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Abstract

Background The impact of viral background on long-term effectiveness of different treatment modalities for recurrent
hepatocellular carcinoma (HCC) was not fully analyzed.

Method Consecutive 726 patients who developed intrahepatic recurrence after primary hepatectomy for HCC between
2008 and 2015 were retrospectively studied. Post-recurrence survival (PRS) and rerecurrence-free survival (R-RFS) and
risk factors were analyzed.

Results After a median follow-up period of 56 months, the 5-year PRS rates of the patients who underwent rehepatectomy,
radiofrequency ablation (RFA), and transarterial chemoembolization (TACE) were 79.4%, 83.0%, and 54.6%, respectively.
The treatment benefit for PRS was consistently observed in patients with hepatitis B virus (HBV) and non-B, non-C sub-
groups, but not hepatitis C virus (HCV). For patients with late recurrence of HCC, R-RFS was superior in HBV subgroup
and HCV subgroup which received antiviral treatment (compared to naive HCV subgroup). Survival difference triaged by
viral status was lost in the counterpart with early recurrence. Overall, RFA improved PRS and R-RFS in patients receiving
antiviral treatment.

Conclusion To achieve long-term survival after HCC recurrence, rehepatectomy and RFA were comparably effective, par-
ticularly among those with HBV. Antiviral treatment complemented survivals of patients with HCV after RFA, particularly
in late first recurrence.

Keywords Hepatocellular carcinoma - Radiofrequency ablation - Recurrence - Rehepatectomy - Transarterial
chemoembolization - Comparative effectiveness - Viral status - Outcome

Introduction

Hepatocellular carcinoma (HCC) is the sixth most com-
monly diagnosed cancer and third leading cause of cancer
death worldwide.' The majority of HCC cases are related
to chronic liver disease, approximately 80% of which are
associated with hepatitis B or C virus (HBV or HCV) world-
wide.? Other non-viral factors, such as nonalcoholic fatty
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liver disease (NAFLD), are becoming increasingly relevant
in the epidemiology of HCC.?

Hepatectomy remains the mainstay of treatment for
resectable HCC in Asian countries, where deceased donor
liver transplantation is limited.* Recurrence of HCC is com-
mon: 60% to 80% of patients develop recurrence within 5
years,? 80% of whom develop intrahepatic recurrence.’ Intra-
hepatic recurrence can be categorized as early recurrence
(< 1 year or 2 years), resulting from micrometastasis, and late
recurrence (> 1-2 years), which results from de novo carcino-
genesis.’” To date, no effective adjuvant therapies that provide
survival benefit for HCC patients have been developed, and
molecular testing for prognosis after hepatectomy remains
suboptimal.® Recurrence management strategies are based
on each patient’s recurrence pattern and liver function, and
the treatment algorithm applied is the same as for primary
HCC.’ Recently, the Barcelona Clinic Liver Cancer (BCLC)
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guidelines were updated to integrate the concept of treatment
stage migration, which accounts for the possibility of tumor
downstaging after initial management.'® Effective local treat-
ments for recurrent HCC, including rehepatectomy, radiofre-
quency ablation (RFA), and transarterial chemoembolization
(TACE), can improve patients’ chances of long-term survival
and downstaging.

The implications of the complexity of the effects of viral
hepatitis on the liver and the unique immune landscapes and
tumor microenvironments of patients’ livers for the potential
effectiveness of immunotherapies have inspired extensive
research.!! With emerging combinations of immunotherapy
and targeted therapy and the identification of accurate prog-
nostic markers, HCC management strategies have advanced
considerably.

Previously, we analyzed the short-term survival out-
comes among patients who receive different treatments for
recurrent HCC after primary hepatectomy;'? the survival
rates of the patients who underwent rehepatectomy and
RFA were higher than those who underwent TACE and
similar to those who underwent primary resection without
recurrence. Although the survival outcomes in patients with
recurrent HCC have improved over the years, the potential
relationships between survival outcomes and liver back-
ground among patients with recurrent HCC have not been
thoroughly researched.

We aimed to investigate the comparative effectiveness of
treatment modalities for recurrent HCC and their interrela-
tionship with viral status, together considering oncological
characteristics, in the long term after recurrence. Specifi-
cally, we analyzed the long-term survival and recurrence
outcomes in patients treated for recurrent intrahepatic HCC
after primary hepatectomy and their potential relationship
with liver background.

Methods
Patients

We retrospectively reviewed the data of consecutive Taiwan-
ese patients who underwent primary hepatectomy for HCC
at the National Taiwan University Hospital between January
2008 and December 2015. Patients who developed recur-
rence before the end of the follow-up period in July 2021
were included in this study. We reviewed and compared the
treatments the patients received for recurrent HCC as well as
the patients’ viral hepatitis profiles. This study was approved
by the Ethics Committee of the National Taiwan University
Hospital (202111080RINB) in accordance with all relevant
guidelines.

