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Background: Whether repeat surgical resection (RSR) or radiofrequency ablation (RFA) is a better option
for recurrent hepatocellular carcinoma (HCC) after resection for primary HCC remains controversial.
This study was to investigate the clinical efficacy of RSR versus RFA in the treatment of recurrent HCC at
Barcelona Clinic Liver Cancer (BCLC) stage 0/A after resection of primary HCC.

Methods: The patients treated by RSR (n=57) or RFA (n=51) for recurrent BCLC stage 0/A HCC in
the Affiliated Hospital of Nantong University and Third Affiliated Hospital of Second Military Medical
University from January 2008 to March 2018 were included. The general condition, clinicopathological
characteristics, and survival were analyzed, and the baseline features and long-term survival were compared
between two groups.

Results: The baseline characteristics were comparable between two groups. The 1-, 3-, and 5-year survival
rates were 96.5%, 80.9%, and 60.6% in RSR group, respectively, and 96.1%, 76.8%, and 59.4% in RFA
group, respectively (P=0.48). The 1-, 3-, and 5-year overall survival (OS) rates after treatment for recurrent
HCC were 78.9%, 50.5%, and 29.7% in RSR group, respectively, and 80.3%, 50.9%, and 26.0% in RFA
group, respectively (P=0.67). The 1-, 3-, and 5-year disease-free survival rates were 68.4%, 39.4%, and
26.6% in RSR group, respectively, and 62.8%, 32.8%, and 20.4% in RFA group, respectively (P=0.55). The
incidence of treatment-related complications was significantly higher in the RSR than in the RFA group
(42.11% vs. 11.76%, P<0.001). The median hospital stay was significantly shorter in the RFA than in the
RSR group (3 vs. 9 days, P<0.001).

Conclusions: RSR and RFA have similar survival benefits in the treatment of recurrent BCLC stage 0/A

HCC. RFA is superior to RSR in terms of hospital stay and incidence of treatment-related complications.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
neoplasm worldwide and the third most common cause of
cancer-related death (1,2). The reported S-year survival rate
of HCC patients ranges from 40% to 50% (3-5), and the
S-year recurrence rate in Eastern and Western countries
ranges from 60% to 80% (6,7). Intrahepatic recurrence is
the most common form of recurrent HCC and reported
in up to 68% to 96% of patients (8). Because of the high
recurrence rate, the long-term survival after hepatectomy
is still unsatisfactory. An effective treatment strategy for
recurrent HCC should prolong the survival of patients
after resection for primary HCC (9). Although guidelines
on the diagnosis and treatment of primary HCC have
been published and up-dated (10,11), no guidelines have
been developed for the management of recurrent HCC.
Strategies for treating primary HCC, including surgical
resection, split liver transplantation (SLT), transcatheter
arterial chemoembolization (TACE) and radiofrequency
ablation (RFA), have been used to treat recurrent HCC.
However, the optimal treatment for recurrent HCC remains
controversial (12). Although SLT may yield the best survival
outcome because it can eliminate tumors and cirrhosis
(13,14), it is often difficult to perform before the disease
progression due to the lack of liver donors and strict patient
selection criteria (15). TACE has also been widely used for
the treatment of HCC recurrence and possesses a definite
inhibitory effect on the residual tumors and tumor cell
dissemination after tumor resection, but the 5-year survival
rate following TACE is still low (0% to 50%) (16,17).
Repeat surgical resection (RSR) is typically considered the
first-line treatment for recurrent HCC (5), but it is complex
and has many severe complications. In addition, only a small
proportion (7-30%) of patients with recurrent HCC are
eligible for RSR because the majority of patients have poor
liver reserve function and/or diffuse intrahepatic recurrence
(18,19). During the past two decades, RFA has been widely
employed as a minimally invasive treatment for various solid
tumors including recurrent HCC (20). Compared with
surgical resection, RFA has many advantages, including
less trauma, high repeatability, rapid recovery, less pain,
and fewer complications. Thus, it has been considered the
best alternative to surgical resection (21). Some studies
have compared the clinical outcomes of RFA versus RSR
for recurrent small HCC (<3 c¢m in tumor diameter or
<3 tumor nodules). The present study was designed to
compare the efficacy of RFA versus RSR in the treatment of
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recurrent Barcelona Clinic Liver Cancer (BCLC) stage 0/A
HCC after resection for primary HCC.

