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Abstract. – Immunotherapy is important 
in treating small-cell lung cancer (SCLC), and 
its anti-tumor effects are better when com-
bined with radiotherapy. However, the toxicity 
of this combination is little known. This study 
assessed the incidences of adverse events 
when adding radiotherapy to ICIs in patients 
with SCLC. We searched the online databas-
es to identify eligible studies and included 
nine references. For extensive-stage SCLC pa-
tients, the median PFS ranged from 4.5 to 12.5 
months, and median OS ranged from 8.4 to NR 
months, respectively. The incidences of grade 
3 or higher pneumonitis, lung infection, di-
arrhea, and fatal adverse events were 8.7% 
(95% CI: 5%-14.7%), 6.7% (95% CI: 2.5%-16.5%), 
12.6% (95% CI: 7.6%-20%), and 5.1% (95% CI: 
2.1%-11.6%), respectively. Our findings suggest 
that radiotherapy plus ICIs may provide accept-
able safety and favorable efficacy for SCLC pa-
tients. 
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Introduction

Small cell lung cancer (SCLC) accounts for 
10%-15% of lung cancers1. About two-thirds of 
these patients have metastatic disease at diag-
nosis and resulting in a poor prognosis1,2. For a 
long period, the first-line treatment for SCLC is 
platinum-based chemotherapy, such as etoposide 
plus cisplatin (EP) or irinotecan plus cisplatin 

(IP)3. For patients with limited-stage SCLC (LS-
SCLC) and extensive-stage SCLC (ES-SCLC), 
these treatment regimens can effectively control 
the disease after several treatment cycles3. How-
ever, most patients develop recurrent disease after 
initial treatment, and there is a lack of effective 
treatment strategy for these patients3,4. Therefore, 
it is urgent to find novel treatment strategies for 
these patients. 

In recent years, immune checkpoint inhibitors 
(ICIs) have exhibited remarkable efficacy in treat-
ing various cancers5. And it shows progress in 
immunotherapy for SCLC 6. Several studies used 
ICIs monotherapy in the first line and subsequent 
line treatment of SCLC, which had different 
treatment outcomes7. For pre-treated SCLC, du-
rable responses after ICIs treatment are observed 
with acceptable toxicity8. Based on the findings 
from the recent studies, nivolumab and pembroli-
zumab were approved for subsequent line treat-
ment of relapsed SCLC9. For first-line treatment 
of SCLC, the IMpower133 study found that the 
median overall survival (OS) of the EP combined 
with Atezolizumab group was 2 months longer 
than that of the chemotherapy group alone10,11. 
The benefits of OS and progression-free survival 
(PFS) were also consistent. It showed that adding 
Atezolizumab to EP could significantly prolong 
the OS of SCLC patients, and this combination 
regimen was approved by the National Compre-
hensive Cancer Network (NCCN) guidelines and 
the U.S. Food and Drug Administration (FDA) 
as the first-line treatment option for ES-SCLC 

European Review for Medical and Pharmacological Sciences 2022; 26: 3062-3073

Q. WANG1, A.-H. LIU2, H.-J. FAN1, A.-B. HE2, D.-D. CAO3, W. HU2, H.-L. XU2

1Department of Respiratory and Critical Care Medicine, 2Department of Oncology, The Fifth
 Hospital of Wuhan, Wuhan, Hubei, China
3Department of Oncology, Renmin Hospital of Wuhan University, Wuhan, Hubei, China

Qiong Wang and Aihua Liu contributed equally to this work

Corresponding Authors:  Huilin Xu, MD; e-mail: xhlcdd@163.com 
Wei Hu, MD; e-mail: hw_fox@163.com

The incidences of adverse events in small-cell 
lung cancer patients after radiotherapy and 
immunotherapy treatment: a systematic review 
and meta-analysis



Radiotherapy and immunotherapy is safe for SCLC

3063

patients in 201912. These studies prove the feasi-
bility of immunotherapy contained combination 
therapy for SCLC. 

