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Abstract

Background: The therapeutic value of repeat hepatic resection (rHR) or radiofrequency ablation (RFA) for recurrent hepatocellular
carcinoma (HCC) is unknown. This study aimed to investigate the safety and efficacy of rHR or RFA.

Methods: This was a retrospective multicentre study of patients with recurrent HCC within the Milan criteria who underwent rHR or
RFA at nine university hospitals in China and Italy between January 2003 and January 2018. Survival after rHR or RFA was examined
in unadjusted analyses and after propensity score matching (1:1).

Results: Of 847 patients included, 307 and 540 underwent rHR and RFA respectively. Median overall survival was 73.5 and
67.0 months after rHR and RFA respectively (hazard ratio 1.01 (95 per cent c.i. 0.81 to 1.26)). Median recurrence-free survival was lon-
ger after rHR versus RFA (23.6 versus 15.2 months; hazard ratio 0.76 (95 per cent c.i. 0.65 to 0.89)). These results were confirmed after
propensity score matching. RFA was associated with lower morbidity of grade 3 and above (0.6 versus 6.2 per cent; P <0.001) and
shorter hospital stay (8.0 versus 3.0 days, P < 0.001) than rHR.

Conclusion: rHR was associated with longer recurrence-free survival but not overall survival compared with RFA.

Introduction and preservation of liver function and remnant volume. In

Liver cirrhosis related to chronic hepatitis virus infection or alcohol
use is the main risk factor for hepatocellular carcinoma (HCC). The
treatment choice for HCC is based on tumour staging and careful
evaluation of liver function and physical status’™. Based on official
guidelines™™, hepatic resection is the best treatment for patients
with single HCC or tumours within Milan criteria®. Additional de-
ciding factors include patient performance status, co-morbidities

contrast, radiofrequency ablation (RFA) is the recommended treat-
ment when patients have a single tumour less than 2 cm or two to
three nodules of 3 cm or smaller' , although patients with a single
tumour 2cm or larger and less than 5cm are also candidates for
RFA at many liver centres™®. Sixty per cent of patients with early-
stage HCC develop recurrent disease within 5years after curative
resection or RFA’. The recurrence rate is even higher for patients
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Table 1 Baseline characteristics of included patients with recurrent hepatocellular carcinoma treated with repeat hepatic resection or

radiofrequency ablation (847 patients)

Characteristic Unweighted sample After propensity score matching
rHR (n = 307) RFA (n=540) SMD rHR (n=227) RFA (n=227) SMD

Sex 0.264 0.037
Male 245 (79.8) 482 (89.3) 194 (85.5) 191 (84.1)
Female 62 (20.2) 58 (10.7) 33 (14.5) 36 (15.9)

Age (years) 0.102 0.046
<60 217 (70.7) 356 (65.9) 151 (66.5) 146 (64.3)
>60 90 (29.3) 184 (34.1) 76 (33.5) 81(35.7)

BMI (kg/m?) 0.017 0.079
<18.5 17 (5.5) 32 (5.9) 14 (6.2) 10 (4.4)
>18.5 290 (94.5) 508 (94.1) 213 (93.8) 217 (95.6)

Hepatitis B surface antigen 0.010 0.012
Positive 262 (85.3) 459 (85.0) 193 (85.0) 192 (84.6)
Negative 45 (14.7) 81 (15.0) 34 (15.0) 35 (15.4)

Hepatitis C antibody 0.102 0.065
Positive 27 (8.8) 33 (6.1) 20 (8.8) 16 (7.0)
Negative 280 (91.2) 507 (93.9) 207 (91.2) 211 (93)

a-Fetoprotein (ng/ml) 0.391 0.011
<200 215 (70.0) 464 (85.9) 182 (80.2) 181 (79.7)
>200 92 (30.0) 76 (14.1) 45 (19.8) 46 (20.3)

Platelets (x 10°/1) 0.089 0.046
<100 53(17.3) 112 (20.7) 43 (18.9) 39 (17.2)
>100 254 (82.7) 428 (79.3) 184 (81.1) 188 (82.8)

Total bilirubin (pmol/1) 0.007 0.020
<171 227 (73.9) 401 (74.3) 164 (72.2) 166 (73.1)
>17.1 80 (26.1) 139 (25.7) 63 (27.8) 61(26.9)

Albumin (g/1) 0.047 0.089
<35 27 (8.8) 55 (10.2) 19 (8.4) 25 (11.0)
>35 280 (91.2) 485 (89.8) 208 (91.6) 202 (89.0)

Alanine aminotransferase (U/l) 0.067 0.029
<40 206 (67.1) 379 (70.2) 159 (70.0) 156 (68.7)
>40 101 (32.9) 161 (29.8) 68 (30.0) 71(31.3)

Prothrombin time (s) 0.251 0.018
<13 205 (66.8) 295 (54.6) 145 (63.9) 147 (64.8)
>13 102 (33.2) 245 (45.4) 82 (36.1) 80(35.2)

