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Abstract

, Huai Gong*, Bolun Li* and Xinmin Yin

Aim: To explore clinical features and prognosis of hepatocellular carcinoma (HCC) in hepatitis
B virus surface antigen (HBsAg)-serocleared patients and identify risk factors associated with
postoperative recurrence after curative hepatectomy.

Methods: Patients who had undergone initial hepatectomy for HCC from January 2010 through
December 2022. Clinicopathological data were compared between HBsAg-seropositive

and HBsAg-serocleared patients. Furthermore, risk factors associated with early and late
postoperative HCC recurrence (early and late recurrences (ER and LR), respectively) were
analyzed for HBsAg-serocleared HCC patients treated by curative hepatectomy.

Results: A total of 2184 consecutive patients undergoing initial hepatectomy for HCC were
enrolled, including 339 (15.5%) HBsAg-serocleared and 1845 (84.5%) HBsAg-seropositive
cases. Tumor characteristics were comparable between the two groups. After curative
hepatectomy, the ER rate was lower in the HBsAg-serocleared group than in the HBsAg-
seropositive group (16.2% vs 26.3%; p=0.000]. LR rates in the HBsAg-seropositive and
HBsAg-serocleared groups were similar (8.3% vs 6.9%, respectively, p=0.418). Multivariate
analysis showed that among HBsAg-serocleared patients, Hong Kong Liver Cancer stage and
microvascular invasion were risk factors associated with postoperative ER, while y-glutamyl
transferase level and neutrophil-to-lymphocyte ratio were associated with LR.

Conclusion: HBsAg-serocleared and HBsAg-seropositive HCC patients exhibited similar
tumor characteristics. Curative hepatectomy-treated HBsAg-serocleared HCC patients
experienced a lower ER rate and better short-term (<3 years) overall survival (0S) rates

than their HBsAg-seropositive counterparts. LR, very late recurrence, and long-term (4-, and
5-year) OS rates were similar between the two groups.
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Introduction

Hepatitis B virus (HBV)-related hepatocellular
carcinoma (HCC) continues to jeopardize
global health, comprising 75%-85% of primary
liver cancers and constituting the sixth most
prevalent malignancy and the third leading

etiology of cancer mortality.!»2 The attributable
morbidity and mortality of HCC are expected to
escalate over the next two decades due to global
population growth.? Chronic HBV infection
is the leading etiologic risk factor for HCC in
China.*3
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Liver resection is the primary treatment for HCC;
however, the notable recurrence rate following
liver resection significantly affects patient progno-
sis. At present, hepatectomy is a common and
safe treatment option for patients with early-stage
HCC. Unfortunately, the 5-year recurrence rate
after resection is as high as 50%-70%. The recur-
rence of HCC after hepatic resection remains a
major obstacle, with recurrence rates as high as
70% at 5years.%” The development of effective
systemic therapies has substantially improved the
outcomes of patients with advanced-stage HCC,
with the aim of increasing overall survival (OS)
and disease-free survival (DFS). However, this
remarkable progress in systemic therapy has not
been paralleled by the improvements in the treat-
ment of resectable HCC, which typically involves
the administration of therapies with curative
intent, such as resection, liver transplantation, or
local ablation.8-10

HBYV elimination through vaccination constitutes
the central strategy for primary prevention of
HCC."! The aim of anti-HBV therapy has
changed from viral suppression to the seroclear-
ance of HBV surface antigen (HBsAg) (functional
cure),!%13 defined as the loss of HBs antigenemia
(with or without seroconversion to anti-HBs anti-
body positivity) and undetectable HBV DNA on
two tests taken at least 6 months apart, either
spontaneously or following antiviral therapy.!3
HBsAg seroclearance is unusual during the course
of chronic HBV infection and is unrelated to
receipt of antiviral therapy, therapeutic regimen,
study design, geographic location, or regional
prevalence.!416 HBsAg seroclearance mitigates
the risk of liver-related adverse clinical outcomes
such as HCC, cirrhosis, and liver failure.l71°
However, studies of clinical outcomes following
HBsAg loss have yielded inconsistent results,!>
thereby precluding definitive conclusions regard-
ing the potential benefits of HBsAg loss on HCC
oncogenesis.

Yoo et al.?20 reported that HBsAg seroclearance
lowered the incidence of post-hepatectomy late
recurrence (LR) of HBV-related HCC. However,
whether HBsAg seroclearance improves progno-
sis remains controversial.?1-23 In this study, we
aimed to explore whether tumor characteristics
differ between HBsAg-serocleared and HBsAg-
seropositive HCC patients, to identify risk fac-
tors associated with postoperative recurrence
after curative hepatectomy in HBsAg-serocleared
HCC patients, and to determine whether this

special entity cohort experiences better clinical
outcomes, including less frequent recurrence
and improved post-recurrence survival (PRS)
and OS.

Materials and methods

Study design and population

The source population included 2184 consecu-
tive patients undergoing initial hepatectomy indi-
cated for HCC in the First Hospital Affiliated
with Hunan Normal University, Hunan Provincial
People’s Hospital from January 2010 through
December 2022. HBsAg-serocleared HCC
patients were identified from our prospectively
constructed HCC database. Clinicopathologic
characteristics and clinical outcomes were com-
pared with those of HBsAg-seropositive HCC
patients during the same study period. This study
is a segment of our series studies on HCC.2425

Exclusion criteria were: (a) histopathologic diag-
nosis other than HCC; (b) hepatectomy indicated
for recurrent HCC; (c¢) incomplete clinicopatho-
logic or follow-up data. The criteria for curative
hepatectomy of HCC used in our center were
complete excision of all tumor nodules and no
involvement of any major branch of the hepatic or
portal veins, no gross hepatic vein or bile duct
tumor thrombi, extrahepatic spread, and/or
metastases; and negative surgical margins.24325

This study was conducted in compliance with the
1964 Helsinki Declaration and its subsequent
amendments or comparable ethical standards.
The study protocol was authorized by the
Institutional Review Board of The First Hospital
Affiliated with Hunan Normal University, Hunan
Provincial People’s Hospital (approval no. [2024]-
131). Patient privacy was safeguarded, and all
data were anonymized or stored to maintain con-
fidentiality. The reporting of this study conforms
to the STORE statement (see Supplemental File).

Preoperative evaluation

Demographic and clinicopathological data were
obtained after hospitalization. The most recent
preoperative imaging and laboratory findings
were utilized for the preoperative evaluation.
HBsAg seroclearance was defined as the loss of
HBs antigenemia documented by multiple tests
over a duration of at least 6 months and through-
out ensuing follow-up wuntil final analysis,
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irrespective of anti-HBs antibody status and
whether the loss of HBs antigenemia occurred
spontaneously or followed anti-HBV therapy.!3

Surgical therapies
Details of surgical therapy have been reported
previously.2%25> HCCs were excised by open or
laparoscopic hepatectomy conducted by senior
hepatic surgeons.

