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Abstract
Background: This study aimed to investigate the clinical significance of previous 
and/or concurrent application of radiotherapy (RT) in the course of nivolumab treat-
ment for advanced hepatocellular carcinoma (HCC).
Methods: Patients with advanced HCC who received nivolumab treatment between 
March 2017 and May 2018. were included. Nivolumab treatment was indicated in 
patients who did not respond to conventional therapy including locoregional therapy 
and/or sorafenib. RT was performed when necessary for curative/palliative purpose.
Results: Among the 76 HCC patients who received nivolumab, 54 (71.1%) had re-
ceived RT for HCC before and/or during the treatment. The period from initial HCC 
diagnosis to nivolumab treatment was significantly longer (P = .007) and the rate 
of undergoing transarterial chemoembolization (TACE; P  =  .006) and sorafenib 
treatment (P  =  .007) was significantly higher in patients who received previous/
concurrent RT than in those who did not. Nivolumab‐related toxicities were gener-
ally tolerable regardless of the history of RT. During the follow‐up, 39 (51.3%) pa-
tients died and 54 (71.1%) patients experienced disease progression according to the 
RECIST v1.1. Patients who had received previous/concurrent RT had a significantly 
longer progression‐free survival (PFS; P = .008) and overall survival (OS; P = .007) 
than those who did not receive RT; however, this trend was not observed in patients 
with a history of radiofrequency ablation or TACE (all P > .05).
Conclusion: Previous and/or concurrent application of RT in the course of 
nivolumab treatment was related with longer PFS and OS in advanced HCC patients. 
Nonetheless, further clinical studies are warranted to confirm our findings.

K E Y W O R D S
immunotherapy, liver cancer, nivolumab, radiotherapy, survival

www.wileyonlinelibrary.com/journal/cam4
https://orcid.org/0000-0002-2009-7263
https://orcid.org/0000-0003-3405-9935
https://orcid.org/0000-0002-4911-6165
https://orcid.org/0000-0001-9325-2300
https://orcid.org/0000-0002-6746-6652
https://orcid.org/0000-0002-5542-5263
https://orcid.org/0000-0002-2847-1168
mailto:
https://orcid.org/0000-0003-0385-9681
http://creativecommons.org/licenses/by/4.0/
mailto:hee.ro.park@skku.edu


   | 6987YU et al.

1 |  INTRODUCTION

Hepatocellular carcinoma (HCC) is a major unresolved medi-
cal issue as the seventh most common cancer globally and the 
fourth leading cause of cancer deaths.1 Furthermore, HCC 
is ranked as the second leading cancer globally in regard to 
absolute years of life lost.2 For advanced stage HCC, which 
accounts for more than two‐thirds of newly diagnosed HCC 
cases, systemic treatments including sorafenib therapy are 
recommended based on the positive outcomes of phase III 
randomized trials.3-6 However, attempts to establish other 
treatment methods are still ongoing because of unsatisfactory 
objective response rate of less than 5% and limited time to 
progression.

With rapid advances in technology and biological re-
search, the application of radiotherapy (RT) for HCC is in-
creasing globally as one of the potent local modalities.7-10 
There is growing evidence that transarterial chemoem-
bolization (TACE) followed by RT shows superior out-
comes for locally advanced HCC, including portal vein 
tumor thrombosis, than TACE or sorafenib alone.9,11-13 
On the contrary, prospective trials have shown remarkable 
effects of immune checkpoint inhibitors (ICI) including 
nivolumab, as effective systemic agents, in terms of long‐
term sustained objective response rate in advanced HCC 
patients.14,15 Based on these outstanding clinical outcomes, 
nivolumab has been approved and used as one of the valu-
able therapeutic options for advanced HCC in many coun-
tries including Korea.

