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Radiofrequency ablation versus stereotactic =
body radiotherapy for recurrent hepatocellular
carcinoma: a multicenter, propensity score
matching analysis
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Abstract

Purpose This study aimed at analyzing and comparing the clinical efficacy and prognosis of stereotactic body radio-
therapy (SBRT) and radiofrequency ablation (RFA) in the treatment of recurrent hepatocellular carcinoma (RHCC).

Methods Clinicopathological data of RHCC patients who underwent RFA or SBRT as treatment from three medi-

cal centers were retrospectively reviewed. The survival outcomes of patients who underwent SBRT were compared
with those who underwent RFA. Using the Kaplan—Meier method, survival curves for the two groups of patients were
generated, and the log-rank test was used to compare survival differences. Propensity score matching (PSM) analysis
was used to match patients of the SBRT and RFA groups in a 1:1 ratio.

Results The SBRT group had a significantly better overall survival (OS) than the RFA group and no statistical differ-
ences were found in disease-free survival (DFS) in the two groups before and after PSM. After PSM, subgroup analysis
demonstrated that, compared with the RFA group, the SBRT group had a significantly better OS in terms of tumor
location in the subphrenic or subcapsular area, tumor size > 2.5 cm, and tumor proximity to major vessels< 1 cm.

Conclusions SBRT appears to be an effective priority to RFA for RHCC patients especially when RFA is not feasible
due to tumor location, size, and proximity to major vessels.

Keywords Recurrent hepatocellular carcinoma (RHCC), Survival outcomes, Propensity score matching (PSM),
Stereotactic body radiotherapy (SBRT), Radiofrequency ablation (RFA)

*Zi-Hui Ma, Xiao-Lu Lin, Jing-Lei Zhang, Feng-Hua Liu contributed equally to 2 Department of Radiation Oncology, Eastern Hepatobiliary Surgery

this manuscript. Hospital, The Third Affiliated Hospital of Naval Military Medical University,
Shanghai, China

® Department of Ultrasonic Intervention, Eastern Hepatobiliary Surgery
Hospital, The Third Affiliated Hospital of Naval Military Medical University,
Shanghai, China

“ Department of Hepatobiliary and Pancreatic Surgery, Fujian Provincial
Hospital, The Shengli Clinical Medical College of Fujian Medical University,
Fuzhou, China

° Department of Hepatobiliary and Pancreatic Surgery, Xuzhou Municipal
First People’s Hospital, Xuzhou, China

6 Department of Hepatic Surgery VI, Eastern Hepatobiliary Surgery
Hospital, The Third Affiliated Hospital of Naval Military Medical University,
Shanghai, China

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

*Correspondence:

Yan Meng

yanmeng_ehbh@163.com

Shu-Qun Cheng

chengshuqun@aliyun.com

Wei-Xing Guo

weixingg88@126.com

! Department of Hepatic Surgery VI, Eastern Hepatobiliary Surgery
Hospital, The Third Affiliated Hospital of Naval Military Medical University,
Shanghai, China


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-025-13800-1&domain=pdf

Ma et al. BMC Cancer (2025) 25:424

Introduction

Hepatocellular carcinoma (HCC) is a common malignant
tumor of the digestive system and the third leading cause
of cancer-related deaths worldwide [1, 2]. With significant
advances in surgical technique over the recent decade,
hepatectomy is currently one of the most effective treat-
ment options for HCC [3]. Unfortunately, the prognosis
of surgical resection is still compromised by a relatively
high rate of intrahepatic recurrence, reaching as high as
70% within 5 years after surgery [4]. The management of
recurrent HCC (RHCC) is pivotal in enhancing patients’
long-term prognosis. However, limited clinical guidelines
and consensus have been proposed for the treatment of
RHCC. Improvement of the efficacy and prolongation of
the survival for RHCC patients is the key and challenging
aspect of current clinical research [5]. To date, there are
large accounts of salvage treatment options for RHCC,
such as repeat hepatectomy, liver transplantation, radi-
ofrequency ablation (RFA), transarterial chemoemboliza-
tion (TACE), stereotactic body radiation therapy (SBRT),
chemotherapy, immunotherapy, etc. [6]. Currently, for
localized disease, liver transplantation and hepatic resec-
tion are both adopted as the main curative treatments
according to the Barcelona Clinic Liver Cancer staging
system [7]. However, in clinical practice, most patients
have lost the opportunity for re-surgical treatment [8].
Therefore, nonsurgical interventions have been explored
[9].

