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Background: Immunotherapy has greatly increased the survival time of patients with extensive-stage 
small cell lung cancer (ES-SCLC), and is now a standard first-line treatment for these patients. Increasing 
evidence suggests a possible synergistic effect between immunotherapy and radiotherapy, yet there is a 
paucity of evidence regarding the efficacy and safety of thoracic radiotherapy (TRT) combined with chemo-
immunotherapy for ES-SCLC. 
Methods: The medical records of 78 consecutive patients with ES-SCLC who received TRT in 
combination with chemo-immunotherapy at Jinling Hospital and Jiangsu Cancer Hospital from January 
2019 to January 2023 were retrospectively reviewed. The median overall survival (mOS) time and median 
progression-free survival (mPFS) time were used to evaluate efficacy, and the incidence of adverse events (AEs) 
was used to evaluate safety.
Results: The median follow-up time was 31.9 months, the objective response rate (ORR) was 59%, and the 
disease control rate (DCR) was 89.8%. The mOS time was 20.0 months, and the 6-month OS rate was 95%. 
The mPFS time was 9.2 months, and the 6-month PFS rate was 78%. There were no treatment-related 
deaths. The incidence of pneumonitis was 23.1%, the incidence of radiation esophagitis was 5.1%, and 2 
patients experienced high-grade pneumonitis. Primary liver metastasis was a predictor of poor OS and PFS. 
Patients who received consolidative TRT after chemo-immunotherapy experienced more benefit than those 
who received TRT as palliative or salvage treatment for superior vena cava syndrome or disease progression.
Conclusions: TRT is a feasible treatment for patients who receive chemo-immunotherapy for the 
management of ES-SCLC in consideration of its considerable efficacy and tolerable safety risk. This 
treatment is especially useful for patients without primary liver metastasis and who receive consolidative 
TRT after chemo-immunotherapy. Large-scale prospective studies are needed to confirm the efficacy and 
safety of this treatment modality.
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Introduction

Small cell lung cancer (SCLC), which is characterized by 
a high rate of proliferation, a high propensity for early 
metastasis, and poor patient prognosis, accounts for about 
15% of all lung cancers (1). Approximately 60 to 70% of 
patients with SCLC have extensive-stage (ES) disease at 
diagnosis, defined by the presence of distant metastasis or a 
tumor that extends beyond a single radiation port (2).

Before the introduction of immunotherapy, etoposide 
plus platinum (EP)-based chemotherapy was the main first-
line treatment for ES-SCLC. Although ES-SCLC tends 
to be initially sensitive to chemotherapy, local recurrence 
or distant metastasis inevitably occurs (3). Because of the 
limited effectiveness subsequent therapies, these patients 
have a poor prognosis, with a 5-year survival rate less than 
7% (4).

The recent introduction of immune checkpoint 
inhibitors (ICIs), which target programmed cell death 
protein 1 (PD-1) or programmed cell death protein 
ligand 1 (PD-L1), has dramatically changed the treatment 
algorithms for ES-SCLC, which changed very little during 
the previous three decades. The IMpower133 (5) and 

CASPIAN (6) trials documented the efficacy of anti-PD-L1 
agents for treatment of ES-SCLC. In particular, there was 
a significantly prolonged median overall survival (mOS) 
time when atezolizumab or durvalumab was combined 
with EP-based chemotherapy compared to chemotherapy 
alone. The results of the CAPSTONE-1 trial (7), which 
evaluated adebrelimab plus chemotherapy for ES-SCLC, 
also demonstrated that anti-PD-L1 agents provided a 
benefit for ES-SCLC patients. The KEYNOTE-604 trial (8)  
demonstrated that pembrolizumab plus platinum-EP 
failed to improve mOS, but did help to control disease. 
More notably, a randomized, double-blind, international 
multicenter phase III trial (ASTRUM-005) of serplulimab 
combined with EP-carboplatin showed that anti-PD-1 
agents significantly improved the mOS of patients with ES-
SCLC (9). Based on these many studies, the addition of an 
ICI to platinum-based chemotherapy has become a standard 
first-line treatment for ES-SCLC because this regimen 
prolongs survival and has acceptable safety risk level.

Despite this, many obstacles must be overcome to 
improve the prognosis of patients with ES-SCLC. Evidence 
is mounting that thoracic radiotherapy (TRT) combined 
with chemo-immunotherapy is a potential option for these 
patients. Robust preclinical research of the synergistic 
effects of radiotherapy and immunotherapy established a 
basis for the use of radio-immunotherapy treatments (10). 
Although no large randomized controlled clinical trials 
have examined this combined regimen for ES-SCLC, some 
extrapolations can be made in the context of non-small cell 
lung cancer (NSCLC). In particular, the PACIFIC trial (11) 
and the PEMBRO-RT trial (12) confirmed the safety and 
efficacy of a TRT-immunotherapy combination regimen for 
NSCLC.

To date, clinical trials on the application of immuno-
chemoradiotherapy in ES-SCLC are few and limited to 
early phase and small sample, but the results suggested 
this combined regimen was tolerable and had promising 
efficacy (13,14). Hence, the aim of our multi-center 
retrospective study of patients in routine clinical practice 
was to determine the effect of TRT in ES-SCLC patients 
receiving first-line immunotherapy plus chemotherapy and 
to identify the subgroup of patients who benefit most from 
this regimen. We present this article in accordance with 
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the STROBE reporting checklist (available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-23-294/rc).