Substantial data from clinical as well as preclinical studies 
have continuously suggested the possibility of antitumor im-
mune response enhancement through local RT in combina-
tion with ICI treatment.16-20 In particular, in the management 
of non‐small‐cell lung cancer where RT is one of the standard 
modalities of management and ICI therapy has been increas-
ingly applied recently, prospective studies have confirmed 
that the combination of these two modalities is associated 
with good clinical outcomes.20

With this background, the authors conducted this study to 
evaluate the clinical significance of previous and/or concur-
rent application of RT in the course of nivolumab treatment 
for advanced HCC.

2 |  PATIENTS AND METHODS

2.1 | Patients
All patients who received nivolumab treatment between 
March 2017 and May 2018 at Samsung Medical Center 
were included in the present study. This study was ap-
proved and exempted from obtaining participant consent by 
the Institutional Review Board of Samsung Medical Center 
(SMC 2019‐01‐151).

The diagnosis and the management of HCC were pro-
ceeded according to the guidelines of the Korean Liver 
Cancer Association. In the case of special issues, the man-
agement policy was decided through a discussion by a mul-
tidisciplinary team including a hepatologist, radiologist 
(diagnostic and intervention), radiation oncologist, and med-
ical oncologist.

2.2 | Radiotherapy
RT was performed for curative or palliative aims according 
to the guidelines of the Korean Liver Cancer Association. 
Liver‐directed RT was performed with respiration gating as 
previously reported with 10 fractions of three‐dimensional 
conformal RT (3D‐CRT))/intensity‐modulated RT (IMRT) 
or three fractions of stereotactic body RT (SBRT).8,21,22 
Radiation dose of 3D‐CRT/IMRT was determined, as de-
scribed in a previous article, according to the percentage 
of the normal liver volume irradiated at more than 50% of 
the prescribed dose as 5.0, 4.5, 4.0, 3.5, or 3.0  Gy for 10 
fractions when 20%‐35%, 35%‐50%, and 50%‐75% of the 
liver were irradiated, respectively. The eligibility criteria of 
HCC SBRT were also previously described and were as fol-
lows: HCC not suitable for or refractory to surgery and other 
locoregional modalities such as radiofrequency ablation 
(RFA) or TACE; HCC 3 cm or less across longest diameter 
and fewer than three synchronous lesions; adequate residual 
functional liver volume greater than 700  mL; HCC con-
fined to the liver without extrahepatic metastases; Eastern 
Cooperative Oncology Group score 0‐1; age ≥20 years; and 
Child‐Pugh class A or B.

Proton beam therapy (PBT) was performed in selected 
patients according to the institutional priority policy as de-
scribed in a previous article. Palliative RT was performed 
from a single fraction of SBRT to 10 fractions of 3D‐CRT, 
depending on the status of patients including the extent of 
disease, liver function, life expectancy, and performance 
status.23,24

2.3 | Nivolumab treatment
Nivolumab treatment was mainly considered for patients 
who did not respond to conventional therapy including lo-
coregional therapy and/or sorafenib. During the study period, 
although nivolumab was approved for its usage in advanced 
HCC by the Ministry of Food and Drug Safety of Korea, 
the reimbursement was not covered by the Korean National 
Insurance Program. Therefore, nivolumab treatment was lim-
ited to patients who agreed to pay for the cost of nivolumab. 
The target patients were planned to receive 3 mg/kg of in-
travenous nivolumab every two weeks unless disease pro-
gression, unacceptable toxicity, or patient refusal made it 
impossible to continue treatment.14 Patients were evaluated 



6988 |   YU et al.

at baseline and every three to four cycles of treatment with 
nivolumab. Adverse events (AEs) were classified accord-
ing to the National Cancer Institute Common Terminology 
Criteria for AEs, version 4.0. Other details about nivolumab 
treatment have been reported previously.25

2.4 | Statistical analysis
To compare the differences in baseline characteristics be-
tween the groups classified according to the history of RT, 
the chi‐square test or Fisher's exact test for categorical vari-
ables and the Mann‐Whitney U‐test for continuous variables 
were used. Overall survival (OS) and progression‐free sur-
vival (PFS) were estimated using the Kaplan‐Meier method 
and calculated as the duration from the starting date of 
nivolumab treatment to the date when death or progression 
event were first detected or, to the date of the last follow‐
up visit. Progression of the disease was evaluated using the 
Response Evaluation Criteria In Solid Tumors (RECIST; 
version 1.1).26 The log rank test was used for statistical com-
parison of the survival curves.

