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Treatment options for solitary hepatocellular carcinoma <5 cm:
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Satoru Kakizaki', Akiko Wakuta®, Shohei Shiota', Masatoshi Kudo™, Takashi Kumada®®

Background/Aim: The aim of this study was to compare the therapeutic efficacy of ablation and surgery in solitary hepatocellular
carcinoma (HCC) measuring <5 cm with a large HCC cohort database.

Methods: The study included consecutive 2,067 patients with solitary HCC who were treated with either ablation (n=1,248) or
surgery (n=819). Th e patients were divided into three groups based on the tumor size and compared the outcomes of the two
therapies using propensity score matching.

Results: No significant difference in recurrence-free survival (RFS) or overall survival (OS) was found between surgery and ablation
groups for tumors measuring <2 cm or >2 cm but <3 cm. For tumors measuring >3 cm but <5 cm, RFS was significantly better with
surgery than with ablation (3.6 and 2.0 years, respectively, P=0.0297). However, no significant difference in OS was found between
surgery and ablation in this group (6.7 and 6.0 years, respectively, P=0.668).

Conclusion: The study suggests that surgery and ablation can be equally used as a treatment for solitary HCC no more than 3 cmin
diameter. For HCCs measuring 3-5 cm, the OS was not different between therapies; thus, ablation and less invasive therapy can be

considered a treatment option; however, special caution should be taken to prevent recurrence. (J Liver Cancer 2024;24:71-80)
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INTRODUCTION

Molecular targeting agent therapies, including tyrosine kinase
inhibitors and immune checkpoint inhibitors, have been
developed in recent years for the treatment of unresectable
advanced hepatocellular carcinomas (HCCs), and their use is a
subject of debate."” On the contrary, surgery or local ablation is
still the recommended treatment for early-stage HCCs of three
nodules or less that are <3 cm in size. However, several studies
have suggested that surgery may be superior to ablation in terms
of overall survival (OS) and recurrence-free survival (RFS).*"" A
study also indicated that surgery is superior in terms of RFS,
even if the OS is the same.”” Some studies have also found that
surgery is superior to ablation for HCCs measuring >2 cm."
Conversely, no significant difference in OS and RFS was found
between surgery and ablation in patients with solitary lesion
measuring <3 cm.""* The debate continues to this day, and the
results of a recent prospective randomized controlled study, the
SUREF trial, conducted in Japan for early-stage HCCs of three
nodules or less that are =3 cm in size and a Child-Pugh score of
<7 showed no significant difference in progression-free survival
(PFS) between surgery and ablation.” Based on the result of this
study, the Japanese Society of Hepatology guideline for 2021
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recommends both surgery and local ablation for HCCs of three
nodules or less that are <3 cm in size."® However, 90% of the
HCC cases enrolled in the SURF trial were solitary HCCs."” In
addition, the mean tumor diameter in the SURF trial was 1.8
cm, and the 75th percentile tumor diameter was 2.3 cm, which
may not provide sufficient evidence to consider treatment
options for HCC measuring 2-3 cm in actual clinical practice.
Recently, there has been a heated debate over the choice
between surgery and ablation for a solitary HCC measuring >3
cm but <5 cm. > Nget al.® demonstrated that ablation is not
significantly different from surgery in terms of OS and RFS for
single HCCs measuring <5 c¢m in diameter. Conversely, in a
retrospective study, Zheng et al.” found that surgery was
superior to ablation for HCCs measuring >3 cm and <5 c¢m in
terms of both OS and RFS. Additionally, Lee et al.”® conducted
a randomized controlled trial and found that surgery was
significantly superior to ablation for HCCs measuring >2 cm
and =4 cm. These studies do not provide a consensus on the
efficacy of ablation for HCCs measuring >3 cm and <5 cm, and
further research is needed in this area. Therefore, we conducted
a retrospective study using the large database of the RELPEC
Study Group to investigate the prognostic value of ablation in
HCCs measuring =<5 cm, including HCCs measuring >3 cm
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and <5 cm.