Child-Pugh liver function 0.053 0.067
A 300 (97.7) 523 (96.9) 222 (97.8) 224 (98.7)
B 7(2.3) 17 (3.7) 5(2.2) 3(1.3)

Liver cirrhosis 0.047 0.009
No 127 (41.4) 236 (43.7) 94 (41.4) 95 (41.9)
Yes 180 (58.6) 304 (56.3) 133 (58.6) 132 (58.1)

Portal hypertension 0.015 0.034
No 246 (80.1) 436 (80.7) 182 (80.2) 185 (81.5)
Yes 61(19.9) 104 (19.3) 45 (19.8) 42 (18.5)

Tumour size (cm) 0.763 0.062
<3 135 (44.0) 425 (78.7) 128 (56.4) 135 (59.5)
>3 172 (56.0) 115 (21.3) 99 (43.6) 92 (40.5)

Tumour number 0.022 0.010
Single 229 (74.6) 408 (75.6) 171 (75.3) 172 (75.8)
Multiple 78 (25.4) 132 (24.4) 56 (24.7) 55 (24.2)

Time to recurrence (months) 0.442 <0.001
<12 80 (26.1) 253 (46.9) 71(31.3) 71(31.3)
>12 227 (73.9) 287 (53.1) 156 (68.7) 156 (68.7)

Values in parentheses are percentages. Standardized mean difference (SMD) of less than 0.1 for a given co-variable indicates a relatively small imbalance. RFA,
radiofrequency ablation; rHR, repeat hepatic resection.

with intermediate or advanced HCC after hepatic resection, for
whom recurrence is a major cause of death®®.

Curative treatment modalities for recurrent HCC include repeat
hepatic resection (rHR), RFA and salvage liver transplantation.
Liver transplantation is limited because of the shortage of donors,
especially in Asia. Therefore, rHR and RFA are the two main cura-
tive treatments for recurrent HCC. Clinical practice guidelines
from Western regions'™ and the Asia-Pacific region'® do not yet
state a preference or recommendation for one or the other for par-
ticular patient subgroups. Recent guidelines from South Korea'!
and India'® and one expert consensus®® do not recommend a spe-
cific treatment for recurrent HCC, although they do recommend

that the appropriate treatment modality should be chosen based
on timing of recurrence, residual liver function, performance sta-
tus, as well as the size, location and number of recurrent tumours.
Comparing outcomes after rHR and RFA may be helpful to identify
the more appropriate treatment for recurrent HCC, particularly
among those with preserved liver function and normal perfor-
mance status who therefore fall within the Milan criteria. These
patients often have better general health status and are usually eli-
gible for rHR or RFA.

Many small retrospective studies have compared the safety
and efficacy of rHR and RFA for patients with recurrent HCC
within Milan criteria, but the results have been divergent*'®,
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Table 2 Postoperative morbidity and death after repeat hepatic resection versus radiofrequency ablation

Repeat hepatic resection (n =307) Radiofrequency ablation (n = 540) P

Morbidity 66 (21.5) 27 (5.0) <0.001
Major morbidity 19 (6.2) 3(0.6) <0.001
Death at 30 days 2(0.7) 3(0.6) 1.000
Complications specified All grades Grade 3,4 0r5 All grades Grade 3,4 0or5

Fever (>38.5°C, >3days) 49 (16.0) 0 (0) 19 (3.5) 0 (0)

Ascites 25 (8.1) ©) 7(1.3) 0(0)

Pleural effusion 16 (5.2) 2.3) 1(0.2) 0 (0)

Liver failure 13 (4.2) (1.0) 3(0.6) 0(0)

Intra-abdominal haemorrhage 6 (1.9) 1.3) 3(0.6) 1(0.2)

Phrenic artery injury and 0 (0) (0) 2(0.4) 2 (0.4)

bleeding

Bile leakage 13 (4.2) 0.3) 0(0) 0(0)

Ileus 5(1.6) (0) 0(0) 0(0)

Wound or puncture-site 12 (3.9) 0.6) 0(0) 0(0)

infection

Subdiaphragmatic abscess 6(1.9) 1(0.3) 0(0) 0(0)

Upper gastrointestinal bleeding 3(1.0) 1(0.3) 2(0.4) 0 (0)
Total complications 148 19 37 3

Values in parentheses are percentages. These data were compared with Pearson’s Chi-square test or Fisher’s exact test.

Moreover, few studies have reported long-term survival after ei-
ther treatment. In this multicentre study, the safety and efficacy
of rHR versus RFA for treating recurrent HCC within Milan criteria
were compared.

