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ARTICLE INFO ABSTRACT

Keywords: Background and purpose: To evaluate the efficiency and safety of immunotherapy combined with or without
Immunotherapy radiotherapy (RT) for metastatic or recurrent esophageal squamous cell carcinoma (ESCC).
Radiotherapy

Methods: We retrospectively reviewed data of 127 patients with metastatic or recurrent ESCC, who received
immunotherapy with or without RT at Tianjin Medical University Cancer Institute between 2017 and 2021.
Results: The median follow-up time was 15.7 months (95 % confidence interval (CI): 12.42-18.99). The median
PFS of the RT and NRT groups was 5.45 months (95 % CI: 2.89-8.28) and 4.60 months (95 % CI: 3.75-7.06),
respectively (P = 0.660). The median OS was 11.9 (95 % CI: 8.61-19.2) and 10.3 (95 % CI: 7.56-15.8) months,
respectively (P = 0.890). The median PFS of locoregional recurrence patients in the RT and NRT groups was
11.27 months (95 % CIL: 2.45-20.09) and 4.17 months (95 % CI: 2.64-5.71), respectively (P = 0.081). The
median OS of locoregional recurrent patients in the RT and NRT groups was 19.48 months (95 % CI: 8.37-30.60)
and 7.69 months (95 % CI: 3.45-11.93), respectively (P = 0.026). 64 % of patients in the RT group and 30 % of
patients in the NRT group experienced an improvement in dysphagia (P = 0.033). No significant increase in
treatment-related toxicity was observed in the RT group compared with the NRT group, except for some he-
matological complications.

Conclusions: Locoregional recurrent patients gained survival benefits from immunotherapy combined with RT.
The combination of immunotherapy and RT was safe in metastatic/recurrent ESCC patients. RT for the esoph-
agus leads to the improvement of dysphagia compared to immunotherapy alone.

Esophageal squamous cell carcinoma
Progression-free survival
Overall survival

Introduction

Esophageal cancer is an aggressive disease. Almost half of the pa-
tients had metastatic disease at the time of diagnosis, and the majority of
patients treated with curative intent developed locoregional or distant
metastases [1]. For those patients, pembrolizumab was recommended
for the first-line treatment in combination with fluoropyrimidine plus
platinum-based chemotherapy, the second-line treatment as a single
agent, and maintenance treatment after the first-line treatment [2].

In metastatic or recurrent ESCC, RT is frequently used for the relief of
symptoms, such as pain, dysphagia, dyspnea, and tumor bleeding [3].
Results of several preclinical and clinical studies have suggested that RT
can enhance the systemic antitumor immune response through multiple

mechanisms. For example, RT leads to cell death and subsequent release
of antigens and pro-inflammatory mediators called damage-associated
molecular patterns (DAMPs), which can trigger the recruitment and
activation of antigen-presenting cells (APC) and initiate tumor antigen-
specific T cell responses [4]. Combined radiation and immunotherapy
have gained survival benefits in various cancers including locally
advanced ESCC [5-7]. However, the efficacy of this strategy in meta-
static or recurrent esophageal cancer patients remains unclear.

In advanced ESCC patients, dysphagia is the most common
complaint, which may lead to nutritional compromise and deterioration
of quality of life [8]. EBRT has been an effective method of palliation of
dysphagia and carries the advantage of being a non-invasive procedure.
Chemotherapy alone takes several weeks to achieve symptom relief, and
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patients in poor general condition are not fit enough to undergo effective
chemotherapy [9]. Nowadays, with immunotherapy being widely used
in advanced ESCC patients, we’d like to know the effect of immuno-
therapy combined with or without RT on dysphagia relief.

We therefore did a real-world study to investigate whether adding RT
to immunotherapy could improve the prognoses and palliation of
dysphagia, and the safety in patients with metastatic or recurrent ESCC.

Materials and methods
Patients

The medical records of metastatic/recurrent ESCC patients treated
with immunotherapy with or without RT at Tianjin Medical University
Caner Institute between January 2017 and July 2021 were screened.
The inclusion criteria for this study were as follows: (1) histological
diagnosis of ESCC, (2) diagnosis with metastatic or recurrent disease, (3)
treatment with immunotherapy with or without RT, and (4) Karnofsky
performance status > 70. Patients with other malignancy histories, and/
or serious heart, liver, lung, kidney, or blood system diseases were
excluded.

