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IMPORTANCE Entecavir and tenofovir disoproxil fumarate have comparable efficacy in

achieving surrogate end points, including virologic response, and are equally recommended

as first-line treatments for patients with chronic hepatitis B (CHB). However, it is unclear

whether treatment with these drugs is associated with equivalent clinical outcomes,

especially development of hepatocellular carcinoma (HCC).

OBJECTIVE To compare entecavir and tenofovir in terms of the risk of HCC and death or liver

transplant in patients with CHB infection.

DESIGN, SETTING, AND PARTICIPANTS A nationwide historical population cohort study

involving treatment-naive adult patients with CHBwho started treatment with entecavir

(n = 11 464) or tenofovir disoproxil fumarate (n = 12 692) between January 1, 2012, and

December 31, 2014, using data from the Korean National Health Insurance Service database.

As validation, a hospital cohort of patients with CHB treated with entecavir (n = 1560) or

tenofovir (n = 1141) in a tertiary referral center between January 1, 2010, and December 31,

2016, were analyzed. Nationwide cohort data were retrieved from January 1, 2010, to

December 31, 2016, and hospital cohort data from January 1, 2010, to October 31, 2017.

MAIN OUTCOMES ANDMEASURES Cumulative incidence rates of HCC and death and

transplant rates.

RESULTS Among the population cohort of 24 156, themean (SD) age was 48.9 (9.8) years,

and 15 120 patients (62.6%) weremale. Among the hospital cohort of 2701, the mean (SD)

age was 48.8 (10.5) years and 1657 patients (61.3%) weremale. In the population cohort, the

annual incidence rate of HCCwas significantly lower in the tenofovir group (0.89 per 100

person-years [PY]) than in the entecavir group (1.19 per 100 PY). Bymultivariable-adjusted

analysis, tenofovir therapy was associated with a significantly lower risk of HCC (hazard ratio

[HR], 0.68; 95% CI, 0.59-0.77) and no significantly different risk of all-cause mortality or

transplant (HR, 0.89; 95% CI, 0.73-1.07) compared with entecavir. The tenofovir group also

showed a significantly lower risk of HCC in the 10 923-pair propensity score–matched

population cohort (HR, 0.68; 95% CI, 0.60-0.78) and 869-pair propensity score–matched

hospital cohort (HR, 0.68; 95% CI, 0.46-0.99) compared with the entecavir group.

CONCLUSIONS AND RELEVANCE This study suggests that tenofovir treatment was associated

with a significantly lower risk of HCC compared with entecavir treatment in a

population-based cohort of adults with CHB, but there was no statistically significant

difference in mortality. These findings were validated in a hospital cohort. Given the poor

prognosis of patients with HCC, these findings may have considerable clinical implications in

prevention of this cancer in patients with CHB infection.
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C
hronic hepatitis B (CHB) infection is the most com-

mon chronic viral infection worldwide, with approxi-

mately 250 million people carrying hepatitis B virus

(HBV).1,2Hepatitis B virus accounts for approximately 45%of

cases of hepatocellular carcinoma (HCC) and 30% of cases of

cirrhosis3 and causes nearly 1 million deaths each year.4

Persistent replication of HBV is an independent risk fac-

tor for progression of CHB to cirrhosis and HCC,5 and reduc-

ingHBVDNAconcentrations through long-termnucleosideor

nucleotide analogue therapy is associated with reduced risk

ofHCCand/ormortality inpatientswithCHB.6,7However,HBV

is rarely eradicated, andmost patientswithCHB require long-

term nucleoside or nucleotide analogue therapy.8

Entecavir and tenofovir disoproxil fumarate are potent

nucleosideornucleotideanalogues, respectively,withhighge-

netic barriers to resistance. They are equally recommendedas

first-line treatment for CHB by practice guidelines9-11 be-

cause they showsimilar efficacy in intermediate surrogateend

points, such as virologic, biochemical, serologic, and histo-

logic responses. Nevertheless, to our knowledge, there have

been no randomized trials comparing the efficacy of ente-

cavir and tenofovir in reducing HCC risk. A few cohort stud-

ies found no significant difference in HCC risk between ente-

cavir and tenofovir12,13; however, those studies were not

designed to directly compare the clinical outcomes of the 2

drugs andwereunderpoweredowing to small numbers of pa-

tients and events.

