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Abstract
Immunotherapy has achieved modest clinical activity in HCC patients. Propensity score matching analysis was
conducted to compare the e�cacy and safety of combined stereotactic SBRT-IO versus TACE in patients with locally
advanced HCC in a tertiary centre of Hong Kong

Patients with locally advanced HCC who were medically inoperable for, refractory to, or refused to curative surgical
interventions were eligible. The primary outcome was PFS; the secondary outcomes were OS, ORR as per mRECIST
version 1.1, and TRAEs. Matching pair analysis was performed to compare the clinical outcomes.

A total of 226 patients were eligible. 16 patients in the SBRT-IO group were matched with 48 patients treated with
TACE. The median tumour size was 10 cm (range: 2.9-19.6 cm) and 20.3% of the patients had portal vein invasion.
The 12-month and 24-month PFS were signi�cantly better in the SBRT-IO group (93.3% vs 16.7% and 77.8% vs 2.1%,
respectively, p<0.001); the 12-month and 24-month OS were also better in the SBRT-IO arm (93.8% vs 31.3% and 80.4%
vs 8.3%, respectively, p<0.001). The ORR was 87.5% (CR: 50%, PR: 37.5%) in SBRT-IO arm compared to 16.7% (CR:
2.4%, PR: 14.3%) in those receiving TACE alone (p<0.001). There were fewer ≥ grade 3 TRAE (60.4% vs 18.8%,
p=0.004) and treatment discontinuations (25% vs 12.5%, p=0.295) due to adverse events in the SBRT-IO arm.

SBRT-IO had signi�cant superior survival and less treatment toxicity than TACE in patients with locally advanced HCC.
Our results provide rationale for studying this combination therapy in prospective randomised trials.

Introduction
Recent advances in cancer immunotherapy have profoundly in�uenced the care of patients with hepatocellular
carcinoma (HCC). Programmed cell death protein 1 / programmed death-ligand 1 (PD-1 / PD-L1) targeted therapies
have been increasingly used as �rst-line and second-line treatment of patients with advanced HCC [1-3]. However,
response rates are modest; overall the response rates to anti PD-1 monotherapy is around 20%, and even combination
therapies of atezolizumab/bevacizumab, pembrolizumab/lenvatinib, or nivolumab/ipilimumab are not higher than
50% [4-6]. Because the primary resistance of HCC may underlie these low response rates, strategies to overcome these
primary or secondary resistances to immune checkpoint inhibitors (ICI) using combination therapies such as
combined stereotactic body radiotherapy and immunotherapy (SBRT-IO) are under investigations.

Radiotherapy (RT) has been shown to enhance immunotherapeutic effects. RT can prime the immune system by
enhancing antigen presentation, promoting the in�ltration of cytotoxic T-cells, and reprogramming the tumour
microenvironment against the immune evasion of cancer, while ICI can reverse the RT-mediated exhaustion pathway
[7]. SBRT-IO has been reported in several cancers, potentially improve the clinical outcome of patients [8-9]. But,
evidence on the combination of ICI and SBRT in HCC patients is lacking.

We recently reported encouraging results of SBRT-IO in a small pilot of patients with locally advanced unresectable
HCC [10].  This study aimed to compare the clinical outcomes of these patients treated with SBRT-IO versus TACE, the
current the standard of care in this population.

Materials And Methods
Study design and population

This was an Institutional Review Board (IRB) approved retrospective study (IRB number: UW-20-674) conducted at a
tertiary referral centre of Hong Kong. Data was retrieved from a prospectively collected HCC database at Queen Mary
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Hospital, Hong Kong. Patients with histological or radiological HCC, who were ineligible for, refractory to, or refused
curative surgical interventions, were candidates of loco-regional treatment. All cases were discussed in the multi-
disciplinary tumour board. TACE was the standard of care. An experimental treatment of SBRT-IO was offered as an
alternative since 2017 based on the potential synergistic effect between SBRT and ICI [10]. While the optimal
sequence of combining SBRT and ICI remains controversial, we deliver SBRT prior immunotherapy based on the
immune-activation property of radiation to sensitize the tumour for subsequent PD-1 inhibitors [11].   The advantages
and disadvantages of these local treatments were informed to patients and the �nal treatment depends on patients’
decisions. 