Metastatic disease was defined as non-regional lymph node metas-
tases and any distant organ metastases. The recurrent disease after
definitive chemoradiotherapy, surgery-based comprehensive therapy,
or chemotherapy includes both locoregional and distant recurrence.
Tumor staging was performed according to the 8th edition of the In-
ternational Union against Cancer (UICC) TNM classification. The study
was approved by the Ethics Committee of Tianjin Medical University
Cancer Institute and Hospital.

Treatments
Radiotherapy

A total of 48 RT courses were delivered to 40 patients: 21 palliatives
(dose 30-48 Gy in 10-24 fractions), 4 ablatives (36-50 Gy in 4-6 frac-
tions), and 23 conventional radical doses (dose: 50-60 Gy in 25-33
fractions; mostly as initial treatment in locally advanced setting). The
median equivalent dose in 2 Gy fractions (EQD2) was 56 Gy (range:
32.5-93.75 Gy) using the linear-quadratic model with a/b =10 Gy. And
all patients received involved field radiation rather than extended field
radiation.

Immunotherapy

The anti-PD-1 antibodies used as systemic immunotherapy included
pembrolizumab, nivolumab, camrelizumab, sintilimab, and tislelizu-
mab. A median (range) of 4 (1-21) and 4(1-35) cycles of anti-PD-1
antibodies were administered in the RT and NRT groups, respectively
(P = 0.830).

As for the sequence of immunotherapy and radiotherapy, both syn-
chronous and sequential treatment were included in our study. In fact, 8
patients received synchronous treatment without interruption of
immunotherapy during radiotherapy, and the other 32 patients received
sequential treatment with radiotherapy before or after immunotherapy.

Chemotherapy

77.0 % of patients in the NRT group and 87.5 % of patients in the RT
group received systemic chemotherapy consisted of docetaxel, taxane,
platinum, fluoropyrimidine or irinotecan.

Follow up

Patients attended regularly scheduled follow-up physical examina-
tions, blood tests, chest and abdominal CT scans, barium
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esophagography, and ultrasonography at 6-weeks intervals for the first
two years, every 6 months for the next three years, then annually. All
patients were followed up by telephone or clinical visits.

Statistical methods

The primary endpoints of this study were OS and PFS. OS was
defined as the time from the start of immunotherapy to the date of death
or last follow-up. PFS was defined as the time from the start of immu-
notherapy to the date of the first documented disease progression, death,
or last contact (whichever occurred first). The second endpoint was the
improvement of dysphagia and the safety of immunotherapy with or
without radiotherapy in the metastatic/recurrent ESCC. Dysphagia relief
rate in the metastatic or recurrent patients was defined as the number of
patients with complete or partial dysphagia relief as a percentage of the
total number of patients with dysphagia after the initiation of
immunotherapy.

The Immune-related Response Criteria (irRC) was used to determine
the response and progression after the initiation of immunotherapy
[10]. Adervse effects (AEs) were graded according to National Cancer
Institute Common Terminology Criteria for Adverse Events, version 4.03
(NCI CTCAE v4.03).

¥2 or Fisher’s exact test was used to analyze differences in categorical
variables and the Mann-Whitney U test for differences in continuous
variables. Survival analysis was performed using the Kaplan-Meier
approach with a log-rank test and the median follow-up was calcu-
lated using the reverse Kaplan-Meier approach. The univariate and
multivariate analyses were performed using the Cox proportional hazard
regression model. Variables with a P < 0.25 in the univariate analyses
were subjected to multivariate analyses. All statistical analyses were
conducted using GraphPad Prism V.9.3.0 (GraphPad Software, San
Diego, California, USA, https://www.graphpad.com) or R V.4.1.2 (The
R Foundation for Statistical Computing, https://www.R-project.org).
And P value < 0.05 was statistically significant.