Antiviral Treatment Policy for HBV and HCV

Since the nationwide reimbursement program of antiviral
therapy for patients with HBV were launched in 2003, inter-
feron and nucleotide analogue—based therapies were given
for patients with cirrhosis, chronic hepatitis B (high serum
HBV DNA >20,000 IU/mL and >2000 IU/mL for hepatitis
B e antigen (HBeAg)-negative patients), and a persistently
elevated serum alanine aminotransferase (ALT) level (>2
times upper normal limit) for non-cirrhotic patients,'>!> or
after curative treatment for HCC. Patients with anti-HCV
seropositivity were evaluated for interferon therapy (with
ribavirin) if observed to have elevated serum ALT levels and
no hepatic decompensation since 2003 and for direct-acting
agents (DAAs) if presence of HCV viremia regardless of liver
fibrosis status and genotype since 2017 can be observed.'*!>

Primary Hepatectomy, Follow-Up, and Recurrence
Management

All the patients had undergone hepatectomy for primary HCC;
the treatment strategy and procedures were as previously
described.'®!” Each treatment decision was audited by a mul-
tidisciplinary liver tumor board in cases of newly diagnosed
or recurrent HCC.'®

The patients were followed regularly after primary hepa-
tectomy. The patients’ laboratory data (liver function panels
and alpha fetoprotein (AFP) levels) and abdominal ultrasound
images were collected and reviewed every 3 months. Addi-
tional imaging studies (dynamic contrast computed tomogra-
phy or magnetic resonance imaging) were arranged in cases
of suspected recurrence. Tumor recurrence was defined as the
appearance of a new lesion detected through imaging with
a typical radiological pattern of HCC. Early recurrence was
defined as recurrence within 12 months after treatment for
primary or recurrent HCC."

When intrahepatic recurrence developed, manage-
ment strategy and decision making were the same as
those used in the treatment of primary HCC, as previously
described.”?%2! First, patients were evaluated for operative
rehepatectomy. The evaluation protocol and selection criteria
have been described in a previous report.?’ Patients whose
recurrent HCC lesions were not more than 5 cm in diameter
and accessible for percutaneous RFA and in whom rehepa-
tectomy would be risky were treated with RFA.’ Patients who
did not fulfill the aforementioned criteria underwent TACE if
the serum total bilirubin level was <2 mg/dL.’

Variables

We collected each patient’s data, including their age at
primary hepatectomy, sex, family history of HCC, viral
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hepatitis profile (HBV, positive for hepatitis B surface anti-
gen (HBsAg); HCV, positive for anti-HCV antibodies; HBV
and HCV, or non-B, non-C), and laboratory data and tumor
characteristics, including serum albumin and total bilirubin
levels, albumin—bilirubin (ALBI) score,?? indocyanine green
retention rate at 15 min after administration (ICG-R15),
serum AFP levels, type of hepatectomy (major or minimally
invasive), and tumor characteristics (number, largest tumor
diameter, lobular distribution, tumor differentiation, patho-
logical microvascular invasion, free margin, presence of
liver cirrhosis, and fit to University of San Francisco (UCSF)
criteria), at primary HCC diagnosis and at recurrence.

Survival Outcomes

The primary outcomes were post-recurrence survival (PRS)
and rerecurrence-free survival (R-RFS) after diagnosis of
first HCC recurrence. PRS was calculated from the time
of first HCC recurrence to death or end of follow-up (July
2021), and R-RFS was calculated from the time of first HCC
recurrence to the time of second recurrence. The patients
were categorized according to the treatment they received
for recurrent HCC, their viral profiles, and whether they
developed rerecurrence after first recurrence.

Statistical Analyses

Categorical data are presented herein as counts and percent-
ages; continuous data are expressed as means with standard
deviations. Statistical comparisons for significance were
performed using the chi-square test or Fisher’s exact test,
as appropriate. PRS and R-RFS were measured using the
Kaplan—Meier method and compared using a log-rank test.
Cox’s proportional hazards model was used for multivariate
analysis to identify significant prognostic factors. The uni-
variate and multivariate hazard ratios (HRs) for risk factors
for PRS and R-RFS were determined and are herein reported
with 95% Cls. Sensitivity analysis was employed to patients
with HCC recurrence within USCEF criteria. All variables
with P values of <0.10 were included in the final multivari-
ate model. A P value of <0.05 was considered significant.
All the statistical analyses were performed using SPSS v.26
(IBM, Armonk, NY, USA).

Results

Demographic Characteristics

A total of 1619 consecutive patients underwent primary
hepatectomy for HCC. Among them, 952 developed HCC

recurrence, and 667 did not. Among the patients with recur-
rence, 152 (16%) developed extrahepatic recurrence (88 of
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which developed concurrent intrahepatic recurrence), and
800 (84.0%) developed intrahepatic recurrence (Fig. 1A).
Patients who received systemic therapy (n = 17) and sup-
portive care (n = 57) for intrahepatic recurrence were
excluded. Seven hundred and twenty-six patients (76.3%)
underwent rehepatectomy (n = 107), RFA (n = 387), or
TACE (n = 232) for recurrent HCC and were further ana-
lyzed (Fig. 1B).

The clinicopathological characteristics of the 726 patients
are summarized in Tables 1 and 2. The mean age at primary
HCC diagnosis was 61.5 + 11.8 years. Most (75.1%) of the
patients were men. Regarding hepatitis viral infection status,
433 (59.6%) of patients had HBV, 153 (21.1%) had HCV, 30
(4.1%) had HBV and HCV, and 110 (15.2%) were non-B,
non-C. Nearly half (48.8%) of the patients had liver cirrho-
sis, and 256 (35.3%) had AFP > 100 ng/mL. The mean ALBI
score and ICG R-15 were —3.04 and 11.3%, respectively.
The mean primary HCC tumor size was 4.8 + 3.8 cm. Most
of the tumors were within the UCSF criteria (70.9%) and had
high pathological grades (>2; 67.8%).

