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Abstract

IMPORTANCE Conventional meta-analyses with aggregated study-level data have yielded
conflicting results for the comparative effectiveness of tenofovir disoproxil fumarate vs entecavir in
reducing hepatocellular carcinoma (HCC) risk among patients with chronic hepatitis B virus. Within-
study heterogeneity, between-study heterogeneity, and the inability of conventional meta-
analyses to capture time-to-event data were associated with these results.

OBJECTIVE To perform a reconstructed individual patient data meta-analysis of high-quality
propensity score-matched studies to provide robust estimates for comparative HCC risk between
groups receiving tenofovir or entecavir.

DATA SOURCES Medline and Embase databases were searched from inception to October 6, 2021.
STUDY SELECTION The initial search yielded 3435 articles. Fourteen studies that used propensity
score matching to balance baseline characteristics were included in the final analysis.

DATA EXTRACTION AND SYNTHESIS The Preferred Reporting Items for Systematic Reviews and
Meta-analyses guideline was followed. Individual patient data were reconstructed from Kaplan-Meier
curves. Risk of HCC was evaluated using random-effects hazard ratios (HRs) via a shared-frailty
model and a Cox proportional hazards model stratified by study group. Restricted mean survival time
(RMST) analysis was conducted to account for varying estimated treatment effect across time.
MAIN OUTCOMES AND MEASURES The comparative risk of HCC with tenofovir vs entecavir
treatment.

RESULTS From analysis of 14 studes with 24 269 patients (10 534 receiving tenofovir and 13 735
receiving entecavir; mean age, 49.86 [95% Cl, 48.35-51.36] years; 65.05% [95% Cl, 58.60%-
71.00%] men), tenofovir was associated with decreased HCC incidence compared with entecavir
(stratified Cox HR, 0.85 [95% Cl, 0.76-0.94] at 5 years; P = .002). However, there was no significant
difference in subanalysis of clinical cohort studies (stratified Cox HR, 0.92 [95% Cl, 0.80-1.06] at 5
years; P = .24). Among administrative database studies, proportionality was violated, and HRs could
not be obtained via Cox proporational hazards-based models. The mean time to HCC development
in RMST analysis was 2.8 (95% Cl, 1.8-3.7) weeks longer (P < .001) for tenofovir vs entecavir at 5
years. The RMST analyses for other subgroups revealed either insignificant or minimal differences (<3
weeks) in the mean time to HCC at 5 years.

(continued)

ﬁ Open Access. This is an open access article distributed under the terms of the CC-BY License.

Key Points

Question What is the comparative risk
of hepatocellular carcinoma (HCC) in
patients with chronic hepatitis B virus
infection receiving tenofovir vs
entecavir?

Findings In this reconstructed
individual patient data meta-analysis
involving 24 269 patients (10 534
receiving tenofovir and 13 735 receiving
entecavir) from 14 studies, tenofovir
was associated with reduced HCC
incidence. However, there were no
differences among clinical cohort
studies that likely provided better
balancing of baseline characteristics
between groups, whereas the mean
time to HCC development was only 2.8
weeks longer in the tenofovir group than
in the entecavir group at year 5 among

administrative database studies.

Meaning These findings suggest that
there is no clinically meaningful
difference in the risk of HCC between
entecavir and tenofovir and that the
choice of treatment should be based on
patient convenience and tolerability.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE In this meta-analysis, there was no clinically meaningful
difference in the risk of HCC between patients who received entecavir and patients who received
tenofovir. There was no difference between tenofovir and entecavir among clinical cohort studies,
whereas the mean time to HCC development was less than 3 weeks longer for patients who received
tenofovir vs those who received entecavir at year 5 among administrative database studies. The
choice between tenofovir or entecavir should be decided based on patient convenience and
tolerability.

JAMA Network Open. 2022;5(6):€2219407. doi:10.1001/jamanetworkopen.2022.19407

Introduction

Chronic hepatitis B virus (CHBV) affects more than 250 million individuals worldwide and is the
dominant risk factor for hepatocellular carcinoma (HCC)."? Nucleos(t)ide analogues reduce the risk
of HCC in patients with CHBV by inhibiting viral replication and preventing fibrosis.>> Tenofovir and
entecavir are highly potent nucleos(t)ide analogues with high genetic barriers to resistance and are
both recommended by major society guidelines as first-line agents for the treatment of patients with
CHB at higher risk for disease progression.®™ However, the comparative effectiveness of tenofovir
and entecavir in preventing HCC remains a matter of controversy and debate.™