Results

A total of 127 patients with metastatic/recurrent ESCC who met the
inclusion criteria were included in the study. As of March 13, 2022, the
median follow-up time was 15.7 months (95 % CI:12.42-18.99). The
patient’s characteristics are detailed in Table 1. 35.4 % (45/127) pa-
tients presented with metastatic disease at diagnosis, and others showed
recurrent disease. There were 6.7 % (3/45) patients with distant lymph
nodes metastasis in the chest wall or axillary in the primary metastatic
patients, and 93.3 % (42/45) patients had metastatic lesions involving
one or more organs. We grouped the total patients into two groups ac-
cording to whether they received RT or not (RT and NRT group). The RT
group included 31.5 % (40/127) patients who received immunotherapy
combined with RT. The NRT group included 68.5 % (87/127) patients
who received immunotherapy but not RT. The clinical characteristics
were well balanced between the two groups except for the lines of
immunotherapy (P = 0.011) (Supplement Table 1).

For the entire cohort, the median PFS was 4.67 months (95 % CI:
3.84-7.06) (Supplement Fig. 1A) and the median OS was 11.30 months
(95 % CI: 8.71-13.90) (Supplement Fig. 1B). Univariate analysis showed
using immunotherapy as first-line therapy was positively associated
with PFS and OS. Consistantly, multivariate analysis revealed that using
immunotherapy as first-line therapy independently predicted better PFS
and OS (Table 2).

Progression events occurred in 90.0 % (36/40) patients in the RT
group and 79.3 % (69/87) patients in the NRT group. The sites of pro-
gression in the RT and NRT groups were shown in Supplement Fig. 2.
The proportion of progression in locoregional sites was slightly lower in
the RT group compared with that in the NRT group (33.3 % vs 44.5 %),
despite without significant difference (P = 0.282). Median PFS was 5.45
months (95 % CI: 2.89-8.28) in the RT group versus 4.60 months (95 %
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Table 1
Clinical characteristics of all patients.

Characteristics No. of patients (%)
n 127

Age (median [IQR]) 59.0 [55.0, 65.0]
Sex

Female 9.4 % (12/127)
Male 90.6 % (115/127)
Drinking history

No 20.5 % (26/127)
Yes 70.9 % (90/127)
Unknown 8.6 % (11/127)
Clinical T Stage

T1-T3 79.5 % (101/127)
T4 20.5 % (26/127)
Clinical N Stage

NO-N2 80.3 % (102/127)
N3 19.7 % (25/127)
Cancer type

Primary metastatic disease
Recurrent disease
Treatment type

35.4 % (45/127)
64.6 % (82/127)

RT 31.5 % (40/127)
NRT 68.5 % (87/127)
Lines of immunotherapy

1 70.9 % (90/127)
>2 29.1 % (37/127)
Site of metastases or recurrence

Distant 69.3 % (88/127)
Locoregional 30.7 % (39/127)
No. of involved organs

0 33.1 % (42/127)
1 51.2 % (65/127)
>2 15.7 % (20/127)

Site of metastases(PMD)

Lung only 17.8% (8/45)
Liver only 44.4% (20/45)
Bone only 4.4% (2/45)

Other single organ
Two or more organs
Distant lymph node
Site of progression(RD)

4.4% (2/45)
22.2% (10/45)
6.7% (3/45)

Locoregional 47.6% (39/82)
Distant 9.8% (8/82)
Both 42.7% (35/82)
Irradiated tumour site

Locoregional 17

Lymph node 17

Bone 9

Chest wall 3

Adrenal gland 3

IQR- Interquartile range, RT- Radiotherapy, NRT- Non-radiotherapy, PMD-
Primary metastatic disease, RD- Recurrent disease.

CIL: 3.75-7.06) in the NRT group (P = 0.660) (Fig. 1A). The 12- and 24-
month PFS rate was 21.7 % (95 %CI: 22.5 %-53.1 %), 7.2 % (95 % CIL:
5.7 %-31.6 %) in the RT group, respectively, and 24.8 % (95 % CI: 17.1
%-35.9 %) and17.4 % (95 % CI: 10.0 %-30.2 %) in the NRT group,
respectively.

Death events occurred in 67.5 % (27/40) patients in the RT group
and 62.1 % (54/87) patients in the NRT group. Median OS was 11.9
months (95 % CI: 8.61-19.2) in the RT group versus 10.3 months (95 %
CI: 7.56-15.8) in the NRT group (P = 0.890) (Fig. 1B). The 12- and 24-
month OS rate was 49.2 % (95 % CI: 50.0 %-80.9 %), 20.6 % (95 % CI:
11.0 %-47.7 %) in the RT group, respectively, and 48.7 % (95 % CI: 39.0
%%-60.9 %), 23.6 % (95 % CL: 14.0 %-39.9 %) in the NRT group,
respectively.

