country

Entecavir vs 
tenofovir 
disoproxil 
fumarate

406 vs 176 53 (18–84) vs 
49 (20–84)

272  
(67·0%) vs 
104 (59·1%)

134 (33%) vs 
72 (40·9%)

Naive 148 (36·5%)  
vs 77 (43·8%)

Median 
69·9 vs 
33·6

31 vs 7

Hsu et al 
(2018)38

Taiwan** Multicentre; 
claims 
database

Entecavir 22 971 .. ·· .. Naive 6028 (26·2%) Median 
25·8

596

Li et al (2017)40 China Single 
centre; single 
country

Entecavir 229 30·5 (7·6) 176  
(76·9%)

53 (23·1%) ·· 0 (0%) Mean 60 3

Kim et al 
(2017)41

South Korea Multicentre; 
single 
country

Entecavir 875 47·8 (10·7) 564  
(64·5%)

311 (35·5%) Naive 443 (50·6%) Median 54 85

(Table 1 continues on next page)
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included mostly specific populations (eg, previous 
nucleos(t)ide analogue exposure, a resistant mutation, 
organ transplantation, end-stage renal disease, and 
rheumatic diseases); or if the time to hepatocellular 
carcinoma development was missing or indiscernible 
from the way the data were presented. We excluded 
studies with a sample size smaller than 100 to avoid 
unreliable estimates caused by the occurrence of few 
events within a small cohort, since we had anticipated 
that the incidence of treated hepatocellular carcinoma in 
patients with chronic hepatitis B would be low. We did 
not exclude studies with 5% or less patients who had 
viral coinfection because of the local background 
prevalence of—eg, HIV or hepatitis C virus coinfection. 
A low percentage of mixed coinfection data were not 
expected to substantially affect the pooled analysis and 

excluding these studies could result in substantial loss of 
relevant data.

Data analysis
For the purpose of our analysis, comparative studies 
were those that enrolled patients taking tenofovir 
disoproxil fumarate and entecavir to compare hepato-
cellular carcinoma incidence (primary outcome). The 
treatment cohorts were considered to be matched if 
prespecified criteria, regardless of whether propensity 
score was calculated, were used to match patients 
receiving tenofovir disoproxil fumarate and those 
receiving entecavir. Single-arm studies or those that did 
not meet the above matching criteria were considered to 
be unmatched. Adjusted HRs were derived from matched 
comparative studies or from multivariable adjusted 

Country or 
region

Study scale Drug Number of 
participants

Mean or 
median age, 
years

Male 
participants 
(%)

Female 
participants (%)

Previous 
nucleos(t)ide 
analogue 
treatment 
(%)

Cirrhosis (%) Follow-
up, 
months

Hepatocellular 
carcinoma 
occurrence

(Continued from previous page)

Kim et al 
(2017)42

South Korea Multicentre; 
single 
country

Entecavir 578 51 (9·0) 366  
(63·3%)

212 (36·7%) Naive 578 (100%) Median 43 81

Park et al†† 
(2017)39

South Korea Multicentre; 
single 
country

Entecavir vs 
tenofovir 
disoproxil 
fumarate

105 vs 105 47 (12·0). vs 
45·5 (11·9)

64  
(61·0%) vs 
67 (63·8%)

41 (39·0%) vs 
38 (36·2%)

Naive 43 (41%) vs  
41 (39%)

Mean 27 vs 
23·6

7 vs 6

Watanabe et al 
(2016)43

Japan Multicentre; 
single 
country

Entecavir 249 53·6 (13·1) 152  
(61·0%)

97 (39·0%) Naive 155 (62·7%) Mean 58·2 29

Su et al (2016)44 Taiwan Multicentre; 
single 
country

Entecavir 1315 55 (47–62) 963  
(73·0%)

352 (27·0%) Naive 1315 (100%) Median 48 119

Lee et al 
(2016)45

South Korea Single 
centre; single 
country

Entecavir 102 46·4 (11·2) 67  
(66·0%)

35 (34·0%) Naive 36 (35%) Median 
45·2

7

Ahn et al 
(2016)46

USA Multicentre; 
single 
country

Entecavir 646 46·9 
(18·2–83)

