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Abstract 

Background and purpose  This real-world study aimed to investigate the efficacy of early radiotherapy (RT) in ES-
SCLC patients treated with first-line chemo-immunotherapy.

Materials and methods  ES-SCLC patients were enrolled from August 2018 to October 2023. Patients who received 
early radiotherapy before disease progression were defined as Early RT group, while the others, named Salvage 
and Non-RT (S&N RT) group. Propensity score matching (PSM) with a 1:1 ratio was performed to balance the baseline 
characteristics.

Results  In this study, 375 patients with ES-SCLC treated with first-line chemo-immunotherapy were enrolled. The 
median PFS was 11.4 months of the Early RT group compared to 6.1 months of the S&N RT group (HR = 0.59, 95%CI 
0.45–0.77; p < 0.001). The median OS was 23.8 months of the Early RT group versus 18.0 months of the S&N RT group 
(HR = 0.50, 95%CI 0.34–0.73; p = 0.004). The survival benefit persisted in the PSM cohort. Furthermore, survival was sig-
nificantly improved in Early RT group compared to Salvage RT group (p = 0.028), while Salvage RT group had a similar 
survival with Non-RT group (p = 0.868). The risk of adverse events was tolerable. The multivariate analysis also demon-
strated that early radiotherapy was an independently positive predictor for PFS and OS.

Conclusions  Administering early radiotherapy significantly improved both PFS and OS in patients with ES-SCLC 
treated with first-line chemo-immunotherapy with tolerable adverse events, while salvage radiotherapy did 
not improve survival. This finding warrants further validation through prospective randomized studies.
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Introduction
Small cell lung cancer, characterized as a high-grade neu-
roendocrine neoplasm, accounts for approximately 15% 
of newly diagnosed cases of lung cancer [1, 2]. Due to its 
markedly aggressive growth, lack of early detection tech-
niques and rapid proliferation, 80% of patients receive an 
initial diagnosis of extensive-stage small cell lung cancer 
(ES-SCLC), with a median survival of approximately 2 to 
4 months in the absence of interventions [3, 4].
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Platinum-based chemotherapy has acted as the stand-
ard treatment of ES-SCLC for a long period. In  con-
sequence of barely changed composition of chemical 
agents, the median survival, ranging from 8–13 months, 
has shown limited improvement [5]. Immunotherapy 
emerged and significantly improved prognosis of various 
solid tumors [6, 7]. The IMpower133 and CASPIAN, ran-
domized, multi-center, controlled phase III trials, proved 
that the standard doublet chemotherapy combined 
with immune checkpoint inhibitors (ICIs) significantly 
improved survival by 2 months compared to the control 
group in ES-SCLC patients. Platinum and etoposide plus 
atezolizumab or durvalumab has been recommended as 
the standard first-line regimen for ES-SCLC based on 
these results [8–10].

Radiotherapy played a paramount role in the compre-
hensive treatment of SCLC [11, 12]. In the CREST study, 
the untreated ES-SCLC patients who received platinum-
based chemotherapy plus thoracic radiotherapy after sys-
temic treatment obtained a 2-year overall survival (OS) 
benefit (13% vs. 3%, p = 0.004) and a  6-month progres-
sion-free survival (PFS) benefit (24% vs. 7%, p = 0.001) 
compared to the control group [13]. Consistent with the 
CREST study, the efficacy and safety of the combination 
of chemotherapy and radiotherapy have also been con-
firmed in some retrospective studies and clinical trials 
[14, 15].

In the preclinical and clinical studies, radiotherapy has 
been proven to reshape the tumor microenvironment by 
enhancing the cross-presentation of tumor specific anti-
gen, increasing the expression of PD-L1, and promoting 
T cell-mediated immune responses [16–19]. These alter-
ations facilitate the synergistic potential of combining 
immunotherapy with radiotherapy [19–27]. PEMBRO-
RT trial and MDACC trial, focusing on the combina-
tion of radiotherapy and immunotherapy in NSCLC, 
have reported a significantly favorable propensity in 
combined modality group [28, 29]. A pooled analysis 
showed that immunotherapy combined with radiother-
apy obtained more than double median OS and median 
PFS [30]. In the context of ES-SCLC, numerous studies 
have investigated the value of radiotherapy in the treat-
ment of ES-SCLC in the era of immunotherapy [22–26, 
31]. A single-arm, phase II clinical study showed that 
chemo-immunotherapy combined with thoracic radio-
therapy achieved a notable median PFS of 8.6 months 
for ES-SCLC patients [32]. However, the small sample 
size limited the conclusions regarding the efficacy and 
safety of this regimen. Further investigation is warranted 
to determine the optimal combination of radiotherapy 
and immunotherapy in the treatment of ES-SCLC. So 
far, there is no recommendation to date for the combina-
tion of radiotherapy and immunotherapy. This real-world 