Methods

Objective and patients

Our multicenter, retrospective study followed the 
Declaration of Helsinki (as revised in 2013) and was 
approved by the Institution Review Broad of Jinling 
Hospital (No. 2018NZKY-031-03). Jiangsu Cancer Hospital 
was also informed and agreed the study. Considering the 
retrospective characteristic of our study in design, the need 
for informed consent from the involved patients was waived. 
This multicenter retrospective cohort study evaluated the 
effect of TRT for patients with ES-SCLC, with a focus 
on disease control, survival, and tolerability. Seventy-eight 
consecutive patients who were diagnosed with ES-SCLC 
according to Small Cell Lung Cancer, Version 2.2022, NCCN 
Clinical Practice Guidelines in Oncology (2) and were treated 
at one of two hospitals in Nanjing (Jinling Hospital, n=36; 
Jiangsu Cancer Hospital, n=42) from January 2019 to 
January 2023 were included. The inclusion criteria were: 
(I) age 18 years or older; (II) cytological or pathological 
diagnosis of SCLC; (III) confirmation of ES-SCLC due 
to the presence of distant metastasis or thoracic extension 
of disease beyond a single radiation port; (IV) receipt of 
first-line combination of EP-based chemotherapy and 
immunotherapy; (V) receipt of TRT; and (VI) availability 
of detailed clinical follow-up data. The exclusion criteria 
were: (I) limited-stage SCLC; (II) mixed histological types 
of cancer cells; (III) receipt of chemotherapy with an agent 
other than platinum and EP; (IV) receipt of immunotherapy 
only as a maintenance therapy (instead of first-line 
induction therapy) or receipt of TRT after second-line or 
later systemic treatment.

Data records and response evaluation

The baseline data included gender, age, smoking status, 
Eastern Cooperative Oncology Group Performance 
Status (ECOG-PS), and the specific characteristics of the 
tumor [stage, size of primary lesion, baseline mediastinal 
lymph node status, brain and liver metastasis, number of 
initial distant metastases, pleural and pericardial effusion, 
and superior vena cava syndrome (SVCS)]. The precise 
chemo-immunotherapy and radiotherapy regimens were 
also recorded. These regimens were determined by the 

treating clinicians based on the guidelines of the National 
Comprehensive Cancer Network or the Chinese Society of 
Clinical Oncology.

The dose size and fractionation scheme of the 
radiotherapy regimen was based on the radiobiological 
responses of cancerous and normal tissues. Conventional 
radiotherapy was most commonly given as 1.8 to 2.2 Gy  
single fractions per day, 5 days per week for 3 to 9 weeks, 
with a total maximum dose between 60 and 90 Gy. 
Hyperfractionation refers to smaller doses of 0.5 to 1.8 Gy  
with multiple fractions per day for 2 to 4 weeks, and 
hypofractionation refers to a single daily fraction of 3 
to 20 Gy with a small number of fractions, usually over  
1 week (15). The response to induction treatment when 
TRT was introduced and the best response to immuno-
chemoradiotherapy were measured with the guidance 
of Response Evaluation Criteria in Solid Tumor (RECIST) 
version1.1 (16). The objective response rate (ORR) was 
defined as the percentage of patients who showed a 
complete or partial response (PR), and the disease control 
rate (DCR) was defined as the percentage of patients 
who had a complete response, PR, or stable disease (SD). 
Analysis of adverse events (AEs) focused on the incidence 
of pneumonitis caused by the combination of ICIs and 
TRT. The severity of AEs was classified as Grade 1 to 5, 
according to the Common Terminology Criteria for Adverse 
Events (CTCAE) (17), and a Grade 3 or higher AE was 
defined as a “high-grade” AE.

Statistical analysis

SPSS version 26 (IBM SPSS Inc., Chicago, USA) was 
used for statistical analyses. Considering the exploratory 
nature of this study, no formal sample size calculation was 
performed in advance. Clinical and demographic categorical 
variables were presented as frequencies and percentages. 
The OS time was calculated as the date from the initial 
first-line induction treatment to death, and progression-
free survival (PFS) as the date from treatment to any relapse 
or progression. Local PFS (lPFS) referred to progression 
of the primary thoracic lesion after treatment, and distant 
PFS (dPFS) referred progression of a primary metastasis 
or the presence of a new distant metastasis. Survival time 
was estimated using the Kaplan-Meier method, and all 
95% confidence intervals (CIs) were two-tailed. The Cox 
proportional hazard algorithm was used for univariate and 
multivariate analysis of variables associated with OS and 
PFS. All P values were based on a two-sided hypothesis, and 
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a P value below 0.05 was considered significant.

Results

Patient characteristics

After implementing the inclusion and exclusion criteria, we 
retrospectively examined 78 ES-SCLC patients who were 

admitted to two institutions in Nanjing from January 2019 
to January 2023 (Table 1). Thirty-six patients were from 
Jinling Hospital, and 42 patients were from Jiangsu Cancer 
Hospital. At the cut-off date, the median follow-up time 
was 31.9 months. The median age was 41 years old and 
the age range was from 38 to 79 years old. Most patients 
were younger than 65 years old. Sixty-six patients (84.6%) 
were male and 52 patients (66.7%) were current or former 
smokers. Almost all patients presented with an ECOG-
PS of 0 or 1, although three patients had ECOG-PS of 
2. Unfortunately, reliable determination of the size of the 
primary thoracic lesion could not be retrieved from medical 
records in 26 patients; 28 patients had primary lesions of  
5 cm or more and the other 24 patients had primary 
lesions less than 5 cm. Nearly 68% of the patients had 0 to  
3 initial distant metastases, and nearly 80% had mediastinal 
lymph node metastasis. Twelve patients had primary brain 
metastasis, and 11 patients had primary liver metastasis. 
Twenty-nine patients (37.2%) had pleural effusion and 
14 patients (17.9%) had pericardial effusion. Notably,  
12 patients (15.4%) suffered from SVCS.