Radiotherapy is one of the most important 
treatment options for SCLC13-15. Evidence from 
meta-analyses suggested that adding thoracic 
radiation (TRT) to chemotherapy improved the 
tumor control rate and survival rate14. There-
after, several studies focused on the radiation 
dose and fraction, which made notable progress 
in recent years16,17. Despite these improvements, 
the overall prognosis of SCLC remains unsatis-
factory, with limited OS17. Recently, the combi-
nation of ICIs and radiotherapy shows promising 
outcomes in stage III non-small cell lung cancer 
(NSCLC)18. The PACIFIC trial assessed the ad-
vances of combining ICIs with radiotherapy 
for NSCLC and found that chemoradiothera-
py followed by adjuvant durvalumab treatment 
improved both FPS and OS with well-tolerated 
toxicity in patients with stage III NSCLC17. A 
retrospective study included 6 SCLC patients 
treated with combined ICIs following radiation, 
which found this combination was associated 
with severe immune-related toxicity in relapsed 
SCLC patients19. It is not well estimated whether 
this combination can be applied to the treatment 
of SCLC with remarkable efficacy and accept-
able toxicity. 

In the present study, we searched online data-
bases to identify clinical studies on radiotherapy 
plus ICIs therapy in treating SCLC, aimed to 
summarize the efficacy and safety of this combi-
nation strategy in SCLC patients. 

Search Strategy
Online databases including PubMed and Em-

base were searched to retrieve clinical studies of 
SCLC patients with ICIs and radiation treatment. 
The preprint databases, such as bioRxiv, were 
also included to search studies on the above 
topic. We also checked references from relevant 
reviews to identify potential eligible studies if 
necessary. The deadline for primary searching 
was April 2021. There was no language limita-
tion during the search process. The search terms 
used for the search were: ‘small cell lung cancer’, 
‘SCLC’, ‘radiation’, ‘radiotherapy’, ‘stereotactic 
body radiation therapy ‘, ‘SBRT’, ‘anti-pd-1’, ‘pd-
1 inhibitor’, ‘CTLA-4 inhibitor’, ‘immune check-
point inhibitor’, ‘immunotherapy’, ‘nivolumab’, 
‘pembrolizumab’, ‘aterolizumab’ ‘durvalumab’, 
and ‘ipilimumab’. The search strategy of PubMed 

is shown in Supplementary Table I. This study 
was performed based on the PRISMA checklist 
(Supplementary Table II).

Inclusion and Exclusion Criteria
Inclusion criteria were: (1) patients with his-

topathological or cytological diagnosis of small 
cell lung cancer; (2) randomized controlled trials, 
prospective studies, or retrospective studies; (3) 
SCLC patients received radiation and immune 
checkpoint inhibitors, regardless of timing and 
doses; (4) reported outcomes, such as overall 
response rate (ORR), disease control rate (DCR), 
progression-free survival, overall survival, and 
adverse events. Duplicate references and studies 
without sufficient endpoint data were discarded. 
Expert opinion, comments, and reviews were also 
discarded.

Literature Screening and 
Data Extraction

The references were screened by two reviewers 
(Qiong Wang and Aihua Liu), independently. And 
disagreement about inclusion of a specific study 
was resolved through discussion with a third 
reviewer. According to the previously designed 
table, the basic characteristics of the included 
studies (first author, publication year, gender, age, 
disease type, intervention, efficacy, and safety) 
and methodological quality evaluation indica-
tors (random method, allocation concealment, 
blinding, with or without withdrawal or loss to 
follow-up) were extracted and recorded.

Quality Evaluation 
For randomized controlled trials (RCTs), the 

Cochrane Handbook was used to evaluate the 
methodological quality of the included studies, 
including random method, allocation conceal-
ment, blinding, with, or without withdrawal or 
lost to follow-up20. High-quality studies have to 
meet the above 4 items (low risk of bias), mod-
erate quality ones need to meet one or more of 
the above standards (moderate risk of bias), and 
low-quality study means that none of the above 
methods are satisfied (high risk of bias).

For retrospective studies, the Newcastle-Ot-
tawa Scale (NOS) quality assessment scale was 
used to assess the quality of the included stud-
ies21. NOS introduces ‘star system’ to qualify 
the studies, and there are three broad perspec-
tives: study groups selection, comparability of 
the groups, and ascertainment of exposure or 
outcome, respectively. According to the total 

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-11402.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-II-1102.pdf
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score (0-9 points), studies could be divided into 
the following groups: poor quality (0-3 points), 
moderate quality (4-6 points), and high quality 
(7-9 points).

