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Background: Tenofovir and entecavir demonstrated substantial effectiveness in
the reversion of fibrosis and reversed cirrhosis in patients with hepatitis B virus
(HBV)-related cirrhosis. However, there has not been a definitive conclusion
regarding the association between entecavir and tenofovir on the risk of
cirrhosis-related complications. Therefore, this study aimed to investigate the
comparative effectiveness between tenofovir and entecavir in HBV-related
cirrhosis patients.

Methods: This was a retrospective study using Taiwan’s Health Insurance
Research Database. We enrolled newly diagnosed HBV-related cirrhosis
patients who initiated entecavir and tenofovir between 2011 and 2019.
Treatment groups were determined by the initial HBV antiviral medication
prescribed. The primary composite outcome was the development of
hepatocellular carcinoma (HCC), death from any causes, and liver
transplantation. The secondary outcomes included all the individual
components of the primary outcome. The incidence rate was calculated for
each outcome for both treatment groups using the Fine–Gray subdistribution
hazard models. Propensity score adjustment was used to balance treatment
groups.

Results: A total of 7,316 propensity score-matched treatment-naïve patients and
3,524 propensity score-matched treatment-experienced patients were included.
Within treatment-naïve patients, those receiving tenofovir showed significantly
lower hazards of developing the composite outcome (HR, 0.79; p < 0.0001),
hepatocellular carcinoma (HR, 0.86; p = 0.027), mortality (HR, 0.75; p < 0.0001),
and liver transplantation (HR, 0.70; p = 0.0189) than those receiving entecavir. As
for treatment-experienced patients, tenofovir was associated with a significantly
lower risk of the composite outcome (HR, 0.82; p = 0.0033) and hepatocellular
carcinoma (HR, 0.60; p < 0.0001), but it did not show a significantly different risk of
all-cause mortality (HR, 0.93; p = 0.3374) or liver transplantation (HR, 1.17; p =
0.5112) compared to entecavir.
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Conclusion: Tenofovir presented a significantly lower incidence of cirrhosis-
related complications than entecavir in patients with hepatitis B virus-related
cirrhosis. However, no statistically significant difference in death and liver
transplantation was seen in treatment-experienced patients.
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Introduction

Cirrhosis is the leading cause of hepatocellular carcinoma (HCC)
and results in approximately 1.16–1.32 million annual deaths globally
(GBD, 2017 Cirrhosis Collaborators, 2020). Cirrhosis due to hepatitis B
virus infection, namely, hepatitis B virus (HBV)-related cirrhosis, is
responsible for over 50% of cirrhosis-related deaths in Asian nations
(Sarin et al., 2020). In patients with HBV-related cirrhosis, clinicians
would administer HBV antiviral drugs to suppress viral replication,
reduce viral load, and thereby prevent cirrhosis progression and even
reverse cirrhosis (Marcellin and Asselah, 2013; Calvaruso and Craxì,
2014; Rockey, 2016; Udompap and Kim, 2020).

Among the available nucleos(t)ide analogs (NAs), entecavir (ETV)
and tenofovir (TDF/TAF) are recommended as first-line treatments for
HBV-related cirrhosis considering their high antiviral efficacy and low
rates of resistance (Sarin et al., 2016; EuropeanAssociation for the Study
of the Liver, 2017; Terrault et al., 2018). As shown by previous
randomized controlled trials, TDF/TAF and ETV demonstrated
substantial effectiveness in the reversion of fibrosis and reversed
cirrhosis in patients with HBV-related cirrhosis (Schiff et al., 2008;
Yokosuka et al., 2010; Schiff et al., 2011; Marcellin et al., 2013).