Recently, several meta-analyses on the risk of HCC in patients with CHBV receiving tenofovir vs
entecavir'>?" have reported conflicting results, with some favoring tenofovir and others reporting
no significant difference in comparison with entecavir. Heterogeneity within studies, lack of
appropriate subgroup analyses, and in particular differences between the 2 study groups with regard
to follow-up times and differential background risks associated with selection bias that may not have
been adequately adjusted for, especially in studies relying on administrative databases,'? contributed
to these conflicting findings. In fact, study heterogeneity?' was resolved in 1 prior meta-analysis in
subgroup analysis by study setting, with a significant difference in HCC risk observed in the subgroup
analysis of administrative database studies but not in clinical cohort studies. However, all previous

meta-analyses'1>2'

only relied on pooling study-level data, and time-to-event data were not
captured for individual patients, limiting the precision of their estimates of HCC incidence due to lack
of individual patient censoring.

Therefore, in the present study, we performed an individual patient data meta-analysis (IPDMA)
using reconstructed individual participant data from high-quality, propensity score-matched cohort
studies to provide more accurate and precise estimates of HCC risk to further clarify this controversy.
An IPDMA is the criterion standard approach for pooled analysis of time-to-event data because it
accounts for censoring and addresses between- and within-study heterogeneity.?? In addition and of
particularimportance, an IPDMA allows testing for violation of the proportional hazards assumption,
which is a major requirement of the Cox proportional hazards model that prior conventional meta-
analyses could not test for.?>

Methods

Search Strategy

The synthesis of the literature was performed with reference to the Preferred Reporting Items for
Systematic Review and Meta-Analyses (PRISMA) guideline for individual participant data systematic
reviews.?*2° The search was performed on October 6, 2021, in the MEDLINE and Embase databases
and started at their inception.?' Keywords and medical subject heading terms relating to
hepatocellular carcinoma, hepatitis B, and tenofovir or entecavir were applied to the search strategy.
The full search strategy can be found in the eMethods in the Supplement. All references were
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imported into Endnote, version X9 (Clarivate) for removal of duplicates. Manual screening of the
references in the included articles was also conducted for a more comprehensive search.

Study Eligibility and Selection Criteria

Four investigators (D.J.HT., C.H.N., PW.LT.,, and W.H.L.) independently screened titles and abstracts
and subsequently performed full-text reviews. Disputes were resolved through consensus from a
senior author (D.Q.H.). The primary outcome was comparative HCC incidence among patients with
CHBYV receiving tenofovir disoproxil fumarate or entecavir. Only studies that directly compared
outcomes in patients receiving tenofovir vs entecavir were considered for inclusion. In addition, we
considered only high-quality propensity score-matched studies that included time-to-event data for
the purpose of this IPDMA.252” Studies that matched patients by specified criteria, but did not
calculate propensity scores, were also excluded from our analysis because there were insufficient
matched variables to ensure an unbiased estimate of mean treatment effect.?® The process of
propensity score matching is designed to minimize selection bias and to achieve balance in baseline
characteristics between treatment groups. Existing statistical literature has demonstrated that the
resultant effect estimates are empirically equivalent to those of a randomized clinical trial.?8-3° Other
study designs, including case-controlled or observational studies without matching, were excluded
from the analysis. We reconstructed individual patient data via the model proposed by Guyot et al,*'
using the original survival curves from the matched cohorts in the included studies. This method is
the criterion standard approach in obtaining pooled estimates for survival analysis because it
accounts for censoring of events and has been widely used in the extraction of data from published

Kaplan-Meier curves.?”3233

Statistical Analysis
Analysis for the comparison of HCC incidence in patients receiving tenofovir vs those receiving
entecavir was conducted using Cox proportional hazards models, and various approaches were used
to address between-study heterogeneity.?6-34-36 First, a stratified Cox model was used to obtain
hazard ratios (HRs) of HCC incidence between patients receiving tenofovir vs entecavir, which
models interstudy heterogeneity by assuming unique baseline hazards for each included study. In
addition, we conducted analysis using a shared frailty model, which accounts for between-study
heterogeneity by incorporating a random-effects model in which individual patients within each
study are assumed to be similarly failure prone as other individuals belonging to that study, and
frailties across studies are gamma distributed and affect the hazards function in a latent,
multiplicative manner.2%-34-3 Al analyses were performed with follow-up truncated at 2 separate
points (3 and 5 years) because the disparity between the numbers at risk between both groups
increased after 3 years of follow-up. For the Cox proportional hazards-based models, we evaluated
for proportionality (the assumption that the ratio of the risk of HCC between tenofovir and entecavir
is constant over time) using the Grambsch-Therneau test for a nonzero slope with a visual
representation of Schoenfeld residuals.?” Differences in HCC incidence between the 2 study groups
were also assessed via nonparametric methods using restricted mean survival time (RMST)
analysis.>839 The RMST model provides a robust estimation of survival in the presence of
proportionality violation and provides estimates for the difference in mean survival times (RMST
difference) and the ratio of mean survival times between groups (RMST ratio). The RMST also
accounts for varying treatment effect across time, and RMST differences and ratios can be calculated
at specific cutoff points. As opposed to an HR, for which a value of less than 1.00 is associated with
a better outcome, a larger RMST value represents longer event-free survival time and equates to
improved clinical outcomes.