Methods
General data

This retrospective study involved 6,421 patients who
underwent hepatectomy for HCC in the Affiliated
Hospital of Nantong University and Third Affiliated
Hospital of Second Military Medical University and
developed recurrences between January 2008 and March
2018. Among them, 132 patients were diagnosed with
BCLC stage 0/A HCC and underwent RSR or RFA, 24
of whom were lost to follow-up (9 received RSR and
15 received RFA). Finally, 108 patients were included
in the final analysis. Of these, 57 patients underwent
RSR and 51 received RFA. The general characteristics,
clinicopathological features, and survival outcomes of
these patients were retrospectively analyzed.

Follow-up and diagnosis

All patients underwent abdominal computed tomography
(CT) or magnetic resonance imaging (MRI) within
1 month after hepatectomy to confirm complete removal
of the tumor. Detection of serum alpha-fetoprotein (AFP),
liver biochemistry, abdominal ultrasonography, and CT/
MRI were performed once every 3 months. Intrahepatic
recurrence was defined as new lesions on ultrasonography,
CT and/or MRI with or without elevated serum AFP. The
median follow-up time in the RSR group and RFA group
was 41 months (range, 8-75 months) and 39 months (range,
8-78 months), respectively.

Treatment strategies

The inclusion criteria were as follows: (I) patients were
diagnosed with recurrent BCLC stage 0/A HCC after
resection of primary HCC; (II) a single tumor had the
maximum diameter of <5 cm or multiple tumor nodules
(<3) had the largest diameter of <3 cm; (III) there were no
macrovascular invasion and no lymph node or extrahepatic
metastasis; (IV) the patients had good general condition,
Child-Pugh class A/B liver function and no lesions in other
organs; (V) the indocyanine green retention rate at 15 min
(ICG R15) was <10%; (VI) there were no other interventions
such as percutaneous intratumoral ethanol injection or
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Table 1 Characteristics of primary tumors

Characteristic RSR (n=57) RFA (n=51) P value
BCLC stage 0.307

0 7 (12.28) 10 (19.61)

A 49 (85.96) 38 (74.51)

B 1(1.75) 3 (5.88)
Tumor size (cm) 3.3 (2.3 3.4 (2.1) 0.442
Minor/major 0.318
hepatectomy

Minor 45 (78.95) 44 (86.27)

Major 12 (21.05) 7(13.73)
Tumor cell 0.314
differentiation

Well 28 (49.12) 25 (49.02)

Moderate 25 (43.86) 18 (35.29)

Poor 4(7.02) 8 (15.69)

AFP level (ng/mL)  641.82 (386.19) 584.80 (533.20) 0.212

Guidelines for 0.532
diagnosis and

treatment of primary

liver cancer in China

(2017 Edition)

I 56 (98.25) 48 (94.12)

I 1(1.75) 3(5.88)
No. of tumor nodules 1

1 53 (92.98) 48 (94.12)

2-3 3 (5.26) 3(5.88)

>3 1(1.76) 0
Microvascular 0.355
invasion

- 48 (84.21) 46 (90.20)

+ 9 (15.79) 5(9.80)

Data are presented as n (%). RSR, repeat surgical resection;
RFA, radiofrequency ablation; BCLC, Barcelona Clinic Liver
Cancer; AFP, alpha-fetoprotein.

transarterial chemoembolization (TACE); (VII) patients or
their relatives signed the informed consent. The exclusion
criteria were as follows: (I) there was any irreversible hepatic
decompensation or severe portal hypertension such as
massive refractory ascites, jaundice, hepatic encephalopathy,
or moderate/severe esophageal varices; (I) there was severe
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coagulation dysfunction (prothrombin time of <50% and
platelet count of <50x10°/L); (IIT) there was evident vascular
infiltration, cancer-associated thrombosis, or lymph node or
extrahepatic metastasis.