METHODS

Patients

We analyzed 2,067 consecutive patients from the RELPEC
Study Group who had undergone ablation (including
combination with transarterial chemoembolization) or surgery
for a solitary HCC with a maximum diameter of =5 cm as the
first-line therapy. These patients were enrolled from 2004 (when
reimbursement for radiofrequency ablation [RFA] was approved
in Japan) to 2020. In terms of surgery, out of 819 cases, 582
(71%) underwent open liver resection, while 237 (29%)
underwent laparoscopic liver resection. HCC diagnosis was
established using imaging modalities such as computed
tomography (CT), magnetic resonance imaging (MRI), and
angiography. The diagnostic criteria for HCCs were based on
previous reports of hyperattenuation in the arterial phase and
hypoattenuation in the portal phase as determined by dynamic
CT or MRI with tumor staining on zmgiogratphy.19 'The diagnosis
was confirmed pathologically in cases with atypical findings
using tissues obtained from a fine-needle tumor biopsy. The
tumor, node, and metastasis staging for HCCs was determined
based on the 6th edition of the general rules for the clinical and
pathological study of primary liver cancer developed by the Liver
Cancer Study Group of Japan.”

The study protocol complied with the ethical guidelines of the
World Medical Association Declaration of Helsinki and was
approved by the ethics committee of the institutional review board
(IRB) of Ehime Prefectural Central Hospital (approval code: 27-

34), and we had permission to use our multi-institution data.

Propensity score matching (PSM) and prognostic analysis

'The patients were divided into three groups based on tumor size,
which are =2 cm, >2 cm but <3 cm, and >3 cm but <5 cm. A
propensity score was obtained using surgery as the objective
variable and age, sex, viral/non-viral carcinogenesis, albumin-
bilirubin (ALBI) score, log alpha-fetoprotein, log des-gamma-
carboxy prothrombin, and tumor size as explanatory variables.
'The obtained propensity scores were used for matching, with a
caliper of 0.2, using caliper matching. As regards caliper width,
Austin's recommendation of 0.2 was ztdopted.21 The OS and
RFS were evaluated in each group before and after the
matching.

http://e-jlc.org

Statistics

Data were expressed as median and range. All statistical analyses
were performed using Easy R (Saitama Medical Center,
Saitama,; Jichi Medical University, Shimotsuke, ]apan),22 a
graphical user interface for R (The R Foundation, Vienna,
Austria).” Prognostic analysis was performed using PSM, the
Kaplan-Meier method, the log-rank test and Cox proportional

hazard model.

RESULTS
Patients

Patient characteristics are shown in Table 1. Significant differences
in age, sex, ALBI score, platelet count, prothrombin time,
albumin, aspartate transaminase, total bilirubin, and Des-y-
carboxy prothrombin were found between the surgery and
ablation groups. In the group with tumors <2 cm in size, 271
surgeries and 844 ablations were performed. In the group with
tumors >2 c¢cm but <3 cm in size, 232 surgeries and 320
ablations were performed. In the group with tumors >3 c¢m but

<5 cm in size, 316 surgeries and 84 ablations were performed.

PSM and prognostic analysis
OS and RFS were examined before and after PSM.

Group with tumor size £2 cm

Before PSM, the surgery group had significantly better OS
(P<0.0001); however, the RFS was not significantly different
between the surgery and ablation groups (P=0.367) (Fig. 1A).
PSM was performed, and 528 cases (264 in each group) were
extracted. No significant differences were found between the
two groups in terms of age, sex, viral/non-viral status, ALBI score,
log alpha-fetoprotein, log des-gamma-carboxy prothrombin, and
tumor size in the background factors of surgery and ablation
cases after PSM (Table 2). No significant difference was found
in the OS after PSM between the surgery and ablation groups
(13.7 years [95% confidence interval (CI), 9.6-14.4] vs. 11.2 years
[95% CI, 9.6-13.1]; mean observation period, 5.1 years;
P=0.290). No significant difference in RFS was found (5.9 years
[95% CI, 4.6-7.4] vs. 6.0 years [95% CI, 4.2-8.5]; mean
observation period, 3.5 years; P=0.901) (Fig. 1B).
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Table 1. Patients’ characteristics by treatment (surgery and ablation)

