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Purpose: Evidence is lacking concerning the benefit of the combination of sorafenib and
radiotherapy to treat advanced hepatocellular carcinoma (HCC). To date, no publication has
reported the outcomes of radiotherapy alone versus concurrent therapy. We aimed to compare
the effectiveness of radiotherapy alone versus concurrent radiotherapy and sorafenib for
locally advanced hepatocellular carcinoma.

Materials and Methods: We conducted a propensity score matching (PSM) cohort study
comparing the effectiveness of the concurrent use of sorafenib and external beam radio-
therapy versus radiotherapy alone in Barcelona Clinic Liver Cancer (BCLC) stage B or C,
nonsurgically managed, nonmetastatic patients with HCC. Two subpopulations were matched
based on baseline characteristics. Stratified analysis was also performed to assess the
heterogeneous effects of the two arms. Overall survival (OS) was compared. Radiation-
induced liver disease (RILD) and overt gastrointestinal (GI) bleeding events were also
recorded.

Results: Seven hundred thirty-one BCLC stage B or C nonmetastatic HCC patients were
identified from 2007 to 2017. Of these, 347 patients met the inclusion criteria (Radiotherapy
alone: 269 patients; concurrent therapy: 78 patients). Propensity score matching yielded 73
patients each in the radiotherapy and concurrent groups. The median OS was 9.6 months in
the radiotherapy-alone group and 9.9 months in the concurrent group (hazard ratio (HR):
1.12; 95% CI=0.78-1.62; p=0.544). Posttreatment toxicities, including radiation-induced
liver disease and overt gastrointestinal bleeding, showed no significant differences between
the groups.

Conclusion: In our study, the concurrent use of sorafenib and conventional external beam
radiotherapy shows no survival benefit over radiotherapy alone for locally advanced hepa-
tocellular carcinoma.
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Introduction

Hepatocellular carcinoma (HCC) is a common cancer with evident geographic and sex
disparities regarding its incidence and mortality. Globally, HCC is a male-predominant
disease that ranks fourth in cancer incidence and sixth in cancer mortality. HCC is
highly prevalent in Asia, accounting for more than 70% of new cases, deaths, and the
5-year prevalence worldwide.! The management of HCC requires an interdisciplinary
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approach tailored to each patient considering the extent of
liver dysfunction, the tumor burden, the patient’s perfor-
mance status, and the patient’s preferences. While the
Barcelona Clinic Liver Cancer (BCLC) classification is
widely adopted for therapeutic approaches, heterogeneity
exists among different stages, particularly for intermediate
(BCLC stage B)- and advanced (BCLC stage C)-stage HCC.
Patients with early-stage HCC are treated with curative
intent, including tumor resection, transplantation, and abla-
tive strategies for relatively small lesions. Advanced HCC
represents a more complex entity that often requires multi-
modality management combined with transarterial che-
moembolization (TACE), radiation therapy (RT) and
systemic agents to prolong the limited survival time.*
HCC is considered a radiosensitive tumor. Advances in
RT techniques in the recent decade have led to the wider
application of RT from curative intent to salvage therapy.
Patients with large unresectable HCC, portal vein tumor
thrombosis (PVTT),
(RFA) or TACE, or other conditions rendering them unsui-

repeated radiofrequency ablation

table for surgery are potential beneficiaries of RT.® Sorafenib
was the only systemic agent for HCC for ten years after 2007.
This oral multikinase inhibitor is indicated for advanced
HCC because of its survival benefit suggested in two pivotal
trials in East Asian and Western populations.”® Preclinical
in vitro and in vivo data®'® have focused on the interaction of
radiation and sorafenib; however, the results from limited

: : - 111
prospective and retrospective studies 3

regarding the toxi-
city and response of combinational therapy are discordant.
Although the benefit of local therapy in locally advanced
HCC has been underinvestigated, our multidisciplinary
team considered RT given the radiosensitivity of HCC and
potential benefit of preventing liver failure and associated
morbidity by achieving local control of the dominant liver
disease. The concept has also been studied in a randomized
trial conducted by Yoon et al'* demonstrating that, compared
with sorafenib alone, local treatment (TACE and RT) pro-
vided improved survival for patients with locally advanced
HCC. Because no previous study has directly compared the
efficacy of RT alone with that of concurrent RT and targeted
therapy, we designed this study to investigate the effect of
concurrent therapy in locally advanced HCC.