Statistical analysis

Statistical analysis was performed using the SAS 9.4
software (SAS Institute, Cary, NC, USA). The normally
distributed quantitative variables are expressed as mean =
standard deviation, and the intergroup comparisons were
done with 7-test. The abnormally distributed variables
are presented as median = interquartile range, and the
intergroup comparisons were performed with rank sum test.
The qualitative variables are presented with percentages,
and the inter-group comparisons were done with Chi
square test or Fisher’s exact test. The overall survival (OS)
rate was analyzed with the Kaplan-Meier method, and the
difference between two groups was compared with the log-
rank test. Univariate and multivariate Cox proportional
hazards models were employed to analyze the prognostic
factors after recurrence. A value of two-tailed P<0.05 was
considered statistically significant.

Results
Baseline characteristics of primary HCC

Table 1 shows the pathological features and treatments of
primary HCC. The two groups had similar characteristics
with respect to the tumor size, degree of tumor cell
differentiation, number of tumor nodules, microvascular
invasion, BCLC stage (10), and clinical stage of HCC
[according to the Guidelines for the Diagnosis and Treatment
of Primary Liver Cancer in China (2017 edition) (11)]. The
serum AFP level was similar between two groups. Most
patients underwent open surgery and 13 patients underwent
laparoscopic surgery for primary HCC. The number of
patients who underwent minor hepatectomy (removal of
one liver segment) or major hepatectomy (removal of two or
more segments) was also comparable between two groups.

Characteristics of recurrent HCC and patients at recurrence

Table 2 shows the characteristics and liver/kidney functions
of the patients at the time of intrahepatic recurrence.
The age, sex, American Society of Anesthesiologists
grade, body mass index, ICG R15, Child-Pugh class,
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Table 2 Baseline data of patients who developed recurrence after
the first hepatectomy

Characteristic RSR (n=57) RFA (n=51) P value

Age (year) 57.05+12.04 60.26+9.50 0.125
Sex 0.220
F 16 (28.07) 20 (39.22)
M 41 (71.93) 31 (60.78)
BMI 24.34+3.30 25.26+4.37 0.227
ASA 0.417
1 35 (61.40) 27 (562.94)
2 21 (36.84) 21 (41.18)
3 1(1.75) 3 (5.88)
ICG R15 5.0 (1.90) 4.8(1.80) 0.153
Liver cirrhosis (-, +) 0.300
- 18 (31.58) 21 (41.18)
+ 39 (68.42) 30 (58.82)
Portal hypertension (-, +) 0.485
- 39 (68.42) 38 (74.51)
+ 18 (31.58) 13 (25.49)
HBsAg (-, +) 0.811
- 4(7.02) 3 (5.88)
+ 53 (92.98) 48 (94.12)
Co-morbid illness (-, +) 0.100
- 39 (68.42) 27 (52.94)
+ 18 (31.58) 24 (47.06)
Child-Pugh class 0.185
A 55 (96.49) 46 (90.20)
B 2(3.51) 5(9.80)
Total bilirubin (umol/L) 15.2+3.4 14.3+4.9 0.308
ALT (U/L) 33 (42.0) 29 (21.00 0.113
AST (U/L) 35 (12.0) 38 (21.0)  0.399

Albumin (g/L) 34.55+6.93 33.30+4.45 0.259

Platelet count (x10°%L) 138.60+54.02 122.40+52.86 0.119
12.43+1.44 12.86+1.22 0.100

70 (10.0) 68(8.0) 0.124

Prothrombin time (s)

Creatinine (umol/L)

Data are presented as mean + standard deviation or n (%).
RSR, repeat surgical resection; RFA, radiofrequency ablation; F,
female; M, male; BMI, body mass index; ASA, American Society
of Anesthesiologists; ICG R15, indocyanine green retention rate
at 15 min; HBsAg, hepatitis B virus surface antigen; ALT, alanine
aminotransferase; AST, aspartate aminotransferase.
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Table 3 Tumor recurrence and its treatment strategies