Among the patients, 258 (35.5%) developed early recur-
rence, 317 (43.7%) had multiple tumors, and 163 (22.5%)
had R-AFP > 100 ng/mL. Most (77.7%) recurrent HCC
tumors were within the UCSF criteria. The mean recurrent
tumor size, R-ALBI score, and R-ICG R-15 were 2.6 + 1.8
cm, —2.84, and 10.8%, respectively. After receiving treat-
ment for HCC recurrence, 506 (69.7%) patients developed
intrahepatic rerecurrence.

Treatments for Intrahepatic HCC Recurrence

Table 1 presents a comparison of the 3 treatment groups
(with 107, 387, and 232 patients in the rehepatectomy, RFA,
and TACE groups, respectively). The patients who under-
went rehepatectomy were generally younger. The patients
who underwent RFA generally had higher ICG R-15 values
at both primary HCC diagnosis and first recurrence and had
smaller recurrent tumors. Most of the patients who under-
went rehepatectomy (93.5%) and RFA (94.3%) had recurrent
tumors within the UCSF criteria.

Compared with the rehepatectomy and RFA groups, the
TACE group had a larger primary tumor and larger pro-
portions of patients with multiple tumors, tumors beyond
the UCSF criteria, and microvascular invasion, and a larger
proportion had undergone major hepatectomy for primary
HCC. Compared with the rehepatectomy and RFA groups,
at first recurrence, the TACE group had higher total serum
bilirubin, lower serum albumin, and a higher ALBI score
and number of recurrent tumors as well as greater propor-
tions of patients with AFP > 100 ng/mL, multiple and bilat-
eral tumors, and tumors beyond the UCSF criteria. Most of
the patients in the TACE group (211/232, 91%) developed
intrahepatic rerecurrence (all P < 0.05).



Journal of Gastrointestinal Surgery (2023) 27:1594-1610

1597

(A)

Patients received hepatectomy for HCC during 2008-2015 (n = 1619)

Patients with recurrence (n = 952)

No recurrence (n = 667)
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(n = 800)

Systemic or local therapy (n = 17)
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intrahepatic recurrence (n = 726)
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Fig. 1 Patient selection (A, B) and survivals after first recurrence (C,
D). A Flowchart and B Sankey diagram of development of first hepa-
tocellular carcinoma (HCC) recurrence and subsequent rerecurrence
after primary hepatectomy. Survival curves comparing post-recur-

Extrahepatic recurrence 152

Supportive care (n = 57)

Extrahepatic recurrence

Supportive/systemic treatment 74 50

Second intrahepatic recurrence 506

No rerecurrence 164

No recurrence

667

rence survival (PRS) (C) and rerecurrence-free survival (R-RFS) (D)
of patients who underwent rehepatectomy, radiofrequency ablation
(RFA), and transarterial chemoembolization (TACE) for first HCC
recurrence
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Table 1 Demographics and baseline characteristics of patients who underwent rehepatectomy, radiofrequency ablation, or transarterial chem-
oembolization for recurrent hepatocellular carcinoma