Materials and Methods

Data Source
This retrospective cohort study used our multi-institutional
electronic medical research database, the Chang Gung

Research Database (CGRD). The CGRD is the largest
multi-institutional electronic medical record database in
Taiwan and includes the comprehensive clinical informa-
tion of all patients from four Chang Gung Memorial
Hospitals, accounting for 6.1-21.2% of outpatients and
10.2-12.4% of inpatients in Taiwan.'>'® All the database
records are deidentified. The study was approved and
exempted from written informed consent by the
Institutional Review Boards of the Chang Gung Medical
Foundation at Taiwan (permit number:
201901679B0) and was conducted in compliance with
the Declaration of Helsinki and other ethical guidelines.

Taoyuan,

Radiotherapy

Our institutional policy regarding HCC irradiation targeted
PVTT as long as the adjacent primary tumors were the
main high-dose planning target volume area. PVTT, if
present, was our primary concern, and the degree of com-
prehensive coverage of all primary tumors depended on
the clinical status, including the tumor location, preserved
liver volume, and possible toxicities. Based on previous

publications,'”"'®

the HCC tumor responses and local con-
trol are correlated with the RT dose, but high doses are
associated with possible toxicities. Our institutional prac-
tice utilized a biologically effective dose (BED) as high as
possible at an acceptable toxicity rate. The dose and frac-
tionation regimens were ultimately decided by the radia-
tion oncologists. All the identified patients were treated
using intensity-modulated RT or volumetric modulated arc

therapy, and a few proton cases were treated after 2016.

Study Population
We conducted a propensity score-matched cohort study
using data from the CGRD, comparing the effectiveness
of the concurrent use of sorafenib with external beam RT
versus RT alone. The study cohort flowchart is shown in
Figure 1. Patients diagnosed with BCLC stage B or
C HCC and treated with RT between 2007 and 2017
were identified. To exclude patients treated with palliative
intent, we excluded patients who had received external
beam radiation with a BEDq below 50 grays (Gy) or
equivalent dose in 2-Gy fractions (EQD2) below 41.7 Gy.
BED;, was calculated using an o/f value of 10 Gy.
Patients with a metastatic status and those who had
received RT in fewer than 10 fractions were also excluded.
To identify patients primarily treated with RT after
diagnosis, we excluded patients who had undergone RT
more than 100 days after diagnosis. Medication data were
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Patients diagnosed with BCLC stage B or C HCC
who underwent radiotherapy
(2007-2017)
(N=969)
Metastatic disease (n=238)
Patients without metastatic disease
(n=731)
RT other than external beam
radiotherapy (n=7)
BED10 <50 Gy (n=188)
RT started within 100 days after
diagnosis (n=133)
RT as the primary treatment modality
(n=403)
Sorafenib not given during RT
or given 10 days after RT started
(n=53)
Number of RT fractions<10 (n=3)
RT alone Concurrent therapy
(n=269) (n=78)
1:1 propensity score matching
v v
RT alone Concurrent therapy
(n=73) (n=73)
Figure | Study cohort flowchart.
Abbreviations: BCLC, Barcelona Clinic Liver Cancer; HCC, hepatocellular carcinoma; RT, radiotherapy; BED o, biologically effective dose; Gy, gray.
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then collected for every prescription of sorafenib in out-
and inpatient settings. We defined targeted therapy that
started no later than ten days after the commencement of
RT as concurrent therapy. Sorafenib started 90 days after
RT was not considered a “preplanned” treatment regimen.
Institutional follow-up care after RT comprised routine
clinical evaluation, serum laboratory examinations and
abdominal computed tomography (CT) or magnetic reso-
nance imaging at each visit. Chest CT or other imaging
studies were indicated when disease progression was sus-
pected and at the physician’s discretion. Considering
potential treatment sequelae and comorbidities in patients
with HCC, patients had undergone upper GI endoscopy
and colonoscopy when abdominal complaints and signs of
anemia were encountered. The intrahepatic disease status
was obtained from the detailed image reports at each
follow-up visit. Laboratory data and upper endoscopy
and colonoscopy reports after RT were collected to com-
pare the occurrences of radiation-induced liver disease
(RILD) and overt gastrointestinal (GI) bleeding. Classic
and nonclassic RILD was determined based on laboratory
data in the subsequent 3 months after RT. Classic RILD
was recorded as an increased alkaline phosphatase level by
more than twofold that of normal or baseline levels.
Nonclassic RILD involved elevated liver transaminases
more than five times the normal or baseline levels or
a reduction of at least two points in the Child-Pugh
score.'” GI bleeding was recorded from the upper endo-
scopy and colonoscopy reports in the year following RT.
Because PVTT is an important adverse prognostic factor
and promotes distant metastasis of HCC,*** we also
performed subgroup analysis according to HCC combined
with PVTT.