In the present nationwide population cohort study, we

compared the effectiveness of entecavir and tenofovir on the

risk ofHCC in patientswith CHB andvalidated the results in a

hospital cohort.

Methods

Study Population

This study was a nationwide, population-level, historical co-

hort study of adult patients with CHB who started treatment

witheitherentecaviror tenofovir.Thedatawereobtained from

the claims database of the National Health Insurance Service

(NHIS) of theRepublic ofKorea, anHBV-endemic country.Ko-

rea has a single-payer, universal health coverage system, and

the NHIS provides health insurance to more than 99% of the

population.Accordingly,NHIShasa comprehensivehealthda-

tabase for diagnoses, treatments, procedures, and prescrip-

tions. The database also provides information on sociodemo-

graphic status, comorbidities, severity of liver disease, and

concomitantmedications, lifestyle, andhealth-relatedbehav-

iors (eg, smoking status). As a validation, a hospital cohort of

patientswith CHB treatedwith entecavir or tenofovir in a ter-

tiary referral center were analyzed. The institutional review

boardsof theKoreanNationalEvidence-BasedHealthcareCol-

laboratingAgencyandAsanMedicalCenterapprovedthisstudy

and granted awaiver of informed consent from study partici-

pants owing to the historical cohort nature of the study.

Between January 1, 2010, andDecember 31, 2016,we col-

lected fromtheNHISdatabasehistorical cohortof41962 treat-

ment-naive adults with CHB who started treatment with en-

tecavir, 0.5mg/d, or tenofovir disoproxil fumarate, 300mg/d,

betweenJanuary 1, 2012, andDecember31, 2014, as the source

population with predefined inclusion and exclusion criteria

(eFigure 1A in Supplement 1).We limited the study period be-

cause theNHIS first reimbursedentecavir in January2007and

tenofovir inDecember2012.All patientshad International Sta-

tistical Classification of Diseases andRelatedHealth Problems,

Tenth Revision (ICD-10) code B181 for CHB. Cirrhosis was de-

fined as ICD-10 code K74 and regarded as a decompensated

statewhen thepatient received anymedicationor hadunder-

gone any procedure to manage complications (ie, ascites or

varices; eTable 1 in Supplement 1). Patientsmeeting 1 ormore

of the following criteriawere excluded: beingyounger than30

years or 80 years or older at baseline; received a diagnosis of

hepatitis C, hepatitis D, acute viral hepatitis, orHIV infection;

received an organ transplant; received other anti-HBV treat-

ments; received a diagnosis of HCC or other malignant neo-

plasm; or experienced clinical events (HCC, death, or trans-

plant) within 6 months after treatment.

The reimbursement criteria for entecavir and tenofovir

were identical anddidnot changeduring the studyperiod: se-

rumHBV DNA levels of 20000 IU/mL or greater for hepatitis

Beantigen (HBeAg)–positivepatients,of2000IU/mLorgreater

for HBeAg-negative patients, and alanine aminotransferase

(ALT) levels of 80 U/mL or greater in the absence of cirrhosis

(to convert ALT levels to microkatals per liter, multiply by

0.0167). In the presence of cirrhosis, criteria were HBV DNA

levels of 2000 IU/mL or greater and ALT levels of 40 U/mL or

greater.

Outcomes and Follow-up Evaluation

The primary outcome was development of HCC. Secondary

outcomes were all-cause mortality and liver transplant. The

index date was the date a patient first received a prescription

for entecavir or tenofovir. The follow-up period for each pa-

tientwas calculated from the indexdate to thedate ofHCCdi-

agnosis, death, transplant, or the last follow-up (December 31,

2016). Patients whose treatment regimen was changed were

censored at 6 months after the change was made.

Key Points

Question Are entecavir and tenofovir disoproxil fumarate, the

first-line antiviral agents for chronic hepatitis B infection,

associated with similar risks of hepatocellular carcinoma during

long-term treatment?