We then performed exploratory subgroup analysis between the RT
and NRT group. In the subgroup analysis of PFS, no subgroup patients
benefitted from the combination of immunotherapy and RT (Fig. 2A). In
the subgroup analyses of OS, patients with locoregional recurrence (HR:
0.34, P = 0-033), and those without distant organ metastasis (HR: 0.33,
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P = 0.026) had significantly prolonged OS in the RT group (Fig. 2B).

We did a survival analysis for patients with locoregional recurrence.
The median PFS were 11.27 months (95 % CI: 2.45-20.09) and 4.17
months (95 % CI: 2.64-5.71) in the RT and NRT group (Fig. 3A). The
median OS were 19.48 months (95 % CI: 8.37-30.60) and 7.69 months
(95 % CI: 3.45-11.93) in the RT and NRT group (Fig. 3B).

To investigate the impact of different RT timing on patients’ prog-
nosis, we subdivided patients into three groups: Group A-patients with
RT within 90 days prior to or after ICI use, Group B-patients with RT
outside 90 days prior to or after ICI use, and Group C-patients without
RT. Results showed that patients in Group A had a significant longer PFS
(median PFS: 7.43 months vs 2.76 months; P (Group A vs Group B) = 0.033)
(Supplement Fig. 3A) and OS (median OS: 13.24 months vs 7.85 months;
P (Group A vs Group B) = 0.049) (Supplement Fig. 3B) than patients in Group
B. The median PFS and OS in Group C was 4.60 months and 10.32
months, respectively. And there was no significant difference in PFS and
OS between Group C and other groups.

87 % (39/45) of patients with primary metastatic disease at diag-
nosis and 52 % (14/27) of local recurrence patients complained of
dysphagia. The grade of dysphagia was determined by the dysphagia
score shown in Supplement Table 2. Of these 53 patients who had
dysphagia, 12 patients were not assessable for dysphagia relief due to
missing data, nasogastric tube insertion or esophagectomy after immu-
notherapy, leaving 41 patients assessable to analysis. The clinical
characteristics in patients with dysphagia were well balanced between
the RT and NRT groups (Supplement Table 3). In the RT group, 78.6 % of
patients (11/14) received radical RT (dose 50.4-60 Gy in 28-30 frac-
tions), and 21.4 % of patients (3/14) received palliative radiation (dose
39.6-46 Gy in 22-23 fractions). The median (range) cycle of anti-PD-1
antibodies administered in the RT and NRT groups was 4 (2-14) and 4
(1-21), respectively (P = 0.758). The median (range) cycle of chemo-
therapy administered in the RT and NRT groups was 4 (1-10) and 4
(1-16), respectively (P = 0.986).

64 % (9/14) patients in the RT group and 30 % (8/27) patients in the
NRT group achieved dysphagia relief (P = 0.033). 36 % (5/14) patients
in the RT group and 55 % (15/27) patients in the NRT group had no
change in the dysphagia score. 15 % (4/27) patients in the NRT group
developed worse dysphagia, but no one did in the RT group. There were
3 patients who had a relapse of dysphagia in the NRT group and no one
in the RT group by the end of the last follow-up time.

In terms of treatment-related toxicities of patients with dysphagia,
the incidence of thrombocytopenia (71 % vs 30 %; P = 0.026) and
lymphopenia (93 % vs 52 %; P = 0.023) were higher in the RT group
than that in the NRT group (Supplement Table 4). As for AEs associated
with RT, there was 1 patient having an interruption of treatment after
receiving 46 Gy radiation due to the risk of esophageal fistula, 3 patients
experienced 2-grade radiation esophagitis, and 1 patient had late
esophagus stricture in the RT group.

The most common AEs in the entire corhort reported were hemato-
logical complications (anemia, leukopenia, thrombocytopenia, and
lymphopenia) and nausea. The incidence of anemia (80 % vs 48 %; P =
0.002), leukopenia (65 % vs 36 %; P = 0.004), thrombocytopenia (60 %
vs 33 %; P = 0.008), and lymphopenia (95 % vs 52 %; P < 0.001) was
higher in the RT group than that in the NRT group. Rates of grade 3 or
higher neutrophilic granulopenia (28 % vs 11 %; P = 0.046) and lym-
phopenia (60 % vs 25 %; P < 0.001) were higher in the RT group versus
the NRT group. 8 % and 5 % of patients had pneumonitis in the RT group
and NRT group, the difference was not statistically significant (P =
0.805) (Table 3), and there was only one patient who developed grade 3
pneumonitis in the RT group. The majority of toxicities were grade 1 to
2. No grade 5 toxicity was recorded.

