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Abstract

Background: To address the need for immunotherapy in patients with advanced primary hepatocellular carcinoma (HCC),Q
bination with radiotherapy (RT) has emerged as a promising strategy. In preclinical studies, irradiated tumors released tumor
antigens to synergistically increase the antitumor effect of immunotherapy. Hence, we investigated whether RT enhances the
efficacy of anti-programmed death receptor-1 (PD-1) inhibitors in advanced HCC in real-world practice.

Methods: Between August 2018 and June 2021, 172 patients with advanced primary HCC were enrolled in the tertiary center
(Zhongshan Hospital of Fudan University); 95 were treated with a combination of RT and the inhibitor of PD-1 (RT-PD1 cohort),
and 77 were administered anti-PD-1 therapy (PD1 cohort). The first cycle of PD-1 inhibitors was administered within 60 days or
concurrently with RT. Propensity score matching for bias reduction was used to evaluate the clinical outcomes.

Results: Among 71 propensity-matched pairs, median progression-free survival was 5.7 months in the RT-PD1 cohort vs. 2.9
months in the PD1 cohort (P <0.001). Median overall survival was 20.9 months in the RT-PD1 cohort vs. 11.2 months in the PD1
cohort (P = 0.018). Compared with patients in the PD1 cohort, patients in the RT-PD1 cohort had significantly higher objective
response rates (40.8%, 29/71 vs. 19.7%, 14/71, P = 0.006) and disease control rates (62.0%, 44/71 vs. 31.0%,22/71, P <0.001).
The incidences of toxic effects were not significantly different between the two cohorts.

Conclusions: RT plus anti-PD-1 therapy is well tolerated. RT enhances the efficacy of anti-PD-1 therapy in patients with advanced
primary HCC by improving survival outcomes without increased toxic effects.

Keywords: Radiotherapy; Immune checkpoint inhibitor; Programmed cell death receptor-1; Hepatocellular carcinoma; Propensity
score matching; Treatment outcome; Adverse effects

Introduction Radiotherapy can reshape the liver tumor microenviron-
ment to prevent antigen-specific T cell loss.!®! In preclinical
studies, irradiated tumors released more tumor antigens,
presented antigens more effectively, and had higher T-cell
infiltration. Combining RT with ICIs generated a further
shrinkage of tumor in several solid tumor types compared
with either of these treatments alone.”13/ ICIs combined
with local precision RT for advanced liver cancer may be a
strategy to circumvent the primary or acquired resistance
to ICIs, and further optimize the efficacy of therapy.l'¥l A
previous study suggested that the priming effect of RT can

The success of immune checkpoint inhibitors (ICIs) rep-
resented by programmed death receptor/ligand-1 (PD-1/
PD-L1) antibodies has opened a new era of advanced
hepatocellular carcinoma (HCC) treatment.!'l However,
primary resistance of ICIs exposes patients to ineffective
treatment,l’! possibly because certain tumor antigens are
not detected. As the mechanisms of acquired resistance to
ICIs remain unknown, only a subset of patients responds
and presents long-term clinical benefits, leaving the need
to investigate further options for non-responders.!®
Therefore, research efforts are being focused on various
combined approaches to improve treatment outcomes. It
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rescue the immune response and resistance to ICIs in poor
immunogenicity tumors.'"3! Importantly, the administra-
tion of PD-1 inhibitors during RT reduces the aggregation
of myeloid-derived suppressor cells and enhances the anti-
tumor effects of CD8* T cells that further help improve the
efficacy of RT."®! Our recently published study showed
that PD-L1 expression in liver cancer cells increases after
RT to enhance ICIs efficacy,!'”! which reflected RT can
enhance response to ICIs and synergistically augment the
antitumor effect.[1615:1%]

Despite this, there is a scarcity of published prospective
clinical data on combined RT and anti-PD-1 therapy in
advanced HCC, except a few small series,?*??! which
were limited to the detection of potentially significant
differences in response rates and outcomes when analyzed
individually. In this study, we aimed to illustrate the effi-
cacy and safety of RT plus anti-PD-1 therapy compared to
anti-PD-1 monotherapy in advanced primary HCC with
real-world evidence.

Methods

Patients

This retrospective study enrolled patients who received
RT plus anti-PD-1 therapy (RT-PD1 cohort) or anti-PD-1
therapy alone (PD1 cohort) between August 2018 and
June 2021 from Zhongshan Hospital of Fudan Univer-
sity. The Ethics Committee of Zhongshan Hospital Fudan
University approved this retrospective study (No. B2021-
828R2). The written informed consent of participants
was waived due to the retrospective nature of the study.

Eligibility criteria for this study included patients aged
18 years or older who had received an initial diagnosis of
advanced primary HCC. The diagnosis was established either
through liver biopsy or by the presence of typical imaging
features, characterized by hypervascularity in the arterial
phase with subsequent washout observed in the portal venous
or delayed phase. Treatment for these patients consisted of
a combination of targeted therapy, encompassing vascular
endothelial growth factor blockade and other anti-angiogenic
drugs, administered concurrently with anti-PD-1 therapy. For
patients infected with the hepatitis B virus (HBV), antiviral
therapy was initiated before the commencement of anti-PD-1
therapy as a precautionary measure. Exclusion criteria
encompassed individuals who had undergone a previous
liver transplant, those with active autoimmune liver disease,
individuals with diffuse lesions, those with severe ascites
or hepatic encephalopathy, or individuals with concurrent
malignant tumors. A total of 172 advanced primary HCC
patients were finally enrolled. HCC staging was determined
according to the Barcelona Clinic Liver Cancer (BCLC)
classification.! The diagnosis of BCLC staging involved a
detailed assessment of criteria, with BCLC-B stage assigned
when multiple nodules were observed and BCLC-C stage
assigned in the presence of observed extrahepatic metastasis
or significant macrovascular invasion. Staging procedures
relied on advanced imaging techniques, such as magnetic
resonance imaging or computed tomography scans, to accu-
rately evaluate the extent of the disease.