Chemo-immunotherapy and radiotherapy regimens

All 78 patients received between 2 and 6 cycles of platinum-
based chemotherapy and immunotherapy as a first-line 
systemic treatment (Table S1). Thirty-two patients (41.0%) 
received an anti-PD-1 agent, and 44 (56.4%) received an 
anti-PD-L1 agent. Two patients switched from an anti-
PD-1 agent to an anti-PD-L1 agent. Nearly half the 
patients also received immune maintenance therapy, 14 
with an anti-PD-1 agent and 27 with an anti-PD-L1 agent. 
Among those who did not receive immune maintenance 
therapy, some patients who received a second-line therapy 
experienced disease progression during the combination of 
first-line chemo-immunotherapy with radiotherapy. Some 
other patients refused immune maintenance therapy due to 
poor health or financial constraints, and opted for regular 
follow-up or other maintenance therapies, such as etoposide 
capsules or anlotinib.

There were large variations in the purpose, timing, and 
dose-fractionation of the TRT in our cohort (Table 2).  
TRT was given to 58 patients who responded to systemic 
treatment as consolidation therapy; it was given sequentially 
with chemo-immunotherapy in 45 of these patients and 
concurrently with chemo-immunotherapy in the other 
13 patients. Eight of the 13 patients who received TRT 
concurrently with chemo-immunotherapy had their 

Table 1 Baseline clinical and demographic characteristics of ES-
SCLC patients (n=78)

Characteristic N (%)

Age

<65 years 50 (64.1)

≥65 years 28 (35.9)

Gender

Male 66 (84.6)

Female 12 (15.4)

Smoking status 

Never smoker 26 (33.3)

Current or former smoker 52 (66.7)

ECOG-PS 

0–1 75 (96.2)

2 3 (3.8)

Size of primary lesion 

NA 26 (33.3)

<5 cm 24 (30.8)

≥5 cm 28 (35.9)

Metastasis 

Mediastinal lymph node metastasis 62 (79.5)

Primary brain metastasis 12 (15.4)

Primary liver metastasis 11 (14.1)

Number of initial distant metastases 

0–3 53 (67.9)

>3 25 (32.1)

Pleural effusion 29 (37.2)

Pericardial effusion 14 (17.9)

Superior vena cava syndrome 12 (15.4)

ES-SCLC, extensive-stage small cell lung cancer; ECOG-PS, 
Eastern Cooperative Oncology Group Performance Status; NA, 
not available.
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Table 2 Characteristics of thoracic radiotherapy regimens

Characteristic N (%)

Purpose 

Consolidative radiotherapy 58 (74.3)

Sequential 45 (57.7)

Concurrent with chemo-immunotherapy 13 (16.6)

Palliative radiotherapy for SVCS and oncothlipsis 11 (14.1)

Salvage radiotherapy after disease progression 9 (11.5)

Timing 

Early TRT (≤3 cycles of induction therapy) 34 (43.6)

Late TRT (>3 cycles of induction therapy) 44 (56.4)

Dose

NA 16 (20.5)

Conventional fractionation 12 (15.4)

Hyperfractionation 15 (19.2)

Hypofractionation 35 (44.9)

Prior response to induction treatment 

NA 13 (16.7)

PR 17 (21.8)

SD 39 (50.0)

PD 9 (11.5)

Extrathoracic radiotherapy 28 (35.9)

PCI 3 (3.8)

SVCS, superior vena cava syndrome; TRT, thoracic radiotherapy; 
NA, not available; PR, partial response; SD, stable disease; PD, 
progressive disease; PCI, prophylactic cranial irradiation.

immunotherapy halted during the TRT. There were also 
11 patients who received palliative radiotherapy for SVCS 
and tumor compression, and 9 patients who received 
salvage therapy for disease progression. Almost 56% of our 
cohort received TRT after 3 cycles of systemic induction 
which we named after late TRT and the other 34 patients 
received TRT within the 3 cycles of systemic induction 
which were classified as early TRT. Sixteen patients 
lacked information about TRT dose. Among the other 62 
patients, hypofractionation was used in 35 patients (44.9%), 
hyperfractionation was used in 15 patients (19.2%), and 
conventional fractionation was used in 12 patients (15.4%).

Efficacy

According to RECIST criteria, 46 patients (59%) achieved 
PR, 24 patients (30.8%) had SD, and 8 patients (10.3%) 
had progressive disease (PD) as the best overall response 
to chemo-immunotherapy combined with TRT. The ORR 
was 59% and the DCR was 89.8%. At the median follow-up 
time of 31.9 months, the median OS (mOS) was 20 months 
(95% CI: 16.06–23.94) (Figure 1A). The estimated 6-month 
OS was 95% and 12-month OS was 73%. The median PFS 
(mPFS) was 9.2 months (95% CI: 7.53–10.87) (Figure 1B), 
the 6-month PFS was 78%, and the 12-month PFS was 
29%. The median lPFS (mlPFS) was 14.9 months (95% 
CI: 8.84–20.96) (Figure 1C) and the median dPFS (mdPFS) 
was 10.8 months (95% CI: 8.05–13.55) (Figure 1D).  
None of the patients who received prophylactic cranial 
irradiation (PCI) experienced new brain metastasis, and 11 
patients experienced intracranial failure with no associated 
neurological symptoms.

We performed univariate and multivariate analysis 
to identify predictors of PFS (Table 3). The presence of 
primary liver metastasis, pleural effusion, receipt of an 
anti-PD-L1 agent and receipt of consolidative TRT were 
significant variables in the univariate analysis and further 
tested in multivariate analysis. The presence of primary 
liver metastasis [hazard ratio (HR): 2.82; 95% CI: 1.38–5.77; 
P<0.05] and pleural effusion (HR: 1.99; 95% CI: 1.18–3.33; 
P<0.05) were negatively associated with PFS, and receipt 
of consolidative TRT (HR: 0.44; 95% CI: 0.25–0.79; 
P<0.05) was positively associated with PFS. Receipt of an 
anti-PD-L1 agent did not have a significant effect in the 
multivariate analysis.