The inclusion criteria were as follows: (a) patients were ineligible or refractory to curative surgical interventions; (b) a
Child-Pugh (CP) liver score of A5 to B7; (c) tumor nodules ≤ 5; (d) no main trunk of portal vein invasion (Vp4); (e) no
prior systemic therapy, and (f) absence of extra-hepatic metastasis, ascites or encephalopathy. There were no limits
on the maximum diameters of tumours.

All patients who received SBRT-IO or TACE from January 2010 to May 2020 were included. Propensity score matching
was performed using the nearest neighbouring method in 3:1 ratio according to age, sex, tumour size, numbers, and
portal vein invasion between the TACE and SBRT-IO groups. 

Transarterial chemoembolisation

TACE was performed by supra-selective cannulation of all the branches supplying the tumour. The emulsion was
prepared by mixing lipiodol with cisplatin (1 mg/mL) in a 1:1 ratio using the pumping method, which was then slowly
injected under �uoroscopic monitoring according to the size of the tumour and the arterial blood �ow. TACE was
repeated in eight-week intervals [12].

Stereotactic body radiotherapy and immunotherapy 

For SBRT planning, patients were immobilized via a vacuum foam bag (Vac-LokTM; MEDTEC, Iowa, USA) and active
breathing control to reduce the amplitude of liver motion. Imaging was performed on the inhale breath-hold contrast
computed tomography (CT). GTV was de�ned as tumor focus that was visualized on contrast imaging. The clinical
target volume (CTV) was de�ned as GTV plus a margin of 0–3mm. The individualized PTV margins were formulated
to compensate the respiratory motion and set-up errors. Cone beam CT was acquired on board before each treatment.
The largest tumor was selected as index lesion of SBRT, while maximum three nodules were allowed provided that the
liver tolerance dose can be met. The dose was prescribed according to the Radiation Therapy Oncology Group (RTOG)
1112 protocol (23). Total dose of 25Gy to 50Gy in �ve fractions was allowed per instititional protocol. The
prescription isodose should encompass 95% of PTV. The �nal dose was determined such that a maximum
tumoricidal dose could be delivered to tumors while respecting the tolerance dose of OAR to the limits of RTOG 1112. 

Among our patient cohort, a total dose ranging from 25 Gy–37.5 Gy in �ve fractions was given during 1–2 weeks. At
2 weeks after SBRT, intravenous nivolumab at a dose of 3 mg/kg was started and was given every 2 weeks, median
10 cycles (range: 1-20 doses) were given.

Evaluation of treatment response and decision on treatment discontinuation

Contrast computed tomography was performed every 8-12 weeks in the �rst two years. All radiological responses
were evaluated according to the Modi�ed Response Evaluation Criteria for Solid Tumours (mRECIST) version 1.1.
Treatment-related adverse events (TRAEs) were graded using the National Cancer Institute Common Terminology for
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Adverse Events (CTCAE) version 4.0. Treatments were continued until disease progression, unacceptable toxicities,
refusal of patients, or achieved radiological complete remission (CR).

Statistical Analysis

The primary endpoint was progression-free survival (PFS), which was de�ned as the period from the date of
commencement of the treatment to the time of disease progression, as per mRECIST, or death, whichever occurred
earlier. The secondary endpoints included overall survival (OS), objective response rate (ORR), TRAEs, and liver
function deterioration. OS was de�ned as the period from the date of commencement of the study treatment to the
date of death or last follow-up, whichever occurred earlier. Radiological response was recorded per lesion according to
the mRECIST. Disease control rate (DCR) was de�ned as percentage of patient attained radiological complete
response (CR), partial response (PR) or stable disease for ≥ 6 months. Liver function deterioration was de�ned as
progression of Child-Pugh score of ≥2. 

Continuous variables were presented as medians and ranges. Comparison between the groups was carried out using
the Chi-squared or Mann-Whitney U test where appropriate. Survivals were studied with the Kaplan-Meier method. Cox
proportional hazard regression model was used to determine independent prognostic factors. Statistical signi�cance
was de�ned as p < 0.05, and all the performed tests were two-tailed. Data was analysed using R version 3.25 (Vienna,
Austria).