WWW.Cmj.org

Propensity score matching (PSM) was performed using a
nearest-neighbor algorithm with a caliper of width equal
to 0.2 in a 1:1 ratio according to Eastern Cooperative
Oncology Group (ECOG) score, sex, age (<50 years vs.
>50 years), hepatitis B surface antigen (HBsAg) infection
status, Child-Pugh score, extrahepatic metastasis, mac-
roscopic vascular invasion, tumor size, tumor number,
albumin-bilirubin (ALBI) grade, alpha-fetoprotein level,
and targeted agents between the two groups to minimize
bias caused by non-randomized selection of patients.
After PSM, 71 matched pairs were identified.

Radiotherapy and immunotherapy

The RT-PD1 cohort was defined as the first cycle of PD-1
inhibitors administered within 60 days or concurrently
with RT. For RT planning, according to guidelines of
the Chinese Society of Clinical Oncology,**! a vacuum
immobilization bag was employed to ensure active res-
piratory control, thereby minimizing liver motion during
treatment., including tomotherapy intensity-modulated
radiotherapy (TOMO-IMRT) or stereotactic body radio-
therapy (SBRT). TOMO-IMRT was delivered at a total
dose of 20.0-60.0 Gy at 1.8-5.0 Gy per fraction in 53
cases (55.8%). SBRT was delivered at a total dose of
28.0-60.0 Gy at 1.8-10.0 Gy per fraction in 42 cases
(44.2%). Modified individual doses were standardized
using the regime of the RTOG guidelines,!**! taking into
account tumor volume and the number of lesions. As the
neoplasm volume and variety of lesions treated increased,
lower doses were prescribed.

Images were contrasted on a 4D computed tomography
(4D-CT) simulator through abdominal compression to
evaluate the liver motion and determine internal target
volume. Mega-Voltage CT was acquired before each
course. The largest tumor was selected as the target lesion
for radiotherapy, and up to three nodules were allowed
under the condition that the tolerated dose was delivered
to the liver. If multiple organ sites may be involved, it is
up to the physician to decide what tumor localization to
treat. The tumor should be at least 0.5 ¢m in diameter
and no larger than 10.0 cm in diameter and radiotherapy
treatment will be given before the start of PD-1. All the
patients received anti-PD-1 therapy intravenously, accord-
ing to a schedule of 240 mg every 2 weeks for nivolumab,
200 mg every 3 weeks for pembrolizumab, tislelizumab,
and sintilimab, 240 mg every 3 weeks for toripalimab,
or 200 mg every 3 weeks for camrelizumab. Additionally,
continuous PD-1 inhibitors were administered unless
there was disease progression or the occurrence of unac-
ceptable toxicity. All patients included in the study did
not undergo any additional treatment regimens following
the completion of the provided treatment and before expe-
riencing disease progression. The last follow-up time was
recorded as the occurrence of death or loss to follow-up.

Response and safety assessment

Tumor response was assessed every 2-3 months by two
independent radiologists according to RECIST (version
1.1).125) The objective response rate (ORR) was defined as a
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sum of complete response (CR) and partial response (PR),
and the disease control rate (DCR) was defined as the sum
of CR, PR, and stable disease (SD). The best out-of-field
(abscopal) rate was defined only in non-irradiated lesions.

Adverse events (AEs) were determined according to
the Common Terminology Criteria for Adverse Events
(CTCAE v5.0).2°! We assessed the development and sever-
ity of representative AEs at regular follow-up visits until
30 days after treatment cessation, including decreased
appetite, fever, diarrhea, fatigue, nausea, myalgia, throm-
bocytopenia, leukopenia, hypothyroidism, hepatitis,
myocarditis, pneumonitis, rash, and hypoadrenocorticism.

Statistical analysis

Categorical parameters are expressed as numbers and
percentages and compared using y* or Fisher’s exact test.
Progression-free survival (PFS) was measured from the start
of RT to the date of progression or death due to any cause,
or last follow-up. Overall survival (OS) was calculated as
the interval between the initiation of RT until death due to
any cause, or last follow-up. Log-rank tests were performed
on Kaplan—-Meier survival curves from treatment to PFS
and OS. Prognostic factors were evaluated by univariate
and multivariate Cox proportional hazard regression. The
hazard ratios (HRs) and 95% confidence intervals (Cls)
were presented. PSM and statistical analyses were per-
formed using SPSS 26.0 (SPSS Inc., Chicago, IL, USA) and
R software version 4.1.0 (R Core Team, Vienna, Austria). A
P <0.05 was considered to be statistically significant.

Results

Baseline characteristics of RT-PD1 therapy and anti-PD-1
therapy

Of the 172 patients, 95 were in the RT-PD1 cohort and
77 in the PD1 cohort [Figure 1]. A total of 136 (79.1%)
patients were infected with HBsAg, 122 (70.9%) received
targeted therapy, and 151 (87.8%) had BCLC-C. There
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were 57 (33.1%) patients who had portal vein infiltration.
In total, 57 individuals (33.1%) had macroscopic vascular
invasion, including tumor thrombus in the main trunk of
the portal vein (19 patients) and the inferior vena cava
(13 patients); 121 (70.3%) had extrahepatic metastasis,
with metastatic sites in the lung (74 cases), lymph nodes
(18 cases), bone (41 cases), pleural (3 cases), and adrenal
(11 cases). Eighteen patients (10.5%) received first-line
therapy, and 154 patients (89.5%) received second-line
or later therapy [Table 1]. Of the anti-PD-1 antibodies,
camrelizumab, nivolumab, toripalimab, pembrolizumab,
tislelizumab, and sintilimab were administered in 35,
20, 32, 19, 16, and 50 patients, respectively. The median
duration of anti-PD-1 treatment in the RT-PD1 cohort
was 5.8 months (range, 0.7-25.0), vs. 3.6 months (range,
0.7-15.7) in the PD1 cohort. The median number of
anti-PD-1 immunotherapy cycles in the RT-PD1 cohort
was 6 (range, 1-23), vs. 4 (range, 1-21) in the PD1 cohort.