Surgery (n=819) Ablation (n=1,248) P-value

Age (years) 70(28,91) 71.5(37,96) <0.001
Sex, male 608 (74.2) 816 (65.4) <0.001
Etiology

C 413(50.4) 790(63.5) <0.001

B 143(17.5) 150(12.0) <0.001

BC 6(0.7) 8(0.6) <0.001

Alc 46(5.6) 114(9.2) <0.001

NBNC 211(25.8) 183(14.7) <0.001
ALBI score -2.77(-3.73,-1.11) -2.50(-3.64,-0.01) <0.001
Platelet (10*/uL) 14.8(1.6,81.2) 11.3(1.6,133.0) <0.001
Prothrombin time 91(32,133) 84(4,132) <0.001
Albumin (g/dL) 41(2.2,5.2) 3.8(1.0,5.2) <0.001
AST (IU/L) 36(5,472) 41(11,300) <0.001
ALT (IU/L) 32(2,552) 33(5,320) 0.798
Total bilirubin (mg/dL) 0.70(0.17,7.30) 0.80(0.12,8.00) <0.001
AFP (ng/mL) 7.90(0.50, 24,950.00) 8.10(0.80, 11,000.00) 0.667
AFP-L3 (%) 0.5(0.0,99.5) 0.5(0.0,92.3) 0.122
DCP (mAU/mL) 40(4,63,553) 26(0.5, 38,559) <0.001
Tumor size group (cm) <0.001

<2 271(33.1) 844 (67.6)

>2but <3 232(28.3) 320(25.6)

>3 but <5 316(38.6) 84(6.7)

Values are presented as median (range) or number (%).

C, hepatitis C virus; B, hepatitis B virus; Alc, alcohol; NBNC, non-B and non-C; ALBI score, albumin-bilirubin score; AST, aspartate transaminase; ALT, alanine
transaminase; AFP, alpha fetoprotein; AFP-L3, lens culimaris agglutinin-reactive AFP isoform; DCP, des-y-carboxy prothrombin.

Group with tumor size >2 cm but £3 cm

The OS before PSM was significantly better in the surgery
group (P=0.0002), but no significant difference in RFS was
found between the surgery and ablation groups (11.0 years [95%
CI, 7.2-not reached] vs. 7.2 years [95% CI, 6.1-12.5]; mean
observation period, 4.7 years; P=0.242) (Fig. 2A). PSM was
then performed on 354 cases (177 cases in each group). After
matching, only the viral/non-viral background of the liver could
not be matched, and this difference was significant (P=0.043)
(Table 3). The OS after PSM was not significantly different
between the surgery and ablation groups (P=0.090). Moreover,
no significant difference in RFS was found between the two
groups (4.9 years [95% CI, 3.2-6.5] vs. 3.0 years [95% CI, 1.6-
4.4]; mean observation period, 2.9 years; P=0.062) (Fig. 2B).

Group with tumor size >3cm but <5 cm
Before PSM, both the OS and RFS were better in the surgery
group (P=0.016 and P=0.0003, respectively) (Fig. 3A). For
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PSM, 144 patients (72 in each group) were selected. After
matching, no significant differences in background factors were
found between the groups (Table 4). After PSM, the significant
difference in OS between surgery and ablation disappeared (6.7
years [95% CI, 3.7-8.3] vs. 6.0 years [95% CI, 3.9-13.4]; mean
observation period, 3.4 years; P=0.979), but RFS remained
significantly better in surgery (3.7 years [95% CI, 2.0-not
reached] vs. 2.0 years [95% CI, 1.3-2.8]; mean observation
period, 2.5 years; P=0.029) (Fig. 3B).