Findings In a Korean nationwide population cohort of 24 156

treatment-naive adult patients with chronic hepatitis B infection,

tenofovir treatment was associated with a significantly lower risk

of hepatocellular carcinoma compared with entecavir treatment,

but there was no significant difference in mortality. The data were

validated in a hospital cohort of 2701 treatment-naive adult

patients with chronic hepatitis B infection.

Meaning Given the poor prognosis of patients who developed

hepatocellular carcinoma, this study’s findings may have

considerable clinical implications in the prevention of this cancer in

patients with chronic hepatitis B infection.
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Informationonbaselinecharacteristics, concomitantmedi-

cations, and clinical outcomes were obtained from the NHIS

database.Diagnostic andprocedural codes basedon theNHIS

database are provided in eTable 1 in Supplement 1. This data-

basehas ahighHCC registration rate (ICD-10 codeC22, 96.5%)

and highly accurate diagnoses and has previously been vali-

datedas a reliable resource for research.14Liver transplantwas

definedby ICD-10codesZ944andT864and ICD-10 reimburse-

mentbenefit extensioncoveragecodeV013.Toverify thecom-

plete set of follow-updata, informationon thevital status and

primary diagnosis of HCC in all patients was validated by ac-

cessing thedeath certificatedatabase fromtheNational Popu-

lation Registry of the Korea National Statistical Office using

unique personal identification numbers. The death registra-

tion was nearly complete, and 98.3% of deaths were con-

firmed by physician’s diagnoses.15

Validation Hospital Cohort

A limitation of the NHIS database was that we could not col-

lect detailed individual laboratory data, such as baseline lev-

els ofHBVDNAandALTandhepatic functional status. There-

fore, we separately performed validation analyses using a

hospital-based cohort of 2701 consecutive treatment-naive

adult patients with CHB who initiated treatment with ente-

cavir or tenofovir between January 1, 2010, andDecember 31,

2016, at Asan Medical Center, a 2700-bed academic tertiary

care center in Seoul, Republic of Korea (eFigure 1B in

Supplement 1). All patients were positive for hepatitis B sur-

face antigen (HBsAg) for at least 6months at baseline. Cirrho-

siswas radiologicallydefinedby findingsof a coarse liver echo-

texture and nodular liver surface on ultrasonography and

clinically by clinical features of portal hypertension (eg, asci-

tes, splenomegaly, or varices), thrombocytopenia (platelet

count, <150 × 103/μL [conversion to×109/L is 1:1]), or both.All

patientswereadvised to continue treatment afterHBeAgsero-

conversion until HBsAg seroclearance. The patients were fol-

lowed up every 3 to 6months from the index date to the time

of death, transplant, or last follow-up (October 31, 2017). Veri-

fication methods were identical to those used in the nation-

wide cohort.

Statistical Analysis

All patientswhomet the eligibility criteria at baselinewere in-

cluded in the analyses, and their datawere analyzedbasedon

intention to treat.

Categorical variables were compared using a χ
2 test and

continuousvariableswerecomparedusinganunpaired2-tailed

t test.Cumulative incidencecurves forHCCanddeathor trans-

plantwereestimatedusing theKaplan-Meiermethodandcom-

pared using a log-rank test. Univariate andmultivariable Cox

proportionalhazardsmodelswereusedtocompareclinicalout-

comes between groups.

Propensity score–matchinganalysiswasusedto reduce the

effect of selectionbias andpotential confoundingbetween the

2 groups. Propensity scores were computed by using the fol-

lowingvariables: age, sex, socioeconomicstatus, levelofhealth

care, smoking, cirrhosis,diabetes, andhypertension for thena-

tionwide cohort. In the validation hospital cohort, propen-

sity scoreswere computed fromage; sex;HBeAgpositivity; se-

rum levels of HBV DNA, ALT, albumin, total bilirubin,

international normalized ratio, platelet count, and creatinine

concentration;diabetes;hypertension;cirrhosis; ascites;Child-

Pugh score; Chinese University HCC score; Guide With Age,

Gender, HBV DNA, Core Promoter Mutations, and Cirrhosis–

HCC score; platelet age gender B score; and Risk Estimation

for Hepatocellular Carcinoma in Chronic Hepatitis B score. In

the validation hospital cohort, multiple imputationwas used

toestimatethemissingvalues,whichcomprised0.02% to 3.7%

of the baseline laboratory data. For propensity score match-

ing, anearest-neighbor 1:1matching schemewitha caliper size

of0.1wasused. Inverseprobability treatmentweighting (IPTW)

was also used (eMethods in Supplement 1). Competing risk

analysis was conducted for the interpretation of the cumula-

tive incidenceofHCCafteradjusting for theprobabilityofdeath

and liver transplant.

