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Abstract

Introduction: Immunotherapy has been established as the
standard treatment option for patients with advanced he-
patocellular carcinoma (aHCC). Despite the increased effi-
cacy, disease progression occurs in a relevant proportion of
patients even after an objective response. Combination
concepts with locoregional therapy are currently under
investigation for hepatic disease but are also in discussion
for the control of distant metastasis. Radiotherapy is a highly
effective treatment modality for local tumor control. It is also
thought to increase the efficacy of checkpoint inhibition and
sensitize distant lesions to the effects of immunotherapy,
but may potentially increase adverse effects. In our center,

few patients with aHCC treated with immune checkpoint
inhibitors (ICls) received concomitant radiotherapy for
symptom or disease control. The aim of this study was to
retrospectively analyze adverse effects and efficacy of
concomitant radiotherapy in patients with aHCC treated
with checkpoint inhibition. Methods: To this aim, patients
who received a combination of ICl and radiotherapy in our
institution were retrospectively considered for analysis. The
predefined inclusion criterion was radiotherapy after initi-
ated checkpoint inhibition and continuation of ICl therapy
for at least 8 weeks. Adverse effects and efficacy mea-
surements were performed according to local standards.
Results: The database search of 2016-2021 revealed six
consecutive patients fulfilling the predefined criteria for
concomitant ICl and radiotherapy. Three patients received

The study was conducted at the gastrointestinal cancer unit of the
University Hospital LMU Munich, Germany.
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high-dose-rate brachytherapy (15 Gy) to treat progredient
hepatic lesions. Two patients received stereotactic body
radiotherapy (SBRT) (25-30 Gy) for symptom control, and 1
patient received brachytherapy and SBRT to treat metas-
tases. No severe adverse events were reported in the period
(<6 months) after concomitant radiotherapy. In 5 out of 6
cases, long-term tumor control could be achieved by this
therapeutic combination. Conclusion: A good efficacy of
concomitant radiotherapy and checkpoint inhibition has
been achieved with no safety concerns. Further investiga-
tions should evaluate the safety, appropriate clinical context,
and efficacy of this promising approach.

© 2023 S. Karger AG, Basel

Introduction

The treatment landscape for hepatocellular carcinoma
(HCC) is observing an enormous paradigm shift toward
immune checkpoint inhibitor (ICI) treatments, which
have emerged as a promising therapeutic option [1]. ICI,
in combination with anti-VEGF antibody therapy, be-
came standard of care in the first-line treatment of ad-
vanced hepatocellular carcinoma (aHCC) [2]. In the case
of a systemic progress, escalation strategies are currently
developed by combining, for example, ICI with tyrosine
kinase inhibitors in a second-line setting [3]. In the case of
progressive disease limited to the liver, an additive lo-
coregional approach might be feasible and is currently
tested in the DEMAND trial [4]. However, in case of
limited progression of extrahepatic disease, new multi-
modal treatment concepts are urgently needed [5]. Ra-
diotherapy (RT) may increase efficacy of checkpoint
inhibition through additional immune sensitization, as
shown in preclinical models [6] and clinical studies of
malignant melanoma [7, 8]. With high-dose-rate bra-
chytherapy (HDRBT) and stereotactic body radiation
therapy (SBRT), two effective radiotherapeutic modalities
are available for the treatment of HCC.

HDRBT is used for minimally invasive tumor ablation,
to achieve local tumor control and support systemic
therapies. It can also be used as a bridging therapy prior to
liver transplantation [9]. HDRBT enables the adminis-
tration of high-dose radiation to the tumor region while
maintaining a low radiation dose to the remaining
healthy hepatic tissue. It has also enabled us to overcome
the limitations associated with thermal ablation tech-
niques. Such limitations included tumor size, proximity
to adjacent thermosensitive structures, and vascular
cooling effects [10]. Besides local tumor ablation, using
the destructive alpha radiation-based brachytherapy in-
duces a lasting local immune response and a systemic
anti-tumor response [11]. When used with immuno-
modulators, this anti-tumor response is further
potentiated [12].

