
Sun et al. BMC Cancer         (2024) 24:1206  
https://doi.org/10.1186/s12885-024-12942-y

RESEARCH Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

BMC Cancer

Clinical outcomes and synergistic effect 
between radiotherapy and immunotherapy 
in patients with extensive‑stage small cell lung 
cancer: a real‑world study
Meiling Sun1,2†, Huaijun Ji3*†, Fang Deng4, Jingyi Li5, Ning Xu2 and Yu Li1* 

Abstract 

Background  Patients with extensive-stage small cell lung cancer (ES-SCLC) experience significant therapeutic 
challenges and limited survival rates. This study aimed to investigate the efficacy of combining immunotherapy (IT) 
with chemotherapy (CT) for treating ES-SCLC and to explore the synergistic effect between radiotherapy (RT) and IT.

Methods  This retrospective analysis examined patients with ES-SCLC who received treatment at three centers. Fur-
thermore, propensity score-matched (PSM) analysis was conducted. The Kaplan‒Meier method and Cox proportional 
hazards regression were used to compare the survival outcomes.

Results  A total of 257 eligible patients with ES-SCLC were included in the analysis. Among all patients, the median 
overall survival (mOS) was 18.0 m in the chemoimmunotherapy (CT + IT) group and 15.7 m in the CT group (p = 0.208). 
The median real-world progression-free survival (mrwPFS) was 7.7 m and 6.8 m (p = 0.043) in the CT + IT and CT 
group, respectively. Moreover, the mOS was 22.0 m in the chemoradiotherapy (CT + RT) group and 13.6 m in the CT 
group (p < 0.001). The mrwPFS was 7.4 m and 6.0 m (p = 0.175) in the CT + RT group and CT group, respectively. The 
multivariate analyses revealed that sex, liver metastasis and RT were independent prognostic factors for OS (p < 0.05), 
while liver metastasis and IT were found to be independent predictive factors of real-world progression-free survival 
(rwPFS) (p < 0.05). After PSM, the mOS was 23.2 m in the CT + IT group and 13.0 m in the CT group (p = 0.008). The 
mrwPFS was 7.3 m and 6.2 m (p = 0.096) in the CT + IT group and the CT group, respectively. Moreover, the mOS 
was 21.4 m in the CT + RT group and 12.5 m in the CT group (p < 0.001). The mrwPFS was 7.3 m and 5.2 m (p = 0.220) 
in the CT + RT group and the CT group, respectively. Additionally, our study revealed that in the PD-1 group, RT signifi-
cantly improved patient survival (36.0 m vs. 15.8 m, p = 0.041).

Conclusion  An increasing number of treatment options are being explored for ES-SCLC, and CT is the cornerstone 
of treatment for this disease. Combining CT with IT and RT has demonstrated remarkable efficacy and excellent safety 
profiles, and such treatments are worthy of further exploration.
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Background
Lung cancer is the malignant tumor with the highest 
morbidity and mortality rates in China and the world; 
specifically, small-cell lung cancer (SCLC) accounts 
for approximately 15% of lung cancer cases [1]. Clini-
cally, SCLC is classified into extensive-stage SCLC 
(ES-SCLC) and limited-stage SCLC (LS-SCLC), and it 
is characterized by rapid proliferation and early devel-
opment of widespread metastases. Patients with SCLC 
usually present with ES-SCLC at the time of diagnosis 
[2]. In the chemoradiotherapy era, the traditional treat-
ment for SCLC is comprehensive chemotherapy (CT). 
The median survival time of patients receiving this 
treatment is reportedly 18–24 months for LS-SCLC 
patients and only 10–12 months for ES-SCLC patients, 
with a 5-year survival rate of only 7% [3].

Recent phase 3 trials of the programmed cell death 
ligand 1 (PD-L1) inhibitor atezolizumab or durvalumab 
combined with CT revealed significantly prolonged 
overall survival (OS) in patients with ES-SCLC [4–6]. 
In addition, the programmed cell death 1 (PD-1) inhibi-
tor serplulimab plus CT significantly improved OS, 
and pembrolizumab plus CT prolonged progression-
free survival (PFS) [7, 8]. In addition, the CREST trial 
showed that thoracic radiotherapy (TRT) after first-line 
CT could increase local control rates and improve OS 
[9]. Studies have shown that patients who underwent 
TRT after chemo-immunotherapy (CT + IT) had sig-
nificantly longer OS and PFS in patients with ES-SCLC 
[10]. This study aimed to explore the clinical efficacy 
and safety of IT and radiotherapy (RT) in ES-SCLC 
patients in the real world.

Methods
Data collection
We retrospectively extracted data from the electronic 
health records of patients with ES-SCLC who received 
first-line CT with or without immunotherapy (IT) from 
April 2016 to August 2023 across three public tertiary 
hospitals (Weihai Municipal Hospital, Qilu Hospital of 
Shandong University Dezhou Hospital and Qilu Hos-
pital Affiliated to Shandong University). The patients’ 
basic information was collected. All data were obtained 
from clinical medical records and followed up from the 
date of diagnosis until the date of all-cause death or up 
to the latest available follow-up.

Patient selection
(1) The inclusion criteriawere as follows: aged 18 years or 
older; had an Eastern Cooperative Oncology Group per-
formance status (ECOG PS) ranging from 0 to 3; had a 
pathological diagnosis of SCLC; and had undergone at 
least two cycles of chemotherapy. (2) The exclusion cri-
teria were as follows: no clear pathological diagnosis 
information; patients with other tumors at the same time; 
ECOG PS > 3; less than 2 cycles of chemotherapy; no effi-
cacy evaluation after treatment or loss to follow-up; and 
autoimmune diseases.

Efficacy assessment
The response to therapies was evaluated based on imag-
ing examinations according to the Response Evalua-
tion Criteria in Solid Tumors version 1.1. The primary 
endpoint was OS, which was defined as the time from 
the date of chemotherapy initiation to all-cause mor-
tality or censored on the date of the last follow-up. PFS 
was defined as the time from chemotherapy initiation to 
tumor progression, death or the last follow-up. However, 
in the real world, some patients can determine the time 
of death, but because there is no regular review or follow-
up in other hospitals, the specific progress time cannot be 
determined, which is likely to lead to errors in the assess-
ment of PFS. Because ES-SCLC is characterized by rapid 
proliferation, in order to minimize the inaccuracy of PFS 
caused by this error, we did not include these patients in 
the analysis of PFS.In order to make fully use this data 
in the analysis of OS, we used the secondary endpoint 
was real-world progression-free survival (rwPFS), which 
was defined as the time from chemotherapy initiation to 
tumor progression, death from no progression or the last 
follow-up. Adverse effects were assessed based on the 
National Cancer Institute Common Terminology Cri-
teria for Adverse Events, version 5.0. The patients were 
followed up by consulting outpatient records, hospitali-
zation medical records, and telephone inquiries. The lat-
est follow-up date was January 31, 2024.

