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Introduction

Hepatocellular carcinoma (HCC) is one of the most 
common causes of cancer-related deaths worldwide (1,2). 
The major treatments for HCC include surgical intervention 
(cancer resection or liver transplantation) (3), systemic 
chemotherapy [such as oxaliplatin-based chemotherapy 

(OXA), infusional fluorouracil, leucovorin, and oxaliplatin 
(FOLFOX), gemcitabine plus oxaliplatin (GEMOX)] (4,5), 
targeted therapy [such as sorafenib and lenvatinib] (6,7), 
local therapy [transhepatic arterial chemoembolization 
(TACE)] (8), immunotherapy [programmed cell death 
protein 1 (PD-1)/programmed death-ligand 1 (PD-L1) ] (7),  
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percutaneous ablation [such as radiofrequency ablation 
(RFA)], and radiotherapy [such as conventional external 
beam radiation and stereotactic body radiation therapy 
(SBRT)] (9). A quantitative analysis is necessary to evaluate 
the efficiency of various treatment options. 

RFA is a first-line treatment for HCC and is as effective 
as surgical resection when the tumor is smaller than 3 cm 
in size (10). RFA has shown favourable local control and 
survival in small, non-resectable HCC patients (11,12). 
Currently, novel RFA technique [No-touch multipolar 
radiofrequency ablation (NTM-RFA), percutaneous RFA, 
etc.] are available for the treatment of medium-size HCC 
(2–5 cm) (13-15). 

Although HCC is known as a radiosensitive tumor, the 
use of radiotherapy is limited because of the poor radiation 
tolerance and complexity of tumor localization (16).  
However, advances in modern treatment design and 
delivery have reestablished the interest in radiotherapy as 
an effective locoregional treatment. Modern radiotherapy 
techniques have allowed clinicians to increase the dose 
while sparing normal liver function, thus avoiding radiation-
induced liver disease (RILD) (16). RILD was defined as 
the presence of anicteric ascites with at least a two-fold 
increase in the alkaline phosphatase level compared to the 
pretreatment level in the absence of progression or at least 

a five-fold increase in the transaminase levels above the 
normal upper limit or pretreatment level within 3 months 
of SBRT or a decline in liver function (measured by a 
deterioration in the Child-Pugh score by 2 or more) (17,18). 
SBRT is a radioactive, locally ablative treatment that is 
an alternative to HCC monotherapy. Moreover, it serves 
as a bridge for patients who qualify for transplantation 
or other multimodality treatments (19). It has a high 
precision for small mass and a small number of tumors 
in liver (16,20). SBRT might be a reasonably better first-
line treatment regime for inoperable HCC than RFA (21). 
Here, we performed a systematic review and meta-analysis 
of published literature to compare the clinical outcomes 
between SBRT and RFA in HCC patients. We present the 
following article in accordance with the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
reporting checklist (available at https://hbsn.amegroups.com/
article/view/10.21037/hbsn.2020.03.15/rc) (22).

Methods 

Study design

We developed a protocol that defined the inclusion criteria, 
search strategy, outcomes of interest, and analysis plan.

Procedures

To collect studies for our systematic review and meta-
analysis, we searched the electronic databases including 
Embase, PubMed, and the Cochrane Central Register of 
Controlled Trials (CENTRAL) from the date of inception 
of every database to September 2019. The search terms are 
provided in Supplementary File. 

We used the following inclusion criteria for determining 
the eligibility of the study populations (hereafter referred to 
as cohorts) (Figure 1):

(I) Patients with HCC (size ≤5 cm) or residual HCC 
(RHCC, size ≤5 cm);

(II) Treatment with only SBRT or RFA;
(III) Reported relevant outcomes such as overall survival 

(OS), freedom from local progression (FFLP), and 
complications;

(IV) From an original study [randomized controlled trial 
(RCT), non-randomized clinical trial, observational 
studies, cohort studies, and retrospective studies].

We did not restrict our search to language, country, 
patients’ characteristics, or underlying disease status 

Records identified through
database searching

(n=291)

Records after
duplicates removed

(n=240)

Records title and
abstract screened

(n=240)

Records excluded with
reasons (n=112)

• Case report (n=5)
• Not original article (n=17)
• Review (n=90)

Ful-text articles excluded
with reasons (n=123)

• Not RCT or retrospective 
study (n=90)

• No relevant outcome 
(n=33)

Full-text articles assessed
for eligibility

(n=128)

Studies included in
qualitative synthesis

(n=5)

Figure 1 Inclusion and exclusion criteria for the meta-analysis.
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(primary or recurrent). We excluded case reports, reviews, 
notes, letters, errata, commentaries, studies published only 
as abstracts, and studies with a clear duplication. 