Characteristic RSR (n=57) RFA (n=51) P value

Time to recurrence 29 (21.0) 24 (32.0) 0.383

(months)

Tumors size (cm) 3.2 (2.5 2.6 (0.9 0.153

Recurrence sites 0.8303
Local 28 (49.12) 24 (47.06)
Intrahepatic 29 (50.88) 27 (52.94)

Extrahepatic - -

AFP level (ng/mL)  167.97 (357.23) 266.32 (420.28) 0.3623

No. of tumor nodules 0.838
1 52 (91.23) 48 (94.12)
2-3 5(8.77) 3(5.88)
BCLC stage 0.1305
0 23 (40.35) 28 (54.90)
A 34 (59.65) 23 (45.10)
Guidelines for 0.838

diagnosis and
treatment of primary
liver cancer in China

(2017 Edition) stage
la 52 (91.23) 48 (94.12)

Ib 5 (8.77) 3 (5.88)

Data are presented as n (%). RSR, repeat surgical resection;
RFA, radiofrequency ablation; AFP, alpha-fetoprotein; BCLC,
Barcelona Clinic Liver Cancer.

cirrhosis, portal hypertension, incidence of complications,
positive rate of viral hepatitis, and other laboratory data
were similar between two groups. In the RSR group,
55 patients (96.49%) had Child-Pugh class A liver function
and 2 (3.51%) had class B. In the RFA group, 46 patients
(90.20%) had Child-Pugh class A liver function and 5
(9.80%) had class B (P=0.19). The ICG R15 was 5.0 (1.9)
in the RSR group and 4.8 (1.8) in the RFA group. The liver
biochemical markers and renal function were comparable
between two groups before and after primary treatment.
Table 3 shows the general features of recurrent HCC after
primary operation. The time to recurrence, size, location,
and number of recurrent tumors and serum AFP level
were similar between two groups. The recurrent tumors
were also assessed by the Chinese clinical staging system
for HCC [Guidelines for the Diagnosis and Treatment of
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Table 4 Intraoperative and postoperative conditions of patients

with recurrent hepatocellular carcinoma

Characteristic RSR (n=57) RFA (n=51) P value
Operation time (min) 156 (47.0) 60 (27.0) <0.001
Intraoperative blood 0.0031
transfusion (+/-)

- 48 (84.21) 51 (100.00)

+ 9 (15.79) 0(0)

Postoperative hospital 9 (4.0) 3(3.0) <0.001
stay (day)
Cardiac disorder 0.4296

- 53 (92.98) 50 (98.04)

+ 4 (7.02) 1(1.96)

Lung infection 0.008

- 47 (82.46) 50 (98.04)

+ 10 (17.54) 1(1.96)
Intra-abdominal 0.4969
hemorrhage

- 55 (96.49) 51 (100.00)

+ 2 (3.51) 0(0)

Hb <70 g/L 0.008

- 43 (75.44) 48 (94.12)

+ 14 (24.56) 3(5.88)

Fever (temperature 0.3987
>38.5 °C)

- 47 (82.46) 45 (88.24)

+ 10 (17.54) 6 (11.76)

Ascites <0.001

- 43 (75.44) 51 (100.00)

+ 14 (24.56) 0 (0.00)

Pleural effusion <0.001

- 35 (61.40) 48 (94.12)

+ 22 (38.60) 3(5.88)

Wound infection 0.059

- 52 (91.23) 51 (100.00)

+ 5(8.77) 0 (0.00)

Data are presented as n (%). RSR, repeat surgical resection;
RFA, radiofrequency ablation; Hb, hemoglobin.
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Primary Hepatocellular Carcinoma (2017 edition)] and
BCLC staging system, and results showed no significant
differences between two groups. No extrahepatic metastasis
was found. Notably, biopsy was not performed in the RFA
group to prevent tumor metastasis via the puncture access.