Statistical Analysis
Statistical analysis was performed wusing SPSS for
Windows (Version 25.0; IBM Corp., Armonk, NY) and
SAS 9.4 (SAS Institute, Cary, NC, USA). For all analyses,
statistical significance was set at p<0.05. To compare
differences between groups, independent #-test was used
for numerical variables, and chi-squared test or Fisher’s
exact test was used for categorical variables. The results of
numerical variables were presented as means (+ standard
deviation) and those of categorical data were presented as
numbers (%).

For propensity score matching (PSM), the propensity
score was calculated using logistic regression to model the
probability of the receipt of concurrent therapy based on

baseline characteristics, including age, sex, Child-Pugh
score, TNM stage, tumor size, tumor number, tumor dif-
ferentiation, severity of liver fibrosis, alpha-fetoprotein
(AFP) level, albumin-bilirubin (ALBI) grade, previous
TACE, presence of portal vein thrombosis, previously
diagnosed hepatitis B virus (HBV) and hepatitis C virus
(HCV) infection, and BED,. TNM staging was categor-
ized according to the stage grouping recorded in the reg-
istry database, comprising the 6th and 7th editions of the
American Joint Committee on Cancer (AJCC) staging
system. The IIIA and IIIB subcategories in the 6th edition
were manually transformed into IIIAB and IIIC categories
according to the 7th edition. Tumor size denoted the lar-
gest tumor dimension. Liver fibrosis was defined as an
Ishak score of 1 to 4, and cirrhosis was defined as an
Ishak score of 5 or 6 or image studies reporting liver
cirrhosis. The AFP level was divided into groups by
a cutoff value of 200 ng/mL. The greedy method was
used for matching at a 1:1 ratio between the study groups
with a caliper width 0.25-fold the standard deviation of the
propensity score between the study groups. The standar-
dized mean difference (SMD) was used to measure cov-
ariate balance.”?

The survival rates were estimated using the Kaplan-
Meier method, and the Log rank test was used to test the
survival difference between the groups. Stratified analysis
was also performed to assess the heterogeneous effects of
the two arms. We defined the RT-alone group as the
reference group, and the Cox regression model was used
to estimate the hazard ratio (HR) of the outcomes.

Results

Seven hundred thirty-one BCLC B or C nonmetastatic
HCC patients were identified from 2007 to 2017. Of
these, 347 patients met the inclusion criteria (RT alone:
269 patients; concurrent therapy: 78 patients). Thirty-one
patients were BCLC stage B, and 316 patients were BCLC
stage C. The mean age of all patients was 60.6 years, and
83.3% of them were male. The average BED;o was 72.3
Gy (average EQD2=60.3 Gy; SD=12.8 Gy). The median
survival did not differ significantly between the RT alone
group (8.9 months) and concurrent group (9.6 months;
HR=1.09; 95% CI=0.82—-1.44; p=0.572; Figure 2A). In
the well-balanced 1:1 PSM cohort, 73 patients adhered to
RT alone, and 73 patients adhered to concurrent therapy;
70 and 71 BCLC stage C patients were in the two groups,
respectively. The size of the largest tumor exceeded 10 cm
in 38.4% of the patients, and approximately half of the
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Figure 2 (A) Overall survival before PSM. (B) Overall survival after PSM.
Abbreviations: PSM, propensity score matching; RT, radiotherapy.

