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INTRODUCTION: It is unclear whether entecavir (ETV) and tenofovir disoproxil fumarate (TDF) differ in their effectiveness for

preventing hepatocellular carcinoma (HCC) in patients with chronic hepatitis B (CHB).

METHODS: This retrospective cohort study analyzed an international consortium that encompassed 19 centers from 6

countries or regions composed of previously untreated CHB patients then treated with either ETV or TDF

monotherapy. Those who developed HCC before antiviral treatment or within 1 year of therapy were excluded. The

association between antiviral regimen and HCC risk was evaluated using competing-risk survival regression. We

also applied propensity score matching (PSM) to 1:1 balance the 2 treatment cohorts. A total of 5,537 patients

were eligible (n54,837 receivedETVandn5700 receivedTDF) andobserved forHCCoccurrenceuntil December

23, 2018. Before PSM, the TDF cohort was significantly younger and had generally less advanced diseases.

RESULTS: In the unadjusted analysis, TDF was associated with a lower risk of HCC (subdistribution hazard ratio [SHR], 0.45;

95% confidence interval [CI], 0.26–0.79; P5 0.005). The multivariable analysis, however, found that the

association between TDF and HCC no longer existed (SHR, 0.81; 95%CI, 0.42–1.56; P5 0.52) after adjustment

for age, sex, country, albumin, platelet, a-fetoprotein, cirrhosis, and diabetes mellitus. Furthermore, the PSM

analysis (n 5 1,040) found no between-cohort differences in HCC incidences (P5 0.51) and no association

between regimens (TDF or ETV) and HCC risk in themultivariable-adjusted analysis (adjusted SHR, 0.89; 95%CI,

0.41–1.92; P5 0.77).

DISCUSSION: TDF and ETV did not significantly differ in the prevention of HCC in patients with CHB.

SUPPLEMENTARY MATERIAL accompanies this article at http://links.lww.com/AJG/B297
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INTRODUCTION
Hepatitis B virus (HBV) chronically infects approximately 250
million people worldwide and remains the leading cause of he-
patocellular carcinoma (HCC) (1,2). In patients with chronic
hepatitis B (CHB), active viral replication elicits immune reac-
tions, provokes inflammatory responses, promotes fibrotic re-
generation, and is the major driver of disease progression (3,4).
Long-term therapy with nucelos(t)ide analogues (NAs) to per-
sistently suppress viral replication is the current cornerstone in
the management of CHB (5–7).

In an early landmark trial by Liaw et al. (8), antiviral therapy
with lamivudine was shown to significantly reduce the risk of
disease progression by preventing late complications such as
HCC in patients with advanced fibrosis or cirrhosis. This bene-
ficial effect was also observed in patients without advanced fi-
brosis or cirrhosis (9). Subsequently, several more NAs with
superior resistance profiles have become available.We and others
have shown that these NAs in routine practice are also clinically
effective (10–13). Currently, entecavir (ETV) and tenofovir dis-
oproxil fumarate (TDF) are among the first-line agents recom-
mended by most practice guidelines because of their superior
potency and high barriers to viral resistance (5–7).

Meanwhile, controversies remain as to which 1 of these 2
agents may be the “better” therapeutic option. Although both
regimens are highly potent (14), TDF has been reported to be
more effective than ETV for patients with very high HBV DNA
levels (15). On the other hand, TDF has been associated with
declines in estimated glomerular filtrate rate (16,17), although
real-world studies reported no significant differences in either
bone or renal events between ETV- or TDF-treated patients who
were free of pre-existing renal impairment or osteoporosis
(18,19). Therefore, TDF may not be a good choice for patients
with renal or bone disease or at high risk of development of these
comorbidities. This is of particular clinical relevance with the
aging and increasing comorbidities of CHB populations in the
United States as well as in Asia (20).

Earlier studies evaluatingHCC risk in treatedCHBhave either
come from patients treated with only ETV or TDF or from
cohorts with patients treated with a variety of NAs (13,21); but
recently, a few observational studies, all from South Korea, have
directly compared ETV with TDF, but they reported conflicting
results in regards to the HCC incidence in ETV- vs TDF-treated
patients (22–24). In some of these studies, there were limitations
such as the use of claim data that did not allow for sufficient
adjustment of confounders which can be significant and inherent
to the different timing of ETVandTDF inKorea (23). In addition,
the effect of ETV vs TDF onHCC incidence in real-world patients
residing outside of South Korea is not known.