Previous studies have indicated that TDF/TAFor ETVusemay result
in different effects on cirrhosis-related outcomes. The reason was that
TDF/TAFbelongs to the class of acyclic nucleoside phosphonates (ANPs)
(De Clercq and Holý, 2005), and its structure differs from that of
nucleoside analogs such as ETV. ANPs are characterized by
prolonged action (De Clercq and Holý, 2005) and may exhibit better
anti-HCC (Sato et al., 2006; Abushahba et al., 2010; Murata and
Mizokami, 2023; Yang et al., 2023) and anti-HBV (Murata et al.,
2020) effects. However, real-world evidence and experimental research
regarding the comparative effectiveness between TDF/TAF and ETV in
cirrhosis patients showed conflicting results (Choi et al., 2019;
Papatheodoridis et al., 2020; Lee et al., 2021). Therefore, there has not
been a definitive conclusion regarding the association between ETV and
TDF/TAF on the risk of cirrhosis-related complications. Furthermore,
there was a lack of evidence regarding the comparative effectiveness
between TDF/TAF and ETV in treatment-experienced cirrhosis patients.

Therefore, this study aimed to investigate the hazards of
cirrhosis-related complications, including HCC and liver
transplantation, and mortality in patients with HBV-related
cirrhosis receiving ETV and TDF/TAF.

Materials and methods

Study design and data sources

This retrospective cohort study was conducted using data from the
National Health Insurance Research Database (NHIRD), which

covered the healthcare data of approximately 100% of Taiwan’s
population (National Health Insurance Administration, 2023a). The
healthcare information in the database included that of diagnoses,
treatments, operations, and prescription details. The study period was
from 1 January 2010 to 31 December 2020. This study was approved by
the Institutional Review Board (IRB) of Kaohsiung Medical University
Hospital (IRB number: KMUHIRB-E(I)-20230042).

Study population and exposure

Our study population included newly diagnosed HBV-related
cirrhosis patients (adults), who had initiated ETV and TDF/TAF
between 2011 and 2019. HBV-related cirrhosis was defined as
chronic hepatitis B (CHB) diagnosed with cirrhosis after the initial
CHBdiagnosis. At least one inpatient visit or three outpatient visits were
required to determine the number of CHB patients and for cirrhosis
diagnosis. Diagnostic codes from the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) and
International Classification of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM) were used to enroll HBV-related
cirrhosis patients. The population entry date was defined as the date
of the first diagnosis of cirrhosis. The baseline period was the time
period within 1 year before the population entry date.

Patients who were below 20 years of age at the population entry
date; had incomplete demographic information (including age,
gender, or premium insurance); had a history of cirrhosis, liver
transplantation, or HCC during the baseline period; or initiated ETV
and TDF/TAF together were excluded from the study. Cirrhosis and
liver transplantation were identified by the presence of ICD codes,
while patients with HCC were defined by the presence of the ICD
codes for HCC and inclusion in the Taiwan Cancer Registry long-
form database (Kao et al., 2021).

Eligible patients were those with HBV-related cirrhosis who
filled their first prescription for either ETV or TDF/TAF after the
population entry date. Patients were divided into ETV or TDF/TAF
groups based on the initial HBV antiviral medication prescribed
after the population entry date. The index date was defined as the
first day of receiving ETV or TDF/TAF following the population
entry date. Follow-up began on the index date. Patients were
stratified into the previously untreated (PUT) cohort and
previously treated (PT) cohort (Supplementary eMethods 1) for
the analysis.

Study outcomes and follow-up

One primary outcome was evaluated: the composite outcome of
HCC, liver transplantation, and all-cause death. Secondary
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outcomes were individual components of the primary outcome. The
detailed definition of each outcome event is shown in
Supplementary eMethods 2. Patients who had experienced the
outcome event before the index date were excluded from the
corresponding outcome analyses. Patients were followed up from
the index date to the occurrence of the corresponding outcome,
switching antiviral treatment, or the end date of the database
(31 December 2020), whichever came first. Patients with
discontinuation were censored until they switched treatment or
re-initialized treatment. Discontinuation was defined as a gap of
more than 30 days between the end of a prescription and the next. In
each outcome analysis, patients were not censored if other outcomes
(except for the corresponding outcome) had occurred earlier.