Summary of hazard ratio before and after PSM in OS and
RFS of ablation compared to surgery

'The hazard ratios before and after PSM for OS/RFS in ablation
surgery compared to surgery are shown in Table 5. Consistent
with the results obtained from Kaplan-Meier analysis, no
significant difference was observed between ablation and surgery
in terms of OS after PSM. However, for RFS, surgery remained
significantly superior to ablation even after PSM.

http://e-jlc.org
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Figure 1. OS and RFS before (A) and after PSM (B) in HCC <2 cm. For patients with solitary HCC measuring <2 cm, there was an initial
significant difference in OS between surgery and ablation prior to matching. However, this difference became insignificant after matching
(13.7 vs. 11.2; mean observation period, 5.1 years). There was no significant disparity in RFS between the two treatments, both before and
after matching (5.9 vs. 6.0; mean observation period, 3.5 years). OS, overall survival; RFS, recurrence-free survival; PSM, propensity score
matching; HCC, hepatocellular carcinoma.

Table 2. Comparison of the background before and after PSM between surgery and ablation in patients with solitary HCC measuring <2 cm

Before matching After matching
Factor
Surgery (n=271) Ablation (n=844) Surgery (n=264) Ablation (n=264) P-value

Age (years) 70(28,88) 71(37,96) 0.009 70(28,88) 69 (37,89) 0.573
Sex, male 193(71.2) 546 (64.7) 0.055 186 (70.5) 185(70.1) 1.000
Viral 211(77.9) 653(77.4) 0.933 206(78.0) 205(77.7) 1.000
Nonviral 60(22.1) 191(22.6) 0.933 58(22.0) 59(22.3) 1.000
ALBI score 2.73(-3.56,-1.15) 2.51(-3.64,-092) <0.001 2.71(-3.56,-1.15) 2.74(-3.64,-1.35) 0.692
logAFP 0.88(-0.10,3.51) 0.88(-0.10,3.59) 0.948 0.87(-0.10,3.51) 0.88(-0.10,3.59) 0.661
logDCP 1.38(0.70,4.80) 1.38(0.28,4.59) 0.501 1.38(0.70,4.80) 1.40(0.78,4.13) 0.932
Tumor size (cm) 1.5(0.3,2.0) 1.5(0.3,2.0) 0.001 1.5(0.3,2.0) 1.5(0.7,2.0) 0.846

Values are presented as median (range) or number (%).
PSM, propensity score matching; HCC, hepatocellular carcinoma; ALBI, albumin-bilirubin; AFP, alpha fetoprotein; DCP, des-y-carboxy prothrombin.
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Figure 2. OS and RFS before (A) and after PSM (B) in HCC >2 cm and <3 cm. For HCC cases measuring >2 cm but <3 cm, there was an initial
significant difference in OS between surgery and ablation before matching. However, this difference disappeared after matching (11.0 vs.
7.2; mean observation period, 4.7 years). RFS remained similar between the treatments, both before and after matching (4.9 vs. 3.0; mean
observation period, 2.9 years). OS, overall survival; RFS, recurrence-free survival; PSM, propensity score matching; HCC, hepatocellular
carcinoma.

Table 3. Comparison of the background after PSM between surgery and ablation in patients with solitary HCC measuring >2 cmand <3cm

Fact Before matching After matching
actor
Surgery (n=232) Ablation (n=320) Surgery (n=177) Ablation (n=177)

Age (years) 69(33,87) 72(38,91) <0.001 71(50,87) 71(38,91) 0.640
Sex, male 168(72.4) 218(68.1) 0.302 127 (71.8) 125(70.6) 0.907
Viral 167 (72.0) 234(73.4) 0.771 145 (81.9) 128(72.3) 0.043
Nonviral 65(28.0) 85(26.6) 0.771 32(18.1) 49 (277) 0.043
ALBI score -2.83(-3.51,-1.33) -2.50(-3.55,-0.01) <0.001 2.70(-3.51,-1.33) 2.65(-3.55,-1.34) 0.571
logAFP 0.94(-0.10,3.86) 0.94(-0.05,3.38) 0.670 0.94(-0.10,3.85) 0.93(-0.05,3.38) 0.979
logDCP 1.66(0.70,4.51) 1.57(-0.30,4.54) 0.202 1.66(0.70,4.51) 1.56(0.20,4.54) 0.617
Tumor size (cm) 2.5(2.1,3.0) 24(21,3.0) 0.001 2.5(2.1,3.0) 2.5(2.1,3.0) 0.399