Clinical outcomes of patients with recurrent HCC

Table 4 shows the intraoperative and postoperative
complications in two groups. Intraoperative death,
postoperative hospital death, and biliary leakage were not
observed in both groups. Notably, four patients in the
RFA group had incomplete ablation of tumors, among
whom three underwent one session of RFA again and one
underwent two sessions. In the RSR group, two patients
underwent a second open surgery because of heavy
postoperative bleeding. The treatment time in the RFA
group was much shorter than that in the RSR group {60
[27] vs. 152 [47] min, P<0.001}, and no intraoperative blood
transfusion was needed. In contrast, nine patients (15.8%)
in the RSR group received intraoperative blood transfusion.
The incidence of treatment-related complications was
significantly higher in the RSR group than in the RFA
group (42.11% vs. 11.76%, P<0.001). The median hospital
stay was significantly shorter in the RFA group than in
the RSR group (3 ws. 9 days, P<0.001). The postoperative
complications were as follows: in the RFA group, only one
patient developed atrial fibrillation, which was alleviated by
symptomatic treatment; one patient developed pulmonary
infection, which was complicated with chronic bronchitis
and managed by antimicrobial therapy in a local hospital
after discharge; three patients had the hemoglobin
level of <70 g/L, which was improved after infusion of
concentrated red blood cells; six patients had high fever
(body temperature >38.5 °C); three patients had mild pleural
effusion, which was improved after symptomatic treatment.
Compared with RFA group, more patients in the RSR
group had major complications (e.g., cardiopulmonary
insufficiency, pulmonary infection, and massive abdominal
hemorrhage) or minor complications (e.g., fever, pleural
and peritoneal effusion, and incision infection).

Long-term survival outcomes of patients in two groups

The median follow-up time after the first recurrence in

the RSR group and RFA group was 35 months (range,
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Table 5 The second recurrence

P=0.48
Characteristic RSR RFA P value
0.8
AFP (ng/mL) 129.60 (150.32) 163.19 (145.79) 0.362
3
< 06 Second recurrence 57 51
5 RSR
No recurrence 25 (43.9) 11 (21.6)
04 RFA Intrahepatic 28 (49.1) 34 (66.7)
0.2 Extrahepatic 4 (7.0) 6(11.7)
0 20 Mglr?ths 60 80 Treatment of second 42* 40
Group —— RFA ——RSR
PEIT 0 4(10.0)
Figure 1 Overall survival after the first hepatectomy. RFA, TACE 27 (64.3) 18 (45.0)
radiofrequency ablation; RSR, repeat surgical resection. - '
Re-resection 3(7.1) 0
RFA 5 (12.0) 12 (30.0)
10 P=0.67 Conservative 7 (16.6) 6 (15.0)
0.8 Data are presented as n (%). *, re-resection. RSR, repeat
' surgical resection; RFA, radiofrequency ablation; AFP, alpha-
[ fetoprotein; PEIT, percutaneous intratumoral ethanol injection;
206 TACE, transcatheter arterial chemoembolization.
)
0.4 RSR
RFA 6-60 months) and 37 months (range, 7-60 months),
0.2 respectively. The 1-, 3-, and 5-year OS rates were 96.5%,
°c 1o 20 80 4 50 60 80.9%, and 60.6% in the RSR group and 96.1%, 76.8%,
Growp ——RFA —RSR and 59.4% in the RFA group (P=0.48) (Figure ). The
Figure 2 Overall survival after treatment for intrahepatic 1-, 3-, and S-year OS rates after the treatment for HCC
recurrence. RFA, radiofrequency ablation; RSR, repeat surgical recurrence were 78.9%, 50.5%, and 29.7% in the RSR
resection. group and 80.3%, 50.9%, and 26.0% in the RFA group
(P=0.67) (Figure 2). The 1-, 3-, and 5-year DFS rates were
68.4%, 39.4%, and 26.6% in the RSR group and 62.8%,
1.0 P=0.55 32.8%, and 20.4% in the RFA group (P=0.55) (Figure 3).
Table 5 shows the patients with second recurrent HCC,
08 including 42 in the RSR group and 40 in the RFA group.
3 The AFP level was not significantly different between the
206 RSR group and the RFA group. The patients with second
recurrent HCC mainly received multidisciplinary treatment
0.4 including TACE with or without target therapy, traditional
RSk Chinese medicine treatment, and nutritional support. Cox
RFA . . .
0.2 regression analysis showed the time to the first recurrence
0 10 20 30 40 50 60 .
Months and the interval between treatment for the first recurrence
Group —— RFA ——RSR