We also investigated the AEs of patients with RT within 90 days and
outside 90 days prior to or after ICI use in the RT group, the results
showed that there were no differences between the two groups for all-
grade and grade 3 or higher AEs (Supplement Table 5). Considering
the effect of different radiation doses on safety, we explored the AEs
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Univariable and multivariable analysis of covariables associated with progression-free survival and overall survival in all patients.

Progression-free survival (n = 127)
Univariate analysis

Multivariate analysis

Overall survival (n = 127)

Univariate analysis Multivariate analysis

Characteristics HR (CI95) P HR (CI95) P HR (CI95) HR (CI95) HR (CI95) P
Age years
>60 vs < 60 0.89 0.538 0.88 0.574
(0.6-1.3) (0.57-1.37)
Sex
Female vs male 1.13 0.714 0.92 0.836
(0.59-2.18) (0.4-2.11)
Drinking history
No vs yes 1.00 0.992 0.95 0.866
(0.61-1.64) (0.53-1.69)
Clinical T Stage
T1-T3 vs T4 0.69 0.112 0.74 0.205 0.51 0.009 0.53 0.018
(0.43-1.09) (0.46-1.18) (0.3-0.84) (0.32-0.90)
Clinical N Stage
NO-N2 vs N3 0.72 0.163 0.76 0.243 0.62 0.072 0.66 0.114
(0.45-1.14) (0.48-1.21) (0.37-1.04) (0.39-1.11)
Cancer type
PMD vs RD 0.87 0.510 0.81 0.382
(0.58-1.31) (0.51-1.3)
Lines of immunotherapy
lvs>2 0.55 0.005 0.58 0.010 0.56 0.014 0.61 0.034
(0.37-0.83) (0.38-0.88) (0.36-0.89) (0.38-0.96)
Site of metastases or recurrence
Locoregional vs distant 0.99 0.977 1.15 0.569
(0.66-1.5) (0.72-1.83)
No. of involved organs
Ovs>2 1.20 0.546 1.56 0.213 1.38 0.372
(0.66-2.18) (0.78-3.12) (0.68 - 2.79)
lvs>2 1.17 0.581 1.36 0.367 1.15 0.690
(0.66-2.08) (0.69-2.68) (0.58-2.29)
Treatment type
RT vs NRT 1.10 0.656 0.97 0.894
(0.73-1.64) (0.61-1.54)
PMD- Primary metastatic disease, RD- Recurrent disease, RT-Radiotherapy.
A B
z 1.00 1.00
= == RT:5.45 (95% CI: 2.89-8.28)mo = RT:11.9 (95% CI: 8.61-19.2mo
2 >
3 == NRT:4.60 (95% CI: 3.75-7.06)mo | == NRT:10.3 (95% CI: 7.56-15.8)mo
2 075 < 075
= 2
i
5
g 050 Z 0.50
L 1=
£ %
£ o2 T 025
z :
2 )
g
A 0.00 0.00
0 10 20 30 40 50 0 10 20 30 40 50
Time (months) Time (months)
3 Number at risk g Number at risk
£ RT {87 18 5 3 1 1 £ RT |87 35 7 3 1 1
‘:E, NRT 1 40 8 2 2 0 0 g NRT { 40 19 4 2 1 0
& 0 10 20 30 40 50 = 0 10 20 30 40 50

Time (months)

Time (months)

Fig. 1. Progression-free survival (A) and overall survival (B) for all patients in RT and NRT groups.

between palliative doses group (14 patients received palliative radio-
therapy only) and radical doses group (23 patients received radical
radiotherapy with or without palliative or stereotactic ablative radio-
therapy), 3 patients who received stereotactic ablative radiotherapy
only were not analyzed. The results showed only vomiting and cough
were higher in the palliative doses group (Supplement Table 6). We also
analyzed the AEs of different irradiated sites, and patients were divided
into three groups: Group 1-patients who only received locoregional
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radiation, Group 2-patients who received radiation only to lymph nodes,
and Group 3-patients who received radiation to distant organs or mul-
tiple sites. It turned out that the AEs were evenly distributed in the three
groups (Supplement Table 7).