All statistical analyses were performed using SAS soft-

ware, version 9.1 (SAS Institute Inc) and R statistical soft-

ware, version 3.3.1, (R Foundation Inc; http://cran.r-project.

org/). All reportedP values are 2-sided, andP values less than

.05 were considered statistically significant.

Results

Baseline Characteristics of the Nationwide Cohort

Among thepopulation cohort of 24 156, themean (SD) agewas

48.9 (9.8) years, and 15 120 patients (62.6%) were male. Ow-

ing to the homogenous nature of the study population, data

on race/ethnicitywerenot collected.Data fromatotal of24 156

treatment-naive adult patients with CHB were analyzed (en-

tecavir group, 11 464 and tenofovir group, 12 692). The mean

(SD) agesof entecavir and tenofovir groupswere49.3 (9.8) and

48.6 (9.8)years, respectively (eTable2 inSupplement1).Among

the patients, 2991 (26.1%) of the entecavir group and 3488

(27.5%)of the tenofovir grouphadcirrhosis. Propensity score–

matching analysis generated 10923 pairs, and the character-

istics of pairs were balanced, with the standardized differ-

ence less than 10% for all baseline variables (eTable 2 in

Supplement 1).

Clinical Outcomes in the Nationwide Cohort

During follow-up, HCC developed in 984 patients (annual in-

cidence, 1.05 per 100 person-years [PY]; 590 in the entecavir

group vs 394 in the tenofovir group), and459patients died or

received a transplant (annual incidence, 0.48 per 100PY; 269

in the entecavir groupvs 190 in the tenofovir group, as shown

in eTable 3 in Supplement 1).

The annual incidence rate of HCCwas significantly lower

in the tenofovir group (0.89 per 100 PY) than in the entecavir

group(1.19per 100PY)bymultivariable-adjustedanalysis (haz-

ard ratio [HR], 0.68; 95% CI, 0.59-0.77); P < .001; eTable 3 in

Supplement 1). In thepropensity score–matched analysis, the

risk of HCC diverged between the 2 groups after 2 years’ fol-

low-upandwas significantly lower in the tenofovir group than

in the entecavir group (HR,0.68; 95%CI, 0.60-0.78;P < .001;

eTable 3 in Supplement 1 and Figure, A).
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The annual rate of all-cause mortality or liver transplant

wasnotsignificantlydifferentbetweenthe tenofovirgroupand

the entecavir group (0.42 per 100 PY vs 0.53 per 100 PY) by

multivariableanalysis (HR,0.89;95%CI,0.73-1.07;P = .22)and

bypropensity score–matchedanalysis (HR,0.91; 95%CI,0.75-

1.11; P = .35; eTable 3 in Supplement 1 and Figure, B).

By competing risk analysis in the propensity score–

matched pairs adjusting for the risk of death and transplanta-

tion, tenofovir treatment was associated with a significantly

lower risk ofHCC than entecavir treatment (HR,0.68; 95%CI,

0.60-0.78; P < .001; eTable 3 in Supplement 1).

Baseline Characteristics of the Validation Hospital Cohort

The validation cohort was composed of 2701 eligible patients

with CHBwho commenced treatmentwith entecavir or teno-

fovir.For theentirehospital cohort, themean (SD)agewas48.8

(10.5) years.Themean (SD) ageof theentecavir groupwas49.2

(10.5) years and of the tenofovir group was 48.1 (10.5) years

(P = .01; eTable 4 in Supplement 1); 1657 patients (61.3%)

were male. The proportion of patients with cirrhosis did not

significantly differ between the 2 groups (59.9% vs 57.2%;

P = .17).