Methods

This was a retrospective multicentre study of patients with recur-
rent HCC who were treated with rHR or RFA between 1 January
2003 and 31 January 2018. The period of the initial resection was
between March 2002 and November 2017. Patients were treated
at nine centres located in mainland China (Guangxi Medical
University Cancer Hospital, Nanning; the First Affiliated Hospital
of Guangxi Medical University, Nanning; the People’s Hospital of
Guangxi Zhuang Autonomous Region, Nanning; the Third
Affiliated Hospital of Guangxi Medical University, Nanning; the
First People’s Hospital of Nanning, Nanning; Peking University
School of Oncology, Beijing; Tongji Hospital, Tongji Medical
College, Wuhan), Hong Kong (the Chinese University of Hong
Kong) and Italy (S. Orsola-Malpighi Hospital, University of
Bologna, Bologna). All centres complied with local ethics require-
ments. Research procedures were conducted in accordance with
the Declaration of Helsinki (1975) and its amendments. Due to
the retrospective nature of the study, formal approval of the
study protocol was not required. This study was conducted and
reported the data according to STROBE guidelines.

To be enrolled, patients had to satisfy the following criteria:
hepatic resection as initial curative treatment after HCC diagno-
sis; pathology on initial resected tissue to confirm HCC diagnosis;
clinical diagnosis of recurrent HCC after initial resection, fol-
lowed by either open RO rHR or percutaneous RFA (margin
around the tumour of at least 5mm) as a first-line treatment; re-
current HCC satisfying the Milan criteria, including a solitary
nodule with a diameter of 5cm or less or three or fewer nodules
each 3cm or less in diameter, and no macrovascular invasion or
distant metastasis®; preserved liver function (Child-Pugh score of
7 or less); and an Eastern Cooperative Oncology Group perfor-
mance score of 0 to 1. Patients were still eligible if they received
other treatments for recurrent HCC in conjunction with rHR or

RFA, or if they received any treatments for repeat (second) HCC
recurrence after rHR or RFA.

Patients were excluded if HCC recurred within 1month of the
initial hepatic resection, there was presence of extrahepatic me-
tastasis, or if they received other treatments for recurrent HCC
before rHR or RFA, such as transarterial chemoembolization, sal-
vage liver transplantation or targeted therapy. Patients with
missing survival data were also excluded from the analysis.
Patients who underwent resection with a preoperative diagnosis
of within-Milan recurrence, but were found to have beyond-
Milan recurrence by intraoperative ultrasonography during the
resection or by pathological examination after resection were ex-
cluded.

Interventions and follow-up

All clinical and laboratory parameters were collected retrospec-
tively from patient records. For initial resection and rHR treat-
ment, patients had to have an appropriate future remnant liver
volume, defined as 30 per cent for those without cirrhosis and 50
per cent or more for those with cirrhosis, based on volumetric CT
and/or MRI'®". Histopathology was routinely performed postop-
eratively on liver tissue extracted by resection or rHR to confirm
(recurrent) HCC diagnosis. Diagnosis in the RFA group was con-
firmed based on HCC hallmarks observed with enhanced CT and/
or MRI. Percutaneous RFA was chosen as treatment when the re-
current tumour(s) were located at least 1.0cm away from the
main hepatic veins, vena cava, gallbladder, diaphragm and adja-
cent gastrointestinal tract. In most cases, ultrasound monitoring
was used to guide intraprocedural evaluation of the ablation
zone. Contrast-enhanced ultrasonography, enhanced CT and/or
MRI was performed 2-3 days after RFA if the doctor suspected in-
complete ablation. If residual tumour was present, an additional
session of RFA was performed. In most cases, a personalized ap-
proach was undertaken based on multidisciplinary discussion to
treat an inadequate ablation zone. Patients who satisfied the
indications for both rHR and RFA were treated by RFA unless the
patient requested rHR.

The first patient follow-up occurred 1 month after rHR or RFA,
then once every 2-3 months for 2 years. Thereafter, follow-up vis-
its were scheduled every 6 months. Each follow-up visit included
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Received initial curative hepatic
resection for HCC 2002-2018 n=7178

Excluded n=2859
No HCC recurrence or
v lost to follow-up

HCC recurrence n=4319

Excluded n=3379
Other treatments, no
treatment or missing data

A 4

Treated with rHR or RFA n=940

v v

rHR n=384

- -

Within Milan criteria Within Milan criteria
n=307 n=540

RFA n=556

Fig. 1 Patient-selection process

HCC, hepatocellular carcinoma; RFA, radiofrequency ablation; rHR, repeat
hepatic resection.

measures of liver function, coagulation function and o-fetopro-
tein (AFP), routine blood examination, enhanced CT and/or MRI.
HCC recurrence was diagnosed using the criteria of the European
Association for the Study of the Liver'. Treatment regimen for re-
peat HCC recurrence after rHR or RFA was based on the patient’s
liver function, performance score, tumour size and location, and
number of nodules'**%. Additional therapies were performed on
patients who showed evidence of residual disease on imaging.
Patients who had no residual disease received no adjuvant ther-
apy. Patients with chronic hepatitis B or hepatitis B virus-related
liver cirrhosis received nucleos(t)ide analogue therapy. Patients
with hepatitis C virus-related chronic hepatitis or liver cirrhosis
received direct-acting antiviral therapy. Liver failure was defined
according to the 50-50 criteria on postoperative day 5.

