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Abstract
Background: Although nucleos(t)ide analogues (NAs) are thought to reduce the 
risk of hepatitis B virus (HBV)-related hepatocellular carcinoma (HCC), the effect 
of NA discontinuation on the prognosis of HBV-related HCC after hepatectomy 
is rarely reported. We aimed to investigate the potential for hepatitis B virus e 
antigen (HBeAg)-negative HBV-related HCC patients to discontinue NAs based 
on preoperative hepatitis B virus surface antigen (HBsAg) status.
Methods: This historical cohort study involved 1232 NA-treated HBeAg-negative 
patients who underwent curative hepatectomy for HBV-related HCC from 2014 
to 2019. The recurrence-free survival (RFS) and overall survival (OS) of patients 
discontinuing NAs before surgery were compared with those continuing NAs. 
Propensity score matching (PSM) was used to balance baseline characteristics.
Results: Of all enrolled patients, 839 (68.1%) patients continued NAs, and 393 
(31.9%) patients discontinued NAs. Continuation of NAs was identified as an 
independent risk factor for RFS (HR 2.047, 95% CI 1.348–3.109, p < 0.001 before 
PSM and HR 2.756, 95% CI 1.537–4.942, p < 0.001 after PSM) in HBsAg-negative 
patients. Similarly, subgroup survival analyses showed that NA discontinuation 
was associated with better RFS (p = 0.029 before PSM and p < 0.001 after PSM) 
and comparable OS (p = 0.935 before PSM and p = 0.115 after PSM) than NA con-
tinuation in HBsAg-negative patients. The interaction between HBsAg status and 
continuation or discontinuation of NAs was significant (p for interaction <0.001).
Conclusions: These findings demonstrate the potential for HBeAg-negative 
HBV-related HCC patients who have achieved HBsAg seroclearance to discon-
tinue NAs under strict monitoring.
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1   |   INTRODUCTION

Hepatocellular carcinoma (HCC) accounts for approxi-
mately 75%–85% of primary liver cancer, which was the 
third leading cause of cancer death worldwide in 2020, 
with approximately 830,000 deaths.1 Patients with HCC 
have a dismal prognosis, with median overall survival 
(OS) ranging from 3 to 60 months.2 Chronic infection with 
hepatitis B virus (HBV) or chronic hepatitis B (CHB) is the 
main risk factor for HCC and the top contributor to HCC 
in Asia.3 In China, approximately 23 million patients were 
infected with HBV, and the number of HBV-associated 
deaths was nearly 162,000 in 2019.4 Because HBV in-
fection accounts for the majority of liver cancer deaths 
worldwide, control of HBV is one of the major strategies 
for the treatment of HCC.5

Chronic infection with HBV is a dynamic process 
and tends to present hepatitis B virus e antigen (HBeAg) 
seroclearance followed by hepatitis B virus surface an-
tigen (HBsAg) seroclearance when patients are under-
going antiviral therapy. It is generally believed that the 
loss of HBsAg, also called “functional cure,” is the opti-
mal treatment endpoint in CHB patients.3 Several stud-
ies and guidelines also stated that HBsAg seroclearance 
is associated with a reduced risk of HCC development.6,7 
Currently, nucleos(t)ide analogues (NAs), including en-
tecavir (ETV), tenofovir disoproxil fumarate (TDF), etc., 
are recommended as the first-line antiviral treatment 
for CHB in clinical practice due to their low drug resis-
tance.3,8,9 However, the uniform criteria for the discon-
tinuation of NAs are still less well established and need 
to be further improved because of insufficient evidence 
and limitations of the clinical circumstances. For ex-
ample, the American Association for the Study of Liver 
Diseases (AASLD) suggested indefinite antiviral ther-
apy for HBeAg-negative, immune-active CHB patients, 
but the European Association for the Study of the Liver 
(EASL) recommended that NAs should be discontinued 
after HBsAg loss.3,8 Nevertheless, some clinicians may 
still recommend the continuation of NAs to prevent 
relapse for CHB patients regardless of their serological 
assay results.