Propensity score–matching analysis generated 869 pairs,

andbaseline characteristicswerebalanced (eTable4andeFig-

ure2 inSupplement 1).After IPTW,baseline characteristics be-

tween the 2 groups were balanced (eTable 5 and eFigure 3 in

Supplement 1).

Virologic Response in the Validation Hospital Cohort

Virologic response (VR)wasdefinedas a serumHBVDNA level

less than 60 IU/mL at 1 year of treatment. Missing or unavail-

able VR data were considered as a failure of VR.

The proportion of patients experiencing VR was signifi-

cantly lower in theentecavir group than in the tenofovir group

in both the entire cohort (1227 of 1560patients [78.7%] vs 972

of 1141 [85.2%]; P < .001) and in the propensity score–

matched cohort (670 of 869 [77.1%] vs 737 of 869 [84.8%];

P < .001; eTable6 inSupplement 1).During follow-up, thepro-

portionofpatientswhose treatmentwasmodified (ie, switched

to or added other antiviral agents for any reason) was signifi-

cantlyhigher in theentecavir groupthan in the tenofovir group

(182 of 1560 patients [11.7%] vs 2 of 1141 [0.2%]; P < .001;

eTable 6 in Supplement 1). The proportion of patients

with ALT level normalization at 1 year of treatment was

Figure. Cumulative Incidence of Hepatocellular Carcinoma (HCC) and Death or Transplant in Propensity Score–Matched Pairs of PatientsWith Chronic

Hepatitis B Infection TreatedWith Entecavir or Tenofovir

No. at risk
869

869

Entecavir

Tenofovir

Death or transplant in propensity score–matched hospital validation cohortD

No. at risk
10 923

10 923

10 762

10 763

10 542

10 574

8602

5188

6383

419

Time After Starting Treatment, y

Entecavir

Tenofovir

HCC in propensity score–matched  nationwide cohortA

No. at risk

0

10 923

10 923

10 897

10 904

10 826

10 834

8956

5376

2 3

6707

P = .34; Log-rank test

445

4

0.20

0.15

P
ro

b
a

b
il

it
y

 o
f 

A
ll

-C
a

u
se

 M
o

rt
a

li
ty

o
r 

T
ra

n
sp

la
n

t

Time After Starting Treatment, y

0.10

0.05

0

1

Entecavir

Tenofovir

Death or transplant in propensity score–matched nationwide cohortB

No. at risk
869

869

815

821

710

596

606

336

490

124

Time After Starting Treatment, y

Entecavir

Tenofovir

HCC in propensity score–matched hospital validation cohortC

815

821

736

608

637

354

530

137

Time After Starting Treatment, y

0 2 3

P < .001; Log-rank test

4

0.20

0.15

P
ro

b
a

b
il

it
y

 o
f 

H
C

C

0.10

0.05

0

1

0 2 3

P = .04

4

0.20

0.15

P
ro

b
a

b
il

it
y

 o
f 

H
C

C

0.10

0.05

0

1 0 2 3

P = .44

4

0.20

0.15

P
ro

b
a

b
il

it
y

 o
f 

A
ll

-C
a

u
se

 M
o

rt
a

li
ty

o
r 

T
ra

n
sp

la
n

t

0.10

0.05

0

1

Entecavir

Tenofovir

Entecavir

Tenofovir

Entecavir

Tenofovir

Entecavir

Tenofovir

A, Hepatocellular carcinoma in the nationwide population cohort. B, Death or transplant in the nationwide population cohort. C, Hepatocellular carcinoma in the

validation hospital cohort. D, Death or transplant in the validation hospital cohort. Tenofovir was given as tenofovir disoproxil fumarate.
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significantly lower in the entecavir group than in the tenofo-

vir group (604of 1560patients [38.7%]vs 506of 1141 [44.3%];

P = .002).

Virologic response at 1 year of treatmentwasnot indepen-

dently associated with HCC (HR, 1.13; 95% CI, 0.69-1.84;

P = .63), although it was significantly associated with a re-

duced rate of death or transplant (HR, 0.55; 95% CI, 0.33-

0.91; P = .02; eTable 7 in Supplement 1).

Clinical Outcomes in the Validation Hospital Cohort

During 8267 PY of follow-up, 154 of the 2701 patients (5.7%)

developed HCC, and 91 (3.4%) died or received a liver trans-

plant.