Tumor characteristics, staging, and

pathological examination

Resected tumors were staged by the Barcelona
Clinic Liver Cancer?® and the Hong Kong Liver
Cancer (HKLC) systems.2” Tumor characteristics
(size and number, encapsulation, differentiation,
microvascular invasion (MVI),2® and immunohis-
tochemical markers) and surgical margin status
were obtained from pathology reports. Tumor dif-
ferentiation was assessed using the Edmondson—
Steiner classification.? Noncancerous hepatic
parenchymal specimens obtained far from the
tumor were graded for inflammation (G0-G4)
and fibrosis (80-S4) according to the Scheuer
scoring system.3° Fibrosis was scored as either
SO0-1 (absent or mild), S2 (significant), S3
(severe), or S4 (early cirrhosis). Inflammation was
appraised as either GO (absent), G1 (mild without
necrosis), or G2—4 (mild-moderate to severe).
Two experienced pathologists who were blinded
to clinical data evaluated tissue specimens inde-
pendently. Discordant results were adjudicated by
consensus.

Postoperative recurrence and treatment

Postoperative recurrence of HCC was diag-
nosed as described previously.?%2> The date,
site (intrahepatic and/or extrahepatic), size,
and number of lesions were documented.
Recurrences at <2 or >2years post-hepatec-
tomy were labeled as early or late recurrences
(ER and LR), respectively. Recurrent HCC was
treated with sole or combined therapeutic
modalities that included re-resection or metas-
tasectomy, radiation, microwave ablation, tran-
scatheter arterial chemoembolization (TACE),
targeted drug + immunotherapy, etc.

Follow-up
All enrollees underwent telephone follow-up or
clinical re-examinations. Follow-up investigations

comprised liver function tests; quantitative
HBsAg, HBV-DNA, and serum alpha fetoprotein
levels; and imaging (ultrasonography, enhanced
computed tomography (CT), or magnetic reso-
nance imaging (MRI)) conducted at 3-month
intervals during the first 2years and at 6-month
intervals thereafter. Follow-up was continued
until HCC recurrence or death from any cause.
Results were censored on March 31, 2023. DFS
was characterized as the timespan between the
dates of surgery and the diagnosis of recurrence.
PRS was determined as the timespan between
tumor recurrence and either death or last follow-
up. OS was the interval between surgery and either
death or last follow-up. Information regarding
deaths was acquired from the families of the
decedents.

Statistical analyses

Continuous variables were displayed as median
and range and compared by using the Mann—
Whitney test. Categorical variables were recorded
as frequencies and percentages and compared by
either the Wilcoxon rank sum test, Chi-square
test, or Fisher exact test as appropriate. Kaplan—
Meier and Nelson—Aalen cumulative risk curves
were used to compare DFS, PRS, and OS
between HBsAg-seropositive and HBsAg-
serocleared group (log-rank test). The primary
endpoints—centrally assessed DFS, post-opera-
tive recurrence time, PRS, and OS—were used to
compare the prognosis between the two groups
based on Landmark analysis at 12, 24, 36, 48,
and 60months after curative liver resection.
Time-dependent covariate Cox proportional-haz-
ard regression analysis was utilized to distinguish
factors linked to ER and LR in HBsAg-serocleared
patients post-curative hepatectomy. Significant
(p<0.05) predictors identified by univariate
analysis underwent multivariate analysis utilizing
the backward stepwise method (threshold
$<0.05). Respective 95% confidence intervals
(CIs) and hazard ratios were determined. All sta-
tistical analyses (which yielded two-tailed values)
were conducted using SPSS software (version
23.0; IBM Corporation, Armonk, NY, USA). A
value of p<0.05 indicated significance.

Results
Demographic and clinicopathologic features

Patient characteristics are presented in Table 1.
Of the 2184 participants, 339 (15.5%) were
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Table 1. Clinicopathological characteristics of the entire cohort (n=2184).
Characteristic (n=2184) HBsAg-seropositive (n=1845) HBsAg-serocleared (n=339) p
N (%) or median (range) N (%) or median (range)
Gender 0.1322
Women (292) 238 (12.9) 54 (15.9)
Men (1892) 1607 (87.1) 285 (84.0]
Age =65 [years) 0.0002
Yes (444) 313(17.0) 131 (38.6)
No (1740) 1532 (83.0) 208 (61.4)
Hepatitis diagnosis (years) 0.0000
<5 (839) 606 (32.8) 233 (68.7)
5-10(179) 170 (9.2) 9(2.7)
10-20 (393) 370 (20.1) 23 (6.8)
=20 (773) 699 (37.9) 74 (21.8)
Past antiviral therapy 0.0002
No (1908) 1585 (85.9) 323 (95.3)
Yes (276) 260 (14.1) 16 (4.7)
Antiviral therapy duration (years) (n=276) 0.6100
<1(50) 48 (18.5) 2(12.5)
1-5 (146) 137 (52.7) 9 (56.3)
5-10 (70) 66 (25.4) 4 (25.0)
=10(10) 9(3.5) 1(6.3)
Past antiviral drugs (n=276) 0.1722
Interferon (9) 7(2.7) 2(12.5)
Lamivudine (11) 10 (3.8) 1(6.3)
Entecavir (228) 215 (82.7) 13 (81.3)
Adefovir dipivoxil (19) 19 (7.3) 0 (0)
Tenofovir disoproxil (9) 9 (3.5) 0 (0)
HBsAb (+] 0.0002
No (1940) 1768 (95.8) 172 (50.7)
Yes (244) 77 (4.2) 167 (49.3)
HBeAg (+) 0.000¢
No (2016) 1677 (90.9) 339 (100.0)
Yes (168) 168 (9.1) 0(0)
[Continued]
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Table 1. (Continued)

Characteristic (n=2184) HBsAg-seropositive (n=1845) HBsAg-serocleared (n=339) p
N (%) or median (range) N (%) or median (range)

HbeAb (+]) 0.0002
No (534) 400 (21.7) 134 (39.5)
Yes (1650) 1445 (78.3) 205 (60.5)

HBcADb (+) 0.0012
No (138) 103 (5.6) 35(10.3)
Yes (2046) 1742 (94.4) 304 (89.7)

HBV-DNA < 1001U/mL 0.0002
No (1266) 1244 (67.4) 22 (6.5)
Yes (918) 601 (32.6) 317 (93.5)

Anti-HCV (+) 0.0002
No (2087) 1784 (96.7) 303 (89.4)
Yes (97) 61(3.3) 36 (10.6)

Family history 0.717¢
No (2169) 1833 (99.3) 336 (99.1)
Yes (15) 12 (0.7) 3(0.9)

Tumor MD (cm]) 0.046P
<2 (157) 139 (7.5) 18(5.3)
2-5(838] 717 (38.9) 121 (35.7)
=5 (1189) 989 (53.6) 200 (59.0)

Tumor number 0.545b
1(1598) 1347 (73.0) 251 (74.0)
2 (264) 217 (11.8) 47(13.9)
3(57) 52 (2.8) 5(1.5)
=4 (265) 229 (12.4) 36 (10.6)

Tumor location 0.4342
Left (490) 414 (22.4) 76 (22.4)
Right (1507) 1267 (68.7) 240 (70.8)
Bilobar (187) 164 (8.9) 23 (6.8)