Total (n = 726) Rehepatectomy(n = 107) RFA (n=387) TACE (n = 232) P value
Age, years 61.5(11.8) 57.7(11.9) 62.2 (11.3) 62.1(12.2) <0.001*
Age > 60 years 437 (60.2) 48 (44.9) 240 (62.0) 149 (64.2) 0.002%*
Sex (M/F) 545/181 85/22 280/107 180/52 0.182
Family history of HCC 147 (20.2) 23 (21.5) 79 (20.4) 45 (19.4) 0.899
Viral hepatitis
HBV 433 (59.6) 72 (67.3) 224 (57.9) 137 (59.1) 0.194
HCV 153 (21.1) 17 (15.9) 90 (23.3) 46 (19.8)
HBV & HCV 30 (4.1) 4(3.7) 20(5.2) 6 (2.6)
Non-B non-C 110 (15.2) 14 (13.1) 53 (13.7) 43 (18.5)
Serum total bilirubin (mg/dL) 0.98 (1.48) 0.93 (0.35) 0.99 (1.94) 0.97 (0.72) 0.916
Serum albumin (g/dL) 4.47 (4.04) 4.43 (0.45) 4.32 (0.50) 4.73 (7.11) 0.481
ALBI score —3.04 (3.43) —3.00 (0.40) —2.91 (0.46) —3.25(6.04) 0.501
ICG R-15 (%) 11.3(8.2) 9.1 (6.0) 12.2.(9.2) 10.8 (7.1) 0.002*
Initial AFP > 100 ng/mL 256 (35.3) 41 (38.3) 127 (32.8) 88 (37.9) 0.337
Liver cirrhosis 354 (48.8) 44 (41.1) 202 (52.3) 108 (46.6) 0.085
Early recurrence 258 (35.5) 24 (22.4) 104 (26.9) 130 (56.0) <0.001*
Primary tumor status
Largest tumor size (cm) 4.8 (3.8) 4.6 (5.9) 4.2 (2.6) 6.1 (3.8) <0.001*
Median tumor number (IQR) 1(1-1) 1(1-1) 1(1-1) 1(1-1) 0.335
Multiple tumors 200 (27.5) 25(23.4) 91 (23.5) 84 (36.2) 0.002*
Bilateral lesions 26 (3.6) 3(2.8) 14 (3.6) 9(3.9) 0.883
Within UCSF criteria 515 (70.9) 89 (83.2) 306 (79.1) 120 (51.7) <0.001*
Satellite tumor 118 (16.3) 11 (10.3) 47 (12.1) 60 (25.9) <0.001*
Pathological grade >2 492 (67.8) 67 (62.6) 258 (66.7) 167 (72.0) 0.183
Microvascular invasion 301 (41.6) 30 (28.0) 149 (38.5) 122 (53.0) <0.001*
Tumor necrosis 160 (26.6) 20 (22.2) 79 (23.8) 61 (34.1) 0.025*
Tumor margin <1 mm 68 (9.4) 6 (5.6) 38 (9.8) 24 (10.3) 0.344
Major hepatectomy 229 (31.5) 25(23.4) 102 (26.4) 102 (44.0) <0.001*
Minimally invasive surgery 75 (10.3) 16 (15.1) 42 (10.9) 17 (7.3) 0.089*
Major complication 12 (1.7) 0 6 (1.6) 6(2.7) 0.199
Recurrent tumor status
Serum total bilirubin (mg/dL) 0.96 (0.97) 0.92 (0.38) 0.86 (0.44) 1.14 (1.58) 0.002%*
Serum albumin (g/dL) 4.24 (0.49) 4.34 (0.51) 4.25 (0.46) 4.16 (0.52) 0.003*
R ALBI score —2.84 (0.45) —2.93(0.43) —2.87(0.42) —2.75(0.49) <0.001%*
RICGR-15 (%) 10.8 (8.8) 10.0 (6.3) 14.8 (14.8) 9.1 9.0) 0.036*
R AFP > 100 ng/mL 163 (22.5) 25 (23.4) 63 (16.1) 75 (32.3) <0.001*
Largest tumor size (cm) 2.6 (1.8) 3.2(1.8) 2.0(0.9) 3.2 (2.6) <0.001*
Median recurrent tumor number (IQR) 1(1-2) 1(1-1) 1(1-2) 3(1-4) <0.001*
Multiple tumors 317 (43.7) 21 (19.6) 127 (32.8) 169 (72.8) <0.001*
Bilateral recurrent lesions 137 (18.9) 3(2.9) 43 (11.1) 91 (39.2) <0.001*
Within UCSF criteria 564 (77.7) 100 (93.5) 365 (94.3) 99 (42.7) <0.001*
Major complication 7 (1.0) 1(0.9) 1(0.3) 52.2) 0.065
Intrahepatic rerecurrence 506 (69.7) 62 (57.9) 255 (65.9) 189 (83.6) <0.001*

Values are presented as percentages

HCC hepatocellular carcinoma, HBV hepatitis B virus, HCV hepatitis C virus, ALBI albumin-bilirubin grade, /CG R-15 indocyanine green
retention rate at 15 min, AFP alpha fetoprotein, UCSF University of San Francisco, /QOR interquartile range

*P < 0.05
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Table 2 Demographics of patients with recurrent HCC, triaged by viral status

HBV (n =433) HCV (n = 153) HBV & HCV (n = 30) Non-B, non-C (n = 110) P value
Age, years (SD) 57.9 (11.8) 67.3 (8.9) 62.9 (8.8) 67.4 (10.4) <0.001%*
Age > 60 years 210 (48.5) 122 (79.7) 19 (63.3) 86 (78.2) <0.001*
Sex (M/F) 349/84 94/59 17/13 85/25 <0.001*
Family history of HCC 102 (23.6) 20 (13.1) 6 (20.0) 19 (17.3) 0.038*
Serum total bilirubin (mg/dL) 0.93 (0.45) 0.93 (0.40) 2.13 (6.79) 0.90 (0.89) <0.001*
Serum albumin (g/dL) 4.39 (0.49) 4.87 (8.73) 4.21(0.47) 4.28 (0.57) 0.570
ALBI score —2.97(0.45) —3.37(7.44) —-2.79 (0.52) —2.90 (0.52) 0.582
ICG R-15 (%) 10.4 (7.6) 14.1 (9.9) 12.5(5.4) 10.4 (7.9) <0.001*
Initial AFP > 100 ng/mL 170 (39.3) 45 (29.4) 7(23.3) 34 (30.9) 0.044*
Liver cirrhosis 219 (50.7) 86 (56.2) 21 (70.0) 28 (25.5) <0.001*
Early recurrence 158 (36.5) 51(33.3) 12 (40.0) 37 (33.6) 0.818
Primary tumor status
Largest tumor size (cm) 5.1(4.2) 3.9 (2.6) 3.6 (2.1) 5.93.4) <0.001*
Multiple tumors 116 (26.8) 44 (28.8) 8 (26.7) 32 (29.1) 0.944
Bilateral lesions 16 (3.7) 3(2.0) 1(3.3) 6(5.5) 0.512
Within UCSF criteria 303 (70.0) 124 (81.0) 26 (86.7) 62 (56.4) <0.001°*
Satellite tumor 69 (15.9) 26 (17.0) 3 (10.0) 20 (18.2) 0.740
Pathological grade >2 289 (66.7) 109 (71.2) 21 (70.0) 73 (66.4) 0.748
Microvascular invasion 186 (43.0) 62 (40.5) 9 (30.0) 44 (40.7) 0.553
Tumor necrosis 99 (28.0) 31 (23.5) 3(13.6) 27 (29.0) 0.366
Tumor margin <1 mm 42 (9.7) 13 (8.5) 1(3.3) 12 (10.9) 0.618
Major complication 6(1.4) 3 (2.0 0 3(2.8) 0.676
Major resection 144 (33.3) 34 (22.2) 5(16.7) 46 (41.8) 0.002%*
Minimally invasive surgery 49 (11.3) 14 (9.2) 2(6.7) 10 (9.1) 0.729
Recurrent tumor status
Serum total bilirubin (mg/dL) 0.98 (1.02) 0.98 (1.02) 0.87 (0.41) 1.00 (1.33) 0.622
Serum albumin (g/dL) 4.31(0.49) 4.10 (0.46) 4.24 (0.37) 4.16 (0.51) <0.001*
ALBI score —2.89(0.45) —-2.73(0.42) —2.85(0.31) —2.79 (0.48) 0.002*
RICGR-15 9.9 (9.0) 13.9 (8.1) 12.3 (10.6) 11.4 (8.5) 0.273
R AFP > 100 ng/mL 96 (22.2) 38 (24.8) 4(13.3) 25 (22.7) 0.581
Largest tumor size (cm) 2.5(1.7) 2.4 (1.7) 2.2 (1.6) 3.1(2.3) <0.001°*
Median tumor number (IQR) 1(1-2) 1(1-2) 1(1-2) 2 (14 0.038*
Multiple tumors 182 (42.0) 67 (43.8) 10 (33.3) 59 (53.6) 0.102
Bilateral lesions 82 (18.9) 28 (18.3) 2(6.7) 25 (22.7) 0.102
Within UCSF criteria 342 (79.0) 122 (79.7) 27 (90.0) 73 (66.4) 0.009*
Rehepatectomy 74 (17.1) 18 (11.8) 4(13.3) 13 (11.8) 0.094
Major complication 3(0.7) 1(0.7) 0 3(2.8) 0.214
Rerecurrence 329 (76.0) 128 (83.7) 25 (83.3) 85 (77.3) 0.219