We extracted the following data: author, study period, 
patients’ characteristics (i.e., sex, age, tumor size, tumor 
number, and Child-Pugh class), the number of patients and 
their characteristics after propensity score matching (PSM), 
interventions (radiation dose and fractionation schedule), 
length of follow-up, and relevant outcomes. We defined 
relevant outcomes as OS at 1 and 2 years, FFLP, toxic 
effects, and functional status. We defined relevant toxicity 
as Child-Pugh class degeneration, liver failure, and RILD. 

Statistical analysis

We analyzed the patients who received SBRT or RFA 
after PSM. We calculated event rates of the outcome (the 
proportion of patients who developed relevant outcomes) 
from the included cohorts for those two therapies. 
We pooled log-transformed event rates and assessed 
heterogeneity using the Mantel-Haenszel test (16,23). 
A statistical test with a P value <0.05 was considered 
significant. To account for the potential effect of publication 
bias, the methodological quality of literature was assessed 
by the risk of bias table from Cochrane Collaboration. To 
measure overall heterogeneity across the included cohorts, 
we calculated the I2 statistic, with I2 >50% indicating 
high heterogeneity. We performed the statistical analyses 
in RevMan 5.3 software (RevMan Web, Cochrane 
Collaboration, USA).

Results

Out of 291 studies that were collected from the database 
search, 5 retrospective studies met the inclusion criteria 
and were included in this systematic review (17,21,24-26)  
(Figure 1). We did not find any RCTs or controlled studies 
that directly compared SBRT with RFA. From these 5 
studies, 5 cohorts were identified and 620 patients were 
treated with SBRT whereas 4194 patients received RFA 
(17,21,24-26) (Table 1). The study by Rajyaguru et al. 
confirmed that the patients who received SBRT were older 
than those who received RFA (≥71 years, P<0.001) (24), 
but the other four studies found no significant difference 
in median age (17,21,25,26). The proportions of tumor 
larger than 3cm are 38.4% and 31.9% in SBRT and RFA 
group accordingly (P=0.004). The median tumor size and 
proportion of men did not significantly differ between the 
two groups. The study by Rajyaguru et al. did not offer 
any specific data on the Child-Pugh class of the patients. 
However, the four other studies reported that patients who 
received SBRT had better Child-Pugh class than those who 
received RFA (Table 1). 

The methodological quality of the included studies 
was fair (Figure 2). All studies provided adequate outcome 
ascertainment, enrolled a representative sample of patients, 
and had an acceptable length of follow-up. However, 
because of the differences between the two treatment 
strategies, performance bias cannot be avoided. Assessment 
of publication bias was not done because data would be 
unreliable because of the small number of studies included 

Table 1 Baseline characteristics of SBRT and RFA cohorts

Characteristic Cohorts SBRT RFA P value

Patients (n) 5 620 4194 –

Men (%) 5 74.0 72.2 0.353

Median age (year)1 4 66.9 [35–93] 67.0 [31–90] –

Median tumor size (cm) 5 2.4 2.4 0.563

Tumor number (/patients) 3 418/311 1,459/1,060 0.379

Median Child-Pugh class, n (%) 4

A 307 (89.2) 448 (75.6) <0.001

B 35 (10.2) 124 (20.9) <0.001

C 2 (0.6) 21 (3.5) 0.005
1, the information in Rajyaguru et al.’s study can’t calculate for the median age, but they pointed that the patients who received SBRT were 
older (≥71 years, P<0.001). SBRT, stereotactic body radiation therapy; RFA, radiofrequency ablation. 
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in each treatment group. The included studies had high 
heterogeneity and I2 >50%.

As shown in Table 2, the pooled event rate of OS at 1 year 
in the SBRT group and RFA group showed no significant 
difference (P=0.14). However, the pooled event rate of 
OS at 2 years in SBRT was significantly lower than that in 
RFA [Figure 3; odds ratio (OR): 0.63, P=0.0001]. The data 
involved in OS analysis showed no heterogeneity (I2 =0%). 
Interestingly, the pooled event rate of FFLP at 2 years in 
SBRT was higher than that in RFA (Figure 4, odds ratio 1.66, 
P=0.03). Moreover, the data involved in the FFLP analysis 
showed no heterogeneity (I2 =0%). 