With SR 0.1262
No (1981) 1666 (90.3) 315 (92.9)
Yes (203) 179 (9.7) 24.(7.1)

(Continued)]
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Table 1. (Continued)
Characteristic (n=2184) HBsAg-seropositive (n=1845) HBsAg-serocleared (n=339) p
N (%) or median (range) N (%) or median (range)
Child-Pugh grade 0.0672
A (2109) 1776 (96.3) 333(98.2)
B (75) 69 (3.7) 6(1.8)
PVTT 0.9462
None (1980) 1673 (90.7) 307 (90.6)
Yes (204) 172(9.3) 32 (9.4)
BDTT 0.810°
None (2115) 1786 (96.8) 329 (97.1)
Yes (69) 59 (3.2) 10 (2.9)
HVTT 0.4382
No (2118) 1787 (96.9) 331 (97.6)
Yes (66) 58 (3.1 8 (2.4)
IVCTT 0.498¢
No (2167) 1829 (99.1) 338(99.7)
Yes (17) 16 (0.9) 1(0.3)
BCLC stage 0.5320
0(101) 86 (4.7) 15 (4.4)
A (1354) 1136 (61.6) 218 (64.3)
B (366) 316 (17.1) 50 (14.7)
C (363) 307 (16.6) 56 (16.5)
HKLC stage 0.534b
1 (890) 759 (41.1) 131 (38.4)
lla (23) 21 (1.1) 2(0.6)
b (769) 639 (34.6) 130 (38.3)
llla (14) 12(0.7) 2(0.6)
l11b (454) 388 (21.0) 66(19.5)
IVa (31) 24(1.3) 7(2.0)
IVb (3) 2(0.1) 1(0.3)
AFP (ug/L) 0.039®
<20 (876) 723 (39.2) 153 (45.1)
20-400 (617) 526 (28.5) 91 (26.8)
>400 (691) 596 (32.3) 95 (28.0)
[Continued]
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Table 1. (Continued)

Characteristic (n=2184) HBsAg-seropositive (n=1845) HBsAg-serocleared (n=339) p
N (%) or median (range) N (%) or median (range)
Operation type 0.570¢
Hepatectomy (2179) 1841 (99.8) 338(99.7)
LT (5) 4(0.2) 1(0.3)
Hepatectomy approach (excluding LT, n="5) 0.0052
Open (1119) 969 (52.6) 150 (44.1)
Laparoscopic (1060) 872 (47.4) 188 (55.3)
Hepatectomy extent (excluding LT, n=5) 0.296b
Wedge resection (527) 450 (24.4) 77 (22.8)
Sub-segment (92) 76 (4.1) 16 (4.7)
1 segment (314) 269 (14.6) 45 (13.3)
2 segments (622) 527 (28.6) 95 (28.1)
3 segments (280) 234 (12.7) 46 (13.6)
4 segments (332) 276 (15.0) 56 (16.6)
=5 segments (12) 9(0.5) 3(0.9)
Resectional distance (excluding LT, n=5) 0.533b
=2 (497) 418 (22.7) 79 (23.4)
1-2(412) 358 (19.4) 54 (16.0)
<1 (1270) 1065 (57.8) 205 (60.7)
Positive resectional margin (excluding LT, n=5) 0.5982
No (2153) 1820 (98.9) 333 (98.5)
Yes (26) 21(1.1) 5(1.5)
Edmondson-Steiner grade 0.000®
1(59) 49 (2.7) 10(2.9)
Il (744) 598 (32.4) 146 (43.1)
111(1219) 1057 (57.3) 162 (47.8)
IV (162) 141 (7.6) 21(6.2)
Background liver inflammation grade 0.000°®
G1(120) 95 (5.1) 25 (7.4)
G2 (1369) 1130 (61.2) 239 (70.6)
G3(611) 543 (29.4) 68 (20.0)
G4 (84) 77 (4.2) 7(2.1)
(Continued)]
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Table 1. (Continued)
Characteristic (n=2184) HBsAg-seropositive (n=1845) HBsAg-serocleared (n=339) p
N (%) or median (range) N (%) or median (range)
Background liver fibrosis stage 0.000°
S1(108) 78 (4.2) 30(8.8)
S2 (861) 688 (37.3) 173 (51.0)
S3 (583 510 (27.6) 73(21.5)
S4 (632) 569 (30.8) 63(18.6)
MVI 0.065°
M0 (1031) 855 (46.3) 176 (51.9)
M1 (684) 586 (31.8] 98 (28.9)
M2 (469) 404 (21.9) 65(19.2)

aPearson y?2.
bWilcoxon rank sum.
cFisher’s exact.
dMann-Whitney U test.

AFP, alpha fetoprotein; BCLC, Barcelona Clinic Liver Cancer; BDTT, bile duct tumor thrombosis; HBsAg, hepatitis B surface antigen; HBV, hepatitis
B virus; HCV, hepatitis C virus; HKLC, Hong Kong Liver Cancer; HVTT, hepatic vein tumor thrombosis; IVCTT, inferior vena cava tumor thrombosis;
LT, liver transplantation; MD, maximum diameter; MVI, microvascular invasion; PVTT, portal vein tumor thrombosis; SR, spontaneous rupture.

HBsAg serocleared, while 1845 (84.5%) were
HBsAg-seropositive. Male predominance was
similar between both groups (HBsAg-seropositive
group: 87.1%; HBsAg-serocleared group:
84.1%). HBsAg-serocleared participants were
older than HBsAg-seropositive patients (median
ages 62.0 and 53.0years, respectively). After set-
ting the age cutoff point at 65years, the preva-
lence of =65year-old individuals in the
HBsAg-serocleared group (38.6%) still exceeds
that of the HBsAg-positive patients (17.0%)
(Table 1). In the HBsAg-serocleared group,
among patients aged =65years, 87.0% (114/131)
were men and 13.0% (17/131) were women; in
patients aged <65years, 82.2% (171/208) were
men and 17.8% (37/208) were women.

A total of 75.7% (1396/1845) HBsAg-seropositive
and 92.3% (313/339) HBsAg-serocleared patients
had documented histories of past HBV infection.
About 24.3% (449/1845) patients in the HBsAg-
seropositive group and 7.7% (26/339) in the
HBsAg-serocleared group received first diagnosis
of HBV infection on this admission. About 14.1%
(260/1845) cases in the HBsAg-seropositive
group received prior antiviral therapy, in contrast

to only 4.7% (16/339) in the HBsAg-serocleared
group, indicating that 95.3% had not received
antiviral treatment and that the rate of spontane-
ous clearance was high. Entecavir was the most
frequently used antiviral agent in both groups.
Other drugs were used sporadically, including
adefovir, lamivudine, tenofovir disoproxil fuma-
rate, and interferon. Antiviral regimens and treat-
ment durations of the two groups were similar.
Highly variable antiviral treatment regimens,
durations, and treatment endpoints were observed
in both groups, reflecting arbitrary practices and
insufficient emphasis on standardized HBV treat-
ment protocols in real-life Chinese clinical prac-
tice. Antiviral treatment time cutoffs were similar
between the two groups, suggesting that either
patients were unaware of the hazards of HBV and
treatment noncompliance, or that individual phy-
sicians had widely varying understandings of the
management of HBV infection.