The median time between immunotherapy and radiation
was 7 days (range 0-60 days). The tumor sites selected
for RT were primarily liver lesions. The median radiation
dose delivered was 3.0 Gy (1.8-10.0). The patients who
received radiotherapy approach were SBRT (n = 42)
and TOMO-IMRT (n = 53). Fifty-one patients received
palliative RT and 44 patients received RT for local con-
trol. The details of the radiotherapy treatment regimens
are displayed in Supplementary Table 1, http:/links.Ilww.
com/CM9/B995. After performing PSM, we obtained
one-to-one matching cohorts (71 patients per group) for
the RT-PD1 cohort vs. PD1 cohort [Table 1]. The baseline
variables between the matched cohorts were not found
significant differences.

Comparison of tumor responses between the groups

According to the imaging assessment, the ORR was
42.1% (40/95) and 20.7% (16/77) in the RT-PD1 and
PD1 cohorts, respectively (P = 0.003). The DCR was
also significantly higher in the RT-PD1 cohort than in the
PD1 cohort (68.4%, 65/95 vs. 32.5%, 25/77; P <0.001).

HCC patients treated by
anti-PD-1 therapy and RT
(n=165)

HCC patients treated by
anti-PD-1 therapy
(n=201)

Excluded (n = 70)

The first cycle of the PD-1 inhibitor was
administered with RT after 60 days (n = 52).
HCC patients treated by RFA within 1 month
before RT (n = 3).

With a previous liver transplant (n = 5).

With a active autoimmune liver disease (n =
1).

With secondary malignancies (n = 1).

Failed to complete the first assessed screen

Excluded (n = 124)

. Receiving RT in any line after PD-1
progression (n=83).

*  With a previous liver transplant (n = 4).

. With a active autoimmune liver disease (n =
3).

*  With secondary malignancies (n = 8).

. Failed to complete the first assessed screen
(n=21).

*  Declined participation (n = 5).

(n=38).

RT-PD1 cohort
(n=95)

PD1 cohort
(n=177)

Propensity score matched cohorts
(n =71 pairs)

Figure 1: Flow diagram of patients with advance HCC who underwent either RT plus anti-PD-1 therapy or anti-PD-1 therapy. HCC: Hepatocellular carcinoma; PD-1: Programmed death

receptor-1; RFA: Radiofrequency ablation; RT: Radiotherapy.
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Table 1: Patients’ baseline demographic characteristics before and after PSM.

Before PSM After PSM
Overall RT + PD1 Statistic Overall RT + PD1 Statistic
Variables (n=172) (n=95) PD1 (n=177) values Pvalue (n=142) (n=T1) PD1 (n=T1) values Pvalue
Sex 2.076" 0.150 2.095" 0.148
Female 24 (14.0) 10 (10.5) 14 (18. 20 (14.1) 7(9.9) 13 (18.3)
Male 148 (86.0) 85 (89.5) 63 (81.8 122 (85.9) 64 (90.1) 58 (81.7)
Age (years) 2.752° 0.097 0.300" 0.584
<50 56 (32.6) 36 (37.9) 20 (26.0) 43 (30.3) 23 (32.4) 20 (28.2)
>50 116 (67.4) 59 (62.1) 57 (74.0) 99 (69.7) 48 (67.6) 51(71.8)
HBsAg 0.111" 0.739 0.041" 0.839
Negative 36 (20.9) 9 (20.0) 17 (22. 31 (21.8) 16 (22.5) 15 (21.1)
Positive 136 (79.1) 76 (80.0) 60 (77.9) 111(78.2)  55(77.5) 56 (78.9)
Child-Pugh grade 2.722° 0.099 1.143" 0.285
A 137(79.7) 80 (84.2) 57 (74.0) 115 (81.0) 60 (84.5) 55 (77.5)
B 35(20.3) 5(15.8) 20 (26.0) 27(19.0) 11 (15.5) 16 (22.5)
ECOG performance status 2.427° 0.119 0.067" 0.796
0 26 (15.1) 18 8 (10.4) 17 (12.0) 9 (12.7) 8 (11.3)
1 146 (84.9) 77 69 (89.6) 125 (88.0) 62 (87.3) 63 (88.7)
BCLC 6.400" 0.011 2117 0.146
B 21 (12.2) 7(17.9) 4(5.2) 13 (9.2) 9 (12.7) 4(5.6)
C 151 (87.8) 8(82.1) 73 (94.8) 129 (90.8) 62 (87.3) 67 (94.4)
NLR 3.0 (2.1-5.1) 3.0(1.9-5.5) 3.0 (2.1-5.0)  2986.5" 0.956 3.1(2.0-5.2) 3.1 (1.9-5.5) 3.0 (2.1-5.0)  2106.0° 0.978
ALBI grade 11.160° 0.004 4.239" 0.120
1 102 (59.3)  67(70.5) 35 (45.5) 82(57.7)  47(66.2) 35 (49.3)
2 68 (39.5)  27(28.4)  41(53.2) 58(40.8) 23 (32.4) 35 (49.3)
3 2(1.2) 1(1.1) 1(1.3) 2(1.4) 1(1.4) 1(1.4)
Extrahepatic metastasis 0.078" 0.780 0.575" 0.448
Without 51(29.7)  29(30.5)  22(28.6 38(26.8)  17(23.9) 21 (29.6)
With 121(70.3) 66 (69.5)  55(71.4 104 (73.2)  54(76.1) 50 (70.4)
Macroscopic vascular invasion 5.942° 0.015 3.147" 0.076
Without 115(66.9) 71 (74.7) 44 (57.1) 94 (66.2)  52(73.2)  42(59.2)
With 57(33.1)  24(25.3) 33 (429 48(33.8)  19(26.8) 29 (40.8)
Tumor size (mm) 5.271° 0.022 1.812" 0.178
<50 97(56.4)  61(642) 36 (46.8) 76 (53.5)  42(59.2) 34 (47.9)
>50 75(43.6)  34(35.8)  41(53.2 66 (46.5) 29 (40.8) 37 (52.1)
Tumor number 3.215° 0.073 2.817 0.093
<4 89 (51.7)  55(57.9) 34 (44.2) 70 (49.3) 40 (56.3) 30 (42.3)
>4 83 (48.3) 40 (42.1) 43 (55.8) 72(50.7)  31(43.7)  41(57.7)
AFP (ng/mL) 2.724" 0.099 0.255" 0.613
<400 99 (57.6)  60(63.2) 39 (50.6) 77(54.2)  40(56.3)  37(52.1)
>400 73(42.4)  35(36.8) 38 (49.4 65(45.8)  31(43.7) 34 (47.9)
Targeted therapy 2.191° 0.139 0.341° 0.559
Without 50(29.1)  32(33.7)  18(23.4) 35(24.6) 19(26.8) 16 (22.5)
With 122 (70.9) 63 (66.3) 59 (76.6) 107 (75.4)  52(732)  55(77.5)
Previous therapy 6.819" 0.146 6.821" 0.146
No 18 (10.5) 12 (12.6) 6(7.8) 12 (16.9) 8 (11.3) 4(2.8)
Resection 63 (36.6) 40 (42.1) 23(29.9) 52(73.2) 31 (43.7) 1(14.8)
Ablation 30 (17.4)  12(12.6) 18 (23.4) 19 (26.8) 10 (14.1) 9(6.3)
TACE 139 (80.8)  70(73.7) 69 (89.6) 112 (157.7) 46 (64.8) 66 (46.5)
Systemic chemother- 9(5.2) 4(4.2) 5(6.5) 9 (12.7) 4(5.6) 5(3.5)
apy
Anti-PD-1 antibodies 1.965" 0.854 1.025" 0.961
Camrelizumab 35(20.3) 8(18.9)  17(22.1) 31(43.7) 16 (22.5) 15 (10.6)
Nivolumab 20 (11.6) 1(11.6) 9 (11.7) 16 (22.5) 7(9.9) 9(6.3)
Toripalimab 32 (18.6) 5(15.8) 17 (22.1) 28 (39.4) 13 (18.3) 15 (10.6)
Pembrolizumab 19 (11.0) 1(11.6) 8 (10.4) 16 (22.5) 8 (11.3) 8 (5.6)
Tislelizumab 16 (9.3) 0 (10.5) 6(7.8) 15 (21.1) 9 (12.7) 6(4.2)
Sintilimab 50 (29.1) 0(31.6) 20 (26) 36(50.7)  18(25.4) 18 (12.7)