Covariates and confounders

Patients’ baseline characteristics and medical information were
retrieved from the database. The demographic information
including age and gender was obtained from the most recent
insurance record prior to the population entry date.
Comorbidities were defined as diseases diagnosed at least once in
an inpatient or twice in an outpatient setting within 1 year before the
population entry date. Detailed information on comorbidities is
summarized in Supplementary eTable S1. The Charlson
Comorbidity Index (CCI) was used to quantify the comorbidity
status of the included patients (Charlson et al., 1987). Co-
medications being regarded as confounders were collected
(Hayward and Weersink, 2020), and medications prescribed for a
minimum of 28 days within the year before the population entry
date were co-medications. The disease progression period and
treatment gap period were retrieved. The disease progression
period was defined as the period between the first CHB diagnosis
and the population entry date. The treatment gap period was defined
as the period from the population entry date to the index date.

Propensity score methods

Two propensity score methods, namely, propensity score
matching (PSM) and stabilized inverse probability of treatment
weighting (IPTW), were used to generate comparable treatment
groups before data analyses.

The PSM was performed using the 1:1 nearest-neighbor
matching approach, with a caliper width set at 0.2 of the
standard deviation of the logit of the propensity score (PS)
(Austin, 2011a; Austin, 2011b). Confounders adjusted were age,
gender, disease progression time, treatment gap duration, diabetes,
hypertension, CCI, HCV/HDV/HEV co-infection, alcoholic
cirrhosis, biliary cirrhosis, history of cirrhosis-related
complications, and chronic kidney disease (CKD).

Statistical analyses

HBV-related cirrhosis patients were stratified into PUT patients
and PT patients to obtain results. In the baseline analysis, descriptive
statistics were stratified by groups. Continuous variables were

presented as mean and standard deviation (SD). Categorical
variables were represented using the number (N) and percentage
(%). To assess the balance in each covariate, standardized mean
difference (SMD) was employed, with a value below 0.1 indicating
negligible differences between the groups (Austin, 2009a; Austin,
2009b).

Fine–Gray subdistribution hazard models, accounting for the
competing risk events of death and liver transplantation, were used
to investigate subdistribution HRs with a 95% confidence interval
(CI) for each outcome analysis (except for the composite outcome
and all-cause death analysis because no competing risk events
existed). The proportional hazard assumptions were evaluated
before analyses. We conducted sensitivity analyses to evaluate the
robustness of our findings. We used the negative control outcome,
myocardial infarction, to indirectly evaluate whether potential
confounders existed (Lipsitch et al., 2010).

A statistically significant difference was defined as a two-tailed
probability value less than 0.05. Data management and statistical
analyses were processed with SAS software version 9.4.

Results

Patient characteristics

The original study population contained 18,351 patients after
applying inclusion and exclusion criteria. When PSM was used,
3,658 patients each were included in the ETV and TDF/TAF users in
the PUT sub-cohort and 1,762 each were included in the ETV and
TDF/TAF users in the PT sub-cohort. After applying stabilized
IPTW, a weighted pseudopopulation consisted of 8,204 ETV users
and 3,663 TDF/TAF users in the PUT sub-cohort and 4,717 ETV
users and 1,764 TDF/TAF users in the PT sub-cohort. The
enrollment process for the study population is illustrated in
Figure 1. All patients in our study were included in the analysis
of death outcome, and the baseline characteristics are presented in
Table 1; Supplementary eTable S3. Overall, the mean age ranged
from 54 to 57 years, and the majority were men (73%–77%). The
mean disease progression period was 2.30–3.69 years. The baseline
characteristics of patients for the analysis of the composite outcome,
HCC, and liver transplantation are presented in Supplementary
eTables S4–S9, respectively.

