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Background: The prognosis of metastatic or recurrent hepatocellular carcinoma

(HCC) remains poor, and new treatment strategies are warranted. Despite promising

preclinical results demonstrating that radiation primes the immune system and

produces a synergistic antitumor response for long-term disease control, limited

clinical data are available. Therefore, in this study, we investigated the efficacy and

safety of combining radiotherapy with immune checkpoint inhibitors (ICIs) for

patients with metastatic and recurrent HCC in a real-world setting.

Materials and methods: Patients with stage IV or recurrent HCC who received

sequential or concurrent radiotherapy and ICIs in our institution were enrolled in

this study. Data regarding clinicopathological characteristics, treatment

protocols, response rates, toxicities, and survival were collected.

Results: From January 2018 to December 2021, 108 patients were included.

Extra-hepatic metastasis and portal vein tumor thrombosis were recorded in 58

(53.7%) and 69 patients (63.9%), respectively. A median radiation dose of 55 Gy

was administered, and ICIs were administered for 3 weeks until disease

progression or limiting toxicities occurred. After treatment, the overall

response rate was 75.0%, and the median follow-up duration was 18.8 months.

Median overall survival and progression-free survival were 17.0 and 12.6 months,
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respectively. Only one patient experienced in-field recurrence. Grade ≥3 adverse

events were observed in 30.6% of patients. Dermatitis was the most common

toxicity-related event and thrombocytopenia was the most common grade ≥3

adverse event, occurring overall in 17.6% of patients.

Conclusion: The ICI and radiotherapy combination was effective and well-tolerated

in real-world patients, achieving more favorable results compared with historical

ones and providing a new multimodality therapy for patients with recurrent and

metastatic HCC.
KEYWORDS

hepatocellular carcinoma, radiotherapy, immunotherapy, immune checkpoint inhibitor,
PD-1/PD-L1 inhibitor
1 Introduction

Liver cancer is one of the leading causes of cancer-related deaths

worldwide, with hepatocellular carcinoma (HCC) being the most

common histological type, accounting for 75–85% of all reported

cases (1). Several patients with HCC develop metastatic disease that

cannot be effectively treated with current curative therapies and

have poor prognosis despite using standard therapeutic regimens,

such as sorafenib or lenvatinib, resulting in a median survival time

(MST) of only 6.5–13.6 months (2, 3). Immune checkpoint

inhibitors (ICIs), particularly programmed cell death checkpoint

inhibitors (anti-programmed cell death-1 [PD1]/programmed cell

death ligand 1 [PD-L1]), provide an effective treatment option for

various carcinomas, including HCC (4–6). Several studies have

focused on administering anti-PD1/PD-L1 regimens to patients

with metastatic HCC (7–11). However, findings from several

studies have generated controversy, underscoring the limited

impact of anti-PD1 alone on HCC (7, 9, 10, 12). Previous studies

have reported better outcomes with the addition of targeted therapy

to immunotherapy; however, the response (21–32%) remains

limited (10, 13, 14). Therefore, there is an urgent need to explore

novel treatment combinations, particularly those involving the

utilization of immune sensitizers.

Evidence has demonstrated the efficacy of radiotherapy in HCC

(15–19). Studies conducted on other malignancies have observed

that radiation upregulates PD-L1 expression in tumor cells.

Preclinical data have also shown that radiation augments the

antitumor effect of immune checkpoint inhibitors in a murine

HCC model (20). Therefore, combining radiation with anti-PD1/

PD-L1 may increase the response rate and improve treatment

outcomes. However, despite these potentially impressive

theoretical advantages, large cohort data regarding the safety and

efficacy of clinical practice are lacking. To better understand the

activity of this new treatment combination in unselected patients

with advanced and recurrent HCC, we conducted a real-

world study.
02
2 Materials and methods

2.1 Ethics

This retrospective study was conducted in accordance with both

the Declarations of Helsinki and Istanbul and was approved by the

ethics committee of the National Cancer Center (No.22/094-3295).
2.2 Patient selection

Patients between the ages of 18 and 75 years with stage IV

(according to the American Joint Committee on Cancer Staging

System, 8th edition) or recurrent HCC after undergoing other

treatments, with at least one measurable lesion and an Eastern

Cooperative Oncology Group performance status score of 0–2,

Child-Pugh A5-B7, who received radiotherapy and PD-1/PD-L1

inhibitors either sequentially (interval ≤ 8 weeks) or concurrently at

our institution between 2018 and 2021 were included in this study.