Concomitant Irradiation to Checkpoint
Inhibitor Therapy of HCC

External beam RT is a well-characterized therapeutic
modality for HCC and remains an essential treatment
option, especially in patients with hepatic lesions not
amenable to locoregional treatment due to size, ana-
tomical reasons, or other accompanying circumstances
such as ascites or an impaired coagulation status [13].
In the past, irradiation of hepatic lesions could lead to
hepatic decompensation in up to 5% of the cases [14,
15] because radiation has the potential to harm sur-
rounding healthy liver parenchyma. Therefore, its
utilization as a treatment option has historically been
limited [16, 17]. However, new technological im-
provements such as intensity-modulated and image-
guided SBRT allow administering the dose safely in
carefully selected patients, thereby protecting the
proper functioning of liver parenchyma [18, 19].
Previous studies have supported the utilization of SBRT
as a therapeutic approach for treating liver cancer with
the aim of achieving a favorable toxicity profile [20, 21].
Moreover, SBRT can be used in combination with
locoregionary therapies as a bridging therapy before
transplantation to efficiently control the spread of the
tumor in pre-transplant conditions [9, 22].

RT may increase efficacy of checkpoint inhibition
through additional immune sensitization, as shown in
preclinical models [6] and clinical studies of malignant
melanoma [7, 8]. The combination enhances the ex-
pression of MHC-I and CD8 cells ultimately leading to
the major improvements in the cytotoxic activity and
overall efficacy of ICI [23]. RT may be an effective ad-
ditive immune sensitizing therapy, but in the context of
checkpoint inhibition, it is quite plausible that radiation
may trigger immunogenic off-target effects [24, 25]. Only
few data are currently available, characterizing tolerance
and efficacy of concomitant RT in ICI-treated HCC
patients. To this aim, we systematically evaluated HCC
cases in our center that received RT in the context of
checkpoint inhibition.

Methods

Study Design

A retrospective analysis was performed based on clinical data
obtained from our gastrointestinal cancer unit at the University
Hospital LMU Munich, Germany. All consecutive patients be-
tween 2016 and 2021 with the diagnosis C22.0 were retrospectively
screened for receiving RT at our outpatient clinic at the University
Medical Center Groflhadern LMU. The only inclusion criterion
was that RT was begun after initiated checkpoint inhibition and
continuation of ICI therapy for at least 2 months after RT, in-
cluding efficacy measurements. Due to the low number, the in-
dividual patient cases are presented each as separate case vignettes.
Data collection and retrospective analysis of patient information
were anonymized in accordance with the Declaration of Helsinki.
Ethics approval from the Local Institutional Review Board was
obtained (18-604).
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160 consecutive HCC patients received radiotherapy. Of those,
107 brachytherapy and 53 stereotactic radiation

/133 HCC patients did not
" Ireceive any ICI therapy

Y

27 consecutive HCC patients received radiotherapy and ICI at
any time (15 brachytherapy and 12 stereotactic irradiation)

16 received radiotherapy
»prior to ICl therapy; 5
patients after ICI

Y

6 consecutive patients received radiotherapy concomitantly to
ICI therapy and fulfilled the predifined inclusion criterion

Fig. 1. Flowchart depicting results of the
database search.

Treatment Schedule

One patient with HCC received nivolumab and ipilimumab
according to the established protocol (1 mg/kg nivolumab
followed by ipilimumab 3 mg/kg on the same day every 3 weeks
for 4 doses, followed by 240 mg nivolumab monotherapy
maintenance 2-weekly) [26]. Three patients received full-dose
(240 mg) nivolumab monotherapy 2-weekly [27]. Another
patient received pembrolizumab in combination with local
treatment as part of a study treatment [28]. One patient received
durvalumab and tremelimumab treatments (single dose treme
300 mg, durva 1,500 mg every 4 weeks) as part of a study
treatment.

Regarding external beam RT, different techniques were
applied. For bone metastases, a 3D conformal technique was
used, while for other metastases SBRT techniques were used.
Therefore, various fractionation schemes were used (10 x 3 Gy,
5 x 4 Gy, 5 x 5 Gy).

The brachytherapy procedure was conducted under con-
scious sedation under sterile conditions. Under CT fluoroscopy,
the HCC was punctured with a 17G needle which was ex-
changed over a stiff wire to a 6-French sheath that can hold a
brachytherapy catheter. The number of catheters was depen-
dent on size and number of target lesions. A tumor surrounding
prescription dose of 15 Gy was aimed at as a single fraction
using high-dose brachytherapy with an iridium-192 after-
loading unit. Organ at risk constraints were as follows: bowel/
colon and stomach D1 ccm: 12 Gy, D0.1 ccm: 15 Gy; esophagus
D1 ccm: 12 Gy, D0.01 ccm: 15 Gy; spinal cord D0.01 ccm: 10 Gy;
skin D0.01 ccm: 10 Gy. One-third of the uninvolved liver was
irradiated with less than 5 Gy [9].

