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Immune checkpoint inhibitors, the standard care for
advanced hepatocellular carcinoma (HCC), show rela-
tively poor therapeutic effects in patients with
advanced HCC and macrovascular invasion. In this
investigator-initiated phase II study, we, for the first
time, show that concurrent external beam radiation
therapy with nivolumab, an immune checkpoint in-
hibitor, led to encouraging progression-free survival in
patients with HCC and macrovascular invasion. The
concurrent treatment was tolerable without signifi-
cant safety concerns. Further randomized studies
investigating the combination of immunotherapy and
external beam radiation therapy are required.
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Background and Aims: Nivolumab was the first immune checkpoint inhibitor approved for hepatocellular carcinoma (HCC).
External beam radiation therapy (EBRT) is locally effective and may enhance the effectiveness of immunotherapy. This study
investigated the efficacy and safety of concurrent nivolumab and EBRT in HCC with macrovascular invasion.
Methods: In this phase II multicenter trial, patients with HCC and macrovascular invasion were concurrently treated with
intravenous nivolumab (3 mg/kg every 2 weeks) and EBRT, followed by maintenance nivolumab until progression or unac-
ceptable toxicity. Primary endpoints were progression-free survival (PFS) and safety, and secondary endpoints were overall
survival, time-to-progression, objective response rate, and disease control rate.
Results: Between January 2020 and June 2021, 50 patients (male 84%, median age 62.5) were enrolled; 47 (94.0%) and 13
(26.0%) with portal (Vp1/2, n = 21; Vp3, n = 23; Vp4, n = 3) and hepatic vein invasion, respectively. Patients received EBRT
(median dose: 50 [IQR 43–50] Gy) after the first nivolumab dose. The median number of nivolumab doses was 8.5. Median PFS
was 5.6 (90% CI 3.6–9.9) months. Median overall survival and time-to-progression were 15.2 (90% CI 10.8–19.6) and 5.6 (90%
CI 3.6–9.9) months, respectively. The objective response rate and disease control rate were 36.0% and 74.0%, respectively. The
median duration of response was 9.9 months. Of 35 patients with follow-up data, 23 received subsequent systemic treatment,
including atezolizumab-bevacizumab, sorafenib, lenvatinib, and regorafenib. Treatment-related any grade adverse events
(AEs) and grade 3/4 AEs occurred in 40 (80.0%) and 6 (12.0%) patients, respectively. Common treatment-related AEs included
pruritus (38.0%) and rash (16.0%), with no treatment-related deaths.
Conclusion: Concurrent nivolumab therapy and EBRT showed encouraging PFS with acceptable safety in patients with
advanced HCC and macrovascular invasion.
Impact and implications: Immune checkpoint inhibitors, the standard care for advanced hepatocellular carcinoma (HCC),
show relatively poor therapeutic effects in patients with advanced HCC and macrovascular invasion. In this investigator-
initiated phase II study, we, for the first time, show that concurrent external beam radiation therapy with nivolumab, an
immune checkpoint inhibitor, led to encouraging progression-free survival in patients with HCC and macrovascular invasion.
The concurrent treatment was tolerable without significant safety concerns. Further randomized studies investigating the
combination of immunotherapy and external beam radiation therapy are required.
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Introduction
Hepatocellular carcinoma (HCC) is a common cause of cancer-
related mortality.1 Despite efforts to adopt and improve sur-
veillance for HCC, in actual clinical practice, a significant number
of patients are diagnosed at advanced stages.2,3 The prognosis of
advanced HCC is still dismal, with a median overall survival of
less than 8 months; however, it has improved with advances
in novel systemic therapies.4–7 Recently, the introduction of
immune checkpoint inhibitors (ICIs), such as programmed cell
death protein-1 or programmed cell death ligand-1 inhibitors,
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has further improved the oncologic outcomes for patients with
HCC.8–11 While ICI monotherapy has shown relatively modest
efficacy in terms of response rates and survival outcomes, ICI-
based combination therapy confers further efficacy,10–12 and
recent HCC guidelines recommend these combination therapies
as a first-line systemic treatment.13,14 However, these ICI-based
first-line treatments showed relatively poor therapeutic effects
in patients with HCC and macrovascular invasion (MVI)15 or
excluded main portal invasion cases in clinical trials.11 In prac-
tice, MVI is still found in 10–29% of patients with HCC at the
initial diagnosis and is a troublesome issue in HCC progression
after other treatments.3 While systemic therapy is recommended
for patients with MVI by many academic guidelines, various
liver-directed therapies – such as surgical resection, transarterial
chemoembolization (with or without radiotherapy), and radio-
embolization – have demonstrated significant efficacy.16–18 There
may be an unmet need for improved treatment strategies inte-
grating systemic and liver-directed therapy in patients with HCC
and MVI.