Table 3 shows the major severe liver complications 
in RFA or grade 3/4 adverse effects in SBRT. The 
deterioration of the Child-Pugh class showed no significant 
difference between the two groups (P=0.23). The patients 

who received SBRT were more likely to develop liver 
dysfunction than those who received RFA (P=0.033). In 
addition, RILD was reported in two studies (17,21). Kim 
et al. reported that seven patients (6.7%) developed RILD 
in the SBRT group including one patient had an elevated 
transaminase levels five times the normal upper limit, four 
patients had elevated alkaline phosphatase levels at twice the 
pretreatment levels, and two patients with Child-Pugh class 
A, and these patients further deteriorated to Child-Pugh 
class B or C (17). Only one patient with RILD was reported 
by Wahl et al. (21).

Discussion

A total of 5 studies met the inclusion criteria and were 
included in this meta-analysis. Due to the limitations of 

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 100%25% 50% 75%

Low risk of bias  Unclear risk of bias  High risk of bias

Figure 2 Selected methodological quality indicator.

Table 2 Comparison of primary outcomes for SBRT and RFA cohorts

Group Cohorts Patients (n) Event (%) P value

1-year OS 0.140

SBRT 4 287 84.7

RFA 4 385 80.3

2-year OS 0.0001

SBRT 5 562 49.6

RFA 5 906 56.7

2-year FFLP 0.03

SBRT 3 181 75.7

RFA 3 279 70.6

OS, overall survival; FFLP, freedom from local progression; SBRT, stereotactic body radiation therapy; RFA, radiofrequency ablation.
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different researches and diverse description standards 
adopted in the included studies, we could not compare the 
OS or FFLP situation at 3 or 5 years completely, thus 2-year 
FFIP and OS became a better research indicator. Based on 
pooled results, we found that SBRT has a better effect on 
the control of local tumor recurrence than RFA. On the 
other hand, patients treated with RFA have a better survival 
rate than SBRT. This suggests that the radiation damage 
caused by SBRT and the heterogeneity of the constitutions 
of the included patients may affect the prognosis in the 
SBRT group. In addition, liver toxicity was not significantly 

different between SBRT and RFA. We have a treatment 
with RFA reliable post-therapy evaluation and a treatment 
with SBRT-related complex evaluation. However, we could 
not compare other toxicities because grade 3 adverse effects 
directly according to the RTOG/EORTC criteria were not 
reported by the included studies. 

Previously, several reviews have addressed the effectiveness 
and safety of SBRT (23,27) and RFA (10,28) separately. 
Although no meta-analysis of SBRT and RFA in HCC 
was published, Wahl et al. (21) directly compared the 
effectiveness of SBRT with RFA. SBRT was more effective 

Figure 3 Forest plot for meta-analysis of 2-year overall survival (OS) in patients with HCC. Events: 2-year overall survival (OS). *after 
propensity score matching (PSM).

Figure 4 Forest plot for meta-analysis of 2-year freedom from local progression (FFLP) in patients with HCC. Events: 2-year freedom from 
local progression (FFLP). *after propensity score matching (PSM).

Table 3 Comparison of liver toxicities events for SBRT and RFA

Variable Cohorts Events Total Events rate (%) P value

Child-Pugh degeneration

SBRT 1 9 113 8.0 0.23

RFA 1 24 231 10.4

Liver failure

SBRT 2 4 136 2.9 0.033

RFA 2 1 254 0.4

SBRT, stereotactic body radiation therapy; RFA, radiofrequency ablation.
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than RFA for tumors ≥2 cm, but there was no significant 
difference in effectiveness between SBRT and RFA for 
tumors <2 cm (21). In prior studies, SBRT was used to mostly 
treat cases with Child-Pugh stage A or B and small target 
volumes which showed favorable efficacy and low toxicity for 
small HCC and early-stage patients. Additionally, our analysis 
confirmed that SBRT had a better overall local control ratio 
than RFA. Furthermore, similar to RFA, increasing the 
tumor diameter may reduce the local control ratio and OS 
of SBRT (29,30). However, the safety of SBRT compared to 
RFA needed further assessment. Previous studies indicated 
that SBRT monotherapy of small HCC had low toxicity 
(30), and the early and late toxicities overall grade from 1 to 
4 occurred at very low levels (31). Our analysis reveals that 
the safety profile and administration of radiological dose in 
SBRT needs further improvement. 