We used the same statistical methods as above for 
identification of variables associated with lPFS and dPFS 
(Table S2). The results indicated that locoregional thoracic 
lesion progression was more likely to occur in those with 
primary liver metastasis (HR: 2.74; 95% CI: 1.10–6.83; 
P<0.05) and less likely to occur when consolidative TRT 
was administered as a first-line treatment (HR: 0.23; 95% 
CI: 0.11–0.48; P<0.05). Analysis of distant metastasis 
demonstrated that more than 3 initial distant metastases was 
a negative predictor (HR: 1.92; 95% CI: 1.05–3.50; P<0.05).

Univariate and multivariate analysis of factors associated 
with OS demonstrated that primary liver metastasis was 
a predictor of poor OS (HR: 4.12; 95% CI: 1.89–8.99; 
P<0.05) and consolidative TRT had a protective effect 

https://cdn.amegroups.cn/static/public/TLCR-23-294-Supplementary.pdf
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Figure 1 Kaplan-Meier curves of (A) OS, (B) PFS, (C) lPFS, and (D) dPFS in patients with ES-SCLC who received chemo-immunotherapy 
with thoracic radiotherapy. ES-SCLC, extensive-stage small cell lung cancer; OS, overall survival; PFS, progression-free survival; lPFS, local 
progression-free survival; dPFS, distant progression-free survival; CI, confidence interval.
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(HR: 0.43; 95% CI: 0.23–0.80; P<0.05; Table S3). Patients 
who received consolidative TRT had a longer PFS (HR: 
0.31; 95% CI: 0.15–0.64; P<0.05) and OS (HR: 0.29; 
95% CI: 0.13–0.65; P<0.05) than those who were received 
palliative TRT for SVCS and tumor compression or 
salvage radiotherapy after intrathoracic disease progression  
(Figure 2).

Safety

At the cut-off date, no treatment-related deaths were 
observed in our cohort (Table 4). The major AE was 
bone marrow suppression (n=50, 64.1%), and this AE 
was Grade 3 or 4 in 23 cases (29.5%). All 23 of these 
patients experienced significant improvement after prompt 
symptomatic treatment. Eighteen patients (23.1%) had 
clinically significant treatment-related pneumonitis, 16 
with Grade 1 or 2. Two patients experienced high-grade 
pneumonitis that deteriorated into respiratory failure, but 
they recovered after timely and appropriate treatment and 
remained alive at the cut-off date. Four patients had Grade 
1 or 2 radiation esophagitis. Notably, 1 of these 4 patients 
who received TRT with concurrent chemo-immunotherapy 

and who continued immunotherapy during radiotherapy 
developed radiation pneumonitis and radiation esophagitis.

Discussion

SCLC is a highly aggressive tumor with a devastating 
prognosis (18), particularly when it has progressed to the 
extensive stage, with spread to regions including the bone 
and brain (19). Prior to the use of immunotherapy, TRT 
was not considered an important part of the treatment for 
ES-SCLC until the pivotal studies of Slotman et al. (20) 
and Jeremic et al. (21), which found that TRT conferred 
survival benefits when combined with chemotherapy. The 
results of the IMpower133, CASPIAN, and CAPSTONE-1 
trials (5-7), led to the standardized use of immunotherapy 
plus EP-based chemotherapy for ES-SCLC. Given this 
background, it is worth reconsidering the role of TRT 
with immunotherapy for treatment of ES-SCLC. To our 
knowledge, the current retrospective analysis is the largest 
study of patients with ES-SCLC who received TRT and 
chemo-immunotherapy and the first study to examine the 
subgroups of patients who benefit most from this treatment.

Our multi-institutional case series of patients with ES-

https://cdn.amegroups.cn/static/public/TLCR-23-294-Supplementary.pdf
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Table 3 Univariate and multivariate analysis of factors associated with progression-free survival in ES-SCLC patients who received chemo-
immunotherapy with TRT 

Variable
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age (≥65 vs. <65 years) 0.61 (0.36–1.03) 0.056 – –

Gender (female vs. male) 0.90 (0.46–1.77) 0.767 – –

Smoking status (yes vs. no) 1.16 (0.70–1.94) 0.563 – –

ECOG-PS (>1 vs. ≤1) 0.71 (0.17–2.91) 0.633 – –

Size of primary lesion (≥5 vs. <5 cm) 1.51 (0.83–2.76) 0.179 – –

Mediastinal lymph node metastasis (yes vs. no) 1.51 (0.80–2.84) 0.202 – –

Primary brain metastasis (yes vs. no) 1.17 (0.62–2.20) 0.630 – –

Primary liver metastasis (yes vs. no) 3.06 (1.58–5.93) 0.001 2.82 (1.38–5.77) 0.005

Number of initial distant metastases (≥3 vs. <3) 1.54 (0.92–2.59) 0.099 – –

Superior vena cava syndrome (yes vs. no) 1.44 (0.73–2.85) 0.297 – –

Pleural effusion (yes vs. no) 1.96 (1.18–3.24) 0.009 1.99 (1.18–3.33) 0.010

Pericardial effusion (yes vs. no) 1.35 (0.72–2.54) 0.348 – –

Immune checkpoint inhibitor

Anti-PD-1 drug (yes vs. no) 1.65 (1.00–2.71) 0.050 – –

Anti-PD-L1 drug (yes vs. no) 0.55 (0.33–0.90) 0.017 – 0.050

PCI (yes vs. no) 0.50 (0.12–2.05) 0.334 – –

Extrathoracic radiotherapy (yes vs. no) 1.12 (0.68–1.85) 0.655 – –

Consolidative TRT (yes vs. no) 0.41 (0.23–0.73) 0.002 0.44 (0.25–0.79) 0.006

Timing of TRT (late vs. early) 0.78 (0.48–1.28) 0.325 – –

Dose of TRT

Conventional radiotherapy (yes vs. no) 0.90 (0.45–1.81) 0.767 – –

Hyperfractionated radiotherapy (yes vs. no) 0.63 (0.32–1.24) 0.632 – –

Hypofractionated radiotherapy (yes vs. no) 1.52 (0.87–2.66) 0.144 – –

Response to systemic therapy before TRT (CR/PR vs. SD/PD) 1.08 (0.63–1.85) 0.773 – –