Results

Patients and treatments
A total of 226 patients with HCC were eligible and enrolled in the present study including 210 patients initially received
TACE and the remaining 16 were treated with SBRT-IO. Table 1 shows the baseline and tumour characteristics of all
the patients and their signi�cances for clinical outcome.
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Table 1
Baseline demographics and tumour characteristics of all patients

  Before propensity score matching After propensity score matching

  Unmatched TACE

N = 210

SBRT-IO

N = 16

P value Matched TACE

N = 48

P value

Age (median, range) years 69 (36–94) 66.5 (38–86) 0.504 73 (49–87) 0.149

Sex (n, % male) 158 (75.2) 14 (87.5) 0.268 43 (89.6) 0.817

Hepatitis B carrier (n, %) 129 (61.4) 12 (75.0) 0.280 26 (54.2) 0.142

ECOG 0–1 (n, %) 192 (91.4) 12 (75.0) 0.439 45 (93.8) 0.407

Child-Pugh class A (n, %) 182 (86.7) 14 (87.5) 0.925 46 (95.8) 0.233

ALBI grade

1

2

3

76 (36.2)

121 (57.6)

13 (6.2)

8 (50.0)

7 (43.8)

1 (6.2)

0.531 15 (31.2)

32 (66.7)

1 (2.1)

0.238

Albumin (g/L) 37 (17–48) 39 (30–45) 0.250 37 (25–45) 0.192

Bilirubin (µmol/L) 13 (4–55) 15 (8–122) 0.171 12.5 (4–39) 0.149

Platelet (x109/L) 169.5 (25–551) 234 (79–402) 0.069 226 (66–522) 0.773

INR 1.1 (0.8–2.3) 1.1 (1–1.5) 0.339 1.1 (0.9–1.6) 0.543

BCLC stage (n, %)

A

B

C

79 (37.6)

99 (47.2)

32 (15.2)

3 (18.8)

5 (33.3)

8 (50)

0.002 9 (18.7)

15 (31.3)

24 (50)

0.998

Tumour number (n, %)

1

2

≥ 3

89 (42.4)

26 (12.4)

95 (45.2)

9 (56.2)

2 (12.5)

5 (31.3)

0.518 27 (56.3)

1 (2.1)

20 (41.6)

0.460

Tumour size (cm)* 6.95 (1–19.6) 10 (3.4–18) 0.016 10.4 (2.68–19.6) 1.000

Portal vein invasion (n, %) 19 (9.1) 3 (18.8) 0.001 10 (20.8) 0.827

AFP ≥ 200 ng/ml (n, %)

Range

84 (40.0)

1-1458960

7 (43.8)

3-499988

0.768 21 (43.8)

2-362901

1.000

The SBRT-IO group had higher percentage of patients with Barcelona Clinic Liver Cancer (BCLC) stage C disease and
portal vein invasion; median size of tumour was larger in the SBRT-IO group (10 cm vs. 6.95 cm, p = 0.016). After
propensity score matching, a total of 48 patients treated with TACE were identi�ed to match the 16 patients treated
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with SBRT-IO. No signi�cant difference was observed between-group. Overall, around 90% of analysed patients were
male and had performance status of ECOG 0–1, and 60% were hepatitis B carrier.
Patients Population Between Tace And Sbrt-io

Among the 64 included patients after matching, the median size of tumour was 10 cm (range: 3.4–19.6 cm) and
20.3% of the patients had portal vein invasion. Among the 48 patients matched in the TACE arm, median 2 sessions
of TACE (range: 1–16) were given. For the SBRT-IO arm, a median dose of 35 Gy (range: 27.5–37.5 Gy) was
prescribed and median 10 cycles of nivolumab (range: 1–20 doses) were given. Total 24 lesions were irradiated in
SBRT-IO arm. (N = 11, single lesion; N = 2, two lesions; N = 3, three lesions). One patient and six patients received post-
progression therapies in the SBRT-IO and TACE arms, respectively. Neither patient in the TACE arm received SBRT or
immunotherapy, nor patient in SBRT-IO arm received TACE after progression (refer to Table S1 for detailed
information).

