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Abstract: For patients with hepatitis B virus (HBV)-related hepatocellular carcinoma (HCC) treated
with curative radiofrequency ablation (RFA), the effect of entecavir (ETV) vs. tenofovir disoproxil
fumarate (TDF) on recurrence-free survival (RFS) and overall survival (OS) remains unclear. We
aimed to compare the outcomes of patients receiving ETV or TDF after RFA. This study consecutively
collected patients who were treated with ETV (n = 202) or TDF (n = 102) for chronic hepatitis B
(CHB) after curative RFA of HCC from December 2015 to January 2021 at Sun Yat-sen University
Cancer Center. There were 130 patients in the ETV group and 77 patients in the TDF group after
we performed 1-to-n propensity score matching. Kaplan–Meier and Cox regression analyses were
performed to validate possible risk factors for RFS and OS. In addition, we estimated the curative
effect of ETV and TDF for HBV-related hepatitis by recording the change in serum HBV DNA and
ALBI grade after RFA. During the study period (median 34.1 (interquartile range: 19.6–47.4 months)
months), 123 (40.5%) patients suffered HCC recurrence, and 15 (4.9%) died. In the full cohort, the
probability of HCC recurrence (41.6% vs. 37.3%, p = 0.49) and overall survival (95% vs. 95.1%,
p = 0.39) at 5 years were similar between the ETV and TDF groups. In the matched cohort, HCC
recurrence (40.8% vs. 40.3%, p = 0.35) and overall survival (96.9% vs. 93.5%, p = 0.12) at 5 years
were similar between the ETV and TDF groups. Furthermore, the early RFS (<2 years) did not differ
significantly between the two groups in the full and matched cohorts (p = 0.26, p = 0.13). Compared
with the ALBI grade before RFA, the ALBI grade of 80 patients (41%) remained stable or improved in
the ETV group and 64 patients (64%) in the TDF group (p < 0.001). The mean time of serum HBV
DNA reduction to 0 was 9.13 (95% CI: 5.92–12.33) and 2.75 (95% CI: 2.01–3.49) months in the ETV
and TDF groups, respectively (p = 0.015). The RFS and OS of patients after curative RFA for HCC
were not significantly different between the ETV and TDF groups. TDF therapy was associated with
a better effect of protecting liver function and reducing the load of HBV. Further validation studies
are needed.

Keywords: hepatocellular carcinoma; chronic hepatitis B; entecavir; tenofovir disoproxil fumarate;
comparative effectiveness

1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most common cancer and the second
largest cause of cancer-related mortality in the world [1–3]. Hepatitis B virus (HBV) is a
major cause of HCC, especially in the Asia-Pacific region, including China [4,5]. Recent
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studies show that hepatitis viral load is an independent risk factor for the prognosis of
HCC after hepatectomy or RFA in patients with chronic hepatitis B (CHB) [6–10]. Reducing
HBV load through treatment with nucleos(t)ide analogs (NAs) may lower the risk of
HCC recurrence and improve the survival of patients after hepatectomy and RFA [11–14].
Therefore, antiviral therapy is essential for patients after curative therapy for HCC.

Hepatectomy and radiofrequency ablation (RFA) are the first-line curative therapeutics
for early-stage HCC. Several randomized controlled trials (RCTs) have shown that the long-
term prognosis is similar between hepatectomy and RFA in early-stage HCC patients [15–20].
In addition, RFA has the advantage of being less invasive than surgical resection [15]. RFA
is recommended as a curative therapeutic for patients with early-stage HCC according to
guidelines of the European Society for Medical Oncology (ESMO) [21] and the American
Association for the Study of Liver Disease (AASLD) [22]. RFA may be a better choice for
patients with early-stage HCC. Consequently, we focus on the patients after RFA.

Currently, entecavir (ETV) and tenofovir (TDF) are equally recommended as first-line
NA treatments for patients with CHB because of their high antiviral effects and high genetic
barrier to drug resistance [23–25]. The effect of ETV vs. TDF therapy on prognosis after
hepatectomy remains controversial. Recently, a study showed that TDF treatment was
associated with a significantly lower rate of HCC recurrence and better overall patient
survival than ETV therapy among patients who underwent curative hepatectomy for HBV-
related HCC [26]. In contrast, another study showed that the rate of HCC recurrence and
overall patient survival were not significantly different between the ETV and TDF groups
among patients after curative therapy for HBV-related HCC [27]. However, until now, there
has been no study comparing the effect of ETV vs. TDF on the prognosis of patients with
HBV-related HCC treated with curative RFA.

Therefore, in this study, we aimed to compare long-term prognosis, including tumor
recurrence and overall survival, and short-term effects between an entecavir treatment
group and a tenofovir treatment group with HBV-related HCC after curative RFA.

2. Materials and Methods
2.1. Study Design and Subjects

This is a historical cohort study of patients who were treated with either TDF or ETV
for CHB after curative RFA for HCC from December 2015 to January 2021. The source
population was obtained from a historical cohort of 830 consecutive patients at Sun Yat-sen
University Cancer Center (SYSUCC). Of these, 304 patients who were treated with either
ETV (n = 202) or TDF (n = 102) were included in the analysis as the study population. All
study patients had HCC of BCLC A-B.

We excluded patients who met any of the following criteria: any previous treatment
for HCC via other modalities; history of non-HCC malignancy, coinfection with hepatitis
C virus, simultaneous treatment with resection and radiofrequency ablation, incomplete
ablation for HCC at magnetic resonance imaging (MRI) obtained 1 month after RFA at
reexamination, lack of follow-up within 6 months, and previous treatment with antiviral
drugs other than ETV or TDF or alternating/combined use of NAs. To exclude the potential
influence of technical factors for the RFA procedure on the patient’s outcome, patients with
local tumor progression (LTP) during follow-up (n = 33) were further excluded (Figure 1).

The diagnosis of HCC was made on the basis of American Association for the Study of
Liver Diseases (AASLD) guidelines [22]. Chronic hepatitis B was defined as HBsAg-positive
for at least 6 months. The indication for the initiation of antiviral treatment was based on
the guidelines of prevention and treatment for chronic hepatitis B (2019 version): HBsAg-
positive HCC patients are recommended to accept NA therapy [28]. Cirrhosis was also
defined clinically by findings of ultrasonography (US) [29]. This study was approved by
the ethics committee of Sun Yat-sen University Cancer Center (Protocol code: B2019-008-01,
date: March 2019).
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Figure 1. Flow diagram of enrolled patients.