External beam radiation therapy (EBRT) can be applied to
patients with HCC in various situations,13,19,20 including those
with symptomatic primary liver or metastatic lesions.19 Recent
advances in EBRT techniques, including stereotactic body radio-
therapy (SBRT), proton beam therapy (PBT), and carbon ion
radiotherapy, have enabled the delivery of higher radiation doses
to achieve excellent local control.21–23 As a curative option for
small residual or recurrent intrahepatic HCC, PBT (a type of
EBRT) demonstrated non-inferiority to radiofrequency ablation
in terms of progression-free survival (PFS).24 The combination of
EBRT and transarterial chemoembolization has been shown to
have acceptable tolerability and superior efficacy to sorafenib for
HCC with MVI.17 Although little is known about the clinical
outcomes of the concurrent use of radiotherapy and immuno-
therapy, it can be expected to exert a synergistic effect in cancer
treatment.25,26 Radiation therapy can have immunostimulatory
effects. Substantial preclinical studies have shown that radio-
therapy may synergize with immunotherapy.27 Preliminary
clinical studies have recently been reported. A phase I trial of
SBRT combined with immunotherapy (nivolumab with or
without ipilimumab) exhibited favorable outcomes, and the
combination therapy of EBRT and atezolizumab/bevacizumab
demonstrated acceptable safety.28,29

Based on the CheckMate-040 trial,8 which showed promising
clinical activity and a favorable safety profile, nivolumab, a pro-
grammed cell death protein-1 inhibitor, obtained accelerated
approval from regulatory agencies worldwide, including in South
Korea, as a second-line treatment, and a global first-line nivolumab
trial could be initiated. Nivolumab monotherapy demonstrated a
durable response in some patients; however, the response rate
remained at 20%. EBRT has shown good local control in HCC and
may potentiate immunotherapy through immunomodulatory ef-
fects; therefore, we conducted a phase II study evaluating the effi-
cacy and safety of concurrent therapy with nivolumab and EBRT in
patients with advanced HCC and MVI.
Patients and methods
Study design and participants
This NEXTRAH study was an investigator-initiated, single-arm,
multicenter, phase II trial designed to investigate the efficacy and
safety of combination therapy with nivolumab and EBRT in pa-
tients with advanced HCC with MVI.
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Eligible patients were 20 years or older and had unresectable
HCC confirmed histologically or clinically according to criteria of
the Korea Liver Cancer Association (KLCA)-National Cancer
Center (NCC) Korea HCC guidelines.13,30 They also had vascular
invasion in the portal vein, hepatic vein, or inferior vena cava
with or without extrahepatic spread and measurable disease, as
defined by RECIST version 1.1. Other inclusion criteria were
Child-Pugh class A, Eastern Cooperative Oncology Group (ECOG)
performance status score of 0–1, and adequate hematological
and hepatic function. Patients who received >−2 prior systemic
therapies were excluded from the study. Prior immunotherapy
was allowed. Patients who had received any systemic anti-cancer
therapy within 2 weeks prior to the enrollment were excluded.
Prior EBRT was allowed; however, reirradiation to targeted lesion
(i.e., vascular invasion area) was not allowed due to limits of
dose-volumetric constraints for organs at risk (OAR) if targeted
lesion was previously irradiated. The complete eligibility criteria
are provided in the trial protocol (Appendix).

All the participants provided written informed consent before
participating in the study. The study protocol and amendments
were approved by the Institutional Review Board Committee of
each center, and the study was conducted in accordance with the
Declaration of Helsinki and Good Clinical Practice.