Statistical Analysis 
The percentage of occurrence and its 95% 

CI were used to present the overall effect of 
radiotherapy plus ICIs on survival and toxicity 
in SCLC. The hazard ratio (HR) and its 95% CI 
were used to evaluate the relationship between 
combination treatment and survival in SCLC 
if possible. The odds ratio (OR) and its 95% CI 
were used to evaluate the efficacy and safety of 
ICIs combined with radiotherapy if possible. If 
the chi-square test p<0.1 or I2>50%, it was con-
sidered heterogeneous22. If heterogeneity existed, 
the random-effects model was used to reduce the 
impact of heterogeneity on the results. Otherwise, 
the fixed-effects model was used22. Egger’s and 
Begg’s tests are used to assess publication bias if 
possible. The Comprehensive meta-analysis and 
GraphPad Prism 8 software (La Jolla, CA, USA) 
were used for statistical analysis.

Results

Literature Screening Results
309 relevant references were retrieved after 

the systematic search. Studies that were dupli-
cated or did not provide sufficient data were ex-
cluded. After screening the titles and abstracts, 
288 studies were excluded. After reading the 
full text of the remaining 21 articles, 12 articles 
were discarded. Finally, 9 references8,23-30 were 
included (Figure 1). These studies included 666 
patients, with an average age ranging from 62 
to 70 years.

 
Baseline Characteristics and 
Methodological Quality of the Studies

The basic characteristics of the included stud-
ies are shown in Table I. There were six studies 
with eight reports. The subjects of two referenc-
es25,27 were limited-stage SCLC patients, four ref-
erences24,26,28,30 were about extensive-stage SCLC, 
and two references8,23 included relapsed SCLC 
patients. Four studies23,24,28,30 were performed in 
America, two study8,29 were in Europe, and three 
studies25-27 were performed in multiple regions. 

Figure 1. Preferred Reporting 
Items for Systematic Reviews and 
Meta-Analyses Flow Diagram.
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Table I. Baseline characteristics of included studies.

 Authors Year Design Number Region Age Male, n (%) Patient type Treatment Outcomes

Schmid et al8 2020 Retrospective 45 Europe 63 33 (73.3%) Relapsed SCLC Nivolumab, nivolumab+ ORR, OS, 
        ipilimumab, or atezolizumab PFS, safety
        with radiotherapy 

Pakkala et al23 2020 RCT 18 America 67.8 11 (61.1) Relapsed SCLC Tremelimumab and  ORR, OS, 
        durvalumab with radiation PFS, safety

Perez et al24 2021 Prospective 21 America 66 13 (62) Extensive-stage SCLC Ipilimumab and nivolumab ORR, OS, 
        with thoracic radiotherapy PFS, safety

Peters et al25 2022 RCT 153 Multiple 62 92 (60.0) Limited-stage SCLC Ipilimumab and nivolumab OS, PFS, 
        with thoracic radiotherapy safety

Welsh et al26 2019 Prospective 38 Multiple 65 20 (61) Extensive-stage SCLC Pembrolizumab with  ORR, OS, 
        thoracic radiation therapy PFS, safety

Welsh et al27 2020 Prospective 45 Multiple 64 16 (40) Limited-stage SCLC Pembrolizumab was  ORR, OS, 
        started concurrently  PFS, safety
        with CRT and continued 
        for up to 16 cycles 

Elegbede et al28 2021 Retrospective 67 America 65 33 (49.3) Extensive-stage SCLC Atezolizumab, chemotherapy ORR, OS,
        and radiation PFS, safety

Galuba et al29 2021 Retrospective 35 Europe NR NR SCLC Atezolizumab,  PFS
        chemotherapy and radiation 

Gross et al30 2021 Retrospective 244 America 65 NR Extensive-stage SCLC Immunotherapy, chemotherapy OS
        and radiation 

List of Abbreviations: RT, radiotherapy; RCT, randomized controlled trials; SCLC, small cell lung cancer; SBRT, stereotactic body radiation therapy; ORR, objective response rate; 
PFS, progression-free survival; OS, overall survival; CRT, chemoradiotherapy; IMRT, Intensity modulated radiation therapy; TRT, thoracic radiation therapy.
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Two studies23,25 were RCTs, three studies24,26,27 
were prospective studies, and four8,28-30 were ret-
rospective studies. 