Those with incomplete medical records were excluded. All therapeutic

regimens were defined and discussed by a multidisciplinary treatment

team (MDT).
2.3 Radiotherapy and immune checkpoint
inhibitors

Four-dimensional computed tomography (CT) and magnetic

resonance (MR) simulations were performed after ≥4 hours of

fasting, during which patients were placed in a supine position with

thermoplastic mask immobilization. All images were fused for

delineation at the Pinnacle workstation (Philips Healthcare

Nederland B.V., The Netherlands).

For patients with intrahepatic carcinoma, the location of the liver,

portal vein, and hepatic veins was used for CT and MR image fusion;

otherwise, bone alignment was utilized. For patients who received
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hepatic radiation, gross tumor volume (GTV) included the primary

tumor and tumor thrombosis (if present), with or without regional

metastatic lymph nodes evaluated using the multi-phase contrast-

enhanced CT (width 350, level 40) and MR images. If possible,

adjacent multifocal lesions were included.

Clinical target volume (CTV) included GTV plus a 5-mm margin

and 10–15-mm expansion from the GTV toward the direction of the

blood vessels with tumor thrombosis. However, for patients who

received metastasis radiation, CTV often included GTV plus 5 mm

in three dimensions. The planning target volume was defined as CTV

plus a margin based on the movements in 4D-CT (usually a 5-mm

margin in the axial and 10–15-mm in the cranial–caudal directions).

For patients who received hepatic radiation, 50–65 Gy was delivered in

20–30 fractions. Intensity-modulated radiation therapy was utilized for

all patients. For patients underwent radiotherapy targeting to

intrahepatic lesions, we recommended the liver constraint dose as

following, mean liver minus GTV dose ≤18-20Gy or the volume of

liver minus GTV spare from 5Gy≥ 300ml. Radiotherapy quality

assurance and control were performed for all patients. PD-1/PD-L1

inhibitors were administered every 3 weeks until disease progression,

limiting toxicity or patient rejection. For patients with HBV infection,

entecavir (0.5 mg Qd) was routinely administered. For patients with

activated HCV infection, the antiviral regimen typically consisted of

sofosbuvir (400 mg Qd) and/or velpatasvir (100 mg Qd).
2.4 Follow-ups

Symptoms, physical examinations, blood pressure, blood counts,

and liver function were regularly assessed once a week during the

radiation and at every follow-up stage. Blood counts, liver function,

renal function, thyroid function, myocardial enzyme, and cortisol levels

were evaluated every two cycles of immunotherapy. Neck, chest,

abdominal, and pelvic CTs; hepatic MR imaging; alpha-fetoprotein

(AFP), carcinoembryonic antigen, carbohydrate antigen 19-9, and

ferritin levels, and the presence of hepatitis virus (hepatitis C virus

[HCV]-RNA and hepatitis B virus [HBV]-DNA, only for patients with

virus hepatitis) were assessed 1 month after treatment, then every 3

months for 2 years, and thereafter every 6 months for the next 3 years.

For patients with suspicious abnormal symptoms, examinations would

be administered at any time.
2.5 Statistical analysis

Data on clinicopathological characteristics, AFP levels, treatment

details, response rates, toxicities, and survival were collected. Response

rates were assessed according to the Response Evaluation Criteria in

Solid Tumors (RECIST) 1.1 andmodified Response Evaluation Criteria

in Solid Tumors (mRECIST) for HCC (21). Toxicities were graded

using the common terminology criteria for adverse events, version 5.0.