Various local minimally invasive treatments for RHCC
have been greatly developed in the past decade [10].
RFA is currently the main treatment for patients who are
inoperable and have small HCCs, with fewer complica-
tions [5, 11]. The oncological outcomes of RFA are com-
parable to surgery in randomized trials [12]. However,
RFA has some limitations, including tumor proximity to
major vessels, size discrepancies, and limited accessibil-
ity of ultrasonography (US) [13]. In recent years, SBRT
has become an emerging noninvasive modality to treat
tumors not suitable for surgery or RFA [14], showing a
potent local control ranging from 87 to 100% at 1-3 years
[15, 16].

In this study, we conducted a multicenter retrospective
study based on the data from three major cancer centers
in China, aiming to analyze and compare the efficacy and
safety of RFA and SBRT for RHCC, which may provide
clinical reference and define a logical management algo-
rithm for RHCC patients.

Materials and methods

Patients

From January 2015 to December 2021, a total of 219
patients who were admitted to the Eastern Hepatobil-
iary Surgery Hospital (EHBH), Fujian Provincial Hospital
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(FPH) and Xuzhou Municipal First People’s Hospital
(XMFPH) with RHCC were included in this study. The
institutional review board of the participating hospi-
tals approved this study. Written informed consent was
obtained from all of the patients.

The inclusion criteria for the study were as follows: (1)
age>18 years, (2) a history of hepatectomy for primary
HCC, and RHCC<5 cm was diagnosed by American
Association for the Study of Liver Diseases (AASLD)
diagnostic criteria, (3) RO resection of the primary tumor
and absence of extrahepatic metastasis at first presen-
tation, (4) no residual disease detected within the first
2 months after initial hepatectomy, (5) Child—Pugh class
A or selected B (score <7). We excluded RHCC patients
who had vascular invasion or distant metastasis when
disease recurrence, recurrence within one month of
SBRT or RFA treatment, hepatitis C virus (HCV) infec-
tion, and incomplete serological, pathological, or follow-
up data. The treatment strategies and surgical methods
for individual patient were based on the full discussions
of multidisciplinary team (MDT) meetings at each medi-
cal center. Finally, a total of 174 patients were enrolled,
including 99 patients in the RFA group and 75 patients in
the SBRT group (Fig. 1).

Clinicopathological variables, including sex, age, body
mass index (BMI), hepatitis B virus (HBV) infection,
antiviral therapy, hypertension, diabetes mellitus, routine
blood test, blood biochemical examination, serum alpha-
fetoprotein (AFP), Child—Pugh class, cirrhosis, tumor
number, tumor size, location and proximity to major vas-
culature, were collected.

Radiofrequency ablation (RFA)

RFA were routinely performed percutaneously using
the Cool-tipTM RF Ablation System (Medtronic, USA)
under local anesthesia. Using the intercostal or subcostal
approach, a cooled-tip electrode was inserted under the
guidance of ultrasound, with an intended ablative margin
of at least 1 cm. All RFA procedures were performed by
two experienced hepatologists with 5 years of experience
performing RFA. When a viable RHCC lesion remained,
due to an insufficient ablative effect observed at the 24-h
Computed Tomography (CT) evaluation, additional RFA
or resection was performed to achieve complete ablation
or removal of the RHCC. Drain was placed only when
clinically indicated.

Stereotactic body radiotherapy (SBRT)

The patient underwent free-breathing, time-averaged
rapid scan CT (long-duration CT) with data acquisi-
tion every 6-8 s and reconstruction at 1-s intervals at
the spinal position for radiation therapy planning CT.
Patient immobilization was achieved using vacuum
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219 diagnosed RHCC patients who underwent
RFA or SBRT were enrolled in the cohort

37 excluded

A

16 mixed with hepatocellular-cholangiocarcinoma
6 distant metastasis

15 incomplete serological or pathological data

188 RHCC patients were included

14 lost follow-up

y

A

9 in the RFA group
5 in the SBRT group

174 RHCC patients were included for analysis

99 RHCC patients received RFA |

| 75 RHCC patients received SBRT

—

PSM (ratio 1:1)