Procedures
Patients received nivolumab (3 mg/kg intravenously every 2
weeks) until disease progression (RECIST version 1.1), unac-
ceptable toxicity, withdrawal of consent, or study closure
(Fig. S1). Patients were allowed to continue nivolumab therapy
beyond the initial RECIST version 1.1-defined disease progression
as per the investigator’s judgment if they were still experiencing
benefits without any definite progression in the target lesion. All
patients underwent EBRT, beginning 2-7 days after receiving the
first dose of nivolumab. EBRT with intensity-modulated radiation
therapy (IMRT) or PBT was performed mainly in and around
areas of vascular invasion. The choice of IMRT or PBT was based
on the available time slots to maintain the protocol schedule. PBT
was the preferred choice when both modalities were available.
The radiotherapy procedure and the dose-volume constraints to
the OARs have been described in detail.23,24 In brief, gross tumor
volume (GTV) was defined as vascular invasion and/or the
contiguous HCC at average computed tomography images during
the gated (exhalation) phase. Internal target volume (ITV) was
delineated by summing the individual GTVs within the gated
phases. Planning target volume (PTV) 1 was expanded to include
a 3-5 mm margin from the ITV, excluding the 10 mm expanded
volume of gastrointestinal organs, and PTV2 was expanded to
include a 5-7 mm margin from the ITV, excluding the volume of
gastrointestinal organs. The dose-volume constraints to OARs
were as follows: the relative volumes of the total liver and
remaining residual liver (total liver – GTV) receiving more than
26.5 Gy were less than 50% and 60%, respectively; the maximum
dose to the spinal cord, small and large bowel, stomach, and
esophagus was less than 37 Gy, 35 Gy, 37 Gy, and 40 Gy,
respectively; the mean dose to each kidney was less than 15 Gy;
and the relative volume of the lung was less than 35%. The
radiotherapy plan was performed using 6 or 15 MV X-rays
or 230 MeV proton beams and the radiation doses of
30–35 Gy and 30 Gy in 10 fractions were prescribed to PTV1 and
PTV2, respectively, per protocol considering the dose-volume
constraints to OARs. Patients were maintained on nivolumab
therapy during and after the completion of EBRT.
2vol. 6 j 100991



4 excluded due to not meeting
eligibility criteria

50 received nivolumab plus radiotherapy

54 patients assessed for eligibility

5 discontinued study treatment
3 withdrew consent
1 adverse event
1 non-compliance
Outcomes and assessments
The primary endpoints were PFS (time from the date of treat-
ment initiation to progressive disease or death from any cause)
and safety. Tumors were assessed using dynamic computed to-
mography or magnetic resonance imaging at baseline and every
8 weeks after the initiation of nivolumab therapy until disease
progression or discontinuation of the study treatment. Tumor
progression and response were assessed according to RECIST
version 1.1. A maximum of 5 measurable lesions, with a
maximum of 2 lesions per organ, were identified as target lesions
at baseline. Any progression in target or non-target lesions or the
appearance of any new lesion is considered progression. Follow-
up survival data were collected every 12 weeks for at least 18
months after enrollment of the last participant. The investigator
evaluated safety in patients who received at least one dose of
nivolumab according to the CTCAE version 4.03, at baseline, on
day one of every cycle, and for up to 100 days after the last dose.
Adverse events were assessed by the investigator as related or
unrelated to the study treatment.

Secondary endpoints included overall survival (OS; the time
from the date of treatment initiation to death from any cause),
time-to-progression (TTP; the time from the date of treatment
initiation to disease progression), objective response rate (ORR;
the proportion of enrolled patients whose best overall response
was complete response [CR] or partial response [PR]), and dis-
ease control rate (DCR; the proportion of enrolled patients
whose best overall response was CR, PR, or stable disease).

Statistical analysis
The sample size was determined based on PFS, the study’s pri-
mary endpoint. In a previous CheckMate-040 study,8 the median
PFS in patients treated with nivolumab alone was 4.0 months
(95% CI 2.9–5.4). With concurrent nivolumab treatment with
EBRT, PFS was expected to increase by 50% compared to nivo-
lumab alone. We calculated that 44 patients would provide a
power of 80% at a one-sided 5% significance level to detect a
median survival time of 6 months in patients treated with
nivolumab and EBRT, allowing for a 12-month accrual period and
18-month follow-up period after the completion of enrollment.
Considering a follow-up loss of 12%, 50 patients were finally
enrolled in the study.

