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Chronic hepatitis B virus (CHB) infection affects 
approximately 250 million persons worldwide (1). CHB 
is a major risk factor for liver failure, cirrhosis, and 
hepatocellular carcinoma (HCC), accounting for 45–55% 
of HCC cases (1). The incidence rates of HCC among 
CHB patients are 0.02–0.2 per 100 person-years in inactive 
carriers, 0.3–0.6 per 100 person-years in those without 
cirrhosis, and 2.2–3.7 per 100 person-years for those with 
compensated cirrhosis (2).

Currently, tenofovir [tenofovir disoproxil fumarate 
(TDF) and tenofovir alafenamide] and entecavir (ETV) are 
first-line monotherapies for CHB (3,4). ETV, approved in 
2005 by the FDA, is an oral nucleoside analogue with rare 
resistance in treatment-naïve patients (3,4). TDF, which 
has been available since 2008, is also a rapidly acting oral 
nucleotide analogue that has been shown to be highly 
effective in suppressing HBV replication (3,4). The new 
version of tenofovir (Tenofovir alafenamide, TAF) can be 
used safely for those with renal or bone disease was FDA 
approved in 2016 (3,4). However, HBV is rarely eradicated 
using either medication, and most patients with HBV 
infection require long term nucleos(t)ide analogue therapy.

There have been no head-to-head randomized clinical 
trials to compare the efficacy of ETV and tenofovir on long-
term HCC risk in patients with CHB. Several observational 
studies examined these outcomes. In the January 2020 
issue of Gastroenterology, Yip et al. published findings from a 
retrospective cohort study that reported TDF was associated 
with lower incidence of HCC compared to ETV in 

treatment-naive patients with chronic HBV in Hong Kong 
followed from 2008 to 2018 (5). There were 29,350 patients  
(mean age, 52.9±13.2 years; 63.7% male); 1,309 were first 
treated with TDF (4.5%) and 28,041 were first treated with 
ETV (95.5%). Patients treated with TDF were younger 
(mean age, 43.2 vs. 53.4 years), and a lower proportion 
had cirrhosis (2.9% vs. 13.6%) than patients treated 
with ETV. During a median follow-up time of 3.6 years  
(inter-quartile range, 1.7–5.0 years) after treatment began 
(mean 2.8 years in TDF and 3.7 years in ETV), 8 patients 
treated with TDF (0.6%) and 1,386 patients treated with 
ETV (4.9%) developed HCC as verified by diagnosis 
codes (155.0 HCC and 155.2 carcinoma of liver) or 
procedure codes for HCC treatment according to ICD-
9-CM codes. They used multiple statistical methods 
such as propensity score matching and weighting, inverse 
probability of treatment weighting (IPTW) and competitive 
risk analysis to minimize selection bias in the retrospective 
cohort study. The propensity score incorporated using 17 
baseline characteristics (age, sex, cirrhosis, ascites, hepatic 
encephalopathy, HBV DNA, HBeAg status, ALT, total 
bilirubin, INR, platelet, albumin, creatinine, diabetes 
mellitus, hypertension, dialysis, and calendar year of 
treatment initiation). Patients treated with TDF had a 
lower risk of HCC than that in patients treated with ETV 
after propensity score weighting (hazard ratio, 0.36, 95% 
CI, 0.16–0.80; P=0.013) and 1:5 matching (hazard ratio, 
0.39, 95% CI, 0.18–0.84; P=0.016). The authors suggested 
a potential biological mechanism that a nucleotide such as 
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TDF, compared to a nucleoside such as ETV, may elevate 
the interferon (IFN) lamda-3 level that further induces 
IFN-stimulated genes that can have anti-tumor effects and 
inhibit HBsAg production (6,7).

Choi et al. was the first to report that TDF treatment 
group may have lower HCC incidence rates compared 
to the ETV treatment group (8). Their study included 
two retrospective cohorts of Korean patients with HBV 
infection; one from a large administrative dataset from 
January, 2010 to December, 2016 (24,156 HBV patients and 
984 HCC incident cases), and the second from the tertiary 
hospital-based cohort from January 2010 to October 2017 
(2,701 HBV patients and 154 HCC incident cases). The 
results in both cohorts showed that those treated with 
TDF had about 39% lower HCC incidence rate (hazard 
ratio 0.61, 95% CI, 0.54–0.70) than those treated with 
ETV. However, two additional studies from Korea that 
were published later did not show a statistically significant 
difference in HCC incidence rate between ETV and TDF 
groups (9,10). Their study also used propensity score 
matching and IPTW analysis to minimize the effects of 
selection bias and confounding. Three abstracts presented 
at the 2019 AASLD annual meeting on this topic. Two 
European cohorts (11,12) (PAGE-B cohort including about 
2,000 Caucasian patients and a French cohort including 
2,658 patients) also did not reveal significant difference in 
HCC risk between the two drugs, while a US retrospective 
cohort study (13) using a commercial insurance claims 
database supported lower HCC incidence in TDF group 
compared to ETV group (adjusted hazard ratio of 0.56, 
95% CI, 0.37–0.86). There are two meta-analyses in this 
topic, both published in 2019, with conflicting conclusions 
(14,15). Wang et al. found no statistical difference between 
the two drugs in terms of HCC incidence, virological 
response, biochemical response, serological conversion, 
or drug resistance, while Zhang et al. study suggested 
that TDF treated group had a lower risk of HCC than 
ETV treated group (pooled hazard ratio 0.66, 95% CI, 
0.49–0.89). Only three studies were common to both meta-
analyses.