Ii

y

84 RHCC patients (RFA:42, SBRT:42) were analyzed

Fig. 1 Study flowchart survival. Abbreviations: RHCC, recurrent hepatocellular carcinoma; RFA, radiofrequency ablation; SBRT, stereotactic body

radiotherapy; PSM, propensity score matching

pillows in combination with an «-cradle. Non-ionic
contrast-enhanced 3-phase or 4-phase helical dynamic
CT scans with abdominal compression were employed.
Cone-beam CT was utilized before each treatment ses-
sion to enhance setup precision. Treatment planning
was based on contrast-enhanced 4D-CT imaging. The
gross tumor volume (GTV) was delineated based on
visible tumors identified across all respiratory phases of
free-breathing CT and 4D-CT, supplemented by MRI
information when available. An internal target volume
(ITV) was generated and expanded isotropically by 6 mm
to establish the planned target volume (PTV) based on
variations in lesion size and location. Dose prescription
was uniformly specified around the PTV during treat-
ment planning. The prescribed dose, individual fraction
dose, and fractionation schedule were determined based
on lesion characteristics, with the number of lesions

typically not influencing the prescribed dose. The most
common schemes were 3 xX12.5 Gy (65%-isodose) in 56%
and 5% 8 Gy (80%-isodose) in 20% of the treated lesions
delivered every other day. Implanted fiducials or lipiodol
enhancement were contoured accordingly to receive a
fiducial or lipiodol ITV, which was used for daily patient
set-up.

Follow-up

Patients usually receive multiphase contrast-enhanced
CT or Magnetic Resonance Imaging (MRI) scans and
serum AFP tests 1 month after RFA or SBRT treatment to
detect residual, recurrent, or metastatic tumors, and fol-
low-up examinations were conducted every 3—6 months
to monitor tumor progression. Tumor recurrence was
described as the appearance of a new intra- or extrahe-
patic lesion. In case of recurrence of the tumor, follow-up
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treatment was recommended by the multidisciplinary
team. Once tumor recurrence occurred, aggressive man-
agement, including repeated surgery, TACE, RFA, SBRT,
molecular targeted therapy, or immunotherapy, was
adopted based on the stage of RHCC and liver function
of patients. All patients were followed up regularly until
December 1, 2022. The date of tumor recurrence, the date
of last follow-up, and the date of death were recorded.

Study outcomes

Study outcomes included overall survival (OS), disease-
free survival (DFS), and complications. In this study, OS
was defined as the time interval from RFA or SBRT treat-
ment to death from any cause or censoring at the last fol-
low-up, and DFS was defined as the interval from RFA or
SBRT treatment to recurrence in the liver or elsewhere,
or censoring at the date of last follow-up (December
2022).

Postoperative complications, including nausea, wound
infection, fever, bile fistula, pneumothorax, pleural effu-
sion, ascites, intestinal fistula, upper gastrointestinal
ulcer, dermatitis, radiation pneumonitis, needle tract
seeding, hepatic hemorrhage, and hepatic failure.

Statistical analysis

Except for OS and DFS, all variables in this study are
categorical variables. Categorical data were shown as
frequencies and percentages, and compared using the
Chi-square test or Fisher’s exact test as appropriate. The
Kaplan—Meier method was used to generate survival
curves and the log-rank test was used to compare sur-
vival differences. Independent factors associated with
DES and OS were determined using Cox regression
models. Hazard ratios (HRs) with corresponding 95%
confidence intervals (95% Cls) were also estimated using
Cox regression models. In Cox regression analysis, mul-
tivariate analysis was performed with variables yielding
P <0.05 in univariate analysis.

Propensity score matching (PSM) analysis was used to
minimize the potential confounders and selection bias
and balance the patient baseline characteristics between
groups. A 1:1 match between the RFA and SBRT groups
was performed. Variables including sex, age, BMI, HBV
infection, antiviral therapy, hypertension, diabetes melli-
tus, routine blood test, blood biochemical examination,
serum AFP, Child-Pugh class, cirrhosis, tumor number,
tumor size, location and proximity to major vasculature
were matched. A caliper width of 0.05 standard devia-
tions was set to prevent poor matching.

