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Purpose: We assess real-world outcomes, including safety and efficacy, of concurrent or sequential treatment with radiotherapy plus 
programmed cell death protein 1 (PD-1) inhibitors in patients with oligometastatic esophageal cancer (OMEC).
Methods: This cohort study retrospectively collected clinical data of patients with synchronous or metachronous OMEC. All patients 
underwent concurrent or sequential treatment with radiotherapy plus PD-1 inhibitors. Each patient had up to five measurable metastatic 
lesions and up to three organs involved. Study endpoints were progression-free survival (PFS), treatment-related toxicities, locor-
egional progression-free survival (LRPFS), objective response rate (ORR), and disease control rate (DCR). Description statistics and 
Kaplan–Meier models were used for statistical analysis.
Results: A total of 86 patients were included, most of whom were diagnosed with squamous cell carcinoma histology (98%) and 
presented with synchronous OMEC (64%). The median follow-up period was 17 months (range: 6–32 months), the median PFS was 
15.2 months (95% confidence interval: 12.1–18.2 months); and the 1- and 2-year PFS rates were 61.4% and 26.7%, respectively. The 
1- and 2-year LRPFS were 91.3% and 57.3%, respectively. The ORR and DCR were 46.5% and 91.8%, respectively. Forty-two 
patients (48.8%) experienced grade 3 or higher treatment-related adverse events (TRAEs); a grade 5 treatment-related adverse event 
was observed in one patient (1.2%) who died of immune-related pneumonitis.
Conclusion: Combining radiotherapy with PD-1 inhibitors is a safe and effective treatment option for patients with OMEC. No new 
safety concerns were identified in this study. However, due to the potential risk of cumulative toxicity, an individual risk-benefit 
assessment for each patient is required prior to treatment initiation.
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Introduction
Esophageal cancer (EC) is the seventh most common type of cancer and the sixth-leading cause of cancer-related deaths 
worldwide.1 Overall, 33–50% of EC patients were diagnosed with distant metastases, and 20–50% of early or local 
advanced EC patients would inevitably develop distant metastasis after standard multimodal therapy.2 The outcome of 
metastatic EC patients was poor with the 5-year survival rate of less than 5%.3 Immune checkpoint inhibitors (ICI) have 
revolutionized treatment schemes across ESCC patients.4 In particular, PD-1 inhibitors in combination with chemother-
apy have been recommended as the standard treatment for metastatic EC patients.4–8

Oligometastatic disease (OMD) is an intermediate state between locally advanced and widespread metastatic disease, 
which was first introduced in 1995 by Hellman and Weichselbaum.9 OMD was generally defined as “up to five 
measurable metastatic lesions and up to three organs involved”,10–13 and was associated with a better prognosis 
compared to patients suffering polymetastatic disease.
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It should be noted that except for immunotherapy and chemotherapy, radiotherapy (RT) also plays an important role 
in the treatment of metastatic EC patients, especially oligometastatic esophageal cancer (OMEC).14–17 A recent Phase II 
randomized trial has shown that RT is associated with improved PFS and OS in OMEC patients compared to systemic 
chemotherapy alone.18 Our previous study also demonstrated the survival benefit from local RT of primary lesion for 
OMEC patients.19

Previous studies in the era of immunotherapy have demonstrated the synergistic effect of RT and immunotherapy by 
inducing the activation and recruitment of more antitumor effector immune cells, as well as the modulation of the tumor 
immune microenvironment.20–22 The combination of RT and ICIs has shown survival benefits in various cancers 
including locally advanced EC.23 Thus, we aimed to determine the efficacy and safety of concurrent or sequential RT 
combined with PD-1 inhibitors in OMEC.