patients had tumor numbers exceeding three. Furthermore,
80% of the patients had PVTT, with the main PVTT
accounting for 69.9% and 74.0% of the cases in the two
groups (N=51, 54). The characteristics of the patients
identified before and after PSM are listed in Table 1. In
the RT plus sorafenib group, 61.6% (N=45) of patients
received standard-dose sorafenib (800 mg per day), and
31.5% (N=23) received half of the dose (400 mg per day).
Two patients received 1/4 and 3/4 of the standard dose,
and 1 received 1000 mg per day. The median overall
survival was 9.6 months (95% CI, 4.4-14.82) in the RT-
alone group and 9.9 months (95% CI, 7.3-12.5) in the RT
plus sorafenib group (HR=1.12; 95% CI=0.78-1.62;
p=0.544; Figure 2B). Stratified analysis revealed that
homogeneity existed across all covariates; no significant
heterogeneity was observed in the HR after matching

(Figure 3).
The addition of sorafenib to RT did not affect intrahe-
patic progression-free survival (median time: RT

alone=8.2 months, 95% CI=4.6-11.8; concurrent ther-
apy=10.6 months, 95% CI=6.8-14.3; p=0.567; Figure 4).
In our HCC combined with PVTT cohort, liver function
was inferior in the RT-alone group, while the AFP level
was higher in the concurrent group. No survival benefit
was observed in the subgroups favoring concurrent treat-
ment (Figure 5).

Regarding post-RT toxicities (Table 2), 3 (4.1%)
patients in the RT-alone group and 1 (1.4%) patient in

B 100+ -
| Log-rank test, p=0.5644; HR=1.12 (95% Cl, 0.78-1.62)
80—
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S 60—
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g 40 _"L
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20— Concurrent
RT

T T T T T T T I T
0 1 2 3 4 5 6 7 8

Time Since Radiotherapy (Years)

Number at risk
RT 73 27 13 6 3 2 2 2 0

Concurrent 73 28 12 6 3 0 0 0 0

the concurrent group developed classic RILD. Twenty-
nine (39.7%) patients in the RT-alone group and 26
(35.6%) patients in the concurrent group developed non-
classic RILD (p=0.537). The occurrences of GI bleeding
1 year following RT and concurrent treatment were 1.4%
and 8.2% (p=0.116), respectively. Subgroup analysis of
patients receiving standard-dose sorafenib showed no sig-
nificant survival (HR=0.77; p=0.362) or toxicity (RILD
events: 37% each; p=0.995) differences compared with
patients treated with a reduced dose.

Discussion
Our study showed that the concurrent use of RT and sorafe-
nib in patients with locally advanced HCC did not confer
a significant survival benefit compared with the RT-alone
group in either the entire cohort or PSM cohort. Concurrent
therapy did not affect intrahepatic progression-free survival.
Subgroup analysis of the entire cohort with PVTT showed
no survival benefit when they were initially treated with
concurrent therapy. RILD and GI bleeding events after RT
showed no significant difference between the groups.
Patients with advanced HCC are commonly prescribed
sorafenib, while some are referred for RT. Given the
limited number of publications and lack of randomized
trial evidence, we reviewed the clinical results from our
multi-institutional database. In our study, no significant
found between the RT-alone
group and concurrent group. The present study included

survival difference was

Journal of Hepatocellular Carcinoma 2021:8

967

Dove:


https://www.dovepress.com
https://www.dovepress.com

Liu et al Dove

Table | Clinical Characteristics Before and After Matching

Factors Before Matching After Matching
RT n=269 Concurrent n=78 p RT n=73 Concurrent n=73 p SMD
Age (years), mean (SD) 61.6 (12.3) 57.2 (12.3) 0.006 58.1 (12.8) 56.9 (12.7) 0.573 0.094
BED (Gy), mean (SD) 723 (14.2) 72.1 (19.1) 0916 73.0 (13.8) 72.8 (19.4) 0.936 0.013
Sex (%) 0.164 0.796 0.043
Male 220 (81.9) 69 (88.5) 65 (89.0) 64 (87.7)
Female 49 (18.2) 9 (11.5) 8 (11.0) 9 (12.3)
Child-Pugh class (%) <0.001 0.731 0.057
A 135 (50.2) 74 (94.9) 68 (93.2) 69 (94.5)
B 58 (21.6) 4 (5.1) 5(6.8) 4 (5.5)
Missing 76 (28.3) 0 0 0
AJCC stage (%) 0.022 0.974 0.078
| 15 (5.6) 0 0 0
I 28 (10.4) 2 (2.6) 2(27) 2 (27)
IA/B 165 (61.3) 54 (69.2) 50 (68.5) 49 (67.1)
nc 36 (13.4) 16 (20.5) 14 (19.2) 16 (21.9)
IVA 25 (9.3) 6 (7.7) 7 (9.6) 6(8.2)
Size of the largest tumor (%) 0.754 1.000 0.037
<2 cm 7 (2.6) 3(3.8) 2(27) 2 (2.7)
22 and <5 cm 69 (25.7) 18 (23.1) 18 (24.7) 17 (23.3)
25 and <10 cm 105 (39.0) 26 (33.3) 24 (32.9) 25 (34.2)
2|0 cm 83 (30.9) 29 (37.2) 28 (38.4) 28 (38.4)
Missing 5(1.9) 2 (2.6) I (1.4) I (1.4)
Tumor number (%) 0.216 0.982 0.106
[ 98 (36.4) 28 (35.9) 25 (34.2) 27 (37.0)
2 41 (15.2) 8 (10.3) 6 (8.2) 7 (9.6)
3 19 (7.1) 2 (2.6) 34.10) 2 (27)
>3 103 (38.3) 39 (50.5) 38 (52.1) 36 (49.3)
Missing 8 (3.0 1 (1.3) I (1.4) I (1.4)
Tumor differentiation (%) 0.975 0.855 0.146
Well differentiated 5(1.9) 1 (1.3) I (1.4) I (1.4)
Moderately differentiated 44 (16.4) 14 (17.9) 13 (17.8) 13 (17.8)
Poorly differentiated 17 (6.3) 5 (6.4) 8 (11.0) 5(6.8)
Not available 203 (75.5) 58 (74.4) 51 (69.9) 54 (74.0)
AFP (%) <0.001 0.737 0.056
<200 ng/mL 104 (38.7) 29 (37.2) 31 (42.5) 29 (39.7)
>200 ng/mL 100 (37.2) 49 (62.8) 42 (57.5) 44 (60.3)
Missing 65 (24.2) 0 0 0
Liver fibrosis (%) <0.001 0.831 0.035
Fibrosis 35 (13.0) 15 (19.2) 13 (17.8) 14 (19.2)
Cirrhosis 169 (62.8) 63 (80.8) 60 (82.2) 59 (80.8)
Not available 65 (24.2) 0 0 0
ALBI grade (%) 0.117 0.922 0.067
| 59 (21.9) 26 (33.3) 25 (34.2) 23 (31.5)
2 180 (66.9) 44 (56.4) 41 (56.2) 42 (57.5)
Missing 30 (11.2) 8 (10.3) 7.0 (9.6) 8.0 (11.0)
(Continued)
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Factors Before Matching After Matching
RT n=269 Concurrent n=78 p RT n=73 Concurrent n=73 p SMD
Prior TACE (%) 0.767 1.000 0.001
No 211 (78.4) 63 (80.8) 60 (82.2) 60 (82.2)
Yes 51 (19.0) 14 (17.9) 12 (16.4) 12 (16.4)
Not available 7 (2.6) 1 (1.3) I (1.4) 1 (1.4)
PVTT (%) 0.142 0.977 0.035
Absent 74 (27.5) 14 (17.9) 14 (19.2) 13 (17.8)
Present 187 (69.5) 63 (80.8) 58 (79.5) 59 (80.8)
Missing 8 (3.0 1 (1.3) I (1.4) 1 (1.4)
HBsAg (%) <0.001 1.000 <0.001
Negative 76 (28.3) 30 (38.5) 28 (38.4) 28 (38.4)
Positive 124 (46.1) 45 (57.7) 45 (61.6) 45 (61.6)
Missing 69 (25.7) 3(3.8) 0 0
Anti-HCV (%) <0.001 0.859 0.029
Negative 152 (56.5) 51 (65.4) 50 (68.5) 49 (67.1)
Positive 47 (17.5) 27 (34.6) 23 (31.5) 24 (32.9)
Missing 70 (26.0) 0 0 0