Hazards of developing cirrhosis-related
outcomes in the PUT cohort

In the analyses with PSM, the incidence rate of the composite
outcome, HCC, and mortality was significantly lower in the TDF/
TAF users. TDF/TAF showed significantly lower hazards of
developing the composite outcome [HR, 0.78 (95% CI, 0.72 to
0.85); p < 0.0001], HCC [HR, 0.87 (95% CI, 0.76 to 0.99); p =
0.0396], mortality [HR, 0.76 (95% CI, 0.68 to 0.83); p < 0.0001], and
liver transplantation [HR, 0.72 (95% CI, 0.53 to 0.97); p = 0.0327] in
unadjusted analysis accounting for competing risk. After adjusting
for baseline confounders, similarly lower hazards of developing the
composite outcome, HCC, mortality, and liver transplantation were
seen in TDF/TAF users (Table 2 Panel A). The differences in

Frontiers in Pharmacology frontiersin.org03

Huang et al. 10.3389/fphar.2023.1301120

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1301120


cumulative incidence curves between treatment groups within the
PUT cohort for four outcomes are shown in Figure 2. In the analyses
with stabilized IPTW, similar hazards of the lower composite
outcome, mortality, and liver transplantation were found in TDF/
TAF users than in ETV users (Table 2 Panel B; Supplementary
eFigure S1).

Hazards of developing cirrhosis-related
outcomes in the PT cohort

In the analyses with PSM, the incidence rate of HCC was
significantly lower in the TDF/TAF users. In unadjusted analysis
accounting for competing risk, TDF/TAF showed significantly lower
hazards of developing composite outcomes [HR, 0.81 (95% CI,
0.71 to 0.93); p = 0.0021] and HCC [HR, 0.61 (95% CI, 0.49 to

0.76); p < 0.0001]. TDF/TAF was associated with a lower incidence
rate of death, but the result did not achieve statistical significance.
After adjusting for baseline confounders, similarly lower hazards of
developing composite outcomes and HCC were seen in TDF/TAF
users. The risks of death and developing transplantation were not
statistically different between the two groups (Supplementary eTable
S10 Panel A). The cumulative incidence curves between treatment
groups within the PT cohort for four outcomes are shown in
Figure 3.

In the analyses with stabilized IPTW, similarly lower incidence
rates of the composite outcome and HCC were seen in patients
treated with TDF/TAF. TDF/TAF was associated with a lower
incidence rate of mortality, but the result did not achieve
statistical significance. The univariate and multivariate analyses
accounting for competing risk events showed a similar trend of
lower composite outcome and HCC hazards in TDF/TAF users than

FIGURE 1
Flowchart of patients’ enrollment. CHB, chronic hepatitis B; HCC, hepatocellular carcinoma a; other HBV medications include lamivudine,
telbivudine, adefovir, and interferon.
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TABLE 1 Baseline characteristics of HBV-related cirrhosis patients within the PUT cohort after applying propensity score methods.

Characteristics Population after PSM Population after IPTW

ETV (n = 3,658) TDF/TAF (n = 3,658) ASMDa ETV (n = 8,204) TDF/TAF (n = 3,663) ASMDa

Mean age (SD), y 55.14 (11.71) 55.05 (11.70) 0.008 56.74 (11.83) 56.70 (11.77) 0.003

Gender, n (%)

Male 2,702 (73.87) 2,705 (73.95) 0.002 6,019 (73.37) 2,689 (73.42) 0.001

Female 956 (26.13) 953 (26.05) 0.002 2,185 (26.63) 973 (26.58) 0.001

Comorbidities, n (%)

HCV co-infection 133 (3.64) 144 (3.94) 0.016 339 (4.13) 149 (4.08) 0.002

HDV co-infection <3 <3 0.016 <3 <3 0.291

HEV co-infection <3 <3 0.016 <3 <3 0.017

HIV co-infection 15 (0.41) 20 (0.55) 0.090 8 (0.1) 21 (0.58) 0.084

Alcoholic cirrhosis 91 (2.49) 88 (2.41) 0.005 205 (2.49) 91 (2.49) 0.000

Biliary cirrhosis <3 <3 0.005 <3 <3 0.000

Hypertension 1,140 (31.16) 1,120 (30.62) 0.012 2,830 (34.50) 1,262 (34.45) 0.001

Hyperlipidemia 646 (17.66) 629 (17.2) 0.012 1,493 (18.20) 663 (18.1) 0.003

Diabetes 833 (22.77) 829 (22.66) 0.003 2092 (25.51) 938 (25.62) 0.003

Chronic kidney disease 85 (2.32) 95 (2.6) 0.018 377 (4.60) 165 (4.50) 0.005

History of complications, n (%)