About 93.5% of HBsAg-serocleared patients
exhibited undetectable HBV-DNA levels (HBV-
DNA <100IU/mL, lower limit of detection
in our center) and 6.5% featured detectable
levels (HBV-DNA = 1001U/mL). In contrast, in
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HBsAg-seropositive group, 601 (32.6%) patients
exhibited undetectable HBV-DNA levels and
only 43.3% (260/601) of them had received prior
antiviral treatment.

A higher HBsAb (+) rate was observed in the
HBsAg-serocleared than in the HBsAg-
seropositive group (49.3% vs 4.2%, respectively).
The HBsAg-seropositive group displayed a higher
HBeAb (+) and HBcAb (+) (78.3%, 94.4%,
respectively) than the HBsAg-serocleared group
(60.5%, 89.7%, respectively). One HBeAg (+)
case was identified in the HBsAg-serocleared
group. HCV coinfection was more prevalent in
the HBsAg-serocleared group than in the HBsAg-
seropositive group (10.6% vs 3.3%, respectively).

Tumor characteristics were comparable between
two groups, with the only difference being tumor
Edmondson—Steiner grade (»p=0.000).
Background liver parenchyma inflammation
grades G1 and G2, and liver fibrosis stages S1
and S2 were significantly more prevalent in the
HBsAg-serocleared group. Most surgery-related
factors were comparable between the two groups,
except for hepatectomy approach due to more
laparoscopic hepatectomy adopted in recent
years.

Notably, 0.6% (2/339) in the HBsAg-serocleared
group experienced HBsAg reactivation during
postoperative follow-up (Table 2), and 0.3%
(5/1845) HBsAg-seropositive patients exhibited
HBsAg seroclearance during postoperative fol-
low-up (Table 3). In this study, we observed a
significantly lower rate of postoperative HBsAg
seroclearance than that reported in a previous
study (6.8%, 172/2520).20

Prognoses of HCC in curative hepatectomy-
treated HBsAg-seropositive and HBsAg-
serocleared patients

According to our curative hepatectomy crite-
ria,2%?> we excluded patients with: (a) liver
transplantation (HBsAg-seropositive: n=4,
HBsAg-serocleared: n=1); (b) portal vein tumoral
thrombosis and/or bile duct tumoral thrombosis
and/or hepatic vein tumoral thrombosis and/or
inferior vena cava tumoral thrombosis (HBsAg-
seropositive: n=222, HBsAg-serocleared: n=38);
(c) positive resection margin (HBsAg-seropositive:
n=21, HBsAg-serocleared: n=5); (d) postopera-
tive 90-day mortality (HBsAg-seropositive: =16,
HBsAg-serocleared: n=4). Ultimately, 1582

HBsAg-seropositive cases and 291 HBsAg-
serocleared cases were included in further
analysis of clinical outcomes following curative
hepatectomy.

At the conclusion of the follow-up, HCC recurred
in 67 (23.0%) HBsAg-serocleared patients and
547 (34.6%) HBsAg-seropositive patients
(p=0.000, Figure 1(a), Table 4). ER rate in the
HBsAg-serocleared group was 16.2% lower than
that of the HBsAg-seropositive participants
(26.3%; p=0.000, Table 4). The two groups
exhibited comparable LR rates of 8.3% in the
HBsAg-seropositive group versus 6.9% in the
HBsAg-serocleared group (p=0.418, Table 4)
(Figure 1(b)—(f)). Recurrence rates after 5 post-
operative years (very LR) were similar; 1.4%
(22/1582) in HBsAg-seropositive group versus
1.7% (5/291) in the HBsAg-serocleared group
(p=0.667, Table 4).

Median DFS was similar (12.3months in the
HBsAg-seropositive group vs 12.8 months in the
HBsAg-serocleared group) (log-rank test,
¥?=0.999, p=0.318, Table 4, Figure 2(a)).
Cumulative DFS rates at 1, 2, 3, 4, and 5years
were 48.6%, 30.9%, 37.1%, 19.4%, 11.5%, and
6.9% in HBsAg-seropositive participants and
45.4%, 28.5%, 16.5%, 11.7%, and 6.5% in the
HBsAg-serocleared group, respectively (p=0.308,
0.416, 0.244, 0.930, 0.823) (Figure 2(b)—(f)).
The median PRS was 17.4months in the HBsAg-
seropositive group and 13.0months in HBsAg
seroclearance group (log-rank test, x2=1.995,
p=0.158, Table 4, Figure 3(a)). The landmark
analysis of PRS at different time intervals is shown
in Figure 3(b)—(f). There were no intergroup dif-
ferences in recurrence site or post-recurrence
treatment modalities (Table 4).

The median OS was 28.7 months in the HBsAg-
seropositive group and 26.0months in the
HBsAg-serocleared group  (log-rank  test,
¥?>=0.031, p=0.860, Table 4, Figure 4(a)).
Cumulative OS rates at 1, 2, and 3years were
61.9%, 43.4%, and 27.9% in HBsAg-serocleared
group and 53.3%, 36.1%, and 21.6% in the
HBsAg-seropositive group, respectively
(p=0.007,0.019, 0.020, Table 4). The landmark
analysis of OS at different time intervals is shown
in Figure 4(b)—(d). Cumulative OS rates at 4 and
5years were 16.6% and 10.6% in HBsAg-
seropositive patients and 14.8% and 9.3% in the
HBsAg-serocleared group, respectively (p=0.433,
0.511, Table 4, Figure 4(e) and (f)).
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Figure 1. Nelson-Aalen cumulative hazard estimates of postoperative recurrence. (a) Summary of the

risk of recurrence. (b) Landmark at 12 months of postoperative recurrence. (c] Landmark at 24 months of
postoperative recurrence. (d] Landmark at 36 months of postoperative recurrence. (e) Landmark at 48 months
of postoperative recurrence. (f) Landmark at 60 months of postoperative recurrence.

Risk factors for recurrence in curative
hepatectomy-treated HBsAg-serocleared

HCC patients

ER and LR were associated with five and four fac-
tors, respectively, by univariate analysis (Table 5).
Multivariate analysis showed the association of
HKIC stage and MVI with ER (Table 6), and the
association of y-glutamyl transpeptidase and neutro-
phil to lymphocyte ratio (NLR) with LR (Table 7).

Discussion

Up to now, few studies have addressed HCC
characteristics in HBsAg-serocleared patients
and the potential clinical benefits of HBsAg
loss on prognosis after curative hepatectomy.
Our current study evaluated complex HCC
characteristics and was representative of real-
life situations compared to previous study
focused on early-stage (BCLC stage 0 or A)
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Table 4. Postoperative prognosis after curative hepatectomy between HBsAg-seropositive and HBsAg-serocleared groups.