Data are presented as median (Q1-Q3) or n (%). “y* value; ‘U value. AFP: Alpha fetoprotein; ALBI: Albumin—bilirubin; BCLC: Barcelona Clinic Liver Cancer; ECOG:
Eastern Cooperative Oncology Group; HBsAg: Hepatitis B surface antigen; NLR: Neutrophil-to-lymphocyte ratio; PD1: Anti-programmed death receptor-1 inhibitor;

PD-1: Programmed death receptor-1; PSM: Propensity score matching; RT: Radiotherapy; TACE: Transcatheter arterial chemoembolization.

The time to achieve the best response was similar in both
cohorts (3.4 months vs. 2.8 months, P = 0.065; Table 2).

After performing PSM, compared with patients in the PD1
cohort, patients in the RT-PD1 cohort had a significantly
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Table 2: Comparison of efficacy of RT-PD1 group with PD1 group based on tumor response before and after PSM.

Before PSM After PSM
Overall RT + PD1 PD1 Overall RT +PD1 PD1

Variables (n=172) (n=95) (n=77) Pvalue (n=142) (n=71) (n=71) Pvalue
Tumor response, 7 (%) <0.001 0.003

CR 5.9 44.2) 1(1.3) 3(2.1) 2 (2.8) 1(1.4)

PR 51(29.7) 36 (37.9) 15 (19.5) 40 (28.2) 27(38.0) 13(18.3)

SD 34 (19.8) 25(26.3) 9 (11.7) 23(16.2) 15 (21.1) 8 (11.3)

Progressive disease 82 (47.7) 30 (31.6) 52 (67.5) 76 (53.5) 27 (38) 49 (69)
Response rate (%)

ORR 32.6 421 20.7 0.003 30.3 40.8 19.7 0.006

DCR 52.3 68.4 32.5  <0.001 46.5 62.0 31.0 <0.001
Median time to achieve best response (months) 3.1 2.8 3.4 0.065 3.0 2.8 3.4 0.113

CR: Complete response; DCR: Disease control rate; ORR: Objective response rate; PD1: Anti-programmed death receptor-1 inhibitor; PR: Partial
response; PSM: Propensity score matching; RT: Radiotherapy; SD: Stable disease.

higher ORR (29/71,40.8% vs. 14/71,19.7%, P = 0.006;  multivariate analysis also showed that RT-PD1 treatment
Table 2) and DCR (44/71, 62.0% wvs. 22/71, 31.0%, (HR:0.446;95% CI: 0.301-0.661; P <0.001) and age (HR:
P <0.001; Table 2). The time to achieve best response  1.873;95% CI: 1.202-2.919; P = 0.006) were independent
was similar in both cohorts after PSM (3.4 months vs. 2.8  prognostic factor for PFS in the matched cohorts [Table 3].

months, P = 0.113; Table 2).
) The follow-up period ended on November 22, 2022.