Figure 3 Disease-free survival after treatment for intrahepatic

recurrence. RFA, radiofrequency ablation; RSR, repeat surgical

resection.
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and development of second recurrence were prognostic
factors for poor OS after resection of primary HCC; they
were also significant prognostic factors in the multivariate

analysis (Table 6).
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Table 6 Univariate and multivariate analyses of predictors of overall survival
Univariate analysis Multivariate analysis

Characteristic

HR 95% CI P value 95% ClI 95% ClI P value
Age (year) 1.001 0.514-1.948 0.9986
Sex (M/F) 0.910 0.379-2.187 0.8337
Liver cirrhosis (-/+) 0.670 0.304-1.478 0.3209
HBsAg (-/+) 1.656 0.223-12.287 0.6217
Co-morbid iliness (-/+) 2.186 0.765-6.244 0.1442
Child-Pugh class (A/B) 1.370 0.680-2.760 0.3782
Tumor size (cm) 1.882 0.966-3.664 0.0630
Time from initial resection to 1st recurrence (months) 0.950 0.924-0.976 0.0002 0.970 0.949-0.992 0.0068
Time from treatment of 1st recurrent HCC to 2nd 0.969 0.954-0.985 0.0001 0.957 0.938-0.976 <.0001
recurrence (months)
No. of tumor nodules (1/=2) 1.087 0.559-2.116 0.8057
Total bilirubin (umol/L) 1.890 0.956-3.738 0.0673
ALT (U/L) 1.418 0.617-3.260 0.4107
AST (U/L) 1.051 0.504-2.190 0.8949
Albumin (g/L) 1.583 0.690-3.631 0.2785
Platelet count (x10%L) 0.855 0.438-1.671 0.6476
AFP 1.466 0.749-2.871 0.2643

HR, hazard ratio; Cl, confidence interval; M, male; F, female; HBsAg, hepatitis B surface antigen; HCC, hepatocellular carcinoma; ALT,

alanine aminotransferase; AST, aspartate aminotransferase; AFP, alpha-fetoprotein.

Discussion
Patterns of HCC recurrence

The 5-year recurrence rate following primary hepatectomy
ranges from 60% to 80% (6). Postoperative recurrence is
the main cause of failed HCC resection (7,8). In particular,
intrahepatic recurrence is the most common form of
recurrent HCC and has been reported in up to 68% to
96% of patients (8). Postoperative recurrence of HCC can
be divided into two types: intrahepatic metastasis (IM) and
multicentric occurrence (MO) (22). Some studies propose an
alternative criterion that refers to early and late recurrences
as IM (<1 year) and MO (>1 year), respectively (23). Early
recurrence mainly occurs in patients with intrahepatic
metastasis. The main causes are the spread of primary
cancer due to minimal residual disease after tumor resection
and the development of microvascular invasion (24). In
contrast, late recurrence is mainly multicentric HCC, which
is related to cirrhosis; that is, new cancer foci arise on the
background of cirrhosis (25). The vascular invasion, degree

© Translational Cancer Research. All rights reserved.

of tumor differentiation, and size and number of tumor
nodules are reported as risk factors for recurrence (25,26).
Therefore, rational clinical treatment should be selected
according to the characteristics of recurrent cancer, reserved
liver function, and general condition of patients (27).