Outcomes

The main outcome was overall survival, defined as the interval
from rHR or RFA to death from any cause or last follow-up. Data
were censored on 30 April 2020 if patients were still alive. Repeat
recurrence-free survival (rRFS) was defined as the interval from
date of rHR or RFA to date of HCC recurrence or death, which
ever occurred earlier, or last follow-up if recurrence did not oc-
cur. Data for rRFS were censored on the date of the last follow-up
(30 April 2020) if patients were still alive without repeat recur-
rence. Repeat recurrence was classified as early (12months or
less) or late (more than 12 months)*°. Complications were defined
using the Clavien-Dindo classification®’. Length of hospital stay
was defined as the number of days from treatment with rHR or
RFA after first HCC recurrence until discharge.

Statistical analysis

Categorical variables were presented as numbers and corre-
sponding percentages. Continuous variables were analysed dif-
ferently depending on whether they showed a normal or skewed
distribution. Clinicopathological parameters were analysed using
a binary model to avoid a possible non-linear effect, then univari-
able analysis was performed. Significant variables (P < 0.050)
were used to generate a multivariable Cox regression model to
identify independent risk factors of rRFS and overall survival.
Only clinicopathological variables with likely clinical effects were
included in the selection. Where appropriate, results were pre-
sented as hazard ratios (HRs) with 95 per cent confidence

intervals. The proportional hazard assumption was checked us-
ing a-In(-In[survival]) graph. Kaplan-Meier survival curves were
plotted for rHR and RFA groups. Median rRFS and overall sur-
vival, HRs and percentages were also calculated for each group at
1-, 3-, and 5-year follow-up. Cumulative rRFS and overall survival
were compared using the log rank test.

Time-to-event competing risk analysis to account for non-
liver-related death and competing risk regression?’ to calculate
the subdistribution HRs of rHR versus RFA for liver-related death
were used. The subdistribution HRs of liver-related death was
calculated from rHR and RFA patients who were followed for the
same length of time. The competing risk regression for rRFS was
also used to adjust for risk of all-cause death before HCC recur-
rence and after initial resection.

To reduce potential confounding of the results based on differ-
ences in baseline characteristics, patients treated with rHR were
matched at a 1:1 ratio with patients treated with RFA based on
propensity score (PS) matching. The PS was generated by a logis-
tic regression that considered the following clinicopathological
variables that might have influenced therapeutic choice and pa-
tient prognosis: sex, age, hepatitis B surface antigen, hepatitis C
antibody positivity, BMI, AFP, platelet count, total bilirubin, se-
rum albumin, serum alanine aminotransferase, prothrombin
time, Child-Pugh liver function, liver cirrhosis, portal hyperten-
sion, tumour size and number, and time to recurrence. Nearest-
neighbour calliper matching without replacement (random order
or closest distance) was used to pair rHR and RFA patients with
similar PS values®*??,

The balance in baseline characteristics between the two
groups was assessed before and after PS weighting and matching
by using the standardized mean difference (SMD), with values of
below 0.1 indicating good balance®*. Time to recurrence was de-
fined as the interval from rHR to the second diagnosis of recur-
rence. Data were managed and analysed using SPSS®, version
20.0 (IBM, Armonk, New York, USA) in conjunction with R® ver-
sion 3.4.0 (The R Foundation, Vienna, Austria). Two-tailed P val-
ues were reported unless otherwise specified. P<0.050 was
considered statistically significant.

Results
Characteristics of the study population

Of 847 (11.8 per cent) patients with recurrent HCC fitting the
Milan criteria, 307 (36.2 per cent) and 540 (63.8 per cent) patients
underwent rHR and RFA respectively (Fig. 1). To check incomplete
ablation 27, four and five patients underwent contrast-enhanced
ultrasonography, enhanced CT and MRI 2-3days after RFA, re-
spectively. Baseline demographic and clinicopathological data
are shown in Table 1. Patients in the rHR group were more often
female, had shorter prothrombin time, more often had AFP of
200ng/ml or above, tumour size 3cm or greater, and time to re-
currence more than 12months (all SMDgreater than0.1). PS
matching generated 227 pairs without significant differences in
baseline variables (Table 1).

Mortality, morbidity and length of hospital stay

In the total population, two patients in the rHR group died within
30days of treatment because of liver failure (1 patient) or intra-
abdominal haemorrhage (1 patient). Three patients died in the
RFA group because of phrenic artery injury and bleeding during
treatment (2 patients) or intra-abdominal haemorrhage (1 pa-
tient). No differences in 30-day mortality rates between the rHR
and RFA groups were observed. Patients in the rHR group had a
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a Total population

100
& 75
®
>
2
2 50
s
o
>
3 25
0 24 48 72 96 120
Time after recurrence (months)
No. at risk
rHR 307 215 117 54 31 9
RFA 540 394 190 57 19 7

C Total population

100
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Repeat recurrence-free survival (%)

Time after recurrence (months)