) ] The median follow-up duration was 23.3 months (95%
Comparison of survival outcomes between the groups CI: 21.5-25.1) in the two cohorts. During the follow-up

Median PFS in the RT-PD1 cohort was higher than that period, 97 (56.1%) of the 172 patients died (42 [44.2%]

in the PD1 cohort (7.0 months vs. 3.0 months; P <0.001 and 55.[71'4%] patienFs in the RT—P.Dl.a.nd PD1 COhort.S’
Figure 2A). The 1-year PFS rates were 32.8% ’an 47.9% > respectively). The median OS was significantly longer in
& : b4 o 70 2 7% the RT-PD1 cohort than that in the PD1 cohort (22.7

and the 2-year PFS rates were 22.8% and 4.8%, respec- | © 0 109 months: P = 0.001: Figure 3A). The
tively. Median PFS was significantly different between the 1-year OS rates were 66.0% and 45.5%. and the 2-year
RT-PD1 cohort and PD1 cohort after peFforming PSM 0§ rates were 48.3% and 31.2%, respe,ctively. Median
(5.7 months vs. 2.9 months; P <0.001, Figure 2B). The g was also significantly different between the RT-PD1
1-year PFS rates were 30.2% and 6.8%, and the 2-year 454 PD1 cohorts after PSM (20.9 and 11.2 months;
PFS rates were 18.1% and 3.4% after PSM, respectively. P = 0.018; Figure 3B). The 1-year OS rates were 63.0%
o ) ) ) and 47.9%, and the 2-year OS rates were 47.9% and
The multivariate analysis using Cox regression model 33 69 after performing PSM, respectively.
indicated that RT-PD1 treatment (HR: 0.474; 95% CI:
0.316-0.711; P <0.001) and age (HR: 1.639; 95% CI:  The multivariate analysis suggested that RT-PD1 treat-
1.076-2.495; P = 0.021) were independent prognostic  ment (HR: 0.607; 95% CI: 0.379-0.971; P = 0.037),
factors for PFS in the unmatched cohorts [Table 3]. The age (HR: 2.016; 95% CI: 1.239-3.281; P = 0.005), and

Treatment (unmatched) 1.00 Treatment (matched)
== PD1 == PD1
== RT+PD1 == RT+PD1
2 z 075 |
a P< 0.001 s P<0.001
a a
[ [
a % 0.50 F
5 2%
s 4.8% 2
@ a 025 f
A r n 1. N . 2 . i 2
0 6 12 18 24 30 36 40 0 6 12 18 24 30 36
PFS (months) PFS (months)
Number at risk Number at risk
PO} 77 14 5 3 2 0 0 0 PO1E 71 12 4 2 2 0 0
RT+PD1} 95 49 28 16 8 2 b3 0 RT+PD1 | 74 33 20 10 2 1 )
0 6 12 18 24 30 36 40 0 6 12 18 24 30 36

Figure 2: Kaplan—Meier survival curves for PFS between RT-PD1 and PD1 cohorts before and after PSM. (A) Unmatched and (B) matched cohorts. P values are calculated using log-rank
test. PD1: Anti-programmed death receptor-1 inhibitor; PFS: Progression-free survival; PSM: Propensity score matching; RT: Radiotherapy.
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Table 3: Prognostic factors affecting PFS of patients using univariable and multivariable analyses before and after PSM.

Before PSM After PSM
Univariable Multivariable Univariable Multivariable

Variables HR 95% Cl Pvalue HR 95% Cl Pvalue HR 95% Cl Pvalue HR 95% Cl Pvalue
Sex

Female 1 (ref) 1 (ref)

Male 1.062 0.654-1.726 0.807 1.103 0.647-1.881 0.717
Age

<50 years 1 (ref) 1 (ref) 1 (ref) 1 (ref)

>50 years 1.542 1.084-2.192 0.016 1.639 1.076-2.495 0.021 1.815 1.224-2.693 0.003 1.873 1.202-2.919 0.006
HBsAg

Negative 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Positive 1.66 1.059-2.603 0.027 1.085 0.660-1.784 0.749 2.043 1.245-3.352 0.005 1.251 0.734-2.132 0.410
Child-Pugh grade

A 1 (ref) 1 (ref) 1 (ref) 1 (ref)

B 2.003 1.323-3.032 0.001  1.492 0.849-2.623 0.165 1.992 1.253-3.166 0.004 1.448 0.841-2.492 0.182
ECOG performance status

0 1 (ref) 1 (ref) 1 (ref) 1 (ref)

1 3.027 1.690-5.424 <0.001  1.42 0.631-3.198 0.397 2.216 1.151-4.267 0.017 1.644 0.808-3.344 0.170
ALBI

1 1 (ref) 0.001 1 (ref) 1 (ref) 0.001 1 (ref) 0.353

2 0.55 0.134-2.257 0.407  0.960 0.603-1.529 0.864 1.958 1.345-2.851 <0.001 1.183 0.773-1.811 0.438

3 1.078 0.262-4.429 0.917  1.002 0.209-4.810 0.998 2.794 0.678-11.509 0.155 2.873 0.591-13.974 0.191
NLR 1.026 1.000-1.052 0.046  1.007 0.976-1.040 0.642 1.022 0.995-1.049 0.114
Extrahepatic metastasis

Without 1 (ref) 1 (ref) 1 (ref)

With 1.628 1.111-2.385 0.012  1.094 0.614-1.949 0.759 1.432 0.942-2.176 0.093
Macroscopic vascular invasion

Without 1 (ref) 1 (ref) 1 (ref) 1 (ref)

With 1.823 1.280-2.597 <0.001 1.148 0.719-1.835 0.563 1.685 1.150-2.469 0.007 1.249 0.815-1.912 0.307
Tumor size

<50 mm 1 (ref) 1 (ref) 1 (ref) 1 (ref)

>50 mm 1.512 1.076-2.124 0.017 1.129 0.762-1.674 0.545 1.525 1.057-2.200 0.024 1.165 0.779-1.741 0.457
Tumor number

<4 1 (ref) 1 (ref) 1 (ref)