2.2. RFA Procedure

All patients underwent contrast-enhanced ultrasound before RFA, and we confirmed
the lesion again using ultrasound on the same day before RFA. The patients were given
intravenous anesthesia and local anesthesia during RFA. All procedures were performed
by one (Chen MS) ablation expert with 20 years of experience under real-time ultrasound
guidance based on a previous study [30]. The ZW-II RFA system (Dalong South Technical
Co., Ltd., Shenzhen, China) was used for ablation. The electrode with an exposed tip
was percutaneously inserted to the bottom of the tumor, avoiding vital structures (such
as large vessels and biliary ducts). RFA was initiated with 30 W of power, and the power
was increased 10 W per minute to 90 W. RF was applied until either tissue impedance
increased sharply or 15 min had elapsed. Then, we scanned the residual lesion to confirm
whether the ablation area had covered the entire tumor; otherwise, a second ablation was
performed to achieve a satisfactory ablation area. Finally, we ablated the needle to prevent
bleeding and needle track seeding. After RFA, patients were sent back to the ward with vital
signs monitored.

2.3. Outcomes and Follow-Up after RFA

The primary outcome of this study was recurrence-free survival (RFS) and overall
survival (OS), and the secondary outcome was the short-term effect of ETV and TDF
on HBV-related hepatitis. All patients underwent enhanced MRI and laboratory tests,
including serum alpha-fetoprotein (AFP) level, HBV DNA, and liver function tests, at the
first month after RFA, every 3 months for the first 2 years after RFA, and every 6 months
thereafter. Tumor recurrence after initial RFA was classified into three subtypes according
to the reporting guidelines [31]: LTP, intrahepatic distant recurrence (IDR), and extrahepatic
recurrence (ER). We defined IDR and ER as tumor recurrence, whereas LTP was excluded
because our aim was to investigate the role of antiviral treatment on tumor recurrence after
RFA. If recurrence was identified during the follow-up period, patients were treated with
RFA, surgery, radiation therapy, hepatic arterial chemoembolization, or systemic therapy
(targeted therapy and/or immunotherapy) based on the discussion of a multidisciplinary
team (MDT) for HCC treatment according to the characteristics of the recurrent tumor, liver
function, and the general condition of the patient.
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2.4. Statistical Analysis

Categorical variables are described as frequencies and percentages. Continuous vari-
ables are described as the mean ± standard deviation (SD) and median with interquartile
range for parametric and nonparametric variables, respectively. In the full cohort, 202 pa-
tients received ETV therapy, and 102 patients received TDF therapy after RFA. To minimize
the difference between the two groups, we performed 1-to-n propensity score matching
in consideration of variables described in Table 1 (age, sex, diabetes, hypertension, com-
plications, cirrhosis, tumor size, tumor number, platelet count, PT, APTT, albumin, total
bilirubin, ALT, AST, log10HBV DNA, AFP, Child–Pugh class, ALBI grade). The caliper
width was 0.2 of the standard deviation of the logit of the propensity score. The propen-
sity score matching was conducted by R package “MatchIt”. After matching, there were
130 patients in the ETV group and 77 patients in the TDF group. The baseline characteristics
of the matched cohort are described in Table 2, which were balanced between the two
groups. Kaplan–Meier curves were used to estimate RFS, OS, and the time of serum HBV
DNA clearance of the two patient groups and were compared by the log-rank test in full and
matched cohorts. We defined tumor recurrence, death, and serum HBV DNA reduced to 0
as the events for RFS, OS, and time of serum HBV DNA clearance, respectively. The follow-
up duration was defined as the interval between the first RFA and either the incidence of
event or the last follow-up time (1 July 2021). We used univariable and multivariable Cox
proportional hazards models to assess the risk factors for tumor recurrence and overall
survival after RFA in the full cohort. We selected variables that were statistically significant
in the univariable analysis (p < 0.05) for multivariable analysis, which was performed using
a forward conditional stepwise procedure to avoid multicollinearity. All statistical analyses
were conducted using R statistical software (version 3.6.3; R Foundation for Statistical
Computing, Vienna, Austria, https://www.R-project.org/, accessed on 10 March 2020)
and SAS (version 26.0, SAS Institute, Cary, NC, USA). The R package MatchIt was used to
construct the matched cohort.

Table 1. Baseline characteristics of all patients (n = 304).

ETV Group TDF Group p-Value
(n = 202) (n = 102)

Age (years) 53 (46, 63) 53.5 (46, 61.8) 0.592

Gender 0.054
women 31 (15) 7 (7)

men 171 (85) 95 (93)

Diabetes (N, %) 0.378
absence 185 (92) 97 (95)
presence 17 (8) 5 (5)

Hypertension (N, %) 0.455
absence 178 (88) 86 (84)
presence 24 (12) 16 (16)

Complications (N, %) 0.004
absence 180 (89) 101 (99)
presence 22 (11) 1 (1)

Cirrhosis (N, %) 0.008
absence 27 (13) 27 (26)
presence 175 (87) 75 (74)

Tumor size (cm) 2.2 (1.7, 2.8) 2.3 (1.7, 2.8) 0.653

Tumor number (N, %) 0.152

https://www.R-project.org/
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Table 1. Cont.

ETV Group TDF Group p-Value
(n = 202) (n = 102)

1 190 (94) 100 (98)

2 12 (6) 2 (2)

Platelet (×103/mm3) 148.5 (107, 192) 169.5 (122.3, 200) 0.060

PT (s) 12.2 (11.6, 13) 12 (11.6, 12.7) 0.153

APTT (s) 28.4 (25.9, 31.2) 27.2 (25.2, 29.6) 0.019

Albumin (g/dL) 43.1 (40.4, 45.4) 43.8 (40.4, 46.7) 0.194

Total bilirubin (mg/dL) 14.3 (10.6, 20.1) 13.4 (10.8, 18.1) 0.563

ALT (U/L) 31.7 (23.1, 45.5) 39.15 (25.1, 52.4) 0.014

AST (U/L) 29.7 (23.6, 38.3) 34.1 (26.1, 42.5) 0.015

Log10HBV DNA
(IU/mL) 2.1(1.1, 2.3) 2.4 (1.5, 2.7) 0.199

AFP (ng/mL) 16.66 (4.14, 158.88) 12.82 (4.72, 132.78) 0.857

AFP (ng/mL) 1
<20 107(53) 54 (53)
≥20 95 (46) 47 (46)

Child–Pugh class (N, %) 0.305
A 198 (98) 102 (100)
B 4 (2) 0 (0)

ALBI (N, %) 1
Grade 1 159 (79) 80 (78)
Grade 2 43 (21) 22 (22)

Categorical variables are described as frequencies and percentages. Continuous variables are described as mean
± standard deviation (SD) and median with interquartile range for parametric and nonparametric variables,
respectively.