The dosage and grade of SBRT therapy for HCC 
are under study. Each study included in the analysis 
used a different total dose of radiation ranging from 30 
to 60 Gy. Moreover, there was no consensus regarding 
the number of fractions used in the SBRT group. The 
total dose administered depends not only on the hepatic 
function based on the Child-Pugh class but also on the 
restrictions of the dose delivered to the healthy liver 
tissue and the dose delivered to the other organs at risk 
(i.e., stomach, bowels, and spinal cord) (30). Studies in 
which patients were administered low radiation dose may 
report the same efficacy as those in which patients were 
administered with high dose (32). Therefore, further 
studies should be conducted to confirm the suitable dose 
of SBRT for HCC.

Current clinical evidence of HCC suggests that the 
FFLP rate of SBRT is significantly higher than that of RFA. 
Moreover, SBRT has a lower long-term survival rate than 
RFA. It must be pointed out that the overall quantity and 
quality of data on SBRT and RFA are poor and may have 
a risk of potential bias. The effects of these two treatments 
should be considered comprehensively in the treatment of 
HCC, especially of patients with Child-Pugh stage A or B. 
Additionally, RCTs or large, controlled, prospective trials 
should be designed for further comparison of those two 
therapies (27,33). There is a need for improved reporting and 
prospective studies to unequivocally recommend SBRT as a 
definitive treatment option for HCC in the guidelines (30).  
Moreover, clarity regarding the standard radiological dose 
and adverse effects of RTOG/EORTC criteria is necessary 
for acute and late toxicity comparison when conducting 
prospective studies. 

The application of formal meta-analytic methods to 
retrospective studies is controversial (16,34), and this is 
a major limitation of our study. The study design and 
population were diverse, and these differences may affect 
general estimates. When RCTs are not available, a meta-
analysis of retrospective studies is one of the methods 
to evaluate the efficacy and effectiveness of SBRT (35). 
However, potential bias such as selection bias is inevitable 
due to the lack of RCTs. In addition, performance bias is 
inevitable due to the inherent differences between the two 
treatment strategies in this meta-analysis (Figure 2). The 
small number of studies included may further amplify the 
potential bias. 

This study demonstrates that SBRT has better efficacy 
for local progression but poorer OS than RFA. Therefore, 
SBRT should be cautiously selected for treatment following 
a comprehensive analysis of patients with inoperable small 
HCC including the patients’ general condition, Child-
Pugh score, stage of Barcelona Clinic Liver Cancer, 
tumor number, tumor location, prospective survival time, 
tolerance to radiotherapy, etc. In fact, RFA is still the 
preferred treatment in many cases. But SBRT appears to be 
an effective alternative treatment when RFA is not feasible 
due to the patients’ situation (17).

There were differences in the characteristics of the 
experimental subjects in the studies. Moreover, there were 
differences in the experimental methods of the included studies 
since there was no uniform standard for describing patient 
characteristics, SBRT radiological dose, and complications. 
Therefore, the conclusions obtained were biased inevitably. 
Further RCTs comparing SBRT and RFA should quantify the 
factors that affect tumor control and prognosis.
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Supplementary

Search strategy

PubMed: 

