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Abstract: Background: Radiotherapy has been widely used in the treatment of hepatocellular carcinoma (HCC). 
However, whether the patients should receive radiotherapy before or after surgical treatment has not been studied. 
The objective of the study was to compare the efficacy of the treatment in HCC patients who received pre-surgery 
and post-surgery radiotherapy. Methods: Data from the Surveillance, Epidemiology, and End Results (SEER) data-
base were analyzed. Patients with surgery combined with radiotherapy were included into the study. The outcome 
measures were overall survival (OS) and cancer-specific survival (CSS). Propensity score matching (PSM) was used 
to reduce selection bias. Results: Before PSM, the median OS (mOS: 82 months) and median CSS (mCSS: NA) in 
the pre-surgery group were longer than in the post-surgery group (mOS: 21 months; mCSS: 20 months; P<0.001 
for both). After PSM, the mOS and mCSS in the pre-surgery group were longer than in the post-surgery group (mOS: 
45 vs. 26 months, P=0.011; mCSS: 60 vs. 26 months, P=0.003). The subgroup analysis documented that patients 
with single tumor, liver resection, and American Joint Committee on Cancer (AJCC) stage I and II had longer mOS and 
mCSS if they received pre-surgery rather than post-surgery radiotherapy (all P<0.05). Multivariate regression analy-
sis showed patients with post-surgery radiotherapy had a higher risk of mortality than patients with post-surgery 
radiotherapy. Conclusion: HCC patients with single tumor, AJCC stage I and II, or with liver resection who received 
pre-surgery radiotherapy have better survival benefits than patients receiving post-surgery radiotherapy, particularly 
if internal radiotherapy was used.
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Introduction

Liver cancer is one of the most common and 
deadly cancers worldwide [1]. Hepatocellular 
carcinoma (HCC) accounts for approximately 
75%-85% of primary liver cancers [2]. The gui- 
deline recommends that patients with early 
HCC should receive transplantation or liver 
resection or radiofrequency ablation, while pa- 
tients with intermediate or advanced HCC sh- 
ould receive transarterial chemoembolization 
(TACE) and molecular targeted drugs. However, 
transplantation is difficult to realize in most 
early HCC patients due to the strict selection 
criteria and an extremely limited supply of 

organs. Although liver resection and ablation 
are suitable choices for early HCC patients, 
treatments are associated with a high recur-
rence rate [3, 4]. The recurrence is similarly 
high, and the tumor response rate is low in 
intermediate and advanced HCC patients treat-
ed with TACE and molecular targeted drugs [5, 
6]. Thus, palliative treatments, in particular, 
radiotherapy, are recommended for patients 
who have received standard therapy. 

Radiotherapy comprises external and internal 
radiotherapy, and the use of both forms in HCC 
treatments has been expanding in recent ye- 
ars. HCC patients treated with a combination of 
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radiotherapy and other treatments experience 
longer survival than patients subjected to a 
single therapy [7-15]. A large number of studies 
have demonstrated that patients treated with 
the combination of radiotherapy and surgery, 
including liver resection and transplantation, 
had survived longer than patients treated with 
surgery alone [11, 16, 17]. 

Radiotherapy conducted before the surgery 
might lower the tumor grade, which can in- 
crease the benefit of radical treatments, while 
radiotherapy performed after the surgery mi- 
ght destroy residual tumor cells that were not 
removed during the operation. However, cur-
rently, no available studies address addressing 
the question of whether HCC patients should 
receive radiotherapy before or after the sur-
gery. Therefore, an analysis was performed uti-
lizing the data from the Surveillance, Epide- 
miology, and End Results (SEER) database to 
compare the clinical outcomes of surgically 
treated HCC patients who received pre-surgery 
radiotherapy and post-surgery radiotherapy.

Materials and methods

Patient selection

The data used in the study were extracted from 
the SEER database which covered approxi-
mately 34.6% of the U.S population by using 
the SEER*stat software. The SEER database 
routinely collect data on patient demographics, 
primary tumor site, tumor morphology, stage  
at diagnosis, and first course of treatment, and 
they follow up with patients for vital status.  
The study was approved by the ethics commit-
tee of the hospital and the patient’s consent 
was waived by the committee because the 
study was conducted based on SEER database. 
But the data used in the study were approv- 
ed by the SEER program (the reference ID: 
12577-Nov2019). Patient diagnosed with HCC 
(International Classification of Diseases for On- 
cology, Third Edition (ICD-O-3), histology codes 
8170/3-8175/3, site code C220.0), from 2004 
to 2015 were included in the analysis. The 
inclusion criteria were: (1) age between 30 and 
84 years; (2) patients receiving radiotherapy 
combined with surgery (patients with radiother-
apy before and after surgery, and with unknown 
time of radiotherapy were excluded); (3) pa- 
tients with a complete record of survival time 
(patients with survival code 0 were excluded); 