Table 2. Baseline characteristics of patients (n = 207) after PSM.

ETV Group TDF Group p-Value
(n = 130) (n = 77)

Age (years) 53 (46.25, 64) 54 (46, 62) 0.856

Gender 0.276
women 18 (14) 6 (8)

men 112 (86) 71 (92)

Diabetes (N, %) 0.434
absence 118 (91) 73 (95)
presence 12 (9) 4 (5)

Hypertension (N, %) 0.302
absence 113 (87) 62 (81)
presence 17 (13) 15 (19)

Complications (N, %) 1
absence 130 (100) 77 (100)

Cirrhosis (N, %) 1
absence 20 (15) 12 (16)
presence 175 (87) 75 (74)

Tumor size (cm) 2.2 (1.7, 2.8) 2.2 (1.7, 2.6) 0.819

Tumor number (N, %) 0.095
1 121 (93) 76 (99)
2 9 (7) 1 (1)
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Table 2. Cont.

ETV Group TDF Group p-Value
(n = 130) (n = 77)

Platelet (×103/mm3) 150 (108.5, 195) 157 (112, 195) 0.952

PT (s) 12.1 (11.53, 12.7) 12.1 (11.6, 12.7) 0.708

APTT (s) 28.1 (25.67, 30.63) 27.6 (25.4, 30.2) 0.477

Albumin (g/dL) 42.96 ± 3.67 43.73 ± 4.34 0.171

Total bilirubin (mg/dL) 14.85 (10.7, 20.07) 13.3 (11.1, 18.1) 0.342

ALT (U/L) 32.5 (22.22, 42.08) 34.2 (21.5, 44.2) 0.5

AST (U/L) 28.75 (23.23, 37.15) 32.7 (24.7, 39) 0.199

Log10HBV DNA (IU/mL) 0 (0, 4.22) 2.08 (0, 4.7) 0.161

AFP (ng/mL) 13.37 (3.98, 158.88) 15.52 (4.85, 120.1) 0.884

AFP (ng/mL) 0.533
<20 73 (56) 39 (51)
≥20 57 (44) 38 (49)

Child–Pugh class (N, %) 0.305
A 198 (98) 102 (100)
B 4 (2) 0 (0)

ALBI (N, %) 0.715
Grade 1 107 (82) 61 (79)
Grade 2 23 (18) 16 (21)

Categorical variables are described as frequencies and percentages. Continuous variables are described as mean
± standard deviation (SD) and median with interquartile range for parametric and nonparametric variables,
respectively.

3. Results
3.1. Baseline Characteristics

In this study, 304 patients were included, of which 202 patients were treated with ETV
and 102 patients were treated with TDF after RFA. The baseline characteristics of the two
groups are described in Table 1. The median duration of follow-up for all patients was
34.1 months (interquartile range: 19.6–47.4 months). There was no significant difference
in age, sex, basic disease, tumor size, tumor number, platelet count, PT, APTT, ALB, TBIL,
HBV DNA, AFP, Child–Pugh class status, or ALBI grade between the two groups. However,
the levels of ALT and AST in the TDF group were significantly higher than those in the
ETV group (p = 0.014, 0.015). Additionally, more patients suffered complications in the
ETV group (p = 0.004) than in the TDF group after RFA. The main complications were fever
and abdominal pain. All patients with complications were relieved after symptomatic
treatment. The number of patients with cirrhosis was significantly higher in the ETV group
than in the TDF group (87% vs. 74%, p = 0.008).

To minimize the effect of potential confounders in the comparison of HCC RFS and OS
between the ETV and TDF groups, we generated a matched patient cohort by propensity
score matching. Baseline characteristics between the two groups after propensity score
matching are described in Table 2. After matching, 130 patients were selected in the ETV
group and 77 in the TDF group. There was no significant difference in the clinical variables
described in Table 1 between the two groups, and it was considered that covariate balance
was achieved (Table 2).

3.2. HCC Recurrence

We compared the differences in RFS between the ETV and TDF groups in both the
full and matched cohorts. In the full cohort, the probabilities of 1-year, 3-year, and 5-year
recurrence were 19.3%, 37.6%, and 41.6%, respectively, in the ETV group and 25.5%, 36.3%,
and 37.3%, respectively, in the TDF group (Figure 2A). The median recurrence-free times



Viruses 2022, 14, 656 7 of 13

were 46.3 (95% CI: 35.9–56.7) and 53.9 (95% CI: 8.3–99.5) months in the ETV and TDF
groups, respectively. There was no significant difference between the two groups in tumor
recurrence (p = 0.49). In the matched cohort, the probabilities of 1-year, 3-year, and 5-year
recurrence were 18.5%, 36.2%, and 40.8%, respectively, in the ETV group and 28.6%, 39.0%,
and 40.3%, respectively, in the TDF group (Figure 2C). The median RFS was 42.9 (95% CI:
32.6–53.2) and 53.9 (95% CI: 9.3–98.5) months in the ETV and TDF groups, respectively.
There was no significant difference between the two groups in tumor recurrence (p = 0.35).

Figure 2. Kaplan–Meier curves of HCC recurrence (A) and overall survival (B) after RFA between
the two groups in the full cohort; Kaplan–Meier curves of HCC recurrence (C) and overall survival
(D) after RFA between the two groups in the matched cohort.

In the full cohort and matched cohort, we analyzed the early (>2 years) RFS between
the ETV and TDF groups. A total of 101 patients (66 in the ETV group and 35 in the TDF
group) developed early tumor recurrence. The early RFS did not differ between the two
groups in the full cohort and matched cohort (p = 0.26, p = 0.13) (Figure 3A,B).

In the full cohort of 304 patients, univariable analysis revealed that larger tumor size
(>2 cm) (hazard ratio (HR) = 3.65 (95% CI: 1.028–12.957), p = 0.045), decreased platelet
count (HR = 0.990 (95% CI: 0.981–0.999), p = 0.038), a lower level of serum albumin
(HR = 0.881 (95% CI: 0.792–0.979), p = 0.019), and higher ALBI grade (HR = 3.54 (95%
CI: 1.283–9.77), p = 0.015) were significantly associated with tumor recurrence. In addition,
drugs after RFA were not risk factors for tumor recurrence (HR = 1.605 (95% CI: 0.543–4.741),
p = 0.392). Multivariable analysis revealed that larger tumor size (>2 cm) (HR = 4.089 (95%
CI: 1.144–14.61), p = 0.03) was significantly associated with tumor recurrence (Table 3).
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Figure 3. Kaplan–Meier curves of early recurrence between the two groups in full (A) and matched
(B) cohorts; Kaplan–Meier curves of serum HBV DNA clearance between the two groups (C); Sankey
diagram of ALBI grade change after RFA (D).