Therefore, it is important to clarify whether there is indeed any
potential difference in regards to HCC incidence among patients
treated with ETV vs TDF because patients and practitioners
should not be limited to just TDF due to perceived HCC risk
reduction advantage associated with TDF, if the association ob-
served in one of these previous studies is not a true phenomenon.
In this study, using data collected from an international consor-
tium which is made up of real-world treated CHB patients from
19 centers across 6 countries or regions and statistical methods to
appropriately balance background confounders, we evaluated
HCC incidence in patients treated with ETV vs TDF to further
clarify the current controversy.

METHODS AND MATERIALS
Study design and setting

This is a retrospective cohort study based on a registry database of
the REAL-B (Real-World Evidence from the Asia-Pacific Rim
Liver Consortium for HBV) consortium, which was organized to
investigate clinical outcomes of patients with CHB in the real-
world setting. This study analyzed data collected in 19 clinical
centers from 6 countries or regions (United States, n5 5; China,
n 5 3; Hong Kong, n 5 2; Japan, n 5 4; South Korea, n 5 1;
Taiwan, n5 4). The decision to initiate treatment and the choice
of antiviral therapy was as per the treating physicians. Study
patients were identified through local clinic/hospital registry, and
data were extracted through individual chart review using a uni-
fied structured data frame and data variable definition at each
participating center. Data repository, quality control, and man-
agement were performed at Stanford University, Stanford, Cal-
ifornia, USA. The study was conducted in accordance with the
ethics principles of the Declaration of Helsinki in 1975, as revised
in 2008, and was approved by the institutional review board of
Stanford University and at each participating institution.

Study cohorts grouped by antiviral treatment with either ETV

or TDF

Patients in the REAL-B consortium were enrolled into this study
analysis if they fulfilled all the following criteria: (i) age$ 18 years,
(ii) CHB defined as positive hepatitis B surface antigen or HBV
DNA for at least 6 months, (iii) monotherapy with either ETV or
TDF continuously for a minimum of 1 year and were treatment-
naive before initiating ETV or TDF, and (iv) without HCC at
baseline or during the first year of therapy (to exclude potential
prevalent cases). Those who met any of the conditions listed
below were excluded from analysis: (i) previous exposure to any
NA or interferon, (ii) concomitant use of more than one NA
regimen, (iii) any malignant disease at the initiation of antiviral
therapy, (iv) occurrence of HCC or death within 1 year of follow-
up, (v) history of solid organ transplantation or significant use of
immunosuppression, and (vi) coinfection with hepatitis C, hep-
atitis D, or HIV infection. Each patient can have one or multiple
indications for exclusions.

Patient follow-up and outcome evaluation

The study outcome of this analysis was incident HCC. Eligible
patients were observed for the occurrence of HCC up to 5 years of
follow-up. The follow-up ended at 5 years because significantly
fewer TDF receivers remained at risk afterward. The observation
was right censored when patients stopped the initial mono-
therapy or at the last visit in those who did not experience the
outcome during the study period. Occurrence of death in patients
who did not have HCC was adjusted for in the competing risk
analysis.

In general, surveillance for HCC was performed using ultra-
sound with or without serum a-fetoprotein every 6 months at
each participating institution. The diagnosis of HCC was ascer-
tained by histology or noninvasive criteria mainly based on the
American Association for the Study of Liver Diseases (25).

Definition

The baseline for data abstractionwas set at the timewhen patients
initiated ETV or TDF therapy. Demographic data, anthropo-
metric measurement, comorbid illnesses, and laboratory results
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such as biological sex, age, body weight, body height, diabetes
mellitus (DM), dyslipidemia, cirrhosis, blood count and chem-
istry, and viral serology as well as HBV DNA polymerase chain
reaction levels were recorded.

Liver cirrhosis was defined by liver histology, transient elas-
tography, platelet count, imaging with signs of cirrhosis (nodular
contour, ascites, and splenomegaly), imaging or endoscopic signs
of esophageal/gastric varices, or a history of clinical de-
compensation (ascites, variceal bleeding, and hepatic encephalop-
athy). In addition, the Child-Turcotte-Pugh score was calculated to
classify cirrhosis. Those with a Child-Turcotte-Pugh score above 6
(class B or C) were defined as having hepatic decompensated as
were thosewhohad a history of variceal bleeding, ascites, or hepatic
encephalopathy. The diagnosis of HCC was as mentioned above.
All measured metrics were recorded with the International System
of Units.