Ascites 107 (2.93) 106 (2.9) 0.002 295 (3.59) 128 (3.51) 0.005

Hepatic encephalopathy 405 (11.07) 396 (10.83) 0.008 965 (11.76) 435 (11.87) 0.003

EVB 50 (1.37) 51 (1.39) 0.002 116 (1.42) 53 (1.45) 0.003

Hepatorenal syndrome <3 <3 0.014 11 (0.13) 4 (0.11) 0.006

Charlson Comorbidity Index

Mean (SD) 1.43 (1.58) 1.38 (1.58) 0.025 1.59 (1.73) 1.59 (1.77) 0.038

Disease progression period (y) 2.51 (2.35) 2.46 (2.33) 0.019 2.30 (2.27) 2.30 (2.27) 0.002

Treatment gap period (y) 1.04 (1.73) 1.05 (1.72) 0.008 1.02 (1.71) 1.03 (1.70) 0.004

Co-medications, n (%)

ACEIs/ARBs 709 (19.38) 661 (18.07) 0.034 1746 (21.28) 752 (20.54) 0.018

β-blockers 473 (12.93) 471 (12.88) 0.002 1,111 (13.54) 532 (14.51) 0.028

Non-selective 212 (5.80) 218 (5.96) 0.007 501 (6.11) 246 (6.71) 0.024

Selective 276 (7.55) 271 (7.41) 0.005 669 (8.15) 312 (8.51) 0.013

CCBs 610 (16.68) 585 (15.99) 0.018 1,481 (18.05) 672 (18.36) 0.008

Diuretics 498 (13.61) 434 (11.86) 0.052 1,253 (15.28) 511 (13.96) 0.037

Furosemide 138 (3.77) 100 (2.73) 0.059 393 (4.79) 131 (3.58) 0.061

Spironolactone 91 (2.49) 69 (1.89) 0.041 235 (2.86) 83 (2.28) 0.037

Insulin 112 (3.06) 110 (3.01) 0.003 324 (3.95) 130 (3.55) 0.021

Biguanide 532 (14.54) 525 (14.35) 0.005 1,269 (15.47) 578 (15.79) 0.009

Meglitinide 41 (1.12) 42 (1.15) 0.003 144 (1.76) 51 (1.39) 0.029

Sulfonylurea 424 (11.59) 376 (10.28) 0.042 1,008 (12.28) 420 (11.47) 0.025

(Continued on following page)
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in ETV users. The risks of death and developing transplantation
were not statistically different between the two groups
(Supplementary eTable S10 Panel B; Supplementary eFigure S2).

Results of sensitivity analysis

Regarding the analysis for the negative control outcome, the
outcome did not show a significant association with TDF/TAF
treatment (Supplementary eTable S11).

Discussion

Our study demonstrated a significantly reduced risk of developing
cirrhosis-related complications among TDF/TAF users, consistent with
previous studies suggesting a lower risk of HCC in individuals with
HBV-related cirrhosis who received TDF/TAF than those receiving
ETV (Choi et al., 2019). The negative control outcome, namely, MI,
supported the conclusion that the lower hazards of cirrhosis-related
outcomes and death in TDF/TAF compared to ETV were robust.