Material and Methods
Patients
This study was approved by the Medical Ethics Committee of Shandong Cancer Hospital. Data were collected from 
patients who were treated at Shandong Cancer Hospital from October 2019 to December 2021. Due to the retrospective 
nature of this study, the requirement for patient informed consent was waived by the aforementioned committee 
(SDTHEC 2022012032). We retrospectively analyzed patients with OMEC who received radiotherapy and PD-1 
inhibitors. The inclusion criteria for this study were as follows: (1) pathologically confirmed EC; (2) tumor staging 
performed according to the American Joint Committee on Cancer 8th edition; (3) presence of de novo synchronous 
OMEC (ITIM ≤6 months) or de novo metachronous OMEC (ITIM >6 months); (4) involvement of up to five measurable 
metastatic lesions and up to three organs;24 (5) each patient receives at least 2 cycles of PD-1 inhibitors; (6) oligometa-
static lesions or primary tumor treated with radiotherapy. The exclusion criteria were as follows: (1) presence of other 
active synchronous carcinomas; (2) occurrence of bleeding, perforation, autoimmune diseases, or diseases affecting 
radiotherapy prior to treatment; (3) therapy involving fewer than two treatment cycles with PD-1 inhibitors; and (4) 
patients lost to follow-up. RT concurrent with PD-1 was defined as receiving at least one treatment PD-1 inhibitor during 
the course of radiotherapy or within 7 days from the last session. RT sequential with PD-1 was defined as follows: 1) the 
interval between the last dose of PD-1 inhibitors and initiation of radiotherapy more than 7 days; 2) when the patients 
completed radiotherapy, the beginning of the administration of PD-1 inhibitors was also more than 7 days.

Identification of metastatic lesions was performed through diagnostic computed tomography (CT) or 18F- 
fluorodeoxyglucose positron-emission tomography/computed tomography (PET/CT). Magnetic resonance imaging was 
required for some lesions, such as liver, bone, and brain metastases. Whole-body bone scan was performed for patients 
without PET/CT scan data. In case of unclear diagnosis of metastatic lesions, a pathological biopsy was performed for 
confirmation.

Treatments
Prior to treatment initiation, each patient was evaluated by a multidisciplinary team, including a thoracic surgeon, a radiation 
oncologist, and a medical oncologist. All patients received radiotherapy and systemic therapy (chemotherapy plus PD-1 
inhibitors). The delineation of target volumes, such as gross tumor volume (GTV), clinical target volume (CTV), planned 
target volume (PTV), and organs at risk volume (OAR), was based on the Radiation Therapy and Oncology Group guidelines. 
Radiotherapy was planned on the Eclipse Treatment Planning System (version 13.5.35; Varian Medical Systems, Palo Alto, 
CA, USA) by a radiation oncologist and a physiotherapist. The team attempted to increase the irradiation dose to the target 
volumes without further exposure of normal tissue to radiation. The dose-fractionation prescription was determined by the 
treating physicians and modulated according to the maximum diameter and site of the tumor. Eventually, the prescribed doses 
of radiotherapy were 30–60 Gy in 1.8–3 Gy fractions once daily, for a total of five fractions per week.

The treating physicians determined the treatment strategies for each patient based on their age, performance status, and 
previous treatment. Chemotherapy doses and adjustments were determined according to guidelines established by the 
National Comprehensive Cancer Network (NCCN) and the Chinese Society of Clinical Oncology (CSCO). The selection 
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of PD-1 monoclonal antibody (eg, pembrolizumab, camrelizumab, sintilimab, and tislelizumab) was based on the financial 
situation of the patient, the protocol of the clinical trial, and recommendation by the physician. All treatments were 
administered intravenously in 3-week cycles. All patients were followed up through clinical visits or telephone interviews.