Cox proportional hazards models were used for survival 
analysis, and for the stepwise selection method, variables 
with P ≤ .1 in the univariable analysis were used in the mul-
tivariable analysis. Statistical analysis was performed using 
SPSS 24.0 software for Windows (SPSS), SAS version 9.4 
(SAS Institute), and R 3.4.0 (http://www.R-proje ct.org/). A 
P < .05 was considered statistically significant.

3 |  RESULTS

3.1 | Patients
During the study period, 76 patients had received at least one 
cycle of nivolumab for advanced HCC management. Among 
the 76 patients, 54 (71.1%) had received RT for HCC at 
least once before (49 patients, 64.5%) or during (12 patients, 
15.8%) the nivolumab treatment. Of the 12 patients who had 
received RT during the nivolumab treatment, seven had also 
received RT before the nivolumab treatment. The median 
total sessions of RT in the 54 patients was 1 (range, 1‐8) and 
the largest fraction size was 5 Gy (range, 3‐22 Gy). Primary 
liver lesions were irradiated at least once in 35 patients; the 
remaining 19 patients had received RT for extrahepatic meta-
static lesions. Among the 35 patients irradiated for liver le-
sions, the techniques of RT were SBRT in two, PBT in five, 
IMRT in seven, and 3D‐CRT in 20 patients. Additionally, 
nine patients also received SBRT for extrahepatic metastatic 
lesions. According to the purpose of initial RT, there were 
nine patients (16.7%) treated with curative intent and the re-
maining 45 patients with palliative intent.

Baseline characteristics of the patients are shown in 
Table 1. In the pretreatment evaluation of nivolumab, the 

Child‐Pugh class of the patients was mainly A, but 14 and 
three patients showed Child‐Pugh class B and C, respectively. 
All three patients with Child‐Pugh class C were in the previ-
ous/concurrent RT group and patients with Child‐Pugh class 
B were more frequent in the no RT group. Furthermore, most 
patients were classified as Barcelona Clinic Liver Cancer 
stage C. These factors were not different between the groups 
classified with or without RT before or during nivolumab 
treatment. In the group of previous/concurrent RT, the period 
from initial HCC diagnosis to nivolumab treatment was sig-
nificantly longer (P = .007), and the rate of previous history 
of TACE (P =  .006) and sorafenib (P =  .007) was signifi-
cantly higher than in the group without RT history.

The comparison outcomes of baseline characteristics ac-
cording to the history of RT are shown in Table S1. There 
was no significant difference in characteristics between pa-
tients who underwent concurrent RT plus nivolumab treat-
ment and those who only received nivolumab treatment. The 
median period between initiation of nivolumab and RT in 
patients who had received concurrent RT was 1.1  months 
(range, 0.0‐6.1 months).

3.2 | Nivolumab treatment and toxicities
Median follow‐up duration of all patients and survivors was 
5.7  months (range, 0.5‐22.7), and 12.9  months (2.8‐22.7), 
respectively. During the follow‐up period, nivolumab treat-
ment was aborted in 62 patients (81.6%) because of disease 
progression (n = 53), loss to follow‐up (n = 6, 7.9%), liver 
failure (n = 2, 2.6%), and economic reasons (n = 1, 1.3%). 
The remaining six patients were lost to follow‐up while the 
treatment was ongoing. The median duration of nivolumab 
treatment was 1.5  months (range, 0.0‐19.9  months) with a 
median four cycles (range, 1‐38). Partial response was ob-
served in nine patients, but no patient showed complete re-
sponse of disease (objective response rate 11.8%). Among 
the nine patients who showed partial response, eight had his-
tory of previous/concurrent RT and one did not (14.8% vs 
4.5%, P = .27).