>4 2.390 1.692-3.376 <0.001 1.194 0.805-1.771 0.378 1.116 0.765-1.627 0.570
AFP

<400 ng/mL 1 (ref) 1 (ref) 1 (ref) 1 (ref)

>400 ng/mL  1.768 1.260-2.483 0.001  1.224 0.812-1.848 0.335 1.624 1.126-2.341 0.009 1.144 0.759-1.725 0.521
Treatment

PD1 1 (ref) 1 (ref) 1 (ref) 1 (ref)

RT + PD1 0.395 0.280-0.556 <0.001 0.474 0.316-0.711 <0.001 0.418 0.288-0.606 <0.001 0.446 0.301-0.661 <0.001
Targeted therapy

Without 1 (ref) 1 (ref)

With 1.393  0.952-2.039 0.088 1.196 0.781-1.832 0.409

AFP: Alpha fetoprotein; ALBI: Albumin-bilirubin; CI: Confidence interval; ECOG: Eastern Cooperative Oncology Group; HR: Hazard ratio; HBsAg:
Hepatitis B surface antigen; NLR: Neutrophil-to-lymphocyte ratio; PD1: Anti-programmed death receptor-1 inhibitor; PFS: Progression-free survival;

PSM: Propensity score matching; RT: Radiotherapy.

Child-Pugh score (HR: 2.784; 95% CI: 1.499-5.172;
P = 0.001) were independent prognostic factors for OS
in the unmatched cohorts [Table 4]. Moreover, RT-PD1
treatment (HR: 0.595; 95% CI: 0.359-0.983; P = 0.043),
age (HR: 2.385; 95% CI: 1.379-4.123; P 0.002), and
Child-Pugh score (HR: 2.402; 95% CI: 1.259-4.580;
P = 0.008) were also independent prognostic factors for
OS in the matched cohorts [Table 4].

An exploratory analysis revealed that when patients were
stratified by RT modality, a comparison of patients treated

with SBRT-PD1 vs. those treated with TOMO-IMRT-PD1
reveals a significant difference in survival (median PFS,
10.2 months vs. 4.4 months, P = 0.001; median OS,
35.6 months vs. 12.1 months, P <0.001, Supplementary
Figure 1, http:/links.lww.com/CM9/B995). Moreover,
higher OS and PFS were noticed in the patients treated
with fractions size higher than 5 Gy [Supplementary
Figure 2, http://links.lww.com/CM9/B995]. The median
PFS and OS were higher in the time interval between
anti-PD-1 therapy and RT within 7 days than after 7
days (median PFS, 9.4 months vs. 4.5 months, P = 0.019;
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Figure 3: Kaplan—Meier survival curves for OS between RT-PD1 and PD1 cohorts before and after PSM. (A) Unmatched and (B) matched cohorts. P values are calculated using log-rank
test. 0S: Overall survival; PD1: Anti-programmed death receptor-1 inhibitor; PSM: Propensity score matching; RT: Radiotherapy.

median OS, 35.6 months vs. 12.2 months, P = 0.019,
Supplementary Figure 3, http:/links.lww.com/CM9/
B995). Importantly, patients receiving intrahepatic radio-
therapy demonstrated a marked improvement in both OS
and PFS compared to those receiving extrahepatic lesion
radiotherapy (median PFS, 9.4 months vs. 5.4 months,
P = 0.015; median OS, not reached vs. 12.1 months,
P =0.001, Supplementary Figure 4, http://links.lww.com/
CM9/B995). While there was no statistically significant
difference in the ORR, the DCR exhibited a significant
improvement with intrahepatic radiotherapy compared to
extrahepatic radiotherapy [Supplementary Table 2, http://
links.Ilww.com/CM9/B995].

Effects of RT-PD1 treatment without increasing adverse
effects

The distribution of AEs before and after PSM is summa-
rized in Table 5. Treatment-related AEs were occurred
in 46 (59.7%) and 59 (62.1%) patients in the PD1 and
RT-PD1 cohorts, respectively. Grade 3 to 4 AEs occurred
in 7 (9.1%) patients in the PD1 cohort and 9 (9.5%) in
the RT-PD1 cohort. The most frequent treatment-related
AEs of all grades were fatigue, decreased appetite, rash,
and nausea.

Considering the pre-propensity-matched RT-PD1 and
PD1 cohorts as a whole, the incidence and types of AEs
were similar, most of them were grade 1 to 2 in severity,
and the AE profiles were similar between the two groups.
The findings before PSM were approximately the same as
the results for overall population analysis after PSM.

Discussion

To the best of our knowledge, this study represents one of
the most extensive assessments of retrospective obtained
data to identify a synergistic effect of RT on response
to anti-PD-1 therapy in patients with advanced primary
HCC. We obtained primary evidence on the superiority
of RT-PD1 over anti-PD-1 therapy in terms of OS, PFS,
and tumor response in the treatment of HCC without an

increase in toxic effects caused by both RT and related
immunotherapies. The credibility of these results was
provided by PSM analysis that simulated randomization of
a prospective study and reduced potential biases associated
with confounding variables in study design.