Factors HBsAg-seropositive HBsAg-serocleared p
(N=1582) (%) (N=291) (%)

1-year DFS 0.3082
No (972) 813 (51.4) 159 (54.6)
Yes (901) 769 (48.6) 132 (45.4)

2-year DFS 0.4162
No (1301) 1093 (69.1) 208 (71.5)
Yes (572) 489 (30.9) 83 (28.5)

3-year DFS 0.2442
No (1518) 1275 (80.6) 243 (83.5)
Yes (355) 307 (19.4] 48(16.5)

4-year DFS 0.9302
No (1657) 1400 (88.5) 257 (88.3)
Yes (216) 182 (11.5) 34(11.7)

5-year DFS 0.8232
No (1745) 1473 (93.1) 272 (93.5)
Yes (128) 109 (6.9) 19 (6.5)

DFS (months)P 12.3(3.1-101.5) 12.8 (3.4-114.1) 0.318¢

Recurrence 0.0002
No (1259) 1035 (65.4) 224.(77.0)
Yes (614) 547 (34.6) 67 (23.0)

ER 0.0002
No (1410) 1166 (73.7) 244(83.8)
Yes (463) 416 (26.3) 47(16.2)

LR 0.4182
No (1722) 1451 (91.7) 271 (93.1)
Yes (151) 131 (8.3) 20 (6.9)

Very late recurrence (>5years) 0.667°
No (1846) 1560 (98.6) 286 (98.3)
Yes (27) 22 (1.4) 5(1.7)

HBsAg seroconversion at recurrence 0.109d
No (613) 547 (100) 66 (98.5)
Yes (1) 0 1(1.5)

HBsAg serocleared at recurrence 1.000¢
No (610) 543 (99.3] 67 (100)
Yes (4) 4(0.7) 0 (0]

[Continued]
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Table 4. (Continued)

Factors HBsAg-seropositive HBsAg-serocleared p
(N=1582) (%) (N=291) (%)

Recurrence sites 0.207¢
Intrahepatic (482) 432 (79.0) 50 (74.6)
Extrahepatic (56) 46 (8.4) 10 (14.9)
Intrahepatic + extrahepatic (76) 69 (12.6) 7(10.4)

Post-recurrence treatments 0.507¢
Re-resection (131) 115 (21.0) 16 (23.9)
Microwave ablation (66) 62(11.3) 4(6.0)

TACE +targeted drug +immunotherapy (289) 260 (47.5) 29 (43.3)

Targeted drug + immunotherapy (38) 34.(6.2) 4(6.0)

Radiotherapy (6) 5(0.9) 1(1.5)

Best supportive care (84) 71 (13.0) 13 (19.4)

PRS (months]® 17.4(0.4-101.1) 13.0 (1.5-98.4) 0.158¢

1-year 0S 0.0072
No (738) 739 (46.7) 111 (38.1)
Yes (1135) 843 (53.3) 180 (61.9)

2-year 0S 0.0192
No (1082) 1011 (63.9) 165 (56.7)
Yes (791) 571 (36.1) 126 (43.3)

3-year 0S 0.0202
No (1368) 1240 (78.4) 210 (72.1)
Yes (505) 342 (21.6) 81(27.9)

4-year 0S 0.4332
No (1567) 1319 (83.4) 248 (85.2)
Yes (306) 263 (16.6) 43(14.8)

5-year 0OS 0.5112
No (1679) 1415 (89.4) 264.(90.7)
Yes (194) 167 (10.6) 27(9.3)

0S (months)® 28.7 (3.2-147.3) 26.0 (4.3-141.6) 0.860¢

aPearson y2.
®Median (min-max].
¢Log-rank test.
dFisher’s exact.
eWilcoxon rank sum.

DFS, disease-free survival; ER, early recurrence; HBsAg, hepatitis B surface antigen; LR, late recurrence; OS, overall survival; PRS, post-
recurrence survival; TACE, transcatheter arterial chemoembolization.
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Figure 2. Kaplan-Meier analysis of DFS in HBsAg-seropositive and HBsAg-serocleared groups after curative
hepatectomy. (a] Summary of DFS. (b) Landmark at 12 months of DFS. (c) Landmark at 24 months of DFS.

(d) Landmark at 36 months of DFS. (e) Landmark at 48 months of DFS. (f) Landmark at 60 months of DFS.
DFS, disease-free survival; HBsAg, hepatitis B surface antigen.

HCC.20 Qur study revealed the relationships of report, which associated HBsAg seroclearance
HBsAg seroclearance with ER and LR. Our with a lower incidence of LR after curative
novel findings differed from those of Yoo’s hepatectomy.? Qur previous reports verified
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Figure 3. Kaplan-Meier analysis of PRS in HBsAg-seropositive and HBsAg-serocleared groups after curative
hepatectomy. (a) Summary of PRS. (b) Landmark at 12months of PRS. (c) Landmark at 24 months of PRS.

(d) Landmark at 36 months of PRS. (e] Landmark at 48 months of PRS. (f] Landmark at 60 months of PRS.
HBsAg, hepatitis B surface antigen; PRS, post-recurrence survival.

that HBsAg seroclearance and variables related
to HBV infection (HBsAg quantity, HBV-
related markers, HBV-DNA level, prior antivi-
ral therapy, treatment duration, postoperative
antiviral treatment) were unrelated to postop-
erative ER or LR among HCC patients treated
by curative hepatectomy.?425 The current study
associated similar risk factors with postopera-
tive ER or LR, consistent with our previous
report.?»25 In this study, 50.7% of HBsAg-
serocleared patients did not experience HBsAb

seroconversion, suggesting that anti-HBs sero-
positivity may be unnecessary for HBsAg sero-
clearance. Moreover, high rates of HBcAb
positivity were observed in both the HBsAg-
seropositive and HBsAg-serocleared groups.
HBcAb seropositivity is a key biomarker of
humoral immune response and indicates an
elevated probability of liver-related complica-
tions.3! Consequently, it is understandable that
HBsAg seroclearance may not inevitably
improve the clinical course of HCC.
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Figure 4. Kaplan-Meier analysis of 0OS in HBsAg-seropositive and HBsAg-serocleared groups after curative
hepatectomy. (a) Summary of 0S. (b) Landmark at 12months of 0S. (c) Landmark at 24 months of 0S.
(d) Landmark at 36 months of 0S. (e] Landmark at 48 months of 0S. (f] Landmark at 60 months of 0S.

HBsAg, hepatitis B surface antigen; 0S, overall survival.

This study disclosed a lower ER rate among
HBsAg-serocleared patients, which may be attrib-
uted to better background liver fibrosis stage and
older age, consistent with our previous associa-
tion of the severity of fibrosis and younger age
with an increased risk of postoperative ER.%*
Lower ER rates can reasonably explain better 1,
2, and 3-year OS in the HBsAg-serocleared
group. Comparable LR rates may explain similar
4-, 5-year OS, as our previous study confirmed

that postoperative ER influenced 3-year OS and
that LR affected 5-year OS.25 In this study, the
two groups exhibited comparable LR and very
LR rates; postoperative recurrence sites; post-
recurrence treatment modalities; and median
DFS, PRS, and 4- and 5-year OS. These findings
suggest that HBsAg seroclearance may not confer
clinical benefits that might be anticipated on the-
oretical grounds and should not be considered as
a precondition of better clinical outcomes.
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Table 5. Univariate analysis of postoperative recurrence in HBsAg-serocleared patients.