417  
(64·6%)

229 (35·4%) Naive 61 (9·4%) Median 48 17

Yamada et al 
(2015)47

Japan Multicentre; 
single 
country

Entecavir 496 52·6 (12·0) 288  
(58·0%)

208 (42·0%) Naive 94 (19%) Mean 49·9 42

Ren et al 
(2014)48

China Single 
centre; single 
country

Entecavir 112 45·5 (10·8) 89  
(79·5%)

23 (20·5%) Naive 112 (100%) Mean 36 8

Kim et al 
(2014)49

South Korea Single 
centre; single 
country

Entecavir 306 49·4 (24–80) 209  
(68·3%)

97 (31·7%) 52 (17%) 306 (100%) Mean 37 45

Kobashi et al 
(2011)50

Japan Single 
centre; single 
country

Entecavir 129 51 (22–80) 86  
(66·7%)

43 (33·3%) Naive 28 (21·7%) Mean 34·3 11

Data are mean (SD), median (IQR), or number (%). The claims database is composed of data based on billing codes for reimbursement purposes. *Detailed matched variables shown in the appendix (p 12). 
†Follow-up period of the whole cohort, not separate duration for entecavir and tenofovir disoproxil fumarate. ‡Not mentioned whether the data shown are before or after propensity score matching. 
§Abstract, not a fully published paper. ¶Data from a subgroup population of patients who were treatment naive with hepatitis B virus monoinfection. ||The Asian cohort included 517 patients and the non-Asian 
cohort included 305 patients; and the tenofovir disoproxil fumarate group included 407 patients and the entecavir group included 415 patients. **Used the derivation cohort from a Taiwan national health 
insurance registry database; tenofovir disoproxil fumarate was not included because of disproportionally smaller numbers of patients and shorter follow-up period. ††A comparative study focusing on the 
virological outcome but without a statistical description of the hepatocellular carcinoma outcome, therefore regarded as a non-comparative study.

Table 1: Summary of study characteristics
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regression modelling. Unadjusted HRs were derived 
from studies without covariate adjustment (via matching 
or modelling).

The 5-year cumulative incidence of hepatocellular 
carcinoma and 95% CIs were pooled according to the 
Freeman-Tukey double arcsine transformation method 
and were calculated in unmatched and matched popu-
lations.29 The treatment effect of tenofovir disoproxil 
fumarate versus entecavir on the incidence of hepato-
cellular carcinoma was evaluated by the pooled HR 
and 95% CIs using random effects modelling with 
heterogeneity assessed by the I² statistic and the 
Cochran’s Q test. For studies with competing risk 
analysis, to estimate the occurrence of death before 
hepatocellular carcinoma developed, we extracted the 
sub-distribution HR. We used Begg’s funnel plot to 
assess publication bias.

We prespecified subgroup analyses stratified by 
covariate adjustment methods (modelling or matching 
by a prespecified variable or by propensity scores), 
publication type (full-text articles or meeting abstracts), 
race (non-Asian patients only, both Asian and non-Asian 
patients, Asian patients only) because of the known 
difference in epidemiology and natural history of chronic 
hepatitis B between Asian and non-Asian groups,4,5 

patient enrolment before 2011 or afterwards (after 
tenofovir disoproxil fumarate was first approved in east 
Asia),13,30–32 study scale (international, single centre, multi-
centre, single country), funding source (with or without 
industry funding), study type (prospective or retro-
spective), study setting (hospital-based clinical cohorts 
with individual record review, administrative databases 
without laboratory data, or electronic extraction of health-
care record systems), and difference between entecavir 
and tenofovir disoproxil fumarate in the follow-up 
duration of less than 1 year or 1 year and longer. We also 
extracted pertinent data including the number of 
patients, age, sex, proportion of patients with cirrhosis, 
and mortality or liver transplantation, or both. In 
addition, we did sensitivity tests for studies that only 
enrolled patients naive for treatment with nucleos(t)ide 
analogues and for studies with data stratified by cirrhosis 
status. Lastly, data for non-hepatocellular carcinoma 
outcomes such as mortality and liver transplantation 
were also analysed when available.