Treatment‐related toxicities were mostly confined to 
grade 1 or 2, and these improved without any additional 
management. Table S2 shows the treatment‐related toxicity 
profile according to the treatment group. There was no no-
ticeable difference in the treatment‐related toxicity for each 
treatment group.

3.3 | Survival outcomes
During the follow‐up, 39 patients (51.3%) died and 54 
(71.1%) experienced disease progression according to the 
RECIST v1.1. OS and PFS of all patients were 51.8% and 
22.0% at 6 months, and 46.2% and 19.1% at 12 months, re-
spectively. As shown in Figure 1, the Kaplan‐Meier curves 

http://www.R-project.org/
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were significantly different according to the RT combina-
tion for both PFS (P = .008) and OS (P = .007). However, 
the survival outcomes were no different according to the 

interval between RT and initiation of nivolumab within 30 
and 90 days in the patients who received RT before/during 
nivolumab treatment (Figure S1). Moreover, the fraction size 

History of RT

Previous/Concurrent 
(n = 54) No (n = 22) P value

Age (years) 62 (37‐81) 64 (40‐82) .89

Time from initial diagno-
sis (months)

27.4 (2.0‐190.2) 12.3 (0.5‐119.6) .007

Sex

Male 46 (85.2) 19 (86.4) 1.00

Female 8 (14.8) 3 (13.6)

ECOG performance status

0 4 (7.4) 2 (9.1) .76

1 48 (88.9) 19 (86.4)

2 2 (3.7) 1 (4.5)

Cause of hepatitis

HBV 43 (79.6) 13 (59.1) .12

HCV 4 (7.4) 2 (9.1)

Alcohol 2 (3.7) 4 (18.2)

Unknown 5 (9.3) 3 (13.6)

Child‐Pugh class

A 45 (83.3) 14 (63.6) .08

B‐C 9 (16.7) 8 (36.4)

BCLC stage

B 1 (1.9) 3 (13.6) .0

C 50 (92.6) 19 (86.4)

D 3 (5.6) 0 (0.0)

Portal vein invasion

Yes 15 (27.8) 7 (31.8) .78

No 39 (72.2) 15 (68.2)

Extrahepatic metastasis

Yes 45 (83.3) 14 (63.6) .08

No 9 (16.7) 8 (36.4)

AFP (ng/mL) 272 (1.3‐193801) 871 (1.3‐200000) .43

PIVKA‐II (mAU/mL) 2074 (17‐75000) 1071 (16‐75000) .54

Previous treatment

Liver transplantation 3 (5.6) 1 (4.5) 1.00

Hepatectomy 28 (51.9) 10 (45.5) 1.00

Metastatectomy 11 (20.4) 2 (9.1) .33

Radiofrequency 
ablation

18 (33.3) 3 (13.6) .10

TACE 43 (79.6) 10 (45.5) .006

Sorafenib 53 (98.1) 17 (77.3) .007

Abbreviations: AFP, α‐fetoprotein; ALBI, albumin‐bilirubin; BCLC, Barcelona Clinic Liver Cancer; ECOG, 
Eastern Cooperative Oncology Group; HBV, hepatitis B virus; HCV, hepatitis C virus; PIVKA‐II, protein 
induced by vitamin K absence‐II; RT, radiotherapy; TACE, transarterial chemoembolization.

T A B L E  1  Baseline characteristics
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of RT was not a significant prognostic factor of PFS and OS 
among these patients, although slightly higher OS rate was 
noticed in the patients treated with fractions size of higher 
than 5 Gy (Figure S2). Furthermore, there was no difference 
in PFS or OS according to target regions of RT (intrahepatic 
or extrahepatic lesion) (Figure S3).