Statistical significance was set as a p value <0.05 at two-
tailed level for all analyses. IBM SPSS Statistics for Win-
dows, version 27.0 (IBMCorp., Armonk, N.Y., USA) was
utilized for data analyses and visualization in our study.
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Results

Baseline characteristics of the patients

The clinicopathological baseline characteristics are
shown in Table 1. Among the 174 participants with
RHCC, 99 patients underwent RFA, and 75 patients
underwent SBRT. 85.6% were males and a total of
89.7% of patients had HBV infection. Compared with
the RFA group, the SBRT group had a higher percent-
age of age>60 (50.7% vs. 34.3%, p=0.032), signifi-
cantly fewer patients with diabetes melius (14.7% vs.
28.3%, p=0.028) and hypertension (25.3% vs.41.4%,
p=0.025), a higher percentage of Child—Pugh class
A (96.0% vs. 82.8%, p=0.003), a higher percentage of
creatinine<106 umol/L (97.3%vs.89.9%, p=0.039),
a higher percentage of platelet count<100x10"9/L
(26.7% vs. 12.1%, p=0.019), a lower percentage of
TBIL<17.1 pmol/L (74.7% vs. 87.9%, p=0.030), a
higher percentage of ALT <44 U/L (97.3%vs.81.8%),
a lower percentage of PT>13 s (6.7% vs. 18.2%,
p=0.019), a lower percentage of AFP>400 pmol/L
(18.7% vs. 33.3%, p=0.027). After PSM, all these clin-
icopathological features were well balanced, and 42
cases in each group were matched and included in the
analyses (Table 1).

Long term outcomes

The median follow-up time of the whole cohort was
48.0 months (95%CI 40.0-56.0 months), and approxi-
mately half of the patients (=86, 49.4%) died dur-
ing follow-up. Before PSM, the OS of the SBRT group
was significantly longer than that of the RFA group
(median OS time, not reached vs. 41.6 months; 1-year,
98.7%vs.98.0%; 3-year, 77.3% vs.65.7%; 5-year, 73.3%
vs.40.4%; p=0.026; Fig. 2a). However, no significant
differences for DFS were observed in the two groups
(19.5 months vs. 27.1 months; 1-year, 78.7% vs. 89.9%;
2-year, 44.0% vs.55.6%;3-year, 34.7% vs.33.3%; p=0.481;
Fig. 2b).

After PSM, the OS of the SBRT group was also signifi-
cantly better than the RFA group, while no significant
differences for DFS were observed in the two groups
(for OS: median OS time, not reached vs. 41.6 months;
1-year,97.6% vs.97.6%; 3-year,85.7% vs. 64.3%; 5-year,%
78.6vs. 40.5%; p=0.012; Fig. 2¢; for DFS: 28.1 months
vs. 18.3 months; 1-year, 81.0% vs. 85.7%; 2-year, 57.1%
vs.42.9%;3-year, 45.2% vs.28.6%; p=0.577; Fig. 2d).