We developed a quality assessment tool based on the 
modified Newcastle-Ottawa scale to assess the quality of 
full-text articles (appendix p 9).33 Studies were categorised 
by quality into high (7–9 points), fair (4–6 points), or low 
(<4 points).

All statistical analysis was done using Stata (version 13) 
with the packages metaprop for pooling cumulative 
incidences and metan (in conjunction with admetan and 
ipdmetan) for estimating the HRs. All tests were 
two-sided, and statistical significance was defined as a 
p value of less than 0·05. This study is registered with 
PROSPERO, ID CRD42020176513.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. The corresponding author had full access to 
all the data in the study and had final responsibility for 
the decision to submit for publication.

Results
Our literature search (appendix pp 10–11) yielded 
5669 studies. After removing duplicates and screening the 
titles and abstracts, we retrieved 203 studies including 
198 full-text articles for evaluation (figure 1). In total, we 
identified and included 31 studies (119 053 patients) 
for both the systematic review and meta-analysis: 
102 693 patients from 26 full-text articles, and 16 360 patients 
from five abstracts.6–19,34–50

Table 1 summarises characteristics of the 31 studies. 
15 studies (88 141 patients) provided HRs of entecavir 
versus tenofovir disoproxil fumarate for incident 
hepatocellular carcinoma.6–19,37 Of these studies, one was 
not designed to compare tenofovir disoproxil fumarate 
with entecavir and only an unadjusted HR was available.37 
The other 14 studies were comparative studies with 
adjusted HRs and provided 15 cohorts to analyse, because 
one study separated the Asian and non-Asian populations.15 
To estimate the 5-year cumulative hepatocellular carcinoma 
incidence, 29 studies (116 011 patients) were pooled.6–14,16–19,34–50 
We extracted data in the same way for all studies. Studies 
with less than 5% of the population coinfected with 
hepatitis C virus were allowed. In the only one study with 
more than 5% coinfected with hepatitis C virus, we 
extracted data from the subgroup of HBV monoinfected 
patients.6 Seven studies were considered to be high quality 
(appendix p 13).7,10,13,14,16,18,19 Begg’s funnel plot found no 
apparent publication bias among the 14 comparative 
studies (appendix p 14).

We summarised the 5-year cumulative incidence of 
hepatocellular carcinoma among patients receiving 
tenofovir disoproxil fumarate versus entecavir, who were 
unmatched or matched by propensity score (table 2). The 
5-year cumulative incidence of hepatocellular carcinoma 
from unmatched cohorts was 5·97% (95% CI 5·81–6·13) 
among patients receiving entecavir (28 studies, 
86 855 patients; appendix p 15)6,8–14,16–19,34–38,40–50 and 3·06% 
(2·86–3·26) among patients receiving tenofovir disoproxil 
fumarate (13 studies, 28 946 patients; appendix p 16).6,8–14,16–19,37 

Entecavir Tenofovir disoproxil fumarate p value*

Unmatched 
population

5·97% (95% CI 5·81–6·13); 28 studies 
with 86 855 patients 6,8–14,16–19,34–38,40–50

3·06% (95% CI 2·86–3·26); 
13 studies with 
28 946 patients6,8–14,16–19,37

<0·0001

Propensity matched 
population

3·44% (95% CI 3·08–3·80); 8 studies 
with 19 702 patients10,13,14,16–19,39

3·39% (95% CI 2·94–3·83); 
8 studies with 
16 266 patients10,13,14,16–19,39

0·87

*Calculated with the assumption of a normal Z distribution.