No. at risk
rHR 307 126 58 20 11 3
RFA 540 179 54 13 4 1

b Propensity score analysis
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2
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Time after recurrence (months)
No. at risk
rHR 225 154 76 39 20 7
RFA 225 163 89 32 8 1

d Propensity score analysis
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= 100

©

>

2

a2 75
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c

o
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§ 25

T

o

&

o 0

Time after recurrence (months)

No. at risk
rHR 227 94 47 17 8 2
RFA 227 76 26 7 2 1

Fig. 2 Cumulative overall and recurrence-free survival of patients with recurrent hepatocellular carcinoma within Milan criteria after repeat hepatic

resection or radiofrequency ablation

Overall survival was calculated for the a total population (P=0.955) or b propensity score matching (P=0.694), repeat recurrence-free survival was calculated for
the c total population (P < 0.001) or d propensity score matching (P < 0.001; all log-rank test). The sample sizes of overall and repeat recurrence-free survival after
propensity score matching were different because one more variable (time to recurrence) had been included in overall survival. rHR, repeat hepatic resection; RFA,

radiofrequency ablation.

higher postoperative morbidity rate (21.5 per cent) than patients
in the RFA group (5.0 per cent, P<0.001). Most complications
were grade [ or II. The most frequent complications in both
groups of patients were fever and ascites (Table 2). In addition,
RFA was associated with lower morbidity of grade 3 and above
(0.6 versus 6.2 per cent; P <0.001) than rHR. Median hospital stay
was longer after rHR versus RFA (8.0 (range, 4.0-22.0) versus 3.0
(range, 1.0-9.0) days, P < 0.001).

In the PS-matched pairs, the rHR and RFA groups had similar
rates of 30-day mortality (0.9 versus 0.4 per cent, P=1.000) and
90-day mortality (0.9 versus 0.9 per cent, P=1.000). rHR was asso-
ciated with higher morbidity compared with RFA (19.0 versus 5.3
per cent, P<0.001). Median length of stay was longer after rHR
than after RFA (P <0.001).

Overall survival

Median follow-up was 54 (range 1-178) months and 49.3 (range
1-156) months (P=0.002) after rHR and RFA respectively. During

follow-up, 128 (41.7 per cent) and 208 (38.5 per cent) patients died
in the rHR and RFA groups respectively. Median overall survival
was 73.5months in the rHR group and 67.0months in the RFA
group (Fig. 2a; HR 1.01 (95 per cent ci. 0.81 to 1.26); P=0.955).
There was no difference in overall survival at 1year (92.1 versus
92.1 per cent), 3years (67.4 versus 71.3 per cent) and 5years (56.4
versus 53.1 per cent). These findings were supported by PS match-
ing (Fig. 2b; HR 1.06 (95 per cent c.i. 0.79 to 1.41); P=0.694). Non-
liver-related death occurred in seven patients (2.3 per cent) in the
rHR group and 15 patients (2.8 per cent) in the RFA group. Fine-
Gray testing led to similar findings (HR 1.04 (95 per cent c.i. 0.83
to 1.30); P=0.781) (Fig. S1a).

Repeat recurrence-free survival

After THR and RFA, 208 (67.8 per cent) and 400 (74.1 per cent)
patients developed repeat HCC recurrence respectively
(P=0.057). Early recurrence (less than 12months) was less fre-
quent after rHR than after RFA (47.6 versus 57.3 per cent,
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P=0.026). Median recurrence-free survival after rHR or RFA was
23.6 versus 15.2 months. rRFS was longer after rHR than after RFA
(Fig.2c; HR 0.76 (95 per cent c.i. 0.65 to 0.89); P<0.001).
Recurrence-free survival rates after rHR and RFA respectively
were 67.4 versus 57.3 per cent at 1year, 37.5 versus 28.1 per cent at
3years, and 25.5 versus 16.0 per cent at 5years. Similar findings
were observed in PS-matched patients (Fig. 2d; HR 0.71 (95 per
cent c.i. 0.57 to 0.88); P < 0.001).

Competing repeat HCC recurrence occurred in 16 patients (5.2
per cent) in the rHR group and 20 patients (3.7 per cent) in the
RFA group. Fine-Gray testing confirmed that patients in the rHR
group had longer rRFS rates than those in the RFA group (HR 0.75
(95 per cent c.i. 0.64 to 0.88); P < 0.001) (Fig. S1b).

Patterns of repeat recurrence and treatments
Although more patients in the RFA group experienced repeat
HCC recurrence than those in the rHR group, the distribution of
intra- and extrahepatic recurrence was not different between the
two groups before PS matching (P=0.930) and after matching
(P=0.618) (Table S1). The majority of patients in the rHR group
(84.1 per cent) and RFA group (85.7 per cent) received treatments
for repeat recurrent HCC (P=0.595). The remaining patients re-
ceived best supportive care. Treatment modalities for repeat re-
current HCC are listed in Table S2. After repeat HCC recurrence,
more patients in the RFA group received one or more subsequent
curative treatment modalities, including rHR, RFA, percutaneous
ethanol injection or orthotopic liver transplantation (55.3 versus
39.4 per cent, P < 0.001) (Table S2).