study was performed to investigate the efficacy of the 
combination of radiotherapy and immunotherapy and 
the value of early radiotherapy in ES-SCLC patients 
treated with first-line chemo-immunotherapy.

Materials and methods
Patients
Patients diagnosed with small cell lung cancer and treated 
with immunotherapy were screened from August 2018 
to October 2023 in Shanghai Chest Hospital. The inclu-
sion criteria were as follows: (I) aged over 18 years; (II) 
Eastern Cooperative Oncology Group performance sta-
tus (ECOG PS) of 0 or 1; (III) SCLC diagnosed by histol-
ogy or cytology, with extensive stage confirmed based on 
the Veterans Administration Lung Study Group (VALG) 
staging system or recurrent disease after curative-intent 
treatment in certain limited-stage small cell lung can-
cer patients; (IV) receiving immunotherapy as first-line 
treatment at least one dose. Irradiated lesions were con-
sidered measurable only if there was confirmed disease 
progression at irradiated site. These lesions, along with 
non-irradiated lesions and newly emergent lesions were 
incorporated into assessment of treatment response. This 
study adhered to the principles of Declaration of Hel-
sinki and received approval from Ethics Committee of 
Shanghai Chest Hospital (Ethics approval ID: IS24011). 
Informed consent for this real-world study was waived.

Treatment
Patients included received standard care of systemic 
treatment according to the guidance of the National 
Comprehensive Cancer Network and the Chinese Soci-
ety of Clinical Oncology. In general, patients with disease 
control after systemic treatment were recommended to 
receive early radiotherapy prior to disease progression 
and patients with symptomatic brain metastasis at diag-
nosis were recommended to receive brain radiotherapy. 
The appropriate radiation dose and fractionation sched-
ule were selected based on the irradiation site and tumor 
burden of individuals, which determined whether con-
ventional radiotherapy or stereotactic radiotherapy was 
administered. Patients were grouped as Early RT group, 
Salvage RT and Non-RT group according to the time of 
radiotherapy initiation. Patients who received radiother-
apy prior to disease progression were assigned into Early 
RT group and patients who received radiotherapy after 
disease progression were assigned into Salvage RT group, 
while radiotherapy was not applied to patients in Non-
RT group. Treatment-related adverse events were graded 
according to Common Terminology Criteria for Adverse 
Events v4.0.
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Statistical analysis
Efficacy assessment was conducted according to the 
response evaluation criteria in solid tumors (RECIST) 
version 1.1. Examinations included enhanced contrast 
chest computed tomography (CT), ultrasound examina-
tion of supraclavicular and abdominal areas, magnetic 
resonance imaging (MRI) and whole-body bone scan. 
Positron emission tomography (PET)—CT is not man-
datory. PFS was defined as the interval between the ini-
tiation of immunotherapy and occurrence of disease 
progression or death, or last follow-up date. OS was 
defined from the initial immunotherapy treatment to the 
death for any cause or last follow-up date.

Patients’ characteristics were presented in descriptive 
data. Baseline characteristics were compared between 
different groups using Chi-square test or Fisher’s exact 
test and PSM (1:1) with a caliper of 0.02 was performed 
to balance the potential bias. PFS and OS were illustrated 
with Kaplan–Meier curves and the difference between 
groups was assessed using Log-rank test. Multivari-
ate Cox regression analysis was respectively performed 
for PFS and OS, including the variables with significant 
difference (p < 0.1) in the univariate regression analysis. 
Statistical analysis was performed by SPSS (version 22.0, 
IBM Corporation, USA), GraphPad Prism (version 9.0, 
GraphPad Software, USA) and R Studio (version 4.4.0, R 
Core Team, Austria). Statistical significance was defined 
as two-tailed p-value less than 0.05.