It is normally assumed that the prognosis of HCC is 
primarily associated with the biological behavior of can-
cer cells and tumor stage, including vascular invasion, 
satellite nodules, tumor biomarkers, multiple tumor 
nodules, and tumor size.10,11 Moreover, a growing num-
ber of studies have indicated that serological indicators 
may be effective predictors for the prognosis of HBV-
related HCC patients. On the one hand, previous studies 
have found that positive serum HBeAg was associated 
with recurrence and poor survival in HBV-related HCC 
patients undergoing liver resection.12,13 On the other 

hand, some researchers have also reported the impact of 
HBsAg seroclearance or preoperative HBsAg levels on 
the recurrence of HBV-related HCC after curative resec-
tion.14–16 Considering that NAs are widely used for CHB 
treatment and contribute to HBeAg/HBsAg seroclear-
ance, NAs are usually essential for HBV-related HCC 
patients. However, there is a lack of research regarding 
the effect of NA discontinuation on the prognosis of 
HBeAg-negative HBV-related HCC and the discontinu-
ation criteria of NAs in HBeAg-negative patients with 
HBV-related HCC.

In this historical cohort study, we aimed to assess the 
effect of NA discontinuation before liver resection on re-
currence and overall survival of HBeAg-negative HBV-
related HCC patients undergoing liver resection and tried 
to investigate the potential for them to discontinue NAs 
based on preoperative serum HBsAg status.

2   |   MATERIALS AND METHODS

2.1  |  Patients

The present historical cohort study was conducted on con-
secutive HBeAg-negative HBV-related HCC patients who 
underwent curative liver resection as first-line therapy at 
West China Hospital, Sichuan University, from January 
2014 to December 2019.

The inclusion criteria were as follows: (1) patients who 
received R0 liver resection as an initial treatment and had 
not received any other antitumor therapies before surgery; 
(2) patients with a histopathological diagnosis of HCC; 
and (3) patients who (1) underwent continuous antiviral 
treatment with NAs before surgery for at least 3 years and 
consistently continued NAs for the entire follow-up period 
(continuation of NAs group) or (2) had previously under-
gone antiviral treatment with NAs for at least 3 years but 
had discontinued NAs before surgery for at least 1 year and 
were in the NA-withdrawal state for the entire follow-up 
period (discontinuation of NAs group). Continuation or 
discontinuation of NAs was performed and the period of 
discontinuation mentioned above was set according to 
the EASL guidelines3 or the Asian Pacific Association for 
the Study of the Liver (APASL) guidelines.9,17 Specifically, 
treatment could be stopped (1) after HBsAg loss, with or 
without anti-HBs seroconversion, (2) after at least 1 year 
of additional therapy after HBeAg seroconversion with 
undetectable HBV DNA, or (3) after treatment for at least 
2 years with undetectable HBV DNA. The stopping of NA 
treatment could be considered in cirrhotic patients under 
strict monitoring. After stopping of NAs, patients should 
be monitored monthly for the initial 3 months and then 
every 3–6 months.
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The exclusion criteria were as follows: (1) positive 
HBeAg status in preoperative assessments; (2) coinfec-
tion with hepatitis C virus; (3) extrahepatic metastasis; (4) 
missing data or loss to follow-up; (5) treatment with anti-
viral drugs for HBV other than NAs (e.g., interferon); and 
(6) virological relapse or HBV reactivation before surgery.

2.2  |  Perioperative data

All relevant demographic characteristics and medication 
use were ascertained from self-reports and medical record 
abstraction. Alcohol consumption and cigarette smok-
ing were categorized on the basis of current or past use. 
Diabetes mellitus/hypertension was defined as a diabetes/
hypertension diagnosis by a physician or other health pro-
fessional. Routine preoperative assessments consisted of 
serological tests and imaging examinations. Hepatitis B 
serology, HBV DNA load, serum alphafetoprotein (AFP), 
liver function test, etc., were included. All patients under-
went preoperative contrast-enhanced computed tomog-
raphy (CT) and/or magnetic resonance imaging (MRI), 
and tumor resectability was carefully evaluated by expe-
rienced surgeons.