Notes: The data are presented as medians (standard deviation) for normally distributed numerical variables and n (%) for categorical variables.
Abbreviations: RT, radiotherapy; SMD, standardized mean difference; BED, biologically effective dose; Gy, gray; AJCC, American Joint Committee on Cancer (7th); AFP,
Alpha-fetoprotein; ALBI grade, Albumin-bilirubin grade; TACE, transcatheter arterial chemoembolization; PVTT, portal vein tumor thrombosis; HBsAg, hepatitis B surface

antigen; Anti-HCV, hepatitis C antibody.

patients with advanced HCC without distant metastasis.
They were initially managed with RT and had a relatively
high tumor burden (38%>10 cm; 50%>3 tumors; 80%
PVTT). The results suggest the importance of local treat-
ment. There was evidence supporting locoregional therapy
over systemic therapy for selected advanced HCC patients.
Nakazawa et al** conducted a PSM study and reported
a survival benefit of RT over sorafenib in patients with
unresectable HCC and portal vein tumor thrombosis. For
with liver-confined HCC,
a randomized control trial'* demonstrated that TACE

patients advanced but
plus RT provides better outcomes than sorafenib concern-
ing progression-free survival, the response rate, the time to
progression, and overall survival. While sorafenib offers
relatively suboptimal local effects (tumor response in
SHARP trial: 2%; tumor response in Asia-Pacific trial:
3.3%; overall complete response rate: 0%), the advance-
ment of RT provides effective treatment, conferring better
local control and acceptable side effects.****° The pre-
viously proposed hypothesis of synergy between RT and
sorafenib was mainly based on preclinical results. Some
case reports have addressed this possibility, but few clin-
ical studies have directly investigated the clinical benefits

and possible side effects resulting from concurrent use.
Whether the benefit observed in preclinical studies can
be translated into a real-world setting remains unknown.
Similar to our study finding, no previous publication
has reported an excessive risk of RILD when patients
receive concurrent treatment with RT and sorafenib.
However, GI toxicity is another concern. When adminis-
tering sorafenib with RT, the irradiation field adjacent to
the GI tract and dose of sorafenib may be compromised,
further affecting tumor control. Radiation fraction size
may also play an essential role in this type of toxicity.
The Phase I trial conducted by Brade et al'? focused on the
combinatory therapeutic regimen of sorafenib with 6 frac-
tions of SBRT. Despite the low number of study partici-
pants, they reported significant GI toxicity (2 of 3
evaluable patients: one grade 3 large-bowel bleeding
event and one grade 4 bowel obstruction event after
SBRT) in patients who required a high volume of liver
irradiation. However, the Phase 2 study conducted by
Chen et al'' evaluated conventionally fractionated RT
combined with sorafenib. Although 45% of patients
received sorafenib dose reduction and 10% discontinua-
tion, they reported low rates of grade 2 (5.6%) and 3
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Subgroup RT Concurrent Hazard Ratio (95% CI) Favors RT Favors Concurrent p Value
Sex (%) 0.843
Male 65 (89.0) 64 (87.7) 0.81 (0.26 - 2.57) '
Female 8(11.0) 9(12.3) 0.92 (0.62 - 1.36) ——

Child-Pugh class (%) 0.763
A 68 (93.2) 69 (94.5) 0.92 (0.63 - 1.34) -
B 5 (6.8) 4 (5.5) 0.73 (0.17 - 3.07) '

AJCC stage (%) 0.934
Il 2(2.7) 2(2.7) 0.02 (1.6e-9 - 1.5e5) .
111A/B 50 (68.5) 49 (67.1) 0.95 (0.61 - 1.47) —e—
lne 14 (19.2) 16 (21.9) 0.92 (0.39 - 2.19) e
IVA 7 (9.6) 6 (8.2) 1.25(0.35 - 4.38) [

Size of the largest tumor (%) 0.051
<2cm 2(2.7) 2(2.7) 104.9 (0.8e-3 - 1.4€7) '
>=2 and <5 cm 18 (24.7) 17 (23.3) 1.03 (0.47 - 2.29) e —
>=5and <10 cm 24 (32.9) 25 (34.2) 0.41(0.21-0.78) e
>=10 cm 28 (38.4) 28 (38.4) 1.31(0.73-2.37) P