Independent risk factors associated with OS

As presented in Table 2, univariate and multivariate
analyses demonstrated that different treatment meth-
ods (RFA or SBRT) on RHCC patients and tumor
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Table 1 Baseline clinicopathological characteristics of RHCC patients with treatment of RFA or SBRT before and after PSM
Characteristics Before PSM After PSM
RFA SBRT p value RFA SBRT p-value
n=99 n=75 (n=42) (n=42)
Age >60(%) 34(34.3%) 38(50.7%) 0.032° 19(45.2%) 19(45.2%) 1.000
Sex, male (%) 83(83.8%) 66(88.0%) 0433 36(85.7%) 36(85.7%) 1.000
BMI >24(%) 53(53.5%) 32(42.7%) 0157 22(52.4%) 19(45.2%) 0518
Diabetes melius (%) 28(28.3%) 11(14.7%) 0.028 9(21.4%) 6(14.3%) 0.399
Hypertension (%) 41(41.4%) 19(25.3%) 0.025 10(23.8%) 12(28.6%) 0.625
HBV infection (%) 86(86.9%) 70(93.3%) 0.151 37(88.1%) 37(88.1%) 1.000
Antiviral therapy (%) 85(85.9%) 65(86.7%) 0.879 37(88.1%) 33(78 6%) 0.247
Cirrhosis(%) 69(69.7%) 50(66.7%) 0.674 32(76.2%) 27(64.3%) 0.238
Child-Pugh class
A 82(82.8%) 72(96.0%) 0.003 39(92.9%) 41(97.6%) 0312
B 17(17.2%) 3(4.0%) 3(7.1%) 1(2.4%)
Blood glucose (mmol/L)
<7 85(85.9%) 60(80.0%) 0317 39(92.9%) 36(85.7%) 0.296
>7 14(14.1%) 15(20.0%) 3(7.1%) 6(14.3%)
Creatinine (pmol/L)
<106 89(89.9%) 73(97.3%) 0.039 41(97.6%) 40(95.2%) 0.562
>106 10(10.1%) 2(2.7%) 1(2.4%) 2(4.8%)
Hemoglobin(g/L)
<110 8(8.1%) 5(6.7%) 0.724 2(4.8%) 3(7.1%) 0.649
>110 91(91.9%) 70(93.3%) 40(95.2%) 39(92.9%)
Platelet count, x 10A9/L
<100 12(12.1%) 20(26.7%) 0.019 4(9.5%) 5(11.9%) 0.728
>100 87(87.9%) 55(73.3%) 38(90.5%) 37(88.1%)
TBIL (umol/L)
<1741 87(87.9%) 56(74.7%) 0.030 36(85.7%) 38(90.5%) 0.506
>17.1 12(12.1%) 19(25.3%) 6(14.3%) 4(9.5%)
ALT (U/L)
<44 81(81.8%) 73(97.3%) <0.001 41(97.6%) 40(95.2%) 0.562
>44 18(18.2%) 2(2.7%) 1(2.4%) 2(4.8%)
ALB (g/L)
<35 6(6.1%) 2(2.7%) 0.268 3(7.1%) 0(0.0%) 0.083
>35 93(93.9%) 73(97.3%) 39(92.9%) 42(100.0%)
PT (s)
<13 81(81.8%) 70(93.3%) 0.019 37(88.1%) 38(90.5%) 0.728
>13 18(18.2%) 5(6.7%) 5(11.9%) 4(9.5%)
AFP (ng/ml)
<400 66(66.7%) 61(81.3%) 0.027 33(78.6%) 32(76.2%) 0.797
>400 33(33.3%) 14(18.7%) 9(21.4%) 10(23.8%)
Tumor number
Solitary 89(89.9%) 64(85.3%) 0374 39(92.9%) 35(83.3%) 0.182
Multiple 10(10.1%) 11(14.7%) 3(7.1%) 7(16.7%)
Tumor location
Subphrenic or subcapsular 72(72.7%) 57(76.0%) 0.626 30(71.4%) 35(83.3%) 0.197
Other 27(27.3%) 18(24.0%) 12(28.6%) 7(16.7%)
Tumor diameter
<25 58(58.6%) 35(46.7%) 0.121 26(61.9%) 19(45.2%) 0.129
>2.5 41(41.4%) 40(53.3%) 16(38.1%) 23(54.8%)
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Table 1 (continued)
Characteristics Before PSM After PSM
RFA SBRT p value RFA SBRT p-value
n=99 n=75 (n=42) (n=42)
Tumor proximity to major vessels(cm)
<1 28(28.3%) 27(36.0%) 0.285 11(26.2%) 19(45.2%) 0.070
>1 71(71.7%) 48(64.0%) 31(73.8%) 23(54.8%)

Abbreviations: RFA radiofrequency ablation, SBRT stereotactic body radiotherapy, PSM propensity score matching, SBRT stereotactic body radiotherapy, RFA
radiofrequency ablation, BMI body mass index, HBV hepatitis B virus, ALT alanine aminotransferase, TBIL total bilirubin, ALB albumin, PT prothrombin time, AFP alpha-

fetoprotein

2The symbol bold reflected inside the table showed that p-value < 0.05, which means there was a significant difference between the two groups
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Fig. 2 OS and DFS of RHCC patients treated with RFA or SBRT before and after PSM. Notes: OS (a) and DFS (b) of RHCC patients before PSM. OS (c)
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Page 7 of 13