RT synergistically enhances the antitumor effect of
immunotherapy via multiple potential mechanisms, such
as increasing the visibility of tumor antigens, attracting
leukocytes into the tumor tissue, and modulating the
tumor microenvironment.['>»1627281 Thus, combining
immunotherapy and radiotherapy is being considered as
a possible way of improving clinical benefits in patients
who are not responding or have become resistant to
immunotherapy. Recent clinical studies suggested that
combining pembrolizumab and radiotherapy improved
the responses and outcomes of metastatic non-small-cell
lung cancer.!””! However, combination strategy is still
under preclinical and clinical development for patients
with liver cancer.® We demonstrated that combining
RT with PD-L1 blockade results in a better response in
preclinical liver tumors.l'”) An important concept in this
regard is the abscopal effect, which is reflected to generate
a systemic antitumor immune response at unirradiated
out-of-field lesions.’% It is thought that RT increases
systemic antigen release from tumor tissue, enhancing
antigen recognition by antigen-presenting cells, thereby
subsequently presenting antigens to T cells as a result
(CD8* cytotoxic T lymphocytes in particular). Activation
of the above cells triggers both local and systemic anti-
tumor immune responses. In addition, sublethal doses of
RT have been demonstrated to attract T cells to tumors by
modulating their microenvironment, while low-dose RT
decreases the immunosuppressive cell signaling induced

by high doses.!32-34

The use of RT for local control is imperative as the out-
of-field lesion can be better controlled with improved
systemic therapy.l®"! The present analysis mainly included
irradiated intrahepatic lesions and indicated the abscopal
effect was induced at a much higher frequency with the
inclusion of RT. Of the patients with metastatic disease,
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Table 4: Prognostic factors affecting 0S of patients using univariable and multivariable analyses before and after PSM.

Before matching After matching
Univariable Multivariable Univariable Multivariable

Variable HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value
Sex

Female 1 (ref) 1 (ref)

Male 1.120 0.635-1.976 0.696 1.180 0.638-2.181 0.598
Age

<50 years 1 (ref) 1 (ref) 1 (ref) 1 (ref)

>50 years 1.855 1.23-2.797 0.003 2.016 1.239-3.281 0.005 2.193 1.397-3.444 0.001 2.385 1.379-4.123 0.002
HBsAg

Negative 1 (ref) 1 (ref) 1 (ref)

Positive 1.525 0.902-2.579 0.116 2.093 1.132-3.873 0.019 1.533 0.781-3.012 0.215
Child-Pugh grade

A 1 (ref) 1 (ref) 1 (ref) 1 (ref)

B 3.308  2.133-5.13 <0.001 2.784 1.499-5.172 0.001 2.876 1.763-4.694 0.001 2.402 1.259-4.580 0.008
ECOG performance status

0 1 (ref) 1 (ref) 1 (ref) 1 (ref)

1 4.019 1.753-9.216 0.001  2.01 0.823-4.91 0.126 2.738 1.106-6.783 0.029 1.676 0.614-4.572 0.313
ALBI

1 1 (ref) 0.001 1 (ref) 1 (ref) 0.020 1 (ref) 0.353

2 2115 1.412-3.168 <0.001 0.906 0.521-1.579 0.729 1.581 1.016-2.461 0.042 0.984 0.585-1.657 0.953

3 3.901 0.935-16.272 0.062 1.584 0.314-8.002 0.578 5.086 1.211-21.356 0.026 3.152 0.573-17.335 0.187
NLR 1.032 1.008-1.056 0.009 1.008 0.982-1.036 0.541 1.028 1.003-1.054 0.028 1.008 0.981-1.036 0.577
Extrahepatic metastasis

Without 1 (ref) 1 (ref)

With 1.474 0.934-2.327 0.096 1.281 0.772-2.128 0.338
Macroscopic vascular invasion

Without 1 (ref) 1 (ref) 1 (ref) 1 (ref)

With 2.099 1.394-3.162 <0.001 1.338 0.808-2.217 0.257 1.810 1.159-2.827 0.009 1.400 0.800-2.450 0.238
Tumor size

<50 mm 1 (ref) 1 (ref) 1 (ref) 1 (ref)

>50 mm 1.942 1.297-2.906 0.001 1.354 0.860-2.130 0.190 1.907 1.224-2.969 0.004 1.386 0.832-2.311 0.210
Tumor number

<4 1 (ref) 1 (ref) 1 (ref)

>4 3.175  2.092-4.819 <0.001 1.439 0.912-2.269 0.118 0.692 0.434-1.105 0.123
AFP

<400 ng/mL 1 (ref) 1 (ref) 1 (ref) 1 (ref)

>400 ng/mL.  1.888 1.259-2.831 0.002 1.036 0.646-1.662 0.882 1.731 1.113-2.692 0.015 1.010 0.587-1.740 0.970
Treatment

PD1 1 (ref) 1 (ref) 1 (ref) 1 (ref)

RT + PD1 0.517 0.345-0.776 0.001 0.607 0.379-0.971 0.037 0.585 0.373-0.917 0.019 0.595 0.359-0.983 0.043
Targeted therapy

Without 1 (ref) 1 (ref)

With 1.186 0.754-1.866 0.459 1.054 0.635-1.751 0.838

AFP: Alpha fetoprotein; ALBI: Albumin-bilirubin; CI: Confidence interval; ECOG, Eastern Cooperative Oncology Group; HR: Hazard ratio; HBsAg:
Hepatitis B surface antigen; NLR: Neutrophil-to-lymphocyte ratio; OS: Overall survival; PD1: Anti-programmed death receptor-1 inhibitor; PSM:

Propensity score matching; RT: Radiotherapy.

>50% (44 out of 66 patients evaluated) treated with
RT-PD1 in the present study developed the best out-of-
field control response [Supplementary Table 3, http://links.
Iww.com/CM9/B995]. We also looked at the out-of-field
control response rate to each RT modality. The out-of-field
control response rates were 73.9% for SBRT and 48.8%
for TOMO-IMRT (P = 0.05). Consistent with previous
reports,333¢! patients treated with SBRT-PD1 had better
survival outcomes compared with patients treated with
TOMO-IMRT-PD1. These results indicate that combined

anti-PD-1 with SBRT is more likely to elicit an abscopal
immune effect of non-target radiotherapy, while improved
clinical outcomes with lower tumor burden.

Furthermore, the levels of tumor-specific T cells increased
during and after radiotherapy, as described in a previous
study.3”! The interval of ICIs after RT is the focus of
investigation in this field. Therefore, we also included
patients who received anti-PD-1 therapy shortly after RT
(<60 days) to minimize the delay of systemic treatment
that may have increased the susceptibility of their immune
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Table 5: Treatment-related AEs Summary before and after PSM.