ES-SCLC, extensive-stage small cell lung cancer; HR, hazard ratio; CI, confidence interval; ECOG-PS, Eastern Cooperative Oncology 
Group performance status; PD-1, programmed cell death protein 1; PD-L1, programmed cell death ligand 1; PCI, prophylactic cranial 
irradiation; TRT, thoracic radiotherapy; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

SCLC showed the mOS time was 20 months, with 6-month 
OS of 95% and 12-month OS of 73% and the mPFS 
time was 9.2 months, with a mlPFS time of 14.9 months,  
and a mdPFS time of 10.8 months. These results are 
consistent with those from a multicenter study in the USA. 
that examined 20 patients who received first-line chemo-
immunotherapy followed by consolidative TRT (22),  
which reported a median OS time of 16 months and a 
median PFS time of 6.7 months. This combination regimen 

in our study led to an ORR of 59% and a DCR of 89.8%. 
Two retrospective analyses conducted in different regions 
also found that survival outcome was better when chemo-
immunotherapy was combined with TRT (23,24). The 
largest of these two studies examined 63 patients using a 
National Hospital-Based Registry (23); after propensity 
score matching, there was a trend for improved median 
OS time (from 9 to 11 months) and the 2-year OS rate was 
18.1% with the addition of TRT. The results were similar 
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in an Israeli real-world retrospective study that examined 25 
patients who received TRT following chemotherapy with 
atezolizumab or durvalumab (24), which found that the 
mOS and mPFS times were significantly longer for patients 
who received TRT. A comparison of our results with those 
of other landmark modern clinical trials that examined the 
effect of immunotherapy for ES-SCLC indicated that TRT 
combined with chemo-immunotherapy led to significant 
survival benefits for these patients (Table 5).

The  e f f i cacy  o f  TRT combined  wi th  chemo-
immunotherapy may be due to the synergistic interaction 
of immunotherapy and radiotherapy. In particular, 
radiotherapy can transform an ineffective immune 
response into an effective and durable response by 
increasing antigen presentation and activation of T cells 

by release of cancer-specific peptides, upregulating major 
histocompatibility complex class I (MHC-I) expression 
on tumor cells, activating the transcription of interferon 
(IFN), and enhancing macrophage phagocytosis (10,25). 
This response occurs at the irradiated site and also in out-
of-field lesions (26), which is referred to as the “abscopal 
effect”. An alternative possibility is that activation of T-cells 
by immunotherapy may sensitize tumors to radiation by 
promoting normalization of tumor vasculature and tissue 
hypoxia. Previous preclinical studies of NSCLC reported 
an interaction between radiotherapy and treatment with an 
anti-PD-1 or anti-PD-L1 antibody (27,28).

There have been worries regarding the possible 
development of immune-related toxicity when using 
the combination of an ICI and radiotherapy (29), and 
pneumonitis is a major concern in patients receiving TRT-
immunotherapy (30-32). The incidence of pneumonitis in 
our study was 23%, only two patients experienced high-grade 
pneumonitis, and all patients recovered from respiratory 
failure after prompt treatment. This is comparable to the 
results of other studies that examined the effect of first-
line chemo-immunotherapy in patients with ES-SCLC  
(5-9,33,34). Welsh et al. (14) evaluated the combination of 
pembrolizumab with TRT after first-line chemotherapy 
in ES-SCLC patients and also reported a favorable safety 
profile, with 15% of patients experiencing pneumonitis and 
Grade 3 pneumonitis only in patients who received higher 
doses of radiation. A phase I trial that examined the effect of 
consolidative ipilimumab and nivolumab with TRT for ES-
SCLC (13) showed a high rate of AEs, although the toxicity 
rate was similar to that of ipilimumab and nivolumab alone, 
suggesting that TRT was not responsible for any additional 
toxicity. The results of several small retrospective studies 

Table 4 Adverse events in ES-SCLC patients who received chemo-
immunotherapy with thoracic radiotherapy

Adverse event
Incidence, n (%)

All-grade High-grade*

Treatment-related pneumonitis 18 (23.1) 2 (2.6)

Radiation esophagitis 4 (5.1) 0

Rash 2 (2.6) 0

Renal insufficiency 2 (2.6) 0

Immune-related thyroiditis 1 (1.3) 0

Immune-related diabetes 1 (1.3) 0

Abnormal liver function 3 (3.8) 0

Marrow suppression 50 (64.1) 23 (29.5)

*, high-grade: Grade 3 or higher. ES-SCLC, extensive-stage 
small cell lung cancer.