Values are presented as median (range) or number (%).
PSM, propensity score matching; HCC, hepatocellular carcinoma; ALBI, albumin-bilirubin; AFP, alpha fetoprotein; DCP, des-y-carboxy prothrombin.
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Figure 3. OS and RFS before (A) and after PSM (B) in HCC >3 cm and <5 cm. For solitary HCC cases measuring >3 cm but <5 cm, surgery
and ablation initially exhibited significant disparities in both OS and RFS before matching. Post-matching, the OS difference vanished (6.7
vs. 6.0; mean observation period, 3.4 years), while the RFS difference remained significant (3.7 vs. 2.0; mean observation period, 2.5 years).
OS, overall survival; RFS, recurrence-free survival; PSM, propensity score matching; HCC, hepatocellular carcinoma.

Table 4. Comparison of the background after PSM between surgery and ablation in patients with solitary HCC measuring >3 cm and <5 cm

Before matching After matching
Surgery (n=316) Ablation (n=84) Surgery (n=72) Ablation (n=72)

Factor

Age (years)
Sex, male

Viral

Nonviral

ALBI score
logAFP
logDCP

Tumor size (cm)

71.00(31.00,91.00)  73.50(37.00,90.00)
247(78.2) 52(61.9)
184(58.2) 61(74.4)
132(41.8) 21(25.6)

-2.77(-3.73,-1.11) -2.37(-3.41,-0.56)

0
1

1.13(-0.10,4.04)
1.96(1.00,4.12)
3.5(3.1,5.0)

.88(-0.30,4.40)
.97(0.60, 4.66)
3.8(3.1,5.0)

0.008
0.003
0.007
0.007
<0.001
0.091
0.314
<0.001

72.00(48.00,88.00)  73.00(37.00,90.00)
45 (62.5) 48(66.7)
48(66.7) 54(75.0)
24(33.3) 18(25.0)

-2.50(-3.29,-1.11)
0.88(0.08,3.71)
1.73(1.08,3.79)

3.6(3.1,49)

1.94(1.00,4.12)
3.5(3.1,5.0)

-2.54(-3.41,-1.29)
0.98(-0.10,3.33)

0.951
0.728
0.359
0.359
0.546
0.442
0.936
0.208

Values are presented as median (range) or number (%).
PSM, propensity score matching; HCC, hepatocellular carcinoma; ALBI, albumin-bilirubin; AFP, alpha fetoprotein; DCP, des-y-carboxy prothrombin.
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Table 5. Summary of hazard ratio before and after PSM in OS and RFS of ablation compared to surgery

Tumor size (cm)

<2
(08 1.743 1.329-2.286
RFS 1.104 0.889-1.372
>2and <3
(08 1.769 1.295-2.417
RFS 1.162 0.900-1.501
>3but <5
oS 1.595 1.085-2.344
RFS 1.864 1.320-2.634

<0.0001 1.202 0.853-1.692 0.293
0.371 1.018 0.773-1.340 0.902
<0.0001 1.371 0.949-1.981 0.093
0.248 1.332 0.981-1.810 0.067
0.018 0.893 0.531-1.501 0.669
<0.0001 1.706 1.043-2.790 0.033

PSM, propensity score matching; OS, overall survival; RFS, recurrence-free survival; HR, hazard ratio; Cl, confidence interval.

DISCUSSION

This retrospective study found that when background factors
were matched by PSM, no significant difference in the OS and
PFS was found between surgery and ablation in patients with a
single HCC measuring <2 cm. In addition, the OS and PFS
were not different between surgery and ablation in patients with
RFS of HCCs measuring >2 cm to 3 cm or less, suggesting that
patients with a single HCC measuring <3 cm can confidently
be recommended for ablation. On the contrary, the PFS was
shorter in the ablation group than in the surgery group when the
HCC size was >3 cm but <5 cm, although the OS of both
groups was the same.