Table 2: Pooled 5-year cumulative hepatocellular carcinoma incidence
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The two pooled estimates were significantly different 
(p<0·0001). However, in the analysis of cohorts matched 
by propensity score (all eight studies), the 5-year cumulative 
incidence of hepatocellular carcinoma was similar for 
patients receiving entecavir (3·44% [95% CI 3·08–3·80]; 
19 702 patients; appendix p 17) and those receiving tenofovir 
disoproxil fumarate (3·39% [2·94–3·83]; p=0·87; 
16 266 patients; appendix p 18).10,13,14,16–19,39

Figure 2 presents pooled unadjusted and adjusted 
HRs. The pooled unadjusted HR from ten studies was 
0·75 (95% CI 0·54–1·03; p=0·080), but with substantial 
heterogeneity (I²=76·7%, p<0·0001).6,8,10,11,13,14,17–19,37 The 
pooled adjusted HR from 14 comparative studies was 
0·88 (0·73–1·07; p=0·20), also with significant 
heterogeneity (I²=56·4%, p=0·0038).6–19

In a sensitivity test of 11 studies, only including 
patients who were treatment-naive (appendix p 19), 
tenofovir disoproxil fumarate and entecavir were similar 
in their association with hepatocellular carcinoma 
(adjusted HR 0·87, 95% CI 0·70–1·10; p=0·25).6,7,10,12–19 
From studies with data stratified by liver cirrhosis 
(appendix p 20), tenofovir disoproxil fumarate and 
entecavir were similar, with the pooled adjusted HR of 
0·84 (95% CI 0·63–1·11; p=0·22) for the population with 
cirrhosis (eight studies, 8826 patients)10,11,13,14,16–19 and 
0·66 (0·41–1·06; p=0·085) for the population without 
cirrhosis (five studies, 64 986 patients).10,14,16,17,19 Another 
sensitivity test in which the national cohort was replaced 
with the hospital-based cohort in the study by Choi and 
colleagues16 also found similar risk for hepatocellular 

Patient Unadjusted HR
(95% CI) 

Weight (%)

Weight (%)

Hepatocellular
carcinoma

Favours tenofovir disoproxil fumarate Favours entecavir

1 2 4

Yip et al* (2020)17

Hsu et al* (2020)14 

Lee et al (2019)11 

Pol et al (2019)8

Kim et al* (2018)18 

Lee et al* (2020)10 

Kim et al* (2019)13

Su et al (2020)6

Oh et al* (2020)19 

Yu et al (2018)37

Overall

Heterogeneity: Cochran’s Q=38·64, p<0·0001; I2=76·7%

29 350

5537

740

2658

1325 

3022

2897

2012

1560

582

49 683 

1394

298 

39 

79 

54 

134  

240 

131 

79 

38 

2486 

0·15 (0·07–0·29)

0·45 (0·26–0·79) 

0·55 (0·25–1·22)

0·70 (0·33–1·48)

0·74 (0·39–1·39)

0·91 (0·64–1·30)

0·92 (0·71–1·19)

1·22 (0·85–1·75) 

1·26 (0·89–1·97) 

1·38 (0·56–3·45)

0·75 (0·54–1·03) 

 8·51

 10·12

 7·76

 8·13

 9·27

 12·25

 13·15

 12·22

 11·83

 6·76

0·125 80·25 0·5

A

Patient Adjusted HR
(95% CI) 

Hepatocellular
carcinoma

Favours tenofovir disoproxil fumarate Favours entecavir

1 2 40·25 0·5

B

Yip et al† (2020)17

Kim et al (2019)12

Kim  et al† (2018)18

Choi et al†‡ (2019)16

Gordon et al§ (2019)15

Pol et al (2019)8

Lee et al (2019)11

Hsu et al† (2020)14

Papatheodoridis et al (2019)9

Kim et al† (2019)13

Lee et al† (2020)10

Su et al (2020)6

Oh et al† (2020)19

Ha et al† (2020)7

Gordon et al¶ (2019)15

Overall

Heterogeneity: Cochran’s Q=32·14, p=0·0038; I2=56·4%

5836

10 205

708

21 846

517

 2658

 740

 1040

 1935

 2556

 2740

 2012

 1032

 596

 305

 54 726

 84

 90

 31

 917

 NA

 79

 39

 30

 144

 NA

 111

 131

 66

 NA

 NA

0·39 (0·18–0·84)

0·56 (0·37–0·86)

0·56 (0·21–1·54)

0·68 (0·60–0·78)

0·70 (0·29–1·68)

0·71 (0·33–1·53)

0·86 (0·39–1·91)

0·89 (0·45–1·92)

1·00 (0·71–1·43)

1·02 (0·77–1·35)