Intraoperative data, including physical status, blood 
loss, operation time, blood transfusion and hepatectomy 
method (anatomical liver resection or nonanatomic liver 
resection), were recorded. Physical status was evaluated 
according to the American Society of Anesthesiologists 
(ASA) grading system. Anatomical liver resection was 
defined by the Brisbane 2000 nomenclature of liver 
anatomy.18

Professional pathologists examined all resected spec-
imens and characterized pathologic findings, including 
tumor number and size, the presence of microvascular in-
vasion and cirrhosis, tumor differentiation, etc.

2.3  |  Follow-up and study outcomes

All patients were followed up once every 2 months for the 
first 2 years after surgery and once every 3 months there-
after until death or dropout from follow-up. Contrast-
enhanced CT, MRI and serum AFP were included in 
follow-up examinations and were mainly used to diag-
nose tumor recurrence. Treatment choices for patients 
diagnosed with tumor recurrence included repeat liver re-
section, transarterial chemoembolization, radiofrequency 
ablation, systemic therapy, liver transplantation or sup-
portive treatment based on general conditions of patients 
and patterns of tumor recurrence. The primary endpoint 
was recurrence-free survival (RFS) and the secondary 
endpoint was OS. RFS was defined as the period from 

surgery to first recurrence. OS was defined as the interval 
time between surgery and death.

2.4  |  Statistical analysis

Parametric continuous data are summarized as the 
mean ± standard deviation (SD), and nonparametric con-
tinuous data are summarized as the median and inter-
quartile range (Q1–Q3). Categorical data are summarized 
as frequencies and percentages. Statistical comparison of 
continuous variables was performed using Student's t-test 
or the Mann–Whitney U test as appropriate. Statistical 
comparison of categorical variables was performed using 
the Chi-square test or Fisher's exact test as appropriate. 
Survival analyses were performed using the Kaplan–
Meier method, and the log-rank test was used for com-
parison. The Cox proportional hazards regression model 
was utilized to identify independent prognostic factors of 
OS and RFS. Propensity score matching (PSM) was used 
to balance important baseline characteristics between all 
patients or HBsAg-negative patients continuing NAs and 
discontinuing NAs. A 1:1 matching on the propensity 
score was performed using the nearest-neighbor match-
ing algorithm with a caliper width equal to 0.01 (for all 
patients) or 0.1 (for HBsAg-negative patients) of the SD 
of the logit of the propensity score. Interactions of sub-
groups were evaluated by the likelihood ratio test. All the 
reported p-values are two-tailed, and p < 0.05 was consid-
ered statistically significant. All statistical analyses were 
performed using Empower® (www.​empow​ersta​ts.​com, 
X&Y Solutions Inc., Boston MA).

3   |   RESULTS

3.1  |  Baseline characteristics

According to the inclusion and exclusion criteria, we en-
rolled 1232 eligible patients, of whom 839 (68.1%) patients 
continued NA therapy and 393 (31.9%) patients discon-
tinued NA therapy before surgery (Figure 1). The median 
follow-up time for all patients was 34.7 months (interquar-
tile range, 22.3–50.5 months). As shown in Table 1, com-
pared with patients in the discontinuation of NAs group, 
patients in the continuation of NAs group had more in-
stances of preoperative positive HBsAg status (87.6% vs. 
61.8%, p < 0.001), fewer instances of positive HBsAb sta-
tus (14.4% vs. 29.8%, p < 0.001) and a higher percentage 
of HBV DNA > 103 IU/mL (44.6% vs. 37.2%, p = 0.014). 
Some other baseline characteristics of the patients were 
also significantly different between the two groups before 
PSM. After PSM, 322 pairs of patients who continued and 

http://www.empowerstats.com
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discontinued NAs were matched, and there were no sig-
nificant differences between the two groups (Table 1).