Statistical analyses

Continuous data were summarizedwithmean6 SE ofmean, and
categorical data were presented with the exact number and pro-
portion, unless specified otherwise. The cumulative incidences of
study outcomes were estimated by the Kaplan-Meier method. To
avoid potential confounding from treatment interruption, we
censored patients when they stopped or changed the initial reg-
imen. Given that incidences of the study outcomes were calcu-
lated during themonotherapywith either ETVorTDF, the length
of treatment was the same as the length of observation. In addi-
tion, since only a few TDF patients had follow-up beyond 5 years,
we censored the on-treatment observation to 5 years. We also
used time-to-event competing risk analysis to account for death
preceding occurrence of HCC and applied the estimator de-
veloped by Fine and Gray (26) to calculate the subdistribution
hazard ratio (SHR) of TDF vs ETV for developing HCC. As such,
the SHR of HCCwas calculated from ETV and TDF patients who
were observed (i.e., treated) for the same length of time. All
baseline characteristics were analyzed in the univariable and
multivariable regression to examine the association with incident
HCC. Regardless of the results in the univariable analysis, all
variables were examined in the multivariable analysis using
a stepwise approach and those with statistical significance (P ,
0.05) were retained. In addition to the prespecified significance
level (27), we also had to consider factors with known con-
founding effect for a well-adjusted model (28–30).

Furthermore, we applied propensity score (PS) matching to
identify 1:1 pairs of TDF andETVusers with comparable baseline
features. The PS for receiving TDF instead of ETV was generated
by a logistic regression that consisted of the following explanatory
variables that may have affected therapeutic choice and risk of
HCC: age, biological sex, country of study centers, cirrhosis, DM,
hepatitis B e antigen status, HBV DNA, serum alanine amino-
transferase (ALT), platelet count, and hepatic decompensation.
Because therewere very fewTDFusers fromHongKong or Japan,
Hong Kong was grouped with China and Japan with South Korea
in the generation of PS. The matched pairs were randomly se-
lected without replacement from all eligible patients with the
caliper set at one-fifth of the SD of the generated PS (31). In
addition, assuming the analysis of the total cohort showed that the
5-year cumulative HCC incidence in TDF patients would be
lower than the rate for ETV patients, we calculated the power that
thematched analysis would have to detect the observed difference
between the 2 groups.

The analyses comprised all information available in the reg-
istry without data imputation. Observations with missing data
were regarded as random occurrences and not included in the
regression analyses. All point estimates were listed along with
their 95% confidence intervals (CIs). Data were managed and
analyzed by the commercially available software Stata version
13.0 (Stata Corp, College Station, TX) in conjunction with the R
software program version 3.4.0 (the R foundation, Vienna, Aus-
tria). All tests were 2-tailed unless otherwise specified. A P value
, 0.05 defined statistical significance.

RESULTS
Characteristics of the total study cohort

Recorded data in the REAL-B consortium were updated to De-
cember 23, 2018, for the current analysis. From a total of 5,942
patients who were treated with ETV or TDF, this analysis ex-
cluded 405 patients for the following reasons (1 patient may have
more than 1 condition for exclusion): HCC that was prevalent at
treatment initiation (n 5 155) or occurred within 1 year of
therapy (n 5 22), occurrence of death within 1 year of therapy
(n5 177), duration of follow-up shorter than 1 year (n5 87), use
of both ETV and TDF (n 5 131), questionable dates of starting
ETV (n 5 12) or TDF (n 5 5) before the agent was available
(before 2005 for ETV and 2008 for TDF), or insufficient data (n5
9). In total, 5,537 patients met the study eligibility criteria and
were included for analysis. The first date of treatment for the
study cohort started on April 7, 2005, and the last date of follow-
up ended onDecember 23, 2018. During this period, 510 patients
stopped themedication before occurrence of study outcomes, and
further observation was censored.

Among the patients included in the study analysis, 4,837 were
treated with ETV and 700 with TDF (Table 1). Compared to the
TDF cohort, patients in the ETV cohort were significantly older
(P, 0.001) and had higher serum levels of HBV DNA, aspartate
aminotransferase, ALT, and creatinine, whereas their albumin
concentration and platelet count were significantly lower (P ,
0.001 for all comparisons). The 2 antiviral agents were dispro-
portionately distributed among patients from different countries
(P, 0.001).More than half of the TDF cohort (51.1%) came from
the United States. Among the 997 patients enrolled from sites in
theUnited States, themajority (n5 879, 88.2%) were Asians. The
proportions of patients with liver cirrhosis (27.8% vs 18.7%; P,
0.001) and hepatic decompensation (11.1% vs 7.4%; P 5 0.003)
were significantly higher in the ETV than in the TDF cohorts.