1·08 (0·52–2·24)

1·10 (0·75–1·59)

1·30 (0·80–2·02)

1·84 (0·90–3·79)

1·87 (0·60–5·87)

0·88 (0·73–1·07)

 4·44

 8·89

 3·00

 14·50

 3·66

 4·47

 4·20

 4·83

 10·26

 11·72

 4·77

 9·80

 8·17

 4·89

 2·40

Figure 2: Comparative effect of tenofovir disoproxil fumarate versus entecavir on the incidence of hepatocellular carcinoma
(A) HR without covariate adjustment.6,8,10,11,13,14,17–19,37 (B) HR with covariate adjustment.6–19 HR=hazard ratio. *Cohort before matching. †Cohort after matching. 
‡Cohort derived from the national claims database. §Asian cohort of the study. ¶Non-Asian cohort of the study.
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carcinoma between tenofovir disoproxil fumarate and 
entecavir (appendix p 21).6–19

Figure 3 summarises results from the prespecified 
subgroup analysis (details provided in the appendix 
pp 22–30). Tenofovir disoproxil fumarate and entecavir 
were similar in most subgroup analyses including those 
stratified by covariate adjustment methods (using 
modelling or propensity score matching), publication type 
(full-text articles or meeting abstracts), race (non-Asian or 
mixed race, or Asian), period of patient enrolment (before 
or after 2011), study scale (international, multicentre and 
single country, or single centre), funding source (with or 
without industry funding), and study type (prospective or 
retrospective), although there was heterogeneity in the 
results. However, heterogeneity was not statistically 
significant for the subgroup analysis stratified by study 
setting, which also suggested that tenofovir disoproxil 
fumarate and entecavir had similar risk for hepatocellular 
carcinoma among hospital-based clinical cohorts (adjusted 
HR 1·03, 95% CI 0·88–1·21; I²=0%, p=0·63 for hetero-
geneity; figure 4A). The risk remained similar when a 

hospital-based cohort from a large study by Choi and 
colleagues,16 which favoured tenofovir disoproxil fumarate, 
was added (adjusted HR 0·97, 0·82–1·14; I²=7·3%, 
p=0·37 for heterogeneity; appendix p 30).7–11,13–16,18,19 
Tenofovir disoproxil fumarate was associated with lower 
hepato cellular carcinoma risk (adjusted HR 0·67, 
0·59–0·76) among studies based on administrative claims 
databases (I²=0%, p=0·39; figure 4A).

Furthermore, subgroup analysis according to follow-up 
duration showed that tenofovir disoproxil fumarate was 
consistently and significantly associated with a lower risk 
of hepatocellular carcinoma (adjusted HR 0·69, 95% CI 
0·61–0·79) among studies in which the follow-up 
duration in patients treated with entecavir was at least 
1 year longer than that with tenofovir disoproxil fumarate 
(I²=0%, p=0·55).10,14,16,18 No difference was observed 
among studies with minimal disparity in follow-up 
duration (adjusted HR 0·88, 0·70–1·11; I²=51·1%, 
p=0·046 for heterogeneity; figure 4B).6,8,9,11–13,17,19

Pooled analyses for a comparative association with 
mortality or a combined outcome of mortality or liver 

Number of
studies 

Adjusted HR
(95% CI)

HeterogeneityPatients

Favours tenofovir disoproxil fumarate Favours entecavir

Covariate adjustment method

By multivariable modelling6,8,9,11,15

By propensity method7,10,12–14,16–19

Publication type

Full length article7,10,13,14,16–19

Abstract8,9,11,12,15

Race

Non-Asian or mixed6,8,9,12,14,15 

Asian7,10,11,13,15–19 

Time of enrolment

Before 20116–12,14,15,17,18

After and in 201113,16,19

Study scale

International study9,14

Multicentre and single country6,8,12,13,15–17,19

Single centre study7,10,11,18 

Funding source

No industry funding6–11,13–16,18

Funded by industry12,17,19

Study type

Prospective study8,9,15

Retrospective study6,7,10–14,16–19

Study setting

Clinical cohort7–11,13–15,18,19

Administrative database12,16

Electronic health record database6,17

Follow-up difference*

Less than 1 year for both drugs6,8,9,11–13,17,19

1 year or longer for entecavir10,14,16,18

 5

 9

 9

 5 

 6

 9

 11

 3

 2

 8

 4

 11

 3

 3 

 11

 10

 2

 2

 8

 4

 8167

 46 559

 38 366

 16 360

 18 155

 36 571

 29 292

 25 434

 2975

 46 967

 4784

 37 653 

 17 073

 5415

 49 311

 14 827

 32 051

 7848

 27 502

 26 334

0·99 (0·80–1·24)