Factors (n=291) ER (n=47) LR (n=20)
n (%) or median  HR (95% Cl) p n (%) or median HR (95% Cl) p
(range) Value (range) Value
Gender
Men (244) 40 (85.1) 1 17 (85.0) 1
Women (47) 7 (14.9) 0.810 (0.362-1.814)  0.609 3(15.0) 0.982 (0.274-3.525) 0.978

Age =65 (years)
Yes (116) 16 (34.0) 1 7 (35.0) 1
No (175) 31(66.0) 1.093  (0.590-2.026) 0.778 13 (65.0) 1.234  (0.476-3.202) 0.666

Antiviral therapy

None (278) 45 (95.7) 1 0.054 20 (100) - - -

Yes (13) 2(4.3) 0.242  (0.057-1.025) 0 (0) - - -
HbsAb

- (147) 19 (40.4) 1 9 (45.0) 1

1 (144) 28 (59.6) 1.235  (0.686-2.224) 0.482 11 (55.0) 1.237 (0.489-3.131)  0.653
HbeAg

- (291) 47 (100) - - - 20 (100) - - -

+ (0) 0 (0) 0 (0)
HBeAb

- (116) 20 (42.6) 1 9 (45.0) 1

+ (175) 27 (57.4) 1.079  (0.600-1.942) 0.800 11 (55.0) 2.209 (0.864-5.647)  0.098
HBcAb

- (33) 7 (14.9) 1 6 (20.0) 1

+ (258) 40 (85.1) 1.614  (0.720-3.615)  0.245 14 (70.0) 1.266 (0.472-3.394)  0.640
Anti-HCV

- (258) 40 (85.1) 1 20 (100) 1

+(33) 7 (14.9) 2.044  (0.904-4.623) 0.086 0(0) 1.173  (0.431-3.188)  0.755

Tumor MD (cm)

<2(17) 0 (0] - - - 0(0) = = -
2-5(113) 11 (23.4) 1 8 (40.0) 1
>5(161) 36 (76.6) 1.549 (0.786-3.054) 0.206 12 (60.0) 1.481 (0.579-3.787) 0.413

(Continued)
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Table 5. (Continued)
Factors (n=291) ER (n=47) LR (n=20)
n (%) or median HR (95% ClI) p n (%) or median HR (95% ClI) p
(range) Value (range) Value
Tumor number
1(226) 27 (57.4) 1 0.021 18(%0.0) 1
2(37) 10 (21.3) 1.420  (0.684-2.948) 0.347 2(10.0) 1.126 (0.355-3.575]  0.840
3 (5) 2 (4.3) 2.769  (0.647-3.856) 0.170 0 (0) = = =
=4 (23) 8(17.0) 3.403  (1.520-7.622) 0.003 0(0) - - -
Tumor location
Left lobe (61) 12 (25.5) 1 0.070 5(25.0) 1 0.944
Right lobe (212) 29 (61.7) 0.649  (0.329-1.279] 0.212 15(75.0) 1.199 (0.422-3.408)  0.734
Bilobar (18] 6(12.8) 1.738  (0.649-4.655) 0.271 0(0) - - -
BCLC stage
0(14) 0 (0) 0 (0) - - -
A (207) 21 (44.7) 1 0.008 17(85.0) 1 0.788
B (47) 16 (34.0) 0.404  (0.189-0.866] 0.020 1(5.0) 1.648 (0.364-7.459)  0.517
C (23] 10 (21.3) 1.052  (0.476-2.322) 0.901 2(10.0) 2.034 (0.165-25.079) 0.580
HKLC stage
1 (126) 9(19.1) 1 0.014 8(40.0) 1 0.963
A (1) 0 (0) - - - 0 (0) - - -
1B (123) 22 (46.8) 1.356  (0.620-2.963) 0.445 10 (50.0] 2.380 (0.330-17.152) 0.512
A (1) 1(2.1) 1.923  (0.242-5.294) 0.537 0(0) - - -
1B (35) 12 (25.5) 4110  (1.714-9.853)  0.002 2(10.0) 2.622 (0.362-18.992) 0.535
IVA (5) 3(6.4) 1.638  (0.443-6.064) 0.460 0(0) - - -
ALT (U/L) 24.6 (8.1-159.2) 1.001  (0.990-1.013) 0.804 26.5(8.7-107.0) 1.000 (0.984-1.017)  0.961
AST (U/L) 33.3(15.9-162.1)  0.998  (0.989-1.007) 0.597 31.9 (20.1-183.5) 0.996 (0.986-1.006)  0.414
y-GGT (U/L) 59.8 (18.6-454.6)  1.000  (0.998-1.002) 0.781 59.8(17.0-1316.1) 1.004 (1.001-1.007)  0.003
ALBI grade
1(194) 28 (59.6) 1 0.778 14 (70.0) 1 0.999
2 (95) 18 (38.3) 1.228  (0.676-2.233) 0.500 6 (30.0) 1.026 (0.383-2.746)  0.960
3(2) 1(2.1) 1.362  (0.184-10.101) 0.763 0(0) - - -
(Continued)]
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Table 5. (Continued)

Factors (n=291) ER (n=47) LR (n=20)
n (%) or median HR (95% Cl) p n (%) or median HR (95% Cl) p
(range) Value (range) Value

WBC (x107) 5.2 (3.5-10.8) 0.977  (0.850-1.122) 0.738 5.8(3.1-16.0) 0.983 (0.832-1.160) 0.836
NLR 1.8 (1.0-8.0) 0.941 (0.688-1.285) 0.701 2.8(1.3-7.5) 1.200 (1.020-1.412) 0.028
RBC (x1012) 4.5(2.3-6.5) 1.248  (0.807-1.929) 0.319 4.4(3.3-5.4]) 0.360 (0.143-0.906) 0.030
PLT <100 (x10%)

No 44 (93.6) 1 1

Yes 3(6.4) 1.241  (0.384-4.013)  0.719 4.030 (0.831-9.548)  0.084
AFP (ug/L)

0-20(138) 20 (42.6) 1 0.840 7 (35.0) 1 0.151

20-400 (77) 13(27.7) 0.913  (0.451-1.851) 0.801 7(35.0) 0.790 (0.248-2.520) 0.156

400 (75) 14 (29.8) 1.144  (0.573-2.284) 0.703 6 (30.0) 2.479 (0.707-8.690)  0.691
Surgical approach

Open (129) 34 (72.3) 1 17 (85.0) 1

Laparoscopic (162) 13 (27.7) 0.753  (0.291-1.952) 0.560 3(15.0) 0.720 (0.204-2.536) 0.609
Hepatectomy type

Nonanatomic (127) 16 (34.0) 1 12 (60.0) 1

Anatomic (164) 31(66.0) 0.553  (0.301-1.016] 0.056 8 (40.0) 0.962 (0.381-2.429) 0.935
Hepatectomy extent

Wedge (73) 10(21.3) 1 0.214 9 (45.0) 1 0.543

Subsegment (16) 2 (4.3) 1.142  (0.309-4.221) 0.842 1(5.0) 0.575 (0.090-3.656) 0.557