Results
Baseline characteristics
Among a total of 611 screened patients, 375 patients 
diagnosed with ES-SCLC who received chemo-immuno-
therapy as first-line treatment were eventually enrolled 
in this study. Seventy-six patients were assigned into 
Early RT group, while 54 patients were assigned into Sal-
vage RT group. Additionally, 245 patients who received 
chemo-immunotherapy alone were assigned into Non-
RT group. The Salvage RT group and the Non-RT group 
were combined as the S&N RT group in this analysis. In 
Early RT group, 53.9% (41/76) patients received thoracic 
radiotherapy, which was the most common irradiated 
site followed by brain (35.5%), bone  (14.5%) and others. 
There were 13 patients who received thoracic radiother-
apy with a prescription dose of 30 Gy in 10 fractions and 
12 patients in a dose of 60 Gy in 30 fractions. The most 
common dose fraction was also 30 Gy/10 fractions in 
the irradiation of brain, covering 14 patients in a total of 
27 patients receiving brain radiotherapy. More details of 
irradiation site and dose were listed in Table S1 in sup-
plementary. Baseline characteristics between groups are 
outlined in Table 1. After PSM, 76 pairs of patients were 

enrolled in further analysis and the baseline characteris-
tics were well balanced.

Efficacy
With a median follow-up time of 15.2 months for the sur-
vivors, the median PFS was 6.8 months and the median 
OS was 19.1 months for the whole cohort. The 12-month 
and 18-month PFS rates were 23.8% and 16.6%, respec-
tively, and the 12-month and 18-month OS rates were 
67.5% and 57.6%, respectively. The disease control rate 
of ES-SCLC patients was 88.0% after receiving first-line 
chemo-immunotherapy.

Before PSM, the median PFS of Early RT group and 
S&N RT group was 11.4 months and 6.1 months (HR 
0.59, 95%CI 0.45–0.77, p < 0.001) (Fig.  1A). The Early 
RT group showed a median OS of 23.8 months com-
pared to 18.0 months in the S&N RT group (HR 0.50, 
95%CI 0.34–0.73, p = 0.004), respectively (Fig.  1B). In 
the PSM cohort, Early RT group still remained superior 
in survival compared to S&N RT group. The median PFS 
of Early RT group and S&N RT group was 11.4 months 
and 6.0 months (HR = 0.50, 95%CI 0.34–0.74; p < 0.001) 
(Fig.  1C). The median OS was 23.8 months and 18.2 
months (HR = 0.51, 95%CI 0.30–0.86; p = 0.015), respec-
tively (Fig. 1D).

Pairwise comparison was performed between Early 
RT group and Salvage RT group, Salvage RT group and 
Non-RT group to validate survival benefit brought by 
early radiotherapy. The baseline characteristics of groups 
before and after PSM were outlined in Supplementary 
Table S2, S3. Before PSM, patients in Early RT group had 
an obviously favorable trend in median OS (23.8 months 
vs. 18.0 months; HR 0.58, 95%CI 0.33–1.03; p = 0.061) 
compared with Salvage RT group (Fig.  2A). However, 
Salvage RT group had a similar mOS (18.0 months vs. 
18.2 months; HR 0.85, 95%CI 0.57–1.23; p = 0.441) with 
Non-RT group (Fig.  2C). After PSM, survival benefit of 
OS brought by early radiotherapy obtained statistically 
significant in comparison of Early RT group and Salvage 
RT group (not reached vs. 18.0 months; HR 0.48, 95%CI 
0.26–0.89; p = 0.028)(Fig. 2B). The results of comparison 
between Salvage RT group and Non-RT group were con-
sistent with those before PSM. Salvage RT group had a 
non-differential mOS (18.0 months vs. 18.2 months; HR 
1.05, 95%CI 0.60–1.82; p = 0.868) compared with Non-
RT group (Fig. 2D).

Subgroup analysis (Fig. 3) demonstrated that early radi-
otherapy improved PFS in most subgroups except female, 
PD-L1 expression 1%−49%, usage of ICI binding to PD-1 
and the presence of baseline lung or liver metastasis. 
Subgroup analysis of OS showed that subgroups includ-
ing male, current or previous smokers, PD-L1 expres-
sion status of less than 1%, usage of immune checkpoint 
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inhibitors binding to PD-L1, without baseline brain or 
lung or liver metastasis and presence of baseline bone 
metastasis could benefit from early radiotherapy.