Survival was determined from the first day of treatment delivery

employing the Kaplan–Meier method. Progression-free survival

(PFS) was defined as patient death or documented disease

progression. In-field relapse-free survival (IRFS) was measured as the
Frontiers in Immunology 03
time until relapse within the radiation field. Out-field relapse-free

survival (ORFS) was measured as the time to metastasis or

recurrence outside the radiation field. Univariate analyses were

conducted, including variables such as sex, age, alcohol use, viral

hepatitis, stage, time from the immunotherapy to the radiotherapy,

and target therapy, employing the log-rank test.
3 Results

3.1 Characteristics

Between January 2018 and December 2021, 108 patients—100

(92.6%) of whom were males with a median age of 56.5 years—met the

inclusion criteria (Supplementary Figure 1). The median pretreatment

AFP value in the entire group was 406 ng/mL (1.51–178376 ng/mL).

Forty-three (39.8%) patients had AFP levels ≥ 1,000 ng/mL.

Additionally, the median tumor maximum diameter was 8.2 cm

(1.2–23.2 cm). Among the patients, 91 (84.3%) showed disease

progression with previous treatment, including 19 patients (17.6%)

who experienced disease progression after receiving PD1/PD-L1

inhibitors. There were 69 patients (63.9%) with portal vein tumor

thrombosis, including 30 patients (27.8%) with main portal vein tumor

thrombus. Extra-hepatic metastasis was recorded in 58 patients

(53.7%). Patient characteristics are listed in Table 1.
3.2 Treatment

Radiation and PD-1/PD-L1 inhibitors were used as first-line,

second-line, and ≥ third-line therapies in 17 (15.7%), 47 (43.5%), and

44 (40.7%) patients, respectively. All patients received immunotherapy

every 3 weeks. One patient experienced an allergic reaction during

camrelizumab injection and was subsequently switched to toripalimab.

The median duration of ICIs was 10.5 cycles (1-36 cyles). Radiation

could be delivered to more than one site in each patient. In total,

radiotherapy was administered to 225 foci. The median actual radiation

dose, median biological equivalent dose, and equivalent dose of 2 Gy per

fraction(a/b=10Gy) were 55 Gy (25–65 Gy), 71 Gy (38–100 Gy), and 60
Gy (31–83 Gy), respectively. In most patients, radiation was delivered to

intrahepatic tumors, including those with or without portal vein tumor

thrombosis (PVTT). Additionally, 93 patients (86.1%) received targeted

therapy, whereas 94 (87.0%) received antiviral therapy during

radiotherapy and immunotherapy (Table 2).
3.3 Outcomes

The findings regarding objective response rate (ORR), complete

response (CR), and partial response (PR) according to RECIST 1.1.

and mRECIST are outlined in Table 3 and Figure 1A. AFP

decrement was observed in 81.5% of patients, and the decreasing

ratio is depicted in Figure 1B. The median AFP levels after

treatment were measured at 44.02 ng/mL. Moreover, 85 patients

(78.7%) had AFP levels ≤400 ng/mL after treatment. No statistically
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significant correlation between AFP reduction and objective

response rate (RECIST 1.1: CR+PR p=0.088; mRECIST: CR+PR

p=0.337) or disease control rate (RECIST 1.1: CR+PR+SD p=0.087;

mRECIST: CR+PR+SD p=0.263) was revealed.

The median follow-up time was 18.8 months (4.3–62.6 months). At

the last follow-up visit, 49 patients had died: 40 due to tumors, two due

to adverse events (AEs) (one related to immunotherapy), and seven due

to other diseases. Progressive disease was recorded in 63 patients,

including 62 with out-of-radiation field progression and one with both

in-field and out-of-field relapses. The median values for overall survival

(OS), PFS, and ORFS were 17.0 (95%CI 15.6-18.0), 12.6(95%CI 10.8-

14.5), and 13.3 (95%CI 10.5-15.5) months, respectively. The median

IRFS was not achieved. The 1- and 2-year rates were: OS, 74.7% and

36.2%; PFS, 51.5% and 20.9%; IRFS, 100% and 96.7%; and ORFS, 51.7%

and 27.9%, respectively. The survival curves are plotted in Figures 2A, B.
3.4 AEs