Tumor number (%) 0.557
1 25 (34.2) 27 (37.0) 0.80 (0.42 - 1.56) ——
2 6 (8.2) 7 (9.6) 0.57 (0.16 - 2.00) ———
3 3(4.1) 2(2.7) 4.22 (0.37 -47.51) '
>3 38 (52.1) 36 (49.3) 0.82 (0.50 - 1.36) ——

Tumor differentiation (%) 0.572
Well differentiated 1(1.4) 1(1.4) 65.3 (6.8e-6 - 6.3e8) [
Moderately differentiated 13 (17.8) 13 (17.8) 0.56 (0.22 - 1.40) ——
Poorly differentiated 8 (11.0) 5(6.8) 1.15(0.32 - 4.14) I

Liver fibrosis (%) 0.569
Fibrosis 13 (17.8) 14 (19.2) 1.13 (0.47 - 1.52) e
Cirrhosis (82.2) 59 (80.8) 0.86 (0.57 - 1.28) ——

Alpha-Fetoprotein (%) 0.876
<=200 ng/mL 31 (42.5) 29 (39.7) 0.85 (0.47 - 1.52) ——
>200 ng/mL (57.5) 44 (60.3) 0.90 (0.56 - 1.45) ——

ALBI grade (%) 0.996
1 25 (34.2) 23 (31.5) 0.85 (0.46 - 1.57) ———
2 41 (56.2) 42 (57. 0.85 (0.52 - 1.39) ——

Prior TACE (%) 0.705
No 60 (82.2) 60 (82.2) 0.86 (0.57 - 1.30) ——
Yes 12 (16.4) 12 (16.4) 1.04 (0.44 - 2.46) —

PVTT (%) 0.086
Absent 14 (19.2) 13 (17.8) 2.00 (0.67 - 5.99) '
Present 8 (79.5) (80.8) 0.72 (0.48 - 1.07) ——

HBsAg (%) 0.984
Negative 28 (38.4) 28 (38.4) 0.85 (0.46 - 1.58) ———
Positive 45 (61.6) 45 (61.6) 0.84 (0.53 - 1.35) ——

Anti-HCV (%) 0.379
Negative 50 (68.5) 49 (67.1) 1.00 (0.64 - 1.58) ——
Positive 23 (31.5) 24 (32.9) 0.70 (0.36 - 1.36) | —— |

Figure 3 Stratified analyses of overall survival in the RT-alone and concurrent therapy groups.

Abbreviations: RT, radiotherapy; AJCC, American Joint Committee on Cancer (7th); ALBI grade, albumin-bilirubin grade; TACE, transcatheter arterial chemoembolization;
PVTT, portal vein tumor thrombosis; HBsAg, hepatitis B surface antigen; Anti-HCYV, hepatitis C antibody.

(2.8%) gastric or duodenal ulcers. The incidence of GI
bleeding events detected in the present study was 8.2%
in the concurrent group and 1.4% in the RT-alone group.
Despite the lack of statistical significance, GI side effects
should not be undervalued.

In addition to sorafenib, four additional targeted agents
have been approved for HCC based on positive results in
Phase III studies: lenvatinib®’ as a first-line therapeutic
(noninferior to sorafenib) and regorafenib,28 cabozatinib’
and ramucirumab®® as second-line treatments (sorafenib