Statistical Analysis
The primary endpoints were PFS and treatment-related adverse events (TRAEs). PFS was defined as the time from the 
diagnosis of OMEC to the date of progression, death, or last follow-up. TRAEs were assessed according to the Common 
Terminology Criteria for Adverse Events, version 4.03. Secondary outcomes were locoregional progression-free survival 
(LRPFS), objective response rate (ORR), disease control rate (DCR), and duration of response (DOR). The LRPFS was 
based on the time from diagnosis of OMEC to the detection of locoregional failure (LRF), death, or last follow-up. LRF 
was defined as progression in the radiation field on CT or other imaging examinations, including PET/CT. Distant 
metastasis (DM) was defined as progression beyond the radiation field. Tumor response was based on the Response 
Evaluation Criteria in Solid Tumors, version 1.1 (RECIST v1.1). Treatment response was defined as complete response 
(CR), partial response (PR), stable disease (SD), and progressive disease (PD). ORR included CR and PR, while DCR 
included CR, PR, and SD. The DOR was measured from the time of response until progression or last follow-up. The 
SPSS statistical software (version 25.0) was used for statistical analyses. Progression-free survival curves were plotted 
using the Kaplan–Meier method and compared through the Log rank test. The median follow-up time was calculated 
using the reverse Kaplan–Meier method. All statistical tests were conducted at a 5% level of significance, and 95% 
confidence intervals (CIs) were calculated. Two-tailed P-values <0.05 indicated statistically significant differences.

Results
Patient Selection
From October 2019 to December 2021, a total of 800 patients with EC who received PD-1 inhibitors were screened for 
OMEC. Synchronous or metachronous OMEC was identified in 224 patients (28%). Patients with other active synchro-
nous carcinomas (n=11) and those who only received systemic therapy (n=127) were excluded. Eventually, 86 patients 
with OMEC who received radiotherapy plus PD-1 inhibitors were included in this study. Figure 1 shows the flowchart of 
patient selection.

Baseline Characteristics
Of the 86 patients (median age: 61.2 years; interquartile range: 57.8–66.7 years), the vast majority were diagnosed with 
squamous cell carcinoma (n=84, 98%); the remaining two patients were diagnosed with neuroendocrine carcinoma and 
adenocarcinoma, respectively. The most predominant pathological stage was T3 (n=66, 77%), and the actual percentage 
of patients who had PET/CT staging was 25.6% (22/86). Patient and tumor characteristics are listed in Table 1.

OMEC Characteristics
Of the patients, 54 and 32 had synchronous OMEC (SO) and metachronous OMEC (MO), respectively. The number of 
metastatic lesions was 1–2 and 3–5 in 42 (49%) and 44 (51%) patients, respectively. The distribution of distant 
metastases was as follows: only extraregional lymph node (n=61, 71%); only distant organ (n=17, 20%); and both 
extraregional lymph node and distant organ (n=8, 9%). Table 2 shows details of the sites of distant metastases.

Management for OMEC
The management course was either “RT concurrent with PD-1” (51%) or “RT sequential with PD-1” (49%). 
Radiotherapy was administered at the primary site and/or metastatic sites. All patients in this study received intensity- 
modulated radiotherapy (IMRT); three patients received simultaneous integrated boost intensity-modulated radiotherapy 
(SIB-IMRT). The median dose of radiotherapy was 50.4Gy (range: 30–61.2Gy). A total of 82 patients completed the 
course of radiotherapy, three patients interrupted because of severe pulmonary infection, and one patient discontinued 
radiotherapy due to poor tolerance. In addition, one patient discontinued treatment due to active tuberculosis after four 
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cycles of immunotherapy plus radiotherapy and experienced disease progression. Chemotherapy regimens included the 
TP (docetaxel plus platinum) regimen (n=67), PF (platinum plus fluorouracil) regimen (n=4), or other regimens (n=15). 
Single-agent chemotherapy was selected for nine frail patients; another nine patients received anti-vascular targeted 
therapy with apatinib. The median number of chemotherapy cycles was four (range: 2–6 cycles).

Figure 1 The patient screening process: screening EC patients received PD-1 inhibitors in our center, 800 patients received PD-1 inhibitors were screed, excluded 576 
patients without OMEC. 224 patients with OMEC received PD-1 inhibitors were screed, 11 patients with other active synchronous carcinomas were excluded. 
Subsequently, 213 patients with OMEC received PD-1 inhibitors were screed, 127 patients who only received systemic therapy were excluded. Eventually, 86 patients 
with OMEC who received radiotherapy plus PD-1 inhibitors were included in this study.