Values are presented as percentages

HCC hepatocellular carcinoma, HBV hepatitis B virus, HCV hepatitis C virus, ALBI albumin-bilirubin grade, /CG R-15 indocyanine green
retention rate at 15 min, AFP alpha fetoprotein, UCSF University of San Francisco, IQR interquartile range

*P < 0.05

Survival Outcomes (PRS and R-RFS) After

Intrahepatic HCC Recurrence

Over a median follow-up period of 56.0 months, the 5-year
and 10-year PRS rates were 73.8% and 56.5%, respectively.
The 1-year, 3-year, 5-year, and 7-year PRS rates were 98.1%,
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86.6%, 79.4%, and 74.6%, respectively, in the rehepatectomy
group; 98.6%, 90.7%, 83.0%, and 76.1%, respectively, in the
RFA group; and 86.2%, 65.2%, 54.6%, and 49.7%, respectively,
in the TACE group. The PRS rates of the rehepatectomy and
RFA groups did not differ significantly (P = 0.779), and both
were higher than those in the TACE group (P < 0.001, Fig. 1C).
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After treatment for first intrahepatic recurrence, 556
(76.5%) of the patients developed rerecurrence, 506 (91.0%)
and 50 (9.0%) of whom developed intrahepatic and extra-
hepatic rerecurrence, respectively. The median R-RFS
duration was 12.0 months. The 1-year, 3-year, and 5-year
R-RFS rates were 69.3%, 41.9%, and 29.9%, respectively,
in the rehepatectomy group; 64.3%, 34.7%, and 22.1%,
respectively, in the RFA group; and 17.8%, 7.1%, and 3.5%,
respectively, in the TACE group. The R-RFS rates in the
rehepatectomy and RFA groups did not differ significantly
(P =0.107) and were higher than those in the TACE group
(P <0.001, Fig. 1D).

Although the RFA group had higher average age and
more patients with liver cirrhosis, microvascular invasion,
and multiple recurrent tumors compared with the rehepatec-
tomy group, the PRS and R-RFS rates of the groups were
similar. The intrahepatic rerecurrence rates of the rehepa-
tectomy and RFA groups were also comparable (57.9% vs
65.9%, P = 0.300).

Viral Status Stratification and Interrelation
with Treatment Modalities for Intrahepatic HCC
Recurrence

Because patients were regularly followed after recurrence,
flare-up events of hepatitis were rare. Three patients had
HBYV flare-up after HCC recurrence. Two had received inter-
feron treatment before the diagnosis of primary HCC. They
had HCC recurrence 20 months and 28 months after pri-
mary resection and HBV flare-up 16 months and 39 months
after recurrence, respectively. Both died of subsequent liver
failure. The third patient had HBV flare-up 24 months after
recurrence due to discontinuation of entecavir for 3 months.
The episode was subsided after resuming entecavir treat-
ment. No events of death or active hepatitis related to HCV
were documented.

Triaged by viral status, demographics of patients with
recurrent HCC after different treatments are shown in
Table 2. Notably, patients with HBV were younger, more
with family history of HCC and had higher AFP level,
patients with HCV had lower serum albumin and higher
ALBI score when recurrence developed; non-B, non-C
patients had larger initial tumor, and more of them received
primary major resection; when recurrence developed, the
tumor was larger and more presented with multiple tumors
(all P < 0.05). The 5-year PRS rates were comparable in
patients with either HBV or HCV (P = 0.822), while the
R-RFS rates of the patients with HBV were higher than those
with HCV (P = 0.032, Fig. 2A).