Subgroup analyses were conducted for the following groups: studies using administrative
databases (including national electronic medical records or national insurance claims databases) and
those from clinical cohort studies as well as single-center vs multicenter studies. Additional
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sensitivity analyses were conducted for studies involving only patients with cirrhosis and treatment-
naive patients who did not receive previous nucleos(t)ide analogues before initiation of tenofovir or
entecavir therapy. Statistical significance was defined as 2-tailed P < .05. The baseline characteristics
of included patients were analyzed, both before and after propensity score matching, including age,
sex, body mass index, presence of type 2 diabetes, presence of cirrhosis and decompensated
cirrhosis, and HBV DNA titer and hepatitis Be antigen (HBeAg) status. Binary variables were analyzed
using a meta-analysis of proportions with a generalized linear mixed model with Clopper-Pearson
intervals, whereas continuous variables were analyzed using inverse weightage poolingin a
DerSimonian-Laird random effects model.*°-42 All statistical analyses were conducted using Rstudio,
version 4.1.1 (R Project for Statistical Computing), or STATA, version 16.1 (StataCorp LLC), where
appropriate.

We evaluated the quality of the included articles using the Newcastle Ottawa Scale. The
Newcastle Ottawa Scale appraisal tool evaluates studies based on several parameters, including
appropriateness of the sample frame, sampling method, ascertainment of exposure, demonstration
that the outcome of interest was not present at start of study, comparability of cohorts, methods for
assessment of outcomes, duration of follow-up, and adequacy of follow-up.*® Funnel plots were
constructed for analyses involving more than 10 studies. Publication bias was assessed via visual
inspection of funnel plots for asymmetrical distribution of the data points across the vertical
treatment effect axis.**

Results

Summary of Included Articles

The initial search yielded 3435 articles after removal of duplicates (Figure 1). After study title and
abstract review, we excluded 3363 articles and retrieved 72 for full text review. Finally, 14 articles*>->8
met the study inclusion criteria and were included in the study analysis. By geographic distribution,

8 studies were conducted in South Korea,*>2 3 in Taiwan,>**° 1in mainland China,® 1in the US,’
and 1 with centers from both the US and Asia.>® A total of 11 studies*>-52:545558 (13 626 patients)

used data from clinical cohorts, whereas 4 studies*>>3>6-57 (32 489 patients) analyzed data from

Figure 1. PRISMA Flowchart of Included Articles

4259 Records identified
2759 Embase
1500 MEDLINE

824 Duplicate records removed
before screening

‘ 3435 Records screened ‘

*»‘ 3363 Records excluded

‘ 72 Reports sought for retrieval ‘

‘ 72 Reports assessed for eligibility ‘

58 Reports excluded
23 Did not report incidence of HCC

9 Did not separate outcomes by tenofovir
Vs entecavir

26 Had no propensity score matching

‘ 14 Studies included review

HCC indicates hepatocellular carcinoma.
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administrative databases. The study by Choi et al** reported data from both a hospital cohort and a
national insurance claims database from South Korea. Each of these 2 cohorts was included in
subanalysis for clinical cohorts and administrative databases as applicable, whereas only the hospital-
based cohort (n = 869) was included in the overall result of our pooled estimates, because the cohort
from the national insurance claims database (n = 10 923) may have overlapped with several other
clinical cohorts from South Korea in the same period.*>->2>° This resulted in a lower number of
patients in the overall analysis compared with the subgroup analysis for administrative cohorts.
eTable 1in the Supplement summarizes the key characteristics and quality assessment for the
included articles, whereas eFigure 1in the Supplement shows the original and reconstructed survival
curves from the included articles. All included studies were of high quality, with a Newcastle Ottawa
Scale score of 8 or higher. No publication bias was detected from visual assessment of the funnel
plots (eFigure 2 in the Supplement).