Overall Survival And Progression-free Survival Between Tace And Sbrt-io

The survival data was censored on December 31st, 2020. The median follow-up time of the SBRT-IO and matched
TACE groups were 12.7 months (range: 2.5–36.1 months) and 7.4 months (range: 0.2–57.2 months), respectively.
The 6-month, 12-month, and 24-month PFS were better in the SBRT-IO group (93.3% vs. 37.5%, 93.3% vs. 16.7%, and
77.8% vs. 2.1%, respectively, p < 0.001). The median PFS of the SBRT-IO group was not reached (range: 1.9–36.1
months) compared to 4.83 months (range: 0.2–42.2 months) of the TACE group. The 6-month, 12-month, and 24-
month OS were also better in the SBRT-IO group (93.8% vs. 54.2%, 93.8% vs. 31.3%, and 80.4% vs. 8.3%, respectively, p 
< 0.001). The median OS of the SBRT-IO group was not reached (range: 2.5–36.1 months) compared to 7.44 months
(range: 0.2–57.2 months) of the TACE group (as shown in Fig. 1).

At the time of analysis, there were three deaths out of 16 patients in the SBRT-IO arm, and all the 48 patients died in
the matched TACE group. All the three patients that died in the SBRT-IO group showed no evidence of disease
progression; two died of community-acquired pneumonia and one died of haemobilia. In the matched TACE group, 37
deaths (77.1%) were cancer related, four died of pulmonary causes, two died of intra-cranial haemorrhage, and one
died of myocardial infarction, liver abscess, liver decompensation, intestinal obstruction, or unknown cause (each).
Among patients in the matched TACE group, intra-hepatic progression (90.6%) represented the dominant mode of
failure; there were no signi�cant differences in the PFS or OS between the different treatment periods from 2010–
2020 (as shown in Fig. S1).

Under the multi-variable analysis, SBRT-IO, was an independent predictor of better OS (hazard ratio [HR] = 0.14, range:
0.30–0.96, p = 0.036) and better PFS (HR = 0.1, range: 0.03–0.33, p < 0.001). Tumour number was another
independent predictor of OS (HR = 0.54, range: 0.30–0.96, p = 0.036) and PFS (HR = 0.38, range 0.21–0.72, p = 0.003)
(Table 2).
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Table 2
Univariate and multivariate analyses of potential prognostic factors affecting overall and progression-free survival

after propensity score matching

  Overall Survival Progression-free Survival

  UVA MVA UVA MVA

  HR 95%
CI

P HR 95%
CI

P HR 95%
CI

P HR 95%
CI

P

For
matched
groups
(n = 64):

                       

SBRT-IO
vs. TACE

0.13 0.04–
0.42

< 
0.001

0.14 0.04–
0.46

0.001 0.10 0.03–
0.32

< 
0.001

0.10 0.03–
0.33

< 
0.001

Age (< 
60 vs.
≥60
years)

1.24 0.58–
2.67

0.58       1.37 0.64–
2.94

0.42      

Sex
(male
vs.
female)

1.25 0.49–
3.16

0.64       1.50 0.59–
3.81

0.39      

Hepatitis
B carrier
(yes vs.
no)

1.03 0.59–
1.81

0.92       0.99 0.56–
1.73

0.97      

ECOG
(0–1 vs.
2)

1.92 0.75–
4.90

0.17       2.27 0.89–
5.81

0.09      

Child-
Pugh
class (A
vs. B)

2.08 0.50–
8.61

0.31       1.91 0.46–
7.92

0.37      

ALBI
grade (1
vs. 2)

0.63 0.34–
1.15

0.13       0.52 0.28–
0.96

0.04 0.90 0.49–
1.66

0.73

Portal
vein
invasion
(Yes vs.
no)

1.08 0.55–
2.12

0.82       1.13 0.51–
2.50

0.76      

BCLC
stage (A
vs. B)

BCLC
stage (A
vs. C)

1.15

0.77

0.50–
2.64

0.36–
1.68

0.74

0.52

      1.19

0.77

0.46–
3.08

0.31–
1.87

0.72

0.56

     

Abbreviations: TACE, transarterial chemoembolisation; SBRT-IO, combined stereotactic body radiotherapy and
immunotherapy; ECOG, Eastern Cooperative Oncology Group; INR, international normalised ratio; BCLC, Barcelona
Clinic Liver Cancer; AFP, alpha-feto protein; UVA: univariate analysis; MVA: multivariate analysis; HR, hazard ratio;
CI, con�dence interval
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  Overall Survival Progression-free Survival

Tumour
number
(n = 1–2
vs. ≥ 3)

0.45 0.25–
0.80

0.007 0.54 0.30–
0.96

0.036 0.38 0.21–
0.70

0.002 0.38 0.21–
0.72

0.003

Tumour
size (< 
10 cm
vs. ≥ 10
cm)