Additionally, there was no difference between the clini-
cal outcomes and the usage of other locoregional modalities 
commonly used in HCC management, including RFA and 
TACE, contrast to the RT (Figure S4).

3.4 | Prognostic factors for PFS and OS
The outcomes of the univariate and multivariate analyses of 
the relationship between PFS/OS and probable prognostic 
factors are summarized in Tables 2 and 3.

In the univariate analysis, Child‐Pugh class B or C was 
a statistically significant poor prognostic factor for PFS 
(P <  .001). The only other significant prognostic factor for 
PFS was the combination of RT before or during nivolumab 
treatment (P  =  .008). In addition, the significance of 

F I G U R E  1  Kaplan‐Meier curve 
of the progression‐free survival (PFS, A) 
and overall survival (OS, B) in all patients 
according to previous and/or concurrent RT. 
The PFS and OS were significantly higher 
in patients who had received RT before and/
or during nivolumab treatment than in those 
who had not

T A B L E  2  Univariate analysis of probable prognostic factors for PFS and OS

Factors References

PFS OS

HR 95% CI P‐value HR 95% CI P‐value

Age > 65 years Age ≤ 65 years 0.792 0.476‐1.319 .37 0.587 0.305‐1.129 .11

AFP > 200 ng/mL AFP ≤ 200 ng/mL 1.241 0.744‐2.072 .41 2.345 1.185‐4.641 .01

PIVKA‐II > 1000 mAU/dL PIVKA‐II ≤ 1000 
mAU/dL

1.433 0.848‐2.423 .18 1.709 0.848‐3.443 .13

Male Female 1.038 0.526‐2.050 .91 1.390 0.612‐3.158 .43

ECOG performance status 2 ECOG performance 
status 0‐1

1.676 0.668‐4.205 .25 1.770 0.629‐4.983 .17

HBV Other hepatitis 1.668 0.903‐3.082 .10 1.276 0.605‐2.690 .52

Child‐Pugh B/C Child‐Pugh A 3.646 2.013‐6.603 <.001 7. 270 3.722‐14.199 <.001

Portal vein invasion (+) Portal vein invasion (−) 1.093 0.636‐1.877 .75 1.231 0.623‐2.433 .55

Extrahepatic metastasis (+) Extrahepatic metastasis 
(−)

0.937 0.515‐1.707 .83 0.536 0.265‐1.084 .08

Liver transplantation (+) Liver transplantation 
(−)

0.921 0.288‐2.947 .89 0.963 0.232‐4.000 .96

Hepatectomy (+) Hepatectomy (−) 1.222 0.740‐2.016 .43 0.865 0.460‐1.625 .65

Metastatectomy (+) Metastatectomy (−) 0.782 0.407‐1.504 .46 0.739 0.309‐1.766 .50

Radiofrequency ablation (+) Radiofrequency abla-
tion (−)

0.858 0.485‐1.519 .60 0.678 0.321‐1.430 .31

TACE (+) TACE (−) 1.084 0.620‐1.895 .78 0.742 0.381‐1.446 .38

Sorafenib (+) Sorafenib (−) 0.644 0.256‐1.622 .35 0.534 0.187‐1.523 .24

Previous/concurrent RT (+) Previous/concurrent 
RT (−)

0.475 0.276‐0.821 .008 0.408 0.212‐0.785 .007

Abbreviations: AFP, α‐fetoprotein; ALBI, albumin‐bilirubin; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HBV, hepatitis B virus; HR, 
hazard ratio; OS, overall survival; PFS, progression‐free survival; PIVKA‐II, protein induced by vitamin K absence‐II; RT, radiotherapy; TACE, transarterial 
chemoembolization.
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Child‐Pugh class (P < .001, hazard ration [HR] 3.340, 95% 
confidence interval [CI] 1.829‐6.908) and the combination of 
RT (P = .03, HR 0.541, 95% CI 0.311‐0.941) as prognostic 
factors for PFS were similarly noted in the multivariate anal-
ysis. The Kaplan‐Meier PFS curves according to Child‐Pugh 
class and the combination of RT are shown in Figure 2.