3.2  |  Univariate and multivariate 
Cox regression analyses of RFS and OS 
before and after PSM

Before PSM, univariate and multivariate Cox regression 
analyses were performed to identify independent prognos-
tic factors for RFS and OS in all HCC patients (Table 2). 
The results showed that the continuation of NAs (HR 
0.623, 95% CI 0.526–0.737, p < 0.001) was an independent 
predictor of RFS. Continuation of NAs (HR 0.243, 95% CI 
0.198–0.297, p < 0.001), positive HBsAg status (HR 2.279, 

95% CI 1.667–3.116, p < 0.001), etc., were independent 
prognostic factors for OS. Moreover, we performed Cox 
regression analysis of RFS and OS stratified by preopera-
tive HBsAg status before PSM. Notably, we found that the 
continuation of NAs was an independent risk factor for 
RFS (HR 2.047, 95% CI 1.348–3.109, p < 0.001) and not an 
independent predictor for OS in HBsAg-negative HCC pa-
tients (Table S1). However, the continuation of NAs was 
still an independent protective factor for RFS (HR 0.419, 
95% CI 0.347–0.507, p < 0.001) and OS (HR 0.190, 95% CI 
0.153–0.237, p < 0.001) in HBsAg-positive HCC patients 
(Table S2).

After PSM, the results of the Cox regression analysis 
(Table  3) identified that the continuation of NAs (HR 
0.569, 95% CI 0.463–0.700, p < 0.001) was an independent 

F I G U R E  1   Flow chart of patient 
selection and propensity score matching 
(PSM) process.
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prognostic factor for RFS. Continuation of NAs (HR 0.270, 
95% CI 0.211–0.345, p < 0.001), positive HBsAg status (HR 
1.577, 95% CI 1.014–2.454, p = 0.043), etc., were indepen-
dent predictors for OS. In addition, we also performed Cox 
regression analysis of RFS and OS stratified by preopera-
tive HBsAg status after PSM. Similarly, the continuation 
of NAs was identified as an independent risk factor for 
RFS (HR 2.756, 95% CI 1.537–4.942, p < 0.001) and not 
an independent predictor for OS in HBsAg-negative HCC 
patients (Table  S3). However, the continuation of NAs 
was an independent protective factor for RFS (HR 0.400, 
95% CI 0.315–0.506, p < 0.001) and OS (HR 0.218, 95% CI 
0.166–0.287, p < 0.001) in HBsAg-positive HCC patients 
(Table S4).

3.3  |  Overall impact of continuation of 
NAs or discontinuation of NAs on RFS and 
OS before and after PSM

Before PSM, the 1-year, 3-year and 5-year RFS rates were 
72.2%, 52.5% and 44.4% in the continuation of NAs group 
and 50.0%, 34.5% and 30.0% in the discontinuation of NAs 
group, respectively (p < 0.001, Figure  2A). The 1-year, 
3-year and 5-year OS rates were 93.9%, 79.8% and 69.7% 
in the continuation of NAs group and 69.2%, 43.5% and 
35.9% in the discontinuation of NAs group, respectively 
(p < 0.001, Figure  2B). The results suggested that long-
term outcomes were significantly better in the continu-
ation of NAs group than in the discontinuation of NAs 
group before PSM.

After PSM, the 1-year, 3-year and 5-year RFS rates were 
60.3%, 43.5% and 38.0% in the continuation of NAs group 
and 48.7%, 32.8% and 29.9% in the discontinuation of NAs 
group, respectively (p < 0.001, Figure  2C). The 1-year, 3-
year and 5-year OS rates were 89.8%, 71.2% and 61.2% in the 
continuation of NAs group and 67.4%, 39.9% and 33.4% in 
the discontinuation of NAs group, respectively (p < 0.001, 
Figure 2D). Similarly, long-term outcomes were better for 
HCC patients in the NA continuation group than in the 
NA discontinuation group after PSM.

The detailed median times, 1-year, 3-year, and 5-year 
rates and corresponding p values are shown in Table S5.

3.4  |  Impact of continuation of NAs or 
discontinuation of NAs on RFS and OS 
based on preoperative HBsAg status 
before and after PSM