Baseline Characteristics

The baseline characteristics of the patients who received tenofovir and the patients who received
entecavir before and after propensity score matching are provided in Table 1 (mean age, 49.86 [95%
Cl, 48.35-51.36] years; 65.05% [95% Cl, 58.60%-71.00%] men and 34.95% [95% Cl, 28.90%-
41.40%] women). Before propensity score matching, patients receiving entecavir were slightly older
than those receiving tenofovir (51.48 [95% Cl, 49.41-53.55] vs 48.90 [95% Cl, 46.75-51.04] years;

P =.09) and a greater proportion had type 2 diabetes (13.20% [95% Cl, 10.39%-16.63%] vs 9.70%

Table 1. Summary of Baseline Characteristics Comparing Patients Receiving Tenofovir vs Entecavir Before and After Propensity Score Matching

Tenofovir cohort Entecavir cohort
No. of Total No. of Total No. of
Characteristic studies patients Value (95% Cl) patients Value (95% Cl) P value®
Before propensity score matching
Age, mean, y 12 11415 48.90 (46.75-51.04) 47813 51.48 (49.41-53.55) .09
Sex, %
Women 12 11415 34.87 (31.82-38.05) 47813 34.75(32.08-37.52) .95
Men 12 11415 65.13 (61.94-68.18) 47813 65.25(62.48-67.92)
Mean BMI 6 6087 23.93(23.13-24.74) 14851 23.94(23.13-24.75) .99
Type 2 diabetes, % 12 11415 9.70(7.62-12.27) 47813 13.20 (10.39-16.63) .07
Cirrhosis, % 12 11415 63.92 (27.78-89.08) 47813 51.52(18.79-82.99) .64
Decompensated cirrhosis, % 3 7094 10.82(7.11-16.12) 3274 14.11 (7.82-24.13) 46
HBeAg postive, % 12 11415 46.76 (37.32-56.44) 47813 41.68(31.44-52.69) 49
HBV DNA, mean log IU/mL 11 11199 5.56 (4.95-6.17) 47135 5.85(5.30-6.40) 49
ALT level, mean, U/L 7 5567 121.23(90.74-151.72) 11266 134.77 (108.45-161.10) .51
After propensity score matching
Age, mean, y 14 10420 49.70 (47.64-51.74) 13969 50.01 (47.73-52.29) .84
Sex, %
Women 14 10420 33.21(26.46-40.73) 13969 32.42 (24.83-41.05) .89
Men 14 10420 64.88 (55.99-72.85) 13969 65.22 (55.66-73.69) 91
Mean BMI 7 6657 24.49 (23.15-25.82) 9921 24.56 (23.29-25.82) .94
Type 2 diabetes, % 13 10542 10.80 (8.34-13.87) 13808 10.72 (8.31-13.72) .97
Cirrhosis, % 14 10420 50.68 (20.57-80.31) 13969 55.19(20.69-85.33) .86
Decompensated cirrhosis, % 4 4885 10.41(7.17-14.87) 3233 8.66 (5.47-13.46) .53
HBeAg positive, % 13 10542 43.51 (34.85-52.58) 13808 42.48 (32.58-53.03) .88
HBV DNA, mean log |U/mL 10 7639 5.90 (5.50-6.30) 7702 5.90(5.49-6.31) >.99
ALT level, mean U/L 7 4216) 125.77 (105.32-146.22) 4666 124.89 (106.45-143.33) .95

Abbreviations: ALT, alanine transaminase; BMI, body mass index (calculated as weight in @ Comparison of baseline characteristics between patients receiving tenofovir and
kilograms divided by height in meters squared); HBeAg, hepatitis Be antigen; HBV, patients receiving entecavir.
hepatitis B virus.

Sl conversion factor: To convert ALT to pkat/L, multiply by 0.0167.
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[95% Cl, 7.62%-12.27%]; P = .07), although neither of these comparative analyses reached
conventional level of statistical significance. After propensity score matching, there was no
statistically significant difference in the included baseline characteristics between patients receiving
tenofovir vs those receiving entecavir (Table 1). The median follow-up among the tenofovir vs
entecavir groups was 3.46 (IQR, 1.95-4.80) vs 4.01(IQR, 2.17-5.00) years.

