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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." Patients with HCC
have a dismal prognosis, with median overall survival
(0OS) ranging from 3 to 60 months.> 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.’ In China, approximately 23 million patients were
infected with HBV, and the number of HBV-associated
deaths was nearly 162,000 in 2019.* 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.’

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.’ Several stud-
ies and guidelines also stated that HBsAg seroclearance
is associated with a reduced risk of HCC development.®”’
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.>®° 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.>® 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.'”!" 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.'’* 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."*'® 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 RO 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 3years 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 3years 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 guidelines® or the Asian Pacific Association for
the Study of the Liver (APASL) guidelines.”'” Specifically,
treatment could be stopped (1) after HBsAg loss, with or
without anti-HBs seroconversion, (2) after at least 1year
of additional therapy after HBeAg seroconversion with
undetectable HBV DNA, or (3) after treatment for at least
2years 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."®

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 2years 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
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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 ¢-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.empowerstats.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% Vvs.
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>10°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
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HBV-related HCC patients currently or previously treated
with NAs who consecutively underwent curative liver
resection as an initial therapy from 2014 to 2019

FIGURE 1 Flow chart of patient
selection and propensity score matching
(PSM) process.
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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,

(N=1862)
Excluded patients (N=630):
Positive HBeAg status (N=256)
Coinfection with hepatitis C virus (N=14)
> Extrahepatic metastasis (N=55)
Missing data or loss to follow-up (N=33)
Treatment with other antiviral drugs (N=6)
Virological relapse or HBV reactivation
before surgery (N=266)
A 4
Eligible patients
(N=1232)

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



50f17
—WILEY

ICIne

Cancer Med

SUN ET AL.

(senunuo))

652°0 [LT1-¥TT] T'CT [9Z1-+'TT] 0°CT 159°0 [T+ 1Tl TTT [LT1-¥TT] 0Tt
£68°0 [9vr-t'6€] T2y [osy-L6c] Ty £00°0 [8vr-9'6€] T'Th [9'sv—€0v] 6T
6750 [£L1-9°01] €T [0'8T-0'0T] ¥°€T STH0 [0'81-9'01] 9°¢T [LL1-¢0T] veT
166°0 [0ss-0L2] 0L [0zs-0°L2] 08¢ ¥00°0 [08s-0'L2] 0°LE [0Lv-0'LT] 0°vE
9TH'0 [0'6+-0°TZ] 0°C€E [8'15-0+T] 0°S€ L¥S0 [0'zs-0'TT] 0°€E [0°05-0+T] 0°+€
85+°0 [0°€61-0'66] 0'++T [0°£6T-0°€0T] S'8%1T 100°0> [0°002-0"+01] 0°0ST [$°SLT-0t6] 0'6TT
68L°0 [0°€ST-0TET] 0'EFT [0°SST-0ZET] 0'PPT SSE0 [0°€ST-0ZET] O'EHT [0°SST-0°€ET] O'FHT
(%€'TP) €€1 (%8'6€) 8CT (v8€v) TLT (%9°5€) 66

889°0 (%L°8S) 681 (%T°09) v61 900°0 (%T'95) 12T (%¥'¥9) 0¥S
(%6'T¥) SET (%BTeY) 6ET (%TLE) 9P1 (69¥Y) vLE

0SL°0 (%1°85) LST (%8°95) €81 ¥10°0 (%829) L¥T (%¥°SS) St
PET'0 (%5°88) §8¢ (%S¥8) TLt $90°0 (%8°58) L€ (%¥°68) 0SL
9L5°0 (%T+7) 8L (w¥TT) TL 100°0> (%8'62) L1T (%¥¥1) 12T
817°0 (%LTL) ¥E€T (%S°SL) €vT 100°0> (%8'19) £vT (%9°L8) SEL
(%1°21) 6€ (%¥T1) OF (%T1D) v (%6°11) 001

(%LY) ST (BEY) ¥1 (%e¥) LT (%8°¢) T¢€

(%L¥) ST (wLe)et (%1v) 91 (%9°%) 6€

1760 (%9°8L) £5¢C (%S°6L) 95T ST6'0 (%¥°08) 91¢ (%9°6L) 899
€LT0 (%L°LT) LS (%1°12) 89 1790 (%891) 99 (%6°LT) 0ST
1050 (%T°01) €€ (%L°8) 8T €200 (%¥76) LE (%¥°L) 29
S€9°0 (%0°SS) LLT (%T€S) TLT 0r1T0 (%T98) 12T (%L TS) vev
0SL°0 (%9'TP) vE1 (%6°TY) 8€T 1610 (Beer) OLT (%€°6€) 0£€
1490 TEFTET TEFTET 0L9°0 EFTET TEFTET
L06°0 (%9'98) 6LT (%0°L8) 08 SLEO (%8°L8) S¥E (%6°58) 1TL
865°0 TTIF67S 0TIFS+HS 7€0°0 0TIFT'SS TTIFS€ES
anyea-d (zee=N) (zee=N) anyea-d (£6£=N) (6£8=N)
SYN JO uonenunuodssiq SVN JO uonenunuo) SVN JO uonenunuodsiq SVYN Jo uopjenunuoy)