Univariable and multivariable analysis

Univariable and multivariable analyses for rRFS are shown in
Tables S3 and S4, respectively. Independent predictors of repeat
HCC recurrence included age less than 60 years, AFP 200 ng/ml or
higher, albumin less than 35 g/1, multiple tumours, time to recur-
rence 12months or less, and RFA. Factors independently
influencing overall survival (Table S5) included AFP 200ng/ml or
greater, albumin less than 35 g/1, tumour size 3 cm or larger, time
to recurrence 12 months or less, repeat recurrence, and no treat-
ment for repeat recurrent HCC (Table S6). Similar results were
obtained for PS-matched pairs of patients.

Discussion

Resection and RFA for recurrent HCC within Milan criteria led to
comparable overall survival. Resection was associated with in-
creased postoperative morbidity, longer hospital stay and longer
recurrence-free survival. The postoperative mortality rate was
low in both groups. These findings can be incorporated into fu-
ture revisions of treatment guidelines.

Some of the results in the present study are discordant with
earlier reported studies'®?°~?°. Patients in the RFA group had a
higher rate of early repeat recurrence and lower median rRFS.
This did not translate into shorter overall survival, possibly be-
cause more patients in the RFA group received one or more sub-
sequent curative treatments, in particular subsequent RFA. The
higher rate of early repeat recurrence after RFA may reflect the
incompleteness of percutaneous ablation, despite adequate mon-
itoring with ultrasonography, enhanced CT or MRI and aiming for
a margin of at least 5mm around the tumour®*?. Lachenmayer
and colleagues®® observed that 14.9 per cent of patients had in-
sufficient margins after stereotactic navigation during percutane-
ous CT-guided microwave ablation. Therefore, incomplete

ablation is an important issue of early repeat recurrence. This
mirrors findings in patients with untreated primary HCC.

Multivariable analysis revealed that young age, elevated AFP
level, low albumin level, multiple or larger hepatic metastases,
short disease-free interval, repeat recurrence and no treatment
for repeat recurrent HCC were independent risk factors of rRFS or
overall survival. This is consistent with the findings of other stud-
ies'* ! but suggests that management of recurrent HCC is chal-
lenging. These risk factors and tumour location should be
considered when choosing appropriate treatments for patients
with recurrent HCC. This is especially important for patients in
which both resection and RFA are suitable. Nonetheless, recent
advances in treatment modalities have rendered recurrent HCC a
treatable disease and the possibility of long-term survival has im-
proved. This was reflected by the long median survival in the pre-
sent study.

Limitations of this study included the retrospective design and
long time span. Even with PS matching it is impossible to adjust
completely for selection bias. Additional subsequent treatments
were typically administered for repeat recurrent HCC, and were
likely to influence overall survival. In this study it was impossible
to further unravel the role of specific liver-directed treatments.
No details on the specific site of intrahepatic re-recurrence was
available. A higher intrahepatic re-recurrent rate after RFA than
after resection (37.8 versus 21.7 per cent) has been published pre-
viously™®.

Both resection and RFA are valuable options to treat recurrent
HCC. For individual decision making a higher chance of
recurrence-free survival for resection must be weighed against
favourable short-term outcomes of RFA. Both procedures are
continuously improved. Learning curves for minimally invasive
liver surgery have become insightful®* and it is likely that the pro-
portion of primary HCC resections performed with a minimally
invasive technique will increase further. rHR can be performed
with a minimally invasive technique® and its use will increase if
the proportion of primary HCC resections increases. This may de-
crease postoperative morbidity and impact survival, as complica-
tions have been associated with decreased survival®®. Thermal
ablation procedures, including RFA and microwave ablation
(MWA), also improve. The devices are being developed to produce
ablation zones more reliably. Navigation and ablation confirma-
tion software are also being developed. This may lower the rate
of inaccurate ablations and therefore increase recurrence-free
survival.

Funding

This work was supported by the National Natural Science
Foundation of China (82060510), the China Postdoctoral Science
Foundation (2019M663876XB), ‘Guangxi BaGui Scholars’ Special
Fund (2019AQ20), the Guangxi Natural Science Foundation
(2018GXNSFBA138018 and 2020GXNSFAA159022), the Science
Research and Technology Development Programme of Guangxi
(1355005-3-15), and high-level innovation team and outstanding
scholar programme in Guangxi Colleges and Universities.

Disclosure. The authors declare no conflict of interest.

Supplementary material

Supplementary material is available at BJS online.

202 14dy 0 uo }senb Aq +92G6€9/1 L/1/601/o101e/s[q/Wwoo dnoolwapede//:sdpy woiy papeojumoq


academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znab340#supplementary-data
academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znab340#supplementary-data
academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znab340#supplementary-data
academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znab340#supplementary-data
academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znab340#supplementary-data
academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znab340#supplementary-data
academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znab340#supplementary-data

Zhongetal. | 77

Acknowledgements

J.-H.Z. and B.-C.X. contributed equally to this work. Guarantor of
the article: J.H.Z. J. H.Z. coordinated the multicentric collection of
data and had the original idea, R.R.H. provided statistical analy-
sis, J.H.Z. wrote the manuscript, all the other authors provided
data collection and critically reviewed the manuscript for impor-
tant intellectual content. J.H.Z. accepts direct responsibility for
the manuscript. All authors approved the final version of the
manuscript. Data available on request due to privacy and ethical
restrictions.