0.60 0.34–
1.08

0.09       0.59 0.33–
1.05

0.07      

AFP (< 
200 vs.
≥ 200
ng/ml)

0.71 0.40–
1.25

0.24       0.67 0.38–
1.19

0.17      

Abbreviations: TACE, transarterial chemoembolisation; SBRT-IO, combined stereotactic body radiotherapy and
immunotherapy; ECOG, Eastern Cooperative Oncology Group; INR, international normalised ratio; BCLC, Barcelona
Clinic Liver Cancer; AFP, alpha-feto protein; UVA: univariate analysis; MVA: multivariate analysis; HR, hazard ratio;
CI, con�dence interval

Radiological Objective Response Rate Between Tace And Sbrt-io

Figure 2 depicts the best objective response of 16 patients in SBRT-IO arm and 42 evaluable patients in matched-TACE
arm. Six patients of TACE arm did not have reassessment scan due to rapid deterioration. The ORR was signi�cantly
higher in the SBRT-IO group (87.5% vs. 16.7%, p < 0.001). DCR was also signi�cantly better in the SBRT-IO group
(81.3% vs. 37.5%, p = 0.002). In the matched TACE group, 24 patients (50%) never had radiological disease controlled.
In contrast, only one patient (6.3%) developed progressive disease after SBRT-IO; this patient developed a new HCC
focus outside the irradiated �eld and two SBRT-treated lesions had partial response (PR) and static disease (SD). Two
patients of the SBRT-IO arm (12.5%) had radiofrequency ablation (RFA) performed after PR, with complete clearance
of the tumour subsequently achieved. The waterfall plot of Fig. 3 illustrates the better tumour shrinkage of index
lesion in the SBRT-IO and TACE group.

Of note, Nivolumab was stopped for eight patients who achieved CR after median 7.1 months of treatment (range:
2.1–15.6 months); none of them developed relapse in the median follow-up time of 5.7 months (range: 0.7–25.0
months).

Treatment related adverse events and liver function deterioration between TACE and SBRT-IO

Risk of ≥ grade 3 TRAEs and discontinuation of treatment due to toxicities were more common in patients who
received TACE (60.4% vs. 18.8%, p = 0.004; 25% vs. 12.5%, respectively, p = 0.295). There was more elevated
transaminase, anaemia, leukopenia, and fever in TACE group, while patients who received SBRT-IO had more fatigue,
diarrhoea, and rash. Among patients treated with SBRT-IO, none developed classical radiation induced liver disease,
and there were no treatment-related deaths reported. There were fewer patients who developed Child-Pugh score
progression ≥ 2 at 3 months (6.7% vs. 20.9%, p = 0.008), 6 months (6.7% vs. 12.0%, p = 0.021), and 12 months (0% vs.
21.4%, p < 0.001) in the SBRT-IO arm compared to the TACE arm (Table 3).
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Table 3
Treatment related adverse event and Child-Pugh score progression of SBRT-IO vs. matched TACE

  SBRT-IO (N = 16) Matched TACE (N = 48)  

  Any Grade Grade 3–4 Any Grade Grade 3–4 P value

  Number (%) Number (%)  