Univariate and multivariate analysis were performed 
to identify predictors of PFS and OS. The variables were 
firstly calculated using univariate analysis and further 
incorporated in multivariate analysis (Table  2). Early 
radiotherapy was validated as an independently favorable 
predictor for PFS (HR 0.49, 95%CI 0.34–0.73; p < 0.001) 
and OS (HR 0.50, 95%CI 0.29–0.87; p = 0.014) in multi-
variate analysis. Besides, presence of baseline liver metas-
tasis (HR 2.00, 95%CI 1.01–3.98; p = 0.048) was a poor 
predictor for OS.

Safety
No increase of adverse events was observed in the Early 
RT group. The incidence of adverse events of any grade 
and grade 3–5 (Table  3) showed no significant increase 

between the Early RT group and the S&N RT group. The 
most prevalent adverse events were hematologic tox-
icity, observed in 27.6% (21/76) of the Early RT group 
and 43.4% (33/76) of the S&N RT group. There were 3 
patients in Early RT group developed grades 3 or higher 
radiation pneumonitis, while none in S&N RT group. The 
risk of early radiotherapy combined with immunotherapy 
was tolerable.

Discussion
This study showed that prescribing early radiotherapy 
significantly improved PFS and OS in patients with ES-
SCLC receiving first-line chemo-immunotherapy. Pair-
wise comparison of Early RT group, Salvage RT group 
and Non-RT group further confirmed that early radio-
therapy could improve survival, emphasizing that it is the 
sole method of improving prognosis for extensive-stage 
small cell lung cancer patients. Meanwhile, no increased 

Table 1  Baseline characteristics of ES-SCLC patients before and after PSM

Abbreviation: PSM Propensity score matching, RT Radiotherapy, ECOG PS Eastern Cooperative Oncology Group performance status, PD-L1 Programmed cell death 1- 
ligand 1, PD-1 Programmed cell death protein-1, ICI Immune checkpoint inhibitor

Characteristic Before PSM After PSM

Early RT Group S&N RT Group p value Early RT Group S&N RT Group p value

(n = 76) (n = 299) (n = 76) (n = 76)

Age group-no.(%) 0.904 0.626

  < 65 yr 41(53.9) 159(53.2) 41(53.9) 38(50.0)

  ≥ 65 yr 35(46.1) 140(46.8) 35(46.1) 38(50.0)

Gender-no.(%) 0.843 0.616

  male 68(89.5) 264(88.3) 68(89.5) 66(86.8)

  female 8(10.5) 35(11.7) 8(10.5) 10(13.2)

ECOG PS-no.(%) 0.444 0.384

  0 5(6.6) 28(9.4) 5(6.6) 8(10.5)

  1 71(93.4) 271(90.6) 71(93.4) 68(89.5)

  Smoking-no.(%) 47(61.8) 176(58.9) 0.695 47(61.8) 38(50.0) 0.141

  Alcohol-no.(%) 8(10.5) 38(12.7) 0.698 8(10.5) 12(15.8) 0.337

Baseline metastasis-no.(%)

  brain 17(22.4) 28(9.4) 0.003 17(22.4) 17(22.4)  > 0.999

  lung 8(10.5) 48(16.1) 0.281 8(10.5) 15(19.7) 0.113

  bone 22(28.9) 91(30.4) 0.889 22(28.9) 22(28.9)  > 0.999

  liver 8(10.5) 63(21.1) 0.048 8(10.5) 8(10.5)  > 0.999

PD-L1 status-no.(%) 0.808 0.601

  no test 36(47.4) 139(46.5) 36(47.4) 39(51.3)

  < 1% 33(43.4) 139(46.5) 33(43.4) 34(44.7)

  1%−49% 5(6.6) 15(5.0) 5(6.6) 3(3.9)

  ≥ 50% 2(2.6) 6(2.0) 2(2.6) 0

Combined chemotherapy-no.(%) 74(97.4) 291(97.3) 0.706 74(97.4) 76(100.0) 0.497

Type of ICI-no.(%) 0.503 0.821

  PD-1 11(14.5) 54(18.1) 11(14.5) 12(15.8)

  PD-L1 65(85.5) 245(81.9) 65(85.5) 64(84.2)

Recurrent disease-no.(%) 8(10.5) 24(8.0) 0.486 8(10.5) 5(6.6) 0.384



Page 5 of 10Wang et al. BMC Cancer         (2025) 25:1012 	

incidence of adverse events was observed in Early RT 
group. Our findings emphasized the advantage of com-
bining early radiotherapy with current standard treat-
ment and might help clinical oncologists make medical 
decisions.