All statistical analyses were performed using an intention-to-
treat population, defined as patients receiving at least one
nivolumab dose. The confidence interval of the tumor response
rates was calculated using the Clopper–Pearson exact method.
The PFS, OS, and TTP curves were estimated using the Kaplan–
Meier method, and median survival times and 90% CIs are pre-
sented. In post hoc subgroup analysis, the survival curves were
compared using the log-rank test, and hazard ratios (HRs) and
90% CIs were calculated using the Cox proportional hazard
model. All statistical analyses were performed using the SAS
software (version 9.4; SAS Institute Inc., Cary, NC, USA), and R
software, version 4.0.5 (R Project for Statistical Computing).
50 included in intention-to-treat analysis

45 completed study
36 disease progression
2 death
7 remained on nivolumab at data cutoff

Fig. 1. Trial profile.
Results
Patients
Between January 29, 2020, and June 29, 2021, 50 patients with
advanced HCC who received nivolumab and EBRT were included
in the intention-to-treat population (Fig. 1). The baseline char-
acteristics of the patients are shown in Table 1. While 47 (94.0%)
and 13 (26.0%) patients had portal vein and hepatic invasion,
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respectively, 46.0% and 6.0% had tumor invasion in the first-order
branches (Vp3) or main portal vein (Vp4), respectively. Twenty-
eight (56.0%) patients received treatment for HCC before
participating in this study; 16 and 5 patients received trans-
arterial chemoembolization and prior systemic therapy (1 sor-
afenib, 3 lenvatinib, and 1 atezolizumab plus bevacizumab),
respectively.

As of the data cut-off date (December 30, 2022), 45 patients
had completed the study treatment, and 7 out of these 45 pa-
tients with CR (n = 3) or PR (n = 4) maintained the study treat-
ment and discontinued nivolumab treatment upon study
termination (Fig. 1). The most common reason for discontinuing
the study treatment was progressive disease (n = 36, 72.0%). The
median number of nivolumab treatments received was 8.5 (IQR
4–26).

Overall, 23 (46.0%) and 27 (54.0%) patients received IMRT and
PBT, respectively. The median interval from the first dose of
nivolumab to EBRT was 5 days (IQR 3–6). The radiation field
included vascular invasion and surrounding primary liver tumors
in 47 patients, while 3 patients received radiation only for
vascular tumor invasion. The median irradiation dose was 50 Gy
(IQR 43–50 Gy) administered in 10 fractions. One patient did not
complete EBRT (21 Gy in 6 fractions) and withdrew consent.

Twenty-six of the 35 patients with available follow-up data
underwent anti-cancer therapy after the study treatment. Of
them, 23 received subsequent systemic treatment (8
atezolizumab-bevacizumab, 13 sorafenib, 7 lenvatinib, and 7
regorafenib). Eight patients received >−2 lines of systemic therapy
after the study treatment.

Efficacy
After the median follow-up of 29.3 months (IQR 24.4–31.2), 38
(76.0%) patients progressed or died, and the median PFS was 5.6
months (90% CI 3.6–9.9; Fig. 2). Six-month, 12-month, and 18-
month PFS was 46.0% (90% CI 33.6–57.6), 32.2% (90% CI
21.2–43.8), and 18.4% (90% CI 10.0–28.9), respectively. The me-
dian OS and TTP were 15.2 (90% CI 10.8–19.6; Fig. 3A) and 5.6
(90% CI 3.6–9.9; Fig. 3B) months, respectively. Six-month, 12-
3vol. 6 j 100991



Table 1. Baseline characteristics.

Characteristics N = 50

Age, median [IQR], years 62.5 [56–67]
Male sex, n (%) 42 (84.0)
ECOG performance status, n (%)

0 47 (94.0)
1 3 (6.0)

Etiology
HBsAg-positive 31 (62.0)
Anti-HCV-positive 2 (4.0)
HBsAg-negative & HBcIgG-positive 11 (22.0)
All-negative 7 (14.0)

Diabetes 16 (32.0)
Child-Pugh score, n (%)

5 38 (76.0)
6 12 (24.0)

ALBI grade, n (%)
1 31 (62.0)
2 19 (38.0)

Intrahepatic tumor burden 13 (26.0)
Median size [IQR], cm 7.0 [2.9–9.0]
Single lesion, n (%) 30 (60.0)