Before PSM, among HBsAg-negative patients, the RFS 
in the discontinuation of NAs group was significantly 
better than that in the continuation of NAs group V
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(1-year, 3-year and 5-year RFS, 72.1%, 55.7% and 48.2% 
vs. 61.5%, 43.6% and 36.6%, p = 0.029, Figure 3A). There 
were no significant differences between the OS of 
HBsAg-negative patients in the discontinuation of NAs 
group and in the continuation of NAs group (1-year, 3-
year and 5-year OS, 90.0%, 75.2% and 69.0% vs. 92.3%, 
75.4% and 66.8%, p = 0.935, Figure  3B). For HBsAg-
positive patients, the RFS and OS in the continuation 
of NAs group were significantly better than those in the 
discontinuation of NAs group (1-year, 3-year and 5-year 
RFS, 73.7%, 53.8% and 45.5% vs. 35.8%, 20.6% and 17.9%, 
p < 0.001, Figure 3C; 1-year, 3-year and 5-year OS, 94.2%, 
80.4% and 70.1% vs. 56.4%, 24.4% and 18.0%, p < 0.001, 
Figure 3D). Kaplan–Meier curves for RFS and OS of all 
the subgroups before PSM are shown in Figure S1A,B, 
respectively (both p < 0.001).

After PSM, among HBsAg-negative patients, the 
discontinuation of NAs group was associated with bet-
ter RFS than the continuation of NAs group (1-year, 3-
year and 5-year RFS, 79.6%, 62.1% and 60.2% vs. 53.2%, 
34.3% and 29.0%, p < 0.001, Figure 4A). There were also 
no significant differences between the OS of HBsAg-
negative patients in the discontinuation of NAs group 
and in the continuation of NAs group (1-year, 3-year and 
5-year OS, 94.3%, 81.0% and 76.7% vs. 89.9%, 72.6% and 
62.7%, p = 0.115, Figure 4B). Similarly, the RFS and OS 
of HBsAg-positive patients in the continuation of NAs 
group were significantly better than those in the dis-
continuation of NAs group (1-year, 3-year and 5-year 
RFS, 62.6%, 46.4% and 40.8% vs. 36.1%, 20.9% and 18.0%, 
p < 0.001, Figure 4C; 1-year, 3-year and 5-year OS, 89.7%, 
70.7% and 60.6% vs. 57.3%, 24.9% and 18.9%, p < 0.001, 
Figure 4D). Kaplan–Meier curves for RFS and OS values 
in all subgroups after PSM are shown in Figure S1C,D, 
respectively (both p < 0.001).

The detailed median times, 1-year, 3-year, and 5-year 
rates and corresponding p values of the above subgroup 
analyses are shown in Table S5.

Furthermore, PSM was specially performed for 
HBsAg-negative patients to balance the differences 
between HBsAg-negative patients who continued and 
discontinued NAs. As shown in Table  S6, 70 matched 
pairs of patients were obtained by PSM, and there were 
no significant differences between the two cohorts. 
After PSM, HBsAg-negative patients who discontinued 
NAs was associated with better RFS than those who 
continued NAs (1-year, 3-year and 5-year RFS, 72.9%, 
59.8% and 51.2% vs. 57.1%, 46.9% and 36.7%, p = 0.032, 
Figure S2A). There were no significant differences be-
tween the OS of HBsAg-negative patients who discon-
tinued and continued NAs (1-year, 3-year and 5-year 
OS, 91.4%, 77.8% and 72.6% vs. 92.9%, 74.1% and 71.4%, 
p = 0.764, Figure S2B).V
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3.5  |  Stratified analyses and 
interaction tests of associations between 
continuation of NAs or discontinuation of 
NAs and long-term outcomes based on 
preoperative HBsAg status before and 
after PSM

As shown in Table 4, stratified analyses and interaction 
tests were performed to further assess the interactive ef-
fect of HBsAg status on associations between the continu-
ation of NAs or the discontinuation of NAs and long-term 
outcomes in HBeAg-negative HBV-related HCC patients. 
Interaction tests indicated that HBsAg status and continu-
ation of NAs or discontinuation of NAs played an interac-
tive role in the RFS and OS of patients both before PSM 
and after PSM (all p for interaction <0.001). Of note, the 
RFS of HBsAg-negative patients in the continuation of 
NAs group was significantly worse than that in the dis-
continuation of NAs group both before PSM (HR 1.468, 
95% CI 1.038–2.075, p = 0.030) and after PSM (HR 2.377, 
95% CI 1.544–3.658, p < 0.001). However, the results of OS 
analysis between the discontinuation of NAs group and 
the continuation of NAs group for HBsAg-negative pa-
tients were not statistically significant both before PSM 
(p = 0.920) and after PSM (p = 0.126).