Dermatitis was the most common form of toxicity, followed by

leukopenia. Hypothyroidism, a typical immune-related AE, was
Frontiers in Immunology 04
observed in 29 patients (26.9%). Notably, no viral reactivation

(HBV/HCV) was observed during the study. Grade≥2

pneumonitis was observed in 4 patients (3.7%). There is no

radiation induced liver injury or immune-related liver injury. One

patient died of a tracheoesophageal fistula induced by

immunotherapy and target therapy, while another of severe

diarrhea induced by lenvatinib. The remaining patients with AEs

were cured after the treatment (Table 4).
3.5 Prognosticators

Patients who previously received ICIs had a worse OS than those

who did not. Still, patients who received ICIs before achieved

promising MST (11.4 months) and mPFS (9.0 months). Factors such

as sex, age, alcohol use, hepatitis, hepatocirrhosis, AFP levels, PVTT,

number of tumors, distant metastases, time from the immunotherapy

to the radiotherapy, radiation dose and radiotherapy fractionation were

not associated with PFS (Table 5). Outcomes were consistent across

different ICIs regimens (toripalimab vs. sintilimab vs. others, PFS,

p=0.179; OS, p=0.448).
TABLE 1 Characteristics of enrolled patients.

Characteristics No. % Characteristics No. %

Sex ECOG

Male 100 92.6 1 107 99.1

Female 8 7.4 2 1 0.9

Age (years) 56.5 (31–74) Diagnosis

Child–Pugh Pathological 88 81.5

5 88 81.5 Clinical 20 18.5

6 16 14.8 Hepatocirrhosis

7 4 3.7 Yes 81 75.0

Hepatitis No 27 25.0

HBV 88 81.5 Alcohol

HCV 6 5.6 Yes 47 43.5

No 14 13.0 No 61 56.5

AFP^ No. of tumors

≥ 1,000 43 39.8 1–4 71 65.7

< 1,000 65 60.2 ≥ 5 37 34.3

EHM PVTT

Yes 58 53.7 Yes 69 63.9

No 50 46.3 No 39 36.1

IVTT VP4

Yes 12 11.1 Yes 30 27.8

No 96 88.9 No 78 72.2
AFP, alpha-fetoprotein; EHM, extra-hepatic metastasis before enrollment; ECOG, Eastern Cooperative Oncology Group performance status; HBV, hepatitis B; HCV, hepatitis C; PVTT, portal
vein tumor thrombosis; VP4, tumor thrombus in main portal vein; IVTT, tumor thrombus in inferior vena cava ^ng/mL.
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4 Discussion

Our study showed a promising response rate, favorable survival

rate, rare radiation field relapse, and tolerable AEs. Additionally,

this study indicated that combined radiation and anti-PD1 was an

efficient and tolerable treatment for these patients.

Our results were compared with those of previous studies

(Supplementary Table 1). Notably, previous studies have utilized

other treatments as first- or second-line therapies, whereas in our

study, more than 40% of patients received the current therapy as third-

line or subsequent treatments. In comparison to classical multi-kinase

inhibitors, such as sorafenib (9.2–11%),lenvatinib (24.1%) and

regorafenib (2, 7, 14, 22) (23), our study demonstrated a significantly

higher response rate(52.8% according to RECIST, 75.0% according to

mRECIST). Moreover, when compared with anti-PD1 therapies alone

(7, 10, 14, 22, 24, 25) (9), our study exhibited a clear advantage.