HCC occurrence during follow-up

The ETV and TDF cohorts were observed for a median duration
of 60 (interquartile range, 39.6–60) and 38.7 (23.8–56.2) months,
respectively (P , 0.001). During the observation, 285 and 13
patients in the ETV andTDF cohorts developedHCC (Figure 1a),
with 5-year cumulative incidences of 7.25% (95% CI,
6.48%–8.12%) and 3.19% (95% CI, 1.77%–5.74%), respectively
(P 5 0.005, log-rank test). Intriguingly, the between-group dif-
ference in the incidence of HCC was noted only in patients from
Asian countries (Figure 1b). The HCC incidences were similar
between patients treated with ETV and those with TDF in the
United States (Figure 1c).

Meanwhile, 139 and 16 patients in the ETV and TDF cohorts
died (see Figure S1, Supplementary Digital Content 1, http://links.
lww.com/AJG/B297), with the cumulative incidences of 3.45%
(95% CI, 2.92%–4.07%) and 3.03% (95% CI, 1.84%–4.98%),
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respectively (P5 0.83, log-rank test). Competing mortality (death
not preceded by HCC) occurred in 90 and 15 ETV and TDF
patients, respectively (P5 0.22, log-rank test).

Univariable and multivariable competing risk analyses

In the univariable analysis (Table 2), TDF use was associated with
a lower risk of HCC compared with ETV (SHR, 0.45; 95% CI,
0.26–0.79; P 5 0.005). Other significant risk factors were age, bi-
ological sex, patients’ country, HBV DNA, ALT, albumin, in-
ternational normalized ratio of prothrombin time (INR),
creatinine, platelet count, a-fetoprotein, liver cirrhosis, hepatic
decompensation, DM, body mass index (BMI), and the fibrosis-4
(FIB-4) index. However, on subsequent multivariable analysis,
HBV DNA, ALT, INR, creatinine, hepatic decompensation, BMI,
and FIB-4 were no longer significantly associated with HCC de-
velopment (P 5 0.25–0.79). Thus, in the final multivariable

analysis adjusted for age, sex, Asian countries, serum albumin,
platelet count, a-fetoprotein level, liver cirrhosis, and DM, the
association of TDF with a lower HCC risk as compared to ETV
became insignificant with an adjusted SHR of 0.81 (95% CI of
0.42–1.56; P 5 0.52). Consistent results were noted in analyses
stratified by baseline cirrhosis: TDF was not independently asso-
ciatedwith incidentHCC in either patients with cirrhosis (adjusted
SHR, 0.68; 95% CI, 0.27–1.68; P 5 0.40) or patients without cir-
rhosis (adjusted SHR, 0.76; 95% CI, 0.28–2.09; P5 0.60).

PS-matched analysis

Atotal of 1,040 patients (520 pairs of ETVandTDFpatients)were
included in the PS-matched analysis. Based on the observed
difference in the analysis of the total cohort above, the estimated
statistical power to detect the higher 5-year cumulative HCC
incidence in the TDF group as compared to the ETV group with

Table 1. Baseline features of CHB patients treated with ETV or tenofovir

Characteristics All patients (n 5 5,537) ETV (n 5 4,837) Tenofovir (n5 700) P a

Age, yr 50.17 6 0.17 50.81 6 0.17 45.74 6 0.47 ,0.001

Male gender, n (%) 3,784 (68.3) 3,328 (68.8) 456 (65.1) 0.06

Country, n (%) ,0.001

Korea 46 (0.8) 36 (0.7) 10 (1.4)

Japan 313 (5.7) 311 (6.4) 2 (0.3)

China 216 (3.9) 161 (3.3) 55 (7.9)

Hong Kong 1,508 (27.2) 1,508 (31.2) 0

Taiwan 2,457 (44.4) 2,182 (45.1) 275 (39.3)

United States 997 (18.0) 639 (13.2) 358 (51.1)

HBeAg positive, n (%) 1745/5,270 (33.1) 1,537/4,653 (33.0) 208/617 (33.7) 0.75

HBV DNA, log IU/mL 5.42 6 0.03 5.48 6 0.03 4.99 6 0.09 ,0.001

AST, U/L 144.12 6 4.40 153.236 5.02 97.57 6 7.79 ,0.001

ALT, U/L 193.36 6 5.15 200.046 5.65 146.74 6 11.28 0.001

Bilirubin, mg/dL 0.74 6 0.01 0.74 6 0.01 0.72 6 0.01 0.29

Albumin, g/dL 4.05 6 0.01 4.03 6 0.01 4.14 6 0.02 ,0.001

INR 1.12 6 0.004 1.12 6 0.004 1.12 6 0.015 0.59

Creatinine, mg/dL 0.86 6 0.004 0.87 6 0.004 0.84 6 0.01 0.009

Platelet, 103/mL 180.94 6 1.07 178.776 1.12 196.806 3.29 ,0.001

a-fetoprotein, ng/mL 22.79 6 1.62 23.67 6 1.80 16.03 6 2.52 0.13

Cirrhosis, n (%) 1,475 (26.6) 1,344 (27.8) 131 (18.7) ,0.001

Child-Pugh A, n (%) 1,210 (82.0) 1,108 (82.4) 102 (77.9) 0.30

Child-Pugh B, n (%) 212 (14.4) 190 (14.1) 22 (16.8)