Our study could not determine the exact mechanism underlying
the better outcomes with TDF/TAF treatment. However, several
reasons might explain our findings. First, TDF/TAF might show
superior virologic response profiles compared to ETV, as presented
in previous studies (Koike et al., 2018; Chen et al., 2019; Choi et al.,
2019; Choi et al., 2021). These better virologic outcomes might lead
to different levels of effectiveness in preventing cirrhosis-associated
complications between TDF/TAF and ETV therapy. Second, the
antitumor effects of TDF/TAF have been reported. The reason was
that higher interferon-λ3 levels were induced by ANPs (such as
TDF/TAF), but not by nucleoside analogs (such as ETV) (Sato et al.,
2006; Abushahba et al., 2010; Murata and Mizokami, 2023; Yang
et al., 2023). Interferon-λ3 demonstrated potent antitumor effects in
murine cancer models, including HCC (Sato et al., 2006; Abushahba
et al., 2010; Murata and Mizokami, 2023; Yang et al., 2023). The
antitumor activity might explain the differences in risks in
developing outcomes between TDF/TAF and ETV. Third,

TDF/TAF was anticipated to generate favorable immune
responses toward anti-HBV effects. As presented by Murata et al.
(2020), TDF/TAF could inhibit interleukin (IL)-10 production and
thereby promote the release of IL-12 and tumor necrosis factor
(TNF)-α, which was not observed in ETV. Suppressed IL-10 and
increased IL-12 would stimulate T cells and NK cells to induce IFN-
γ (Henry et al., 2008; Smith et al., 2018). Both IFN-γ and TNF-α
promoted anti-HBV effects by inhibiting HBV replication and
decreasing HBV covalently closed circular DNA (cccDNA) levels
(Cavanaugh et al., 1997; Rehermann and Bertoletti, 2015; Xia et al.,
2016).

In the PUT cohort after propensity score matching methods,
TDF/TAF showed a significantly lower rate in each outcome.
However, TDF/TAF was significantly associated with a lower
hazard in the composite outcome and HCC, but not in death or
liver transplantation. The inconsistent results among outcomes
might be explained as follows: the lack of difference in incidence
of death can be attributed to a higher proportion of patients in the
ETV groups experiencing deaths unrelated to HCC, compared to the
TDF/TAF groups (data not shown). No difference in incidence of
liver transplantation represented that most patients received liver
transplants because of complications of decompensation rather than
HCC (data not shown) (European Association for the Study of the
Liver, 2018).

To date, only a few real-world studies have compared cirrhosis-
related outcomes between TDF/TAF and ETV in HBV-related cirrhosis
patients (Choi et al., 2019; Papatheodoridis et al., 2020). However, real-
world evidence investigating the comparative effectiveness between TDF/
TAF and ETV in Taiwanese patients with HBV-related cirrhosis was
limited. Furthermore, the evidence comparing cirrhosis-related outcomes
within treatment-experienced cirrhosis patients was scarce. Our study
successfully addresses the current knowledge gap.

Strengths and limitations

The main strengths of our study were as follows: this was a large-
scale cohort study using the NHIRD to describe patients’

TABLE 1 (Continued) Baseline characteristics of HBV-related cirrhosis patients within the PUT cohort after applying propensity score methods.

Characteristics Population after PSM Population after IPTW

ETV (n = 3,658) TDF/TAF (n = 3,658) ASMDa ETV (n = 8,204) TDF/TAF (n = 3,663) ASMDa

α-glucosidase inhibitors 110 (3.01) 101 (2.76) 0.015 237 (2.89) 115 (3.13) 0.014

Thiazolidinediones 88 (2.41) 75 (2.05) 0.024 222 (2.69) 86 (2.36) 0.021

DPP-4 inhibitors 271 (7.41) 237 (6.48) 0.037 631 (7.70) 266 (7.26) 0.016

SGLT2 inhibitors 20 (0.55) 34 (0.93) 0.045 42 (0.51) 35 (0.95) 0.052

GLP1 agonists 8 (0.22) 5 (0.14) 0.019 10 (0.12) 4.82 (0.13) 0.004

Statin 369 (10.09) 358 (9.79) 0.010 868 (10.58) 398 (10.87) 0.009

Fibrates 86 (2.35) 79 (2.16) 0.013 180 (2.20) 79.49 (2.17) 0.002

Silymarin 871 (23.81) 884 (24.17) 0.008 1933 (23.56) 911 (24.86) 0.030

IPTW, inverse probability of treatment weighting; ASMD, absolute standardized mean difference; ETV, entecavir; TDF/TAF, tenofovir disoproxil fumarate/tenofovir alafenamide fumarate;

