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Abstract

Background and Aims: There are no comparative studies 
on the efficacy of hepatic resection (HR) and CyberKnife 
stereotactic body radiation therapy (CK-SBRT) plus tran-
shepatic arterial chemotherapy embolization (TACE) in the 
treatment of large hepatocellular carcinoma (HCC). There-
fore, this study aimed to compare the efficacy of HR and CK-
SBRT+TACE in large HCC. Methods: A total of one hundred 
and sixteen patients were selected from November 2011 to 
December 2016. Among them, 50 were allocated to the CK-
SBRT+TACE group and 66 were allocated to the HR group. 
The Kaplan-Meier method was applied to calculate overall 
survival (OS) and progression-free survival (PFS) rates. 
Propensity score matching was performed to control for 
baseline differences between the groups. Results: Thirty-
six paired patients were selected from the CK-SBRT+TACE 
and HR groups. After propensity score matching, the 1-, 
2- and 3-year OS rates were 83.3%, 77.8% and 66.7% 
in the HR group and 80.6%, 72.2% and 52.8% in the CK-
SBRT+TACE group, respectively. The 1-, 2- and 3-year PFS 
rates were 71.6%, 57.3% and 42.3% in the HR group and 
66.1%, 45.8% and 39.3% in the CK-SBRT+TACE group, re-
spectively (OS: p=0.143; PFS: p=0.445). Both a high plate-
let count and low alpha-fetoprotein value were revealed as 
influencing factors in improving OS and PFS. Conclusions: 
CK-SBRT+TACE brought local effects that were similar to 
those of HR in HCC patients with a large and single lesion. 

Moreover, the liver injury occurrence rate was acceptable in 
both groups.

Citation of this article: Sun J, Li WG, Wang Q, He WP, 
Wang HB, Han P, et al. Hepatic resection versus stereotactic 
body radiation therapy plus transhepatic arterial chemoem-
bolization for large hepatocellular carcinoma: a propensity 
score analysis. J Clin Transl Hepatol 2021;9(5):672–681. 
doi: 10.14218/JCTH.2020.00188.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common 
cancer worldwide and the fourth most common cause of 
cancer-related death.1 Hepatic resection (HR), radiofre-
quency ablation (RFA) and liver transplantation (LT) are the 
main curative methods for HCC, especially for early-stage 
HCC.2 However, without any related syndrome in the early 
stages of the disease, some HCC patients are at an ad-
vanced stage at the time of diagnosis and lose the opportu-
nity for radical treatment.

HR and transhepatic arterial chemotherapy emboliza-
tion (TACE) are widely used for patients with a tumor di-
ameter of 5–10 cm. With the advancement of radiotherapy 
technologies, CyberKnife stereotactic body radiation ther-
apy (CK-SBRT) has also been applied to patients with large 
HCC and prolonged their survival, especially among those 
who were not suitable for or refused other treatments.3,4 
Previous studies have reported improved outcomes using 
radiotherapy+TACE combination therapy compared with 
TACE or radiotherapy alone.5–7 However, there are no com-
parative studies on the efficacy of HR and CK-SBRT+TACE 
in the treatment of large HCC. Therefore, we conducted a 
retrospective analysis to compare long-term survival fol-
lowing CK-SBRT+TACE versus HR for patients with large 
HCCs (5–10 cm) that were treated in our medical center.

Methods

The study profile is shown in Figure 1. One hundred and 
sixteen patients were enrolled in this study from November 
2011 to December 2016. Among them, 50 were in the CK-
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SBRT+TACE group and 66 were in the HR group.
Eligibility criteria were as follows: 1) HCC patients di-

agnosed according to an imaging examination, laboratory 
tests or pathology; 2) a single lesion with a diameter of 
5–10 cm; 3) no prior treatment; 4) Child-Pugh classifica-
tion A or B; 5) no portal vein tumor thrombus on imaging 
examination; 6) an Eastern Cooperative Oncology Group 
performance score (commonly referred to as ECOG PS) of 
0 or 1; 7) (for patients in the HR group) an indocyanine 
green retention rate at 15 minutes less than 10%; and 8) 
(for patients in the CK-SBRT group) normal residual liver 
volume ≥700 cc and having undergone gastroscopy before 
treatment.