3.3. Overall Patient Survival

We compared the differences in OS between the ETV and TDF groups in both the full
and matched cohorts. In the full cohort, the probabilities of 1-year, 3-year, and 5-year OS
were 100%, 96.0%, and 95.0%, respectively, in the ETV group and 100%, 96.1%, and 95.1%,
respectively, in the TDF group (Figure 2B). The mean duration of OS was 65.4 (95% CI:
63.6–67.2) and 62.6 (95% CI: 58.3–67.0) months in the ETV and TDF groups, respectively.
There was no significant difference in OS between the two groups (p = 0.39). In the matched
cohort, the probabilities of 1-year, 3-year, and 5-year OS were 100%, 96.9%, and 96.9%,
respectively, in the ETV group and 100%, 94.8%, and 93.5%, respectively, in the TDF group
(Figure 2D). The mean duration of OS was 66.5 (95% CI: 64.6–68.3) and 61.8 (95% CI:
56.8–66.7) months in the ETV and TDF groups, respectively. There was also no significant
difference in OS between the two groups (p = 0.13).

For overall survival, univariable analysis revealed that cirrhosis (HR = 1.914 (95%
CI: 1.077–3.402), p = 0.027), a higher level of serum ALT (HR = 1.003 (95% CI: 1–1.006),
p = 0.023), serum HBV DAN load (HR = 1.105 (95% CI: 1.028–1.187), p = 0.006), and AFP
level (≥20 ng/mL) (HR = 1.159 (95% CI: 1.115–2.28), p = 0.011) were significantly associated
with unfavorable overall survival. In addition, drugs after RFA were not risk factors for
overall survival (HR = 1.145 (95% CI: 0.78–1.682), p = 0.489). Multivariable analysis revealed
that cirrhosis (HR = 1.915 (95% CI: 1.067–3.435), p = 0.029), a higher level of serum HBV
DAN load (HR = 1.078 (95% CI: 1.003–1.159), p = 0.041), and AFP level (≥20 ng/mL) (HR
= 1.459 (95% CI: 1.044–2.141), p = 0.028) were significantly associated with unfavorable
overall survival (Table 3).
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Table 3. Univariate and multivariate analysis of risk factors for overall survival and recurrence- free survival.

Variables

Overall Survival Recurrence-Free Survival

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

HR 95% CI p HR 95% CI p HR 95% CI p HR 95% CI p

Age (years) 1.019 0.971–1.069 0.448 0.997 0.981–1.013 0.7
Gender (man/woman) 0.720 0.202–2.56 0.661 0.699 0.44–1.11 0.129

Diabetes (yes/no) 1.745–7.755 0.393–7.755 0.464 1.198 0.645–2.227 0.568
Hypertension (yes/no) 1.643 0.461–5.849 0.444 0.820 0.477–1.408 0.472
Complications (yes/no) 0.933 0.204–4.257 0.929 0.931 0.497–1.741 0.822

Cirrhosis (yes/no) 1.149 0.259–5.105 0.855 1.914 1.077–3.402 0.027 1.915 1.067–3.435 0.029
Tumor size (≥2 cm/<2 cm) 3.65 1.028–12.957 0.045 4.089 1.144–14.61 0.03 1.083 0.756–1.551 0.664

Tumor number (1/2) 0 0–∞ 0.998 1.076 0.473–2.445 0.861
Platelet (×103/mm3) 0.990 0.981–0.999 0.038 0.992 0.982–1.002 0.111 0.998 0.996–1.001 0.27

PT (s) 1.334 0.916–1.941 0.133 0.919 0.767–1.101 0.361
APTT (s) 1.06 0.957–1.173 0.264 0.973 0.933–1.015 0.204

Albumin (g/dL) 0.881 0.792–0.979 0.019 0.973 0.933–1.014 0.195
Total bilirubin (mg/dL) 1.102 0.951–1.076 0.709 0.978 0.952–1.004 0.092

ALT (U/L) 1.004 0.993–1.015 0.551 1.003 1–1.006 0.023 1.003 1–1.007 0.059
AST (U/L) 1.005 0.994–1.015 0.391 1.002 0.999–1.006 0.145

Log10HBV DNA (IU/mL) 0.870 0.685–1.106 0.256 1.105 1.028–1.187 0.006 1.078 1.003–1.159 0.041
AFP (≥20 ng/mL/<20 ng/mL) 3.016 0.959–9.485 0.059 1.159 1.115–2.28 0.011 1.459 1.044–2.141 0.028

Child–Pugh class (B/A) 0 0–∞ 0.998 0.496 0.069–3.553 0.485
ALBI grade (2/1) 3.54 1.283–9.77 0.015 2.364 0.782–7.149 0.128 1.301 0.862–1.966 0.211

Drugs after RFA (ETV/TDF) 1.605 0.543–4.742 0.392 1.145 0.78–1.682 0.489

HR: hazard rate; CI: confidence interval; HBV: hepatitis B virus; PLT: blood platelet; ALT: alanine aminotransferase; AST: aspartate aminotransferase; AFP: alpha-fetoprotein;
PT: prothrombin time; APTT: activated partial thromboplastin time; ALBI grade: albumin–bilirubin grade.
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3.4. Short-Term Effect of ETV and TDF for HBV-Related Hepatitis

A total of 129 patients’ serum HBV DNA was beyond 0 UI/mL (ETV = 85,
TDF = 44), and the log HBV DNA level was similar between the two groups (ETV = 4.20,
TDF = 4.05, p = 0.614). A total of 114 patients’ serum HBV DNA was reduced to 0 (ETV = 73,
TDF = 41) during the follow-up period. The mean time of serum HBV DNA being reduced
to 0 was 9.13 (95% CI: 5.92–12.33) and 2.75 (95% CI: 2.01–3.49) months in ETV and TDF
groups, respectively. Serum HBV DNA was reduced significantly faster in the TDF group
than in the ETV group (p = 0.015) (Figure 3C).