sdnoib oM} DY} USIMIDF SDUIISHIP JUBDYIUBIS B SBM D134} SUBSW YDIYM ‘G0°0 > dn|eA-d eyl pamoys 3|qes dy3 dpisul pa3dayal plog [oquiAs ay] ,

uraloidolay-eydie 44y ‘Dwil uiquoiyroid |4 ‘ulunge g7y ‘uignuijiq [e101 /g ‘dSeldjsueiioulwe auluele 7y ‘sniia g sineday AgH ‘xapul ssew Apoq
Ing ‘uonie|ge A>uanbauyolpel 4y ‘Adesayiolpes Apoq d110e102.191S HFS ‘[BAISIUI 9OUSPLYUOD | ‘Ol1el piezey YH ‘Buiydiew 3103s Asuadoid 54 ‘ewourdied Jejn||a303eday Juaiindal DDHY ‘|BAIAINS [|BIDAO SO :SUOIIDIAIGQY

(2025) 25:424

Ma et al. BMC Cancer

sisA|eue ajeeAlR N

sisA|eue ajelealun

sisk|eue ajeieAlR|ny

sisk|eue ajelieAlun

INSd 19yv

INSd 810499

uosuedwo) YyH

€200  TTSELL £9T SLO0 £55-0CL 85T STO0  v6 /0L 8Ll 8200 6790l 9/l L49SSA Y4y spoylaw jusuiess)
S|9ssaA Jofew

6190  OF7Z-650  ¥6lL /880  €S1-190 /60 W' SsA < o3 Ajwixoad Jown)

14340 [ST-190 ! S8€0  LTL-¥S0 €80 WY'STSSAGT< J13j2Wwelp sowny

6L0°0 /80-CC0  ¥+0 LLO0 180-120 Y0 1000>  7/0-0£0  9¥0  L000>  7/0-050 /Y0 J9Yio'sAlensdedqns o djusiydgng uone>0| Jown}
€290 €YT-€C0  ¥L0 vE80  98'L-/Y0 €60 a|diinui 'sa Asey|os Jaquinu sowny

€E€0 0690 ed! 0/10  vlT=/80  [E1L [w/BU'00y S 'SA 00 < ddv

2060 997-€€0  ¥60 LLL0 991-1S50 760 SELSSAEL< 1d

8990 SST-€C0 110 7660  6£T-SV0 Ol 1/B'SES SAGE< qa1v

€EL0 PLTL-LLO {053 7800  S6T¥60 991 VNPh S SA i < nv

LLL0 YPT08£0 980 l6v0  LSL-€¥0 080 Viowr L LS SA L1 < gL

7560 ¥67-9€°0 €0'L G960  8L1-550 660 V6vOLX'00LS'SAQ0L < unod 13j3e|d

8€C0  LEVT-SY0 433 10 vv-cL0 8Ll 1/60LLSsA0LL< uiqoj6owaH

0180 Tr6=L10 8Tl 9V0  LLTHI0  PEL 1/10wr'9pL S5 901 < aujuneasd

69¢0 €L1-950 €91 P00 9610l €£1 VIOWW'LS'SA £ < as0on|6 poojg

90 0¥’ €-900 90 9860  881-€50 660 gloy ssep> ybnd-ppyd

£050 791-8€0 8.0 890  L¥'L-/S0 680 OU 'SA S3A sisoyad

9/00 796-060 €67 87L0  PTE-980 /91 OU 'SA SBA Kdesays jesinuy

1210 £6TL-0 Ol v6C0  90€-1L0  8¥l OU 'SA S3A uondajul AgH

v180 8CT-1S0 601 LU0 L0T-880  SEL OU "SA S3A uoisuaadAH

6v70 [8T-€90  ¥EL Sev0  L6'L-€£0 8Ll OU 'SA S3A snijaw sa3aqeiq

8760 06'1-150 860 €90 0V1-090 160 /BN YT S SApT < INg

8850 SEE-150 o€l 0£€0  EVT0L0  vEL Slew 'sA 9jewa x9S

85610 007750 'L l¥80  191-890  SO'L 189A095"5A 09 < aby

anjend D%S6  HH  anjead 1D %56 4H enjead ID%S6  YH anead D%S6  HH

snsudRIRyY)

INSd 1218 pue 210420 DDHY Yim siuaiied 10j SO JO sisAjeue a1elieAlNW pue S1eleAlun € djqeL



Ma et al. BMC Cancer (2025) 25:424

location were independent risk factors for OS before
and after PSM.