Before PSM After PSM
RT + PD1 (n = 95) PD1 (n=77) Pvalue RT + PD1 (n=T71) PD1 (n=T71) Pvalue

AE Any grade Grade 3-4 Any grade Grade 3-4 Any grade Grade 3—4 Any grade Grade 3-4 Any grade Grade 3—-4 Any grade Grade 3-4
Decreased appetite 18 (18.9) 0(0) 18(23.4) 0(0) 0.478 - 16 (22.5) 0(0) 4(19.7) 0(0) 0.299 -
Fever 2(12.6) 1(1.1) 10(13) 0(0) 0.945 0.572  9(12.7) 1(1.4) 8 (11.3) 0 (0) 0.475 0.572
Diarrhea 8 (8.4) 0(0) 6 (7.8) 0(0) 0.881 - 4 (5.6) 0(0) 2 (2.8) 0(0) 0.496 -
Fatigue 26 (27.4) 0(0) 21(27.3) 0(0) 0.989 - 8§(25.4) 0(0) 6(22.5) 01(0) 0.285 -
Nausea 15(15.8) 0(0) 14(18.2) 0(0) 0.677 - 1(15.5) 0¢(0) 2(16.9) 01(0) 0.751 -
Myalgia 7(7.4) 0 (0) 3(3.9) 0(0) 0.522 - 2 (2.8) 0 (0) 3(4.2) 0 (0) 0.811 -
Thrombocytopenia 7(74) 1(1.1) S5(6.5) 2(2.6) 0.823 0.854 4(5.6) 1(1.4) 5(7) 0(0) 0.746 0.572
Leukopenia 4(4.2) 0(0) 3(3.9) 0(0) 0.776 - 2 (2.8) 0(0) 0(0) 0(0) 0.199 -
Hepatitis 7(74) 2(2.1) S5(6.5) 2(2.6) 0.823 0.832 2(2.8) 2(2.8) 5(7) 2 (2.8) 0.623 0.832
Hypothyroidism 7(7.4) 0(0) 7(9.1) 0 (0) 0.681 - 5(7) 0(0) 2 (2.8) 0(0) 0.289 -
Myocarditis 8(8.4) 2(2.1) 6(7.8) 2(2.6) 0.880 0.832 5(7) 2(2.8) 2(2.8) 2(2.8) 0.289 0.832
Pneumonitis 12(12.6) 0(0) 9(11.7) 0(0)  0.851 - 9(127) 0(0) 7(9.9 0(0)  0.332 -
Rash 17 (17.9) 4 (4.2) 14(18.2) 4(5.2) 0.961 0.953 10(14.1) 2(2.8) 7(9.9) 3(4.2) 0.220 0.811
Hypoadrenocorticism 2 (2.1)  1(1.1) 2(2.6) 0(0)  0.831 0572 1(1.4) 1(1.4) 2(2.8) 0(0) 0854 0.572
Data are expressed as 72 (%). AE: Adverse event; PD1: Anti-programmed death receptor-1 inhibitor; PSM: Propensity score matching; RT: Radiotherapy.

systems to T-cell penetration and activation. Previous
studies have shown a survival advantage for patients
with brain metastasis of melanoma who received SBRT
with synchronized ICIs compared with non-synchronized
ICIs.3% The PACIFIC trial also revealed that the adminis-
tration of durvalumab within 14 days after simultaneous
chemoradiotherapy significantly improved the OS benefit
in multivariate analysis.**! Similarly, our study found that
the median PFS and OS were higher in the time interval
between RT and anti-PD-1 therapy within 7 days than
after 7 days. Based on the above results, it is suggested that
concurrent therapy is achieved robust anti-tumor and a
significant survival benefit than non-synchronized therapy.

The optimal radiation dose and fractionation regimens
for stimulating a systemic antitumor immune response
remain unclear. Intriguingly, our subgroup analyses indi-
cated that RT-PD1 with the largest fraction size >5 Gy
significantly prolonged OS and PFS compared with the
largest fraction size <5 Gy [Supplementary Figure 2,
http:/links.lww.com/CM9/B995]. Two patients showed a
CR assessed by the RECIST after receiving >5 Gy RT in
6 fractions with anti-PD-1 therapy. Moreover, the responses
were durable-both patients remained disease-free for 13.0
and 4.3 months and were still alive at 24.2 months and
29 months of follow-up, respectively. Our findings are
consistent with those of preclinical studies, and many lines
of evidence in vivo suggest that the immune-modulating
effects of hypofractionated RT are more pronounced
than single-dose RT, leading to a better systemic
response.?*+40-42I However, we could not further perform
PSM by the radiation dose and fractionation due to the
low sample size. This observation remains striking and
warrants further clinical investigation.

In the present study, the most frequent AEs associated
with RT plus anti-PD-1 therapy were fatigue, decreased
appetite, rash, fever, and nausea. A majority of the patients
in the present study experienced grade 1-2 immune-

mediated AEs. The above-mentioned AEs were reversible
and manageable; and, the incidences of treatment-re-
lated toxic effects had no significant difference in both
cohorts. Safety measures showed a good profile consistent
with findings of previous studies on RT plus anti-PD-1
therapy. 1243471

Our analysis is limited by its retrospective nature, though
PSM was used to mitigate potential biases associated with
the study design. Second, there was heterogeneity in the
study population that included patients who received
radiotherapy at different times during the disease course.
Third, the standard of dose fractionation regimen, target
volume, and role of PD-L1 remained to be explored.

In conclusion, the study demonstrates that RT-PD1 ther-
apy may improve PFS by activating systemic antitumor
immune responses. Collectively supporting the combi-
nation therapy is associated with superior OS outcomes.
Coupled with the absence of increased toxic effects, it
further accentuates the potential clinical significance of
the RT-PD1 therapy approach. A prospective randomized
trial is currently underway to validate these results (Clini-
calTrials.gov identifier: NCT03857815).
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