One month after RFA, the serum levels of ALB and TBIL were tested in 277 patients
(ETV = 194, TDF = 83), whose ALBI grades were calculated. Compared with the ALBI
grade before RFA, the ALBI grade of 80 patients in the ETV group (41%) and 64 patients
(64%) in the TDF group remained stable or changed to better (p < 0.001) (Figure 3D). TDF
had a better protection effect for HBV-infected liver after RFA.

4. Discussion

In the present study, we analyzed 304 HBV-related HCC patients who were treated
with ETV (n = 202) or TDF (n = 102) after RFA. We found that TDF therapy was associated
with a better effect of protecting liver function and reducing HBV DNA loads compared
with ETV therapy, but there was no difference in recurrence and overall survival, which
was consistently observed in full and propensity-score-matched cohorts.

It has been acknowledged that patients are recommended to take NAs, which can
reduce the risks of recurrence and death after curative treatment of HBV-related HCC
including hepatic resection and RFA [14,32–35]. However, ETV and TDF are equally
recommended by international practice guidelines as first-line antiviral agents for CHB
among NAs. Consequently, many researchers focused on comparing the effect of ETV and
TDF to guide which was more suitable for HBV-related HCC patients.

For the short-term effect, a previous meta-analysis including 11 studies with 1656 patients
reported that TDF was better able to suppress HBV viral load in treating chronic HBV
patients [36]. Virologic response (VR), which was defined as a serum HBV DNA level less
than 60 IU/mL at 1 year of treatment, was used to evaluate the ability to suppress HBV
viral load. Missing or unavailable VR data were considered as a failure of VR. In our study,
we recorded the change in serum HBV DNA and ALBI grade after RFA, and we found that
serum HBV DNA was reduced significantly faster in the TDF group than in the ETV group
and TDF had a better protection effect for HBV-infected liver after RFA. In comparison with
previous studies, we used Kaplan–Meier curves to estimate the time of serum HBV DNA
clearance of the two patient groups and compared curves by the log-rank test. Because of
the high antiviral effects of ETV and TDF, serum HBV DNA of most patients was reduced
to 0, so we defined serum HBV DNA being reduced to 0 as the event for the time of serum
HBV DNA clearance. The follow-up duration was defined as the interval between the
first RFA and either the incidence of event or the last follow-up time. That missing or
unavailable VR data were considered as a failure of VR may cause bias in previous studies.
However, Kaplan–Meier curves can reduce the bias even though VR data of some patients
were missing or unavailable. Therefore, the time of serum HBV DNA clearance may be
more accurate to evaluate the ability to suppress HBV viral load.

For the long-term effect, whether ETV or TDF therapy results in a better prognosis
remains controversial. For patients with CHB, some studies showed that TDF was asso-
ciated with a low risk of HCC incidence compared with ETV [37,38], but Kim et al. [39]
and Hsu et al. [40] reported that HCC incidence was not significantly different between the
ETV and TDF groups. For patients with HBV-related HCC, two recent studies showed that
TDF treatment was associated with a significantly lower rate of HCC recurrence and better
overall patient survival than ETV treatment among patients after curative hepatectomy
for HBV-related HCC [26,41]. However, Lee et al. failed to confirm such outcomes. Their
results showed no different outcomes between the two groups [27].
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However, there are few studies about the effect of ETV vs. TDF on the outcomes of
HBV-related HCC patients after curative RFA. Only the subgroup analysis of Lee showed
the recurrence and overall survival were similar in patients after RFA between ETV and
TDF groups [27]. The conclusion of our study is consistent with Lee’s. In this study, we
investigated the outcomes of recurrence and overall patient survival in these two groups.
In the univariable and multivariable analysis, it was shown that several baseline factors
were associated with tumor recurrence and overall survival after RFA: serum PLT, ALT,
HBV DNA, AFP, ALBI grade, tumor size, and the presence of cirrhosis in the full cohort. To
minimize the effect of risk factors other than antiviral treatment between the two groups,
we analyzed the data using propensity score matching. After propensity score matching,
there was no significant difference in risk factors between these two groups. Our study
showed that the tumor recurrence and overall survival were not significantly different
between these two groups in the full cohort and the matched cohort. The early recurrence
was not significantly different in the full cohort and the matched cohort either.

In summary, we found that TDF was better in short-term effects, but there was no
difference in long-term effects. It is unclear why the short-term effects do not extend to
long-term effects. We thought that in spite of TDF having a better ability to suppress HBV
viral load, both ETV and TDF have high antiviral effects and a high genetic barrier to drug
resistance. Within 1 year, the viral load of 293 patients (96.4%) was at the level of 0. The
viral loads of most patients, whether in the ETV group or the TDF group, were in good
control, which led to no difference in long-term effect.

Our study has several strengths. First, we excluded incomplete ablation (1.9%) and
LTP patients (4.0%) to eliminate the effect of technical RFA failure, which makes the
conclusion more convincing. Second, compared to Lee’s study [27], we limited our study
population to patients who received RFA as the initial therapy for HCC to eliminate the
effect of confounding factors. Third, we estimated the curative effect of ETV and TDF
for HBV-related hepatitis by recording the change in serum HBV DNA and ALBI grade
after RFA.

Our study has several limitations. First, any single-center retrospective study is
associated with a risk of selection bias. A randomized controlled trial can provide more
convincing conclusions, so we are currently conducting a prospective randomized study
that compares the effects of ETV and TDF on outcomes of patients after curative therapy
for HBV-related HCC. Second, the starting time point of oral antiviral treatment after RFA
was not consistent because this study was conducted as a retrospective study. The duration
of antiviral treatment may affect the outcomes of patients. Third, our results may not be
generalizable to all HBV-related HCC patients who underwent curative therapy because
we limited the population to patients who received RFA. Last, the biological aggressiveness
of the tumor was lacking in baseline characteristics because histologic features cannot be
obtained in terms of RFA therapy, unlike in cases of surgical resection.

5. Conclusions

In conclusion, the RFS and OS of patients who underwent curative RFA for HCC were
not significantly different between ETV and TDF groups. TDF therapy was associated with
a better effect of protecting liver function and reducing HBV DNA loads. Further validation
studies are needed.

Author Contributions: Methodology, J.H. and J.W.; validation, Z.Z. and M.C.; formal analysis, Z.H.
and H.Z.; data curation, Z.H., H.Z. and J.H.; writing—original draft preparation, Z.H.; writing—
review and editing, L.X. and Y.Z.; supervision, Z.Z. and M.C.; project administration, Z.Z.; funding
acquisition, Z.Z. All authors have read and agreed to the published version of the manuscript.