The 5-year PRS rates of patients with HBV who under-
went rehepatectomy and RFA were comparable (79.9% vs
86.1%, P = 0.448) and were both higher than those patients

with HBV who underwent TACE (54.3%, P < 0.001, respec-
tively), whereas among the patients with HCV and those
with HBV and HCYV, the parallel significance was lost
among the 3 treatment groups. Among the non-B, non-C
patients, only RFA provided higher 5-year PRS rate than
TACE (71.6% vs 47.1%, P = 0.038, Fig. 2B). The R-RFS
rates of the patients who underwent rehepatectomy and RFA
were higher than those who underwent TACE regardless of
the patients’ viral profiles (all P < 0.05, Fig. 2C).

Comparative Outcomes in Recurrent HCC
Subgroups: HCV with Antiviral Treatment, Naive
HCV, and HBV (as Benchmark Reference)

We tried to determine whether antiviral treatment for HCV
affected survival outcome for recurrence HCC. We identi-
fied 81 patients who received antiviral treatment for HCV
(Supplementary Table S3). These patients who received
antiviral treatment had better PRS and R-RFS than those
without (P < 0.001 and 0.004, respectively) and was
comparable to survival outcomes in patients with HBV
(P =0.095 and 0.931, respectively, Fig. 3A, B). For HCV
patients who received different treatments for recurrent
HCC, although patients who received antiviral treatment
had better PRS and R-RFS in all treatment modalities,
no statistical significance was reached except in PRS of
patients who received RFA (P = 0.014) and R-RFS (bor-
derline significance) (P = 0.52) (Fig. 3C-E).

Risk Factor Analysis

We analyzed the patients’ demographic and clinical data at
primary HCC diagnosis and first recurrence to identify prog-
nostic factors for PRS and R-RFS (Table 3). A multivariate
analysis including risk factors that were significant in the
univariate analysis (full panels of risk factors in Supplemen-
tary Table S1) revealed that early recurrence (PRS: HR =
1.926,95% CI = 1.287-2.882; R-RFS: HR = 1.262, 95% CI
= 1.011-1.576), high ALBI grades at recurrence (PRS: HR
=2.572,95% CI = 1.737-3.810; R-RFS: HR = 1.724, 95%
CI = 1.374-2.163), and recurrent tumors beyond the UCSF
criteria (PRS: HR = 1.964, 95% CI = 1.189-3.257; R-RFS:
HR = 2.558, 95% CI = 1.859-3.509) were risk factors for
both poor PRS and R-RFS. Male sex (PRS: HR = 2.033, 95%
CI = 1.262-3.276) was a significant risk factor for poor PRS,
and multiple recurrent tumors (R-RFS: HR = 1.557, 95% CI
= 1.227-1.975), the largest recurrent tumor >3 cm in diam-
eter (R-RFS: HR = 1.329, 95% CI = 1.040-1.696), and AFP
> 100 ng/mL at recurrence (R-RFS: HR = 1.434, 95% CI =
1.116-1.843) were risk factors for poor R-RFS. Regarding
treatment for recurrent HCC, RFA was a protective factor for
both PRS and R-RFS, and rehepatectomy was a protective
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Fig.2 Survivals (PRS and R-RFS) in HBV or HCV patients with HCC
recurrenceafter primary resection (A). Survival curves comparing PRS
(B) and R-RFS (C) ofpatients who underwent rehepatectomy, RFA,
and TACE for first HCC recurrence,stratified by viral status (i.e., HBV,

factor for R-RFS. Other factors, such as age, family history
of HCC, HBV and HCV status, ALBI grade, liver cirrhosis,
major hepatectomy, and primary HCC tumor characteristics,
were not significant predictors of PRS or R-RFS.

Viral Background in Late Recurrence After Primary
Hepatectomy: R-RFS (HBV > HCV)

We investigated whether the differential effect of HBV
and HCV on the PRS and R-RFS was associated with late
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Time (years)

HCV, HBV&HCYV, and non-B, non-C). HBV,hepatitis B virus; HCC,
hepatocellular carcinoma; HCV, hepatitis C virus; PRS,post-recurrence
survival; RFA, radiofrequency ablation; R-RFS,rerecurrence-free sur-
vival; TACE, transarterial chemoembolization

recurrence after primary hepatectomy (demographics shown
in Supplementary Table S2). The 1-year, 3-year, and 5-year
R-RFS rates were 66.7%, 37.5%, and 26.0%, respectively, in
the HBV group (n = 275) and were 61.3%, 24.5%, and 6.9%,
respectively, in the HCV group (n = 102). The R-RFS rates
of the patients who developed late recurrence were higher
among those with HBV and lower among those with HCV
(Fig. 4A). This difference was not noted among those who
developed early recurrence.
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Fig.2 (continued)

The 1-year, 3-year, and 5-year PRS rates were 100%,
91.8%, and 84.5%, respectively, in the HBV group and
were 98.9%, 91.1%, and 83.7%, respectively, in the HCV
group. No significant difference in PRS was identified
regarding HBV or HCV status.