Additionally, we achieved the highest disease control rate (97.5%

according to RECIST, 98.1% according to mRECIST) compared with

previous studies (55–75.5%) (7, 10, 14, 22, 24, 25). Durable responses

and prolonged survival times were observed in this study. Compared

with single multi-kinase inhibitors, anti-angiogenic therapy, and

immunotherapy options—which were also employed during
Frontiers in Immunology 05
subsequent-line therapy—our results demonstrated a significantly

extended median PFS (mPFS) (12.6 months vs. 2.1–4.9 months)

(2, 8, 23, 25–28). The mPFS achieved in our study was better than

first-line systemic therapies using sorafenib or lenvatinib (4.3–7.4

months) and r (2, 14). Moreover, our 1-year PFS rate (51.5%)

surpassed that of the KEYNOTE 220 and KEYNOTE-224 trial using

pembrolizumab (28%) and the CheckMate-459 trial using nivolumab

(22%) (7, 28). The MST (17.0 months) in our study outperformed

those of previous studies with multi-kinase inhibitors (8.5–14.7

months), cabozantinib (10.2 months), pembrolizumab (12.9–13.9

months), durvalumab (13.8 months), and camrelizumab (15.1

months) (9, 24, 25, 27). These comparisons demonstrate that the

PFS post-immunotherapy alone is limited and that the addition of

radiation can enhance the antitumor effect. Our study included some

patients with progressive disease after immunotherapy, and we found

that the addition of radiotherapy might reverse immunotherapy

resistance subsequently achieving profitable PFS.

Compared with treatments of anti-PD-1/PD-L1 regimens

combined with various of other systemic therapies involving

cytotoxic T lymphocyte-associated antigen-4 antibody, multi-kinase

or anti-angiogenesis agents, anti-PD-1/PD-L1 therapies plus radiation

have demonstrated a higher tumor response rate (52.8% vs. 24–32%
TABLE 2 Treatment details.

Treatment No. % Treatment No. %

Treatment mode RT sites#

Concurrent 47 43.5 Primary tumor 81 75.0

Sequential 61 56.5 PVTT 62 57.4

Current therapy line Other TT 10 9.3

1 17 15.7 Lymph node 21 19.4

2 47 43.5 Others metastasis 51 47.2

3 21 19.4 Targeted therapy^

4 15 13.9 Sorafenib 29 26.9

5 4 3.7 Lenvatinib 48 44.4

6 4 3.7 Regorafenib 13 12.0

ICI Apatinib 3 2.8

Toripalimab* 42 38.9 No 15 13.9

Sintilimab 32 29.6 RT technique

Camrelizumab* 19 17.6 IMRT 4 3.7

Tislelizumab 10 9.3 VMAT 101 93.5

Pembrolizumab 3 2.8 TOMO 3 2.8

Nivolumab 1 0.9 Anti-virus

Zimberelimab 1 0.9 Yes 94 87.0

Atezolizumab 1 0.9 No 14 13.0
ICI, immune checkpoint inhibitor; IMRT, intensity modulated radiation therapy; PVTT, portal vein tumor thrombosis; RT, radiotherapy; TOMO, tomotherapy; TT, tumor thrombosis; VMAT,
volumetric modulated arc therapy.
*One patient experienced an allergic reaction during the camrelizumab injection and was subsequently switched to toripalimab.
#Radiation could be delivered to more than one site in each patient.
^Concurrent with an immune checkpoint inhibitor.
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according to RECIST, 75.0% vs. 30.0–46.0% according to mRECIST),

better disease control (98.1% vs. 75% according to mRECIST), and

longer PFS (12.6 months vs. 2.2–6.9 months) (7, 8, 10, 14, 22, 25) (29).

However, this superiority does not extend to MST (17.0 months vs.

12.0–22.8 months). Two factors account for this difference: First, there

is an imbalance in the treatment history between the patients in our

study and those in other studies. As previously mentioned, more than
Frontiers in Immunology 06
80% of patients in our study had already received multiple lines of

therapy, with 17% having undergone anti-PD-1/PD-L1 therapy.

Consequently, limited salvage therapeutic regimens were available

after disease progression. Second, our study enrolled more patients

with adverse prognostic factors, such as PVTT (63.9%), main trunk of

portal vein tumor thrombosis (Vp4) (27.8%), hepatocirrhosis (75.0%),

viral hepatitis (87.1%), and higher AFP levels: 39.8% of patients with

AFP ≥ 1,000 ng/mL, 50% of patients with AFP ≥ 400 ng/mL in our

study, and 38% of patients with AFP ≥ 400 ng/mL in the IMbrave150

study (14).