4   |   DISCUSSION

In recent years, several researchers have studied the po-
tential for CHB patients to discontinue NA therapy from 
immunological and virological viewpoints.19,20 However, 
from guidelines and clinical practice, there is no clearly 
established consensus on the criteria for discontinuation 
of NA therapy in HBV-related HCC patients. Moreover, 
scholars in numerous studies have elucidated associa-
tions between hepatitis B seromarkers and the risk of 
HBV-related HCC, but relatively few studies have focused 
on the role of preoperative hepatitis B seromarkers in the 
postoperative outcomes of HBV-related HCC.6,21,22 To 
our knowledge, this is the first large-scale historical co-
hort study to investigate the potential for HBeAg-negative 
HBV-related HCC patients to discontinue NA therapy 
from a postoperative prognostic standpoint. In the present 
study, we found that compared with the discontinuation 
of NAs, the continuation of NAs was an independent pro-
tective factor and was significantly related to a better prog-
nosis for all enrolled patients, which was not unexpected. 
Intriguingly, when stratified analyses were performed 
based on preoperative serum HBsAg status, the continu-
ation of NAs was demonstrated to be an independent 
risk factor for RFS and was associated with worse RFS in 
HBsAg-negative patients. Interaction tests also confirmed 

a significant effect of the interaction between the continu-
ation of NAs or the discontinuation of NAs and HBsAg 
status on the long-term outcomes of HBV-related HCC. 
The results were confirmed by PSM analyses and pre-
sented the potential for clinicians to discontinue NAs 
in HBeAg-negative HBV-related HCC patients who had 
achieved HBsAg seroclearance before surgery.

As common antiviral drugs, NAs, represented by ETV 
and TDF, were demonstrated to be able to dramatically 
inhibit viral replication and effectively decrease the inci-
dence of HBV-related HCC,23–25 which might be a major 
concern among CHB patients. However, HBV-related 
HCC patients are more concerned about the effect of 
NA therapy on long-term outcomes after HCC surgery. 
Fortunately, NAs were also reported to be associated 
with reduced HBV-related HCC recurrence and better 
postoperative survival for HBsAg-positive patients.26–28 
Nevertheless, NA therapy is not a perfect antiviral treat-
ment for HBV patients thus far. Some younger patients 
or those planning pregnancy may be reluctant to receive 
life-long antiviral treatment when considering safety 
issues and possible adverse effects.29 Moreover, infinite 
treatment may lead to reduced patient compliance and 
may not be conducive to improved cost-effectiveness. 
Therefore, in recent years, an increasing number of 
scholars have begun to focus on the indication and fea-
sibility of NA discontinuation for CHB patients.30–32 A 
multicenter study from Korea indicated that for CHB 
patients who achieved HBsAg seroclearance with NAs, 
the discontinuation of NAs was not associated with an 
increased risk of HCC development.30 Another longi-
tudinal cohort study including Caucasians and Asians 
suggested that discontinuation of long-term NA therapy 
was not associated with higher HCC risk for noncirrhotic 
HBeAg-negative CHB patients.31 However, associations 
between the continuation of NAs or the discontinuation 
of NAs and postoperative prognosis have hardly been 
reported to provide guidance on NA discontinuation for 
HBV-related HCC patients, which prompted us to con-
duct the present study.

We only included preoperative HBeAg-negative HBV-
related HCC patients during the study. This is because 
the phases of chronic HBV infection are generally divided 
based on HBeAg status.3,9 Furthermore, HBeAg seroclear-
ance has often been regarded as an important milestone 
during antiviral treatment and is associated with good 
prognosis in CHB patients.12,22,33 It would be of great 
practical and theoretical importance to focus on HBeAg-
negative patients. In our entire cohort, the continuation of 
NAs group accounted for the majority of patients (68.1%), 
reflecting a relatively conservative antiviral treatment 
strategy for HBV-related HCC patients. This proportion 
was similar to that observed in a previous study from Asia, 
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although the inclusion and exclusion criteria of the two 
studies were not fully consistent.14 We found that patients 
in the continuation of NAs group had more incidents of 
positive HBsAg status, fewer incidents of positive HBsAb 
status and a higher percentage of HBV DNA > 103 IU/mL 
in preoperative assessment, which might explain why 
they continued NA therapy. Considering the imbalanced 
baseline characteristics between the two crude groups, 
PSM was used to create statistically matched pairs in the 
continuation of NAs group and the discontinuation of 
NAs group. A strict caliper width equal to 0.01 of the SD 
for PSM guarantees good comparability between the two 
groups after PSM.