Analysis of the Overall Cohort
A total of 24 269 patients from 14 studies (10 534 receiving tenofovir and 13 735 receiving entecavir)
were evaluated for HCC incidence in the overall analysis (Figure 2A). The 1-year incidence of HCCin
the tenofovir group was 3.08% (95% Cl, 2.74%-3.45%); 3-year incidence, 6.71% (95% Cl,
6.16%-7.31%); and 5-year incidence, 8.26% (95% Cl, 7.57%-9.01%). In the entecavir group, 1-year
incidence of HCC was 3.51% (95% Cl, 3.20%-3.86%); 3-year incidence, 7.85% (95% Cl,
7.34%-8.38%); and 5-year incidence, 10.87% (95% Cl, 10.19%-11.61%). In the stratified Cox model,
tenofovir was associated with decreased HCC incidence vs entecavir when follow-up was censored at
3years (HR, 0.87 [95% Cl, 0.77-0.99]; P = .03) and after 5 years (HR, 0.85[95% Cl, 0.76-0.94];
P =.002). Analysis via the shared frailty model to help account for between-study heterogeneity
yielded similar estimates (Table 2).

The RMST analysis was conducted to evaluate differences in HCC incidence between the
patients who received tenofovir and the patients who received entecavir in the overall cohort over

Figure 2. Cumulative Incidence of Hepatocellular Carcinoma in Patients Receiving Tenofovir vs Entecavir

E Overall cohort Clinical cohort studies
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HR, 0.85 (95% Cl, 0.76-0.94); P< .01 HR, 0.92 (95% Cl, 0.80-1.06); P=.24
g g
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HR indicates hazard ratio. Shaded areas indicate 95% Cls.
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time. There was a statistically significant longer mean time to HCC occurrence from 2 years of
follow-up onward in patients receiving tenofovir compared with entecavir, although the difference
was modest (RMST difference at 2 years, 0.006 [95% Cl, 0.001-0.010] years [P = .02]; RMST
difference at 5 years, 0.033 [95% Cl, 0.011-0.055] years; [P < .001]) (eFigure 2A in the Supplement).

Subgroup and Sensitivity Analyses

Clinical Cohort Studies

Atotal of 11 studies*>-52>+5558 (13 626 patients; 6588 receiving tenofovir and 7038 receiving
entecavir) used data from hospital-based clinical cohorts. There was no significant difference in HCC
incidence (Figure 2B) between tenofovir vs entecavir when follow-up was censored at 3 years
(stratified Cox HR, 0.96 [95% Cl, 0.81-1.14]; P = .62) or 5 years (stratified Cox HR, 0.92 [95% Cl, 0.80-
1.06]; P = .24), with consistent results in analysis from the shared frailty model and RMST analysis
(Table 2 and Table 3).

Administrative Database Studies
A total of 32 489 patients (14 869 receiving tenofovir and 17 620 receiving entecavir) from 4

Studies45.53.56,57

used data from administrative databases (Figure 2C). The proportionality
assumption was not met; therefore, the shared frailty and Cox proportional hazards regression model
analyses were not performed. In the RMST analysis, tenofovir was associated with longer mean time
to HCC compared with entecavir from the 3-year follow-up onward, although the difference was
modest (RMST difference at 3 years, 0.011[95% Cl, 0.003-0.019] years [P = .005]; RMST difference

at 5 years, 0.053 [95% Cl, 0.035-0.071] years [P < .001]) (Table 3).

Cirrhosis

Atotal of 9 studies*>4749-55 (6083 patients; 2677 receiving tenofovir and 3406 receiving entecavir)
provided data for HCC incidence among patients with cirrhosis (eFigure 3 in the Supplement). The
1-year incidence of HCC in the tenofovir was 6.25% (95% Cl, 5.36%-7.28%); 3-year incidence, 12.22%
(95% Cl, 10.85%-13.75%); and 5-year incidence, 13.93% (95% Cl, 12.37%-15.67%). In the entecavir

Table 2. Summary of Analysis of HCC Incidence in Patients Receiving Tenofovir vs Entecavir in Overall