Two23,25 of the 9 reports were RCTs. All the 
RCTs were clear about the allocation concealment 
and blinding method, and there was limited infor-
mation about patients who withdrew or lost to fol-
low-up. The quality of the single-arm studies was 
assessed by NOS method. Overall, six8,24,26-28,30 of 
the studies were considered as high quality, and 
the rest one29 was evaluated as moderate quality, 
which ensured the reliability of the meta-analysis 
of adverse events. The results of methodological 
quality assessment are shown in Table II.

Main Results

Summary of PFS and OS
All the studies reported PFS and OS in patients 

with different stage SCLC. The study of Peters et 
al25 showed that for patients with limited-stage 
SCLC, those who were treated with ICIs and 
radiotherapy had a longer PFS than those without 
ICIs (14.5 vs. 10.7 months). Another single-arm 
study by Welsh et al27 showed that the PFS 
was 19.7 months for limited-stage SCLC patients 
who received both ICIs and radiotherapy (Figure 
2A). The PFS for extensive-stage SCLC patients 
ranged from 4.47 to 12.5 months when treated 

Table II. The quality assessment of the included studies.

Study Random Allocation Blinding Withdrawal  Lost to follow-up

Pakkala et al23 Y  N  N N   N
Peters et al25 Y  N  N NR   NR

 Selection   Comparability Outcome  Score

 A B C D E F G H 

Schmid et al8 ✩ ✩ ✩ ✩ ✩✩ ✩ ✩ ✩ 9
Perez et al24 ✩  ✩ ✩ ✩ ✩ ✩ ✩ 7
Welsh et al26 ✩  ✩ ✩ ✩ ✩ ✩ ✩ 7
Welsh et al27 ✩  ✩ ✩ ✩ ✩ ✩ ✩ 7
Elegbede et al28 ✩ ✩ ✩ ✩ ✩ ✩ ✩ ✩ 8
Galuba et al29 ✩ ✩ ✩  ✩ ✩ ✩  6
Gross et al30 ✩ ✩ ✩ ✩ ✩ ✩ ✩ ✩ 8

NOS criteria: Selection (A: representativeness of cases, B: selection of controls, C: exposure ascertainment, and D: no death 
when investigation begin); Comparability (E: comparable on confounders); Outcome (F: outcome assessment, G: adequate 
follow-up, and H: loss to follow-up rate). The total score is equal to the total number of stars.

Figure 2. The summarized progression-free survival and overall survival in SCLC with different stages. A, progression-free 
survival; B, overall survival. 
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with ICIs and thoracic radiation (Figure 2A). 
For patients with relapsed SCLC, the PFS was 
between 2.3 months to 3.3 months (Figure 2A). 

As shown in Figure 2B, the OS of patients 
with limited-stage SCLC was 39.5 to NR months 
when receiving ICIs and radiotherapy treatment, 
and between 8.4 months to 11.7 months for exten-
sive-stage SCLC. In the study by Pakkala et al26, 
the OS was 5.7 months vs. 2.6 months for relapsed 
SCLC patients who received ICIs with and with-
out radiotherapy. However, in the setting of the 
real world, the study of Schmid et al8 showed that 
those who received both ICIs and radiotherapy 
had a longer OS than those with ICIs only (11.1 
months vs. 6.5 months). 

We also explored the association between PFS 
and OS, aiming to assess whether PFS could 
be a potential surrogate for OS in SCLC pa-
tients after treatments of ICIs and radiotherapy. 
The correlation analysis result (Figure 3) showed 
that the Pearson’s r was 0.96 (95% CI: 0.53-
0.99; p=0.009) with an R square of 0.93 (OS= 
0.4998*PFS-0.4564).

Survival Rate

Limited-Stage SCLC
There were a few studies25,27 that reported the 

survival rates of limited-stage SCLC patients at 
different time points. Because of the heterogene-
ity of the related studies, we used the descriptive 
method in this section. The analysis of survival 
rates was performed based on the single-arm 
design of the included studies. The survival rate 
for patients who received radiotherapy and ICIs 

is presented in Supplementary Figure 1. Brief-
ly, in the study of Welsh et al26, the PFS rates of 
limited-stage SCLC patients treated with pem-
brolizumab, and RT were 97.7%, 77.6%, 66.9%, 
and 43.8% at 3 months, 6 months, one year, and 
two years, respectively (Supplementary Figure 
1). Peters et al25 reported that the 2-year PFS rate 
was 43.0% for limited-stage SCLC patients treat-
ed with a combination of ipilimumab, nivolumab, 
and RT (Supplementary Figure 1). The study 
of Welsh et al27 reported that the overall survival 
rates of limited-stage SCLC patients at 6 months 
and 12 months were 95.0% and 75.7%, respec-
tively (Supplementary Figure 1). Similarly, the 
12-month OS rate for limited-stage SCLC pa-
tients treated with a combination of ipilimumab, 
nivolumab, and RT was 79.0% (Supplementary 
Figure 1). 