Discussion and conclusions

To the best of our knowledge, this retrospective study is the first
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A Characteristics No. of Events HR (95%CIl) P Value
i INo.ofPatients
All parents 105/127 1.1(0.73-1.64) 0.656
Age years

<60 58/70 0.95 (0.56-1.61) 0.847

260 47/57 —o— 1.21 (0.65-2.27) 0.543
Sex

Male 95/115 I:t:l 1.09 (0.72-1.68) 0.677

Female 10/12 1.09 (0.3-3.91) 0.896
Drinking history

Yes 74/90 H-o— 1.36 (0.83-2.24) 0.227

No 21/26 —o—— 0.64 (0.24-1.69) 0.366
Clinical T Stage

T1-T3 82/101 Ho— 1.25(0.8-1.94) 0.334

T4 23/26 —o—— 0.65 (0.22-1.95) 0.446
Clinical N Stage

NO-N2 82/102 H-— 1.31 (0.83-2.09) 0.245

N3 23/25 Ho— 0.45 (0.19-1.07) 0.073
Cancer presentation

Primary metastatic disease 36/45 H—@&—— 1 1.71(0.86-3.4) 0.127

Recurrent disease 69/82 o 0.85(0.51-1.4) 0.512
Lines of immunotherapy

1 70/90 —p— 1.07 (0.63-1.8) 0.801

22 35/37 —o— 0.81 (0.41-1.61) 0.552
Site of metastases or progression

Locoregional 36/42 o— 0.5(0.22-1.11) 0.088

Distant 69/85 —— 1.5(0.93-2.41) 0.094
No. of involved organs

0 36/42 HO— 0.47 (0.21-1.05) 0.065

1 53/65 H——— 1.5(0.85-2.65) 0.161

>2 16/20 FH——@——> 2.04 (0.76-5.5) 0.158

T 1 T
0051 3.5

B HR<1 means 'With RT" better
Characteristics No. of Events HR (95%Cl) P Value
i INo. of Patients
All parents 81/127 o— 0.97 (0.61-1.54) 0.894
Age years

<60 45/70 o+— 0.77 (0.41-1.44) 0.419

260 36/57 —ro— 1.23 (0.6-2.52) 0.566
Sex

Male 75/115 e— 0.91 (0.56-1.48) 0.704

Female 10/12 —T———®—>261(0.43-15.92) 0.299
Drinking history

Yes 58/90 —o— 1.17 (0.66-2.07) 0.582

No 15/26 Ho— 0.57 (0.18-1.84) 0.346
Clinical T Stage

T1-T3 61/101 —Ho— 1.13 (0.68-1.89) 0.641

T4 20/26 —o— 0.61(0.18-2.13) 0.441
Clinical N Stage

NO-N2 62/102 —=o— 1.14 (0.67-1.94) 0.636

N3 19/25 Fo— 0.43 (0.16-1.1) 0.079
Cancer presentation

Primary metastatic disease 26/45 H——@&—— > 1.94 (0.87-4.35) 0.107

Recurrent disease 55/82 Ho— 0.67 (0.38-1.2) 0.177
Lines of immunotherapy

1 52/90 —— 1.05 (0.57-1.91) 0.886

22 29/37 o—+— 0.66 (0.31-1.42) 0.29
Site of metastases or progression

Locoregional 26/39 Ho— 0.34 (0.12-0.91) 0.033

Distant 52/82 H—o— 1.43 (0.83-2.46) 0.193
No. of involved organs

0 29/42 ro— 0.33(0.12-0.88) 0.026

1 40/65 FH—— 1.4 (0.72-2.69) 0.319

=2 12/20 H—0—> 2.46 (0.73-8.23) 0.145

T T
0051 3.5

HR<1 means 'With RT' better

Fig. 2. Forest plots show factors associated with progression-free survival (A) and overall survival (B) in all patients.
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AEs of all patients in the NRT and RT group.
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3. Progression-free survival (A) and overall survival (B) for patients with locoregional recurrence in RT and NRT groups.