By multivariable analysis, tenofovir treatment was inde-

pendently associated with a significantly lower risk of HCC

(HR, 0.66; 95% CI, 0.46-0.96; P = .03; eTables 7 and 8 in

Supplement 1).Propensity score–matchedanalysisadjusted for

VR also showed that the risk of HCC was significantly lower

in the tenofovir group (HR, 0.68; 95% CI, 0.46-0.99; P = .04;

eTable 3 in Supplement 1 and Figure, C). This result was con-

sistently found in a separate propensity score–matched co-

hort after adding VR at 1 year of treatment as a matching co-

variate (eFigure 4 in Supplement 1). In the competing risk

analysis, tenofovir treatmentwas again associatedwith a sig-

nificantly lower risk of HCC (HR, 0.65; 95% CI, 0.44-0.95;

P = .03; eTable 9 andeFigure 5 in Supplement 1). After adjust-

mentwith IPTW, tenofovir treatmentwasassociatedwithasig-

nificantly lower risk of HCC (HR, 0.68; 95% CI, 0.46-0.99;

P = .045; eTable 9 in Supplement 1).

In contrast, the risk of death or transplantwas not signifi-

cantly different between the 2 treatment groups bymultivari-

able analysis (HR, 0.79; 95%CI, 0.48-1.28; P = .33; eTable 7 in

Supplement 1), by propensity score–matched analysis ad-

justed forVR (HR,0.80; 95%CI, 0.46-1.41;P = .44; Figure,D),

and by IPTW analysis (HR, 0.71; 95% CI, 0.43-1.16; P = .17;

eTable 9 in Supplement 1).

Subcohort Analyses

In the nationwide cohort, propensity-score matching was

separately performed for patients without cirrhosis (8003

pairs) and with cirrhosis (2914 pairs). Tenofovir treatment

was associated with a lower risk for HCC regardless of

cirrhosis (eTable 3 in Supplement 1), which was also

identified by stratified analyses for the levels of health care,

socioeconomic status, and the year of first prescription

(eTables 10-12 in Supplement 1).

Among the patients with cirrhosis in the validation hos-

pital cohort, tenofovir treatment was associated with a sig-

nificantly lower riskofHCCbymultivariableanalysis (HR,0.64;

95% CI, 0.43-0.95; P = .03; eTables 13 and 14 in Supplement

1) and in the 510 propensity score–matched pairs after adjust-

ment for VR (HR, 0.65; 95% CI, 0.45-0.94; P = .02; eTable 13

and eFigures 6 and 7 in Supplement 1).

The outcomes of patients with and without treatment

modifications in theentecavirgroup inthehospital cohortwere

not significantly different (eFigure 8 in Supplement 1). After

excluding thepatientswith treatmentmodificationsduring fol-

low-up, the tenofovir group showed a significantly lower risk

ofHCC comparedwith the entecavir group (HR, 0.63; 95%CI,

0.43-0.91; P = .01; eFigure 9 in Supplement 1).

Discussion

In this nationwide population-based study, clinical out-

comes of 24 156patientswithCHB infection after initiation of

treatment with entecavir or tenofovir were compared. We

foundthat, comparedwithentecavir treatment, tenofovir treat-

ment was associated with a significantly lower risk of HCC,

whichwasconsistentlyobserved inunadjusted,multivariable-

adjusted,propensityscore–matched,andcompetingriskanaly-

sis in the entire cohort as well as in the cirrhosis and noncir-

rhosis subcohorts. This finding was also validated in a large

hospital cohort, which showed a similar magnitude of low-

ered risk of HCC in the tenofovir group on application of the

same robust statistical methods. We did not find a statisti-

cally significant difference in mortality in the 2 groups.

Current American, European, and Asian-Pacific clinical

practice guidelines for CHB do not state any preference be-

tween entecavir and tenofovir.9-11 However, given the neces-

sity of long-term treatment inmost patientswithCHB, the im-

portance of comparative data on the effectiveness and safety

of entecavir and tenofovir is immense.