When we performed multivariate Cox regression anal-
yses and log-rank tests for comparisons of Kaplan–Meier 
curves in all HCC patients before and after PSM, we found 

that the continuation of NAs was always an independent 
protective factor for RFS and OS and that patients con-
tinuing NA therapy had better long-term outcomes. These 
results are expected and similar to the conclusions from 
three previous randomized controlled trials (RCTs).26–28 
However, the three RCTs only included HBsAg-positive 
HBV-related HCC patients and could not sufficiently con-
duct subgroup analyses due to limited sample size. Given 
that loss of HBsAg is the optimal treatment endpoint of 
CHB patients and that positive HBsAg status was an in-
dependent risk factor for OS both before and after PSM, 
subgroup analyses were subsequently conducted based 
on preoperative HBsAg status in more detail. Notably, the 
continuation of NAs was associated with a better long-
term prognosis in HBsAg-positive HBV-related HCC pa-
tients, whereas it seemed to play an almost opposite role 

F I G U R E  2   Kaplan–Meier curves for recurrence-free survival (RFS) and overall survival (OS) of all hepatocellular carcinoma (HCC) 
patients stratified by nucleos(t)ide analogue (NA) therapy before and after propensity score matching (PSM). (A) RFS of all patients before 
PSM; (B) OS of all patients before PSM; (C) RFS of all patients after PSM; (D) OS of all patients after PSM.
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in HBsAg-negative patients. No matter before or after 
PSM, the continuation of NAs was an independent risk 
factor for RFS and was also not a protective factor for OS in 
HBsAg-negative patients. Furthermore, HBsAg-negative 
patients continuing NA therapy achieved worse RFS and 
comparable OS when compared with those discontinuing 
NA therapy both before and after PSM, regardless of PSM 
for all patients or PSM for HBsAg-negative patients. These 
findings may provide a potential for preoperative HBsAg-
negative HBV-related HCC patients to discontinue NA 
therapy under strict monitoring and may suggest a novel 
individualized therapeutic strategy to further improve the 
postoperative prognosis of HBV-related HCC patients.

However, the reasons for the results in this study are 
not fully understood, and we can only speculate as to the 
mechanisms underlying the clinical findings. On the one 

hand, these findings may be attributed to successful viral 
control contributed by HBV-specific immune T-cell re-
sponses after antiviral treatment discontinuation.20,34,35 
On the other hand, continuation of NAs for HBsAg-
negative patients may not always be beneficial due to 
potential side effects of long-term medication.29,36,37 
Therefore, our results should be interpreted with caution, 
and clinicians should fully weigh the benefits and risks of 
NA discontinuation in patients with HBV.

Another feature of the present study is the significant 
interaction between preoperative HBsAg status and con-
tinuation of NAs or discontinuation of NAs. As an effect 
modifier, HBsAg status markedly modified the effects of 
the continuation or discontinuation of NAs on the long-
term outcomes of HBV-related HCC patients, which is a 
finding that has rarely been reported before. The results 

F I G U R E  3   Kaplan–Meier curves for recurrence-free survival (RFS) and overall survival (OS) of HBsAg-negative or HBsAg-positive 
hepatocellular carcinoma (HCC) patients stratified by nucleos(t)ide analogue (NA) therapy before propensity score matching (PSM). (A) 
RFS of HBsAg-negative patients; (B) OS of HBsAg-negative patients; (C) RFS of HBsAg-positive patients; (D) OS of HBsAg-positive patients.
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are understandable given that HBV replication can be sup-
pressed by antiviral treatment and continuation or discon-
tinuation of NAs is largely dependent on HBsAg status.3,38 
Clinicians should notice that the combined effects of 
HBsAg status and continuation or discontinuation of NAs 
may be greater than additive and realize the importance of 
individualized treatment.