Child-Pugh C, n (%) 53 (3.6) 46 (3.4) 7 (5.3)

Decompensation, n (%) 590 (10.7) 538 (11.1) 52 (7.4) 0.003

DM 577 (10.4) 508 (10.5) 69 (9.9) 0.64

BMI 24.30 6 0.07 24.28 6 0.08 24.41 6 0.18 0.51

FIB-4 index 3.24 6 0.06 3.39 6 0.07 2.35 6 0.12 ,0.001

Continuous data are expressed as mean 6 SE of mean and categorical variables as number (percentage).
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, bodymass index; CHB, chronic hepatitis B; DM, diabetesmellitus; ETV, entecavir; FIB-4, fibrosis-4;
HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; INR, international normalized ratio.
aP values for comparisons between tenofovir and ETV receivers by the independent t test or Fisher exact test.
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the sample size of this PS-matched analysis would be 0.90. The
PS-matched cohorts did not significantly differ in the baseline
characteristic except for a higher serum creatinine level (0.87 6
0.01 vs 0.84 6 0.01 mg/dL) among ETV users (Table 3). The
matched ETV and TDF cohorts were followed up for a median
duration of 60 (interquartile range, 36.5–60) and 38.9 (23.9–57.7)
months, respectively (P, 0.001). During the study period, 19 and

11 patients in thematched ETVandTDF cohorts developedHCC
(Figure 2), with 5-year cumulative incidences of 5.09% (95% CI,
3.24%–7.95%) and 3.55% (95% CI, 1.87%–6.69%), respectively
(P5 0.51, log-rank test).

In the survival regression that accounted for competing
mortality (n 5 8 and 13 in the matched ETV and TDF cohorts,
respectively), there was no significant differences in the risk of

Figure 1. Incidences of hepatocellular carcinoma (HCC) betweenpatients treatedwith entecavir (ETV) and tenofovir disoproxil fumarate (TDF) in theREAL-
B consortium. TDF was associated with a lower incidence of HCC in the entire study population (a) and in patients treated in Asian countries (b). However,
ETV and TDF were associated with similar incidences of HCC among participants from the United States (c).
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incident HCC between the 2 antiviral regimens (Table 4). The
univariable analysis found age, US vs Asian countries, serum
concentrations of albumin, INR of prothrombin time, a-feto-
protein, platelet count, liver cirrhosis, hepatic decompensation,
DM, BMI, and FIB-4 index were risk factors of HCC, whereas the
crude SHR of TDF use for HCC risk was 0.77 (95% CI, 0.37–1.60;
P 5 0.48). Consistently, TDF was not associated with HCC risk
(adjusted SHR, 0.89, 95% CI, 0.41–1.92; P 5 0.77) in the final
multivariable model adjusted for serum albumin concentration,
a-fetoprotein level, liver cirrhosis, and DM.

DISCUSSION
In this multinational cohort study that analyzed 5,537 patients
with CHB from the international REAL-B consortium, we ob-
served a lower incidence of HCC in the unadjusted analysis but
not after appropriate adjustment for confounding factors and also
with PS matching analysis to generate ETV-treated and TDF-
treated cohorts with well-balanced baseline characteristics to
mimic a randomized controlled trial setting. These findings
corroborate that both agents should remainfirst-line therapies for
the management of CHB with comparable effectiveness in the
prevention of HCC, and one should not be favored over the other
in this regard.

Our study cohort were derived from real-world practices, in
which patients treated with ETV, which had been approved 3
years or longer than TDF, were found to be older and with more

advanced disease as compared to TDF cohort, probably reflecting
the “patient warehousing” phenomenon, when practitioners
initiating newly available efficacious therapies to sicker patients
first (21). A few other potential reasons for TDF patients being
younger and “less sick” are that TDF may be preferred in young
women of childbearing age for its presumed safety for pregnancy
and that it may have been avoided in the elderly for the concerns
about renal toxicity and osteoporosis (5–7). Such biases are
conceivably difficult to overcome, especially for studies based on
claims databases that lack granular data pertaining to fibrosis
status, hepatic dysfunction, and other risk determinants that can
confound the association with HCC (24). Together, these sup-
ported our observation of a higher HCC incidence in the ETV-
treated cohort in the unadjusted analysis but not in the adjusted
or matched analyses.