(4) patients with a complete record of surgical 
treatments (patients with surgery codes 0 and 
99 were excluded) (Supplementary Figure 1). A 
total of 436 patients met these criteria and 
were included in the analysis. Additionally, 
15121 patients with surgery alone were also 
included into analysis.

Statistical analysis

Continuous variables (age, year of diagnosis, 
and tumor size) were converted to categorical 
variables. Categorical variables between the 
two groups were compared by Chi-square and 
Fisher’s exact test. Patient survival was ana-
lyzed using the Kaplan-Meier method and com-
pared by the log-rank test. The variables (ex- 
cept for tumor size) which might have affected 
the OS and CSS of patients were analyzed by 
the Cox proportional risk model and multivari-
ate regression. In the subgroup analysis, the 
adjusted multivariate regression model was 
used to test whether post-surgery radiotherapy 
increased the risk of mortality and cancer-spe-
cific mortality. The adjusted multivariate regres-
sion analysis accounted for the variations in 
age, gender, diagnosis, size, race, marital sta-
tus, and chemotherapy.

Age, gender, race, year of diagnosis, marital 
status, AJCC staging, tumor size, number of 
tumors, administration of chemotherapy, and 
the type and time of radiotherapy were used to 
perform PSM. The optimal caliper of the PSM 
model was set as 0.2. The 1:1 ratio matching 
generated 114 pairs of patients. After the PSM, 
the use of chemotherapy remained different 
between the two groups (P<0.001) (Table 1).

All statistical analyses were conducted using 
SPSS 24.0 (IBM, Corp, NY, USA) and Stata 14.0 
(StataCorp, College Station, TX, USA). P-value 
<0.05 was considered statistically significant.

Results

Patients

A total of 436 patients were included in the 
study. Among them, 182 received pre-surgery 
radiotherapy, and 254 received post-surgery 
radiotherapy. In the pre-surgery group, 130 
patients had AJCC stage I and II, 145 had a 
single tumor, 45 received liver resection, 133 
were given internal radiotherapy, and 41 were 
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Table 1. The baseline characteristics of patients Before PSM

Characteristics
Before PSM After PSM

Before surgery 
(n=182, %)