Portal vein invasion, n (%) 47 (94.0)
Vp1 2 (4.0)
Vp2 19 (38.0)
Vp3 23 (46.0)
Vp4 3 (6.0)

Hepatic vein invasion, n (%) 13 (26.0)
IVC invasion, n (%) 2 (4.0)
Bile duct invasion, n (%) 2 (4.0)
Extrahepatic spread 6 (12.0)
Alpha-fetoprotein†

Median [IQR], ng/ml 229.8 [7.8–2265.0]
>−400 ng/ml, n (%) 19 (38.0)

PIVKA-II†

Median [IQR], mAU/ml 421.0 [79.0–3008.0]
Prior therapy for HCC, n (%)‡

Any prior therapy 28 (56.0)
Surgery 8 (16.0)
Local ablation 16 (32.0)
TACE 16 (32.0)
Radiotherapy 6 (12.0)
Systemic therapy 5 (10.0)

Sorafenib 1 (2.0)
Lenvatinib 3 (6.0)
Atezolizumab + bevacizumab 1 (2.0)

Vp1, portal vein invasion in portal branches distal to the second branch; Vp2, portal
vein invasion in the second portal branch; Vp3, portal vein invasion in the first portal
branch; Vp4, portal vein invasion in the main portal trunk.
ALBI, albumin-bilirubin; ECOG, Eastern Cooperative Oncology Group; HBcIgG,
Immunoglobulin G antibody to hepatitis B core antigen; HBsAg, hepatitis B surface
antigen; HCC, hepatocellular carcinoma; IVC, inferior vena cava; TACE, transarterial
chemoembolization.
† Except missing values (2.0%).
‡ Missing values (6.0%) were included in the percentage calculation.
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Fig. 2. Kaplan–Meier estimates of progression-free survival in the
intention-to-treat population.
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month, and 18-month OS was 82.5% (90% CI 70.8–89.8), 60.2%
(90% CI 47.2–71.0), and 42.4% (90% CI 30.2–54.0), respectively.
Among 36 patients who exhibited radiologic progression, 7 pa-
tients experienced progression within the EBRT treatment field,
while 29 patients demonstrated progression outside the treat-
ment field.

Post hoc subgroup analysis was performed according to the
EBRT modality, site of portal vein invasion, baseline albumin-
bilirubin (ALBI) grade, presence of extrahepatic spread, and
prior history of systemic therapy (Table 2). The median PFS was
significantly lower in patients with major portal vein invasion:
3.6 months (90% CI 1.9–9.9) in patients with Vp3-4 vs. 7.3 months
(90% CI 5.6–17.1) in patients with Vp1-2 (HR 1.82, 90% CI
JHEP Reports 2024
1.03–3.22; p = 0.079). The median OS significantly differed be-
tween the IMRT (9.1 [90% CI 6.1–19.6] months) and PBT (16.9
[90% CI 13.6–not estimable] months) groups (HR 0.54, 90% CI
0.29–0.98; p = 0.086), and between the ALBI grade 1 (19.6 [90% CI
13.7–not estimable] months) and ALBI grade 2 (7.9 [90% CI
4.8–13.1] months) groups (HR 3.09, 90% CI 1.68–5.67; p = 0.001).
Patients who have received nivolumab as a first-line or second-
line treatment showed no significant difference in median PFS
(5.5 vs. 5.9 months; p = 0.679) or OS (15.8 vs. 12.4 months; p =
0.350).