Table 1 Baseline Characteristics (n=86)

Characteristic No. (%)

Age, y Median (IQR) 61.2(57.8–66.7)

Sex Male 77(90)
Female 9(10)

KPS ≥80 75(87)
70 11(13)

Drinking status Current or former 43(50)
Never 43(50)

Primary histology SCC 84(98)
Other 2(2)

Location of primary tumor Cervical 2(2)
Upper 10(12)

Middle 30(35)

Lower 26(30)
Multiple primary 18(21)

(Continued)
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Outcome
The median follow-up period was 17 months (range: 6–32 months) that ended on July 1, 2022. The median PFS was 15.2 
months (95% CI: 12.1–18.2 months) across all included patients (Figure 2A), 15.1 months for SO patients (95% CI: 
11.7–18.5 months), and 16.3 months (95% CI: 12.0–20.6 months) for those with MO (P=0.63) (Figure 2B). No 

Table 1 (Continued). 

Characteristic No. (%)

T stage T1–2 15(17)
T3–4 71(83)

Classification of OMEC SO 54(64)
MO 32(36)

No. of metastatic lesions 1–2 42(49)
3–5 44(51)

Site of metastases Extra-regional lymph node 61(71)
Distant organ 17(20)

Both 8(9)

Radiation dose ≥50.4Gy 62(72)
<50.4Gy 24(28)

Radiation site Primary tumor 15(17)
Metastasis 30(35)

Both 41(48)

Sequence of PD-1 and RT RT concurrent with PD-1 44(51)
RT sequential with PD-1 42(49)

Type of PD-1 inhibitors Camrelizumab 38(44)
Sintilimab 29(34)

Pembrolizumab 9(10)

Tislelizumab 8(9)
Multiple 2(3)

Chemotherapy regimen TP 67
PF 4

Other 15

Treatment line 1 55(64)

2 25(29)

≥3 6(7)

Note: Multiple: treatment with 2 or greater different PD-1 inhibitors during the treatment. 
Abbreviations: SO, synchronous OMEC; MO, metachronous OMEC.

Table 2 Details of Distant Metastatic Sites (n=228)

Sites of Metastases No. (%)

Lung 13(5.7)
Liver 11(4.8)

Adrenal glands 1(0.4)

Brain 8(3.5)
Bone 6(2.6)

Soft tissue 3(1.3)

Pleura 3(1.3)
Extraregional lymph nodes 183(80.3%)
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significant differences in median PFS were observed between patients with SO and those with MO. The 1- and 2-year 
PFS rate was 61.4% and 26.7%, respectively. At least one follow-up imaging scan was available for each of the 86 
patients. Overall, the ORR and the DCR were 46.5% and 91.8%, respectively. The median DOR was 13.5 months (95% 
CI, 11.2–16.0 months) (Table 3).

At the cutoff date, 46 patients (53.5%) had experienced disease recurrence or progression. Patterns of failure were as 
follows: only locoregional (16.3%); only distant metastasis (23.3%); both locoregional and distant metastasis (7.0%); and 
unable to confirm due to death (7.0%). In addition, the 1- and 2-year LRPFS rates were 91.3% and 57.3%, respectively. 
Failure patterns in the full-analysis population are listed in Table 4.

Table 5 shows the details of TRAEs. The most common TRAEs were hematological toxicity and gastrointestinal 
issues. Grade 3 or higher TRAEs occurred in 42 patients (48.8%), seven patients (8.1%) experienced grade 3 or higher 
immune-related adverse effects (irAEs). Of note, a grade 5 serious event was observed in one patient (1.2%) with SO; the 
patient developed refractory pneumonia after completion of concurrent treatment with radiotherapy and PD-1 inhibitors 
and died 4 months later. Moreover, one patient with MO discontinued radiotherapy due to poor tolerance and died 
because of a tracheoesophageal fistula that developed following tumor progression 3 months later.