Previous studies have consistently demonstrated that PVTT is a

negative prognostic factor for HCC (30). However, we observed that

some of the other studies listed PVTT, especially Vp4, as an exclusion

criterion (29), whereas our study enrolled more than 60% of patients

with PVTT and nearly one-third with Vp4. Nevertheless, our

combined therapy approach showed more promising survival

outcomes compared with historical studies, even with the

disadvantage of these baseline characteristics (2, 8, 9, 28).

Importantly, we found no significant difference in survival between

patients with and without PVTT. The median survival of patients with

PVTT was superior to that reported in previous studies utilizing

targeted therapies, immunotherapies, or other combinations (31).

Even patients with Vp4 disease showed favorable MST (14.9

months) and mPFS (9.2 months), compared with the Vp4 subgroup

analysis in the IMbrave150 study (MST 7.6 months, mPFS 5.4

months), which used atezolizumab and bevacizumab (32). Two

factors might have contributed to the phenomenon. First, previous

studies have demonstrated that PVTT has an unsatisfactory prognosis

due to the increasing difficulty of performing operations and

interventional therapy, without considering radiation. Second,

patients with PVTT might be sensitive to radiotherapy due to the

abundant oxygen supply from diffusive blood circulation at this site.

Several previous studies on PD-1/PD-L1 antibodies have excluded

patients with viral hepatitis due to the potential for virus reactivation

during treatment. However, viral hepatitis accounts for > 60% of HCC

cases in China, and excluding it from the study would reduce its

representativeness (33). Meanwhile, virus reactivation after anti-PD1

therapies is approximately 2%–5% (34, 35), which is relatively

acceptable according to historical reports. In a phase III trial,
TABLE 3 Response to radiation and immunotherapy.

Target All In-field tumor only

Criteria RECIST mRECIST p RECIST mRECIST p

No. % No. % No. % No. %

CR 4 3.7 19 17.6 – 14 13.0 27 25.0 –

PR 53 49.1 62 57.4 – 84 77.8 73 67.6 –

SD 48 44.4 25 23.1 – 10 9.3 8 7.4 –

PD 3 2.8 2 1.9 – 0 0.0 0 0.0 –

ORR 57 52.8 81 75.0 <0.001 98 90.7 100 92.6 <0.001

DCR 105 97.2 106 98.1 <0.001 108 100.0 108 100.0 1.000
fro
CR, complete response; DCR, disease control rate; mRECIST, modified response evaluation criteria in solid tumor; ORR, objective response rate; PD, progressive disease; PR, partial response;
RECIST, response evaluation criteria in solid tumor; SD, stable disease
FIGURE 1

(A) Percentage change from baseline in the sum of the diameters of
the target lesions. (B) Percentage change from baseline levels of
alpha-fetoprotein.
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KEYNOTE-394, 78.7% of patients with HBV infection were enrolled,

and immunotherapy-induced hepatitis occurred in only 1.7% of the

patients (36). Therefore, in real-world practice, we did not prohibit ICI

delivery to patients with hepatitis. Theoretically, patients with hepatitis

might benefit more from PD1/PD-L1 antibodies based on the

phenomenon that high levels of T cells in HBV-infected patients

may enhance the sensitivities of PD-1 antibodies, and PD-1

antibodies could also evoke the immune system to defend against

the virus (37). In contrast, other studies have shown that the virus-

related HCC microenvironment is more immunosuppressive and

exhausting than the non-viral microenvironment (38). However,

these two theories have not been proven in clinical practice. We

found that the survival rates in patients with hepatitis were

equivalent to those of other patients, consistent with the results of

other studies (10, 13, 28, 36). Overall, our study safely administered
Frontiers in Immunology 07
immunotherapy to patients with HBV/HCV infection with the

protection of antiviral therapies.