Funding: This work was funded by the National Natural Science Foundation of China (Grant No.
81772589) and Sun Yat-sen University Cancer Center physician scientist funding (No. 16zxqk04).



Viruses 2022, 14, 656 12 of 13

Institutional Review Board Statement: This study was conducted according to the ethical guidelines
of the 1975 Declaration of Helsinki. This study was approved by the ethics committee of Sun Yat-sen
University Cancer Center (Protocol code: B2019-008-01, date: March 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data generated or analyzed during this study are included in this
article. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Akinyemiju, T.; Abera, S.; Ahmed, M.; Alam, N.; Alemayohu, M.A.; Allen, C.; Al-Raddadi, R.; Alvis-Guzman, N.; Amoako, Y.;

Artaman, A.; et al. The Burden of Primary Liver Cancer and Underlying Etiologies From 1990 to 2015 at the Global, Regional, and
National Level Results From the Global Burden of Disease Study 2015. JAMA Oncol. 2017, 3, 1683–1691. [CrossRef] [PubMed]

2. Fitzmaurice, C.; Abate, D.; Abbasi, N.; Abbastabar, H.; Abd-Allah, F.; Abdel-Rahman, O.; Abdelalim, A.; Abdoli, A.; Abdollahpour,
I.; Abdulle, A.S.M.; et al. Global, Regional, and National Cancer Incidence, Mortality, Years of Life Lost, Years Lived with Disability,
and Disability-Adjusted Life-Years for 29 Cancer Groups, 1990 to 2017 A Systematic Analysis for the Global Burden of Disease
Study. JAMA Oncol. 2019, 5, 1749–1768. [CrossRef] [PubMed]

3. GBD 2016 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and national incidence, prevalence, and
years lived with disability for 328 diseases and injuries for 195 countries, 1990-2016: A systematic analysis for the Global Burden
of Disease Study 2016. Lancet 2017, 390, 1211–1259. [CrossRef]

4. Schweitzer, A.; Horn, J.; Mikolajczyk, R.T.; Krause, G.; Ott, J.J. Estimations of worldwide prevalence of chronic hepatitis B virus
infection: A systematic review of data published between 1965 and 2013. Lancet 2015, 386, 1546–1555. [CrossRef]

5. Liang, L.L.Y.; Wong, G.L.H. Unmet need in chronic hepatitis B management. Clin. Mol. Hepatol. 2019, 25, 172–180. [CrossRef]
6. Hung, I.F.N.; Poon, R.T.P.; Lai, C.-L.; Fung, J.; Fan, S.-T.; Yuen, M.-F. Recurrence of hepatitis B-related hepatocellular carcinoma is

associated with high viral load at the time of resection. Am. J. Gastroenterol. 2008, 103, 1663–1673. [CrossRef]
7. Qu, L.-S.; Jin, F.; Huang, X.-W.; Shen, X.-Z. High Hepatitis B Viral Load Predicts Recurrence of Small Hepatocellular Carcinoma

after Curative Resection. J. Gastrointest. Surg. 2010, 14, 1111–1120. [CrossRef]
8. Sohn, W.; Paik, Y.-H.; Kim, J.M.; Kwon, C.H.; Joh, J.W.; Cho, J.Y.; Gwak, G.-Y.; Choi, M.S.; Lee, J.H.; Koh, K.C.; et al. HBV DNA and

HBsAg Levels as Risk Predictors of Early and Late Recurrence after Curative Resection of HBV-related Hepatocellular Carcinoma.
Ann. Surg. Oncol. 2014, 21, 2429–2435. [CrossRef]

9. Sohn, W.; Paik, Y.-H.; Lee, M.W.; Rhim, H.; Lim, H.K.; Cho, J.Y.; Gwak, G.-Y.; Choi, M.S.; Lee, J.H.; Koh, K.C.; et al. Predisposing
factors for recurrence of HBV-related small hepatocellular carcinoma after percutaneous radiofrequency ablation. Scand. J.
Gastroenterol. 2014, 49, 373–380. [CrossRef]

10. Yang, T.; Lu, J.H.; Zhai, J.; Lin, C.; Yang, G.S.; Zhao, R.H.; Shen, F.; Wu, M.C. High viral load is associated with poor overall and
recurrence-free survival of hepatitis B virus-related hepatocellular carcinoma after curative resection: A prospective cohort study.
EJSO 2012, 38, 683–691. [CrossRef]

11. Wu, J.-C.; Huang, Y.-H.; Chau, G.-Y.; Su, C.-W.; Lai, C.-R.; Lee, P.-C.; Hu, T.-I.; Sheen, I.J.; Lee, S.-D.; Lui, W.-Y. Risk factors for
early and late recurrence in hepatitis B-related hepatocellular carcinoma. J. Hepatol. 2009, 51, 890–897. [CrossRef]

12. Yin, J.; Li, N.; Han, Y.; Xue, J.; Deng, Y.; Shi, J.; Guo, W.; Zhang, H.; Wang, H.; Cheng, S.; et al. Effect of Antiviral Treatment
with Nucleotide/Nucleoside Analogs on Postoperative Prognosis of Hepatitis B Virus-Related Hepatocellular Carcinoma: A
Two-Stage Longitudinal Clinical Study. J. Clin. Oncol. 2013, 31, 3647–3655. [CrossRef]

13. Huang, G.; Li, P.-P.; Lau, W.Y.; Pan, Z.-Y.; Zhao, L.-H.; Wang, Z.-G.; Wang, M.-C.; Zhou, W.-P. Antiviral Therapy Reduces
Hepatocellular Carcinoma Recurrence in Patients with Low HBV-DNA Levels A Randomized Controlled Trial. Ann. Surg. 2018,
268, 943–954. [CrossRef]

14. Sohn, W.; Kang, T.W.; Choi, S.K.; Jung, S.H.; Lee, M.W.; Lim, H.K.; Cho, J.Y.; Shim, S.G.; Sinn, D.H.; Gwak, G.Y.; et al. Effect of
oral antiviral treatment on long-term outcomes of radiofrequency ablation therapy for hepatitis B virus-related hepatocellular
carcinoma. Oncotarget 2016, 7, 47794–47807. [CrossRef]

15. Chen, M.S.; Li, J.Q.; Zheng, Y.; Guo, R.P.; Liang, H.H.; Zhang, Y.Q.; Lin, X.J.; Lau, W.Y. A prospective randomized trial comparing
percutaneous local ablative therapy and partial hepatectomy for small hepatocellular carcinoma. Ann. Surg. 2006, 243, 321–328.
[CrossRef]