CK-SBRT procedure

All patients in the CK-SBRT group received fiducial marker 
implantation before TACE and underwent computed tomog-
raphy (CT) localization imaging after their liver function re-
covered. Plain CT scan images were benchmark images, 
and contrast-enhanced CT or contrast-enhanced magnetic 
resonance images were used as auxiliary images for fu-
sion. An oncologist contoured the gross tumor volume, 
planning target volume and organs-at-risk. Planning target 
volume was defined as 3–5 millimeter expansion of gross 
tumor volume and avoided organs-at-risk. Prescribed dos-
es were 50–54 Gy/5–6 fx. All plans were calculated by G4 
CyberKnife MultiPlan (version 4.0.2) and VSI CyberKnife 
MultiPlan (version 4.6.1) (Accuracy, USA). Normal tissue 
tolerance doses were determined according to the AAPM 
TG-101 report.3

TACE procedure

The patients underwent TACE between fiducial marker im-
plantation and CK-SBRT execution. The femoral artery was 
accessed via catheterization. Hepatic angiography was per-
formed to observe the common hepatic artery, left and right 
hepatic arteries, and splenic artery. After localized tumor 
staining, intervention radiologists inserted a microcatheter 

into the blood supply vessel and infused it with a mixture of 
5–20 mL iodinated oil injection (Lipiodol; Guerbet, Aulnay-
sous-Bois, France) plus epirubicin (10 mg). If a patient’s 
tumor had an arteriovenous fistula, gelatin sponge particles 
(Cutanplast; Mascia Bruneili S.p.A., Milano, Italy) were ap-
plied for embolization. After CK-SBRT, the patients received 
TACE once a month.

HR procedure

Segmental hepatectomy, left hepatectomy and right hepa-
tectomy were applied to remove the tumor. The residual 
liver volume was estimated from a preoperative volumetric 
CT scan. Hepatectomy was not executed in patients with a 
remnant volume less than 30% of the total liver volume, 
excluding the lesion.4 Intraoperative ultrasound was rou-
tinely applied to evaluate the extent of parenchymal resec-
tion that could be safely performed. HR could receive R0 
resection.

Toxicity reactions and follow-up

Toxicity reactions were evaluated according to the Com-
mon Terminology Criteria for Adverse Events version 4.0.5 
Radiation-induced liver disease (referred to as RILD) was 
observed among the patients in the CK-SBRT+TACE group.

All patients underwent laboratory tests at least every 3 
days during CK-SBRT+TACE/HR treatment. After treatment, 
the patients were reviewed every 3 months for 1 year and 
every 6 months thereafter until March 2020 or death.

Statistical analysis

Overall survival (OS) was defined as the period between 
the beginning of treatment and the final follow-up or death. 
Progression-free survival (PFS) was defined as the period 
between the beginning of treatment and the final follow-up 
or tumor progression. Local control was defined as the pe-

Fig. 1.  Flow diagram showing the screening, enrollment, and treatment allocation of patients. 
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riod between the beginning of treatment to the progression 
of the previously treated lesion or the final follow-up. Pro-
pensity score matching (PSM) at a 1:1 ratio was performed 
to balance the CK-SBRT+TACE and HR patient cohorts. 
The Kaplan-Meier method was applied to calculate survival 
rates. The log-rank test was used to compare survival out-
comes of the two groups. The χ2 test or Fisher’s exact test 
was used to compare baseline variables of the two groups. 
All statistical analyses were performed using STATA (ver-
sion 15.0; STATA Corp., College Station, TX, USA) and SPSS 
(version 23.0; IBM Corp., NY, Armonk, USA). A p-values of 
< 0.05 was considered statistically significant.