References

1.

10.

11.

12.

13.

European Association for the Study of the Liver. EASL Clinical
Practice Guidelines: management of hepatocellular carcinoma.
J Hepatol 2018;69:182-236.

Vogel A, Cervantes A, Chau I, Daniele B, Llovet JM, Meyer T et al.;
ESMO Guidelines Committee. Hepatocellular carcinoma: ESMO
Clinical Practice Guidelines for diagnosis, treatment and follow-
up. Ann Oncol 2018;29:iv238-iv255.

Heimbach JK, Kulik LM, Finn RS, Sirlin CB, Abecassis MM,
Roberts LR et al. AASLD guidelines for the treatment of hepato-
cellular carcinoma. Hepatology 2018;67:358-380.

Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A,
Bozzetti F et al. Liver transplantation for the treatment of small
hepatocellular carcinomas in patients with cirrhosis. N Engl ]
Med 1996;334:693-699.

Chen MS, LiJQ, Zheng Y, Guo RP, Liang HH, Zhang YQ et al. A
prospective randomized trial comparing percutaneous local ab-
lative therapy and partial hepatectomy for small hepatocellular
carcinoma. Ann Surg 2006;243:321-328.

Xu XL, Liu XD, Liang M, Luo BM. Radiofrequency ablation versus
hepatic resection for small hepatocellular carcinoma: system-
atic review of randomized controlled trials with meta-analysis
and trial sequential analysis. Radiology 2018;287:461-472.

Lim KC, Chow PK, Allen JC, Siddiqui FJ, Chan ES, Tan SB.
Systematic review of outcomes of liver resection for early hepa-
tocellular carcinoma within the Milan criteria. BrJ Surg 2012;99:
1622-1629.

ZhongJH, Ke Y, Gong WF, Xiang BD, Ma L, Ye XP et al. Hepatic re-
section associated with good survival for selected patients with
intermediate and advanced-stage hepatocellular carcinoma.
Ann Surg 2014;260:329-340.

ZhongJH, Ke Y, Wang YY, Li LQ. Liver resection for patients with
hepatocellular carcinoma and macrovascular invasion, multi-
ple tumours, or portal hypertension. Gut 2015;64:520-521.
Omata M, Cheng AL, Kokudo N, Kudo M, Lee JM, Jia J et al. Asia-
Pacific clinical practice guidelines on the management of hepa-
tocellular carcinoma: a 2017 update. Hepatol Int 2017;11:
317-370.

Korean Liver Cancer Association (KLCA) and National Cancer
Center (NCC), Korea. 2018 Korean Liver Cancer Association-
National Cancer Center Korea Practice Guidelines for the man-
agement of hepatocellular carcinoma. Gut Liver 2019;13:
227-299.

Kumar A, Acharya SK, Singh SP, Arora A, Dhiman RK, Aggarwal
R et al. 2019 update of Indian National Association for Study of
the Liver Consensus on Prevention, Diagnosis, and Management
of Hepatocellular Carcinoma in India: The Puri I recommenda-
tions. J Clin Exp Hepatol 2020;10:43-80.

Wen T, Jin C, Facciorusso A, Donadon M, Han HS, Mao Y et al;
MDT of West China Hospital. Multidisciplinary management of

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

recurrent and metastatic hepatocellular carcinoma after resec-
tion: an international expert consensus. Hepatobiliary Surg Nutr
2018;7:353-371.

Erridge S, Pucher PH, Markar SR, Malietzis G, Athanasiou T,
Darzi A et al. Meta-analysis of determinants of survival follow-
ing treatment of recurrent hepatocellular carcinoma. Br ] Surg
2017;104:1433-1442.

Wang HL, Mo DC, Zhong JH, Ma L, Wu FX, Xiang BD et al.
Systematic review of treatment strategy for recurrent hepato-
cellular carcinoma: salvage liver transplantation or curative
locoregional therapy. Medicine (Baltimore) 2019;98:€14498.

Wang YY, Xiang BD, Ma L, Zhong JH, Ye JZ, Wang K et al.
Development and validation of a nomogram to preoperatively
estimate post-hepatectomy liver dysfunction risk and long-
term survival in patients with hepatocellular carcinoma. Ann
Surg 2020. doi:10.1097/SLA.0000000000003803.

Chan AWH, Zhong JH, Berhane S, Toyoda H, Cucchetti A, Shi KQ
et al. Development of pre and post-operative models to predict
early recurrence of hepatocellular carcinoma after surgical re-
section.] Hepatol 2018;69:1284-1293.