Of the 50 patients, 4 (8.0%) and 14 (28.0%) achieved a CR and
PR, respectively, according to RECIST version 1.1 (Table 3). Two
patients were excluded because they withdrew consent before
the first assessment. ORR and DCR were 36.0% (90% CI 24.7–48.6)
and 74.0% (90% CI 61.9–83.9), respectively. The median duration
of the objective response was 9.9 months (IQR 3.6–18.6).
Safety
Overall, 48 (96.0%) and 9 (18.0%) patients experienced adverse
events (AEs) and serious AEs (SAEs), respectively, regardless of
attribution. Grade 3/4 events occurred in 21 (42.0%) and 5
(10.0%) patients, respectively, regardless of attribution.
Treatment-related AEs and SAEs occurred in 40 (80.0%) and 4
(8.0%) patients, respectively. Grade 3/4 treatment-related AEs
and SAEs occurred in 6 (12.0%) and 2 (4.0%) patients, respec-
tively. Treatment-related AEs are listed in Table 4. The most
common treatment-related any grade AEs were pruritus (38.0%),
rash (16.0%), pneumonitis (10.0%), nausea (10.0%), fatigue
(10.0%), and dyspepsia (10.0%). Two (4.0%) patients experienced
grade 3 treatment-related SAEs: one had grade 3 bilirubin
elevation, and the other had pneumonitis related to nivolumab.
Five (10.0%) patients experienced any grade treatment-related
pneumonitis; related to nivolumab in 4/5 patients (grade 2 in 3
patients and grade 3 in 1 patient) and to both nivolumab and
EBRT in the fifth patient (grade 1). Other treatment-related SAEs
included grade 2 rash and grade 2 colitis related to nivolumab.
Two patients discontinued the treatment because of treatment-
related toxicities (rash and hyperbilirubinemia).

The mean ALBI score did not change significantly (-2.57 at
baseline to -2.58 at 6 months). Twenty-two patients (44.0%) had
>−1 nivolumab dose delay due to AEs (n = 16) or for other reasons
4vol. 6 j 100991
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Fig. 3. Kaplan–Meier estimates of overall survival and time-to-progression in the intention-to-treat population. (A) Overall survival; (B) time-to-
progression.
(n = 6), whereas 5 patients (10.0%) had >−2 dose delays due to AEs.
No treatment-related death occurred during the study period.
Discussion
To the best of our knowledge, this NEXTRAH study is the first
phase II study to evaluate concurrent immunotherapy with EBRT
in patients with HCC and MVI. When this study was designed,
nivolumab was the only available ICI for HCC under accelerated
approval. Obtaining approval from the regulatory agency was
crucial for this investigator-initiated trial. Nivolumab showed
promising results in HCC at the initiation of this study and
demonstrated manageable toxicity. Still, nivolumab mono-
therapy is associated with response rates of 20%, which clearly
need to be improved. EBRT has the potential to enhance the ef-
ficacy of nivolumab via its immunomodulatory effects. Therefore,
nivolumab is considered suitable for concurrent treatment with
Table 2. Subgroup analysis of progression-free survival and overall survival.

Subgroup Patients(n)

Progression-free survival

Median PFS,
months (90% CI)

Hazard ratio
(90% CI)

EBRT modality
IMRT 23 3.7 (1.9-7.3) reference
PBT 27 8.9 (3.6-12.7) 0.86 (0.50-1.47)

Site of PV invasion
Vp1/Vp2 21 7.3 (5.6-17.1) reference
Vp3/Vp4 26 3.6 (1.9-9.9) 1.82 (1.03-3.22)

Baseline ALBI grade
Grade 1 31 8.9 (5.5-12.7) reference
Grade 2 19 3.2 (1.8-5.6) 1.65 (0.96-2.85)

Extrahepatic spread
No 44 5.6 (3.6-9.9) reference
Yes 6 1.9 (1.6- NE) 0.92 (0.38-2.21)

Prior systemic therapy
No 42 5.5 (3.6-8.9) reference
Yes 5 5.9 (1.6-23.6) 1.24 (0.52-2.98)

In a 90% confidence interval, a p value of less than 0.10 is statistically significant.
ALBI, albumin-bilirubin; EBRT, external beam radiation therapy; IMRT, intensity-modul
Vp1, portal vein invasion in portal branches distal to the second branches; Vp2, portal ve
branches; Vp4, portal vein invasion in the main portal trunk.
The hazard ratio and 90% CI were calculated using the Cox proportional hazard model.
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radiotherapy.8 The safety profile is essential because the primary
hurdle of combination treatment is increasing toxicity.31

In the present study, the median PFS and OS were 5.6 (90% CI
3.6–9.9) and 15.2 months (90% CI 10.8–19.6), respectively.
Compared to the PFS of 4.0 months in the historical control
group (CheckMate-040) treated with nivolumab monotherapy,
nivolumab in combination with EBRT improved PFS, given that
the proportion of patients receiving nivolumab as second-line
therapy was different (10% in this study vs. 68% in CheckMate-
040).8 The median PFS of 5.6 months reported here was also
higher than the 3.7 months reported in systemic treatment-
naïve patients receiving nivolumab in CheckMate-459.12