INSd YV INSd 210J3g

S ‘Id
/3 ‘urwnqy
1/1ow “Trg L
/01 LSV
/01 LIV
1/0T ‘s19[211d
71/8 ‘urqojSowa g
00¥<
00>
Tw/3u ‘dav
LO1<
015
Tw/NI ‘VNd A9H
aanisod-qyodH
aanisod-qysgH
aanisod-3vsgH
s3urpuyf £103p10qDT
SYN
Jo sad£) a1owr 10 0M) 0} dInsodxHg
L_yo
JdL
ALd
VN joadAL
uorsuayredAH
s3I $9)qeIq
Suryjows 9)301e31)
uondwnsuod [0Y0d[y
JW/3Y TNG
X3S J[RIA
s1eak 98y

$013S149790.40Yd d1ydviSowaq

sa[qertep

"(INSd) Suryoyewr 2109s Ayisuadoid 19338 pue a10joq sjusnied (DDH) ewourdIed TR[N{[ad0yeday [T JO sonsiajoeIeyd dulfesed T A TIV.L



SUN ET AL.

MWI LEY_Cancer Medicine

"9rerewny [1xo1dosIp 11A0Joud) ‘g, ‘UIqnIIfIq 18103 “TI], Snquioiy) touwn) uiaa [ejrod ‘LIAd own uiquioryjold ‘14 Suryorew 2109s Arsuadoid ‘NS sonSoreue ap1(3)S09[oNU ‘SYN ‘UOISBAUT JB[NISBAOIIT
TAIN ‘eurourored renyeooieday DOH ‘sniia g snneday ‘AgH ‘usdnue aoejans g snneday ‘SysgH ‘Apoqnue aoejans g snneday ‘qysgH ‘usSnue o sniia g snieday ‘SyogH ‘Apoqnue o g snneday ‘qyagH 11ABIJUD
‘ALA ‘Xopul ssew Apoq ‘TIAF ‘190Ue)) ISAIT OIUI[D BUO[RIIR] ‘DTDd ‘oselojsuenjourure djelredse 1SV SISISO[0ISAYISAUY JO AJ100S UBILIDWY VSV ‘OSBIdJSUBNOUIUIe dUTUee ‘I TV ‘urjoidojsy-eydre ‘d IV :SUONRIAIQQY

(%6°€7) LL (%8°+7) 08 (%5°97) ¥01 (%¥+1) 121

€8L°0 (%1°9L) StT (%T'SL) THT 100°0> (%S°€L) 68T (%9°58) 81L
(%0'9%) 81 (%6°1S) L9T (%1°9%) 181 (%1°9%) L8E

YET0 (%0+S) vLT (%1°8%) SST 786°0 (%6°€S) TIT (%6°€S) TSt
9€9°0 (%0°0S) 191 (%1°8%) SST ¥00°0 (%0°tb) €L1 (%8°2S) €vt
6290 (%S°11) LE (%L721) 1 T00°0> (%0°€1) 1S (%8°) 6t
6£€°0 (%T'11) 9¢ (%L°€T) v 867°0 (%T1D) ¥ (%€°6) 8L
£08°0 (%T€€) LOT (%T¥€) 01T 100°0> (%1°9¢) Th1 (%L°92) vTT
(%T°95) 181 (%¥'85) 881 (%€°19) 1+ (%6°6€) SE€

LLS'0 (%8¢v) 71 (%9°'Tv) v€1 100°0> (%L°8€) TST (%1°09) +0S
#€8°0 (%T€8) 89T (%9°28) 99T 800°0 (%t'18) 0TE (%1°L8) 1EL
62€°0 (%t6€) LTT (%LSE) STT 600°0 (%L'6€) 9ST (%1°2€) 69C
955°0 (»1°L) €T (%¥'8) LT €590 (%6'9) LT (%T°9) S
9L1°0 [0°§92-0'SLT] 0'STT [8°€L2-0°SLT] 0°STT 100°0> [0°0£2-0'SLT] 0°02T [0°0S2-0"09T] 0°00T
96L°0 [0°00S-0"002] 0°00€ [000-0"00Z] 0"00€ 100°0> [0°00s-0"00Z] 0°00€ [0°00+-0"001] 0°002
(%1°6€) 921 (%8'6€) 8TT (%¥6€) SST (%1'¥€) 68