Themechanism of ourmain finding on the association of

tenofovirwitha significantly lower riskofHCCcomparedwith

entecavirmight be explained in part by the better VR profiles

of the tenofovir group as shown in the hospital cohort, which

are in line with the results of previous studies.16-18 However,

considering thatVRwasnotan independent risk factor forHCC,

the differences in HCC risk between the 2 treatments cannot

be fully explained by their antiviral potency. A recent study

showed that higher serum interferon λ3 levels were induced

in patients treated with nucleotide analogues (adefovir dip-

ivoxil and tenofovir), but not in those treated with nucleo-

sideanalogues (lamivudineandentecavir).19 Interferon lambda

showed potent antitumor activity in murine models of can-

cer, includinghepatoma,20,21and this antitumoractivity could

presumably contribute to the difference in the HCC risk that

we observed.

Entecavir was shown to be carcinogenic in mice and rats

when administered at doses higher than those used in

humans.22 Itwasalso showntopotentially incorporate into the

human genome, which may contribute to a putative mecha-

nism of carcinogenicity, especially if the embedded genomes

have higher error rates during subsequent rounds of

replication.23-25 These data raise concern about the carcino-

genic potential of entecavir even at clinical doses during long-

term treatment, especially inpatientswith cirrhosiswhohave

increased chromosomal instability of hepatocytes.26,27

Nevertheless, given that HBV replication itself is a strong

independent risk factor forHCC,assessing thecarcinogenicpo-

tential of entecavir should be balancedby considering its pro-

tective role againstHCCdevelopment via suppression ofHBV

replication. Many observational studies and meta-analyses

have shown that in patients with CHB, entecavir therapy sig-

nificantly reducedHCCriskcomparedwithnotreatment.18,22,28
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However, a previous cohort studydemonstrated thatHCC risk

withentecavirwasnot lower thanthatwith lamivudine.7None-

theless, theeffectofentecavironHCCriskwouldbebettercom-

pared with tenofovir because both drugs have similar poten-

cies in suppressingHBV replication.16,18,28Based on our data,

171 HCC cases were estimated to have been preventable at 4

years’ follow-up if the 11 464 patients in the entecavir group

had used tenofovir (eTable 15 in Supplement 1).

Limitations

The major limitation of the present study is that it was based

on observational data, which may be subject to bias and con-

founding. To overcome this issue, we used multiple rigorous

strategies (multivariable adjustment, propensity-scorematch-

ing, IPTW, competing risk analysis, and stratified analyses) to

adjust for thedifferences inbaseline susceptibility to the tested

outcomes.Giventhe lowincidenceofclinical events,ourpopu-

lation-level historical cohort study can be considered a proper

approachtoassess thecomparativeeffectivenessof thedrugs.29

Second, there was a disparity in the follow-up periods be-

tweenthe2groupsowingtothelaterapprovaloftenofovir.How-

ever, the yearly risk of HCC was shown to gradually decrease

withprolonged treatmentwith entecavir or tenofovir, particu-

larly inpatientswithcirrhosis.12,30,31 Infact, theriskofHCCcould

onlybereducedafterachievingadecrease inHBVDNAandALT

levelsbyyearsofnucleosideornucleotideanaloguetherapy.30,31

Therefore, the shorter duration of treatment in the tenofovir

group is not likely to have resulted in a decrease of HCC risk.

Third, as a single-nation study, our results are limited in terms

of generalization. Most patients in our studywere assumed to

be infected with genotype C HBV acquired through vertical

transmission,32whichmaybeassociatedwithenhanced riskof

HCC. However, genotype C is also predominant inmanyAsian

countries, where the majority of people in need of HBV treat-

ment live.1,2Finally, thecriterion to initiate treatment inourpa-

tients(ALTlevel≥80U/mL)wasstricterthanrecommendedelse-

where, and this criterion may influence replicability if the

differential effectiveness of tenofovir is only relevant for those

with high ALT concentrations.

Conclusions

Our data suggest that tenofovir treatment may be associated

with a significantly lower risk ofHCC, but notmortality, in pa-

tientswithCHBcomparedwithentecavir treatment.Given the

poor prognosis of HCC, our findingsmight have considerable

clinical implications for preventing the occurrence of HCC in

patients with CHB. Further studies are needed to ensure the

replicability of our findings.
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