0·84 (0·65–1·09)

0·92 (0·71–1·20)

0·81 (0·60–1·07)

0·89 (0·67–1·17)

0·88 (0·67–1·16)

0·87 (0·68–1·10)

0·93 (0·63–1·36)

0·98 (0·71–1·34)

0·83 (0·65–1·06)

1·06 (0·66–1·69)

0·93 (0·76–1·13)

0·68 (0·34–1·36)

0·95 (0·71–1·27)

0·87 (0·69–1·09)

1·03 (0·88–1·21)

0·67 (0·59–0·76)

0·69 (0·25–1·90)

0·88 (0·70–1·11)

0·69 (0·61–0·79)

I2=0%, p=0·71

I2=67·1%, p=0·0020

I2=68·6%, p=0·0013

I2=24·3%, p=0·25

I2=39·2%, p=0·14

I2=64·1%, p=0·0045

I2=38·6%, p=0·083

I2=83·7%, p=0·0022

I2=0%, p=0·78

I2=65·7%, p=0·0030

I2=26·7%, p=0·25

I2=49·7%, p=0·026

I2=80%, p=0·0067

I2=0%, p=0·49

I2=64·3%, p=0·0018

I2=0%, p=0·63

I2=0%, p=0·39

I2=82·2%, p=0·018

I2=51·1%, p=0·046

I2=0%, p=0·55

1 2 40·25 0·5

Figure 3: Subgroup analyses for comparative effect of tenofovir disoproxil fumarate versus entecavir on the incidence of hepatocellular carcinoma6–19 

HR=hazard ratio. *No separate follow-up durations for tenofovir disoproxil fumarate and entecavir in two studies.7,15 
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Figure 4: Comparative effect of tenofovir disoproxil fumarate versus entecavir on the incidence of  hepatocellular carcinoma stratified by study setting and 
difference in the follow-up period
(A) Subgroup analysis by the study setting.6–19 (B) Subgroup analysis by the follow-up difference.6,8–14,16–19 No separate follow-up durations for tenofovir disoproxil 
fumarate and entecavir in two studies.7,15 HR=hazard ratio. *Cohort after matching. †Asian cohort of the study. ‡Non-Asian cohort of the study. §Cohort derived from 
the national claims database of the study.

Number of
patients

Adjusted HR (95% CI) Weight (%)Hepatocellular
carcinoma

Favours tenofovir disoproxil fumarate Favours entecavir

1 2 40·25 0·5
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Kim et al* (2018)18

Gordon et al† (2019)15

Pol et al (2019)8

Lee et al (2019)11

Hsu et al* (2020)14

Papatheodoridis et al (2019)9

Kim et al* (2019)13

Lee et al* (2020)10

Oh et al* (2020)19

Ha et al* (2020)7
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Kim et al (2019)12
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transplantation are shown in the appendix 
(pp 31–37).6,8,10,13, 15,16,18,19 There was no significant difference 
between the two regimens in unadjusted and adjusted 
analyses. The pooled adjusted HRs of tenofovir disoproxil 
fumarate versus entecavir were 1·03 (95% CI 0·75–1·4) 
for mortality and 0·93 (0·81–1·08) for the combined 
outcome of mortality or liver transplantation.