Postoperative complications

Few toxicities were noted in patients in the SBRT and
RFA groups (Table 3). In SBRT group, treatment-
related toxicities included nausea (n=2, 2.7%), fever
(n=3, 4.0%), pleural effusion (n=1, 1.3%) and derma-
titis (n =2, 2.7%). All toxicities resolved after treatment;
In RFA group, treatment-related toxicities included
nausea (n=3, 3.0%), wound infection (n=1, 1.0%),
fever (n=38, 8.1%), pneumothorax (n=1, 1.0%), pleu-
ral effusion (n=2, 2.0%), biliary fistula (n=1, 1.0%),
ascites (n=1, 1.0%), hepatic hemorrhage (n=3, 3.0%),
and needle tract seeding (n=1, 1.0%). All toxicities
were resolved successfully after the interventional
procedure.

Subgroup survival analysis in patients associated

with tumor location, tumor size, tumor proximity to major
vessels

Post-hoc subgroup analyses showed that, after PSM,
the RHCC patients derived significant OS benefits
from SBRT than those with RFA if the tumor was
located in the subphrenic or subcapsular segments, and
tumor diameter >2.5 cm (both p<0.05) (Figs. 3a, 4c).
The RHCC patients derived significant DFS benefits
from SBRT if tumor proximity to major vessels<1 cm
(p <0.05) (Fig. 5b).

Table 3 Postoperative short-term results of RHCC patients with
treatment of RFA or SBRT before PSM

Characteristics RFA (n=99) SBRT (n=75)

Nausea

Wound infection

Fever

Pneumothorax

Pleural effusion
Radiation pneumonitis
Bile fistula

Ascites

Intestinal fistula

Upper gastrointestinal ulcer
Dermatitis

Hepatic hemorrhage

O O N O O O O O — O W O N

Needle tract seeding

O - W O O O —= = O N = 00 = W

o

Hepatic failure

Abbreviations: RHCC recurrent hepatocellular carcinoma, RFA radiofrequency
ablation, SBRT stereotactic body radiotherapy, PSM propensity score matching
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Discussions

HCC is one of the most common primary malignancies
with a poor prognosis. The high incidence of recurrence
in patients with RHCC has consistently compromised
patient survival, making RHCC become a major global
health problem. To the best of our knowledge, high-qual-
ity studies comparing the clinical efficacy and progno-
sis of RHCC patients who underwent RFA or SBRT are
scarce. Therefore, in this study, we analyzed and com-
pared the perioperative and long-term oncological out-
comes among patients undergoing either RFA or SBRT,
in order to determine which may be considered a pre-
ferred treatment option for RHCC.

The AASLD guidelines recommend RFA as the first
choice for tumors<2.5 cm [17], since RFA is based on
the principle of frictional heat production by frequency
waves. Heat conduction rates of RFA decrease as tumor
size increases, resulting in inadequate tumor control.
Previous studies have shown that tumors exceeding
2.5 ¢cm in diameter are associated with local tumor pro-
gression after RFA [18, 19]. Besides, when the tumor is
located close to a major blood vessel (i.e., the portal vein
or a major branch of the hepatic vein), the lower blood
temperature "cools" the tumor adjacent to the vessel, con-
tributing to incomplete ablation and “heat-sink” effect
[20-22]. Generally, it is widely accepted that RFA is tech-
nically challenging to visualize the tumor. RFA of tumors
in either a subphrenic [23] or subcapsular [24, 25] loca-
tion is associated with higher local recurrence [26—28]
and risk of major complication rates [29, 30] due to the
poor visibility under US guidance [23, 31]. When tumors
are subcapsular and abutting vital organs such as the
heart, stomach or other organs [32], they might cause
reduction of energy application [33]. In our study, SBRT
appears to be an effective priority to RFA with a sig-
nificantly higher OS rate, probably because for patients
undergoing hepatectomy for primary HCC, the tissues
around the liver may be adherent after hepatectomy.
Adhesion formation is a common complication after
hepatectomy and may lead to abnormal connections of
the stomach and intestinal tubes to the liver, causing the
surgeon to be overly conservative in deciding the extent
of ablation. When patients underwent RFA, the adherent
tissues may interfere with the ultrasound images, result-
ing in inaccurate judgment of the tumor location and
boundaries by the surgeon [34]. The anatomy of the liver
can change significantly after hepatectomy for primary
HCC, affecting the ultrasound-guided needle angle oper-
ated by the surgeon, which may affect ablation efficacy.