Grade ≥ 3 AEs occurred in 30.6% of patients, consistent with the

findings of a study that prescribed anti-PD-1/PD-L1 regimens alone

(22–68%) (7–10, 25, 28). Most AEs involved hematological toxicities

that resolved with treatment. Two patients experienced Grade 5 AEs,

and one developed severe diarrhea following lenvatinib, and the patient

declined any further intervention. That patient received abdominal

radiation targeting to intrahepatic lesion and PVTT with dose of

27.5Gy in 5 fractions. Maximum point doses to the intestine (18.6

Gy) and colon (23.8 Gy) over 5 fractions were substantially below

tolerance thresholds (35 Gy and 33 Gy respectively). Given that

diarrhea is a common treatment-emergent AE among lenvatinib-

treated patients, lenvatinib may be the direct cause. The other patient

was diagnosed with rib and vertebral metastases after transarterial

chemoembolization and sorafenib treatment; subsequently, the patient

received concurrent toripalimab, regorafenib, and radiation to bone

metastasis at a dose of 40 Gy in 10 fractions. A tracheoesophageal fistula

was observed 11 months after radiation therapy and during

maintenance therapy with toripalimab and regorafenib. Considering

the very reasonable esophageal dose (maximum dose to the esophagus:

33 Gy and V32 < 10mL with a conventional fraction) and the extended

interval between radiation and the AE, radiation was less responsible for

the fistula. On the contrary, previous studies reported gastrointestinal

perforation in PD-1 inhibitor and regorafenib (39, 40).We inferred that

toripalimab or regorafenib might have induced the observed toxicity.

Recently, RTOG 1112 demonstrated adding SBRT improved OS (15.8

months) and PFS (9.2 months) in patients with advanced HCC,

compared to sorafenib alone without the increment of AEs. Another

prospective study proposed by our team also showed satisfied OS (16.5

months) and PFS (6.1 months) with tolerable toxicities after receiving

concurrent radiotherapy and sorafenib in advanced HCC patients (41,

42). Furthermore, the combination of radiotherapy and

immunotherapy represents an actively investigated synergistic

approach in oncology. Radiotherapy has been demonstrated to elicit

systemic antitumor immunity, inducing responses in both irradiated

lesions and non-irradiated sites – the abscopal effect phenomenon –

which appears potentiated by anti-PD-1 therapy (43). Therefore, it is

reasonable to infer that combined radiation with either immunotherapy

or targeted therapy is safe, while a combination of tri-treatment,

including immunotherapy, radiation, and targeted therapy should be

administered with caution and tailored to individual patients.

The mechanism of radiotherapy induces an abscopal tumor-

specific immune response in both the irradiated and nonirradiated

tumors, which is potentiated by PD-1 blockade and the

The strength of our study is multifold. First, our study demonstrated

favorable response rates and improved survival despite enrolling patients

with negative prognosticators who had already progressed after multiple

lines of therapy. Second, most patients achieved satisfactory control of

the radiation field and exhibited reliable radiation effects. Third, the

combined treatment decision was discussed and made by an MDT,

underscoring the advantages of multimodality therapy.

However, our study has some limitations. First, as a retrospective

study, we could not obtain data on patients’ PD1 and PD-L1

expressions. The predictive value of tumor cell PD1/PD-L1 expression
FIGURE 2

(A) Overall survival and progression-free survival. (B) In-field relapse-
free survival and out-field relapse-free survival.
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TABLE 4 Adverse events from any causes.