16. N’Kontchou, G.; Mahamoudi, A.; Aout, M.; Ganne-Carrie, N.; Grando, V.; Coderc, E.; Vicaut, E.; Trinchet, J.C.; Sellier, N.;
Beaugrand, M.; et al. Radiofrequency Ablation of Hepatocellular Carcinoma: Long-term Results and Prognostic Factors in 235
Western Patients with Cirrhosis. Hepatology 2009, 50, 1475–1483. [CrossRef]

17. Tateishi, R.; Shiina, S.; Teratani, T.; Obi, S.; Sato, S.; Koike, Y.; Fujishima, T.; Yoshida, H.; Kawabe, T.; Omata, M. Percutaneous
radiofrequency ablation for hepatocellular carcinoma—An analysis of 1000 cases. Cancer 2005, 103, 1201–1209. [CrossRef]

18. Waki, K.; Aikata, H.; Katamura, Y.; Kawaoka, T.; Takaki, S.; Hiramatsu, A.; Takahashi, S.; Toyota, N.; Ito, K.; Chayama, K.
Percutaneous radiofrequency ablation as first-line treatment for small hepatocellular carcinoma: Results and prognostic factors
on long-term follow up. J. Gastroenterol. Hepatol. 2010, 25, 597–604. [CrossRef]

http://doi.org/10.1001/jamaoncol.2017.3055
http://www.ncbi.nlm.nih.gov/pubmed/28983565
http://doi.org/10.1001/jamaoncol.2019.2996
http://www.ncbi.nlm.nih.gov/pubmed/31560378
http://doi.org/10.1016/S0140-6736(17)32154-2
http://doi.org/10.1016/S0140-6736(15)61412-X
http://doi.org/10.3350/cmh.2018.0106
http://doi.org/10.1111/j.1572-0241.2008.01872.x
http://doi.org/10.1007/s11605-010-1211-1
http://doi.org/10.1245/s10434-014-3621-x
http://doi.org/10.3109/00365521.2013.871745
http://doi.org/10.1016/j.ejso.2012.04.010
http://doi.org/10.1016/j.jhep.2009.07.009
http://doi.org/10.1200/JCO.2012.48.5896
http://doi.org/10.1097/SLA.0000000000002727
http://doi.org/10.18632/oncotarget.10026
http://doi.org/10.1097/01.sla.0000201480.65519.b8
http://doi.org/10.1002/hep.23181
http://doi.org/10.1002/cncr.20892
http://doi.org/10.1111/j.1440-1746.2009.06125.x


Viruses 2022, 14, 656 13 of 13

19. Granata, V.; Petrillo, M.; Fusco, R.; Setola, S.V.; di Castelguidone, E.d.L.; Catalano, O.; Piccirillo, M.; Albino, V.; Izzo, F.; Petrillo, A.
Surveillance of HCC Patients after Liver RFA: Role of MRI with Hepatospecific Contrast versus Three-Phase CT Scan-Experience
of High Volume Oncologic Institute. Gastroenterol. Res. Pract. 2013, 2013, 469097. [CrossRef]

20. Doyle, A.; Gorgen, A.; Muaddi, H.; Aravinthan, A.D.; Issachar, A.; Mironov, O.; Zhang, W.; Kachura, J.; Beecroft, R.; Cleary,
S.P.; et al. Outcomes of radiofrequency ablation as first-line therapy for hepatocellular carcinoma less than 3 cm in potentially
transplantable patients. J. Hepatol. 2019, 70, 866–873. [CrossRef]

21. Vogel, A.; Cervantes, A.; Chau, I.; Daniele, B.; Llovet, J.; Meyer, T.; Nault, J.C.; Neumann, U.; Ricke, J.; Sangro, B.; et al.
Hepatocellular carcinoma: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2018, 29,
238–255. [CrossRef] [PubMed]

22. Heimbach, J.K.; Kulik, L.M.; Finn, R.S.; Sirlin, C.B.; Abecassis, M.M.; Roberts, L.R.; Zhu, A.X.; Murad, M.H.; Marrero, J.A. AASLD
guidelines for the treatment of hepatocellular carcinoma. Hepatology 2018, 67, 358–380. [CrossRef] [PubMed]

23. Terrault, N.A.; Lok, A.S.F.; McMahon, B.J.; Chang, K.M.; Hwang, J.P.; Jonas, M.M.; Brown, R.S., Jr.; Bzowej, N.H.; Wong, J.B.
Update on prevention, diagnosis, and treatment of chronic hepatitis B: AASLD 2018 hepatitis B guidance. Hepatology 2018, 67,
1560–1599. [CrossRef] [PubMed]

24. European Association for the Study of the Liver. EASL 2017 Clinical Practice Guidelines on the management of hepatitis B virus
infection. J. Hepatol. 2017, 67, 370–398. [CrossRef]

25. Sarin, S.K.; Kumar, M.; Lau, G.K.; Abbas, Z.; Chan, H.L.; Chen, C.J.; Chen, D.S.; Chen, H.L.; Chen, P.J.; Chien, R.N.; et al.
Asian-Pacific clinical practice guidelines on the management of hepatitis B: A 2015 update. Hepatol. Int. 2016, 10, 1–98. [CrossRef]

26. Choi, J.; Jo, C.; Lim, Y.S. Tenofovir Versus Entecavir on Recurrence of Hepatitis B Virus-Related Hepatocellular Carcinoma After
Surgical Resection. Hepatology 2021, 73, 661–673. [CrossRef]

27. Lee, J.H.; Kim, B.K.; Park, S.Y.; Tak, W.Y.; Park, J.Y.; Kim, D.Y.; Ahn, S.H.; Sinn, D.H.; Kim, S.U. The efficacies of entecavir and
tenofovir in terms of enhancing prognosis after curative treatment of hepatitis B virus-related hepatocellular carcinoma. Eur. J.
Intern. Med. 2021, 89, 48–55. [CrossRef]

28. Chinese Society of Infectious Diseases, C.M.A.; Chinese Society of Hepatology, C.M.A. The guidelines of prevention and treatment
for chronic hepatitis B (2019 version). Zhonghua Gan Zang Bing Za Zhi 2019, 27, 938–961. [CrossRef]