In fact, the management of ES-SCLC is still a chal-
lenging issue in clinical practice for its exceedingly poor 
prognosis. Early overlong overlaps and unsatisfactory 
tailing performance of survival curves were observed 
in IMpower133 and CASPIAN, indicating that patients 
might suffer from disease progression in priming stage 
and acquire resistance to ICI within a year [33]. The most 
common failure patterns were oligo-progression and 
progressive disease at existing sites [34].

In the pre-ICI era, radiotherapy demonstrated 
unique privilege in local control [13]. A meta-analysis 
of five studies including CREST study showed that the 
combination of chemotherapy and TRT significantly 

improved the survival of patients with ES-SCLC com-
pared to chemotherapy alone [35].

Stepping into immunotherapy era, efficacy of radio-
therapy combined with immunotherapy was validated 
in various tumors, especially the landmark achieve-
ment of PACIFIC trial in non-small cell lung cancer 
[36]. It encouraged some exploratory attempts in ES-
SCLC while the results were heterogeneous [22–24, 26, 
31, 37–39]. Considering the efficacy of radiotherapy in 
chemotherapy era and the synergistic effect of radio-
therapy and immunotherapy validated in pre-clinical 
and clinical studies, patients with ES-SCLC might have 
survival benefit from the combined regimen. Thus, 
patients with disease control after systemic treatment 
were recommended to receive early radiotherapy in 
clinical practice. Our findings indicated that irradiation 
before disease progression could significantly improve 

Fig. 1  Kaplan–Meier curves of PFS and OS of Early RT group and S&N RT group before and after PSM (A) Kaplan–Meier curves of PFS before PSM. 
B Kaplan–Meier curves of OS before PSM. C Kaplan–Meier curves of PFS after PSM. D Kaplan–Meier curves of OS after PSM PSM, propensity score 
matching; PFS, progression-free survival; OS, overall survival; S&N RT, Salvage and Non-radiotherapy; HR, hazard ratio; CI, confidence interval
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survival and was an independently positive predictor of 
prognosis in ES-SCLC patients.

By contrast, our study showed a mPFS of 11.4 months 
and mOS of 23.8 months in combined regimen group, 
which were comparable to recently published retro-
spective studies [31, 37]. Particularly, we compared the 
survival of patients who received salvage radiotherapy 
and  those who received systemic therapy alone. Com-
pared with Non-RT group, Salvage RT group showed no 
statistical significance in OS, emphasizing that the timing 
of radiotherapy should be prior to disease progression. 
The univariate and multivariate analysis validated efficacy 
of early radiotherapy once again. Of particular note, the 
radiotherapy in our study was delivered with palliative 
intent, with a substantial amount of patients receiving 30 
Gy in 10 fractions. This aligns with prior evidence dem-
onstrating the efficacy of combining relatively low-dose 

radiotherapy and immunotherapy in ES-SCLC. The 
MATCH trial conducted by Lu demonstrated a low-dose 
radiotherapy (15 Gy in 5 fractions) concurrently with 
chemo-immunotherapy had an excellent 12-month PFS 
and OS with tolerable risk of adverse events in ES-SCLC 
[40]. A prospective, single-arm study conducted by Chen 
explored the efficacy of consolidative thoracic radiother-
apy combined with standard regimen in the treatment 
of ES-SCLC and analyzed the survival benefits between 
different biological effective dose (BED) groups (divided 
by 60 Gy). The median PFS (p = 0.81) and median OS (p 
= 0.90) had no significant differences or those patients 
received BED-high (N = 24) and BED-low (N = 21) [41]. 
Some retrospective studies also showed that low-dose 
radiotherapy was not inferior to high-dose radiotherapy 
in terms of the survival benefits in ES-SCLC [23, 38]. The 
validation of this conclusion warranted further research.