Comparison between RSR and RFA

Application of RSR and RFA

RSR is the preferred treatment for patients with
intrahepatic recurrence and good liver function (28).
However, surgical removal of recurrent HCC remains
challenging due to the abdominal adhesion after initial
surgery and the high-risk location of tumors adjacent to
major vessels or bile duct structures (29). RSR is not feasible
for most patients with intrahepatic recurrence because
the patient are intolerable to anesthesia or surgery due to
poor general condition (including old age, poor physical
performance and poor cardiopulmonary function), small
residual liver volume, and poor reserved liver function. The
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re-resection rate is reported to be only 7% to 30% in these
patients (30). During the past two decades, the emergence
of RFA has revolutionized the treatments for HCC (31).
RFA can increase the focal temperature by utilizing a high-
frequency alternating electrical current via electrodes
placed in tissues, which may cause coagulative necrosis of
target lesions. As a minimally invasive treatment, it can be
performed percutaneously, laparoscopically, or via an open
incision (32). It has become a popular treatment due to its
advantages, including high repeatability, minimal invasion,
mild postoperative pain, quick recovery, few complications,
short hospital stay, and low cost (33). For tumors smaller
than 2 c¢m in diameter, the complete ablation rate is
reported to be higher than 90%; however, the complete
ablation rate decreases as the tumor size increases. In
addition, RFA is not recommended for tumors larger than
5 cm in diameter or those in high-risk areas (34). RFA is safe
and effective for a single tumor with the maximum diameter
of <5 c¢m or multiple tumor nodules (<3) with the largest
diameter of <3 cm (35). According to the BCLC staging
criteria and the Guidelines for the Diagnosis and Treatment
of Primary Liver Cancer in China (2017 Edition), patients
in the present study were diagnosed with HCC at BCLC
stage 0/A or Chinese stage Ia/Ib. In other countries, only
BCLC stage 0 and A1 HCC is eligible for surgical removal;
in China, however, the indications to surgery have been
expanded, and surgery is the preferred treatment for stage
Ia and Ib HCC. Studies have compared RFA with RSR in
the treatment of recurrent small HCC (<3 c¢m in diameter
or < 3 tumor nodules), but there were limitations in these
studies. For example, they did not include tumors sized 3
to 5 cm. In the present study, the efficacy was compared
between RSR and RFA in treating recurrent HCC at BCLC
stage 0/A.

Comparisons of perioperative outcomes

There is evidence showing that RSR is an effective and
important treatment for recurrent HCC (28); however,
severe treatment-associated complications are not rare
and should not be ignored (12). In the present study, the
incidence of postoperative complications in RSR group
and RFA group was 42.11% and 11.76%, respectively
(P<0.001) (Table 4); these were consistent with those
reported in a meta-analysis (36), in which the RSR was
associated with more complications (especially severe
complications) than RFA. In our study, however, no severe
complications (such as bile leakage, acute liver failure,
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septic shock, and perioperative death) were noted in
either group. Only intraperitoneal hemorrhage due to
incomplete hemostasis was found in the RSR group and
was successfully treated with a second operation. Before
the surgery, three-dimensional reconstruction and printing
were employed to measure the residual liver volume,
and the relationships between surrounding tissues and
the tumor were determined in the present study, which
improved surgical management, shortened the operation
time, and reduced intraoperative bleeding. During the
operation, ultrasonography was performed to determine
the tumor size and to accurately locate and identify the
surrounding blood vessels, which were helpful to determine
the cutting plane, thus ensure the safety of surgical margin
and minimize unnecessary exposure to the tumor. For
deeply located tumors, RFA is usually used if the residual
liver volume is <40% during the preoperative simulation
of anatomical hepatectomy. RSR is typically applied if the
tumors locate near the hollow viscera (<5 mm) or near the
bile duct, gallbladder, diaphragm, hepatic capsule, hepatic
portal, heart, portal vein or hepatic vein. In the RFA group,
percutaneous ablation under ultrasound guidance was
performed in most cases, although two patients underwent
open ablation and two underwent laparoscopic ablation. As
a minimally invasive and relatively simple procedure, RFA
is less affected by the general conditions of the patients and
the location and size of the tumors (37). This may explain
the low incidence of postoperative complications in the RFA
group. In addition, RFA can protect the non-neoplastic
liver parenchyma, minimize surgical injury, and shorten the
hospital stay, making it more cost-effective than RSR (35).
Sun et al. (22) found that the median hospital stay of
patients receiving RSR was significantly longer than that of
patients undergoing RFA (13 wvs. 5 days, P<0.05). Similarly,
in the present study, the median hospital stay in RSR group
and RFA group was 9 and 3 days, respectively (P<0.001)
(Table 4). In addition, the high repeatability of RFA renders
it a preferred treatment for recurrent HCC (38). In the
present study, multisite ablation was used to ensure the
margin >5 mm away from the tumor, and CT or MRI was
performed within 1 month after the procedure to determine
whether the ablation was complete. Incomplete ablation
was found in four patients, among whom three underwent a
second RFA and one received two additional RFA sessions;
thus, the final complete ablation rate was 100%. These
indicate that RFA a safer and more feasible treatment for
recurrent HCC.
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Comparison of long-term survival