and Subgroup Analyses
3-y Follow-up 5-y Follow-up
Variable HR (95% CI)? Pvalue  HR(95% ClI)? P value
Overall analysis
Random-effects HR (shared frailty) 0.87(0.77-0.98) .02 0.84 (0.76-0.94) .001
Stratified Cox HR 0.87(0.77-0.99) .03 0.85(0.76-0.94)  .002
Patients with cirrhosis only
Random-effects HR (shared frailty) 0.46 (0.37-0.57) <.001 0.55 (0.46-0.66) <.001
Stratified Cox HR 0.63(0.52-0.76) <.001  0.67 (0.56-0.79)  <.001
Clinical cohorts
Random-effects HR (shared frailty) 0.95(0.80-1.12) .53 0.92 (0.80-1.06) .26
Stratified Cox HR 0.96 (0.81-1.14) .62 0.92(0.80-1.06) .24
Administrative database, proportionality violated
Single-center studies
Random-effects HR (shared frailty) 0.85(0.67-1.07) .16 0.77 (0.64-0.94) .01
Stratified Cox HR 0.87 (0.69-1.10) .24 0.77 (0.63-0.94) .01
Multicenter studies
Random-effects HR (shared frailty) 0.89(0.77-1.03) .13 0.83(0.73-0.94) .003
Stratified Cox HR 0.89(0.77-1.03) .13 0.83(0.73-0.94)  .004
Treatment naive
Random-effects HR (shared frailty) 0.79 (0.68-0.93) .004 0.80(0.70-0.92) .001
Stratified Cox HR 0.80(0.68-0.93) .004 0.80(0.70-0.91)  .001

Abbreviations: HCC, hepatocellular carcinoma; HR,
hazard ratio.

2 Calculated with entecavir as the reference group.
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group, 1-year incidence of HCC was 7.05% (95% Cl, 6.21%-7.99%); 3-year incidence, 14.28% (95% Cl,
13.06%-15.61%); and 5-year incidence, 17.47% (95% Cl, 16.01%-19.04%). Proportionality was not
violated in the sensitivity analysis for patients with cirrhosis. Tenofovir was associated with lower risk
of HCC compared with entecavir when follow-up was censored at 3 years (stratified Cox HR, 0.63
[95% Cl, 0.52-0.76]; P < .001) and 5 years (stratified Cox HR, 0.67 [95% Cl, 0.56-0.79]; P < .001).
Analysis using a shared frailty model also revealed lower HCC risk in patients receiving tenofovir
(Table 2). However, RMST analysis revealed no statistically significant difference in the mean time to
HCC between the 2 study groups, even at 5 years of follow-up (RMST difference at 5 years, 0.050
[95% Cl, -0.010 to 0.109] years; P = .10) (eTable 2A in the Supplement).

Single-Center Studies

A total of 7908 patients from 7 single-center studies were included in this subgroup
analysis (3729 receiving tenofovir and 4179 receiving entecavir). There was similar risk of HCC
between tenofovir and entecavir when follow-up was censored at 3 years (stratified Cox HR, 0.87
[95% Cl, 0.69-1.10]; P = .24), but lower risk of HCC in the tenofovir group when follow-up was
censored at 5 years (stratified Cox HR, 0.77 [95% Cl, 0.63-0.94]; P = .01), with similar findings in the
shared frailty model (eFigure 4A in the Supplement and Table 2). Likewise, RMST analysis found a

45,47-49,51,52,54

statistically significant longer mean time to HCC occurrence in the tenofovir group only at 5 years,
although the effect size was also modest (RMST difference at 5 years, 0.042 [95% Cl, 0.006-0.077]
years; P = .02) (eTable 2B in the Supplement).

Multicenter Studies

This subgroup analysis included a total of 7 studies*®->°>355-58 3nd 16 361 patients (6805 receiving
tenofovir and 9556 receiving entecavir). Tenofovir was associated with similar HCC incidence
compared with entecavir when follow-up was censored at 3 years (stratified Cox HR, 0.89 [95% ClI,
0.77-1.03]; P = .13). However, patients receiving tenofovir had a lower HCC risk when follow-up was
censored at 5 years (stratified Cox HR, 0.83 [95% Cl, 0.73-0.94]; P = .004) (eFigure 4B in the
Supplement and Table 2). Similar findings were observed at both time points in analysis via a shared
frailty model (Table 2). However, in RMST analysis, there was no statistically significant difference in
the mean time to HCC occurrence in the 2 study groups to 5 years of follow-up (RMST difference at 5
years, 0.028 [95% Cl, 0.000-0.056] years; P =.05) (eTable 2B in the Supplement).

Table 3. RMST Analysis of HCC Incidence in Patients Treated With Tenofovir vs Entecavir Stratified by Clinical Cohort or Administrative Database Studies

RMST (95% Cl), y

Follow-up year Tenofovir Entecavir RMST difference (95% Cl),y P value RMST ratio (95% CI) Pvalue
Clinical cohort

1 0.997 (0.996 to 0.998) 0.997 (0.996 to 0.998) 0.000 (-0.002 to 0.002) .99 1.000 (0.998 to 1.002) .99

2 1.981 (1.978 to 1.985) 1.980 (1.976 to 1.983) 0.002 (-0.003 to 0.006) .53 1.001 (0.999 to 1.003) .53