Considering that only 33% of the patients included in
CheckMate-459 had vascular invasion, the clinical outcomes (PFS
and OS) in this study, where patients had vascular invasion (Vp3
or Vp4 invasion in 52.0% and hepatic vein invasion in 26.0%), are
encouraging for patients with advanced HCC and MVI. Moreover,
Overall survival

p value
Median OS,

months (90% CI)
Hazard ratio

(90% CI) p value

9.1 (6.1-19.6) reference
0.638 16.9 (13.6- NE) 0.54 (0.29-0.98) 0.086

18.5 (12.9-NE) reference
0.079 10.8 (7.3-16.9) 1.77 (0.94-3.32) 0.132

19.6 (13.7- NE) reference
0.122 7.9 (4.8-13.1) 3.09 (1.68-5.67) 0.001

15.2 (10.8-18.5) reference
0.871 23.6 (5.5-NE) 0.72 (0.27-1.97) 0.593

15.8 (9.2-19.6) reference
0.679 12.4 (4.8-23.6) 1.65 (0.68-4.01) 0.350

ated radiation therapy; NE, not estimable; PBT, proton beam therapy; PV, portal vein.
in invasion in the second portal branches; Vp3, portal vein invasion in the first portal
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Table 3. Tumor response rates determined by RECIST version 1.1.

Best response

Objective response, n (%)* 18 (36.0; 24.7–48.6)
Complete response 4 (8.0)
Partial response 14 (28.0)

Stable disease, n (%) 19 (38.0)
Disease control rate, n (%)* 37 (74.0; 61.9–83.9)
Progressive disease, n (%) 11 (22.0)
Not evaluable, n (%) 2 (4.0)
Patients with an ongoing response, n (%) 7 (14.0)
Duration of response, median [IQR], months 9.9 [3.6-18.6]

* 90% confidence interval, shown in parentheses, was calculated using the Clopper-
Pearson exact method. Seven patients maintained a response (CR or PR) at the time of
study closure.

Table 4. Treatment-related adverse events.

Any grade Grade 3/4

Treatment-related AE 40 (80.0%) 6 (12.0%)
Pruritus 19 (38.0%) 0
Rash 8 (16.0%) 0
Pneumonitis 5 (10.0%) 1 (2.0%)
Nausea 5 (10.0%) 0
Fatigue 5 (10.0%) 0
Dyspepsia 5 (10.0%) 0
ALT increase 4 (8.0%) 2 (4.0%)
Anorexia 4 (8.0%) 0
AST increase 3 (6.0%) 3 (6.0%)
Hypothyroidism 3 (6.0%) 0

Treatment-related SAE 4 (8.0%) 2 (4.0%)

Data are presented as n (%). Adverse events were graded using the NCI-CTCAE version
4.03.
AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
SAE, serious adverse event.

Research article
the ORR (36.0%) and DCR (74.0%) in this study were both higher
than those in CheckMate-040 (ORR 20% and DCR 64%) and
CheckMate-459 (ORR 15% and DCR 55%).8,12

In the post hoc subgroup analysis based on the EBRT modality,
PBT led to longer median PFS (8.9 months) than IMRT (3.7
months); however, the difference was not significant. The me-
dian OS with PBT (16.9 months) was significantly higher than
with IMRT (9.1 months) (Table 2). The incidental selection of
IMRT or PBT, as mentioned in the Methods section, could have
resulted in unintentional randomization; had we included more
patients in the study, we might also have observed a significant
difference in PFS between these modalities. Therefore, PBT may
be a better option as an EBRT modality in combination with
immunotherapy. However, some favorable clinical features (e.g.,
younger age, lower ALBI grade, or etiology) might have
contributed to the differences. Patients receiving PBT tended to
be younger (median age 59 vs. 65, p = 0.0343). The proportion of
ALBI grade 2 was lower in patients receiving PBT (14.8% vs. 65.2%,
p = 0.0003). Furthermore, the proportion of HBsAg-positive pa-
tients was higher in patients receiving PBT (81.5% vs. 39.1%, p =
0.0021), whereas that of all-negative patients was lower in those
receiving PBT (3.7% vs. 26.1%, p = 0.0386). Additional compre-
hensive studies are required to confirm this.