After surgery 
(n=254, %) P value Before surgery 

(n=114, %)
After surgery 
(n=114, %) P value

Age (Years) 0.001 0.815
    30-49 11 (6) 20 (7.9) 7 (6.1) 6 (5.3)
    50-69 142 (78) 155 (61) 80 (70.2) 77 (67.5)
    70-84 29 (16) 79 (31.1) 27 (23.7) 31 (27.2)
Gender 0.014 0.207
    Male 149 (81.9) 182 (71.7) 92 (80.7) 84 (73.7)
    Female 33 (18.1) 72 (28.3) 22 (19.3) 30 (26.3)
Race 0.397 0.649
    White 131 (72) 196 (77.2) 80 (70.2) 85 (74.6)
    Black 21 (11.5) 27 (10.6) 14 (12.3) 14 (12.3)
    Other 30 (16.5) 31 (12.2) 20 (17.5) 15 (13.1)
Year of diagnosis <0.001 0.405
    2004-2007 23 (12.6) 66 (26) 19 (16.7) 26 (22.8)
    2008-2011 38 (20.9) 73 (28.7) 28 (24.6) 30 (26.3)
    2012-2015 121 (66.5) 115 (45.3) 67 (58.7) 58 (50.9)
Marital status 0.265 0.919
    Married 114 (62.6) 145 (57.1) 63 (55.3) 60 (52.6)
    Single 61 (33.5) 91 (35.8) 45 (39.5) 48 (42.1)
    Other 7 (3.9) 18 (7.1) 6 (5.2) 6 (5.3)
AJCC staging <0.001 0.710
    I 67 (36.8) 79 (31.1) 38 (33.3) 45 (39.5)
    II 63 (34.6) 54 (21.3) 30 (26.3) 33 (28.9)
    III 30 (16.5) 67 (26.4) 26 (22.8) 21 (18.4)
    IV 12 (6.6) 35 (13.7) 12 (10.6) 10 (8.8)
    Unknown 10 (5.5) 19 (7.5) 8 (7) 5 (4.4)
Tumor size 0.014 0.425
    ≤3 cm 56 (30.8) 74 (29.1) 32 (28.1) 42 (36.8)
    3-5 cm 55 (30.2) 49 (19.3) 25 (21.9) 23 (20.2)
    >5 cm 62 (34.1) 105 (41.3) 49 (43) 39 (34.2)
    Unknown 9 (4.9) 26 (10.3) 8 (7) 10 (8.8)
Tumor number 0.241 0.702
    1 145 (79.7) 193 (76) 88 (77.2) 87 (76.3)
    2 34 (18.7) 48 (18.9) 24 (21.1) 23 (20.2)
    3 3 (1.6) 10 (3.9) 2 (1.7) 4 (3.5)
    >3 0 (0) 3 (1.2) 0 (0) 0 (0)
Chemotherapy 0.965 <0.001
    Yes 77 (42.3) 108 (42.5) 46 (40.4) 13 (11.4)
    No/Unknown 105 (57.7) 146 (57.5) 68 (59.6) 101 (88.6)
Surgery <0.001 0.194
    Transplantation 85 (46.7) 11 (4.3) 19 (16.7) 10 (8.8)
    Liver resection 45 (24.7) 104 (40.9) 43 (37.7) 45 (39.5)
    Non-liver resection 52 (28.6) 139 (54.8) 52 (45.6) 59 (51.7)
Radiotherapy <0.001 0.244
    Internal radiotherapy 133 (73.1) 104 (40.9) 75 (65.8) 60 (52.6)
    External radiotherapy 41 (22.5) 136 (53.6) 34 (29.8) 48 (42.1)
    Internal and external radiotherapy 1 (0.5) 3 (1.2) 1 (0.9) 1 (0.9)
    Unknown 7 (3.9) 11 (4.3) 4 (3.5) 5 (4.4)
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treated with external radiotherapy. In the post-
surgery group, 133 patients had AJCC stage I 
and II, 193 had a single tumor, 104 patients 
received liver resection, 104 patients were 
given internal radiotherapy, and 136 were 
treated with external radiotherapy (Table 1). 
And the baseline characteristics of patients 
with surgery alone or surgery combined with 
radiotherapy were presented in Supplementary 
Table 1.

Survival outcomes

Firstly, we compared the efficacy of patients 
with surgery alone with patients received sur-
gery combined with radiotherapy. The mOS and 
mCSS of patients with surgery alone (mOS: 53 
months, 95% CI: 51.2-54.8; mCSS: 73 months, 
95% CI: 68.7-77.3) were longer than patients 
with surgery combined radiotherapy (mOS: 31 
months, 95% CI: 26.6-35.4; mCSS: 33 months, 
95% CI: 26.4-39.6; both P<0.001). However, 
the mOS and mCSS of patients with pre-sur-
gery radiotherapy (mOS: 82 months, 95% CI: 
43.6-54.8; mCSS: not available) were longer 
than patients with surgery alone (mOS: 53 
months, 95% CI: 51.2-54.8; mCSS: 73 months, 
95% CI: 68.7-77.3; P=0.026 and P=0.050) 
(Supplementary Figure 2).

Then, we compared the efficacy of patients 
with pre-surgery radiotherapy with patients 
received post-surgery radiotherapy. Before 
PSM, compared to patients with post-surgery 
radiotherapy, those with pre-surgery radiother-
apy had longer mOS (82 months, 95% CI: 18.3-

23.7 vs. 21 months, 95% CI: 43.6-120.4; 
P<0.001) and mCSS (NA; vs. 20 months, 95% 
CI: 17.1-22.9; P<0.001) (Figure 1). The multi-
variate regression analysis documented that 
patients with post-surgery radiotherapy had 
higher all-cause mortality risk (HR=1.785, 95% 
CI: 1.295-2.461; P<0.001) and cancer-specific 
mortality risk (HR=1.928, 95% CI: 1.316-2.824; 
P=0.001) than patients with pre-surgery radio-
therapy (Table 2). 