1 segment (41) 3(6.4) 2.300  (0.639-8.275] 0.202 2(10.0) 0.324 (0.040-2.609) 0.289

2 segments (88) 10(21.3) 1.345  (0.375-4.827) 0.649 3(15.0) 0.091 (0.007-1.145) 0.064

3 segments (32) 11 (23.4) 0.740  (0.203-2.691) 0.647 2(10.0) 0.547 (0.110-2.712) 0.460

=4 segments (41)  11(23.4) 0.983  (0.164-5.892) 0.985 3(15.0) 0.917 (0.081-10.396) 0.944
Vascular occlusion 50.0 (10.0-185.0)  1.003  (0.993-1.013) 0.587 42.5(20.0-100.0) 1.003 (0.978-1.029) 0.802
time (min)
:Estli;nated blood loss  300.0 (30.0-1500) 1.000  (0.999-1.001) 0.898 175.0(20.0-2500.0) 1.002 (1.001-1.003) 0.003
m
Intraoperative RBC 0 (0-6) 1.048  (0.890-1.234) 0.655 0 (0-¢) 2.978 (0.996-8.904)  0.051
transfusion (U)
Intraoperative plasma 0 (0-400) 1.001  (0.998-1.003) 0.523 0 (0-400) 1.051 (0.832-1.326)  0.677
transfusion (mL)

(Continued)]
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Table 5. (Continued)
Factors (n=291) ER (n=47) LR (n=20)
n (%) or median HR (95% Cl) p n (%) or median HR (95% Cl) p
(range) Value (range) Value
Resectional margin distance
<1cm (175) 25 (53.2) 1 0.999 10 (50.0) 1 0.914
1-2cm (47) 5(10.6) 1.010  (0.370-2.758) 0.985 2(10.0) 0.893 (0.518-1.541)  0.686
=2cm (69) 17 (36.2) 0.992  (0.531-1.852) 0.979 8(40.0) 0.973 (0.631-1.500)  0.900
Edmondson-Steiner grade
1(9) 1(2.1) 1 0.201 1(5.0) 1 0.075
11(135) 18 (38.3) 0.464  (0.052-4.168] 0.493 13(65.0) 1.868 (0.110-31.837] 0.666
1 {132) 24 (51.1) 0.733  (0.245-2.188] 0.577 5(25.0) 3.060 (0.380-24.654) 0.293
IV (15) 4 (8.5) 1.382  (0.478-3.994) 0.550 1 (5.0) 0.565 (0.057-5.611)  0.626
Background liver inflammation grade
G1(22) 4 (8.5) 1 0.736 00 = = =
G2 (213) 31(66.0) 1.009  (0.668-1.526) 0.965 14(70.0) 1 0.306
G3 (50 12 (25.5) 1.272  (0.693-2.335) 0.437 3(15.0) 0.372 (0.098-1.406)  0.145
G4 (6) 0 (0) - - - 3(15.0) 0.316 (0.059-1.710)  0.181
Background liver fibrosis stage
S1(27) 5(10.6) 1 0.933 2(10.0) 1 0.348
S2 (149) 23 (48.9) 1.125  (0.376-3.366) 0.833 11 (55.0] 1.095 (0.135-8.894)  0.932
S3(63) 10 (21.3) 0.791  (0.363-1.720)  0.553 4 (20.0) 1.813  (0.195-6.890)  0.601
S4 (52) 9(19.1) 1.005  (0.408-2.476) 0.991 3(15.0) 1.327 (0.135-13.001) 0.808
MVI
MO (168] 16 (34.0) 1 0.000 15(75.0) 1 0.554
M1 (85) 14.(29.8) 2.008  (0.968-4.169) 0.061 5(25.0) 1.783 (0.628-5.066)  0.278
M2 (38) 17 (36.2) 4.485  (2.156-9.332) 0.000 0(0) = = =
Ki 67 (%) 20.0 (0-70) 1.016  (1.001-1.032) 0.040 10.0(0-50) 0.989 (0.958-1.022)  0.524
Glypican 3
+(252) 39 (83.0) 1 18 (90.0) 1
- (39) 8(17.0) 0.648  (0.254-1.653) 0.364 2(10.0) 0.583 (0.129-2.640)  0.484
[Continued]
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Table 5. (Continued)

Factors (n=291) ER (n=47) LR (n=20)
n (%) or median HR (95% Cl) p n (%) or median HR (95% Cl) p
(range) Value (range) Value

Postoperative treatment

None (259) 40 (85.1) 1 0.662 19 (95.0) 1

TACE (11) 3(6.4) 0.370 (0.049-2.766) 0.333 1(5.0) 0.857 (0.111-6.609) 0.882
Targeted (8) 1(2.1) 0.434 (0.044-4.278)  0.475 0(0) = = =
Radiotherapy (2] 1(2.1) 0.160 (0.010-2.634) 0.200 0(0) - - -
Immunotherapy (1] 1(2.1) 1.282  (0.079-2.708) 0.861 0(0) = = =
Targeted + 1(2.1) 0.596 (0.037-9.691) 0.716 0(0) - - -

immunotherapy (10)
Postoperative anti-HBV

Yes (33) 6(12.8) 1 3(15.0) 1
No (258) 41(87.2) 1.161  (0.492-2.740) 0.734 17 (85.0) 1.007 (0.285-3.557)  0.991

AFP, alpha fetoprotein; ALBI, albumin-bilirubin; ALT, glutamic pyruvic transaminase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic
Liver Cancer; Cl, confidence interval; ER, early recurrence; y-GGT, y-glutamyl transpeptidase; Hb, hemoglobin; HBsAg, hepatitis B surface antigen;
HBV, hepatitis B virus; HKLC, Hong Kong Liver Cancer; HR, hazard ratio; LR, late recurrence; MD, maximum diameter; MVI, microvascular invasion;
NLR, neutrophil/lymphocyte ratio; 5'-NT, 5’-nucleotidase; PLR, platelet/lymphocyte ratio; PLT, platelet; RBC, red blood cell; TACE, transcatheter
arterial chemoembolization; WBC, white blood cell.

Table 6. Multivariate analysis of ER after curative hepatectomy in HBsAg-serocleared HCC patients.

Factors Beta SE p HR 95% CI
HKLC stage
| 0.089 1
IIB -0.110 0.432 0.799 0.896 0.384 2.090
1A -0.826 1.150 0.473 0.438 0.046 4.173
1B 1.243 0.574 0.030 3.466 1.125 10.682
IVA -0.015 0.854 0.986 0.985 0.185 5.255
MVI
MO 0.014 1
M1 0.471 0.425 0.267 1.602 0.697 3.685
M2 1.317 0.453 0.004 3.734 1.536 9.075

Beta: standardized coefficient.
Cl, confidence interval; ER, early recurrence; HBsAg, hepatitis B surface antigen; HCC, hepatocellular carcinoma; HKLC, Hong Kong Liver Cancer;
HR, hazard ratio; MVI, microvascular invasion; SE, standard error.
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Table 7. Multivariate analysis of LR after curative hepatectomy in HBsAg-serocleared HCC patients.