Extensive-Stage SCLC 
For extensive-stage SCLC patients, the analy-

ses were performed using the outcomes from sin-
gle-arm studies24,26,31. For extensive-stage SCLC 
patients who were treated with combined thera-
py of ipilimumab, nivolumab, and RT, the PFS 
rates at 3 months, 6 months, 12 months, and 24 
months were 71.4%, 24.0%, 14.0%, and 9.3%, re-
spectively (Supplementary Figure 2). For those 
treated with pembrolizumab and radiotherapy, 
the PFS rates at 3 months, 6 months, and 12 
months were 78.0%, 50.2%, and 19.7%, respec-
tively (Supplementary Figure 2). Next, we also 
evaluated the impact of radiotherapy and im-
munotherapy on OS. For extensive-stage SCLC 
patients who received ipilimumab, nivolumab, 
and RT therapy, the OS rates at 6 months and 
12 months were 62.0% and 48.0%, respectively 
(Supplementary Figure 2). For those treated 
with pembrolizumab and radiotherapy, although 
there were more patients were alive at 6 months 
(76.5%) after treatment, the OS rate (29.7%) at 12 
months was lower than that of the above group 
(48.0%) (Supplementary Figure 2). The indirect 
comparison of these survival results suggested 
that a combination of ipilimumab, nivolumab, 
and radiotherapy may be associated with better 
overall survival than that of the single ICI and 
radiotherapy therapy. 

Relapsed SCLC
The survival rates at various time points 

were also assessed in relapsed SCLC patients. 
Two studies8,23 reported the PFS and OS in re-
lapsed SCLC patients after combination treat-

Figure 3. Correlation analysis of PFS and OS in SCLC 
patients treated with ICIs and radiotherapy.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-11402.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-11402.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-11402.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-11402.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-11402.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-11402.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-11402.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-2-11402.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-2-11402.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-2-11402.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-2-11402.pdf
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ment of ICIs and radiotherapy. As reported in 
the study of Schmid et al8, patients received 
either nivolumab, nivolumab and ipilimumab, or 
atezolizumab with radiotherapy. 35.0% of these 
patients were alive without disease progression 
at 3 months, and it was 28.0% at 6 months (Sup-
plementary Figure 3). Another study by Pak-
kala et al23 showed that the PFS rate at 3 months 
was 57.5% after treated with tremelimumab, 
durvalumab, and radiotherapy (Supplementary 
Figure 3). Regarding OS, the percentages of 
patients were 59.9% and 40.0% at 6 months and 
12 months for those treated with radiotherapy 
in combination with nivolumab±ipilimumab, or 
atezolizumab (Supplementary Figure 3). In the 
study of Pakkala et al23, the OS rates at 6 months 
and 12 months for relapsed SCLC patients after 
treatment of radiotherapy and tremelimulab and 
durvalumab were 42.9% and 28.6%, respective-
ly (Supplementary Figure 3).

Meta-Analysis Results of Adverse Events
The incidences of overall and specific adverse 

events were evaluated based on the reported cas-
es from the included studies8,23-30. The summa-
rized incidence of any ≥grade 3 adverse events 
was 59.8% (95% CI: 49.9%-69%) for SCLC 
patients who received ICIs and radiotherapy, 
regardless of disease stage (Figure 4A). Con-
cerning specific adverse events, the event rates 
of < grade 3 and ≥grade 3 pneumonitis were 
14.9% (95% CI: 8.8%-24.3%) and 8.7% (95% 
CI: 5%-14.7%) for SCLC patients with combi-
nation treatment, respectively (Figure 4B). For 
the incidences of lung infection, 4.9% (95% CI: 
1.6%-14.2%) of these patients had ≤ grade 2 lung 
infection after treatment, while a slightly higher 
rate (6.7% (95% CI: 2.5%-16.5%)) of ≥ grade 3 
lung infection was observed (Figure 4C). Per-
centages of patients with ≤ grade 2 and ≥ grade 
3 diarrhea were 16.8% (95% CI: 11.3%-24.2%) 
and 12.6% (95% CI: 7.6%-20%), respectively 
(Figure 4D). Two studies reported fatal adverse 
events after treatment, and the overall rate was 
5.1% (95% CI: 2.1%-11.6%) for SCLC patients 
(Figure 4E). 