Discussion
In this systematic review and meta-analysis of the latest 
literature until April 17, 2020, we found no significant 
difference between tenofovir disoproxil fumarate and 
entecavir in the association with incident hepatocellular 
carcinoma. However, the substantial heterogeneity 
suggested against drawing conclusions on the basis of an 
overall estimate. In the subgroup analyses, we found that 
differences in study design, specifically the study setting 
and follow-up duration, have probably contributed to the 
conflicting observations seen to date. The two regimens 
were similar in clinical cohort studies that individually 
recruited patients,7–11,13–15,18,19 whereas tenofovir disoproxil 
fumarate was superior to entecavir in the two studies that 
extracted data from administrative claims databases.12,16 
Tenofovir disoproxil fumarate and entecavir were also 
similar in a pooled analysis of studies with a similar 
follow-up duration for the two drugs, whereas tenofovir 
disoproxil fumarate was favoured in a pooled analysis of 
studies with a difference of more than 1 year in the 
follow-up duration.

There was no significant heterogeneity in the subgroup 
analyses stratified by study setting and follow-up duration, 
except for the electronic health record database (p=0·018) 
and follow-up difference of less than 1 year for both drugs 
(p=0·0046); however, substantial heterogeneity was found 
in the overall analysis. We showed that the cumulative 
incidence of hepatocellular carcinoma, pooled from 
patients receiving entecavir matched to those receiving 
tenofovir disoproxil fumarate, was significantly lower than 
for unmatched patients receiving entecavir. These 
findings show the importance of careful interpretation of 
cumulative incidence estimates among different patient 
populations and might indicate how the comparison 
could be biased in favour of tenofovir disoproxil fumarate 
because of unaccounted for or inadequately accounted for 
confounders.

Before our study, several meta-analyses addressed this 
controversial issue but reached conflicting conclusions.20–27 
One meta-analysis20 with eight studies comparing 
entecavir with tenofovir disoproxil fumarate found no 
difference between the two agents, but this study was 
limited by a small number of studies and the inability to 
include several important studies6,7,10,13,14,17 published in the 
past 2 years. Other meta-analyses21–27 reported favourable 
results for tenofovir disoproxil fumarate over entecavir, 
but these analyses did not fully address the considerable 
hetero geneity among studies and did not include studies 
published after November, 2019. The meta-analysis by 

Li and colleagues22 reported a lower cumulative incidence 
of hepatocellular carcinoma (as a dichotomous variable) 
in patients receiving tenofovir disoproxil fumarate. 
However, the same study also found that the two drugs 
were similar when time-to-event analysis was applied to 
appropriately account for the effect of follow-up time. The 
study by Li and colleagues22 also noted that the disparity in 
follow-up time might have influenced the favourable 
results for tenofovir disoproxil fumarate. This disparity is 
a key factor that requires additional investigation, which 
was not adequately explored through meta-regression or 
subgroup analysis in previous studies.20–27 Although a few 
meta-analyses attempted to analyse the adjusted data,23–25 
the study setting was not sufficiently investigated, which 
might uncover potential sources of heterogeneity.

Compared with previous meta-analyses, our study has 
the following strengths. First, we updated our analysis 
with the latest comparative data that were not included in 
previous meta-analytical studies.6,7,19 Second, we carefully 
attended to methodological details that earlier studies 
might have overlooked.22 We meticulously checked the 
setting, enrolment, and eligibility of each study to avoid 
counting the same patient twice, and we did not use 
dichotomous data of hepatocellular carcinoma occurrence. 
Third, we prespecified subgroup analyses to explore the 
source of heterogeneity. Notably, the major difference in 
results from hospital-based clinical studies and admini-
strative database studies illustrated the potential pitfall of 
pooling data from studies that were too different from 
each other. Fourth, our study pooled all the available data 
for patients receiving entecavir or tenofovir disoproxil 
fumarate to estimate the incidence of hepatocellular 
carcinoma from unmatched and propensity score matched 
study populations. Pooling the data helped to highlight 
how tenofovir disoproxil fumarate and entecavir cohorts 
could differ from each other when adjustment for 
confounders was not adequate. We pooled the data 
together to find a conclusion with high heterogeneity. The 
strength of our analysis lies in the subgroup analysis to 
find out where the heterogeneity came from. Finally, 
additional analysis on death or liver transplantation out-
comes found no difference between tenofovir disoproxil 
fumarate and entecavir.