TL8°0 (%6°09) 961 (%T°09) 761 6800 (%9°09) 8€¢ (%9°59) 0SS
(%90) T (%9°0) T (%01) ¥ (%01) 8

000'T (%1'66) 0TE (%'66) 0TE ST6°0 (%0°66) 68¢€ (%0°66) 1€8
anyea-d (zee=N) (zee=N) anyea-d (£6£=N) (6£8=N)
SVN JO uonjenunuodsiq SVN Jo uonjenunuop SVN JO uonjenunuodsiq SVN Jo uonjenunuop

NSd YV NSd d1059g

“JuedyIuSIs A[[eonSIje)Is 91oM SI[qRLIBA 9SAY) JBY[) POIBIIPUI 1X9) P[og :9JON

o/d

v/0
a8e1s D104

11163

>

9peIS I9UT9)S-UOSPUOpPH

SISOULI)
LIAd
a[npou A[IeS
IAIN

<

>
wo ‘9ZIs Jowng,
Jownj) 9[3uIs
s3urpuyf adojoyivg
UO[}03S21 J[WOJRUY
uolsnjsuen) pooyg
uru ‘o uonerado
T ‘sso[ poo[g

1T

I
apeid vSv
DIOP 03NS

d

v
aped ySnd-prryo

sa[qeLIeA

(ponupuo)) T HTAV.L



7 of 17
—WILEY

ICIne

Cancer Med

SUN ET AL.

(senunuo))

o (978 T-S9L°0) 88T'T 100°0> (90L°0-St°0) 0950 £19°0 (88T'T-159°0) 916°0 100°0> (999'0-2S+°0) 6¥5°0
1110 (€Tr' T-¥96°0) TLT'T $S€0 (Y9T'1-616°0) 8L0'T

81L°0 (68€'T-129°0) 626°0 100°0> (6LST-HSE'T) 698°T 6250 (992°1-2€£9°0) +68°0 100°0> (0ST'2-02Z°1) 029°T
$LT0 (200'T-666°0) T00'T 100°0> (S00°T-€00°T) +00'T 001°0 (200°T-000'1) 100°T 100°0> (#00°T-200°T) €00°T
8L0°0 (000°T-000'T) 000°T 100°0> (000°T-000'T) 000'T 8810 (000'T-000'T) 000°T 100°0> (000°T-000'T) 000°T
T€9°0 (0PT'T-T0L'0) £€6°0 010°0 (8£6'0-529°0) 99L°0 LOY'0 (960°T-L6L"0) S€6°0
6060 (S€8°T-96£°0) 6S0°T 00t°0 (6TS°€-509°0) 65T

9750 (LIT'1-$t6°0) 820°1 100°0 (68T 1-+v0'D) ¥IT'1 TLO0 (PIT'1-566'0) €S0°T
010°0 (266°0-2¥6°0) L96°0 100°0> (S¥6°0-106°0) ST6°0 200°0 (686'0-056°0) 0L6°0 100°0> (856'0-126°0) 1#6°0
620°0 (PT0°T-T00°T) LOO'T 100°0> (810°T-S00'T) TTO'T $98°0 (210'1-066°0) T00°T
65+°0 (S00°1-866°0) 100°T 100°0> (¥00°1-200°T) €00°T 6980 (£00'T-L66'0) 000°T 100°0> (£00°T-100°T) 200'T
1€€°0 (T00'T-566°0) 866°0 $00°0 (£00°T-T00°T) 2O0'T L96°0 (£00°T-L66°0) 000'T L10°0 (200'1-000'T) 100°T
o (T00°T-866'0) 6660 100°0> (S00°T-200'T) €00'T 9990 (T00°T-666'0) 000'T 100°0> (#00°T-200'T) €00'T
£80°0 (T00'T-066°0) S66°0 LS00 (000°T-166°0) 966°0 100°0> (L66'0-886°0) T66°0

100°0> (0T6'T-1LT'T) T9S'T 100°0> (0L6°T-€£0°T) LSH'T 200°0 (PES'T-L60'T) L6T'T 100°0> (6¥1'C-18S°T) €¥8°T
S€0°0 (8SS'T-910°T) 8ST'T 100°0> (SY6'T-S€€°T) TI9'T SLO0 (89€'1-586°0) T9T'T 100°0> (SIS T-9TT°T) 00€'T
109°0 (LTET-T29°0) S06°0 #00°0 (6¥€T-LLT'T) £99'T #6T°0 (16+'1-226°0) ELT'T
880°0 (#£0'1-229°0) T08°0 070 (0ZT'T-€5L°0) 616°0