Figure 2 OS (A) and PFS (B) of ES-SCLC patients who received TRT as consolidative therapy or as palliative/salvage therapy for superior 
vena cava syndrome or disease progression. TRT, thoracic radiotherapy; mOS, median overall survival; HR, hazard ratio; CI, confidence 
interval; OS, overall survival; mPFS, median progression-free survival; ES-SCLC, extensive-stage small cell lung cancer.
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Table 5 Outcomes in our study and four recent landmark clinical trials that examined the effect of chemo-immunotherapy in ES-SCLC patients

Outcome
Chemo-immunotherapy with 

TRT (our study)

Chemo-immunotherapy alone

IMpower133 (5) CASPIAN (6) KEYNOTE-604 (8) ASTRUM-005 (9)

mOS, months 20.0 12.3 12.9 – 15.4

mPFS, months 9.2 5.2 5.1 4.8 5.8

mlPFS, months 14.9 – – – –

mdPFS, months 10.8 – – – –

ORR, % 59.0 60.2 67.9 70.6 68.9

DCR, % 89.8 81.1 – 88.1 93.1

ES-SCLC, extensive-stage small cell lung cancer; TRT, thoracic radiotherapy; mOS, median overall survival; mPFS, median progression-
free survival; mlPFS, median local progression-free survival; mdPFS, median distant progression-free survival; ORR, objective response 
rate; DCR, disease control rate.

suggested there was no increased toxicity with addition of 
TRT (35-37). Notably, four of our patients who received 
concurrent TRT with chemo-immunotherapy continued 
immunotherapy during radiotherapy, and one of them 
experienced radiation pneumonitis and radiation esophagitis. 
This result should be considered when evaluating the 
relative safety of sequential radiation with TRT during 
concurrent chemo-immunotherapy. Although data on the 
safety of combination treatment for ES-SCLC patients are 
limited, there are some data regarding this treatment in 
patients with NSCLC. In particular, the PACIFIC trial (11)  
evaluated the use of consolidation durvalumab in 
combination with chemoradiotherapy in patients with stage 
III unresectable NSCLC and reported the incidence of all-
grade pneumonitis was 33.9% and the incidence of high-
grade pneumonitis was 3.4%. The PEMBRO-RT trial (12) 
examined the effect of pembrolizumab after stereotactic 
body radiotherapy in patients with advanced NSCLC and 
found a higher incidence of pneumonitis than in the control 
arm, but no statistically significant difference (26% vs. 8%; 
P=0.06).

To maximize the benefit of a combined TRT and 
chemo-immunotherapy regimen, it is necessary to identify 
patients who benefit most so that individualized radiation 
plans can be used. Our analysis showed that pleural 
effusion at presentation was negatively related to PFS. 
A systematic review and meta-analysis which focused on 
prognostic impact of pleural effusion in patients with 
malignancy found that pleural effusion was a prognostic 
factor associated with poor survival for patients with 
lung cancer (38). Three retrospective studies also found 
that the presence of malignant pleural effusion and 

minimal pleural effusion might be associated with SCLC 
prognosis (39-41). Our study did not further identify 
the characteristics of the pleural effusion because most 
involved patients had minimal pleural effusion which 
are not recommended for thoracentesis. The minimal 
pleural effusion at the time of diagnosis may indicate 
early stage of malignant pleural effusion and may have 
poor prognostic relevance. Patients with primary liver 
metastasis received limited benefit from TRT in terms of 
PFS and OS, possibly because liver metastasis diminishes 
the systemic efficacy of immunotherapy via macrophage-
mediated T cell elimination (42,43). Some researchers 
reported that liver metastasis created an “immune desert” 
in preclinical models, and that liver-directed radiotherapy 
eliminated immunosuppressive hepatic T macrophages. 
This led to the hypothesis that the combination of liver-
directed radiotherapy and immunotherapy can improve 
the prognosis of ES-SCLC patients who have primary 
liver metastasis (44,45). Otherwise, our study found that 
oligometastasis, referring to fewer than three distant 
metastases, was the only independent positive predictor of 
dPFS, possibly because oligometastasis tends to connote a 
lower tumor burden. Prior to the use of immunotherapy, 
clinicians advocated chest radiotherapy for certain ES-
SCLC patients. However, this recommendation was not 
applied routinely because of conflicting data regarding the 
benefit of TRT in the RTOG 0937 trial and the CREST 
trial and the absence of clear and definitive guidelines about 
dose fractionation, dose volume, and treatment models 
of radiotherapy (20,46). With a lot of researches going 
on, it has been proven that the use of TRT allows great 
local control of ES-SCLC and postponement of second-
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line treatments. Recent progress in immunotherapy has 
affected the entire field of oncology, including ES-SCLC. 
Thus, there is a need to develop appropriate individualized 
radiation treatment plans for patients with ES-SCLC.

Variations in the TRT regimen, in terms of purpose, 
dose-fractionation, and timing, as well as in patient 
demographics, could influence its survival benefit when 
combined with chemo-immunotherapy. Our results 
showed that patients who received consolidative TRT 
after chemo-immunotherapy benefited more than those 
who received TRT as palliative or salvage treatment 
for SVCS or disease progression. A previous study 
reported that SVCS was a negative predictor of clinical 
survival (47). The Chinese Society of Clinical Oncology 
(CSCO) 2022 trial recommended TRT combined with 
chemotherapy as a standard treatment, and showed 
that concurrent chemoradiotherapy was superior to 
sequential chemoradiotherapy for limited-stage SCLC  
(LS-SCLC) (48). A preclinical study found that radiotherapy 
following immunotherapy may kill the T cells that were 
activated by an ICI, and that radiation weakened the 
overall antitumor immunological effect (28). The PACIFIC  
trial (11) and the GEMSTONE-301 trial (49) reported 
that concurrent chemoradiotherapy followed by sequential 
immunotherapy was a promising regimen for patients with 
advanced NSCLC. However, some researchers maintained 
that the immune system was more competent before 
radiotherapy, and therefore more likely to respond to an  
ICI (50). In contrast, the results of a phase II nonrandomized 
study of two cohorts with stage III NSCLC (51) suggested 
a promising antitumor effect and a favorable safety profile 
from pembrolizumab with concurrent chemoradiation 
therapy. As to ES-SCLC, when TRT is introduced in, the 
order of immunotherapy and radiotherapy remains invalid. 
In our study, most patients received sequential TRT, often 
between two cycles of chemo-immunotherapy or after 
completion of the whole course of systemic treatment, 
so there was no overlap with any of the cycles of chemo-
immunotherapy. Thirteen of our patients received TRT 
with concurrent chemo-immunotherapy, which implied that 
radiotherapy and chemo-immunotherapy overlapped in time, 
with caution due to safety concerns and more than half of 
them discontinued immunotherapy during the radiotherapy 
regimen. Most patients who received TRT with concurrent 
chemo-immunotherapy were oligometastatic, had no local 
symptoms, and all of them achieved good ECOG-PS. In 
addition, 11 of these patients had metastatic mediastinal 
lymph nodes.