Publishing Bias Assessment
The publication bias assessment was not per-

formed as there was insufficient number of stud-
ies after grouping them by disease stage. Due to 
the limited number of studies and the summa-
rized safety and efficacy data, we presume that 
the risk of publication bias could be high. 

Discussion

The treatment landscape of SCLC has 
changed rapidly since the administration of im-
munotherapy32,33. Whether the combination of 
radiotherapy and ICIs is associated with better 
treatment efficacy and survival outcome for 
SCLC patients, is not well determined. In the 
present study, we collected published evidence 
in clinical studies reporting ICI+RT vs. ICI/RT 
to treat SCLC patients, and the results based 
on disease stage showed that this combination 
resulted in different PFS and OS outcomes 
and toxicity. To our knowledge, this is the first 
meta-analysis assessing the efficacy and safe-
ty of radiation and immunotherapy in patients 
with LS-SCLC, ES-SCLC, and relapsed SCLC. 
Based on the pooled data, this combination may 
be worth further investigation, especially for 
patients with LS-SCLC. 

For LS-SCLC patients, recent research prog-
ress mainly focuses on the optimal fraction 
and dosing of radiation13. A meta-analysis13 of 
five RCTs reported that the one-year and two-
year PFS and OS rates for LS-SCLC patients 
who received once daily radiotherapy during 
concurrent chemoradiotherapy treatment were 
67.2% and 75.2%, 38.9%, and 47.1%, respec-
tively. The median OS was 21.6 months for the 
once-daily group, and it was 25.6 months for the 
twice-daily group13. The incidences of grade 3-5 
AEs were 68.7% for the once-daily group and 
75.9% for the twice-daily radiation group13. In 
the prospective, single-arm trial of Welsh et al27, 
the effect of ICIs plus chemoradiotherapy on ef-
ficacy and survival was evaluated in LS-SCLC 
patients. The results showed that the median 
OS was 39.5 months, the median PFS was 19.7 
months, and the two-year OS rate was 65.8%27. 
In another study by Peters et al25, the median OS 
was not reached in LS-SCLC patients who were 
treated with both ICIs and chemoradiotherapy, 
while it was 31.6 months for patients who re-
ceived chemoradiotherapy. With regards to PFS, 
they were 14.5 months vs. 10.7 months for LS-
SCLC patients with and without ICIs25. In the 
study of Welsh et al27, the six-month, one-year, 
and two-year PFS rates for patients who received 
combination treatment were 77.6%, 66.9%, and 
43.8%, respectively. The one-year OS rate was 
75.7%, which was slightly higher than that of 
the once-daily radiotherapy group without im-
munotherapy. However, the two-year OS rate of 
LS-SCLC was 65.8% for ICI plus chemoradio-

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-3-11402.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-3-11402.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-3-11402.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-3-11402.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-3-11402.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-3-11402.pdf
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Figure 4. The meta-analyses of adverse events for SCLC patients, regardless of disease stage. A, The incidence of grade 3 or higher 
adverse events for SCLC patients treated with both ICIs and radiotherapy. B, The incidence of pneumonitis in SCLC patients treated 
with both ICIs and radiotherapy. C, The incidence of lung infection in SCLC patients with the combination treatment. D, Diarrhea 
incidence in SCLC patients. E, Rate of fatal adverse events in SCLC patients who received ICIs plus radiation.
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therapy group, and it was 47.1% for the chemora-
diotherapy group13. These results suggested that 
adding ICIs to radiation may prolong the median 
OS and PFS. 