Treatment-related AEs   3 (18.8%)   29 (60.4%) 0.004

AEs lead to discontinuation 2 (12.5%) 1 (6.3%) 12 (25%) 5 (10.4%) 0.295

Treatment-related death 0 (0%) 0 (0%) 2 (4.2%) 1 (2.1%) 0.407

Haemoglobin 8 (50%) 0 (0%) 38 (79.2%) 4 (8.3%) 0.06

Leukocytes 2 (12.5%) 0 (0%) 24 (50%) 0 (0%) 0.025

Platelet 12 (75%) 1 (6.3%) 26 (54.2%) 6 (12.5%) 0.251

Bilirubin 5 (31.3%) 1 (6.3%) 20 (41.7%) 5 (10.4%) 0.617

AST/ALT 15 (93.7%) 0 (0%) 43 (89.6%) 25 (52.1%) < 0.001

Nausea and vomiting 4 (25%) 0 (0%) 13 (27.1%) 0 (0%) 0.456

Diarrhoea 3 (18.8%) 0 (0%) 1 (2%) 0 (%) 0.002

Appetite lost 1 (6.3%) 0 (0%) 9 (18.9%) 0 (0%) 0.477

Fatigue 10 (62.5%) 0 (0%) 9 (18.7%) 2 (4.2%) 0.003

Fever 3 (18.8%) 0 (0%) 23 (47.9%) 0 (0%) 0.04

Weight loss 1 (6.3%) 0 (0%) 8 (16.7%) 0 (0%) 0.562

Pain 3 (18.8%) 0 (0%) 24 (50%) 0 (0%) 0.028

Rash 5 (31.3%) 0 (0%) 4 (8.3%) 0 (0%) 0.002

Pruritus 2 (12.5%) 1 (6.3%) 4 (8.3%) 0 (0%) 0.213

Adrenal insu�ciency 1 (6.3%) 0 (0%) 1 (2.1%) 0 (0%) 0.407

Progression of CP score ≥ 2          

3 months 1/15 (6.7%) 9/43 (20.9%) 0.008

6 months 1/15 (6.7%) 3/25 (12.0%) 0.021

12 months 0/8 (0%) 3/14 (21.4%) < 0.001

Abbreviations: TACE, transarterial chemoembolisation; SBRT-IO, combined stereotactic body radiotherapy and
immunotherapy; AEs, adverse events; AST: Aspartate transaminase; ALT: Alanine transaminase; CP, Child-Pugh

* The incidence of only toxicities ≥ 5% is shown

Discussion/conclusion
To our knowledge, this is the �rst comparative study to evaluate the combined SBRT-IO in HCC population. Our
�ndings clearly demonstrated the promising anti-tumour activity of combined SBRT-IO among patients with locally
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advanced HCC. This present analysis reported that patients who received SBRT-IO had statistically signi�cant better
PFS, OS, and ORR than those who received TACE. Around 90% of the patients treated with SBRT-IO survived without
disease progression at 1 year and 50% had achieved CR. The high ORR of 88.8% was also superior over that of ICI
reported in previous studies [1–6].

Remarkably, our patient cohort had extensive tumour load and/or vascular invasion, which were re�ected by the poor
outcome of patients treated with TACE (ORR of 16.7%, median PFS of 4.83 months, and median OS of 7.44 months).
Despite TACE is the standard of care in patients with unresectable HCC, previous studies suggested those with tumour
burden beyond the up-to-seven criteria are unlikely to respond to TACE and patients’ hepatic reserve tends to
deteriorate after the TACE treatment [13–14]. Our study had provided a novel therapeutic approach for HCC patients
responded poorly to TACE.

There were several reasons accounted for the promising activity of SBRT-IO combination. First, previous studies had
demonstrated that SBRT achieved excellent local control (1-year local control rate of 77–87%) in locally advanced
HCC, but the competing risk of metastasis had resulted in later precipitous drop of OS (median OS of 9–17 months)
[15–16]. Notably, only one patient (6.3%) treated with SBRT-IO in our study developed out-of-�eld failure. We
postulated that the immune-modulatory effect of SBRT has augmented the effect of ICI in eradicating the occult
metastasis; this phenomenon, known as ‘systemic therapy augmented by radiotherapy (STAR)’, has also been
reported in NSCLC [17]. Second, because of the extensive tumour load in our patient cohort, we were only allowed to
prescribe non-ablative dose of radiation (5.5–7.5 Gy x 5) to respect the radiation tolerance of liver. Nevertheless,
excellent local tumour response (ORR: 87.5%, CR rate: 50%) was achieved. A study by Vanpouille-Box et al provided an
important mechanistic clue regarding the modulation of the immunogenic effect by different radiation
dose/fractionation schemes. They showed that modest dose radiation (8 Gy × 3) achieved similar local control as
single ablative dose (30 Gy) in the concurrent use of ICI, but better systemic responses are achieved with increased
IFN-β production via the cGAS/STING pathway. Our �ndings are consistent with the pre-clinical data suggesting that
ICI can lower the radiation dose required to induce the same tumour response [18]. Lastly, we stopped anti-PD-1
therapy in eight patients once they attained radiological CR; the decisions were made at the discretion of clinicians in
agreement with the patients. Interestingly, none of them relapsed after discontinuation of therapy for up to 2 years.
The optimal duration of ICI remains unknown; yet a previous study has also suggested that the risk of progression or
death is low among patients who achieved radiological CR [19]. Longer follow-up is needed in our cohort to ascertain
the durability of response; nevertheless, the encouraging CR rate and the durable response experienced with SBRT-IO
provide hope for a cure for unresectable HCC patients without the need for additional therapy, a goal that previously
seemed unachievable.