In the univariate analysis of OS, AFP level > 200 ng/mL 
(P = .01) and Child‐Pugh class B or C (P < .001) were sta-
tistically significant poor prognostic factors. The combina-
tion of RT before or during nivolumab treatment was also a 
statistically significant prognostic factor for OS (P =  .007). 
Furthermore, the significance of Child‐Pugh class B or C 
(P < .001, HR 6.715, 95% CI 3.382‐13.331) and the combina-
tion of RT (P = .02, HR 0.430, 95% CI 0.217‐0.851) as prog-
nostic factors for OS were similarly noted in the multivariate 
analysis. The Kaplan‐Meier OS curves according to Child‐
Pugh class and the combination of RT are shown in Figure 3.

4 |  DISCUSSION

This study evaluated the clinical significance of previous and/
or concurrent application of RT in the course of nivolumab 
treatment for advanced HCC and revealed that patients who 
received combination treatment had significantly longer PFS 
and OS than those who did not receive RT before or during 
nivolumab treatment. Nivolumab treatment showed gener-
ally acceptable toxicity profiles, and there was no noticeable 

difference in treatment‐related toxicities with the use of the 
RT combination.

Although clinical outcomes of HCC have greatly im-
proved in recent years, it is also true that many unresolved 
problems remain in the management of the disease. Surgical 
resection and RFA can be considered firstly as a curative 
option; however, a limited number of patients are consid-
ered candidates for these radical treatment modalities.27-29 
Furthermore, it is well known that recurrence ultimately de-
velops in the majority of patients even after such radical treat-
ments.30 Nevertheless, effective adjuvant treatments that can 
prevent recurrence are yet to be developed. Cases which can-
not be resolved by these modalities are treated by TACE in 
localized disease, and systemic therapies, including sorafenib 
and lenvatinib, have been recommended.6

As the effects of ICI have been reported in prospective 
trials of several tumors,31,32 expectations for its role in the 
management of HCC have been growing, as it has long been 
recognized that immune evasion plays a pivotal role in patho-
genesis and progression.33 Based on promising clinical out-
comes, including an objective response rate of 20% and 1‐year 
OS rate of 62%, in the prospective trial Checkmate‐040,14 
nivolumab, which is the monoclonal antibody against PD‐1 
receptor, has been approved for clinical use in advanced HCC 
in several countries, including Korea. Nevertheless, it is true 
that the objective response rate of ICI, including nivolumab 
(15%‐20%, including a complete response rate of 1%‐2%), re-
mains unsatisfactory in terms of preserving liver function.14,15

T A B L E  3  Multivariate analysis of probable prognostic factors for PFS and OS

Factors Reference

PFS OS

HR 95% CI P‐value HR 95% CI P‐value

AFP > 200 ng/mL AFP ≤ 200 ng/mL — — — 1.766 0.864‐3.610 .12

Child‐Pugh B/C Child‐Pugh A 3.340 1.829‐6.098 <.001 6.715 3.382‐13.331 <.001

Extrahepatic metasta-
sis (+)

Extrahepatic metasta-
sis (−)

— — — 0.893 0.413‐1.934 .775

Previous/concurrent 
RT (+)

Previous/concurrent 
RT (−)

0.541 0.311‐0.941 .03 0.430 0.217‐0.851 .02

Abbreviations: AFP, α‐fetoprotein; ALBI, albumin‐bilirubin; CI, confidence interval; HR, hazard ratio; OS, overall survival; PFS, progression‐free survival; RT, 
radiotherapy.