The present study has several limitations. First, there 
were some potential confounding factors and unavoid-
able biases due to the retrospective nature of the study. 
To resolve this issue, we applied strict inclusion and 
exclusion criteria and used PSM, multivariable models 
and sensitivity analyses to minimize the confounding 
effects. Nevertheless, more prospective and randomized 
studies are warranted to confirm our findings and fur-
ther develop well-recognized discontinuation criteria 

for NA therapy. Second, this was a single-center study 
only including HBV-related HCC patients from China. 
Although we tried to keep the sample size as large as 
possible, the conclusions may not reflect the clinical 
practice of other medical centers or other ethnic groups. 
Third, considering that patients with virological relapse 
or HBV reactivation before surgery were a highly com-
plex population and might require more complicated 
treatment strategies, we excluded them in the study. 
Effective strategies for this population would be an im-
portant topic for future studies. Fourth, despite our ef-
forts, there were limited postoperative follow-up data 
on HBV serological and virological indicators. Thus, 
we were unable to further analyze virological relapse 
after surgery. Detailed information on cause of death 
was also not available for all patients and analyses to 

F I G U R E  4   Kaplan–Meier curves for recurrence-free survival (RFS) and overall survival (OS) of HBsAg-negative or HBsAg-positive 
hepatocellular carcinoma (HCC) patients stratified by nucleos(t)ide analogue (NA) therapy after propensity score matching (PSM). (A) RFS 
of HBsAg-negative patients; (B) OS of HBsAg-negative patients; (C) RFS of HBsAg-positive patients; (D) OS of HBsAg-positive patients.
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assess the competing risk of death were not performed. 
Fifth, the median survival in some subgroups was not 
reached because of their relatively good prognosis and 
relatively short follow-up times. We will conduct more 
studies targeting the correlated patients with longer fol-
low-up times in the future. Finally, the current study 
focused specifically on the interaction between HBsAg 
status and the continuation or discontinuation of NAs. 
Further studies are needed to better understand the in-
teractions between the continuation or discontinuation 
of NAs and other key factors of HBV-related HCC.

Taken together, among NA-treated HBeAg-negative 
patients who underwent curative liver resection for HBV-
related HCC, NA discontinuation was associated with 
better RFS and comparable OS than NA continuation 
in preoperative HBsAg-negative patients. For HBsAg-
positive patients, NA continuation remained associated 
with better survival. From the perspective of postopera-
tive prognosis, these results represent an important step 
in exploring the feasibility of NA discontinuation for those 
who have achieved HBsAg seroclearance before surgery 
and suggest the potential of discontinuing antiviral treat-
ment with NAs in selected patients under conditions of 
strict monitoring.
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Variables

Discontinuation of NAs Continuation of NAs
p for 
interactionN HR (95% CI) p-value N HR (95% CI) p-value

Before PSM

RFS

HBsAg status

HBsAg-negative 150 Reference – 104 1.468 (1.038–2.075) 0.030 <0.001

HBsAg-positive 243 2.932 (2.220–3.873) <0.001 735 1.027 (0.794–1.330) 0.838

OS

HBsAg status

HBsAg-negative 150 Reference – 104 0.976 (0.603–1.578) 0.920 <0.001

HBsAg-positive 243 4.960 (3.538–6.953) <0.001 735 0.820 (0.583–1.153) 0.254

After PSM

RFS

HBsAg status

HBsAg-negative 88 Reference – 79 2.377 (1.544–3.658) <0.001 <0.001

HBsAg-positive 234 3.528 (2.440–5.103) <0.001 243 1.619 (1.110–2.360) 0.012

OS

HBsAg status

HBsAg-negative 88 Reference – 79 1.605 (0.876–2.942) 0.126 <0.001

HBsAg-positive 234 6.752 (4.158–10.966) <0.001 243 1.687 (1.011–2.814) 0.045

Note: Bold text indicated that these variables were statistically significant.
Abbreviations: CI, confidence interval; HBsAg, hepatitis B surface antigen; HR, hazard ratio; NAs, nucleos(t)ide analogues; OS, overall survival; PSM, 
propensity score matching; RFS, recurrence-free survival.
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