It is also important to determine the optimal radiation 
dose when administering TRT. Our analysis showed that 
different dose fractionation schemes had no significant 
effect, probably because of incomplete data and small set of 
samples. Previous studies examined the effect of different 
TRT doses when it was given without immunotherapy 
(20,21,46,52). A retrospective analysis of the USA. National 
Cancer Database that examined 3,280 patients reported 
that a TRT dose of 45 Gy or more was independently 
associated with longer survival (53). Another retrospective 
analysis of 306 patients, 170 of whom received TRT (54), 
also found that a higher radiation dose was associated with 
longer survival and improved disease control. Considering 
that TRT combined with immunotherapy may increase the 
incidence of AEs, especially pneumonitis, it is necessary to 
carefully consider the most appropriate dose-fractionation 
to be used for TRT. Welsh et al. (14) reported that  
15 fractions and a total dose of 45 Gy was tolerable when 
administering TRT concurrent with an ICI. The Canadian 
Consensus Recommendations propose a total TRT dose 
of 30 Gy in 10 fractions when using immunotherapy (55). 
However, a higher radiation dose may provide better local 
control and prolong survival in patients with good ECOG-
PS who had an excellent response to concurrent chemo-
immunotherapy. On the other hand, dose restrictions to 
the organ risk and consequent toxicity may limit the actual 
received dose-fractionation in practice.

T h e  o p t i m a l  t i m i n g  o f  T RT  d u r i n g  c h e m o -
immunotherapy is an important issue that also warrants 
further exploration. Our retrospective analysis found 
no significant difference between early TRT (≤3 cycles 
of chemo-immunotherapy) and late TRT (>3 cycles) 
in analyses of PFS and OS. Similarly, the RTOG 0937 
trial and a retrospective Chinese study also showed no 
significant difference in survival for patients who received 
early or late TRT (46). Han et al. (56) suggested that receipt 
of TRT within 6 cycles of chemotherapy may provide 
better local control. In other words, a systemic response 
to chemo-immunotherapy before TRT is likely to lead to 
more favorable outcome. Although response to systemic 
treatment had no significant effect in our analyses, patients 
who received TRT as palliative or salvage treatment 
tended to have poor locoregional control. Interestingly, 
an additional analysis from CREST trial found no benefit 
of TRT in patients who had complete intrathoracic  
responses (57). Taken together, we speculate that TRT 
should be considered in selected ES-SCLC patients who 
had a good response or PR after chemo-immunotherapy 
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and residual disease in the thorax.
Previous studies of NSCLC (11,12) provided a 

rat ionale for using the combination of  TRT and 
chemo-immunotherapy for ES-SCLC patients. In this 
context, we have every reason to believe that TRT has 
its place in ES-SCLC in the era of immunotherapy. 
Given the development of persistent radiation-induced 
immunosuppression, the risk of radiation-induced toxicities, 
and the difficulty in identifying new biomarkers, we suggest 
that further prospective randomized studies should assess 
the efficacy and safety adding TRT to first-line chemo-
immunotherapy in an appropriate population of ES-
SCLC patients. An ongoing multicenter phase II trial 
named after TREASURE (NCT04462276) is going to 
investigate the efficacy and feasibility of combining TRT 
with the IMpower133 regimen as an upfront treatment 
for ES-SCLC patients. The ongoing RAPTOR trial 
(NRG-LU007, NCT04402788) randomized patients to 
two groups (standard chemotherapy with atezolizumab 
followed by atezolizumab maintenance vs. atezolizumab 
maintenance with consolidative radiation at up to five 
thoracic and/or extrathoracic sites) and will evaluate PFS, 
OS, and safety. Similarly, the ongoing phase III TRIPLEX 
study (NCT05223647) is assessing the benefit of adding 
TRT to durvalumab plus EP-based chemotherapy. The 
results of these trials will help clarify the use of TRT in 
treatment of patients with ES-SCLC who receive chemo-
immunotherapy as first-line treatment.

Our study was limited by its retrospective design and 
small sample size. These limitations may have led to 
selection bias, such as a trend for patients to achieve more 
favorable responses to systemic therapy and better ECOG-
PS. In addition, because not all patients received treatment 
at the two institutions, we were unable to retrieve some 
data regarding the dose-fractionation of TRT and the 
responses to chemo-immunotherapy, and this prevented 
formulation of a comprehensive TRT regimen and 
selection of the most appropriate patients. The results of 
our multivariate analyses, even though they considered 
possible confounding factors, should also be interpreted 
with caution. Nevertheless, the results of this study suggest 
that TRT combined with chemo-immunotherapy is a safe 
and potentially effective treatment for patients with ES-
SCLC, and that further study of this regimen is warranted.