After PSM, similar results were obtained. In 
comparison with patients in the post-surgery 
group, patients in the pre-surgery group had 
longer mOS (45 months, 95% CI: 27.1-62.9 vs. 
26 months, 95% CI: 19-33; P=0.011) and 
mCSS (60 months, 95% CI: 39.2-80.8 vs. 26 
months, 95% CI: 17.4-34.6; P=0.003) (Figure 
2). After excluding potential confounding vari-
ables, multivariate regression analysis demon-
strated that patients with post-surgery radio-
therapy had higher all-cause mortality risk 
(HR=1.702, 95% CI: 1.154-2.510; P=0.007) 
and cancer-specific mortality (HR=2.131, 95% 
CI: 1.296-3.504; P=0.003) than patients with 
pre-surgery radiotherapy (Table 3).

Subgroup analysis of outcomes

Before PSM, the results of the subgroups an- 
alysis showed that pre-surgery radiotherapy 
resulted in longer mOS and mCSS than post-
surgery radiotherapy in patients with single 
tumor (mOS: 119 months, 95% CI: 14.4-223.6 
vs. 20 months, 95% CI: 18-22; P<0.001; mCSS: 
NA vs. 20 months; 95% CI: 17.7-22.3; P<0.001), 

Figure 1. Kaplan-Meier curve of patients before PSM; A. Kaplan-Meier curve of overall survival (OS); B. Kaplan-Meier 
curve of cancer-specific survival (CSS).
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Table 2. Multivariate analysis for OS and CSS before PSM

Characteristics
OS CSS

HR (95% CI) P value HR (95% CI) P value
Age (Years)
    30-49 Reference Reference
    50-69 0.495 (0.288, 0.849) 0.011 0.561 (0.302, 1.042) 0.067
    70-84 0.508 (0.285, 0.904) 0.032 0.627 (0.273, 1.017) 0.056
Gender
    Male Reference Reference
    Female 0.647 (0.471, 0.889) 0.007 0.672 (0.457, 0.989) 0.044
Race
    White Reference Reference
    Black 1.584 (1.068, 2.348) 0.022 1.377 (0.824, 2.301) 0.222
    Other 0.712 (0.470, 1.079) 0.109 0.654 (0.399, 1.074) 0.093
Year of diagnosis
    2004-2007 Reference Reference
    2008-2011 0.728 (0.518, 1.023) 0.067 0.679 (0.457, 1.009) 0.055
    2012-2015 0.744 (0.553, 1.086) 0.138 0.624 (0.414, 0.939) 0.024
Marital status
    Married Reference Reference
    Single 0.849 (0.635, 1.134) 0.268 0.880 (0.621, 1.248) 0.474
    Other 0.839 (0.635, 1.425) 0.515 0.924 (0.516, 1.656) 0.791
AJCC staging
    I Reference Reference
    II 1.126 (0.777, 1.632) 0.530 1.133 (0.726, 1.769) 0.581
    III 2.085 (1.445, 3.008) <0.001 1.724 (1.113, 2.671) 0.015
    IV 5.370 (3.437, 8.390) <0.001 5.046 (3.012, 8.455) <0.001
    Unknown 0.909 (0.522, 1.581) 0.735 0.900 (0.448, 1.808) 0.767
Tumor number
    1 Reference Reference
    2 1.209 (0.862, 1.377) 0.271 0.786 (0.372, 1.659) 0.527
    3 0.882 (0.437, 1.778) 0.725 N
    >3 0.553 (0.129, 2.371) 0.425 N
Chemotherapy
    Yes Reference Reference
    No/Unknown 1.054 (0.807, 1.377) 0.699 1.024 (0.749, 1.401) 0.880
Surgery
    Transplantation Reference Reference
    Liver resection 2.613 (1.541, 4.431) <0.001 3.589 (1.859, 6.928) <0.001
    Non-liver resection 3.711 (2.224, 6.192) <0.001 5.447 (2.862, 10.367) <0.001
Radiotherapy
    Internal radiotherapy Reference Reference
    External radiotherapy 1.393 (1.046, 1.856) 0.023 1.409 (1.000, 1.987) 0.050
    Internal and external radiotherapy 1.041 (0.318, 3.408) 0.947 1.339 (0.393, 4.565) 0.640
    Unknown 0.691 (0.321, 1.487) 0.345 0.600 (0.230, 1.565) 0.297
Time of radiotherapy
    Pre-surgery Reference Reference
    Post-surgery 1.785 (1.295, 2.461) <0.001 1.928 (1.316, 2.824) 0.001
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Figure 2. Kaplan-Meier curve of patients after PSM; A. Kaplan-Meier curve of OS; B. Kaplan-Meier curve of CSS.