The safety of concurrent therapy with nivolumab and EBRT
was acceptable, with no new safety concerns. This is consistent
with a previous report that administering an ICI within 90 days
following EBRT did not increase the risk of AEs.32 In this study,
the most common treatment-related AEs were dermatologic AEs,
such as pruritus (38.0%) and rash (16.0%). The pruritis was
JHEP Reports 2024
nivolumab-related in 17/19 patients, EBRT-related in one, and
nivolumab plus EBRT-related in one patient. The rash was related
to both nivolumab and EBRT in 1/8 of patients. The incidence of
dermatologic AEs in this study was higher than in those
receiving nivolumab monotherapy in the CheckMate-459 study
(pruritus in 12% and rash in 11%).12 However, nivolumab com-
bined with radioembolization resulted in a higher incidence of
pruritus (50%) and rash (39%).33 Although most cases of pneu-
monitis were likely related to nivolumab, the incidence was
slightly higher than that observed with ICI monotherapy.9,12

Nevertheless, the incidence of pneumonitis was not notably
concerning when considering previous studies on EBRT in HCC,
which reported incidences of grade 1 asymptomatic pneumonitis
ranging from 12% to 32%.24,34 A recent retrospective study on the
combination of EBRT and atezolizumab/bevacizumab reported
that the most common toxicities were grade 1 fatigue (57.1%) and
nausea (47.6%), higher incidences than in the present study,
while 3 (14.3%) patients experienced gastrointestinal bleeding.28

A higher proportion of patients in this retrospective study had
Child-Pugh class B or C cirrhosis (33.3%), which may have
contributed to a higher incidence of AEs compared with the
present study. A phase I trial of the combination of SBRT and
nivolumab, with or without ipilimumab, demonstrated that
grade 3 hepatotoxicity occurred in 4/13 patients (30.8%).29 A
higher incidence may be attributable to dual ICI therapy.

Since this study commenced, two ICI-based combination
therapy trials for advanced HCC have been successfully
completed; atezolizumab plus bevacizumab or tremelimumab
plus durvalumab are now the standard of care for the first-line
systemic treatment of advanced HCC.10,11,35 Although first-line
nivolumab monotherapy did not significantly improve OS
compared with sorafenib,12 concurrent therapy with nivolumab
and EBRT showed meaningful efficacy without any major safety
concerns. These data suggest the potential clinical benefit of
combination therapy with ICI and EBRT in HCC. A recent pro-
spective study of SBRT with camrelizumab and apatinib also
reported better tumor response and survival than camrelizumab
and apatinib alone.36 Further studies investigating ICI-based
combination therapies with EBRT are anticipated.

Recently, promising results have been reported for pem-
brolizumab and SBRT in non-small cell lung cancer.37,38 However,
the results are conflicting in other solid tumors.39 To successfully
combine immunotherapy and radiotherapy, several issues must
be addressed. Notably, radiotherapy outcomes can be influenced
by the experience and skill of the radiation oncologist, similar to
a surgeon. Therefore, a phase III study involving more in-
stitutions is required to determine the universal outcomes that
can be achieved with ICI and EBRT combination therapies.

Our study has a few limitations. First, this was a single-arm
study that compared the findings with the historical data of
another study. Second, this study started with the expectation
that IMRT and PBT would show similar clinical outcomes, but the
results showed some differences. Therefore, additional research
is needed on this issue. Third, given the small sample size,
stratification based on the site of portal vein invasion and
baseline ALBI grade was not possible in advance, and these fac-
tors influenced clinical outcomes. Fourth, the outcomes in pa-
tients who responded well to nivolumab and EBRT until study
closure were affected by the forced termination of nivolumab
treatment at the end of the study. The primary and secondary
6vol. 6 j 100991



endpoints were also affected accordingly, which is considered a
limitation of investigator-initiated trials.

In conclusion, concurrent EBRT and nivolumab treatment was
associated with encouraging PFS in patients with HCC and MVI.
JHEP Reports 2024
Radiotherapy may offer a synergistic benefit to patients receiving
nivolumab with acceptable tolerability. A phase III study to
thoroughly investigate the clinical implications of these findings
is warranted.
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