Assessments

Routine efficacy assessments were conducted by computed
tomography of the chest, abdomen, and pelvis or magnetic res-
onance imaging of the abdomen in every 3 months. Tumor
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response was evaluated according to the Response Evaluation
Criteria in Solid Tumors (RECIST) criteria version 1.1 and
modified RECIST for hepatocellular cancer (mRECIST) retro-
spectively by two experienced hepatobiliary radiologists.

Results

Database Search

A database search showed a total of 27 consecutive
HCC patients receiving RT and checkpoint inhibition at
any time. Of those, only six patients fulfilled the pre-
defined inclusion criterion with concomitant RT. An-
other 16 patients received ICI before and 5 patients after
RT (Fig. 1).

Patient characteristics of the six patients receiving
concomitant RT and checkpoint inhibition are depicted
in Table 1. The age range was from 42 to 80 years old.

Case Vignettes

Patient 1 was diagnosed with poorly differentiated
HCC (verified by histology) and renal carcinoma with
suspected lymph node metastasis of the renal cell
carcinoma (RCC). Treatment with nivolumab and
ipilimumab for metastasized RCC was initiated
(Fig. 2a). One of two HCC lesions responded to the
initiated treatment with shrinkage, while the second
lesion showed isolated tumor growth. The progressive
lesion was treated with brachytherapy. Afterward, the
HCC and the lymph node metastasis showed sustained

Munker et al.
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Fig. 2. a—f Schematic representation of the 6 patient courses. The longest tumor axis was used for diameter
measurements. Hep, hepatic metastasis; LN, lymph node metastasis; SBRT, stereotactic intensity-modulated
radiotherapy; PD, progressive disease; SD, stable disease; PR, partial response; CR, complete response.

complete remission. Due to good tumor control and
sustained good performance status, nephrectomy of
the RCC was performed (histologically confirmed
RCC RO resection), whereas histology of the lymph
nodes showed HCC metastasis with a good regression
status. Due to the good efficacy of ICI therapy, it was
further continued. Eight months later, a new hepatic
tumor nodule developed, and ICI therapy was
discontinued.

Patient 2 was diagnosed with metastatic HCC in
2017 with cerebral metastasis. Upon initiation with
sorafenib, he developed an intracerebral hemorrhage
originating from a cerebral metastasis. The bleeding
lesion was evacuated surgically. Treatment was
switched to nivolumab, and the patient received
postoperative SBRT of the surgical cavity (Fig. 2b). The
hepatic tumor had an excellent response. Seventeen
months later, two new hepatic nodules developed and
local brachytherapy was administered, and reasonable
local tumor control was achieved. Eight months later,
progressive retroperitoneal lymph node metastasis was
evident, which was treated by stereotactic irradiation.
Sustained, complete response was achieved, and so far,
no treatment-related adverse effects have been re-
ported. The patient is still doing well after 41 months of
treatment.

Patient 3 had a singular HCC lesion and received
pembrolizumab as a study treatment additive to lo-
coregional treatment (Fig. 2c). Brachytherapy was per-
formed. The staging CT showed tumor devascularization
indicating good local tumor control and no adverse ef-
fects were reported.
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Patient 4 was diagnosed with HCC with bone, pul-
monary, and hepatic metastases. He received durvalumab
and tremelimumab (Fig. 2d). Due to symptomatic ver-
tebral metastasis, he received palliative RT for symptom
control. Other than hypothyreosis, no additional adverse
effects were evident. However, he had an intrahepatic
progress after 17 months, and the study medication was
discontinued.

Patient 5 presented with intrahepatic disseminated
HCC. Initial therapies consisted of selective internal
RT, transarterial chemo embolization, and radio-
frequency thermal ablation. A therapy with sorafenib
was initiated upon intrahepatic progression and evi-
dence of peritoneal carcinosis. Due to the progression
of the hepatic lesion, the patient was included in a trial
and entered the placebo arm. Due to hepatic pro-
gression, therapy with nivolumab was initiated
(Fig. 2e). Progressive lesions were treated with bra-
chytherapy and local control was achieved. Except for
nummulary eczema and xerosis cutis, no adverse events
occurred. After 40 months, extrahepatic metastasis was
diagnosed, and nivolumab treatment was discontinued.

Patient 6 was diagnosed with HCC in 2012. He re-
ceived orthotopic liver transplantation in February 2014
and had an intrahepatic HCC recurrence in January 2015.
He received local ablative treatments. When extrahepatic
disease (bone, lymph nodes) was evident, a treatment
with nivolumab was started (Fig. 2f). Due to symptomatic
vertebral (B12-L2 and C6-B3) metastases, a palliative RT
treatment for symptom control was performed and
sorafenib was added. As he progressed, systemic treat-
ment with nivolumab was discontinued.