Fig. 2  Kaplan–Meier curves of OS of Early RT group. Salvage RT group and Non-RT group before and after PSM (A) Kaplan–Meier curves of OS 
between Early RT group and Salvage RT group before PSM. B Kaplan–Meier curves of OS between Early RT group and Salvage RT group after PSM. 
C Kaplan–Meier curves of OS between Salvage RT group and Non-RT group before PSM. D Kaplan–Meier curves of OS between Salvage 
RT group and Non-RT group after PSM. PSM, propensity score matching; PFS, progression-free survival; OS, overall survival; S&N RT, Salvage 
and Non-radiotherapy; HR, hazard ratio; CI, confidence interval
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Concerning of independent predictors of survival, 
baseline liver metastasis merited our attention. In a sec-
ondary analysis of CREST trial, patients with liver metas-
tasis showed a negative association with survival, even 
though it failed to be a significant predictor in multi-
variate analysis [42]. Recently, some retrospective studies 
also revealed the negative association between baseline 
liver metastasis and survival in ES-SCLC patients treated 

with first-line chemo-immunotherapy [26, 31, 37]. In our 
study, baseline liver metastasis was also proved to be an 
independently negative predictor for OS in patients with 
ES-SCLC, indicating poor prognosis of patients with 
baseline liver metastasis. Even worse was that patients 
with liver metastasis could not benefit from the combi-
nation of early radiotherapy and systemic treatment in 
subgroup analysis, which further limits the treatment 

Fig. 3  Subgroup analysis for PFS and OS in ES-SCLC patients after PSM Subgroup analysis for PFS and OS. Patients in S&N group served 
as the reference. The value of HR less than 1 indicated that patients in Early RT group had survival benefits. PFS, progression-free survival; OS, 
overall survival; RT, radiotherapy; S&N RT, salvage and non-radiotherapy; HR, hazard ratio; CI, confidence interval; ICI, immune checkpoint inhibitor; 
PD-L1, programmed cell death 1- ligand 1; PD-1, programmed cell death protein 1; B Brain M, baseline brain metastasis; B Lung M, baseline lung 
metastasis; B Bone M, baseline bone metastasis; B Liver M, baseline liver metastasis

Table 2  Univariate and multivariate Cox analysis of PFS and OS

Abbreviation: PFS Progression-free survival, OS Overall survival, RT Radiotherapy, S&N RT Salvage and non-radiotherapy, HR Hazard ratio, CI Confidence interval, ECOG 
PS Eastern Cooperative Oncology Group performance status, ICI Immune checkpoint inhibitor, PD-L1 Programmed cell death 1- ligand 1, PD-1 Programmed cell death 
protein 1

Variable PFS OS

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR(95%CI) p value HR(95%CI) p value HR(95%CI) p value HR(95%CI) p value

RT(Early vs. Late) 0.49(0.34–0.73)  < 0.001 0.49(0.34–0.73)  < 0.001 0.51(0.29–0.89) 0.02 0.50(0.29–0.87) 0.014

Age(< 65 yr vs. ≥ 65 yr) 0.98(0.67–1.44) 0.94 - - 0.60(0.35–1.03) 0.06 - -

Gender(female vs. male) 1.37(0.75–2.52) 0.30 - - 0.97(0.41–2.26) 0.94 - -

ECOG PS(0 vs. 1) 0.80(0.43–1.51) 0.50 - - 0.34(0.08–1.41) 0.14 - -

Smoking(yes vs. no) 0.87(0.59–1.28) 0.49 - - 1.10(0.63–1.93) 0.74 - -

Alcohol(yes vs. no) 0.65(0.36–1.18) 0.16 - - 0.68(0.31–1.51) 0.35 - -

Baseline brain metastasis(yes vs. no) 1.36(0.84–2.20) 0.22 - - 1.06(0.56–2.01) 0.86 - -

Baseline lung metastasis(yes vs. no) 1.01(0.57–1.77) 0.98 - - 1.52(0.71–3.26) 0.28 - -

Baseline bone metastasis(yes vs. no) 1.07(0.71–1.64) 0.74 - - 1.07(0.59–1.94) 0.84 - -

Baseline liver metastasis(yes vs. no) 1.15(0.63–2.10) 0.65 - - 1.93(0.97–3.83) 0.06 2.00(1.01–3.98) 0.048

Type of ICIs(PD-1 vs. PD-L1) 0.83(0.49–1.42) 0.51 - - 1.01(0.50–2.07) 0.97 - -
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options for this cohort. For patients with brain metas-
tasis, subgroup analysis demonstrated that early RT 
significantly improved PFS but not OS, indicating the 
advantage of early RT in locoregional control in brain 
metastasis.