F I G U R E  2  Kaplan‐Meier PFS curves 
according to the Child‐Pugh class A (A) 
or B/C (B) with or without RT before and/
or during nivolumab treatment: There was 
a tendency of higher PFS in the group 
of RT combination before and/or during 
nivolumab treatment
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Compared with the role of RT as a main locoregional mo-
dality in other oncologic fields, its use in managing HCC 
has been very limited because of the radiosensitive nature 
of cirrhotic non‐tumor liver and the relative radioresistance 
of HCC. With the rapid advancement in RT techniques and 
radiation biology, favorable outcomes in prospective studies 
and the clinical application of liver‐directed RT have been 
recently increasing.8,10,13,17 In fact, several guidelines have 
recently recommended RT both as a curative modality and a 
modality with a palliative aim.27-29

There is growing evidence about the potential syner-
gistic effect of RT and ICI in clinical and preclinical stud-
ies.16-20,32,34,35 Local RT induces the release of tumor‐specific 
antigens as in situ individualized tumor vaccines that can re-
sult in anticancer immune responses that mediate abscopal 
effects.36 In a prospective trial of non‐small‐cell lung cancer, 
patients with a history of previous RT had longer PFS and OS 
with pembrolizumab treatment.20

Our findings showed that the clinical outcomes of com-
bination therapy with nivolumab and RT are superior to 
those of nivolumab alone; these findings are supported by 
previous preclinical and clinical studies. Furthermore, we 
found that in advanced stage HCC patients, history of RT 
before and/or during nivolumab was significantly related 
with longer PFS and OS. These findings may suggest that 
an abscopal effect of local RT is associated with ultimate 
tumor control. Interestingly, in contrast to the use of RT, the 
use of other local modalities, including surgery, RFA, and 
TACE, which possibly enhance the release of tumor‐spe-
cific antigens and modulate the tumor microenvironment, 
before nivolumab treatment was not associated with better 
clinical outcomes.33

Those findings suggest that the immune stimulation effect 
of RT can be differentiated from that of other local modalities 
based on the nature of RT, that is, slow response, different 
immune stimulatory signals, and/or modulation of the tumor 
microenvironment. Moreover, the fraction size of RT and the 
time interval between RT and nivolumab treatment, which 
are possibly related to the release of tumor‐specific antigens, 
were not significantly related to the improvement in survival 
outcomes. Thus, further prospective trials are warranted to 
confirm these results and resolve these issues.

This study had several limitations. The study had a se-
lection bias because of its single‐institution retrospective 
design. In particular, patients with a history of previous RT 
had significantly a longer duration between HCC diagnosis 
and nivolumab treatment, implying a relatively low aggres-
siveness of the tumor itself. Furthermore, there is a possibil-
ity that patients receiving RT during nivolumab treatment 
are limited to good responders of the treatment. In addition, 
this study presented only the phenomenon without studying 
the possible relationship between RT on ICI by blood or tis-
sue sample analysis. Therefore, further studies are needed 
to evaluate the actual role of RT in ICI treatment for ad-
vanced HCC. In addition, further studies investigating the 
relationship between RT and potential biomarkers of ICI 
response rate, such as the expression of PD‐L1, tissue‐in-
filtrating lymphocyte, and/or tumor mutation burden, will 
be necessary.

To our knowledge, this is the first study to evaluate the 
effect of the use of RT before and/or during nivolumab treat-
ment for advanced HCC, despite the limitations mentioned 
above. Our findings also confirm the necessity of further re-
search on the synergistic therapeutic effect of combination 
RT and ICI treatment, which has opened a new horizon in 
oncologic management. In particular, it is necessary to assess 
the optimal timing, fraction size, and/or total dose of RT as a 
combination therapy with ICI treatment.

In conclusion, this study revealed that patients with 
advanced HCC who received RT before and/or during 
nivolumab treatment had significantly higher PFS and OS 
with generally acceptable toxicity profiles. However, further 
prospective studies are warranted.
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