Table 3. Multivariate analysis for OS and CSS after PSM

Characteristics
OS CSS

HR (95% CI) P value HR (95% CI) P value
Age (Years)
    30-49 Reference Reference
    50-69 0.746 (0.300, 1.854) 0.528 1.157 (0.377, 3.551) 0.799
    70-84 0.840 (0.323, 2.187) 0.721 1.201 (0.375, 3.851) 0.758
Gender
    Male Reference Reference
    Female 0.558 (0.339, 0.919) 0.022 0.597 (0.327, 1.088) 0.092
Race
    White Reference Reference
    Black 1.708 (0.999, 2.923) 0.051 1.379 (0.667, 2.849) 0.386
    Other 0.570 (0.324, 1.005) 0.052 0.510 (0.279, 0.933) 0.029
Year of diagnosis
    2004-2007 Reference Reference
    2008-2011 0.744 (0.442, 1.255) 0.268 0.585 (0.310, 1.102) 0.097
    2012-2015 0.763 (0.462, 1.259) 0.290 0.510 (0.281, 1.069) 0.029
Marital status
    Married Reference Reference
    Single 0.818 (0.544, 1.229) 0.333 0.853 (0.517, 1.408) 0.535
    Other 1.214 (0.545, 2.704) 0.635 1.624 (0.695, 3.796) 0.263
AJCC staging
    I Reference Reference
    II 1.250 (0.768, 2.035) 0.370 1.366 (0.762, 2.447) 0.295
    III 2.335 (1.402, 3.889) 0.001 2.129 (1.158, 3.913) 0.015
    IV 5.475 (2.726, 10.994) <0.001 5.582 (2.535, 12.291) <0.001
    Unknown 0.666 (0.268, 1.658) 0.382 0.789 (0.225, 2.767) 0.711
Tumor number
    1 Reference Reference
    2 1.282 (0.802, 2.050) 0.299 1.185 (0.427, 3.291) 0.745
    3 0.389 (0.091, 1.658) 0.202 N
Chemotherapy
    Yes Reference Reference
    No/Unknown 1.001 (0.631, 1.586) 0.998 0.864 (0.496, 1.507) 0.607
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external radiotherapy (mOS: 40 months, 95% 
CI: 23.9-56.1 vs. 20 months, 95% CI: 17.2-
22.8; P=0.002; mCSS: 42 months, 95% CI: 
9-75 vs. 20 months, 95% CI: 16.1-23.9; P= 
0.002), internal radiotherapy (mOS: NA vs. 21 
months, 95% CI: 17-25; P<0.001; mCSS: NA vs. 
23 months, 95% CI: 17.1-28.9; P<0.001), AJCC 
stage I and II (mOS: NA vs. 29 months, 95% CI: 
23.4-34.6; P<0.001; mCSS: NA vs. 27 months, 
95% CI: 19.1-34.9; P<0.001), and liver resec-
tion (mOS: 62 months, 95% CI: NA vs. 21 
months, 95% CI: 17.1-24.9; P<0.001; mCSS: 
NA vs. 21 months, 95% CI: 16.5-25.5; P<0.001) 
(Supplementary Figure 3). After adjustment for 
age, gender, year of diagnosis, tumor size, race, 
marital status and chemotherapy, post-surgery 
radiotherapy was associated with a higher all-
cause mortality risk and cancer-specific mor- 
tality risk than pre-surgery radiotherapy in pa- 
tients with a single tumor (all-cause mortality 
risk: HR=2.933, 95% CI: 2.066-4.166, P<0.001; 
cancer-specific mortality risk: HR=3.240, 95% 
CI: 2.213-4.743, P<0.001), external radiothera-
py (all-cause mortality risk: HR=1.790, 95% CI: 
1.116-2.870, P=0.016; cancer-specific mortal-
ity risk: HR=2.315, 95% CI: 1.313-4.081, 
P=0.004), internal radiotherapy (all-cause mor-
tality risk: HR=2.995, 95% CI: 1.924-4.664, 
P<0.001; cancer-specific mortality risk: HR= 
3.635, 95% CI: 2.069-6.386, P<0.001), AJCC 
stage I and II (all-cause mortality risk: HR= 
3.054, 95% CI: 1.987-4.695, P<0.001; cancer-
specific mortality risk: HR=4.578, 95% CI: 
2.652-7.904, P<0.001), and liver resection (all-
cause mortality risk: HR=3.273, 95% CI: 1.778-
6.025, P<0.001; cancer-specific mortality risk: 
HR=4.349, 95% CI: 2.067-9.152; P<0.001) 
(Figure 3A, 3B).