On the other hand, consistent with the existing literature
(28,30,32–34), we found that age, cirrhosis, biological sex, platelet
count, and serum concentrations of albumin and a-fetoprotein
were associated with incident HCC in CHB patients treated with
ETV or TDF. Also consistent with previous literature, we did not
find pretreatment HBV DNA, ALT, and serum creatinine levels
to be independent risk factors for incident HCC in patients with
CHB continuously treated with oral antiviral therapy (28,29).
Furthermore, our model included DM, a factor well known to
affect the development of HCC in patients with CHB (30,35). The
inclusion of DM also accounts for effects by other factors

Table 2. The competing risk analysis for occurrence of HCC in the overall cohort

Univariable analysis Multivariable model

Crude SHR 95% CI P Adjusted SHR 95% CI P

Tenofovir vs ETV 0.45 0.26–0.79 0.005 0.81 0.42–1.56 0.52

Age, yr 1.05 1.04–1.06 ,0.001 1.04 1.03–1.05 ,0.001

Male sex 1.58 1.20–2.07 0.001 1.82 1.35–2.45 ,0.001

US vs Asian countries 0.32 0.19–0.53 ,0.001 0.64 0.33–1.21 0.17

HBeAg positive 0.78 0.60–1.01 0.06

HBV DNA, log IU/mL 0.95 0.90–0.99 0.03

AST, 100 U/L 0.98 0.92–1.04 0.52

ALT, 100 U/L 0.93 0.87–0.99 0.02

Bilirubin, mg/dL 0.98 0.69–1.40 0.92

Albumin, g/dL 0.44 0.38–0.52 ,0.001 0.63 0.53–0.75 ,0.001

INR 1.44 1.17–1.79 0.001

Creatinine, mg/dL 2.14 1.46–3.13 ,0.001

Platelet, 103/mL 0.99 0.99–0.99 ,0.001 0.997 0.994–0.999 0.002

a-fetoprotein, 10 ng/mL 1.0001 1.0–1.0002 ,0.001 1.001 1.001–1.001 ,0.001

Cirrhosis 4.12 3.26–5.19 ,0.001 2.26 1.70–3.0 ,0.001

Decompensation 3.94 3.08–5.04 ,0.001

DM 2.01 1.50–2.68 ,0.001 1.28 0.92–1.79 0.14

BMI, kg/m2 1.04 1.01–1.07 0.01

FIB-4 index 1.10 1.08–1.12 ,0.001

All listed variables were examined in the multivariable analysis.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CI, confidence interval; DM, diabetes mellitus; ETV, entecavir; FIB-4, fibrosis-4;
HBeAg, hepatitis B e antigen; HBV; HCC, hepatocellular carcinoma; HBV, hepatitis B virus; INR, international normalized ratio; SHR, subdistribution hazard ratio.
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associated with metabolic syndrome such as BMI which was not
significantly associated with HCC development on the initial
multivariable analysis and was subsequently removed from the
final model. Similarly, the unadjusted associations of INR,

decompensation, and FIB-4 index with HCC which may have
indicated the influence of liver fibrosis and/or hepatic dysfunc-
tion were probably already accounted for by other factors such as
cirrhosis, serum albumin level, and platelet count. To account for
differences in treatment availability and duration (e.g., ETV ap-
proval and reimbursement in 2006 and 2008 vs TDF in 2008 and
2011, respectively, in Taiwan), we confined our study observation
to 5 years because not many TDF patients remained at risk be-
yond this timeframe and designed our analysis such that the SHR
of HCC was calculated from ETV and TDF patients who were
observed for the same length of time. Forcing antiviral regimen as
an explanatory variable in the multivariable model did not show
significant association. Our quasi-experimental design with PS
matching to generate well-matched cohorts to serve as a surrogate
for a randomized control trial that is not practical in real-world
practice also showed no significant differences between ETV and
TDF in regards to HCC development rates.

The use of NA in patients withCHB is presumably based on the
sustained viral remission with resultant amelioration of hepatic
inflammation and fibrosis to prevent HCC. As such to the best of
our knowledge, no other pharmacological property in any NA has
been proved to confer chemopreventative effects that directly
inhibit hepatocellular carcinogenesis. However, suboptimal