Notably, five patients had PFS > 2 years (mean: 27.6 months; range: 25–32 months). Four patients had lower thoracic 
esophagus with supraclavicular lymph node metastasis, while one patient had middle thoracic esophagus with retro-
peritoneal lymph node metastasis. Three patients with SO received radiotherapy for primary tumors and metastases, 
while two patients with MO received radiotherapy for metastases. All five patients received radiotherapy doses >50 Gy, 
and two of those reached a dose of 60 Gy.

Figure 2 (A) The median PFS of all patients was 15.2m (95% CI, 12.1–18.2), 1-year and 2-year PFS rate were 61.4% and 26.7%; (B) The median PFS of SO (15.1m, 11.7– 
18.5) and MO (16.3m, 12.0–20.6) patients (p=0.63). 
Abbreviations: SO, synchronous OMEC patients; MO, metachronous OMEC patients.

Table 3 Response to Treatment

Best Overall Response

Complete response 1(1.2%)
Partial response 39(45.3%)

Stable disease 39(45.3%)

Progressive disease 4(4.7%)
Could not be evaluated 3(3.5%)

Objective response rate (95% CI) 46.5% (36.9–58.4%)
Disease control rate (95% CI) 91.8% (87.5–98.5%)

Duration of response (months) 13.5 (95% CI,11.2–16.0)
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Discussion
Oligometastatic disease refers to an intermediate state between localized disease and widespread dissemination. This type 
of disease is linked to a better prognosis compared to multiple-site metastasis. Clinically, oligometastatic disease offers 

Table 4 Failure Patterns in Full-Analysis Population

N (%)

Any failure 46(53.5%)
Locoregional failure only 14(16.3%)

Distant metastasis only 20(23.3%)

Both LRF and DM 6(7.0%)
Unable to confirm due to death 6(7.0%)

Alive with failure 27(31.4%)

Death from EC 17(20.0%)
Treatment-related death 1(1.2%)

Any death 19(10.5%)

Abbreviations: LRF, Locoregional failure; DM, distant metastasis.

Table 5 Treatment-Related Adverse Events

No. (%) of Patients

Total of Patients 
(n=86)

RT Sequential with PD-1 
(n=39)

RT Concurrent with PD- 
1 (n=47)

Any Grade ≥Grade 3 Any Grade ≥Grade 3 Any Grade ≥Grade 3

Treatment-related adverse events 86(100) 42(48.8) 39(45.3) 13(15.1) 47(54.7) 29(33.7)

Reactive cutaneous capillary endothelial Proliferation 9(9.3) 1(1.2) 4(4.7) 0 5(5.8) 1(1.2)
Anemia 46(53.4) 2(2.3) 18(20.9) 1(1.2) 28(32.6) 1(1.2)

Leukopenia 69(80.2) 26(30.2) 27(31.4) 6(7.0) 42(48.8) 20(23.3)

Neutropenia 50(58.1) 16(18.6) 16(18.6) 3(3.5) 34(39.5) 13(15.1)
Platelet count decreased 19(22.1) 3(3.5) 8(9.3) 0 11(12.8) 3(3.5)

Lymphocyte count decreased 37(43.0) 7(8.1) 10(11.6) 1(1.2) 27(31.4) 6(7.0)

Nausea 37(43.0) 1(1.2) 17(19.8) 0 20(23.3) 1(1.2)
Fatigue 26(30.2) 1(1.2) 11(12.8) 0 15(17.4) 1(1.2)

Decreased appetite 35(40.7) 0 14(16.3) 0 21(24.4) 0

Constipation 11(12.8) 0 5(5.8) 0 6(7.0) 0
Fever 22(25.6) 2(2.3) 9(10.5) 0 13(15.1) 2(2.3)

Radioactive esophagitis 42(48.8) 1(1.2) 9(10.5) 0 33(38.4) 1(1.2)

Radioactive dermatitis 16(18.6) 1(1.2) 3(3.5) 0 13(15.1) 1(1.2)
Esophageal fistula 3(3.5) 1(1.2) 1(1.2) 1(1.2) 2(2.3) 0

Lung infection 10(11.6) 3(3.4) 4(4.7) 2(2.3) 6(7.0) 1

Hypokalemia 1(1.2) 0 0 0 1(1.2) 0
Pneumonitis 14(16.3) 4(4.7) 3(3.5) 1(1.2) 11(12.8) 3(3.5)