100°0> (9TT°€-£99°T) 6LT°C 200°0 (LT6'T-TST'T) 6871 S€T0 (T9€'1-LT6°0) €TT°1
100°0> (L6T'0-86T°0) £+T°0 100°0> (L¥E'0-8£T°0) L8TO 100°0> (LEL'0-9T5°0) £29°0 100°0> (659°0-18¥°0) £95°0
8LT°0 (€9Y'1-968°0) SP1'T 8%C°0 (19€°1-€26°0) TCT'T

€LE0 (¥89'1-2T8°0) LLT'T 6000 (116'0-¥TS°0) 169°0 LET'O (150'1-969°0) SS8°0
6210 (965 T-028°0) ¥¥1'T 80 (0LET-€LL°0) 620°T

€100 (€95 T-¥S0'T) €8T'T 800°0 (L9S'T-0L0'T) S6T'T 8L0°0 (LEET-$86°0) LPT'T
01€0 (SE€T-C16°0) OT'T L98°0 (¥81°1-898°0) £10'T

S0T°0 (S00'T-L¥6°0) 9L6°0 0S50 (LT0'T-0L6°0) £66°0

8T€0 (8¢S T-698°0) 9ST'T 3740} (Tr7' 1-216°0) 9¥T'T

9€0°0 (666'0-6L6°0) 686°0 100°0> (066°0-€L6°0) T86°0 £00°0 (966°0-786°0) 686°0 L00°0 (L66°0-786"0) 166°0
anfea-d (1D %S6) YH anfea-d (1D %S6) YH anfea-d (1D %S6) ¥H anfea-d (1D %S6) ¥H
dJeLIRATI[NIAI dJeLIBATUN) dJeLIRATI[NIA dJeLIRATU)

SO STd

Jown) o[3uIs
UO1}09S3I OTWOIRUY
UuoISNJsueI} poorg
urw ‘own uonerndo
U ‘Sso poorq
1'SATI ‘opeid VSV

€ 'sa 'V ‘opeid ySnd-pryd

S ‘Ld

/3 ‘urunqry
/10w “TIgL
T/01 1SV

/01 LTV

T/(0T ‘S1d[Ield
1/3 ‘urqojSouwroy

00> "SA 00p< “Tu/3U ‘dAV
(0TS 'SA OT< “TW/NT ‘VNA AGH

oAnIsod-qvedH
aapisod-qysgH
aanisod-3yvsgH

UOIIENUNUOSIP

*SA UOTIBNUNIUOD ‘SYN

Aderoyqjouowr A IH
uorsuaidAy
S)I[[oW S9)3qRIQ

Junjows ano1ed)

uondwnsuod [0Yod[y

/3 ‘TINE
X3S 9]

s1eak a8y

S9[qELIEA

(2Tt =N) (WSd) Suryoyew 91008

Kysuadoid a1030q syuenyed (DDH) BUIOUIdIRd JRN([290)eday [[€ UI (SO) [BAIAINS [[BISA0 PUE (SIY) [BAIAINS IJ-90UIINIAI JO SISATEUR UOTSSIIZOI X0)) 9JBITRAN[NWI PUE AJBLIBATU) 7 A TIV.L



8of 17 ..
—I—WI LEY_Cancer Medicine _

TABLE 2 (Continued)

oS

RFS

Multivariate

Univariate

Multivariate

Univariate

p-value

HR (95% CI)

p-value

HR (95% CI)

p-value

HR (95% CI)

p-value

HR (95% CI)

Variables

1.859 (1.551-2.229) <0.001 2.952 (2.415-3.609) <0.001 1.618 (1.289-2.030) <0.001
1.355(1.139-1.612) 1.492 (1.202-1.851)

1.825 (1.458-2.284)
0.933 (0.629-1.383)

2.745 (2.345-3.213) <0.001

Tumor size, cm, >5 vs. <5

MVI

<0.001

0.012
0.754

<0.001
<0.001
<0.001

2.543 (2.101-3.079)
0.838

<0.001
<0.001

0.729

<0.001
<0.001
<0.001

0.754

2.105 (1.797, 2.467)
2.617 (2.114-3.241)
2.656 (2.083-3.387)

1.417 (1.079-1.861)

2.094 (1.626-2.698)

Satellite nodule

PVTT

0.925 (0.566-1.510)

3.816 (2.963-4.913)
1.020 (0.845-1.231)

1.025 (0.880-1.193)

Cirrhosis

<0.001 1.296 (1.101-1.524) 0.002 1.963 (1.621-2.376) <0.001 1.557 (1.268-1.911) <0.001

1.550 (1.330-1.805)

Edmondson-Steiner grade, >IIT

vs. <II

<0.001 0.609 (0.418-0.889) 0.010 0.307 (0.251-0.375) <0.001 0.461 (0.283-0.752) 0.002

0.376 (0.315-0.448)

BCLC stage, 0/A vs. B/C

SUN ET AL.