Munker et al.
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Table 2. Ongoing clinical trials using checkpoint inhibitors with RT for HCC (www.ClinicalTrials.gov)

Clinical trial Study start date Phase Type of radiative  Type of CPI Est. Primary endpoint
identification intervention enrollment
NCT04167293  November 16, 2019 I/l SBRT Sintilimab 116 6-month PFS
NCT03482102  May 14, 2018 Il RT (not specified)  Durvalumab and 70 Best ORR
tremelimumab
NCT03817736  March 1, 2019 Il TACE+ SBRT Not specified 33 No. of patients
eligible to curative
surgical intervention
NCT03316872 February 15, 2018 Il SBRT Pembrolizumab 30 ORR
NCT04611165 November 15, 2019 |l EBRT Nivolumab 50 PFS
NCT04547452 July 1, 2020 Il SBRT Sintilimab 84 PFS
NCT02608385  December 2015 | SBRT Pembrolizumab 130 Recommended SBRT
dose
NCT04547452  July 1, 2020 Il SBRT Sintilimab 84 PFS
NCT04193696  January 10, 2020 Il RT Anti-PD-1 agent 39 ORR
NCT03817736  March 1, 2019 Il TACE + SBRT Not specified 33 No. of patients
(START-FIT) eligible to curative
surgical intervention
NCT05286320  March 28, 2022 b/l SBRT Lenvatinib/ 27 Safety rate
pembrolizumab ORR
PFS
oS
NCT03753659  May 9, 2019 RFA Pembrolizumab 30 ORR
(IMMULAB) MWA oS
Brachytherapy TTR
TACE Incidence and

severity of adverse
events

RT, radiotherapy; RE, radioembolization; SBRT, stereotactic body radiation therapy; PR, pathological response; TACE, trans-
catheter arterial chemoembolization; RR, response rate; ORR, overall response rate; MW, microwave ablation; MTD, maximum
tolerated dose; TTR, time to response; PFS, progression-free survival; AEs, adverse events; HCC, hepatocellular carcinoma; ICI,
immune checkpoint inhibitor; EBRT, external beam radiotherapy; PDL-1, programmed cell death ligand 1.

Discussion

Current studies have demonstrated the role of RT in
potentiating and modulating the tumor immunity. With
emerging clinical evidence supporting the use of RT in
combination with immunotherapy, there is a need to discuss
and analyze their effects from the standpoint of toxicity and
safety. Here, we present a systematic retrospective database
analysis highlighting six consecutive cases of HCC patients
receiving concomitant checkpoint inhibition and RT. Im-
munotherapy in combination with antiangiogenic therapy is
considered the standard first-line treatment choice for
treating HCC patients [29]. Locoregional therapies hold
numerous potentials to act synergistically or in combination
with immunotherapy to produce more efficient results in
HCC patients. Although many clinical trials are currently
investigating the synergistic combination of RT and ICI, few
results have been published. A summary of ongoing clinical
trials using this combination is outlined in Table 2.

To our knowledge, this is the first study describing the
clinical courses of concomitant checkpoint inhibition and

Concomitant Irradiation to Checkpoint
Inhibitor Therapy of HCC

radiation therapy in patients with HCC. The combination
therapy did not raise safety concerns, i.e., an increased
rate of adverse effects of the respective irradiated tissue,
and gave a good efficacy signal for patients with limited
disease progression.

Brachytherapy irradiation has a favorable dose
deposition with little radiation scattering and minor
off-target parenchymal tissue damage. Nevertheless, a
small area of irradiation of surrounding hepatic pa-
renchyma occurs. This may provoke local autoimmune
phenomena and ultimately induction of checkpoint
hepatitis may be plausible. In HCC patients, the liver
function is additionally limited due to frequently
underlying cirrhosis or fibrosis; therefore, triggering
autoimmune hepatitis in the context of liver disease
may more frequently lead to worsening of liver
function up to liver failure. In 4 patients receiving
seven local RT treatments, no autoimmune hepatitis
occurred, indicating only a limited immune sensiti-
zation due to RT of liver tissue in the context of
checkpoint inhibition.
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Stereotactic irradiation or intensity-modulated RT of
other tissues may similarly provoke autoimmune pro-
cesses. Few studies have investigated the adverse effects of
combination concepts of irradiation and checkpoint in-
hibition. Welsh et al.’s [7] prospective clinical trial fo-
cused on non-melanoma carcinoma patients receiving a
combination scheme of concurrent ipilimumab and
stereotactic ablative RT with 50 or 60 Gy. In light of the
various pretreated cancer entities, an acceptable overall
disease control rate (26%) could be achieved. Interest-
ingly, the study found that low-dose (5-10 Gy) irradiated
lesions responded in 31% versus 5% of nonirradiated
lesions. No grade 4-5 toxicities and only a few grade 3
toxicities were evident. The number of patients with liver
diseases was not stated. However, only 1 HCC patient was
included.