3 2.945(2.938t02.953) 2.942 (2.935 t0 2.949) 0.003 (-0.007 to 0.014) .53 1.001 (0.998 to 1.005) .53

4 3.892 (3.879 t0 3.904) 3.882(3.870t0 3.894) 0.009 (-0.008 to0 0.027) .29 1.002 (0.998 to 1.007) .29

5 4.823 (4.804 to 4.842) 4.803 (4.785 t0 4.821) 0.020 (-0.006 to 0.046) 13 1.004 (0.999 to 1.010) 13
Administrative studies

1 0.995 (0.994 to 0.996) 0.995 (0.994 to 0.996) 0.000 (-0.001 to 0.001) .99 1.000 (0.999 to 1.001) .99

2 1.972 (1.969 to 1.975) 1.969 (1.966 to 1.972) 0.003 (-0.001 to 0.007) .14 1.002 (0.999 to 1.004) .14

3 2.937(2.932t02.943) 2.926 (2.920t02.931) 0.011 (0.003 t0 0.019) .005 1.004 (1.001 to 1.007) .005

4 3.899 (3.890 t0 3.907) 3.868 (3.860 t0 3.877) 0.030 (0.018 t0 0.042) <.001 1.008 (1.005 to 1.011) <.001

5 4.864 (4.833 t0 4.859) 4.793 (4.781 to 4.806) 0.053 (0.035 t0 0.071) <.001 1.011 (1.007 to 1.015) <.001

Abbreviations: HCC, hepatocellular carcinoma; RMST, restricted mean survival time.
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Studies Involving Only Treatment-Naive Patients
This analysis included 11 studies*>-52:5456.58
tenofovir or entecavir therapy (14 936 patients; 7243 receiving tenofovir and 7693 receiving
entecavir). Patients receiving tenofovir had significantly lower incidence (eFigure 5 in the
Supplement) and risk of HCC compared with entecavir at 3 years (stratified Cox HR, 0.80 [95% Cl,
0.68-0.93]; P = .004) and at 5 years (stratified Cox HR, 0.80 [95% Cl, 0.70-0.91]; P = .001), with
similar findings in analysis using the shared frailty model (Table 2). The RMST analysis also found
longer mean time to HCC occurrence in patients who received tenofovir starting at 2 years of
follow-up, but the difference was only 0.049 (95% Cl, 0.022-0.075) years, even at 5 years of

follow-up (P <. 001) (eTable 2C in the Supplement).

of only treatment-naive patients before initiation of

Discussion

Main Findings

In this reconstructed IPDMA of 24 269 patients with CHBV (10 534 receiving tenofovir and 13 735
receiving entecavir), there was no clinically meaningful difference in the risk of HCC between those
receiving tenofovir and those receiving entecavir. Although there was a longer mean time to HCC
development with tenofovir vs entecavir in the overall analysis, the difference was modest (0.006
years or 0.30 weeks at 2 years, and 0.033 years or 1.72 weeks at 5 years) and unlikely to be clinically
significant. These data suggest that factors such as cost, drug availability, and comorbidities should
be the main consideration when deciding between tenofovir or entecavir. In subgroup analysis of
administrative database studies, the mean time to HCC among patients receiving tenofovir was
modestly longer compared with patients receiving entecavir (0.011 years or 0.57 weeks at year 3, and
0.053 years or 2.76 weeks at year 5); and because the proportionality assumption was not met, the
shared frailty and Cox proportional hazards regression models were not performed for this subgroup.
In subgroup analysis of clinical cohort studies, which may have had more detailed clinical data to
adjust for confounders, there was no significant difference between the 2 groups in stratified Cox
analysis. Additional analysis via a shared frailty model to account for between-study heterogeneity
and RMST analysis to account for varying treatment effect across time revealed similar findings
between tenofovir and entecavir in clinical cohort studies. In the absence of high-quality randomized
clinical trials, the present analysis provides the highest level of evidence available to date evaluating
the comparative risk of HCC between tenofovir and entecavir.

The lower incidence of HCC among patients treated with tenofovir vs entecavir persisted in
subgroup analysis for patients with cirrhosis and for patients who were treatment naive before
tenofovir or entecavir. However, RMST analysis for both subgroups determined that the mean time
to HCC was only modestly longer (0.050 years or 2.6 weeks at 5 years) among patients receiving
tenofovir vs entecavir. The subgroup analyses for multicenter and single-center studies showed no
significant difference in HCC risk between the 2 study groups at 3-year follow-up, however, a lower
risk was observed at 5-year follow-up in patients receiving tenofovir. This may indicate that time is
required for the beneficial effect of tenofovir on hepatocarcinogenesis. On the other hand, the
difference between tenofovir and entecavir may be related to imbalance between the 2 groups in the
number of patients remaining at risk after 3 years, given the known differences in follow-up duration
between the 2 study groups. Indeed, results from our RMST analyses suggest that this may be the
case because we found no significant difference in the mean time to HCC development between the
2 groups for multicenter studies and only marginally longer time to HCC development (2.18 weeks)
with tenofovir at 5-year follow up.