After PSM, comparable results were obtain- 
ed. Pre-surgery radiotherapy resulted in longer 
mOS and mCSS than post-surgery radiothera- 
py in patients with a single tumor (mOS: 57 
months, 95% CI: 33.6-80.4 vs. 21 months, 
95% CI: 13.3-28.7; P=0.017; mCSS: 60 mon- 
ths, 95% CI: 26.8-93.2 vs. 23 months, 95% CI: 
14.6-31.4; P=0.008), internal radiotherapy 
(mOS: 55 months, 95% CI: 31.2-78.8 vs. 24 
months, 95% CI: 15.8-32.2; P=0.010; mCSS: 
82 months, 95% CI: 39.3-124.7 vs. 21 months, 
95% CI: 10.7-31.8; P=0.007), AJCC stage I and 
II (mOS: 60 months, 95% CI: 15.7-104.3 vs. 31 
months, 95% CI: 24.9-37.1; P=0.008; mCSS: 
82 months, 95% CI: NA vs. 33 months, 95% CI: 
25.2-40.8; P=0.004) and liver resection (mOS: 
NA vs. 22 months, 95% CI: 13.4-30.6; P<0.001; 
mCSS: NA vs. 21 months, 95% CI: 10.5-31.5; 
P<0.001) (Supplementary Figure 4). The results 
of the adjusted Cox proportional risk model 
showed that post-surgery radiotherapy was 
associated with higher all-cause mortality risk 
and cancer-specific mortality risk than pre-sur-
gery radiotherapy in patients with single tumor 
(all-cause mortality risk: HR=1.700, 95% CI: 
1.095-2.639, P=0.018; cancer-specific mor- 
tality risk: HR=1.911, 95% CI: 1.185=3.083, 
P=0.008), internal radiotherapy (all-cause mor-
tality risk: HR=1.745, 95% CI: 1.048-2.905, 
P=0.032; cancer-specific mortality risk: HR= 
2.093, 95% CI: 1.075-4.076, P=0.030), AJCC 
stage I and II (all-cause mortality risk: HR= 
1.837; 95% CI: 1.096-3.078, P=0.021; can- 
cer-specific mortality risk: HR=2.739, 95% CI: 
1.428-5.254, P=0.002), and liver resection 
(all-cause mortality risk: HR=3.504, 95% CI: 
1.618-7.587; P=0.001; cancer-specific mortal-
ity risk: HR=7.181, 95% CI: 2.381-21.654; 
P<0.001) (Figure 3C, 3D).

Surgery
    Transplantation Reference Reference
    Liver resection 2.189 (1.056, 4.538) 0.035 4.100 (1.567, 10.725) 0.004
    Non-liver resection 3.346 (1.635, 8.847) 0.001 6.336 (2.440, 16.452) <0.001
Radiotherapy
    Internal radiotherapy Reference Reference
    External radiotherapy 1.706 (1.134, 2.566) 0.010 1.828 (1.117, 2.990) 0.016
    Internal and external radiotherapy 0.925 (0.109, 7.824) 0.943 1.388 (0.128, 15.037) 0.787
    Unknown 0.689 (0.202, 2.354) 0.552 0.840 (0.233, 3.022) 0.789
Time of radiotherapy
    Pre-surgery Reference Reference
    Post-surgery 1.702 (1.154, 2.510) 0.007 2.131 (1.296, 3.504) 0.003
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Figure 3. Forest plot of subgroup analysis; A. predictors for OS of subgroup analysis before PSM; B. Predictors for CSS of subgroup analysis before PSM; C. Predictors 
for OS of subgroup analysis after PSM; D. Predictors for CSS of subgroup analysis after PSM.
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Discussion

Although several guidelines do not emphasize 
the use of radiotherapy in the treatment of HCC 
much due to the lack of high-quality evidence 
[1, 18-20], some prospective and retrospective 
studies have indicated that patients with HCC 
can obtain survival benefits from radiotherapy 
[9, 15, 21]. These findings promoted a broader 
use of radiotherapy in the treatment of HCC 
patients, particularly in combination with other 
treatments. In this study, the results showed 
that patients with surgery alone had longer 
overall survival and cancer-specific survival 
than patients with surgery combined with radio-
therapy. However, patients with pre-surgery 
radiotherapy had longer overall survival and 
cancer-specific survival than patients with sur-
gery alone, which meant that HCC patients 
could get more survival benefits from pre-sur-
gery radiotherapy than surgery alone. The effi-
cacy of HCC patients with pre-surgery radio-
therapy and post-surgery radiotherapy was still 
unclear yet. Thus, we compared the efficacy of 
patients received pre-surgery radiotherapy wi- 
th patients received post-surgery radiotherapy 
based on prior results.