The reasons for discrepant results between clinical 
cohort studies and administrative database studies are 
unclear, but they were most likely related to the difference 
in the ability to adjust for confounding. For a hospital-
based study, granular data including laboratory tests, 
anthropometric measurements, imaging, and medical 
history are often available to allow for more comprehensive 
and accurate adjustment of background risks. By contrast, 
the information contained in administrative databases is 
generally less comprehensive, less precise, and often prone 
to inaccurate coding, and detailed clinical and laboratory 
data are generally not available.12,16 As a result, residual 
confounding was more likely to occur in studies based on 
administrative databases. Only two claims database studies 
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were included in our analysis without laboratory results 
and further validation is required before generalising the 
findings to other administrative databases.

The later approval and availability of tenofovir disoproxil 
fumarate for the treatment of chronic hepatitis B might 
partly explain the result from studies in which the follow-
up was shorter by 1 year or more in patients receiving 
tenofovir disoproxil fumarate compared with entecavir. 
Tenofovir disoproxil fumarate was not approved to treat 
chronic hepatitis B until 2008 in the USA and 2011 in east 
Asia, whereas entecavir had been available since 2005. 
Moreover, the uptake of tenofovir disoproxil fumarate was 
delayed in Asian countries because of reimbursement 
policies.13,30–32 For instance in Hong Kong, tenofovir 
disoproxil fumarate was restricted to only young patients 
of child-bearing age (approximately between 20 years and 
45 years, which is younger than most patients with chronic 
hepatitis B receiving antiviral treatment) or those with 
antiviral resistance since its initial introduction in 2012, 
and remained more restricted in use than entecavir until 
2017.51 These restrictions might explain the dispro-
portionally small number and short follow-up of patients 
receiving tenofovir disoproxil fumarate in a study from 
Hong Kong,17 which reported a lower hepatocellular 
carcinoma incidence with the use of tenofovir disoproxil 
fumarate. Furthermore, the earlier availability of entecavir 
could have contributed to the bias toward selecting older 
and sicker patients in the entecavir cohort because they 
would have met the treatment indications before tenofovir 
disoproxil fumarate became available. Such bias is evident 
in our analysis showing how hepatocellular carcinoma 
incidence in patients receiving entecavir would differ 
between the unmatched and matched populations.

Many of the 240 million patients with chronic hepatitis B 
reside in resource-limited areas,1 thus the comparative 
effectiveness of tenofovir disoproxil fumarate versus 
entecavir is especially important for practice and public 
health. Because these two drugs are equally effective and 
drug cost and availability might differ between regions, 
the most affordable and accessible option should be used 
in a given community. Both drugs are well tolerated, 
although tenofovir disoproxil fumarate can be associated 
with bone loss and renal toxic effects, particularly in 
patients with pre-existing risk of renal and bone diseases.52

We acknowledge the following limitations of our study. 
First, we could not find randomised trials on this topic 
and all the eligible studies were observational, which 
limited the causal inference. Second, data were missing 
in a few studies and the statistical power, particularly for 
some subgroups, could have been low. Third, general-
isability of our findings warrants caution because many 
of the included studies were done in Asian patients. 
Fourth, we could not evaluate the effect of treatment 
response to the two medications because of insufficient 
data; however, the efficacy of entecavir and tenofovir 
disoproxil fumarate is most likely comparable.53 In 
addition, young women were under-represented in these 

studies (mean or median age was 44–55 years and 
60–70% were male) so results might not be generalisable 
to this population; however, young women are known to 
be at low risk for hepatocellular carcinoma and therefore 
guidelines do not recommend surveillance in this 
group.1,3 Finally, the eligibility criteria differed across the 
studies and thus the pooled cumulative incidence of 
hepatocellular carcinoma, particularly that reported from 
non-comparative studies, should be interpreted carefully.

In summary, our updated meta-analysis finds that 
tenofovir disoproxil fumarate and entecavir are similar in 
the effectiveness for reducing hepatocellular carcinoma 
risk and shows substantial heterogeneity among the 
existing data. The subgroup analyses according to the 
study setting and difference in follow-up duration help to 
clarify the observed heterogeneity and inform inter-
pretation.
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