Statistical analysis
Standard descriptive statistics or contingency tables were 
used for demographic and baseline characteristics. Pro-
portions were compared between groups using the chi-
squared test. Propensity score matching was conducted 
using a 1:1 matching design with a tolerance of 0.02. A 
logistic regression model was constructed to estimate the 
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propensity score, which included the following covari-
ates: age, sex, smoking history, hypertension status, 
diabetes status, ECOG PS score, brain metastasis sta-
tus, liver metastasis status, bone metastasis status, lung 
metastasis status, adrenal gland metastasis status, chem-
otherapy status and radiotherapy status. Kaplan–Meier 
analysis was performed to estimate the survival rate, and 
the log-rank test was performed to test the differences in 
survival distribution. To investigate predictors of OS and 
rwPFS, univariate and multivariate Cox regression mod-
els were used. All the statistical analyses were performed 
using SPSS version 27.0. P < 0.05 was considered to indi-
cate statistical significance.

Ethical statement
This program was performed in accordance with the 
principles of good clinical practice and was approved 
by the institutional review board of Weihai Municipal 
Hospital of Shandong University. Because this study 
was retrospective, informed consent from the included 

patients was not required, and patient information was 
anonymized.

Results
Data collection
A total of 495 patients were initially screened, 183 
patients with LS-SCLC were excluded, 19 patients were 
excluded because of less than 2 cycles of CT or less than 
2 cycles of IT, 13 patients were excluded because they did 
not receive first-line IT, and 23 patients were excluded 
because both OS and rwPSF were uncertain. A total of 
257 eligible patients were included in the analysis. A total 
of 105 patients had both OS and rwPSF data, 81 patients 
had only OS data, and 71 patients had only rwPFS data. 
Overall, OS data from 186 patients were analyzed, 
including 106 patients who received CT alone and 80 
patients who received CT + IT. Additionally, rwPFS data 
from 176 patients were analyzed, including 97 patients 
who received CT alone and 79 patients who received 
CT + IT (Fig. 1).

Fig. 1  Diagram of patient’s selection process. Abbreviations: SCLC, small-cell lung cancer; LS-SCLC, limited-stage SCLC; ES-SCLC, extensive-stage 
SCLC; OS, overall survival; rwPFS, real-world progression-free survival
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OS
Baseline characteristics
The median age was 65  years (32–85). The majority of 
patients were males (75.8%). The ECOG PS0-1 group 
constituted 95.2% of the cohort. Brain metastasis was 
present in 20.4% of the cohort, liver metastasis was pre-
sent in 21.0%, bone metastasis was present in 28.0%, 
lung metastasis was present in 19.9% and adrenal gland 
metastasis was present in 9.1%. Among them, CT com-
bined with RT accounted for 46.8% of the treatment regi-
mens, while CT combined with IT accounted for 43.0%. 
The CT regimen used for 174 patients was carboplatin 
(n = 67) or cisplatin (n = 107) combined with etoposide; 
8 patients received nedaplatin combined with etopo-
side, and 4 patients received irinotecan combined with 
cisplatin (Table  1). Regarding IT, 35 patients received 
PD-1 (including 17 who received tislelizumab, 5 who 
received serplulimab, 5 who received camrelizumab, 3 
who received sintilimab, 3 who received pembrolizumab, 
1 who received toripalimab and 1 who received penpuli-
mab), and 45 patients received PD-L1 (including 34 who 
received durvalumab, 7 who received atezolizumab and 4 
who received adebrelimab).

The radiation dose was decided by a doctor based on 
the guidelines of the Chinese Society of Clinical Oncol-
ogy guidelines or National Comprehensive Cancer Net-
work, intensity-modulated radiotherapy (IMRT) was the 
chosen modality for treatment-related therapy (TRT). 
The delineation of target volumes and the identification 
of organs at risk (OARs) adhered to the protocols estab-
lished by the Radiation Therapy and Oncology Group for 
lung cancer. The gross target volume encompassed any 
remaining primary tumor sites and any positive lymph 
nodes post-treatment, while the clinical target volume 
was determined by adding an 8 mm margin to the gross 
target volume, along with the nodal regions that were 
implicated prior to treatment initiation. The total radia-
tion dose ranged from 30 to 60 Gy, with a median dose 
of 45 Gy, delivered at a rate of 2 Gy to 3 Gy per fraction 
on a daily basis, with a total of five fractions adminis-
tered weekly. To guarantee the accuracy of the radiation 
therapy, the plans were meticulously reviewed to confirm 
that the minimum target volume (PTV) received at least 
95% of the stipulated radiation dose. Constraints were 
applied to the radiation dosage received by the OARs, 
with the following parameters: the maximum dose to the 
spinal cord was capped at 45 Gy, the average lung dose 
was kept below 17 Gy, with V5 of the total lung volume 
at ≤ 60%, V20 at ≤ 30%, and V30 at ≤ 20%. For the heart, 
the mean radiation dose was limited to 20 Gy, with V30 
at ≤ 40% and V40 at ≤ 30%. Additionally, the mean radia-
tion dose to the esophagus was restricted to ≤ 30 Gy, and 
V60 was kept below 17%.

rwPFS
The median age of this group was 65 years (41–85). Most 
of the patients were males (75.6%). The ECOG PS0-1 
group accounted for 96.0% of the cohort. Brain metas-
tasis was present in 28.7% of the cohort, liver metasta-
sis was present in 22.7%, bone metastasis was present in 
30.1%, lung metastasis was present in 28.7% and adrenal 
gland metastasis was present in 8.5%. Among them, the 
combination of CT with RT accounted for 52.8% of the 
treatment regimens, and CT plus IT accounted for 44.9%. 
The CT regimens used for 166 patients were carboplatin 
(n = 56) or cisplatin (n = 110) combined with etoposide; 
4 patients received nedaplatin combined with etoposide; 
2 patients received irinotecan combined with cisplatin; 
2 patients received irinotecan combined with carbopl-
atin; and 2 patients received the single agent etoposide.
(Table  1) Regarding IT, 37 patients received PD-1 
(including 3 who received sintilimab, 3 who received 
pembrolizumab, 18 who received tislelizumab, 6 who 
received camrelizumab, 3 who received serplulimab, 2 
who received toripalimab and 2 who received penpuli-
mab) and 42 received PD-L1 (including 28 who received 
durvalumab, 9 who received atezolizumab and 5 who 
received adebrelimab).