Factors Beta SE p HR 95% CI
y-GGT (U/L) 0.005 0.002 0.019 1.005 1.001 1.009
NLR 0.211 0.097 0.029 1.235 1.021 1.493

Beta: standardized coefficient.

Cl, confidence interval; y-GGT, y-glutamyl transpeptidase; HBsAg, hepatitis B surface antigen; HCC, hepatocellular
carcinoma; HR, hazard ratio; LR, late recurrence; NLR, neutrophil/lymphocyte ratio; SE, standard error.

Comparable tumor characteristics between the
HBsAg-serocleared and HBsAg-seropositive
groups suggest similar tumor behavior and clini-
cal outcomes in both groups.

The median DFS and OS of patients enrolled in
this study were not satisfied, perhaps because this
population is quite heterogeneous and includes
patients with more advanced cancer than BCLC
0-A. As shown in Table 5, BCLC B and BCLC
C were 16.2% (47/291) and 7.9% (23/291),
respectively, which were excluded from receiving
curative intent surgery based on BCLC guide-
lines (including the latest 2022 updated edi-
tion32). BCLC staging system and its later
updated editions are still restrictive against sur-
gery, limiting the indication of surgery to early
stage only.32:33 However, surgical resection is still
performed by surgeons worldwide, particularly in
Asian countries where the incidence of HCC is
the highest. In real-world practice, the use of LR
for HCCs beyond the BCLC guideline recom-
mendations for LR has been noted worldwide,
including Western centers.3437 We propose that
it is important to sub-classify BCLC B and C
stages since these categories are very broad and
sub-classifications can help in selecting patients
for surgical resections.

In our study population, HBV is still the main
cause of HCC and the difference may contribute
to the differences in DFS and OS. HCC surveil-
lance is advised for HBsAg-serocleared patients,
especially for men with antecedent cirrhosis, and
for those who experience HBsAg seroclearance
after 50years of age.?® However, our study
revealed that HCC incidence in the HBsAg-
serocleared group was distributed across all age
levels (minimum age of 24years in the HBsAg-
serocleared group) and was not restricted to men.
Thus, ongoing HCC surveillance and clinical
management should continue even after HBsAg
seroclearance in patients. Because most asympto-
matic HBV carriers do not seek medical

attention, especially after HBsAg seroclearance,
we strongly suggest that HBsAg-serocleared
patients should still be monitored by using
the surveillance strategy adopted for HBsAg-
seropositive patients.

Clinical benefits of HBsAg seroclearance have
been studied extensively and may include reversal
of HBs antigenemia-driven exhaustion of HBV-
specific cell-mediated and humoral responses.3°
Serum HBsAg level may function as a biomarker
for covalently closed circular DNA (cccDNA)
transcription.!> HBsAg seroclearance may indi-
cate elimination or silencing of the HBV genome
including cccDNA and integrated HBV DNA.
However, because host-integrated HBV genome
and cccDNA may be detected in both HCC and
non-tumorous tissues in most functionally cured
patients,*%-4! the sequelae of HBV genomic inte-
gration could be similar between HBsAg-
seropositive and HBsAg-serocleared HCC
patients.*? From this aspect, HCCs presenting
after HBsAg seroclearance would be expected to
exhibit similar tumor characteristics and behav-
iors as those of HBsAg-seropositive patients, as
demonstrated in this study.

It remains unclear whether restoring HBV-
specific immune responses will improve clinical
outcomes for HCC after HBsAg seroclearance.
An abnormal NLR could be regarded as a crude
indicator of immunopathy. High NLRs suggest
relatively increased neutrophil and/or depleted
lymphocyte counts in circulating blood and
tumor-associated leukocytes and are associated
with low cancer-specific survival due to compro-
mised anti-tumor immune responses.43:44
Circulating lymphocyte subsets of patients with
HBV-related HCC disclose immune exhaustion,
with fewer T cells and upregulated expression of
inhibitory receptors, as well as altered Bcell pop-
ulations.*> HBV-DNA integration also occurs in
peripheral lymphoid cells. T subset phenotypes
of functionally cured individuals differ from
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those of HBsAg-seropositive patients. For exam-
ple, circulating PD-1+CD4+ T cells and
PD-1+CD4+ Tregs were significantly lower
than those of HBsAg-seropositive patients.4?
Tumor-infiltrating immune cell populations
may be altered by the immunosuppressive HCC
microenvironment and may be related to
progression.48

HBsAg recurrence, defined by HBs antigenemia
and/or HBV DNA positivity,!® has been consid-
ered infrequent after HBsAg seroclearance,
because HBsAg seroclearance is generally deemed
to be of long duration, regardless of HBsAb sta-
tus.13:16 In this study, only two HBsAg-serocleared
patients developed HBs antigenemia during post-
operative follow-up, suggesting that HBsAg
recurrence, as a rare postoperative event, maybe
not necessarily increase the risk of HCC recur-
rence or portend a poor prognosis. Although
patients adhered to strict postoperative surveil-
lance, a temporal relationship between recurrent
HBs antigenemia or tumor recurrence could not
be determined.

Among HBsAg-serocleared patients, 6.5% exhib-
ited detectable serum HBV-DNA, a status known
as occult hepatitis B infection (OBI).*® Currently
available HBV DNA assay in our center has a lower
limit of quantitation of <100IU/mL, and the quan-
titative HBsAg assay has a lower limit of detection
of 0.05IU/mL. Restricted by objective conditions,
differentiating HBV functional or complete cure
from OBI would be difficult and beyond current
clinical capabilities. Consequently, the inability to
differentiate functional cure from OBI did not
weaken the reliability of our conclusions, although
we must admit it as a minor flaw of our study.

The strengths of this study include large sample
size, judicious definitions of study variables, and
an extended follow-up duration. Our study evalu-
ated this specific cohort extensively and identified
factors associated with prognosis, thereby filling
an important knowledge gap.

Some limitations of this work must be addressed.
First, retrospective study design may have intro-
duced unavoidable biases and confounding fac-
tors. Second, our study population was Chinese
patients. The results should be validated in other
heterogeneous populations. Third, serum HBcrAg
and quantitative intrahepatic cccDNA and HBV
DNA assays were not routinely conducted. We
must acknowledge that the accumulation of such

data will add knowledge regarding this topic.
Fourth, our study has limited power to detect a
difference in LR between groups and this may be
why the difference was not statistically significant.
Fifth, the decisions about postoperative system-
atic therapy and/or postrecurrence management
strategies adopted were based primarily on exist-
ing guidelines and may have been affected by
patients’ preference for less-invasive treatment
and a lesser financial burden, which may have
introduced bias. In addition, we considered only
primary postoperative recurrence treatment
modalities although some patients received
sequential treatments. The use of multiple and or
sequential treatment modalities may provide addi-
tional benefits and deserve further studies.

Conclusion

HCCs in HBsAg-serocleared and HBsAg-
seropositive patients shared similar tumor charac-
teristics. HBsAg-serocleared HCC patients
treated by curative hepatectomy had better ER
and short-term (<3-year) cumulative OS rates
compared with HBsAg-seropositive counterparts,
while the two groups had similar LR, very LR,
and long-term (4- and 5-year) cumulative OS
rates.
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