For patients with ES-SCLC, adding ICIs to 
first-line chemotherapy has been evaluated in 
several clinical trials, and several meta-analyses 
on the above topic have been published6,7,34,35. 
In the meta-analysis performed by Facchinetti 
et al36, four RCTs were included and the pooled 
survival analyses showed that the one-year, and 
two-year OS rates for ICI plus chemotherapy 
group were 50.2%, and 22.3%, respectively36. 
The six-month, one-year, and 1.5-year PFS rates 
for ICIs combined with chemotherapy group were 
38.7%, 16.1%, and 13.0%, respectively36. In our 
study, the impact of combination of chemoradio-
therapy and ICIs on PFS and OS were evaluated, 
and the median OS ranged from 8.4 months to 
11.7 months for the radiation involved group, and 
they were between 10.8 and 12.9 months in the 
ICIs plus chemotherapy group. As suggested by 
these data, the PFS rates were similar between 
ICIs and chemotherapy group with and without 
radiation. However, the one-year OS rate was 
higher in the dual ICI plus radiotherapy group 
when indirectly compared to that of the single 
ICI and radiotherapy group. This difference may 
be explained by the following reasons. First, the 
sample size was relatively small in the radiation 
group. Secondly, the study types varied. In our 
meta-analysis, the included studies were pro-
spective single-arm ones to assess the safety and 
efficacy of ICIs and radiotherapy, while it was a 
meta-analysis of RCTs36 to evaluate the outcome 
of ES-SCLC patients after chemotherapy and 
ICIs treatment. Thirdly, the duration of treatment 
and follow-up varied between these studies24,26,36. 
Therefore, further trials with a larger sample size 
and longer follow-up are recommended. 

For relapsed SCLC, the administration of ICIs 
shows different effects on survival when compared 
to second or subsequent line chemotherapy. In 
CheckMate 331 trial37, the nivolumab was used 
in relapsed SCLC, and the results did not find a 
significant improvement in OS when compared to 
chemotherapy (median OS: 7.5 vs. 8.4 months). The 
median PFS for nivolumab vs. chemotherapy group 
was 1.4 vs. 3.8 months. The six-month and one-
year OS rates were 54.5% and 59.9%, 36.6%, and 
34.1% for patients in the nivolumab and chemo-
therapy groups, respectively37. The PFS rates were 
19.7% vs. 26.5% at 6 months and 10.9% vs. 10.0% at 
12 months for nivolumab vs. chemotherapy groups, 

respectively37. In another study, the clinical activity 
of atezolizumab was evaluated in a small cohort of 
patients with relapsed SCLC38. The results showed 
that the median PFS based on immune-related 
response criteria was 2.9 months and the median 
OS was 5.9 months38. As reported by the studies 
included in our analysis, the reported median OS 
ranged from 5.7 to 11.1 months for relapsed SCLC 
patients with ICIs and radiotherapy, while they 
were between 2.6 and 6.5 months for those who 
received ICIs without radiotherapy. The six-month 
and one-year OS rates were 42.9% and 28.6% for 
relapsed SCLC patients treated with dual ICI and 
radiotherapy, respectively. The above data suggest 
that the survival outcomes were similar in relapsed 
SCLC patients who received ICIs with and without 
radiotherapy. The site, timing, and doses of radia-
tion may be the reasons for the moderate efficacy 
of this novel regimen in relapsed SCLC patients. 

With regards to safety, the combination of ra-
diotherapy and ICIs is associated with acceptable 
toxicity. In this study, the overall rate of grade 3 or 
higher AEs in the combination group was 59.8%, 
and the incidence of fatal AEs was 5.1%. In the 
study of Ready et al39, the combination of two ICIs 
resulted in 37.5% of patients with grade 3 and 4 
AEs, and three (3.1%) treatment-related death were 
observed in this group. In the meta-analysis by Wu 
et al13, the combined incidence of grade 3-5 AEs 
for LS-SCLC patients with concurrent chemoradio-
therapy was 72.3%, which was higher than that of 
our results. Therefore, adding radiotherapy to ICIs 
is associated with acceptable safety profiles. 

There are several limitations in our study. As 
most of the studies were RCTs or prospective 
designs, the sample sizes of these studies were 
small. Besides, some of them were single-arm 
trials, making it impossible to perform regular 
meta-analyses comparing the outcomes of two 
groups. Second, the stage and ICIs treatment regi-
men of the patients, as well as the timing and doses 
of radiation used in the included studies of our 
meta-analysis varied, and this may increase the 
risk of intervention bias. Thus, more clinical trials 
are needed to further determine the combination 
of ICIs and radiotherapy in SCLC patients with 
different stages. 

Conclusions

Taken together, the application of radiotherapy 
with ICIs does not exhibit increased toxicities for 
SCLC patients, and the effect of this combination 
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on survival warrants further investigation, espe-
cially for LS-SCLC patients. 
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