There are several points to make in interpreting these 
cohort findings properly. First, all studies were retrospective 
cohort design; thus, underlying biases and residual 
confounders could not be fully eliminated despite the use of 
propensity score and competitive risk analysis. The best way 
to correct biases is in the study design, not the analysis. In 
the Yip’s paper, there were significant differences in baseline 
characteristics; those treated with TDF were younger with 

higher proportions of HBeAg positive, women, cirrhosis 
(2.9% in TDF and 13.6% in ETV), hypertension or 
diabetes, and a lower HBV DNA, ALT, creatinine levels 
and therefore had lower baseline HCC risk based on the 
GAG-HCC score, CU-HCC score, PAGE-B score and 
REACH-B scores. Propensity score is the conditional 
probability of receiving treatment given all confounders (16). 
Among patients with the same propensity score, the treated 
and untreated group tend to have the equal distribution 
of measured confounders. However, propensity score is 
calculated based on only known, identified and available 
variables and these variables need to have level of accuracy 
and completeness (17). The propensity score in Yip’s paper 
did not account for smoking status, alcohol use, HBV 
genotype, and adherence to HCC surveillance program or 
medication. Second, adjusting for the immortal time bias is 
essential in pharmacoepidemiological studies (18). Immortal 
time is defined as a period of follow-up during which, by 
design, death, or the study outcome cannot occur (18).  
In this context, immortal time is the time between the time 
of HBV acquisition and the treatment initiation. Since 
ETV was FDA approved earlier than TDF, the number of 
patients treated with TDF was significantly lower than the 
ETV group (1,309 TDF vs. 28,041 ETV) and had a shorter 
follow-up time to develop HCC (mean 2.8 years in TDF 
vs. 3.7 years in ETV). In order to control for the immortal 
time bias, knowing the date of HBV infection acquisition 
is crucial, which would be difficult to accurately obtain and 
while likely in infancy or childhood in most patients in the 
study. Third, over adjustment may also obscure significant 
findings (19). In order to adjust for the time-varying 
exposure to medications, Kim et al.’s study limited their 
cohort from 2012 when both drugs became reimbursed by 
the National Health Insurance Service in South Korea (9). 
Their results showed there was no significant difference 
between the two drugs in the incidence of HCC, liver 
transplant or death. Additionally, the follow-up duration in 
Yip’s study (mean 2.8 years in TDF vs. 3.7 years in ETV) 
may not be sufficient to capture HCC incident cases, 
especially for those treated with TDF whose baseline 
HCC risk is low with only 2.9% being cirrhotic. Fourth, 
it is interesting that viral suppression by the two drugs at 
1-year post-treatment was not a significant factor in HCC 
incidence in both Yip and Choi’s papers. However, both 
studies showed a higher HBV DNA normalization rate in 
the TDF group, and Choi’s study also showed a greater 
ALT normalization at 1-year post-treatment in the TDF 
group compared to the ETV group. Yip et al. published a 



HepatoBiliary Surgery and Nutrition, Vol 10, No 1 February 2021 121

© HepatoBiliary Surgery and Nutrition. All rights reserved. HepatoBiliary Surg Nutr 2021;10(1):119-122 | http://dx.doi.org/10.21037/hbsn-2020-3

different article in 2019 using the same Hong Kong cohort 
from 2005 to 2016 that showed complete viral suppression 
during the follow-up period to be associated with 
significantly lower HCC risk than those with incomplete 
viral suppression (5.6% in complete suppression vs. 7.8% 
in incomplete viral suppression at 8 years, adjusted hazard 
ratio 1.69; 95% CI, 1.36–2.09) (20). The lack of statistical 
significance between viral suppression at 1-year post-
treatment and HCC incidence risk in the current Yip study 
could be due to missing values filled by multiple imputation. 
Moreover, indication for HBV treatment and the treating 
physicians’ decision criteria to choose between the two 
drugs were unclear in the study. It is possible that the 
various indications for treatment or physician preference 
for the medication are related to baseline HCC risk. Lastly, 
most studies were conducted in East Asia, so generalizability 
to other countries needs to be elucidated.

In conclusion, the paper by Yip et al. adds another piece 
of evidence to an evolving, but yet inconclusive story that 
HBV patients treated with TDF may have a lower HCC 
risk compared to those treated with ETV. Further well-
designed prospective studies using a large sample size from 
different geographic regions and sufficient follow-up time 
are warranted to answer this important question.
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