Survival analysis
OS
A total of 186 patients were included in the OS analysis. 
The median follow-up time was 21.5 months. The median 
OS (mOS) was 16.5 months (95% CI 16.0–23.7) for all 
patients. The 1-year and 5-year OS rates were 66.2% and 
7.0%, respectively (Table 2).

Among these patients, 80 (43.0%) received CT + IT, 
and 106 (57.0%) were treated with CT alone. During 
the follow-up period, 138 (74.2%) patients reached 
the primary endpoint, including 48 (60.0%) in the 
CT + IT group and 90 (84.9%) in the CT-alone group. 
There were no significant differences in OS between 
patients who received CT + IT and those who received 
CT alone (18.0 m vs. 15.7  m, respectively; p = 0.208). 
The 1-year OS rates in the CT + IT and CT alone 
group were 72.5% and 61.8%, respectively; the 2-year 
OS rates were 42.7% and 28.6%, respectively, and the 
3-year OS rates were 22.9% and 14.4%, respectively. 
In addition, 87 (46.8%) patients received chemo-
radiotherapy (CT + RT), and 99 (53.2%) patients 
were treated with CT alone. During the follow-up 
period, 62 (71.7%) patients in the CT + RT group and 
76 (76.8%) in the CT-alone group reached the pri-
mary endpoint. Patients who received RT had a bet-
ter prognosis (22.0  m; 95% CI [16.1–27.9] vs. 13.6  m; 
95% CI [10.8–16.4]; p < 0.001). The 1-year OS rates 
in the CT + RT and CT alone group were 75.4% and 
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58.0%, respectively; the 2-year OS rates were 43.8% 
and 23.7%, respectively; and the 3-year OS rates were 
28.5% and 4.7%, respectively (Fig. 2, Table 2).

Univariate survival analysis was used to determine 
the associations between OS and clinical features. 
Sex (p = 0.002), liver metastasis (p = 0.015), and radio-
therapy (p < 0.001) were found to be significant prog-
nostic factors for OS. Multivariate analysis revealed 
that sex (HR, 0.571; 95% CI [0.370–0.882]; p = 0.011), 
liver metastasis (HR, 0.661; 95% CI [0.444–0.984]; 
p = 0.041), and radiotherapy (HR, 0.524; 95% CI 
[0.367–0.748]; p < 0.001) were independent prognostic 
factors for OS (Table 3).

rwPFS
A total of 176 patients were included in the rwPFS 
analysis. The median follow-up time was 7.5 months. 
The median rwPFS (mrwPFS) was 7.0 months (95% CI 
6.5–7.5) for all patients. The 6-month, 12-month and 
18-month PFS rates were 59.0%, 13.9% and 6.8%, respec-
tively (Table 2).

Among these patients, 79 (44.9%) received CT + IT, 
and 97 (55.1%) were treated with CT alone. During 
the follow-up period, 166 (94.3%) patients reached 
the endpoint: 69 (87.3%) in the CT + IT group and 97 
(100%) in the CT-alone group. The mrwPFS was 7.7 
months (95% CI [6.8–8.6]) in the CT + IT cohort and 
6.8 months (95% CI [6.1–7.5]) in the CT-alone cohort 

Table 2  The survival rate of OS and rwPFS

Abbreviations: OS overall survival, rwPFS real-world progression-free survival, CT chemotherapy, IT immunotherapy, RT radiotherapy

OS (n = 186) rwPFS (n = 176)

Time 1-year 2-year 3-year 4-year 5-year 6-month 12-month 18-month

All patients 66.2% 33.7% 17.2% 11.1% 7.0% 59.0% 13.9% 6.8%

CT + IT 72.5% 42.7% 22.9% 11.4% 0 63.2% 19.8% 12.1%

CT 61.8% 28.6% 14.4% 10.2% 7.3% 55.7% 9.3% 3.1%

CT + RT 75.4% 43.8% 28.5% 19.8% 12.3% 68.8% 14.3% 6.2%

CT 58.0% 23.7% 4.7% 0 0 48.1% 13.6% 7.7%

Fig. 2  A Kaplan-Mier curves showing OS based on immunotherapy. B Kaplan-Mier curves showing rwPFS based on immunotherapy. C Kaplan-Mier 
curves showing OS based on radiotherapy. D Kaplan-Mier curves showing rwPFS based on radiotherapy. Abbreviations: OS, overall survival; rwPFS, 
real-world progression-free survival; CT, chemotherapy; IT, immunotherapy; RT, radiotherapy
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(p = 0.043). The 6-month rwPFS rates in the CT + IT 
and CT alone group were 63.2% and 55.7%, respec-
tively; the 12-month rwPFS rates were 19.8% and 9.3%, 
respectively; and the 18-month rwPFS rates were 12.1% 
and 3.1%, respectively. In addition, 93 (52.8%) patients 
received CT + RT, and 83 (47.2%) were treated with CT 
alone. During the follow-up period, 90 (96.8%) patients 
in the CT + RT group and 76 (91.6%) in the CT-alone 
group reached the endpoint. There were no significant 
differences in rwPFS between the two groups (7.4 m 
vs. 6.0 m, p = 0.175). The 6-month rwPFS rates in the 
CT + RT and CT alone group were 68.8% and 48.1%, 
respectively; the 12-month rwPFS rates were 14.3% 
and 13.6%, respectively; and the 18-month rwPFS rates 
were 6.2% and 7.7%, respectively (Fig. 2, Table 2).

Univariate analysis revealed that liver metastasis 
(p = 0.009) and immunotherapy (p = 0.048) were sig-
nificant prognostic factors for rwPFS. Multivariate 
analysis revealed that liver metastasis (HR, 0.609; 95% 
CI [0.425–0.872]; p = 0.007) and immunotherapy (HR, 
0.716; 95% CI [0.524–0.979]; p = 0.037) were independ-
ent prognostic factors for rwPFS (Table 3).