Various recent trials have also demonstrated the
high safety and tolerance levels with little or no
toxicity reactions in cancer patients that were treated
with this multimodal combination. In a pooled
analysis of patient data from prospective trials in the
US Food and Drug Administration databases, Anscher
et al. [30] found that patients with cancer receiving RT
within 90 days prior to the start of ICI treatment did
not have an increased risk for severe adverse events
compared to those who did not receive RT. Similar
results were also found in a multicenter safety analysis
by Bang et al. [19] corroborating the safety of the
combination. There were no significant differences in
adverse events between those receiving RT during/
after checkpoint inhibitors and before checkpoint
inhibitors (p = 0.053), and between those receiving RT
within 14 days or outside 14 days of checkpoint
blockade (p = 0.06). Immune-related adverse events
occurred in 39% of patients receiving RT with ICI,
compared to 23% of patients who used RT only. All of
these adverse events were mild, easily manageable, and
were independent of the irradiated site. In a phase I
trial recruiting 22 melanoma patients, Victor et al.
reported no grade 4 toxicities when treated with
ipilimumab in combination with RT (6 Gy x 2-3 or
8 Gy x 2-3 to one site). Grade 3 toxicities were re-
ported in the form of anemia (4/22) and colitis (1/22)
[6]. In another study, multiple regimens of RT
(8.0-12.5 Gy, administered to 1-2 sites) and ipili-
mumab were used. There was only one case of grade 4
colitis, one grade 3 hypophysitis, skin rashes (4/22),
and no other significant adverse results greater than
grade 3 [31]. Tang et al. [32] also conducted a phase I
trial in which doses of ipilimumab were administered
in combination with SBRT (50 Gy in four fractions or
60 Gy in ten fractions) either sequentially or simul-
taneously. There were no grade 4 or 5 toxicities found
in patients, while 12 patients out of 35 showed grade 3
toxicities.
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The scarcity of severe toxicities in these studies mirrors
our observations. In our study, 3 patients received in total
five radiation treatments. Despite irradiation of ab-
dominal masses, cerebral mass, or bone masses with off-
target volumes in either abdominal organs or the lung, no
severe colitis, pneumonitis, or other severe adverse effect
was triggered. The use of dual ICI with brachytherapy
also seems to be well-tolerated (patients 1 and 4).

The manifestation of brain metastasis in HCC patients
generally causes severe complications and is associated
with poor prognosis and a survival rate of less than 4
weeks. Our patient 2, which has been previously reported
by Ye et al. [33] was a proof of concept of the efficacy of
sorafenib and nivolumab in combination with RT in
aHCC with brain metastasis. After treatment, a profound
durable response in terms of shrinkage of metastatic
lesions and a major decline in the number of alphafe-
toprotein was observed in the patient. The patient re-
mained in remission for >5 years until today. Our results
therefore favor the utilization of combination therapy for
potentially controlling the presence of brain metastasis
in aHCC.

An appropriate escalation concept should address the
subset of patients with limited systemic progression upon
checkpoint inhibition [25]. Our analysis showed that the
2 patients with extensive HCC tumor load (patients 4 and
6) did not show radiologic response after RT treatment,
whereas the other 4 patients, who had only few pro-
gressive metastases, could be well addressed with local
RT, and subsequently showed a good local control.

This analysis has several limitations. First, the numbers
of patients are very limited. The HCC patients were
heterogeneous, as they had disease limited to the liver or
extrahepatic disease. In addition, different RT techniques
were used. These data leads to the hypothesis that con-
comitant radiation therapy may be applied in HCC pa-
tients with oligoprogression and that this combination
therapy should be evaluated in a prospective clinical study
setting.

Further research is needed to validate the best-suited
RT regimens and the optimal dose given in conjunction
with ICI. It is also of utmost importance to evaluate late
toxicity and immune-related responses. Further under-
standing of the patient factors associated with toxicities is
needed for risk stratification, to minimize their effects,
and to tailor personalized treatments.

Conclusion

The results of our case series indicate a good efficacy of
concomitant RT and checkpoint inhibition with a fa-
vorable safety profile. Further investigations should
evaluate the safety, the appropriate clinical context, and
efficacy of this combination therapy.

Munker et al.
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