Immune-related adverse events 65(75.6) 7(8.1) 27(31.4) 4(4.7) 38(44.2) 3(3.5)

Hypothyroidism 38(44.2) 1(1.2) 17(19.8) 1(1.2) 21(24.4) 0
Hyperthyroidism 9(10.5) 0 2(2.3) 0 7(8.1) 0

Cardiotoxicity 22(25.6) 2(2.3) 12(14.0) 2(2.3) 10(11.6) 0

Capillary hemangioma 9(10.4) 0 4(4.7) 0 5(5.8) 0
Pruritus 5(5.8) 0 1(1.2) 0 4(4.7) 0

Rash 6(7.0) 1(1.2) 1(1.2) 0 5(5.8) 1(1.2)

Pneumonitis 9(10.5) 1(1.2) 4(4.7) 1(1.2) 5(5.8) 4(4.7)
Allergy 2(2.3) 1 0 0 2(2.3) 1(1.2)

Hypokalemia 1(1.2) 0 0 0 1(1.2) 0

Hypophysitis 1(1.2) 0 0 0 1(1.2) 0
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the opportunity to improve prognosis through local treatment, such as surgery, radiotherapy, or other ablative approaches. 
The existence of the oligometastatic status in EC has been demonstrated in previous studies.19,25 In the present study, the 
incidence of OMEC was 28%. Several studies have shown that the addition of local treatment may improve the prognosis 
of patients with OMEC.16–18 Similar findings were observed in our study.

The median PFS of patients with OMEC who received radiotherapy plus PD-1 inhibitors reached 15 months, 
regardless of SO or MO. This median PFS is significantly better than that of poly-metastatic EC.4–6,8

Recently, several randomized trials demonstrated that the combination of PD-1 inhibitors with chemotherapy is 
becoming the standard of care for metastatic EC, significantly prolonging the survival of patients.5–8,26 Furthermore, 
radiotherapy plays an important role in the treatment of EC by improving the local control rate (LCR) and delaying 
disease progression. Due to the lack of evidence from large, randomized, and controlled trials, there is controversy 
regarding the optimal treatment strategy for OMEC. Nevertheless, the efficacy and safety of radiotherapy in patients with 
OMEC have been demonstrated in several studies.16–18 Liu et al18 conducted a prospective Phase 2 study, which included 
34 OMEC patients with up to two metastatic lesions. These patients received stereotactic body radiation therapy with or 
without chemotherapy. The final results revealed a median PFS of 13.3 months for patients with oligometastatic 
esophageal squamous cell carcinoma; the 1- and 2-year PFS rates were 55.9% and 33.8%, respectively; the 1-year 
LCR was 92.1%. These results were largely consistent with our study. In the previous study, the 2-year LCR remained at 
92.1%, whereas it was only 57.3% in the present study. This discrepancy may be attributed to differences in the study 
design; for example, the previous study only included patients with one or two metastatic lesions, whereas our study 
included patients with three to five metastatic lesions (n=44, 51%). Large tumor burden is associated with a poor LCR. 
Nevertheless, our findings remain comparable to those obtained from other studies investigating locally advanced EC. Xu 
et al14 compared the efficacy of different radiation doses (60 vs 50 Gy) for the treatment of locally advanced squamous 
EC. The results revealed that there were no statistically significant differences in LRPFS (P=0.94) between the two 
treatment groups. The 2-year LRPFS rates were 56.9% and 57.2%, respectively. These findings were similar to the results 
of our study; however, it should be noted that the previous study included a population without distant metastases, 
whereas our study involved patients with up to five distant metastases. This similarity may be attributed to the addition of 
PD-1 inhibitors.

PD-1 inhibitors plus chemotherapy may improve DCR compared to chemotherapy only. The present study demon-
strated that radiotherapy plus PD-1 inhibitors is a more effective approach compared with chemoradiotherapy in patients 
with OMEC. Our findings also indicate that, following the addition of PD-1 inhibitors, the LCR of OMEC is non-inferior 
to that of locally advanced EC. Radical local treatment plus systemic therapy is a promising option for patients with 
OMEC.