Survival outcomes after PSM
OS
To reduce the interference of confounding factors and 
potential biases, PSM was carried out. PSM was used to 
match the CT + IT group and the CT group. A total of 
60 pairs completed PSM, with comparable baseline char-
acteristics. The mOS was 23.2 m (95% CI [15.1–31.3]) 
in the CT + IT cohort and 13.0 m (95% CI [10.3–15.7]) 
in the CT cohort (p = 0.008). Similarly, PSM was also 
used to match the CT + RT group and the control group. 
Among the 61 pairs completed, the mOS was 21.4 m 
(95% CI [13.4–29.4]) in the CT + RT group and 12.5 m 
(95% CI [11.2–13.8]) in the control cohort (p < 0.001). 
(Fig. 3, Table 1).

rwPFS
PSM was used to match the CT + IT group and the con-
trol group. Among the 58 pairs that were subjected to 
PSM, there was no significant difference in the mrwPFS 
(7.3  m; 95% CI [6.5–8.1] vs. 6.2  m; 95% CI [5.5–6.9]; 
p = 0.096), but we found that IT tended to improve PFS. 
Similarly, PSM was also used to match the CT + RT 

Table 3  Analysis of potential risk factors for OS and rwPFS using univariate and multivariate Cox proportional hazard models

Abbreviations: OS overall survival, rwPFS real-world progression-free survival, HR hazard ratio, CI confidence interval, ECOG PS Eastern Cooperative Oncology Group 
performance status, EP etoposide combined with platinum(cisplatin), EC etoposide combined with carboplatin

Characteristics OS rwPFS

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR (95% CI) P-Value HR (95% CI) P-Value HR (95% CI) P-Valu HR (95% CI) P-Value

Age, year(≤ 65 yrs 
vs. > 65 yrs)

0.846(0.622–1.152) 0.289

Gender(Female vs. Male) 0.509(0.331–0.782) 0.002 0.571(0.370–0.882) 0.011 0.722(0.501–1.040) 0.080

Smoking history(Never vs. 
Former/current)

0.719(0.514–1.007) 0.055 0.863(0.633–1.176) 0.351

Family tumor history(No 
vs. Yes)

1.189(0.795–1.778) 0.398 1.093(0.769–1.552) 0.620

Hypertension(No vs. Yes) 0.994(0.658–1.354) 0.755 1.146(0.827–1.589) 0.413

Diabetes(No vs. Yes) 0.737(0.463–1.175) 0.200 0.714(0.469–1.088) 0.117

ECOG PS(0–1 vs. ≥ 2) 0.704(0.344–1.441) 0.337 0.881(0.412–1.883) 0.744

Brain Metastatic(No vs. Yes) 1.056(0.688–1.620) 0.802 0.897(0.609–1.320) 0.580

Liver Metastatic(No vs. Yes) 0.612(0.412–0.908) 0.015 0.661(0.444–0.984) 0.041 0.621(0.434–0.889) 0.009 0.609(0.425–0.872) 0.007

Bone Metastatic(No vs. Yes) 0.855(0.590–1.239) 0.408 1.145(0.819–1.600) 0.429

Lung Metastatic(No vs. Yes) 0.972(0.645–1.465) 0.892 0.939(0.631–1.397) 0.756

Adrenal gland Metastasis(No 
vs. Yes)

1.184(0.622–2.256) 0.607 0.969(0.549–1.170) 0.914

Radiotherapy(Yes vs. No) 0.497(0.349–0.708)  < 0.001 0.524(0.367–0.748)  < 0.001 0.812(0.597–1.104) 0.184

Immunotherapy(Yes vs. No) 0.799(0.561–1.138) 0.214 0.730(0.535–0.998) 0.048 0.716(0.524–0.979) 0.037

Chemotherapy(EC vs. EP) 1.360(0.950–1.947) 0.093 1.132(0.811–1.579) 0.468
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group and the control group. Among the 57 pairs that 
were subjected to PSM, the mrwPFS was not significantly 
different (7.3 m vs. 5.2 m, p = 0.220). (Fig. 3, Table 1).

Survival Outcomes in Selected Patient Subgroups
Division into four groups according to RT and IT
We divided all patients into four groups: 34 patients in 
the RT + IT group, 53 in the RT group, 46 in the IT group, 
and 53 in the CT-alone group. The mOS for these groups 
was 25.0 m, 21.4 m, 16.6 m, and 12.0 m, respectively. The 
three groups showed significant improvements in OS 
compared with the CT-alone group (p < 0.001, p < 0.001, 
p = 0.021), but there was no significant difference among 
the 3 groups. In terms of rwPFS, there were 38 patients 
in the RT + IT group, 55 in the RT group, 41 in the IT 
group, and 42 in the CT group. The mrwPFS for these 
groups was 7.8 m, 7.1 m, 6.8 m, and 5.3 m, respectively. 
Similarly, the 3 groups showed significant improvements 
in PFS compared with the CT-alone group (p = 0.005, 
p = 0.005, p = 0.015), and there was no significant differ-
ence among the 3 groups (Fig. 4, Table 4).

Comparison of PD‑1 inhibitors, PD‑L1 inhibitors 
and radiotherapy
For OS, 80 patients received IT, including 35 patients 
in the PD-1 group and 45 patients in the PD-L1 group, 

and the mOS was 23.2 m versus 18.0 m (p = 0.380). In 
the PD-1 group, RT significantly improved patient sur-
vival (36.0 m vs. 15.8  m, p = 0.041). The same results 
were not observed in the PD-L1 group (15.0 m vs. 21.0, 
p = 0.926). In addition, 34 patients received RT, among 
them 13(38.2%) patients were treated with IT follow-
ing RT, while 21(61.8%) patients underwent RT after IT, 
46 did not receive RT, and the mOS was 25.0 m versus 
16.6  m (p = 0.149). In the RT group, PD-1 inhibitors 
tended to improve OS compared with PD-L1 inhibitors 
(36.0 m vs. 15.0 m, p = 0.086) (Figs. 4 and 5, Table 5).

For rwPFS, 79 patients received IT, including 37 
patients in the PD-1 group and 42 patients in the PD-L1 
group, and thirty-eight patients received RT, among 
them 15(39.5%) patients were treated with IT following 
RT, while 23(60.5%) patients underwent RT after IT. We 
found that treatment with PD-1 inhibitors combined 
with RT (9.2 m vs. 5.9 m) prolonged the mrwPFS more 
than treatment with PD-L1 inhibitors (7.3 m vs. 6.8 m), 
but  there were no  significant  differences (p > 0.05). 
Additionally, patients who underwent RT had longer 
mrwPFS when treated with PD-L1 inhibitors were 
combined with RT, whereas those who did not receive 
RT had longer mrwPFS in the PD-L1 group. This find-
ing is similar to the results obtained in the OS analysis 
(p > 0.05).(Table 5).