The major finding of the current retrospective 
study was that HCC patients who received 
radiotherapy before surgery experienced bet- 
ter survival benefits than those who received 
radiotherapy after surgery. However, the num-
ber of patients undergoing liver transplantation 
in the pre-surgery group was higher than in the 
post-surgery group, and, in the multivariate 
regression analysis, a liver transplant was a 
factor strongly favoring a longer OS and CSS of 
patients. To reduce selection bias, the PSM 
model was used. Although the factor of wheth-
er patients received chemotherapy was unbal-
anced between the two groups, the multivari-
able regression analysis showed that the factor 
of chemotherapy was not an independent pre-
dictor for OS and CSS of patients, which meant 
that chemotherapy did not influence the OS 
and CSS of all patients. After PSM, the only  
factor that remained unbalanced between  
the groups was the treatment with chemother-
apy, and the multivariate regression analysis 
showed that this variable did not influence the 
OS and CCS of patients, and the OS and CSS of 
patients in the pre-surgery group were longer 
than in the post-surgery group. It might be 

because radiotherapy could lower the grade of 
patients with HCC, which could render the 
tumor more suitable for radical treatments, 
thus providing a good chance of complete re- 
moval. However, the patients that received 
post-surgery radiotherapy might be at a disad-
vantage due to the presence of residual tumor 
cells after surgery, potentially leading to recur-
rence. Moreover, the recurrence of the tumor 
after surgery would accelerate the death of pa- 
tients. Previous studies have shown that pati- 
ents with small or early HCC who were subject-
ed to radiotherapy had survival benefits com-
parable to those of patients who received 
radiofrequency ablation or liver resection [22, 
23]. Therefore, the analysis included subgroups 
characterized by a single tumor, internal radio-
therapy, external radiotherapy, AJCC stage I 
and II, and liver resection. The efficacy of pre-
surgery and post-surgery radiotherapy in these 
patients with compared, and the results of the 
subgroup analysis showed that patients with a 
single tumor, internal radiotherapy, AJCC stage 
I and II, and liver resection had longer mOS and 
mCSS if they had received radiotherapy before 
rather than after the surgery. This conclusion 
was reached regardless of the application of 
PSM.

Several studies indicated that age, gender, 
race, AJCC staging, marital status, tumor size, 
number of tumors, administration of chemo-
therapy, and the methods of surgery might 
influence the survival of patients with HCC  
who received radiotherapy or surgery [24-30]. 
Therefore, this study included all factors which 
might influence OS and CSS of patients treated 
with a combination of surgery and radiotherapy, 
and performed multivariate regression analy-
sis. Regardless of whether the PSM was per-
formed, the results demonstrated that patients 
with post-surgery radiotherapy had a higher 
risk of all-cause mortality and cancer-specific 
mortality than patients with pre-surgery radio-
therapy. In the subgroup analysis, to reduce  
collinearity, the factors of age, gender, year of 
diagnosis, tumor size, race, marital status, and 
treatment with chemotherapy were included in 
the adjusted Cox proportional risk model. This 
approach was used since the number of pa- 
tients in the subgroups was small. This analys- 
is confirmed that patients receiving post-sur-
gery radiotherapy who had a single tumor, inter-
nal radiotherapy, AJCC stage I and II, and liver 
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resection had a higher risk of all-cause mortal-
ity and cancer-specific mortality than patients 
subjected to radiotherapy. This finding was 
obtained both without and with PSM.

Some limitations are present in this investiga-
tion. First, it was designed as a retrospective 
study, which inevitably led to selection bias. 
However, the selection bias was reduced by 
PSM, which ensured a better balance in the 
baseline characteristics, making the two groups 
more comparable. Second, the liver function 
and physical condition of the patients were 
unknown since the SERR database does not 
provide this information. This deficiency might 
have influenced the results. Future retrospec-
tive or prospective studies should include the- 
se factors in the analysis to confirm the results 
of the current work. Third, the radiation dose 
received by the patients is unknown. The ab- 
sence of these data might influence the inter-
pretation of the results on the survival of pa- 
tients because patients treated with high ra- 
diation dose could survive longer than those 
receiving a low dose of radiation. However, the 
study considered most of the factors that may 
affect the survival of patients and demonstrat-
ed that pre-surgery radiotherapy afforded bet-
ter survival benefits than post-surgery radio-
therapy. Prospective studies are necessary to 
unequivocally prove the validity of conclusions 
reached in the current analysis.