Table 3. Baseline features of the treatment cohorts matched by PS

Characteristics ETV (n 5 520) Tenofovir (n 5 520) Standardized difference P a

Age, yr 44.12 6 0.54 44.88 6 0.55 0.06 0.33

Male gender, n (%) 354 (68.1) 338 (65.0) 20.07 0.32

Country, n (%) 0.32

Korea or Japan 5 (1.0) 12 (2.3) 0.11

China, including Hong Kong 61 (11.7) 55 (10.6) 20.04

Taiwan 242 (46.5) 232 (44.6) 20.04

United States 212 (40.8) 221 (42.5) 0.04

HBeAg positive, n (%) 187 (36.0) 177 (34.0) 20.04 0.56

HBV DNA, log IU/mL 5.06 0.10 5.07 6 0.10 0.03 0.61

AST, U/L 113.24 6 11.64 105.35 6 9.54 20.03 0.60

ALT, U/L 165.07 6 15.55 156.05 6 13.51 20.03 0.66

Bilirubin, mg/dL 0.71 6 0.02 0.73 6 0.02 0.05 0.39

Albumin, g/dL 4.12 6 0.02 4.14 6 0.02 0.03 0.64

INR 1.12 6 0.01 1.10 6 0.01 20.07 0.26

Creatinine, mg/dL 0.87 6 0.01 0.84 6 0.01 20.16 0.02

Platelet, 103/mL 199.186 3.19 1956 3.64 20.05 0.39

a-fetoprotein, ng/mL 19.38 6 4.15 18.61 6 3.24 20.01 0.88

Cirrhosis, n (%) 107 (20.58) 105 (20.19) 20.01 0.94

Decompensation, n (%) 35 (6.73) 41 (7.88) 0.04 0.55

DM 48 (9.23) 52 (10.0) 0.03 0.75

BMI 24.24 6 0.21 24.40 6 0.20 0.04 0.58

FIB-4 index 2.15 6 0.11 2.314 6 0.12 0.05 0.33

Continuous data are expressed as mean 6 SE of mean and categorical variables as number (percentage).
ALT, alanine aminotransferase; AST, aspartate aminotransferase; DM, diabetes mellitus; ETV, entecavir; FIB-4, fibrosis-4; HBeAg, hepatitis B e antigen; HBV, hepatitis B
virus; INR, international normalized ratio; PS, propensity score.
aP values for comparisons between tenofovir and ETV receivers by the independent t test or Fisher exact test.

Figure 2. No significant difference in the incidences of hepatocellular
carcinoma between entecavir and tenofovir cohorts matched by the pro-
pensity score. HCC, hepatocellular carcinoma.
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virological response has been linked to residual risks of HCC in
patients with CHB on oral antiviral therapy (36–38). Therefore, if
there were differences among the NAs in their effectiveness in
preventing HCC, the putative mechanism probably came from
differences in the antiviral potency or a susceptibility for drug
resistance among the agents. As such, it may be these resultant
actions that help to explain the differences in outcome between our
study and another recent study by Choi et al., in which the ETV
cohort registered a higher rate of treatmentmodificationwithmore
than 10% in the ETV cohort vs 0.2% in the TDF cohort (24). As to
why the ETV patients in the Choi’s study appeared to have a sig-
nificantly poorer therapeutic response was not clear and whether
this intriguing finding accounted for the higher incidence of HCC
in their ETV cohort was not interrogated, but further exploration
may be needed since both ETV and TDF are well known to be
highly efficacious with negligible concerns of partial response or
inducing drug resistance in treatment-naive patients (14,21).
Furthermore, the study by Choi et al. was limited by reliance on
claims database that could limit adjustment for confounders and
the unexpected yet unexplained higher rates of treatment modifi-
cation in the ETV group in their hospital-based analysis. The ob-
served lower rates of HCC in the TDF as compared to the ETV
cohort in their studywere likely due to unaccounted for differences
in the baseline characteristics and the duration of study follow-up
in the 2 cohorts. TDF reimbursement only started in 2013 in South
Korea and reimbursement policy starting 2015 also changed to

include all cirrhotic patients with HBV DNA above 2000 IU/mL
regardless of ALT levels. Therefore, TDF patients had shorter ob-
servation time forHCCdevelopment, and someTDFpatients were
also “less sick”. Together, these factors can contribute to the lower
HCC rates observed in the TDF group. In fact, our initial study
observation was similar with TDF patients having lower HCC in-
cidence, but this difference disappeared after appropriate adjust-
ment for background risk and length of observation.

Our study results were consistent with findings from a recent
multicenter study from South Korea also using multivariable
regression and PS matching analyses to adjust for potential
confounding factors in a total of 2,897 patients with CHB (23).
Although the conclusions of this study were similar with ours,
their study patients came from 4 academic centers in a single
country where almost 100% of patients with CHB have genotype
C, whereas our large study cohort of 5,537 patients were drawn
from a consortium of 19 clinical centers inclusive of community
and academic centers from 6 countries or regions from both east
and west. Therefore, we believe our results add to the existing
literature by providing strong confirmatory data that can gener-
alize to more diverse patient populations on an important and
clinically relevant issue. Whether patients were treated in the
United States or Asia was also adjusted for in our study because
both their use of antiviral regimens and the incidences of HCC
were strikingly different and this association has not been pre-
viously reported.