The long-term survival of patients after RFA versus RSR
for recurrent HCC is still controversial (38,39). Ina meta-
analysis (40), there were no significant differences in the
1-, 3-, and 5-year OS rates between the RFA group and the
RSR group (three or fewer nodules; <6 cm in diameter),
whereas RSR was associated with higher 3- and 5-year
DEFS rates. Sun et al. (22) reported 100 cases of recurrent
small HCC (three or fewer nodules; <3 cm in diameter) and
found that the OS and DFS rates were similar between the
RFA group and the RSR group. The present study showed
that RFA achieved similar long-term survival to RSR in
patients with recurrent BCLC stage 0/A HCC after primary
tumor resection (Figures 1 and 2). This might be explained
by the fact that this study was a non-randomized controlled
study. In addition, the tumor diameter in the RFA group
was smaller than in the RSR group. This suggests that
there might be selective between two groups. Therefore, a
prospective randomized controlled trial is needed to further
confirm our findings.

Comparison of the second recurrence

In the present study, both RSR and RFA completely
eliminated recurrent HCC. However, the second recurrence
of HCC was still common. Up to 73.7% of patients in RSR
group and 78.4% of patients in RFA group developed a
second recurrence. This was consistent with the findings
reported by Chan et al. (3), which showed that 72.4% of
RSR treated patients and 84.4% of RFA treated patients
had a second recurrence. It has been reported that RSR
can remove tiny and hidden lesions more completely than
RFA; consistent with this, patients in the RFA group had a
higher recurrence rate than those in the RSR group (36).
However, this difference was negligible in our study. In
addition, the high repeatability of RFA, as an inherent
advantage of this procedure in treating recurrent HCC, was
demonstrated again (41). In the present study, 12.0% and
84.4% of patients who developed a second recurrence in the
RSR group and the RFA group, respectively underwent a
second RFA session. In contrast, only 7.1% of patients who
developed a second recurrence in RSR group underwent a
third surgical resection.

Survival predictors

Studies have shown that the interval between the first
hepatectomy and the first recurrence, the interval between
the first recurrence and the second recurrence, the size of
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recurrent tumor, and the serum albumin level are predictors
of OS (42). Our study showed that the interval between the
first hepatectomy and the first recurrence and the interval
between the first recurrence and the second recurrence
significantly affected the OS; however, the serum albumin
level and tumor size had no significant correlation with
OS (Tuble 6). There might two possible explanations for
these differences. First, the albumin was supplemented in
perioperative period, which achieved a positive nitrogen
balance. Second, the tumors were relatively small in our
cases and could be completely eliminated by multiple
sessions of multisite ablation; moreover, R0 resection could
be achieved with a resection margin of >1 cm under the
premise of an adequate residual liver volume.

Conclusions

In this study, our results show that RFA and RSR can
achieve long-term survival benefits for recurrent BCLC
stage 0/A HCC. RSR is still considered the preferred
treatment for recurrent BCLC stage 0/A HCC. RFA
has the advantages of minimal invasion, few operative
complications, short hospital stay, and high repeatability
and is the best alternative treatment for patients with
unresectable tumors. However, our study was a retrospective
study and had a small sample size, and about 18.2% of
patients were lost to follow up, which limited the extension
of our findings. Thus, our findings are needed to be
further confirmed in multicenter, high-quality, prospective
randomized controlled trials.
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