Fig. 3  A Kaplan-Mier curves showing OS based on immunotherapy after PSM. B Kaplan-Mier curves showing rwPFS based on immunotherapy 
after PSM. (C) Kaplan-Mier curves showing OS based on radiotherapy after PSM. (D) Kaplan-Mier curves showing rwPFS based on radiotherapy 
after PSM. Abbreviations: OS, overall survival; rwPFS, real-world progression-free survival; PSM, propensity score-matched; CT, chemotherapy; IT, 
immunotherapy; RT, radiotherapy
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Synchronous and sequential radiotherapy
For OS, a total of 87 patients received RT. After excluding 
1 patient who received prophylactic cranial irradiation, 
the mOS for synchronous (n = 15) and sequential (n = 71) 
RT was 31.0 m versus 18.0 m (p = 0.854). After exclud-
ing 21 patients who received brain radiation and 2 who 
received bone radiation, a total of 63 patients received 
thoracic radiotherapy (TRT), and the mOS for synchro-
nous (n = 11) and sequential (n = 52) TRT was 32.0 m and 
25.0 m, respectively (p = 0.955). To eliminate the impact 
of IT on RT, we further analyzed the survival of patients 
who did not receive IT. The results also showed no statis-
tically significant difference (32.0 m vs. 24.0 m, p = 0.925). 
Similarly, in the analysis of the PFS population, no favora-
ble outcomes were observed (Table 6).

Treatment‑related adverse events (trAEs)
Among all eligible patients, 207 (80.5%) experienced at 
least one trAE, including 124 (48.2%) with grades 1–2 
and 83 (32.3%) with grades 3–4. The rates of trAEs in 
the 4 groups were not significantly different (p = 0.385). 
No patient exhibited grade 5 trAEs. Pneumonitis and 
esophagitis were the most common immune-related or 
radiation-related toxicities. Eleven patients developed 
grade 3 pneumonitis, and 4 patients developed grade 3 
esophagitis (Table 7, Fig. 5).

Discussion
ES-SCLC represents a particularly challenging subset of 
lung cancer characterized by a poor prognosis and lim-
ited therapeutic options. Platinum-based chemotherapy 

Fig. 4  A Kaplan-Mier curves showing OS about four groups. B Kaplan-Mier curves showing rwPFS about four groups. (C) Kaplan-Mier curves 
showing OS in the PD-1 group. D Kaplan-Mier curves showing OS based on radiotherapy combined with PD-1/PD-L1 inhibitors. Abbreviations: OS, 
overall survival; rwPFS, real-world progression-free survival; CT, chemotherapy; IT, immunotherapy; RT, radiotherapy; PD-1, Programmed death 1; 
PD-L1, programmed death ligand 1

Table 4  Survival outcomes of four groups

Abbreviations: OS overall survival, rwPFS real-world progression-free survival, mrwPFS median rwPFS, CT chemotherapy, IT immunotherapy, RT radiotherapy

OS rwPFS

N mOS RT IT CT N mrwPFS RT IT CT

RT + IT 34 25.0 0.951 0.149  < 0.001 38 7.8 0.589 0.895 0.005

RT 53 21.4 0.148  < 0.001 55 7.1 0.571 0.005

IT 46 16.6 0.021 41 6.8 0.015

CT 53 12.0 42 5.3
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Fig. 5  A The bar chart showing OS comparison of PD-1/PD-Ll inhibitors and radiotherapy. B Treatment-related adverse events in all ES-SCLC 
patients. Abbreviations: PD-1, Programmed death 1; PD-L1, programmed death ligand 1; CT, chemotherapy; IT, immunotherapy; RT, radiotherapy

Table 5  Comparison of PD-1 inhibitors, PD-L1 inhibitors and radiotherapy

Abbreviations: PD-1 Programmed death 1, PD-L1 programmed death ligand 1, CT chemotherapy, IT immunotherapy, RT radiotherapy, rwPFS real-world progression-
free survival, mrwPFS median rwPFS

OS rwPFS

N mOS P-Value mOS P-Value N mrwPFS P-Value mrwPFS P-Value

PD-1 IT 19 15.8 0.041 23.2 0.380 16 5.9 0.505 8.3 0.785

RT + IT 16 36.0 21 9.2

PD-L1 IT 27 21.0 0.926 18.0 25 6.8 0.817 7.0

RT + IT 18 15.0 17 7.3

RT + IT PD-1 16 36.0 0.085 25.0 0.149 21 9.2 0.571 7.8 0.895

PD-L1 18 15.0 17 7.3

IT PD-1 19 15.8 0.533 16.6 16 5.9 0.540 6.8

PD-L1 27 21.0 25 6.8
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(CT) has been the mainstay treatment for ES-SCLC 
patients. Despite the achievement of objective response 
rates ranging from 50–70%, the median survival time is 
limited to 9–12 months, with a dismal 5-year survival 
rate of less than 7% owing to rapid progression posttreat-
ment resistance [11]. Recently, the most promising devel-
opment in the treatment of ES-SCLC was the addition of 
immunotherapy (IT) to standard platinum-based first-
line CT. Various clinical trials, including Checkmate032, 
Keynote028, IMpower133, ASTRUM005 and CASPIAN, 
have explored the safety and efficacy of anti-PD-1/PD-L1 
therapy in SCLC patients, demonstrating encouraging 
outcomes marked by significant enhancements in sur-
vival metrics compared to historical data with CT alone 
[4, 5, 8, 12, 13]. Based on the results of these clinical 
studies, the relevant diagnosis and treatment guidelines 
approved PD-1/PD-L1 inhibitors combined with CT for 
the first-line treatment of ES-SCLC. However, the clini-
cal benefits of IT in real-world patients with ES-SCLC 
are still worth exploring. Therefore, we conducted a 
real-world study to investigate the application of IT in 
patients with ES-SCLC.

Our study demonstrated that in terms of OS, there 
was no significant improvement in the CT + IT group 
compared to the CT-alone group in the entire cohort 
(18.0 m vs. 15.7 m, p = 0.208). Due to the baseline imbal-
ance between the two groups, we conducted PSM and 
ultimately matched 60 pairs of data. Further analysis 

revealed a significant increase of 9.8 months in sur-
vival time for the CT + IT group compared to the CT-
alone group (23.2  months vs. 13.0  months, p = 0.008). 
Regarding rwPFS, there was a significant improvement 
in the CT + IT group compared to the CT-alone group 
in the overall cohort (7.7 m vs. 6.8 m, p = 0.043), and IT 
tended to improve rwPFS in the matched cohort (7.3 m 
vs. 6.2 m, p = 0.096). It is worth noting that our OS out-
comes in patients treated with CT + IT were numeri-
cally better than those in some prospective studies, 
such as the IMpower133, CASPIAN, CAPSTONE-1 
and ASTRUM-005 studies [4, 5, 8, 14], and retrospective 
studies (17.3 m vs. 13.4 m; p = 0.001) [15]. Similarly, our 
study data surpass those of several prospective studies on 
the mrwPFS, such as the mPFS of the IT group and CT 
group, which were 4.5–5.8 months and 4.3–5.6 months, 
respectively. This could be attributed to approximately 
half of the patients receiving RT in our study.