All No. (%)

Grade > 3 No. (%)

RT NRT P-Value All patients (n = 127) RT NRT P-Value All patients (n = 127)
(n = 40) (n =87) (n = 40) (n=87)
Fatigue 5(13) 9(10) 0.956 14(11) 0(0) 2(2) 0.842 2(2)
Anorexia 8(20) 15(17) 0.899 23(18) 0(0) 1(1) 1.000 1(1)
Hypoalbuminemia 12(30) 22(25) 0.733 34(27) 0(0) 0(0) NA 0(0)
Nausea 17(43) 34(39) 0.865 51(40) 0(0) 2(2) 0.842 2(2)
Vomiting 11(28) 23(26) 1.000 34(27) 0(0) 1(1) 1.000 1(1)
Diarrhea 3(8) 3(3) 0.583 6(5) 1(3) 0(0) 0.689 1(1)
Abdominal Pain 0(0) 2(2) 0.842 2(2) 0(0) 0(0) NA 0(0)
Radiation esophagitis 9(53) 9(7) 0(0) 0(0)
Hypothyroidism 2(5) 1(1) 0.485 3(2) 0(0) 0(0) NA 0(0)
Adrenal insufficiency 1(3) 2(2) 1.000 3(2) 0(0) 0(0) NA 0(0)
Hyperthyroidism 0(0) 1(1) 1.000 1(1) 0(0) 0(0) NA 0(0)
Anemia 32(80) 42(48) 0.002 74(58) 4(10) 4(5) 0.441 8(6)
Leukopenia 26(65) 31(36) 0.004 57(45) 3(8) 4(5) 0.805 7(6)
Neutrophilic granulopenia 19(48) 26(30) 0.084 45(35) 11(28) 10(11) 0.046 21(17)
Thrombocytopenia 24(60) 29(33) 0.008 53(42) 3(8) 1(1) 0.175 4(3)
Lymphopenia 38(95) 45(52) <0.001 83(65) 24(60) 22(25) <0.001 46(36)
Elevated liver enzymes 9(23) 18(21) 1.000 27(21) 2(5) 1) 0.485 3(2)
Blood creatinine increased 1(3) 3(3) 1.000 4(3) 0(0) 0(0) NA 0(0)
Hepatitis 0(0) 1(1) 1.000 1(1) 0(0) 1(1) 1.000 1(1)
Dyspnea 1(3) 2(2) 1.000 3(2) 0(0) 0(0) NA 0(0)
Cough 4(10) 9(10) 1.000 13(10) 0(0) 2(2) 0.842 2(2)
Hemoptysis 3(8) 3(3) 0.583 6(5) 0(0) 0(0) NA 0(0)
Pneumonitis 3(8) 4(5) 0.805 7(6) 1(3) 0(0) 0.689 1)
Pruritis 0(0) 1(1) 1.000 1(1) 0(0) 0(0) NA 0(0)
Rash 1(3) 1(1) 1.000 2(2) 0(0) 0(0) NA 0(0)
Cutaneous capillary hemangioma 0(0) 4(5) 0.406 4(3) 0(0) 0(0) NA 0(0)
Radiation dermatitis 1(3) 1(1) 0(0) 0(0)
Peripheral sensory neuropathy 2(5) 33) 1.000 5(4) 1(3) 0(0) 0.689 1(1)

large-scale study to demonstrate the efficacy of the combination of
immunotherapy and RT in patients with metastatic or recurrent ESCC.
The results revealed that there was no survival benefit in the RT group
for the entire cohort. However, patients with locoregional recurrence
had significantly improved OS with immunochemotherapy combined
with RT compared to immunochemotherapy. The combination of
immunochemotherapy and RT was safe and tolerable, despite a rela-
tively higher number of hematological AEs than the immunochemo-
therapy group.