HCV, hepatitis C virus; HDV, hepatitis D virus; HIV, hepatitis I virus; EVB, esophageal varices with bleeding; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor

blockers; CCBs, calcium-channel blockers; SGLT2, sodium-glucose cotransporter-2; GLP1, glucagon-like peptide-1; y: year.
aThe absolute standardized mean difference less than 0.1 indicates well-balanced between groups.
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characteristics and the novel findings that comprehensively
evaluated comparative effectiveness between TDF/TAF and ETV
in Taiwanese HBV-related cirrhosis patients. Additionally, our
findings were consistent with those of a previous cohort (Choi
et al., 2019). Moreover, our study addressed the knowledge gap and
provided information with comparative effectiveness evidence in
patients with prior exposure to NA. Furthermore, our conclusion
remained consistent across different propensity score methods and
sensitivity analyses.

We acknowledge that some limitations remain in this study.
First, HBV-related (e.g., HBV viral load and HBeAg status), liver
function-related (e.g., AST and ALT), HCC-related (e.g., α-
fetoprotein, family history of HCC, smoking status, alcohol
status, and BMI), and cirrhosis-related (platelet count, bilirubin,
albumin, prothrombin time, serum creatinine, and fibrosis markers)
lab data and Chinese medicine exposure data could not be obtained
in our database (Hsu et al., 2014; Chen et al., 2017; Zhang et al., 2021;
Kanwal et al., 2023). For HBV-related and liver function-related lab

TABLE 2 Clinical outcomes within PUT patients after applying propensity score methods.

Panel A. Population after PSM

Outcomea Patients, n Events, n PY Rateb (95% CI) csHRc (95% CI) p-value asHRd (95% CI) p-value

Composite outcome

Tenofovir 3,417 850 11,004 7.72 (7.21–8.26) 0.78 (0.72–0.85) <0.0001 0.79 (0.72–0.86) <0.0001

Entecavir 3,417 1,124 11,838 9.49 (8.95–10.07) 1.00 (reference) 1.00 (reference)

Hepatocellular carcinoma

Tenofovir 3,423 579 13,368 4.33 (3.99–4.70) 0.87 (0.76–0.99) 0.0396 0.86 (0.75–0.98) 0.027

Entecavir 3,423 748 14,438 5.18 (4.82–5.57) 1.00 (reference) 1.00 (reference)

Death

Tenofovir 3,658 686 12,877 5.33 (4.94–5.74) 0.76 (0.68–0.83) < 0.0001 0.75 (0.67–0.82) < 0.0001

Entecavir 3,658 941 13,668 6.88 (6.45–7.34) 1.00 (reference) 1.00 (reference)

Liver transplantation

Tenofovir 3,651 80 14,623 0.55 (0.43–0.68) 0.72 (0.53–0.97) 0.0327 0.70 (0.51–0.94) 0.0189

Entecavir 3,651 105 16,245 0.65 (0.53–0.78) 1.00 (reference) 1.00 (reference)

Panel B. Population after IPTW

Outcomea Patients, n Events, n PY Rateb (95% CI) cHRc (95% CI) p-value aHRd (95% CI) p-value

Composite outcome

Tenofovir 3,420 919 10,867 8.46 (7.92–9.02) 0.78 (0.72–0.84) <0.0001 0.79 (0.73–0.85) <.0001

Entecavir 7,464 2,653 25,361 10.46 (10.07–10.87) 1.00 (reference) 1.00 (reference)

Hepatocellular carcinoma

Tenofovir 3,427 621 13,471 4.61 (4.25–4.99) 0.93 (0.83–1.04) 0.182 0.92 (0.82–1.03) 0.1429

Entecavir 7,496 1,675 32,281 5.19 (4.94–5.44) 1.00 (reference) 1.00 (reference)