AEs Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

No. % No. % No. % No. % No. %

Dermatitis 91 84.3 4 3.7 3 2.8 0 0.0 0 0.0

GI AE 22 20.4 16 14.8 6 5.6 0 0.0 1 0.9

Pneumonitis 1 0.9 1 0.9 3 2.8 0 0.0 0 0.0

Hypertension 0 0.0 1 0.9 0 0.0 0 0.0 0 0.0

Abnormal COR 0 0.0 0 0.0 1 0.9 0 0.0 0 0.0

Arrhythmia 0 0.0 1 0.9 1 0.9 0 0.0 0 0.0

Hypothyroidism 23 21.3 3 2.8 2 1.9 1 0.9 0 0.0

TEF 0 0.0 0 0.0 0 0.0 0 0.0 1 0.9

Abnormal ALT 20 18.5 12 11.1 0 0.0 0 0.0 0 0.0

Abnormal AST 28 25.9 16 14.8 2 1.9 0 0.0 0 0.0

Renal Injury 2 1.9 2 1.9 0 0.0 0 0.0 0 0.0

Leucopenia 42 38.9 31 28.7 6 5.6 1 0.9 0 0.0

Anemia 30 27.8 4 3.7 0.0 0 0.0 0 0 0.0

TBC 27 25.0 22 20.4 16 14.8 3 2.8 0 0.0
F
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ALT, alanine transaminase; AST, aspartate aminotransferase; COR, cortisol; GI AE, gastrointestinal adverse events; TBC, thrombocytopenia; TEF, tracheoesophageal fistula.
TABLE 5 Prognostic factors in univariate analysis.

Prognostic factor MST (months) mPFS (months)

Yes No p Yes No p

Male 17.2 10.5 0.205 12.9 7.7 0.300

Age<60 years 16.9 17.0 1.000 11.4 13.0 0.461

Alcohol use 17.9 16.4 0.282 11.0 13.0 0.559

Hepatitis 17.0 16.9 0.851 13.0 12.6 0.701

Hepatocirrhosis 17.4 16.4 0.789 12.9 11.4 0.707

AFP <1000 17.4 16.9 0.303 12.6 11.4 0.524

No. of tumors ≥5 15.5 17.2 0.111 9.9 13.7 0.113

EHM 17.6 16.1 0.567 12.9 11.3 0.587

PVTT 16.1 20.5 0.102 11.2 13.7 0.116

VP4 14.9 17.0 0.312 9.2 13.7 0.150

ICI before 11.4 17.4 0.024 9.0 13.0 0.086

Concurrent 14.9 17.6 0.114 9.9 14.0 0.059

RIHL 17.0 16.0 0.845 12.9 11.5 0.343

SBRT 16.0 17.0 0.732 10.4 13.7 0.153

EQD2<60Gy 17.9 16.4 0.959 11.5 12.6 0.322

Target therapy 16.9 NR 0.143 12.6 9.9 0.974
AFP, alpha-fetoprotein; EHM, extrahepatic metastasis before enrollment; EQD2, equivalent dose for 2Gy per fraction(a/b=10Gy), ICI, immune checkpoint inhibitor; mORFS, median out-
radiation field relapse-free survival; mPFS, median progression-free survival time; MST, median survival time; NR, not reached; PVTT, portal vein tumor thrombosis; RIH, radiotherapy for
intrahepatic lesions; SBRT, stereotactic body radiation therapy; VP4, tumor thrombus in the main portal vein.
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in terms of response and prognosis remains controversial, as evidenced

by contrasting results from the CheckMate 040 and CheckMate 459

studies. Second, our study employed multiple anti-PD1/PD-L1 drugs,

whichmakes it challenging to determine the specific effects of individual

drugs. Future studies should use more consistent drug types to reduce

variation. Furthermore, a direct comparison to studies involving

different therapeutic approaches may introduce inevitable bias due to

variations in patient enrollment criteria.
4.1 Conclusion

Combining immune checkpoint inhibitors and radiotherapy for

advanced and relapsed HCC resulted in prolonged PFS and OS with

tolerable AEs, suggesting it is efficient and safe. Consequently, we

proposed a randomized controlled trial comparing radiotherapy plus

immunotherapy to sorafenib in advanced HCC (NCT04709380).

Future studies should consider the optimal timing for treatment

administration and focus on the analysis of potentially predictive

biomarkers, such as PD-1/PD-L1. Furthermore, considering the

promising outcomes of the IMbrave150 trial, which utilized

atezolizumab plus bevacizumab, exploring the combination of

radiation and the two regimens is necessary.
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