Conclusions

Our results and those of other recent studies (22-24,58,59) 

suggest that TRT could constitute a feasible therapeutic 
option in selected ES-SCLC patients who received chemo-
immunotherapy. The patients most likely to benefit 
from this treatment are those who received consolidative 
TRT after chemo-immunotherapy without primary liver 
metastasis and pleural effusion at the time of diagnosis. 
Importantly, consolidative TRT was associated with a 
longer time to locoregional recurrence. A longer follow-
up time is needed to determine whether this treatment 
improves OS. In addition, large prospective studies are 
needed to confirm our results and to identify biomarkers 
that predict the efficacy and safety of TRT in patients with 
ES-SCLC who received chemo-immunotherapy.
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Table S1 The regimen of chemo-immunotherapy

Systematic treatment N (%)

Platinum-based chemotherapy 78 (100.0)

Immunotherapy 

Anti-PD-1 32 (41.0)

Anti-PD-L1 44 (56.4)

Anti-PD-1 + anti-PD-L1 2 (2.6)

Immune maintenance therapy 

No 36 (46.2)

Anti-PD-1 14 (17.9)

Anti-PD-L1 27 (34.6)

Anti-PD-1 + anti-PD-L1 1 (1.3)

PD-1, programmed death-1; PD-L1, programmed death 
ligand-1.
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Table S2 Multivariate analysis of lPFS and dPFS for patients treated with chemo-immunotherapy and TRT

Items
lPFS dPFS

HR (95% CI) P value HR (95% CI) P value

Age (≥65 vs. <65 years) – – – –

Gender (female vs. male) – – – –

Smoking status (yes vs. no) – – – –

ECOG-PS (>1 vs. ≤1) – – – –

Size of primary lesion (≥5 vs. <5 cm) – – – –

Mediastinal lymph node metastasis (yes vs. no) – – – –

Primary brain metastasis (yes vs. no) – – – –

Primary liver metastasis (yes vs. no) 2.74 (1.10–6.83) 0.031 – 0.268

Number of initial distant metastases (≥3 vs. <3) – – 1.92 (1.05–3.50) 0.034

Superior vena cava syndrome (yes vs. no) – – – –

Pleural effusion (yes vs. no) – – – –

Pericardial effusion (yes vs. no) – – – –

ICIs

Anti-PD-1 drugs (yes vs. no) – – – –

Anti-PD-L1 drugs (yes vs. no) – – – –

PCI (yes vs. no) – – – –

Extrathoracic radiotherapy (yes vs. no) – – – –

Consolidative TRT (yes vs. no) 0.23 (0.11–0.48) 0.000 – –

Timing of TRT (lately vs. early) – – – –

Dose of TRT

Conventional radiotherapy (yes vs. no) – – – –

Hyperfractionated radiotherapy (yes vs. no) – – – –

Hypofractionated radiotherapy (yes vs. no) – – – –

Response to systematic before TRT (CR/PR vs. SD/PD) – – – –

lPFS, local progression-free survival; dPFS, distant progression-free survival; TRT, thoracic radiotherapy; HR, hazard ratio; CI, confidence 
interval; ECOG PS, Eastern Cooperative Oncology Group performance status; ICIs, immune checkpoint inhibitors; PD-1, programmed 
death-1; PD-L1, programmed death ligand-1; PCI, prophylactic cranial irradiation; CR, complete response; PR, partial response; SD, 
stable disease; PD, progressive disease.
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Table S3 Univariate and multivariate analysis of overall survival for patients treated with chemo-immunotherapy and TRT

Items
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age (≥65 vs. <65 years) 0.55 (0.30–1.04) 0.064 – –

Gender (female vs. male) 0.39 (0.12–1.25) 0.114 – –

Smoking status (yes vs. no) 0.85 (0.46–1.58) 0.614 – –

ECOG-PS (>1 vs. ≤1) 1.01 (0.27–4.55) 0.897 – –

Size of primary lesion (≥5 vs. <5 cm) 1.56 (0.77–3.13) 0.215 – –

Mediastinal lymph node metastasis (yes vs. no) 2.58 (1.01–6.54) 0.047 – 0.061

Primary brain metastasis (yes vs. no) 0.73 (0.33–1.63) 0.444 – –

Primary liver metastasis (yes vs. no) 4.55 (2.08–9.96) 0.000 4.12 (1.89–8.99) 0.000

Number of initial distant metastases (≥3 vs. <3) 1.73 (0.95–3.13) 0.071 – –

Superior vena cava syndrome (yes vs. no) 1.34 (0.62–2.87) 0.458 – –

Pleural effusion (yes vs. no) 1.40 (0.78–2.50) 0.261 – –

Pericardial effusion (yes vs. no) 1.58 (0.80–3.12) 0.184 – –

ICIs

Anti-PD-1 drugs (yes vs. no) 0.88 (0.49–1.58) 0.658 – –

Anti-PD-L1 drugs (yes vs. no) 1.07 (0.60–1.91) 0.823 – –

PCI (yes vs. no) 1.46 (0.35–6.06) 0.602 – –

Extrathoracic radiotherapy (yes vs. no) 1.29 (0.72–2.30) 0.394 – –

Consolidative TRT (yes vs. no) 0.40 (0.21–0.74) 0.041 0.43 (0.23–0.80) 0.008

Timing of TRT (lately vs. early) 0.66 (0.37–1.18) 0.162 – –

Dose of TRT – –

Conventional radiotherapy (yes vs. no) 0.99 (0.43–2.73) 0.980 – –

Hyperfractionated radiotherapy (yes vs. no) 0.64 (0.26–1.53) 0.313 – –

Hypofractionated radiotherapy (yes vs. no) 1.37 (0.69–2.72) 0.369 – –

Response to systematic before TRT (CR/PR vs. SD/PD) 1.24 (0.68–2.27) 0.484 – –

TRT, thoracic radiotherapy; HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; 
ICIs, immune checkpoint inhibitors; PD-1, programmed death-1; PD-L1, programmed death ligand-1; PCI, prophylactic cranial irradiation; 
CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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