Balzan S, BelghitiJ, Farges O, Ogata S, Sauvanet A, Delefosse D et
al. The "50-50 criteria" on postoperative day 5: an accurate pre-
dictor of liver failure and death after hepatectomy. Ann Surg
2005;242:824-829.

XiaY, LiJ, Liu G, WangK, Qian G, Lu Z et al. Long-term effects of
repeat hepatectomy vs percutaneous radiofrequency ablation
among patients with recurrent hepatocellular carcinoma: a ran-
domized clinical trial. JAMA Oncol 2020;6:255-263.

Dindo D, Demartines N, Clavien PA. Classification of surgical
complications: a new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann Surg 2004;240:
205-213.

Fine JP, Gray RJ. A proportional hazards model for the subdistri-
bution of a competing risk. ] Am Stat Assoc 1999;94:496-509.
Austin PC. A comparison of 12 algorithms for matching on the
propensity score. Stat Med 2014;33:1057-1069.

McCaffrey DF, Griffin BA, Almirall D, Slaughter ME, Ramchand
R, Burgette LF. A tutorial on propensity score estimation for
multiple treatments using generalized boosted models. Stat Med
2013;32:3388-3414.

Austin PC. Balance diagnostics for comparing the distribution of
baseline covariates between treatment groups in propensity-
score matched samples. Stat Med 2009;28:3083-3107.

Chan AC, Poon RT, Cheung TT, Chok KS, Chan SC, Fan ST et al.
Survival analysis of re-resection versus radiofrequency ablation
for intrahepatic recurrence after hepatectomy for hepatocellu-
lar carcinoma. World ] Surg 2012;36:151-156.

Feng Y, Wu H, Huang DQ, Xu C, Zheng H, Maeda M et al.
Radiofrequency ablation versus repeat resection for recurrent
hepatocellular carcinoma (<5 cm) after initial curative resec-
tion. Eur Radiol 2020;30:6357-6368.

Ho CM, Lee PH, Shau WY, Ho MC, Wu YM, Hu RH. Survival in
patients with recurrent hepatocellular carcinoma after primary
hepatectomy: comparative effectiveness of treatment modali-
ties. Surgery 2012;151:700-709.

Kawano Y, Sasaki A, Kai S, Endo Y, Iwaki K, Uchida H et al.
Prognosis of patients with intrahepatic recurrence after hepatic
resection for hepatocellular carcinoma: a retrospective study.
Eur J Surg Oncol 2009;35:174-179.

Song KD, Lim HK, Rhim H, Lee MW, Kim YS, Lee WJ et al.
Repeated hepatic resection versus radiofrequency ablation for
recurrent hepatocellular carcinoma after hepatic resection: a
propensity score matching study. Radiology 2015;275:599-608.

202 14dy 0 uo }senb Aq +92G6€9/1 L/1/601/o101e/s[q/Wwoo dnoolwapede//:sdpy woiy papeojumoq



78

| BJS, 2022, Vol. 109, No. 1

30.

31.

32.

de Jong KP, Ruiter SS, Pennings JP. Stereotactic image guided mi-
crowave ablation of HCC: a step forward and still a long way to
go. Liver Int 2019;39:1798-1800.

Agopian VG, Harlander-Locke MP, Ruiz RM, Klintmalm GB,
Senguttuvan S, Florman SS et al. Impact of pretransplant
bridging locoregional therapy for patients with hepatocellu-
lar carcinoma within Milan criteria undergoing liver trans-
plantation: analysis of 3601 patients from the US
Multicenter HCC Transplant Consortium. Ann Surg 2017;266:
525-535.

Bale R, Schullian P, Eberle G, Putzer D, Zoller H, Schneeberger S
et al. Stereotactic radiofrequency ablation of hepatocellular car-
cinoma: a histopathological study in explanted livers.
Hepatology 2019;70:840-850.

33.

34.

35.

36.

Lachenmayer A, Tinguely P, Maurer MH, Frehner L, Knopfli M,
Peterhans M et al. Stereotactic image-guided microwave abla-
tion of hepatocellular carcinoma using a computer-assisted
navigation system. Liver Int 2019;39:1975-1985.

Chua D, Syn N, Koh YX, Goh BKP. Learning curves in minimally
invasive hepatectomy: systematic review and meta-regression
analysis. BrJ Surg 2021;108:351-358.

Morise Z, Aldrighetti L, Belli G, Ratti F, Belli A, Cherqui D et al
Laparoscopic repeat liver resection for hepatocellular carcinoma: a
multicentre propensity score-based study. Br] Surg 2020;107:389-895.
Yang T, Liu K, Liu C-F, Zhong Q, Zhang J, Yu J-J et al. Impact of
postoperative infective complications on long-term survival af-
ter liver resection for hepatocellular carcinoma. Br ] Surg 2019;
106:1228-1236.

202 14dy 0 uo }senb Aq +92G6€9/1 L/1/601/o101e/s[q/Wwoo dnoolwapede//:sdpy woiy papeojumoq