In multiple randomized controlled studies, including the
SURF trial,*""* surgery and ablation are equivalent for tumors
measuring <3 cm. However, many of these reports include
numerous cases with single tumors measuring <2 cm, where
the efficacy of RFA has already been established. More than
half of HCCs in the SURF trial was <2 cm, and no studies
have focused on HCCs measuring >2 cm and <3 cm. Our study
addressed this gap and demonstrated the efficacy of ablation for
tumors of this size.

While surgery showed better REFS than ablation for solitary
HCC measuring >3 cm but <5 cm, the same level of OS can be
achieved through ablation, which is a less invasive option. In
older patients, and when considering minimally invasive
approaches, treatment must be selected carefully, particularly
considering the risk for post-treatment adverse events.”* In a
randomized controlled trial of ablation and surgery, Chen et al.”*
reported that major complications after treatment occurred

significantly more frequently after surgery than after ablation (50
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of 90 patients in the resection group and 3 of 71 patients in the
ablation group, P<0.05). Additionally, all patients had moderate/
severe pain after surgery, whereas only 16 patients required pain
medication after percutaneous local ablation therapy (P<0.05).
In older patients with HCC, treatment-associated complications
are an important factor in treatment selection, even if surgery is
superior in terms of RFS. If the OS is the same, ablation can be
considered a viable option.

In actual clinical practice, the primary reasons for performing
ablation in cases with tumor diameter exceeding 3 cm are
1) patients declining hepatectomy, 2) inability to perform
hepatectomy due to compromised liver reserve, and 3) inability
to undergo hepatectomy due to poor performance status caused
by factors such as advanced age. Thus, the choice between
hepatectomy and ablation is not solely determined by the tumor
size, but rather depends on the individual patient's condition.
Wang et al.” stated that for the treatment of HCC measuring
3-5 cm, microwave ablation therapy, even when compared to the
minimally invasive treatment of laparoscopic hepatectomy,
demonstrates equivalent overall survival and complication rates.
Additionally, the hospitalization period is significantly
shorter, and medical expenses are lower.” This report also
underscores the importance of ablation, emphasizing the need to
consider it as one of the treatment options in the future.

While Japanese and Korean guidelines do not recommend
ablation for HCCs measuring >3 cm,'** Taiwanese guidelines
recommend ablation even for solitary HCC measuring <5 cm,”
and our study supports this recommendation. Our study
demonstrates the effectiveness of ablation for solitary HCC that
is between 3 cm and 5 cm in size. However, the success of

ablation may vary at different medical centers. Special
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techniques, such as artificial ascites and pleural effusion, may be
required to ensure the success of the ablation and minimize the
risk of complications from the ablation affecting nearby organs.

Zhang et al."" examined a large number of solitary HCC as
we did in the present study and concluded that surgery was
superior both in OS and RFS for HCCs measuring >3 ¢cm and
<5 c¢m. A possible reason for this inferiority of ablation is
shorter OS and RFS in the ablation group than in our study
because of the low successful ablation rate. However, we cannot
know the exact reason because they only showed hazard ratios
and did not present the survival rates or additional details. By
contrast, the current study clearly demonstrated the lack of a
significant difference in OS between surgery and ablation for
solitary HCC measuring >3 cm and <5 cm, using Kaplan-
Meier analysis. Therapeutic support of ablation such as fusion
images, artificial ascites, and pleural effusion was routinely used
in the present study.zg’32 'Those supports are known to increase
the success rate of ablation so that the survival rate of ablation in
the present study must be higher than that in the former and is
comparable to that of resection.”*

This study has several limitations, including its retrospective
nature, conducted only in Japan, multicenter setting, and
varying treatment strategies among centers.

Nevertheless, this study clearly demonstrated the effectiveness
of the ablation for the treatment of solitary HCC measuring 2-3
cm and <2 cm. In addition to HCCs measuring <3 cm, ablation
can be used for the treatment of 3-5 cm HCC, especially for the
treatment of older patients because of its low invasiveness,
although special caution should be taken to prevent recurrence
in these cases. Prospective randomized controlled studies,

especially for single HCCs measuring 3-5 cm, are desirable.
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