Previously, the CREST trial showed that thoracic radi-
otherapy (TRT) after first-line CT could increase local 
control rates and improve OS [9]. In the era of CT, sev-
eral prospective studies and meta-analyses have demon-
strated that consolidative TRT offers survival benefits 
in comparison with CT alone [16, 17]. Moreover, stud-
ies have shown that RT can prolong the survival of 
patients with SCLC [18, 19]. Our research revealed that 
in terms of OS, both in the overall population and in 
the 61 matched pairs, RT significantly extended the OS 

Table 6  Synchronous and sequential radiotherapy

Abbreviations: OS median overall surviva, mrwPFS median real-world progression-free survival, IT immunotherapy, RT radiotherapy, TRT​ thoracic radiotherapy

N mOS P-Value mOS N mrwPFS P-Value mrwPFS

RT synchronous 15 31.0 0.854 22.0 13 7.3 0.806 7.4m

sequential 71 18.5 79 7.4

TRT​ synchronous 11 32.0 0.955 28.5 11 7.3 0.466 8.0m

sequential 52 25.0 56 8.0

RT(no IT) synchronous 10 23.2 0.913 18.5 7 7.0 0.722 7.0m

sequential 42 18.0 47 7.1

TRT(no IT) synchronous 8 32.0 0.925 24.0 6 7.0 0.495 8.0m

sequential 30 24.0 33 8.0

Table 7  Treatment-related adverse event

Abbreviations: CT chemotherapy, IT immunotherapy, RT radiotherapy

Total(257) RT + IT(53) RT(72) IT(63) CT(69) P-Value

No 50(19.5%) 10(18.9%) 9(12.5%) 16(25.4%) 15(21.7%) 0.385

Grade 1–2 124(48.2%) 23(43.4%) 35(48.6%) 31(49.2%) 35(50.7%)

Grade 3–4 83(32.3%) 20(37.7%) 28(38.9%) 16(25.4%) 19(27.6%)

Pneumonia 11(4.3%) 5(9.4%) 3(4.2%) 3(4.8%) 0

Esophagitis 4(1.6%) 2(3.8%) 1(1.4%) 1(1.6%) 0
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of patients with ES-SCLC (22.0 m vs. 13.6  m, p < 0.001; 
21.4 m vs. 12.5 m, p < 0.001). These findings are consist-
ent with previous research. Regarding rwPFS, no signifi-
cant benefit was observed in either the overall cohort (7.4 
m vs. 6.0 m, p = 0.175) or the matched cohort (7.3 m vs. 
5.2 m, p = 0.220), which may be due to the heterogeneity 
in the timing of RT in our retrospective study. Further-
more, subgroup analysis suggested that synchronous RT 
may confer greater benefits with or without IT for ES-
SCLC patients, although this difference did not reach sta-
tistical significance (31.0 m vs. 18.5 m; p = 0.854).

Previous studies have demonstrated that both PD-1 
and PD-L1 inhibitors combined with CT can prolong the 
survival of patients with ES-SCLC. One meta-analysis 
suggested that anti-PD-1 agents and anti-PD-L1 agents 
are likely to have comparable effectiveness [20]. Another 
meta-analysis revealed that compared with anti-PD-L1 
agents, anti-PD-1 agents were linked to favorable survival 
results [21]. For anti-PD-1 agents, the RATIONAL-312 
study suggested that the OS of patients treated with 
tislelizumab combined with CT reached 15.5 months 
[22]; in the ASTRUM-005 study, the OS of patients 
treated with serplulimab reached 15.4 months [8]; in the 
EXTENTORCH study, the OS of patients treated with 
toripalimab reached 14.6 months [23]. Regarding anti-
PD-L1 agents, the IMpower133 study showed that the 
OS of patients treated with atezolizumab reached 12.3 
months [5]; in the CASPIAN study, the OS of patients 
treated with durvalumab reached 12.9 months [4]; and in 
the CAPSTONE-1 study, the OS of patients treated with 
adebrelimab reached 15.3 months [15]. The first large 
prospective real-world study The ORIENTAL study was 
the first large, prospective, real-world study on this topic 
and reported that theOS of ES-SCLC patients treated 
with durvalumab reached 14.8 months. These studies 
suggest that there is a trend toward stronger improve-
ment with anti-PD-1 agents than with anti-PD-L1 agents 
[24]. According to our findings, no significant differ-
ence was observed between patients who received anti-
PD-1 agents and those who received anti-PD-L1 agents, 
although the survival was longer in the PD-1 group (23.2 
m vs. 18.0  m, p = 0.380). However, after controlling for 
the effect of RT, we found that there appeared to be a 
greater survival benefit with anti-PD-L1 agents than with 
anti-PD-1 agents (21.0 m vs. 15.8 m, p = 0.533). A similar 
trend was observed for rwPFS.

This suggests that there is an interaction effect between 
RT and IT in the treatment of ES-SCLC. Daher et  al. 
showed that patients who underwent TRT after IT had a 
significantly longer OS (27.7 m vs. 13.2 m, p < 0.007) and 
PFS (8.5 m vs. 5.6 m, p < 0.003), with an acceptable safety 
profile in patients with ES-SCLC [25]. In addition, studies 
have demonstrated that RT has the potential to increase 

the expression of tumor antigens on the surface of tumor 
cells and enhance the binding of antibodies to tumor 
cells, and IT could enhance the abscopal effect of RT [26, 
27]. Several preclinical and clinical investigations have 
indicated that the combination of RT and IT can bolster 
local control and improve systemic antitumor immune 
responses through synergistic mechanisms [27, 28]. The 
LEAD study, presented at this year’s ELCC, highlighted 
the feasibility and potential application of combining 
systemic therapy with local treatments in clinical prac-
tice [29]. According to our subgroup analysis, the mOS 
was 25.0 m for the RT + IT + CT group, 21.4 m for the 
RT + CT group, 16.6 m for the IT + CT group and 12.0 
m for the CT group. Moreover, our research revealed 
that the combination of anti-PD-1 agents with RT sig-
nificantly improved survival (36.0 vs. 15.8 m, p = 0.041). 
Conversely, the combination of anti-PD-L1 agents with 
RT not only failed to confer benefits but also had detri-
mental effects on patients (15.0 m vs. 21.0 m, p = 0.926). 
A similar trend was observed for rwPFS. These findings 
suggest a potentially greater synergistic effect between 
RT and anti-PD-1 agents. However, whether anti-PD-1 
and PD-L1 agents combined with RT cause different clin-
ical outcomes remains unclear, and additional research is 
needed.