The potential mechanism for the lower HCC risk in patients receiving tenofovir vs entecavir, if
any, is unclear.69®' A recent meta-analysis®? reported variable early comparative results with regard
to viral suppression rates between patients receiving tenofovir vs entecavir with odds ratios of 1.12
(95% Cl, 0.89-1.41) at 12 weeks, 1.33 (95% Cl, 1.11-1.61) at 24 weeks, and 1.62 (95% Cl, 1.16-2.25) at 48
weeks and nonsignificant results at 72 and 96 weeks (odds ratios, 1.43 [95% Cl, 0.78-2.62] and 1.56
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[95% Cl, 0.87-2.81], respectively). These inconsistencies are likely owing to patient selection bias in
observational studies and the high level of heterogeneity observed in these analyses with data
derived from both randomized clinical trials and observational studies. In 1study comparing patients
receiving tenofovir and entecavir with HBV DNA levels greater than 1 million [lU/mL, tenofovir was
associated with a higher likelihood of viral suppression among patients with positive findings for
HBeAg but not those with findings negative for HBeAg, although this study only included 20 patients
positive for HBeAg receiving tenofovir and 135 receiving entecavir, thus limiting its conclusions.®?
With regard to viral resistance, entecavir is associated with a low risk of resistance (1.2% after 5
years),®3 whereas no resistance was observed after 8 years of tenofovir.54

Context of Current Literature

Multiple meta-analyses'>' have reported conflicting results on this topic. However, previously
published meta-analyses did not account for censoring of patients during follow-up between the
tenofovir and entecavir cohorts, which may have resulted in inaccurate estimations of HCC
incidence. In addition, previous meta-analyses did not limit their inclusion criteria to propensity
score-matched cohorts, which is an additional source of within-study heterogeneity due to the lack
of controlling for baseline characteristics. Our study addresses many of the previous methodological
issues with study level data meta-analyses on this topic by pooling time-to-event data from individual
patient level data and by including only high-quality propensity score-matched studies. We also
conducted several additional analyses using the shared frailty and stratified Cox models to account
for between-study heterogeneity and RMST analysis to account for varying treatment effect across
time, which is an important consideration for this topic because most tenofovir cohorts had shorter
follow-up than the entecavir cohorts. In addition, when the proportional hazards assumption was
found to be violated, we used nonparametric RMST analysis to evaluate differences in HCC incidence
instead. The RMST model has been found to yield more robust estimates in such situations,
compared with alternatives such as Cox proportional hazards regression analysis, which can
overestimate or underestimate differences in treatment effects.?* To the best of our knowledge, our
study is the first meta-analysis in this area to use reconstructed individual participant data, which is
considered to be the criterion standard for reporting survival data because it accounts for time-to-
event data and censoring of events.®>6©

Limitations

We acknowledge the following limitations. All included studies were observational in nature, with
consequent risk of selection bias, but we attempted to mitigate this by only including studies with
propensity score matching, which reduces but does not completely remove selection bias.?® In
addition, possible residual confounders such as degree of liver fibrosis, family history, viral genotype,
adherence to antiviral therapy, and adherence to HCC surveillance®” were not assessed in the
included studies. Given the challenges with conducting a randomized clinical trial in this topic, which
would require an extremely large sample size of patients and long duration of follow-up owing to the
low event rate, our study represents the most practical approach to minimize bias and to obtain
robust estimates.

Conclusions

In this meta-analysis, there was no clinically meaningful difference in the risk of HCC between
tenofovir and entecavir. The RMST analysis, which accounts for varying estimated treatment effects
across time for both the overall analysis and administrative database studies, determined that the
difference in mean time to HCC in patients who received tenofovir vs patients who received
entecavir was less than 3 weeks. There was no significant difference at the 3- and 5-year follow-ups
between tenofovir and entecavir among clinical cohort studies, which may have had more detailed
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clinical data to adjust for confounders. The choice between tenofovir or entecavir should be decided
based on patient-related factors, such as cost, convenience, availability, and tolerability.
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