There was no abnormal safety signal observed in combined SBRT and ICI. Patients treated with SBRT-IO had better
safety pro�le and tolerance. More importantly, treatment of TACE often leads to the deterioration of liver function that
robs the patients of the opportunity of subsequent systemic therapy [13–14]. Our data suggested that SBRT-IO might
better preserve the liver function of patients compared with TACE.

Our data supported the bene�t of SBRT-IO in HCC patients. Prospective studies are required to validate our �ndings in
a broader population and compare its e�cacy with SBRT alone or ICI alone; future studies should also be prioritised
to de�ne the optimal timing, dosing, and treatment volume of radiotherapy and the role of PD-L1 status. Correlative
studies are needed to de�ne the mechanistic rationale behind the synergy of SBRT-IO. Lastly, recent data suggested
TACE may also favourably modulate the tumour microenvironment and potentially can effectively combine with ICI; a
number of trials are now on-going to evaluate the synergy of this combination [20]; comparative study of SBRT-IO vs.
TACE-IO is warranted when more data become available in the future.
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There were several limitations of this study. First, it was a retrospective and single-centre study with a small sample
size; therefore, the selection bias could not be entirely eliminated. However, we had followed the patients in both arms
under an uni�ed protocol with regular imaging schedule so that the biases of PFS assessment were minimized, thus
the reliability of the superior results of OS and ORR of SBRT-IO. Second, the relatively short duration of follow-up
rendered the assessment of late toxicity and long-term survival not feasible. Also, the difference in treatment period
may introduce bias in favour of the survival outcome in the SBRT-IO arm, in which majority of the patients were
treated in recent years with expanding therapeutic options. Nonetheless, our �ndings clearly demonstrated the
superiority of SBRT-IO over TACE in terms of PFS and tumour response; additionally, the survival of the TACE arm has
been fairly consistent over the years. Finally, the PD-L1 status and its impact on the treatment outcome were not
evaluated in the present study; however, the high ORR of SBRT-IO suggested the combination worked regardless of the
PD-L1 status.

In conclusion, our �ndings provide a strong rationale to study the SBRT-IO treatment among locally advanced HCC
patients in prospective randomised studies.

Abbreviations
CR Complete remission

DCR Disease control rate

ECOG Eastern Cooperative Oncology Group

HCC Hepatocellular carcinoma

HR Hazard ratio

ICI Immune checkpoint Inhibitor

IRB Institutional review board

mRECIST Modi�ed Response Evaluation Criteria in Solid Tumours

ORR Objective response rate

OS Overall survival

PD-1 Program cell death protein 1

PD-L1 Programmed death-ligand 1

PFS Progression-free survival

PR Partial remission

RTOG Radiation Therapy Oncology Group

SBRT-IO Combined stereotactic body radiotherapy and immunotherapy

TACE Transarterial chemoembolisation
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TRAE Treatment-related adverse event
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Figures

Figure 1

Survival Outcome in Patients with Locally Advanced Unresectable Hepatocellular Carcinoma. (A) Overall survival and
(B) Progression-free survival are remarkably and signi�cantly better in SBRT-IO group versus matched TACE group. a
Overall survival b Progression-free survival rate Abbreviations: SBRT-IO, combined stereotactic body radiotherapy and
immunotherapy; TACE, transarterial chemoembolization
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Figure 2

The best mRECIST of the matched TACE and SBRT-IO patients Abbreviations: SBRT-IO, combined stereotactic body
radiotherapy and immunotherapy; TACE, transarterial chemoembolisation; mRECIST, modi�ed response evaluation
criteria in solid tumours; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; N,
number of lesions # 6 subjects in the matched TACE cohort did not have follow-up scan for tumour reassessment.
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Figure 3

Waterfall plots of best overall response of the target lesion(s) as per mRECIST v1.1 a SBRT-IO arm: 16 patients with
total 24 lesions* *11 subjects had 1 irradiated lesion, 2 subjects had 2 irradiated lesions, and 3 subjects had 3
irradiated lesions in SBRT-IO arm (16 patients with totally 24 lesions) b Matched-TACE arm: 42 lesions in 48 matched
patients (6 of them didn’t have tumour reassessment)
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