Furthermore, survival outcomes for HCV patients who
developed early and late recurrence were compared. For
patients who developed late recurrence, patients receiv-
ing antiviral treatment had better PRS and R-RFS out-
comes than those without antiviral treatment (P = 0.020
and 0.041, respectively; Fig. 4B). In patients with early
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recurrence, no significant difference in PRS and R-RFS was
identified regardless of receiving antiviral treatment or not.

Sensitivity Analysis for HCC Within UCSF Criteria

To evaluate the treatment effectiveness with balanced tumor
burden, we performed sensitivity analysis, comparing the
three treatment groups of patients with recurrent HCC status
within UCSF criteria. The survival benefits (PRS and R-RFS)
of rehepatectomy and RFA over TACE were consistent (Sup-
plementary Fig. S1).
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Fig.3 Comparative outcomes in patients with HCV with or with-
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post-resection HCC recurrence. PRSand RFS of patients with HCV

Discussion

Our study revealed four main findings. First, rehepatectomy
and RFA are equal as treatments for recurrent HCC with
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with or without antiviral treatment who underwentrehepatectomy (C),
RFA (D), or TACE (E) for recurrent HCC after post-resectionHCC
recurrence

long-term effectiveness. Second, early recurrence, recur-
rent tumor status, and ALBI grade were identified as key
prognostic factors for HCC rerecurrence. Third, for the
patients with HBV and non-B, non-C, rehepatectomy and
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Table 3 Univariate and multivariate analyses of post-recurrence survival and recurrence-free survival among patients with recurrent hepatocel-
lular carcinoma (HCC) after primary hepatectomy

PRS R-RFS
Univariate Multivariate Univariate Multivariate
HR (95% CI) Pvalue HR (95% CI) Pvalue HR (95% CI) Pvalue HR (95% CI) P value
Rehepatectomy 0.346 <0.001* 0.913 0.784 0.253 <0.001* 0.454 <0.001*
(0.215-0.557) (0.477-1.749) (0.193-0.333) (0.315-0.655)
RFA 0.313 <0.001* 0.629 0.048*  0.312 <0.001* 0.570 <0.001*
(0.226-0.433) (0.397-0.997) (0.260-0.375) (0.435-0.747)
TACE Ref Ref Ref Ref
Sex (male) 1.833 0.004*  2.033 0.004*  1.164 0.124
(1.215-2.764) (1.262-3.276) (0.959-1.413)
Early recurrence ~ 2.735 <0.001* 1.926 0.001*  2.109 <0.001* 1.262 0.040*
(2.022-3.699) (1.287-2.882) (1.781-2.498) (1.011-1.576)
Recurrence ALBI  2.315 <0.001* 2.572 <0.001* 1.721 <0.001* 1.724 <0.001%*
grade (> 1) (1.663-3.221) (1.737-3.810) (1.415-2.092) (1.374-2.163)
R beyond UCSF  4.167 <0.001* 1.964 0.008*  4.902 <0.001* 2.558 <0.001*
criteria (3.058-5.681) (1.189-3.257) (4.032-5.988) (1.859-3.509)
R multiple tumors  2.389 <0.001* 1.226 0.381 2.652 <0.001* 0.642 <0.001%*
(1.761-3.240) (0.777-1.934) (2.241-3.138) (0.506-0.815)
R tumor diameter  2.273 <0.001* 1.241 0.321 1.767 <0.001* 1.329 0.023*
>3 cm (1.646-3.138) (0.810-1.903) (1.464-2.132) (1.040-1.696)
R AFP > 100 1.755 0.001*  1.190 0411 1.777 <0.001* 1.434 0.005%*

(1.259-2.446)

(0.786-1.801)

(1.467-2.154)

(1.116-1.843)

AFP alpha fetoprotein, ALBI albumin-bilirubin score, PRS post-recurrence survival, R-RF'S rerecurrence-free survival, UCSF University of San

Francisco

RFA provided greater PRS and R-RFS than TACE. In HCV
patients who received RFA for HCC recurrence, antiviral
treatment was associated with improved PRS. Lastly, for
patients with late recurrence, R-RFS was better in subgroups
of HBV and HCV patients who received antiviral treatment
than naive HCV patients. Survival difference triaged by viral
status was lost in the counterpart of early recurrence.

Management of recurrent HCC after primary resection
is complex, involving multidisciplinary teams and various
treatment options,”? including rehepatectomy, RFA, TACE,
and liver transplantation. The 5-year post-recurrence sur-
vival rates of patients who undergo such treatments range
from 13.8 to 70%,*° with a median R-RFS duration of
12 months.?® Our study included patients with intrahe-
patic recurrence amenable to aggressive treatment, and the
5-year survival rates of the patients were higher than those
in previous studies.>**’ In addition, the patients in the RFA
and rehepatectomy groups had equal PRS and R-RFS rates
regardless of their viral statuses. This observation remained
consistent in patients with small tumor (<3 cm) (data not
shown). These findings proved that RFA serves as a reliable
treatment for recurrent HCC, providing equivalent survival
outcomes for small recurrent HCC tumors.”28-3¢

Several prognostic factors for post-recurrence survival
have been identified in previous studies, including early
recurrence, an AFP level >400 ng/mL, and primary HCC
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beyond the BCLC criteria.>?*3! In the present study, treat-
ments received for recurrent tumors, early recurrence,
ALBI grades of recurrent tumors, AFP level, and primary
tumor status were identified as prognostic factors for PRS
and R-RFS. ALBI has been validated as a useful prognostic
factor for survival among patients with HCC*>* and has
been used alone or integrated into prognostic models for
the prediction of early recurrence after hepatectomy.*>** In
the present study, ALBI grade at the time of recurrence was
identified to be a prognostic factor for PRS and R-RFS after
treatment for recurrent HCC, suggesting its usefulness for
predicting the treatment responses of patients with recurrent
HCC as well.