No significant increase of adverse events in Early RT 
group was observed and combined regimen did not 
lead to grade 4–5 adverse events in our study. The risk 
of adverse events in combined regimen was tolerable. 
Of note, while early RT group seemed to have a numeri-
cally higher incidence of pneumonitis (≥ grade 3) com-
pared with S&N RT group (5.2% vs 1.3%), this difference 
did not reach statistical significance. The incidence of 
pneumonitis (≥ grade 3) in early RT group was similar 
to that of 6% in the prospective, single-arm study con-
ducted by Chen, which explored the efficacy and safety of 
sequential thoracic radiotherapy combined with systemic 
treatment in ES-SCLC [41]. In terms of radiation pneu-
monitis, the incidence in our study was 3.9%, which was 
comparable to that of 3.0% in a meta-analysis conducted 
by Na [27]. In accordance with our study, the combina-
tion of radiotherapy and immunotherapy was verified to 
be safe in many small size retrospective studies and pro-
spective studies [22, 24–26, 31]. A phase I, prospective 
study showed that combined radiotherapy and pembroli-
zumab in patients with ES-SCLC did not induce grade 4 
or 5 adverse events and only 2 patients among 33 patients 
experienced grade 3 adverse events [25]. Furthermore, 
combined radiotherapy and double ICIs was also proved 

to be free from additional adverse events [24]. What was 
mentioned above firmly indicated the safety of combined 
regimen in ES-SCLC.

Overall, our study offers several advantages over simi-
lar studies: Firstly, our study enrolled a relatively large 
cohort. Secondly, the radiotherapy regimens adminis-
tered in our study are more reflective of real-world clini-
cal practice. Most importantly, our findings emphasize 
the critical role of early integration of radiotherapy prior 
to disease progression in patients with ES-SCLC. This 
could provide valuable guidance for oncologists in clini-
cal decision-making.

This study inherently possesses limitations that must 
be acknowledged. First, this study is a single-center 
study, which may lead to selection bias of patients. Sec-
ond, mainly limited by sample size, some details, such 
as irradiation site and dose, remain unanswered and we 
will keep attention on these questions in future research. 
Especially, we have noticed that the value of thoracic 
radiotherapy combined with immunotherapy in ES-
SCLC patients and conclusion remains to be seen in the 
near future. Our findings need to be verified by further 
large-scale, randomized, prospective phase III study.

Conclusions
Receiving early radiotherapy before disease progres-
sion significantly prolonged PFS and OS with accept-
able adverse events risk in ES-SCLC patients treated 
with first-line chemo-immunotherapy, while salvage 

Table 3  Comparison of adverse events of any grade and grade 3–5 between two groups

Abbreviation: S&N RT Salvage and non-radiotherapy

Adverse events Early RT group (N = 76) S&N RT group (N = 76)

Any Grade Grade 3–5 Any Grade Grade 3–5

Hematologic toxicity 21(27.6) 13(17.1) 33(43.4) 21(27.6)

Pneumonitis

  Radiation pneumonitis 3(3.9) 3(3.9) 1(1.3) 0

  Immune-related pneumonitis 2(2.6) 1(1.3) 3(3.9) 1(1.3)

  Cough 1(1.3) 0 0 0

  Abnormal liver function 2(2.6) 0 4(5.3) 0

  Pain 0 0 3(3.9) 0

  Dizziness 0 0 1(1.3) 0

  Headache 0 0 2(2.6) 0

  Ulceration 0 0 1(1.3) 0

  Rash 1(1.3) 0 6(7.9) 0

  Fatigue 2(2.6) 0 5(6.6) 0

  Hypothyroidism 1(1.3) 0 3(3.9) 0

  Hyperthyroidism 1(1.3) 0 0 0

  Diarrhea 1(1.3) 0 0 0

  Constipation 1(1.3) 0 2(2.6) 0

  Nausea and vomiting 4(5.2) 0 6(7.9) 0
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radiotherapy after disease progression could not improve 
survival. Our findings indicated that incorporating early 
radiotherapy into standard treatment modality of ES-
SCLC may improve prognosis of patients. This finding 
should be further verified by prospective randomized 
studies.
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