Note: Bold text indicated that these variables were statistically significant.

Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; ASA, American Society of Anesthesiologists; AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver Cancer; BMI, body mass index; CI,

confidence interval; ETV, entecavir; HBeAb, hepatitis B e antibody; HBsAD, hepatitis B surface antibody; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HR, hazard ratio;

MVI, microvascular invasion; NAs, nucleos(t)ide analogues; OS, overall survival; PSM, propensity score matching; PT, prothrombin time; PVTT, portal vein tumor thrombus; RFS, recurrence-free survival; TBIL, total

bilirubin.

prognostic factor for RFS. Continuation of NAs (HR 0.270,
95% CI0.211-0.345, 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
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TABLE 3 (Continued)

oS

RFS

Multivariate

Univariate

Multivariate

Univariate

p-value

HR (95% CI)

p-value

HR (95% CI)

p-value

HR (95% CI)

p-value

HR (95% CI)

Variables

<0.001

1.622 (1.234-2.131)

<0.001

2.347 (1.835-3.003)

<0.001
0.002

1.975 (1.548-2.519)
1.442 (1.149-1.809)
1.607 (1.199-2.152)
0.997 (0.565-1.760)

2.529 (2.037-3.140) <0.001

Tumor size, cm, >5 vs. <5

MVI

<0.001
0.265

1.574 (1.212-2.044)
1.212 (0.865-1.698)
0.815 (0.417-1.591)

<0.001
<0.001
<0.001
0.345

2.416 (1.926-3.029)

<0.001
<0.001
<0.001
0.806

2.091 (1.708-2.559)
2.413 (1.856-3.138)

1.717 (1.279-2.305)
2.938 (2.208-3.911)

0.001

Satellite nodule

PVTT

0.548

0.993

2.532 (1.923-3.335)

1.114 (0.891-1.392)
2.118 (1.682-2.666)

0.976 (0.801-1.189)

Cirrhosis

1.822 (1.428-2.325) <0.001

<0.001

0.003

<0.001 1.378 (1.112-1.707)

1.657 (1.358-2.022)

Edmondson-Steiner grade, >IIT

vs. <II

<0.001 0.626 (0.363-1.079) 0.092 0.350 (0.277-0.442) <0.001 0.421 (0.221-0.802) 0.009

0.420 (0.338-0.520)

BCLC stage, 0/A vs. B/C

SUN ET AL.

Note: Bold text indicated that these variables were statistically significant.

Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; ASA, American Society of Anesthesiologists; AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver Cancer; BMI, body mass index; CI,

confidence interval; ETV, entecavir; HBeAb, hepatitis B e antibody; HBsAD, hepatitis B surface antibody; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HR, hazard ratio;

MVI, microvascular invasion; NAs, nucleos(t)ide analogues; OS, overall survival; PSM, propensity score matching; PT, prothrombin time; PVTT, portal vein tumor thrombus; RFS, recurrence-free survival; TBIL, total

bilirubin.

(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
0S, 91.4%, 77.8% and 72.6% vs. 92.9%, 74.1% and 71.4%,
p=0.764, Figure S2B).



SUN ET AL.

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.'** 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.***** 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
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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,**"* 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.?¢™®
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.”” 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.**** 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.*® 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.’! 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.*’ Furthermore, HBeAg seroclear-
ance has often been regarded as an important milestone
during antiviral treatment and is associated with good
prognosis in CHB patients.'**** 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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FIGURE 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.

although the inclusion and exclusion criteria of the two
studies were not fully consistent.* 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 >10°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).?*%®
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
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FIGURE 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.

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.?**%
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.??%*’
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
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FIGURE 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.

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.>*®
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
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TABLE 4 Effect size of discontinuation of nucleos(t)ide analogues (NAs) or continuation of NAs on recurrence-free survival (RFS) and

overall survival (OS) based on preoperative hepatitis B surface antigen (HBsAg) status before and after propensity score matching (PSM).

Discontinuation of NAs

Continuation of NAs

for
Variables N HR (95% CI) p-value N HR (95% CI) p-value fnteraction
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
(ON
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.

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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