With advances in radiotherapy techniques, SBRT was
more and more commonly and safely performed in clini-
cal practice [35]. It is a highly precise technique of percu-
taneous radiation therapy delivered in a small number of
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and Kaplan—-Meier analyses were performed for OS (c) and DFS (c) associated with RFA or SBRT. Abbreviations: RFA, radiofrequency ablation; SBRT,
stereotactic body radiotherapy; OS, overall survival; DFS, disease-free survival

large fraction. The enhanced biological effecrtiveness of
the large single doses maintains adequate tumor control,
while sufficiently spares adjacent organs at risk due to its
sharp dose fall-off outside the target. Increasing evidence
have showed that SBRT can lead to improved tumor con-
trol and survival compared with conventional radiother-
apy techniques [36], and that dose-escalated SBRT can
further improve outcomes [37]. Therefore, based on our
clinical experience, we performed three subgroup analy-
ses to compare the prognosis and efficacy of RFA and
SBRT in terms of tumor location, size and proximity to

major vessels. Under CT guidance, the positioning func-
tion of SBRT is less affected by postoperative adhesions
and more accurate than ultrasonography (US). Mean-
while, SBRT has a less damaging effect on the surround-
ing tissues [38, 39], which makes the doctor more active
in formulating the tumor localization plan to achieve a
better radiotherapy effect.

Subgroup analysis showed that the SBRT group
provided better survival outcomes than the RFA
group, for tumors located in the subphrenic area,
tumors size>2.5 cm, and tumor proximity to major
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vasculature<1 cm after PSM. Our study demonstrated
that SBRT was efficacious for patients unfit for RFA
due to the three factors mentioned above [40]. Besides,
when tumors located in other liver segments, tumor
size<2.5 c¢m, and tumor proximity to major vascula-
ture>1 cm, the treatment of RHCC patients between
RFA and SBRT showed comparable prognosis and effi-
cacy. The median DFS and OS in this study appear to
be somewhat worse than anticipated, we believe that,
patients with unsatisfactory outcomes after RFA or
SBRT treatment chose different subsequent treatment

modalities, including hepatectomy, immunotherapy,
TACE, etc. Different modalities of follow-up treatment
after RFA or SBRT may have contributed to the differ-
ence in survival between the two groups.

Two modalities exhibited comparable feasibility in
terms of toxicities. In recent years, physicians have grad-
ually developed a mastery of technical expertise in both
minimally invasive medical treatments and gained exten-
sive clinical experience. In our study, both RFA and SBRT
resulted in few complications which correspond to the
findings of the previous study [41, 42]. A retrospective
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study indicated that both treatment modalities showed
comparable survival rates with tolerable but distinct tox-
icities. SBRT, as a noninvasive approach, may be utilized
to mitigate the adverse effects associated with RFA, such
as hemorrhage, pneumothorax, and biliary fistula.
Several limitations should be acknowledged in this
study. First of all, this is a nonrandomized retrospective
study with its inherent selection bias and potential con-
founders. Even if a 1:1 propensity score matching was
performed to minimize baseline differences between

the RFA and SBRT groups, some other unbalanced var-
iables might still exist. In our study, we set a caliber of
0.05 for PSM analysis, which reduces the success rate of
the matching, so the sample size is reduced, making the
study less statistically efficacious. Second, although the
patients included in our study came from three high-
volume medical centers, the sample size of the whole
cohort was relatively small, which increases the risk of a
beta error. Therefore, the results of our study still need
to be further confirmed by high-quality, large sample
randomized controlled trials with long-term follow-up.
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Conclusion

The SBRT group had significantly better overall sur-
vival than the RFA group for RHCC. SBRT appears to
be an effective alternative treatment modality espe-
cially when RFA is not feasible due to tumor location,
size, or proximity to major vessels. Further prospective
research needs to be designed and conducted.
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