29. Berzigotti, A.; Castera, L. Update on ultrasound imaging of liver fibrosis. J. Hepatol. 2013, 59, 180–182. [CrossRef]
30. Peng, Z.-W.; Zhang, Y.-J.; Chen, M.-S.; Xu, L.; Liang, H.-H.; Lin, X.-J.; Guo, R.-P.; Zhang, Y.-Q.; Lau, W.Y. Radiofrequency Ablation

with or Without Transcatheter Arterial Chemoembolization in the Treatment of Hepatocellular Carcinoma: A Prospective
Randomized Trial. J. Clin. Oncol. 2013, 31, 426–432. [CrossRef]

31. Ahmed, M.; Solbiati, L.; Brace, C.L.; Breen, D.J.; Callstrom, M.R.; Charboneau, J.W.; Chen, M.-H.; Choi, B.I.; de Baere, T.; Dodd,
G.D., III; et al. Image-guided Tumor Ablation: Standardization of Terminology and Reporting Criteria-A 10-Year Update.
Radiology 2014, 273, 241–260. [CrossRef]

32. Wu, C.Y.; Chen, Y.J.; Ho, H.J.; Hsu, Y.C.; Kuo, K.N.; Wu, M.S.; Lin, J.T. Association Between Nucleoside Analogues and Risk
of Hepatitis B Virus-Related Hepatocellular Carcinoma Recurrence Following Liver Resection. JAMA 2012, 308, 1906–1913.
[CrossRef]

33. Liu, G.M.; Huang, X.Y.; Shen, S.L.; Hu, W.J.; Peng, B.G. Adjuvant antiviral therapy for hepatitis B virus-related hepatocellular
carcinoma after curative treatment: A systematic review and meta-analysis. Hepatol. Res. 2016, 46, 100–110. [CrossRef]

34. Kim, Y.-s.; Lim, H.K.; Rhim, H.; Lee, M.W.; Choi, D.; Lee, W.J.; Paik, S.W.; Koh, K.C.; Lee, J.H.; Choi, M.S.; et al. Ten-year outcomes
of percutaneous radiofrequency ablation as first-line therapy of early hepatocellular carcinoma: Analysis of prognostic factors. J.
Hepatol. 2013, 58, 89–97. [CrossRef]

35. Lee, T.-Y.; Lin, J.-T.; Zeng, Y.-S.; Chen, Y.-J.; Wu, M.-S.; Wu, C.-Y. Association between nucleos(t)ide analog and tumor recurrence
in hepatitis B virus-related hepatocellular carcinoma after radiofrequency ablation. Hepatology 2016, 63, 1517–1527. [CrossRef]

36. Zuo, S.R.; Zuo, X.C.; Wang, C.J.; Ma, Y.T.; Zhang, H.Y.; Li, Z.J.; Song, L.Y.; Deng, Z.Z.; Liu, S.K. A meta-analysis comparing
the efficacy of entecavir and tenofovir for the treatment of chronic hepatitis B infection. J. Clin. Pharmacol. 2015, 55, 288–297.
[CrossRef]

37. Yip, T.C.; Wong, V.W.; Chan, H.L.; Tse, Y.K.; Lui, G.C.; Wong, G.L. Tenofovir Is Associated with Lower Risk of Hepatocellular
Carcinoma Than Entecavir in Patients with Chronic HBV Infection in China. Gastroenterology 2020, 158, 215–225. [CrossRef]

38. Choi, J.; Kim, H.J.; Lee, J.; Cho, S.; Ko, M.J.; Lim, Y.S. Risk of Hepatocellular Carcinoma in Patients Treated with Entecavir vs.
Tenofovir for Chronic Hepatitis B: A Korean Nationwide Cohort Study. JAMA Oncol. 2019, 5, 30–36. [CrossRef]

39. Kim, S.U.; Seo, Y.S.; Lee, H.A.; Kim, M.N.; Lee, Y.R.; Lee, H.W.; Park, J.Y.; Kim, D.Y.; Ahn, S.H.; Han, K.H.; et al. A multicenter
study of entecavir vs. tenofovir on prognosis of treatment-naive chronic hepatitis B in South Korea. J. Hepatol. 2019, 71, 456–464.
[CrossRef]

40. Hsu, Y.C.; Wong, G.L.; Chen, C.H.; Peng, C.Y.; Yeh, M.L.; Cheung, K.S.; Toyoda, H.; Huang, C.F.; Trinh, H.; Xie, Q.; et al.
Tenofovir Versus Entecavir for Hepatocellular Carcinoma Prevention in an International Consortium of Chronic Hepatitis B. Am.
J. Gastroenterol. 2020, 115, 271–280. [CrossRef]

41. Zhang, M.; Wang, D.; Liu, H.; Li, H. Tenofovir decrease hepatocellular carcinoma recurrence in chronic hepatitis B patients after
liver resection. Infect. Agents Cancer 2018, 13, 19. [CrossRef] [PubMed]

http://doi.org/10.1155/2013/469097
http://doi.org/10.1016/j.jhep.2018.12.027
http://doi.org/10.1093/annonc/mdy308
http://www.ncbi.nlm.nih.gov/pubmed/30285213
http://doi.org/10.1002/hep.29086
http://www.ncbi.nlm.nih.gov/pubmed/28130846
http://doi.org/10.1002/hep.29800
http://www.ncbi.nlm.nih.gov/pubmed/29405329
http://doi.org/10.1016/j.jhep.2017.03.021
http://doi.org/10.1007/s12072-015-9675-4
http://doi.org/10.1002/hep.31289
http://doi.org/10.1016/j.ejim.2021.02.019
http://doi.org/10.3760/cma.j.issn.1007-3418.2019.12.007
http://doi.org/10.1016/j.jhep.2012.12.028
http://doi.org/10.1200/JCO.2012.42.9936
http://doi.org/10.1148/radiol.14132958
http://doi.org/10.1001/2012.jama.11975
http://doi.org/10.1111/hepr.12584
http://doi.org/10.1016/j.jhep.2012.09.020
http://doi.org/10.1002/hep.28266
http://doi.org/10.1002/jcph.409
http://doi.org/10.1053/j.gastro.2019.09.025
http://doi.org/10.1001/jamaoncol.2018.4070
http://doi.org/10.1016/j.jhep.2019.03.028
http://doi.org/10.14309/ajg.0000000000000428
http://doi.org/10.1186/s13027-018-0191-8
http://www.ncbi.nlm.nih.gov/pubmed/29977330

	Introduction 
	Materials and Methods 
	Study Design and Subjects 
	RFA Procedure 
	Outcomes and Follow-Up after RFA 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	HCC Recurrence 
	Overall Patient Survival 
	Short-Term Effect of ETV and TDF for HBV-Related Hepatitis 

	Discussion 
	Conclusions 
	References