Death

Tenofovir 3,663 754 12,830 5.88 (5.47–6.31) 0.77 (0.71–0.84) < 0.0001 0.77 (0.71–0.84) < 0.0001

Entecavir 8,204 2,277 30,855 7.38 (7.08–7.69) 1.00 (reference) 1.00 (reference)

Liver transplantation

Tenofovir 3,655 79 14,804 0.53 (0.42–0.67) 0.67 (0.51–0.88) 0.0038 0.66 (0.50–0.87) 0.0028

Entecavir 8,160 247 37,226 0.66 (0.58–0.75) 1.00 (reference) 1.00 (reference)

Abbreviations: PSM, propensity score matching; PY, person-year; cHR, crude hazard ratio; aHR, adjusted hazard ratio.
aPatients who had already encountered the relevant outcome before the index date were excluded in every outcome analysis.
bRate was determined by dividing the number of events by the total person-years and presented as per 100 person-years.
cCrude HR was calculated by the subdistribution COX proportional hazards model.
dAdjusted HR was calculated by the subdistribution COX proportional hazards model adjusted for all variables.
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data, the ETV and TDF/TAF could continue to be reimbursed
regardless of HBV viral load, HBeAg status, or results of liver
function tests in HBV-related cirrhosis patients under the NHI
payment guidelines (National Health Insurance Administration,
2023b). Therefore, the absence of information would not
substantially affect our findings because the missing information
was unlikely to induce treatment selection bias. However, the lack
of cirrhosis-related information could impact our ability to assess
the severity of liver cirrhosis and hepatic failure. This could
misidentify individuals without cirrhosis as having cirrhosis, and
vice versa. In addition, the lack of HCC-related data was an
unmeasured confounder in our study, which might influence our
estimated results. Second, we used ICD codes to identify cirrhosis
patients, which hindered our ability to accurately determine
cirrhosis status. The generation of misclassification bias resulted
from the absence of information concerning diagnostic procedures
for cirrhosis in clinical practice (for example, liver biopsy,
ultrasound, CT, MRI, and liver stiffness evaluation)
(RadiologyInfo, 2022). Third, despite the use of propensity score
methods to address confounding variables, unknown or
unmeasured confounders might still exist. Fourth, there were
potential reasons that would induce selection bias between
treatment groups. Given that ETV had been approved 3 years

before TDF/TAF, ETV users tended to be older and have more
advanced diseases than TDF/TAF users. This “patient
warehousing” phenomenon was similarly observed in previous
studies (Lok et al., 2016; Hsu et al., 2020; Yip et al., 2020).
Moreover, there were a few additional potential explanations for
the relatively younger age and milder liver disease of TDF/TAF
patients. One reason could be the preference for TDF/TAF among
young women of childbearing age due to its safety during
pregnancy. Additionally, concerns regarding renal toxicity and
osteoporosis might lead to the avoidance of TDF in the elderly
population (Sarin et al., 2016; European Association for the Study of
the Liver, 2017; Terrault et al., 2018). Nonetheless, because our
study was an active comparison design with similar indications, the
misclassification population, difference in baseline characteristics,
and other unmeasured confounders could be reduced (Yoshida
et al., 2015). Fifth, our study used data from the NHIRD; therefore,
it is necessary to conduct further studies to validate whether our
findings could be extrapolated to other countries or regions.

Our study provided updated information regarding the
comparative effectiveness between ETV and TDF/TAF. Further
studies could evaluate the comparative cost-effectiveness between
two treatments to guide the optimal distribution of healthcare
system resources.

FIGURE 2
Cumulative incidence curves for TDF/TAF users versus ETV users within PUT cohorts after PSM. (A) Composite outcome, (B) hepatocellular
carcinoma, (C) death, and (D) liver transplantation.
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Conclusion

TDF/TAF treatment was associated with a significantly lower
risk of cirrhosis-related complications, and mortality, in patients
with HBV-related cirrhosis compared with ETV treatment.
However, no statistically significant difference in death and liver
transplantation was seen in treatment-experienced patients. Further
studies are necessary to ensure the replicability of our findings.
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