Our study analyzed the efficacy of different therapeutic
treatments with different viral backgrounds for recurrent
HCC after curative hepatectomy. Patients with HBV and
HCYV could behave much differently as far as recurrence
and likelihood of concomitant cirrhosis. Prior studies had
demonstrated that among patients who developed primary
HCC with different viral backgrounds, patients with HCV
had poorer survival outcomes, compared with those with
HBYV or non-B, non-C, which was associated with a higher
rate of late recurrence due possibly to multicentric hepa-
tocarcinogenesis.*>*® Therefore, the rationale to compare
outcomes of HCC with different viral backgrounds seems
valid. Consistently, outcome of HCC recurrence was better
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Fig.4 Late recurrence after primary resection for HCC and post-
recurrencesurvivals (PRS and R-RFS). (A) HBV and HCV. (B) HCV
with or without antiviraltreatment.Abbreviations: HBV, hepatitis B

in our HBV patients, which could further be a benchmark
reference subgroup in comparative outcome of treating
HCC recurrence.

virus; HCC,hepatocellular carcinoma; HCV, hepatitis C virus; PRS,
post-recurrencesurvival; R-RFS, rerecurrence-free survival

Singal et al. *” had demonstrated DAA reduced mortality
in patients with prior treated HCC (with unclear primary
or recurrence status). Anti-HCV treatment has become an
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indispensable element in managing HCV-HCC with the
benefit of reducing HCC recurrence and improved liver
profile.*® We acknowledge that the study is largely from an
era before curative HCV therapy with a high rate of suc-
cess using DAA. Nevertheless, the risk of HCC recurrence
could be decreased but not eliminated, and post-recurrence
outcome may still be affected by different treatment modali-
ties. Moreover, post-recurrence outcome after treatment is
not exactly “clock reset” back to that of primary HCC and
warrants further studies.?” Our study showed that rehepatec-
tomy and RFA were less beneficial than TACE in PRS for
patients with HCV. For patients with late HCC recurrence,
R-RFS was better in subgroups of HBV and HCV patients
who received antiviral treatment than naive HCV patients.
For patients with early recurrence, antiviral treatment had
less impact on survival outcome. Late recurrence was asso-
ciated with de novo HCC tumorigenesis in the remnant
liver, wherein liver reserve may be of greater importance in
long-term outcomes.>® Patients with HBV generally received
antiviral medication after primary resection,'®*’ which
reduces the risk of HCC recurrence, as HBsAg seroclear-
ance reduced the risk of recurrence following hepatec-
tomy.*! Antiviral treatment for HCV provided better PRS
and R-RFS among those who developed late recurrence,
which may be related to therapeutic benefit of improved
liver reserve after viral eradication.*> Our results contrib-
ute to literature that with antiviral treatment for HCV, these
patients could achieve comparable oncological outcomes to
those patients with HBV.

Non-B, non-C patients, who comprised of 15.2% of our
cohort, have been increasing in the past few years** and
exhibit distinctive HCC patterns that require attention.***> A
recent study revealed that patients with NAFLD-related
HCC were older, more likely to have metabolic comorbidi-
ties, and less likely to have liver cirrhosis than those HCC
deriving from viral causes and were therefore less likely to
receive early surveillance and diagnosis.*®

Remnant liver function and HCC etiology are key fac-
tors influencing the outcomes in patients treated with immu-
notherapy or targeted therapy. As more systemic therapy
options have become available, the survival rates of patients
with advanced HCC have improved.*’ The approval of new
targeted agents and immune checkpoint inhibitors has
facilitated the management of advanced-stage HCC and
increased patients’ chances of tumor downstaging. A meta-
analysis revealed that the effectiveness of immunotherapy
was not affected by viral status, the KEYNOTE-240 and
CheckMate-459 studies revealed no significant association
between HCC etiology and tumor response to immuno-
therapy.*® Nevertheless, patients with viral etiologies may
benefit from checkpoint inhibitor therapy, whereas those
with nonviral etiologies such as NAFLD may not respond
to immunotherapy.*’ Hepatocarcinogenesis has viral and
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nonviral etiologies involving complex interactions between
liver injury, cirrhosis, and immune cells. Further clarifica-
tion of the underlying mechanisms of hepatocarcinogenesis
may help identify patients that may benefit from aggressive
local treatments.

Our study has some limitations. This was a retrospective
study, and the treatments that patients received for primary
and recurrent HCC tumors might have biased the results.

Conclusion

The effectiveness of rehepatectomy and RFA as treatments
for recurrent HCC was mostly equivalent and superior to
TACE. For HBV patients, rehepatectomy and RFA were
protected against rerecurrence. HCV patients who received
antiviral treatment benefited from RFA. Antiviral treatments
improved survival outcomes in both HBV and HCV sub-
groups among patients with late recurrence, but not early
recurrence. Prognostication in treating HCC recurrence after
primary resection was associated with viral status.
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