Recent retrospective studies have assessed the safety 
and efficacy of the combination of IT with TRT in 
patients with ES-SCLC and revealed that the addition of 
TRT to IT did not exhibit an apparent association with 
increased toxicity in patients with SCLC [30]. Further-
more, the occurrence of TRT-related adverse events was 
in line with previous findings from other studies and 
was considered manageable [18, 19]. Our retrospective 
study, which was conducted across three medical centers, 
revealed similar rates of adverse events across the four 
cohorts, confirming the safety of combining IT with RT 
in ES-SCLC patients.

The main strength of this article is that it not only con-
firms the efficacy and safety but also further validates 
the synergistic effects of RT and IT in patients with ES-
SCLC. Additionally, the combination of anti-PD-1 agents 
with RT resulted in significant survival benefits, and anti-
PD-L1 agents without RT seemed to be more effective. 
This will be the focus of our subsequent research. How-
ever, our study has some limitations worth considering. 
First, as the study design was retrospective, PSM could 
not completely exclude confounding variables and selec-
tion bias. Second, In the PSM analysis, we did not include 
the number of transfers in the covariate, it has the poten-
tial to influence the outcomes and the interpretation 
of the results. Third, although half of the total patients 
underwent RT, it included TRT, brain RT, and bone RT, 
which also affected the results of our analysis. Last, the 
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small number of patients receiving IT, along with the use 
of multiple anti-PD-1/PD-L1 agents, was likely to have 
impacted the analysis outcomes. Therefore, further large-
scale studies are warranted to validate our results.

Conclusions
An increasing number of treatment options are being 
explored for ES-SCLC, and chemotherapy is the cor-
nerstone. Our study demonstrated that both IT and RT 
can prolong survival in patients with ES-SCLC and have 
excellent safety profiles. In addition, these data reflect 
a synergistic effect between RT and anti-PD-1 agents. 
Despite some limitations, this combination therapy is 
worthy of further investigation for optimizing treatment 
strategies in patients with ES-SCLC.

Acknowledgements
We express our gratitude to all the patients participated in this retrospective 
study. We are grateful to all the doctors at the participating institutions.

Authors’ contributions
MS and HJ drafted the manuscript. YL and HJ were involved in conception 
and design. MS and HJ were involved in analysis and interpretation of data. 
MS, HJ, FD and NX were involved in data collection. JL provide comprehensive 
information about radiotherapy. All authors contributed in review, revise and 
approve the manuscript; and agree to be accountable to all aspects of the 
work.

Funding
Not applicable.

Availability of data and materials
The datasets generated and/or analysed during the current study are not 
publicly available due these data will be prepared for further studies, we will 
release relevant data when all the studies are completed, but are available 
from the corresponding author on reasonable request. To request data please 
contact Huaijun Ji (email: sdhzcxjhj@sina.com).

Declarations

Ethics approval and consent to participate
This study was approved by the Medical Ethics Committee in Weihai Munici-
pal Hospital of Shandong University. Because this study was retrospective, 
informed consent from the included patients was not required after the 
approved by the Medical Ethics Committee in Weihai Municipal Hospital of 
Shandong University, and patient information was anonymized. This study 
was conducted in accordance with the World Medical Association Declaration 
of Helsinki, Good Clinical Practices, and local ethical/legal requirements.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Pulmonary and Critical Care Medicine, Qilu Hospital, Cheeloo 
College of Medicine, Shandong University, No. 107 Wenhua Xilu, Jinan 250012, 
Shandong, China. 2 Department of Respiratory Medicine, Weihai Municipal 
Hospital, Cheeloo College of Medicine, Shandong University, 70 Heping Road, 
Weihai 264200, Shandong, China. 3 Department of Thoracic Surgery, Weihai 
Municipal Hospital, Cheeloo College of Medicine, Shandong University, 70 
Heping Road, Weihai 264200, Shandong, China. 4 Department of Oncology, 
Qilu Hospital of Shandong University Dezhou Hospital, Dezhou 254300, 
Shandong, China. 5 Department of Radiation Oncology, Weihai Municipal 

Hospital, Cheeloo College of Medicine, Shandong University, 70 Heping Road, 
Weihai 264200, Shandong, China. 

Received: 17 June 2024   Accepted: 12 September 2024

References
	1.	 Rudin CM, Brambilla E, Faivre-Finn C, et al. Small-cell lung cancer. Nat Rev 

Dis Primers. 2021;7(1):3.
	2.	 Kim D, Kim HJ, Wu HG, et al. Intrathoracic Progression Is Still the Most 

Dominant Failure Pattern after First-Line Chemo-immunotherapy in 
Extensive-Stage Small-Cell Lung Cancer: Implications for Thoracic Radio-
therapy. Cancer Res Treat. 2024;56:430–41.

	3.	 Socinski MA, Smit EF, Lorigan P, et al. Phase III study of pemetrexed plus 
carboplatin compared with etoposide plus carboplatin in chemotherapy-
naive patients with extensive-stage small-cell lung cancer. J Clin Oncol. 
2009;28:4787–92.

	4.	 Goldman JW, Dvorkin M, Chen Y, et al. Durvalumab, with or without 
tremelimumab, plus platinum-etoposide versus platinum-etoposide 
alone in first-line treatment of extensive-stage small-cell lung cancer 
(CASPIAN): updated results from a randomised, controlled, open-label, 
phase 3 trial. Lancet Oncol. 2021;22:51–65.

	5.	 Liu SV, Reck M, Mansfield AS, et al. Updated Overall Survival and 
PD-L1 Subgroup Analysis of Patients With Extensive-Stage Small-Cell 
Lung Cancer Treated With Atezolizumab, Carboplatin, and Etoposide 
(IMpower133). J Clin Oncol. 2021;39:619–30.

	6.	 Horn L, Mansfield AS, Szczęsna A, et al. First-Line Atezolizumab plus 
Chemotherapy in Extensive-Stage Small-Cell Lung Cancer. N Engl J Med. 
2018;23:2220–9.

	7.	 Rudin CM, Awad MM, Navarro A, et al. Pembrolizumab or Placebo Plus 
Etoposide and Platinum as First-Line Therapy for Extensive-Stage Small-
Cell Lung Cancer: Randomized, Double-Blind, Phase III KEYNOTE-604 
Study. J Clin Oncol. 2020;21:2369–79.

	8.	 Cheng Y, Han L, Wu L, et al. Effect of First-Line Serplulimab vs Placebo 
Added to Chemotherapy on Survival in Patients With Extensive-Stage 
Small Cell Lung Cancer: The ASTRUM-005 Randomized Clinical Trial. 
JAMA. 2022;12:1223–32.

	9.	 Slotman BJ, van Tinteren H, Praag JO, et al. Use of thoracic radiotherapy 
for extensive stage small-cell lung cancer: a phase 3 randomised con-
trolled trial. Lancet. 2015;385:36–42.