Table 4. The competing risk analysis for occurrence of HCC in the paired cohorts matched by PS

Univariable analysis Multivariable analysis

Crude SHR 95% CI P Adjusted SHR 95% CI P

Tenofovir vs ETV 0.77 0.37–1.60 0.48 0.89 0.41–1.92 0.77

Age, yr 1.05 1.03–1.07 ,0.001

Male sex 1.94 0.79–4.74 0.15

US vs Asian countries 0.38 0.16–0.93 0.04

HBeAg positive 0.67 0.30–1.50 0.33

HBV DNA, log IU/mL 0.94 0.84–1.06 0.32

AST, 100 U/L 0.90 0.72–1.12 0.33

ALT, 100 U/L 0.92 0.76–1.11 0.37

Bilirubin, mg/dL 1.24 0.38–4.03 0.72

Albumin, g/dL 0.28 0.15–0.51 ,0.001 0.35 0.19–0.66 0.001

INR 2.86 1.53–5.33 0.001

Creatinine, mg/dL 2.22 0.57–8.65 0.25

Platelet, 103/mL 0.99 0.98–1.0 0.007

a-fetoprotein, 10 ng/mL 1.002 1.002–1.002 ,0.001 1.002 1.001–1.002 ,0.001

Cirrhosis 6.49 3.09–13.66 ,0.001 3.60 1.66–7.77 0.001

Hepatic decompensation 3.88 1.66–9.10 0.002

DM 5.11 2.49–10.49 ,0.001 3.76 1.68–8.40 0.001

BMI, kg/m2 1.10 1.04–1.15 ,0.001

FIB-4 index 1.10 1.04–1.16 0.001

All listed variables were examined in the multivariable analysis.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CI, confidence interval; DM, diabetes mellitus; ETV, entecavir; FIB-4, fibrosis-4;
HCC, hepatocellular carcinoma; HBV, hepatitis B virus; INR, international normalized ratio; PS, propensity score; SHR, subdistribution hazard ratio.
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We acknowledge the following limitations. First, the length
of follow-up was limited because few TDF patients continued to
be at risk and observed beyond 5 years. Nonetheless, the curves
of HCC incidences between the PS-matched cohorts approxi-
mated each other so closely that they were unlikely to abruptly
diverge afterward. In addition, our PS-matched analysis also has
robust statistical power (0.9) to detect a significant difference if
the TDF cohort had a lower 5-yearHCC cumulative incidence as
seen in the analysis of the unmatched overall cohort. Second,
most of our study patients were Asians including those from the
United States, so our results may not be generalizable to patients
with CHB of other ethnicity. Finally, our analysis could not
accommodate on-therapy parameters such as virological
responses or residual viremia during the therapy because
patients were followed up at the discretion of the treating
physicians without a standardized protocol as what would be
expected in the real-world practice. In this treatment-naive
population, however, it should be reasonable to assume both
ETVandTDFwere highly efficacious in inducing and sustaining
viral suppression.

In conclusion, the current analysis of an international real-
world consortium found patients with CHBwho started antiviral
treatment usingTDFwere significantly younger and less sick than
those who were prescribed ETV. Therefore, in unadjusted anal-
ysis, TDF appeared to be associated with a lower incidence of
HCC as compared to ETV-treated patients. In adjusted analysis
with multivariable-regression and PS matching methods, TDF
and ETV did not differ in the risk of incident HCC. As a result,
ETV and TDF may be considered similarly effective in the pre-
vention of HCC.
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Study Highlights

WHAT IS KNOWN

3 Antiviral therapy reduces the risk ofHCC inpatients withCHB.
3 Both ETV and TDF are among the recommended first-line

antiviral therapies for CHB.
3 Hepatitis B patients are aging and with higher percentage of

patients with or at risk of renal and bone problems who may
not be good candidates for TDF.

3 One recent study fromSouth Korea suggested that tenofovir is
superior in HCC risk reduction than ETV, while another study
also from South Korea suggested no differences.

WHAT IS NEW HERE

3 In the unadjusted analysis, TDF was associated with a lower
incidence of HCC in patients from Asian countries.

3 However, patients treated with ETV were older with more
serious underlying diseases than those treated with TDF.

3 In adjusted and matched analysis accounting for potential
confounders, we found no significant difference in the
incidence of HCC between ETV vs TDF users.

3 Therefore, both ETV and TDF should be considered equally
effective in the prevention of HCC.
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