Of the entire cohort in our study, the median PFS and OS were 4.67
and 11.30 months, respectively. The median PFS and OS of advanced
ESCC patients treated with immunochemotherapy were 6.3 and 12.6
months in the KEYNOTE-590 study, and 6.9 and 15.3 months in the
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ESCORT-1 s study [11-12]. The median PFS and OS of the patients who
received immunotherapy as the first-line therapy (70.9 %) in our study
were 6.90 (95 % CI: 5.23-8.57) and 13.24 (95 % CI: 10.83-15.65)
months, which was similar to the results of the KEYNOTE-590 study.
In our study, immunochemotherapy combined with RT significantly
prolonged OS in patients with locoregional recurrence compared with
immunochemotherapy. The OS of these patients in the RT group was
19.43 months. Several studies have been reported of locoregional
recurrent esophageal cancer treated with radiotherapy or chemo-
radiotherapy, with an OS of 7.0-24.3 months [13-19]. The OS in our
study was estimated from the initiation of immunotherapy not the start
of radiation or the date of relapse like the studies mentioned above, so
we recalculated the OS of locoregional recurrence patients in the RT
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group from the first date of radiation, and the results was 22.60 months
(95 % CI: 12.58-32.62), which was only inferior to the 24.3 months in
Kobayashi’s study (whose OS was also defined from the start of radio-
therapy) [15]. As Jeene et al. reported, patients with only lymphnode
recurrence had significantly longer survival than patients with recur-
rence at anastomosis. And patients with only lymphnode recurrence
treated with radiotherapy were 63.6 % in ours, which was relatively less
than the 73.8 % in Kobayashi’s study, which may explain the slightly
shorter OS in our study [19]. So it is imperative that large scale trials be
conducted to investigate the efficiency of immunotherapy combined
with local therapy in locoregional recurrent ESCC.

We invested the impact of different RT timing on the survival of all
patients, and it turned out that without increased AEs, patients with RT
within 90 days of ICI use had a significantly longer OS and PFS than
patients with RT outside 90 days of ICI use. So it would be necessary to
add RT within 3 months of ICI use to prolong the survival of metastatic/
recurrent ESCC patients.

Our study revealed that immunochemotherapy combined with RT
had greatly improved dysphagia compared to immunochemotherapy.
64 % of patients in the RT group had an improvement in dysphagia,
which was similar to some existing studies, of which 69 %-75 % of pa-
tients had dysphagia relief treated with palliative RT [20-22]. The
ESCORT study and the phase 3 ESCORT-1st study showed that camre-
lizumab combined with or without chemotherapy was associated with
statistically significant improvements in some health-related quality-of-
life metrics compared with chemotherapy [12,23]. However, neither of
these studies showed an advantage of immunotherapy in improving
dysphagia. This highlights the important role of RT in improving
dysphagia in advanced patients.

Natasja’s and Halla’s study revealed that the dysphagia relief rate
showed no difference in patients treated with 30-39 Gy in 10-13 frac-
tions and 20 Gy in 5 fractions [22,24]. But there was a long time to
second intervention and fewer re-interventions in the higher doses
group. A few early studies revealed that doses above 45 Gy were shown
to provide a longer duration of symptom relief [25-27]. With the sur-
vival being significantly prolonged in the era of immunotherapy, a more
aggressive but convenient RT strategy may be preferred to obtain a more
sustainable duration of response. While a definitive dose of radiation
may be inappropriate for advanced ESCC due to the AEs such as radia-
tion esophagitis, so the optimal radiation dose for palliation of
dysphagia needs further investigation.

The safety profile observed in our study was consistent with previous
published prospective ICI trials for patients with advanced ESCC
[28-29]. There was no increased toxicity with the addition of RT other
than some hematological complications. The esophagitis rate in the RT
group was similar to previous chemoradiotherapy combined with or
without immunotherapy trials for locally advanced ESCC [6,30-31].
The pneumonitis rate was low and tolerable in our study, which was
consistent with other studies for locally advanced ESCC patients treated
with immunotherapy with RT.

Our study has some limitations that should be addressed. Firstly, this
study was a retrospective single-center research, and more prospective
multi-center studies are needed for external validation. Secondly, an
inherent selection bias existed because of the retrospective design,
although the only variable that differed significantly was the lines of
immunotherapy between the RT and NRT groups. Thirdly, we didn’t
analyze the impact of the level of PD-L1 expression on survival due to
lacking detection of PD-L1 expression in most patients. Thus, further
well designed randomized studies are needed to investigate the subsets
of patients with metastatic or relapsed ESCC who would benefit from RT
combined with immunotherapy.

In conclusion, our study shows that RT combined with immuno-
therapy is effective for locoregional recurrent ESCC patients. Immuno-
therapy combined with RT was safe in metastatic or recurrent ESCC
patients. And adding local RT to immunotherapy was associated with
better resolution of dysphagia for metastatic or recurrent ESCC.
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