pretreatment). Aside from the modest results of targeted
therapy, immunotherapy is currently drawing substantial
attention in the field of HCC. Nivolumab, ipilimumab, and
pembrolizumab have been integrated into subsequent-line
therapeutic regimens after the occurrence of disease
progression,®' and encouraging results from phase Ib
studies®®>> have fueled the continued investigation of
the combined immunotherapy study design. Additionally,
the recent Imbrave150 trial** confirmed the survival ben-
efit and safety of atezolizumab plus bevacizumab, which
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Figure 4 Intrahepatic progression-free survival (after matching).
Subgroup RT (n=187) Concurrent (n=63) Hazard Ratio (95% CIl) Favors RT Favors Concurrent p Value
Child-Pugh class (%)
A 78 (41.7) 59 (93.7) 0.94 (0.64 - 1.37) —a— 0.74
B 43 (23.0) 4(6.3) 0.96 (0.30 - 3.13) 0.95
Size of the largest tumor (%)
<2cm 3(1.6) 3(4.8) 1.60 (0.26 - 9.9) ' 0.61
>=2 and <5 cm 47 (25.1) 17 (27.0) 0.84 (0.44 - 1.62) —— 0.6
>=5and <10 cm 72 (38.5) 18 (28.6) 0.51 (0.28 - 0.96) —— 0.04
>=10 cm 60 (32.1) 23 (36.5) 0.93 (0.56 - 1.54) [e— 0.77
Tumor number (%)
1 69 (35.8) 22 (34.9) 0.54 (0.30 - 0.96) - 0.04
2 19 (10.2) 7(11.1) 1.36 (0.52 - 3.56) 0.53
3 13 (7.0) 2(3.2) 2.52(0.51 - 12.59) ' 0.26
>3 87 (46.5) 32 (50.8) 0.72 (0.47 - 1.12) —-—r 0.15
Alpha-Fetoprotein (%)
<=200 ng/mL 61 (32.6) 25 (39.7) 0.87 (0.50 - 1.49) —e— 0.6
>200 ng/mL 67 (35.8) 38 (60.3) 0.77 (0.50 - 1.20) —— 0.25
ALBI grade (%)
1 41(21.9) 21(33.3) 0.88 (0.49 - 1.56) —— 0.65
2 129 (69.0) 34 (54.0) 0.74 (0.49-1.12) [ —— | | | 0.16
0 1 2 3 4

Figure 5 Subgroup analysis according to HCC combined with PVTT.

outweighed sorafenib for previously untreated, unresect-
able HCC. Preclinical studies have demonstrated the
RT
blockers,?> > but no solid evidence of significant clinical
benefits was found in the HCC cohort. Further data are
needed to optimize treatment sequences, radiation doses

synergy  between and immune checkpoint

and fractionation and interaction using other systemic
agents.

To our best knowledge, the present study is the largest-
sized cohort study comparing RT alone and the concurrent
use of RT and sorafenib to treat locally advanced HCC.
this The
observed results are based on medical record data retrieved

However, study has potential limitations.
retrospectively. Although baseline characteristics were
obtained as much as possible, patients who sought treat-

ment in places other than our medical institutes could not
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Table 2 Toxicities After Radiotherapy

Overall RT Concurrent | p
RILD (%) 0.537
None 87 (59.6) 41 (56.2) | 46 (63.0)
Classic 4 (2.7) 3(410) 1 (1.4)
Nonclassic 55 (37.7) 29 (39.7) | 26 (35.6)
Gl bleeding (%) 0.116
Yes 7 (4.8) 1 (1.4) 6 (8.2)
No 139 (95.2) | 72 (98.6) | 67 (91.8)

Abbreviations: RT, radiotherapy; RILD, radiation-induced liver disease; Gl bleed-
ing, gastrointestinal bleeding.

be traced. For multiple nodules, the tumor size was
recorded as the dimension of the largest single lesion.
Previous studies have addressed the value of prognostica-
tors, including the total tumor diameter, diameter of the
largest tumor, tumor volume, and tumor number. 04
Although the largest tumor size serves as a reference
material, it may also cause uncertainty when evaluating
HCC with multiple lesions. The definition of concurrent
treatment was retrospectively delimited rather than pro-
spectively determined with intention to treat. The RT
treatment plan could not be further obtained or analyzed
because of the nature of the database. Whether the syner-
gistic effect of sorafenib and RT existed and was further
perceptible in clinical use was inconclusive in our study.
The results from ongoing trials are pending, including
phase I and Phase II studies of concurrent RT with sor-
afenib (ClinicalTrials.gov numbers NCT00892658 and
NCT03535259, respectively), phase III studies of sorafe-
nib with or without SBRT (ClinicalTrials.gov numbers
NCT01730937 and NCT04387695, respectively), and
a study on proton therapy combined with sorafenib
(ClinicalTrials.gov number NCT04387695).

Conclusion

In our study, the concurrent use of sorafenib and conven-
tional external beam RT did not show a survival benefit
over RT alone in nonsurgically managed and radiotherapy-
treatable locally advanced HCC patients. Further investi-
gation of the synergistic combination of RT and systemic
agents is warranted.
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