Results

The patients’ characteristics are shown in Table 1. The pro-
portions of patients with an alpha-fetoprotein (AFP) value 
≥200 ng/mL or a low platelet (PLT) count were higher in the 
CK-SBRT+TACE group than in the HR group. After PSM, 36 
paired patients were selected from the two groups, and no 
significant differences in variables were observed.

Recurrence/metastasis, subsequent treatment and 
cause of death

By March 2020, 75 patients had developed relapse or me-
tastasis (44 patients in the HR group and 31 patients in 
the CK-SBRT+TACE group), and 60 patients had died 
(31 patients in the HR group and 29 patients in the CK-
SBRT+TACE group). After PSM, 48 patients had developed 
recurrence or metastasis (24 patients in the HR group and 
24 patients in the CK-SBRT+TACE group), and 38 patients 
had died (16 patients in the HR group and 22 patients in the 
CK-SBRT+TACE group). The details are shown in Table 2.

Survival analyses

Before PSM, the 1-, 2- and 3-year OS rates were 80.0%, 
70.0% and 54.0% in the CK-SBRT+TACE group and 
83.3%, 71.2% and 63.6% in the HR group, respectively 
(p=0.213; Fig. 2A). The 1-, 2- and 3-year PFS rates were 
65.4%, 46.2% and 41.6% in the CK-SBRT+TACE group and 
63.1%, 49.3% and 41.4% in the HR group, respectively 
(p=0.923; Fig. 2B). After PSM, the 1-, 2- and 3-year OS 
rates were 83.3%, 77.8% and 66.7% in the HR group and 
80.6%, 72.2% and 52.8% in the CK-SBRT+TACE group, re-
spectively (p=0.143; Fig. 2C). The 1-, 2- and 3-year PFS 
rates were 71.6%, 57.3% and 42.3% in the HR group and 
66.1%, 45.8% and 39.3% in the CK-SBRT+TACE group, 
respectively (p=0.445; Fig. 2D). There was no significant 
difference in OS and PFS. The influencing factors of OS and 
PFS are shown in Table 3, and we found that a low AFP value 
and high PLT count were influencing factors in improving OS 
and PFS for all patients with large HCC.

Two patients are shown in the figures, including one who 
received CK-SBRT+TACE (Fig. 3A–C) and one who received 
HR (Fig. 3D–F).

Toxicity reactions and complications

The main common adverse reactions in the two groups were 
grade 1–2 gastrointestinal reactions, including nausea, 
vomiting and anorexia. No grade ≥3 gastrointestinal toxici-
ties were observed. The proportion of patients with abdomi-
nal pain in the HR group was higher than that in the CK-

SBRT+TACE group, as was the proportion of patients with 
ascites or hydrothorax. Transient liver dysfunction occurred 
mainly in the HR group and showed mainly a decrease in 
albumin and an elevation in transaminase. Six patients in 
the CK-SBRT+TACE group were diagnosed with RILD before 
PSM, and the details of their liver function before and after 
CK-SBRT are shown in Table 4.

None of these patients died from the toxicity outcomes 
and complications of HR or CK-SBRT+TACE. The toxicity re-
actions and complications in the two groups are shown in 
Table 5.

Discussion

The treatment of patients with large HCC is a considera-
ble challenge. Some studies reported that ablation or HR 
therapy could achieve certain efficacy. Xu et al.6 reported 
the outcomes of patients with 5–6 cm unresectable HCCs 
who received microwave ablation. They found that the 1-, 
3- and 5-year OS rates were 92.7%, 63.4% and 41.1%, 
respectively, and the corresponding recurrence-free sur-
vival rates were 65.9%, 31.7% and 23.0%, respectively. 
Although the tumor size was smaller in their study than 
in ours, their 3-year OS rate was similar to ours, and the 
3-year recurrence-free survival rates were lower than our 
PFS rates. Zhao et al.7 conducted a retrospective analysis 
of patients with large HCC undergoing HR. Ninety-nine pa-
tients were enrolled in their study. Two patients died of he-
patic failure within 30 days after surgery. The 1-, 3- and 
5-year disease-free survival and OS rates following HR were 
67% and 49% and 37% and 77%, 56%, and 43%, respec-
tively. Hsu et al.8 evaluated the long-term outcomes after 
HR in elderly patients with resectable large HCC compared 
with those in younger patients. The 1-, 3-, 5- and 7-year 
OS rates in the elderly/younger groups were 76%/79%, 
55%/57%, 48%/51% and 42%/49%, respectively. The 1-, 
3-, 5- and 7-year disease-free survival rates in the elderly/
younger groups were 60%/54%, 40%/36%, 38%/32%, 
and 27%/32%, respectively. The OS rate in our study was 
higher than that in theirs. We believe that this finding may 
be related to the fact that all patients in the HR group of 
our study were of Child-Pugh A classification and with single 
lesion, both of which are influencing factors for improving 
prognosis.