((((((((((((((((((((((Hepatocellular Carcinoma[Title/Abstract]) OR Carcinoma, Hepatocellular[Title/Abstract]) OR Carcinomas, 
Hepatocellular[Title/Abstract]) OR Hepatocellular Carcinomas[Title/Abstract]) OR Liver Cell Carcinoma, Adult[Title/
Abstract]) OR Liver Cancer, Adult[Title/Abstract]) OR Adult Liver Cancer[Title/Abstract]) OR Adult Liver Cancers[Title/
Abstract]) OR Cancer, Adult Liver[Title/Abstract]) OR Cancers, Adult Liver[Title/Abstract]) OR Liver Cancers, Adult[Title/
Abstract]) OR Liver Cell Carcinoma[Title/Abstract]) OR Carcinoma, Liver Cell[Title/Abstract]) OR Carcinomas, Liver 
Cell[Title/Abstract]) OR Cell Carcinoma, Liver[Title/Abstract]) OR Cell Carcinomas, Liver[Title/Abstract]) OR Liver 
Cell Carcinomas[Title/Abstract]) OR Hepatocellular Carcinoma[Title/Abstract]) OR Hepatoma[Title/Abstract]) OR 
Hepatomas[Title/Abstract])) AND ((((((Radiofrequency Ablation[Title/Abstract]) OR Ablation, Radiofrequency[Title/
Abstract]) OR Radio Frequency Ablation[Title/Abstract]) OR Ablation, Radio Frequency[Title/Abstract]) OR Radio-
Frequency Ablation[Title/Abstract]) OR Ablation, Radio-Frequency[Title/Abstract])) AND (((((((((((((((Stereotactic body 
radiation therapy[Title/Abstract]) OR Radiosurgery[Title/Abstract]) OR Stereotactic Radiation[Title/Abstract]) OR 
Radiation, Stereotactic[Title/Abstract]) OR Stereotactic Radiations[Title/Abstract]) OR Stereotactic Radiosurgery[Title/
Abstract]) OR Radiosurgery, Stereotactic[Title/Abstract]) OR Stereotactic Radiosurgeries[Title/Abstract]) OR 
Stereotactic Body Radiotherapy[Title/Abstract]) OR Radiotherapy, Stereotactic Body[Title/Abstract]) OR Stereotactic 
Body Radiotherapies[Title/Abstract]) OR Stereotactic Radiation Therapy[Title/Abstract]) OR Radiation Therapy, 
Stereotactic[Title/Abstract]) OR Stereotactic Radiation Therapies[Title/Abstract]) OR Therapy, Stereotactic Radiation[Title/
Abstract]).

Embase:

#1 'stereotactic body radiation therapy'/exp
#2 'stereotactic radiation':ab,ti
#3 'radiation, stereotactic':ab,ti
#4 'stereotactic radiations':ab,ti
#5 'stereotactic radiosurgery':ab,ti
#6 'radiosurgery, stereotactic':ab,ti
#7 'stereotactic radiosurgeries':ab,ti
#8 'stereotactic body radiotherapy':ab,ti
#9 'radiotherapy, stereotactic body':ab,ti
#10 'stereotactic body radiotherapies':ab,ti
#11 'stereotactic radiation therapy':ab,ti
#12 'radiation therapy, stereotactic':ab,ti
#13 'stereotactic radiation therapies':ab,ti
#14 'therapy, stereotactic radiation':ab,ti
#15 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14
#16 'radiofrequency ablation'/exp
#17 'ablation, radiofrequency':ab,ti
#18 'radio frequency ablation':ab,ti
#19 'ablation, radio frequency':ab,ti
#20 'radio-frequency ablation':ab,ti
#21 'ablation, radio-frequency':ab,ti
#22 #16 OR #17 OR #18 OR #19 OR #20 OR #21
#23 'liver cell carcinoma'/exp
#24 'carcinomas, hepatocellular':ab,ti
#25 'hepatocellular carcinomas':ab,ti
#26 'liver cell carcinoma, adult':ab,ti
#27 'liver cancer, adult':ab,ti
#28 'adult liver cancer':ab,ti
#29 'adult liver cancers':ab,ti
#30 'cancer, adult liver':ab,ti
#31 'cancers, adult liver':ab,ti
#32 'liver cancers, adult':ab,ti
#33 'liver cell carcinoma':ab,ti
#34 'carcinoma, liver cell':ab,ti
#35 'carcinomas, liver cell':ab,ti
#36 'cell carcinoma, liver':ab,ti
#37 'cell carcinomas, liver':ab,ti
#38 'liver cell carcinomas':ab,ti
#39 'hepatocellular carcinoma':ab,ti
#40 'hepatoma':ab,ti
#41 'hepatomas':ab,ti
#42 #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR 

#37 OR #38 OR #39 OR #40 OR #41
#43 #15 AND #22 AND #42

Cochrane:

#1 Carcinoma, Hepatocellular*: Me
#2 ((Hepatocellular OR Liver*) AND (NEOPLAS* OR CANCER OR CARCINOMA*))
#3 (#1 OR #2)
#4 Stereotactic body radiation therapy
#5 Radiofrequency Ablation
#6 (#3 AND #4 AND #5)
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