Conclusion

This study using the SEER database document-
ed that the efficacy of HCC treatment is better 
in patients who received radiotherapy before 
surgery than in patients subjected to radiother-
apy after surgery. Pre-surgery radiotherapy is 
most effective in patients with a single tumor, 
AJCC stage I and II, liver resection, and when 
internal radiotherapy is used.
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Supplementary Figure 1. Flowchart of patient selection.

Supplementary Table 1. The baseline characteristics of patients with surgery alone and surgery com-
bined with radiotherapy
Characteristics Surgery alone (n=15121, %) Surgery combined with radiotherapy (n=436, %) P value
Age (Years) 0.311
    30-49 1311 (8.7) 31 (7.1)
    50-69 10429 (69.0) 297 (68.1)
    70-84 3381 (22.3) 108 (24.8)
Gender 0.661
    Male 11341 (75.0) 331 (75.9)
    Female 3780 (25.0) 105 (24.1)
Race <0.001
    White 10052 (66.5) 327 (75.0)
    Black 1684 (11.1) 48 (11.0)
    Other 3385 (22.4) 61 (14.0)
Year of diagnosis <0.001
    2004-2007 4435 (29.3) 89 (20.4)
    2008-2011 4839 (32.0) 111 (25.5)
    2012-2015 5847 (38.7) 236 (54.1)
Marital status 0.171
    Married 9003 (59.5) 259 (59.4)
    Single 5516 (36.5) 152 (34.9)
    Other 602 (4.0) 25 (5.7)
AJCC staging <0.001
    I 8240 (54.5) 146 (33.5)
    II 4131 (27.3) 117 (26.8)
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    III 1679 (11.1) 97 (22.2)
    IV 271 (1.8) 47 (10.8)
    Unknown 800 (5.3) 29 (6.7)
Tumor size <0.001
    ≤3 cm 6774 (44.8) 130 (29.8)
    3-5 cm 3967 (26.2) 104 (23.9)
    >5 cm 3612 (23.9) 167 (38.3)
    Unknown 768 (5.1) 35 (8.0)
Tumor number 0.436
    1 12166 (80.5) 338 (77.5)
    2 2403 (15.9) 82 (18.8)
    3 428 (2.8) 13 (3.0)
    >3 124 (0.8) 3 (0.7)
Chemotherapy <0.001
    Yes 4823 (31.9) 185 (42.4)
    No/Unknown 10298 (68.1) 251 (57.6)
Surgery 0.759
    Transplantation 3117 (20.6) 96 (22.0)
    Liver resection 5327 (35.2) 149 (34.2)
    Non-liver resection 6677 (44.2) 191 (43.8)

Supplementary Figure 2. Kaplan-Meier curve of patients with surgery alone, surgery combined with radiotherapy, 
pre-surgery radiotherapy, and post-surgery radiotherapy; A. Kaplan-Meier curve of OS; B. Kaplan-Meier curve of CSS.



Radiotherapy in the treatment of HCC

3 



Radiotherapy in the treatment of HCC

4 

Supplementary Figure 3. Kaplan-Meier curve of patients in the subgroup before PSM; A, B. Kaplan-Meier curve of 
OS and CSS of patients with single tumor; C, D. Kaplan-Meier curve of OS and CSS of patients with internal radio-
therapy; E, F. Kaplan-Meier curve of OS and CSS of patients with external radiotherapy; G, H. Kaplan-Meier curve 
of OS and CSS of patients with AJCC stage I and II; I, J. Kaplan-Meier curve of OS and CSS of patients with liver 
resection.
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Supplementary Figure 4. Kaplan-Meier curve of patients in the subgroup after PSM; A, B. Kaplan-Meier curve of OS 
and CSS of patients with single tumor; C, D. Kaplan-Meier curve of OS and CSS of patients with internal radiother-
apy; E, F. Kaplan-Meier curve of OS and CSS of patients with external radiotherapy; G, H. Kaplan-Meier curve of OS 
and CSS of patients with AJCC stage I and II; I, J. Kaplan-Meier curve of OS and CSS of patients with liver resection.