	10.	 Li H, Zhao Y, Ma T, et al. Radiotherapy for extensive-stage small-cell lung 
cancer in the immunotherapy era. Front Immunol. 2023;14:1132482.

	11.	 Tian Y, Ma J, Jing X, et al. Radiation therapy for extensive-stage small-cell 
lung cancer in the era of immunotherapy. Cancer Lett. 2022;541:215719.

	12.	 Antonia SJ, López-Martin JA, Bendell J, et al. Nivolumab alone and 
nivolumab plus ipilimumab in recurrent small-cell lung cancer (Check-
Mate 032): a multicentre, open-label, phase 1/2 trial. Lancet Oncol. 
2016;17:883–95.

	13.	 Ott PA, Elez E, Hiret S, et al. Pembrolizumab in Patients With Extensive-
Stage Small-Cell Lung Cancer: Results From the Phase Ib KEYNOTE-028 
Study. J Clin Oncol. 2017;34:3823–9.

	14.	 Wang J, Zhou C, Yao W, et al. Adebrelimab or placebo plus carboplatin 
and etoposide as first-line treatment for extensive-stage small-cell lung 
cancer (CAPSTONE-1): a multicentre, randomised, double-blind, placebo-
controlled, phase 3 trial. Lancet Oncol. 2022;23:739–47.

	15.	 Xie J, Chen M, Han H, et al. Clinical impact of first-line PD-1 or PD-L1 
inhibitors combined with chemotherapy in extensive-stage small cell 
lung cancer patients: A real-world multicenter propensity score-matched 
study. Thorac Cancer. 2023;15:1327–38.

	16.	 Duan J, Cui L, Zhao X, et al. Use of Immunotherapy With Programmed 
Cell Death 1 vs Programmed Cell Death Ligand 1 Inhibitors in Patients 
With Cancer: A Systematic Review and Meta-analysis. JAMA Oncol. 
2020;6:375–84.

	17.	 Cheng Y, Fan Y, Zhao Y, et al. Tislelizumab Plus Platinum and Etoposide 
Versus Placebo Plus Platinum and Etoposide as First-Line Treatment for 
Extensive-Stage SCLC (RATIONALE-312): A Multicenter, Double-Blind, 
Placebo-Controlled, Randomized, Phase 3 Clinical Trial. J Thorac Oncol. 
2024;7:S1556–0864(24)00115–1.



Page 16 of 16Sun et al. BMC Cancer         (2024) 24:1206 

	18.	 Cheng Y, Liu Y, Zhang W, et al. EXTENTORCH: A randomized, phase III trial 
of toripalimab versus placebo, in combination with chemotherapy as a 
first-line therapy for patients with extensive stage small cell lung cancer 
(ES-SCLC). 2023; ESMO. LBA93.

	19.	 Ying Cheng, Jie Wang, Wenxiu Yao, et al. Final results and subgroup 
analysis of ORIENTAL: A phase IIIB study of durvalumab plus platinum-
etoposide in first-line treatment of Chinese patients with extensive-stage 
small-cell lung cancer (ES-SCLC). 2023; ESMO Asia. 519P.

	20.	 Rathod S, Jeremic B, Dubey A, et al. Role of thoracic consolidation 
radiation in extensive stage small cell lung cancer: A systematic 
review and meta-analysis of randomised controlled trials. Eur J Cancer. 
2019;110:110–9.

	21.	 Li AM, Zhou H, Xu YY, et al. Role of thoracic radiotherapy in extensive 
stage small cell lung cancer: a systemic review and meta-analysis. Ann 
Transl Med. 2021;9:299.

	22.	 Peng J, Zhang L, Wang L, et al. Real-world outcomes of PD-L1 inhibitors 
combined with thoracic radiotherapy in the first-line treatment of exten-
sive stage small cell lung cancer. Radiat Oncol. 2023;18:111.

	23.	 Xie Z, Liu J, Wu M, et al. Real-World Efficacy and Safety of Thoracic 
Radiotherapy after First-Line Chemo-Immunotherapy in Extensive-Stage 
Small-Cell Lung Cancer. J Clin Med. 2023;12:3828.

	24.	 Pillai RN, Behera M, Owonikoko TK, et al. Comparison of the toxicity 
profile of PD-1 versus PD-L1 inhibitors in non-small cell lung cancer: A 
systematic analysis of the literature. Cancer. 2018;124:271–7.

	25.	 Daher SNAA, Rottenberg Y, et al. Real-world data of consolidative radio-
therapy for extensive stage (ES)-SCLC treated by chemo-immunotherapy 
(chemo-IO). Ann Oncol. 2022;33:S97–104.

	26.	 Zhang Z, Liu X, Chen D, et al. Radiotherapy combined with immuno-
therapy: the dawn of cancer treatment. Signal Transduct Target Ther. 
2022;7:258.

	27.	 Formenti SC, Rudqvist NP, Golden E, et al. Radiotherapy induces 
responses of lung cancer to CTLA-4 blockade. Nat Med. 2018;24:1845–51.

	28.	 Longo V, Della Corte CM, Russo A, et al. Consolidative thoracic radiation 
therapy for extensive-stage small cell lung cancer in the era of first-line 
chemoimmunotherapy: preclinical data and a retrospective study in 
Southern Italy. Front Immunol. 2024;14:1289434.

	29.	 Yan Zhang. Phase II study of low-dose radiation (LDRT) plus durvalumab 
(D) and etoposide/platinum (EP) as first-line treatment in ES-SCLC (LEAD): 
Efficacy and safety results. 2024; ELCC 2024.

	30.	 Diamond BH, Verma N, Shukla UC, et al. Consolidative Thoracic Radiation 
Therapy After First-Line Chemotherapy and Immunotherapy in Extensive-
Stage Small Cell Lung Cancer: A Multi-Institutional Case Series. Adv Radiat 
Oncol. 2021;7:100883.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Clinical outcomes and synergistic effect between radiotherapy and immunotherapy in patients with extensive-stage small cell lung cancer: a real-world study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Data collection
	Patient selection
	Efficacy assessment
	Statistical analysis
	Ethical statement

	Results
	Data collection
	OS
	Baseline characteristics

	rwPFS
	Survival analysis
	OS

	rwPFS

	Survival outcomes after PSM
	OS
	rwPFS

	Survival Outcomes in Selected Patient Subgroups
	Division into four groups according to RT and IT
	Comparison of PD-1 inhibitors, PD-L1 inhibitors and radiotherapy
	Synchronous and sequential radiotherapy
	Treatment-related adverse events (trAEs)

	Discussion
	Conclusions
	Acknowledgements
	References