SBRT has been applied in the HCC treatment field for 
over 20 years9 and has achieved a satisfactory effect on 
HCC patients, and the number of related studies published 
in recent years has increased. To date, there have been 
more studies on patients with small HCC10–12 than on pa-
tients with large HCC. Shibata et al.13 applied proton beam 
therapy to patients with large HCC, in which the tumor size 
ranged from 5.0 to 13.9 cm. Twenty-four patients were 
classified as Child-Pugh A, and five patients were classified 
as Child-Pugh B. The 2-year Local control (LC), PFS and OS 
rates were 95%, 22% and 61%, respectively. Beaton et 
al.14 described 13 patients with large HCC whose median 
tumor size ranged from 5.1 to 9.7 cm and were treated 
with SBRT. The prescribed doses were 40–45 Gy in five 
fractions. They reported a median OS of 17.7 months and 
a 1-year OS rate of 62%. SBRT provides an effective treat-
ment for patients with large HCC, especially for patients 
who are not suitable for or unwilling to receive other treat-
ments.

The AFP value and PLT count were significant factors of 
OS and PFS in our study. A similar AFP value was reported 
in previous studies.15,16 The PLT count could serve as an 
indicator for the degree of cirrhosis by indicating the degree 
of hypersplenism and portal hypertension,17 and complica-
tions of cirrhosis were the main cause of death. Moreover, 
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an adequate PLT count was one of the necessary conditions 
for treatment of relapse.

This study is the first to compare the efficacy and com-
plications of SBRT+TACE and HR in patients with large HCC. 
The main adverse reactions in the SBRT group were nausea 
and vomiting, which were mainly related to exposure of the 
gastrointestinal tract to radiation during therapy. We found 
that RILD occurred only in six patients, and there were 
no deaths. Compared to conventional radiation therapy, 
CK-SBRT improved accuracy through noncoplanar irradia-
tion and better protected normal residual liver function by 
adopting fiducial marker tracking combined with dynamic 
respiration tracking. Fatigue and abdominal pain were the 
main syndromes in the HR group, and some patients had 
ascites or hydrothorax, which was mainly related to surgi-
cal trauma, and most patients recovered within 3 weeks. 
Although the OS curve of HR seems to be higher than that 
of CK, the difference in OS between the two groups was not 
statistically significant before and after PSM. After relapse 
or metastases, patients in the HR group received more 
types of follow-up treatment, and the proportion of patients 
who received multiple treatments was higher than that of 
those who received CK-SBRT+TACE. However, the majority 
of patients in the CK-SBRT+TACE group received repeated 

CK-SBRT only. Moreover, the proportion of patients in the 
CK-SBRT+TACE group who received conservative therapy 
was higher than that in the HR group. Although the choice 
of treatment was related to the patients, it may have af-
fected the prognosis.