In addition, we noticed that the PFS of five patients with OMEC was >2 years. These patients shared some 
characteristics; for instance, four patients had metastases confined to one extra-regional lymph node station and up to 
two extra-regional lymph node stations. All five patients were treated with radical radiotherapy (dose: >50 Gy). This 
indicates that OMEC patients with metastases present in up to two extra-regional lymph node stations can be treated with 
more aggressive radical radiotherapy to potentially extend survival. Considering the above results, patients with OMEC 
and a physical condition that permits the completion of radical local treatment combined with systemic treatment may 
benefit from a relatively more aggressive therapeutic approach.

The study conducted by Liu et al18 investigated high-dose radiotherapy (48 Gy in 8-Gy fractions). In contrast, the 
present study focused on low-dose radiotherapy (30–60 Gy in 1.8–3 Gy fractions). This could potentially introduce bias 
in the interpretation of the results. Nevertheless, previous studies have confirmed lower rates of side effects and higher 
LCR associated with low-dose radiotherapy in patients with OMEC.16,17 Li et al16,17 and Shi et al17 demonstrated the 
superior efficacy and manageable toxicity of low-dose radiotherapy combined with chemotherapy versus chemotherapy 
alone in patients with SO and MO (with up to five measurable metastatic lesions and up to three organs involved). The 
median overall survival rate in these studies was 14 and 18.5 months, respectively. Compared with these findings, the 
treatment in the present study achieved a good prognosis (median PFS: 15 months), which may be attributed to the 
addition of PD-1 inhibitors. The above findings demonstrated that the combination of radiotherapy plus immunotherapy 
may extend survival.
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Despite the satisfactory efficacy of radiotherapy plus PD-1 inhibitors, treatment-related toxicity cannot be ignored. In 
our study, the incidence of grade ≥3 TRAEs was 48.8%, which is generally similar to that observed in patients receiving 
systemic therapy alone. Patients who received “RT concurrent with PD-1” had a slightly higher incidence of TRAEs 
versus those who received “RT sequential with PD-1”; nonetheless, the overall safety was manageable. Of note, one 
patient experienced a grade 5 TRAE in our study (1.2%). This patient developed refractory pneumonia after completing 
radiotherapy to the abdominal and retroperitoneal lymph nodes (total dose: 48.6Gy) and eventually died of respiratory 
failure 4 months later. It should be noted that the incidence of pneumonia in our study was higher than that reported in 
patients receiving chemotherapy plus immunotherapy.

The incidence of grade 1–2 pneumonia in our study was 12.8% (11/86); in other studies, this incidence ranged 1–5%. 
Rate of grade ≥3 pneumonia in this study was 4.7%; in other studies, this rate ranged 1–2%. This difference may be 
related to injury to the alveolar epithelium caused by the combination of radiotherapy plus PD-1 inhibitors. Several 
prospective studies examined the potential toxicity of immunotherapy combined with radiotherapy.27–30 Similar to our 
findings, in these studies, the incidence of grade ≥3 TRAEs in patients receiving radiotherapy plus PD-1 inhibitors ranged 
10–57%.

This study had several limitations. Firstly, due to the retrospective nature of the study, selection bias may have 
occurred. Secondly, histologically, the majority of cases were squamous cell carcinoma; consequently, the generalization 
of our results in other histological types is limited. Finally, the follow-up period in this study was relatively short. Thus, 
studies with longer follow-up periods are necessary to evaluate PFS and improve treatment.

Conclusions
This is the first study showing that radiotherapy combined with systemic therapy (PD-1 inhibitors and chemotherapy) 
improves efficacy and overall safety. No new safety concerns were identified in this study. However, due to the potential 
risk of cumulative toxicity, an individual risk-benefit assessment for each patient is required prior to treatment initiation. 
Moreover, large prospective studies are warranted to validate the present findings.
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