TACE has been widely applied to patients with large HCC 
in clinical practice. Jin et al.18 compared the OS outcomes 
of patients with large HCC and a single tumor treated with 
HR and TACE. In their study, 206 patients were in the HR 
group, and 489 patients were in the TACE group. The cu-
mulative OS rates at 1, 3 and 5 years in the HR group were 
significantly higher than those in the TACE group. Previous 
studies showed that CK-SBRT combined with TACE could 
prolong survival in patients with nonresectable HCC. Wong 
et al.19 conducted a retrospective study of two centers in 
Hong Kong. After PSM, 49 patients were in the TACE+SBRT 
group, and 98 patients were in the TACE alone group. The 
1- and 3-year OS rates in the TACE+SBRT group and TACE 
alone group were 67.2% versus 43.9% and 36.5% versus 
13.3%, respectively. The 1- and 3-year PFS rates in the 
TACE + SBRT group and TACE alone group were 32.5% ver-
sus 21.4% and 15.1% versus 5.1%, respectively. Su et al.20 
described 77 patients who received SBRT followed by tran-
scatheter arterial embolization (commonly known as TAE) 

Fig. 2.  Comparison of the groups who received CK-SBRT+TACE and HR group. (A) OS rates (p=0.213). (B) PFS rates (p=0.923). (C–D) Following PSM, OS 
rates (C) (p=0.143) and PFS rates (D) (p=0.445). CK-SBRT, CyberKnife stereotactic body radiation therapy; HR, hepatic resection; TACE, transhepatic arterial chem-
oembolization.
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or TACE and 50 patients who received SBRT alone. The 1-, 
3- and 5-year OS rates were 75.5%, 50.8% and 46.9% in 
the TAE/TACE+SBRT group and 62.4%, 32.9% and 32.9% 
in the SBRT group, respectively. All their results showed 
that SBRT combined with TACE could better improve surviv-
al than SBRT or TACE alone. We conjectured that SBRT may 
normalize the tumor vasculature and increase embolization 
rates and that TACE/TAE could eliminate subclinical lesions, 
which prolonged PFS and OS.

It is difficult to carry out a prospective randomized 
controlled cohort study to compare the efficacy of CK-
SBRT+TACE and HR in treating patients with large HCC. 
However, based on our results, we believe that CK-SBRT 

combined with TACE could offer a strategy for improving the 
survival of patients with large HCC, especially those who 
were not suitable for HR.

Conclusions

Our results showed that CK-SBRT+TACE and HR provide 
similar OS and PFS benefits for patients with large HCC. CK-
SBRT+TACE could offer a treatment option for patients with 
large HCC who are not suitable for or refuse other treat-
ments. The toxicity reactions and complications in the two 
groups were acceptable.

Fig. 3.  Magnetic resonance imaging (MRI) of patients with large HCC who were treated with CK-SBRT+TACE and HR. (A–C) are for a patient treated with 
CK-SBRT+TACE, primary abdominal scan showing the HCC lesion (A), at 6 months after CK-SBRT+TACE (B), and at 2 years after CK-SBRT+TACE (C). (D–F) are for a 
patient treated with HR, primary abdominal MRI scan showing the HCC lesion (D), at 6 months after HR (E), and at 2 years after HR (F). CK-SBRT, CyberKnife stereo-
tactic body radiation therapy; HCC, hepatocellular carcinoma; HR, hepatic resection; MRI, Magnetic resonance imaging; TACE, transhepatic arterial chemoembolization.

Table 4.  Details of patients who were diagnosed with RILD before and after CK-SBRT

ALP Bilirubin ALT AST ALB Ascites

Pre- Post- Pre- Post- Pre- Post- Pre- Post- Pre- Post- Pre- Post-

Classic RILD

  80 245 17.1 20.1 34 33 36 36 43 35 − +

Non-classic RILD

  98 112 12.4 32.1 33 424 32 286 38 32 − +

  98 121 20.1 51.7 40 34 42 114 35 33 − +

  67 136 22.7 55.6 30 608 28 363 36 40 − −

  165 144 26.9 43.8 19 68 40 75 31 28 − +

  79 81 18.5 35.6 28 17 37 42 39 34 − −

ALB, albumin; ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; CK-SBRT, CyberKnife Stereotactic body radiation therapy; 
RILD, radiation induced liver injury.
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