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Abstract. First‑line chemoimmunotherapy is currently a 
standard treatment for extensive‑stage small cell lung cancer 
(ES‑SCLC), but the value of immune checkpoint inhibitor 
(ICI)‑based subsequent treatment after progression remains 
uncertain. The present meta‑analysis assessed the efficacy and 
safety of ICI‑based vs. non‑immunotherapy subsequent treat‑
ment after progression on first‑line chemoimmunotherapy. The 
present systematic review and meta‑analysis was conducted in 
accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta‑Analyses 2020 statement. The PubMed, 
Embase, Web of Science Core Collection, Scopus and Cochrane 
Library databases were searched from their respective dates 
of inception to May 8, 2026. Comparative studies evaluating 
ICI‑based vs. non‑immunotherapy subsequent treatment after 
progression on first‑line chemoimmunotherapy in ES‑SCLC 
were eligible for inclusion. The primary outcomes were overall 
survival (OS) and progression‑free survival (PFS). Secondary 
outcomes included objective response rate (ORR), disease 
control rate (DCR) and grade ≥3 adverse events (AEs) or 
treatment‑related AEs (TRAEs). Hazard ratios (HRs) and risk 

ratios (RRs) with 95% CIs were pooled using random‑effects 
models. A total of 10 non‑randomized comparative studies, 
including nine retrospective clinical real‑world cohorts and 
one retrospective translational cohort analysis, were included. 
Among these, six studies contributed to the primary OS and 
PFS meta‑analyses, whereas the remaining four were included 
in qualitative synthesis or sensitivity analyses because of 
incomplete eligibility alignment or non‑poolable estimates. 
Compared with non‑immunotherapy subsequent treatment, 
ICI‑based subsequent treatment was associated with longer 
OS (HR, 0.62; 95% CI, 0.51‑0.74; P<0.00001) and PFS (HR, 
0.51; 95% CI, 0.38‑0.69; P<0.0001). The survival associa‑
tions remained stable in sensitivity analyses using unmatched 
estimates or additional partially aligned datasets. ICI‑based 
subsequent treatment was also associated with higher ORR 
(RR, 2.31; 95% CI, 1.61‑3.32; P<0.00001) and DCR (RR, 1.51; 
95% CI, 1.16‑1.98; P=0.003). No significant increase in grade 
≥3 AEs or TRAEs was observed (RR, 0.89; 95% CI, 0.56‑1.40; 
P=0.61). To conclude, these findings suggest that ICI‑based 
subsequent treatment was associated with more favorable 
survival and tumor‑response outcomes after progression on 
first‑line chemoimmunotherapy in ES‑SCLC, without evidence 
of a clear increase in severe toxicity. However, given that all 
included studies were non‑randomized comparative studies, 
with potential treatment‑selection bias and regimen heteroge‑
neity, the present findings require prospective validation.

Introduction

Worldwide, small cell lung cancer (SCLC) accounts for 
10‑15% of all lung cancer cases and is associated with a 5‑year 
overall survival rate of <10%, reflecting its aggressive clinical 
course characterized by rapid growth, early dissemination and 
frequent relapse after an initial response to treatment (1,2). 
The majority of patients with SCLC first present with 
extensive‑stage (ES) disease, for which systemic therapy is 
the principal treatment modality and largely determines the 
subsequent clinical course (2). Platinum plus etoposide has 
remained the first‑line backbone for ES‑SCLC. However, it has 
only conferred modest survival improvements (2). The advent 
of immune checkpoint inhibitors (ICIs) has reshaped this 
long‑static therapeutic landscape. Landmark trials, including 
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IMpower133 and CASPIAN, established atezolizumab or 
durvalumab plus platinum‑etoposide as first‑line chemoim‑
munotherapy standards (3‑5). Subsequent phase III studies, 
including CAPSTONE‑1 and ASTRUM‑005, extended this 
approach to additional programmed cell death protein 1 
(PD‑1)/programmed cell death ligand 1 (PD‑L1) inhibitors 
and in turn consolidated the role of chemoimmunotherapy 
in ES‑SCLC  (6,7). Despite these advances, most patients 
ultimately experience disease progression after first‑line 
chemoimmunotherapy, underscoring the need for effective 
post‑progression strategies (3‑7).

The post‑progression setting remains an important clinical 
gap. Conventional subsequent‑line options include topotecan, 
a topoisomerase I inhibitor, and lurbinectedin, a transcription 
inhibitor that binds preferentially to guanine‑rich DNA sequences; 
both agents have demonstrated antitumor activity in selected 
patients with relapsed SCLC, but generally provide modest and 
short‑lived disease control (8,9). As first‑line chemoimmuno‑
therapy has become routine, clinicians increasingly encounter 
patients who relapse after prior PD‑1 or PD‑L1 blockade. 
Whether subsequent treatment should retain an ICI component 
through continuation, rechallenge, switching or combination with 
chemotherapy and/or antiangiogenic agents remains uncertain. 
This is no longer a purely theoretical question, such that it is now 
a practical treatment decision in everyday ES‑SCLC care.

A plausible but unproven rationale supports ICI‑based 
treatment after progression. Resistance to immunotherapy 
may be heterogeneous rather than absolute, which may involve 
tumor‑intrinsic immune escape, altered antigen presenta‑
tion, IFN‑pathway changes and remodeling of the tumor 
microenvironment (10). Recent proteogenomic profiling of 
SCLC has identified subtype‑specific immune and therapeutic 
vulnerabilities (11). Recent real‑world studies have begun to 
evaluate ICI‑containing subsequent strategies after progres‑
sion on chemoimmunotherapy, including ICI continuation 
and rechallenge, but their findings remain heterogeneous 
and lack consensus because of differences in patient selec‑
tion, treatment combinations, endpoint definitions and the 
use of adjusted or propensity score‑matched analyses (12,13). 
These observations provide a rationale for further evaluating 
continued or rechallenged ICI‑containing therapy in selected 
patients, particularly in combination with chemotherapy or 
antiangiogenic treatment, while also underscoring the need for 
quantitative synthesis of the available comparative evidence.

Given these uncertainties, the current systematic review 
and meta‑analysis was conducted to evaluate whether 
ICI‑based subsequent treatment is associated with more favor‑
able outcomes compared with non‑immunotherapy subsequent 
treatment after progression on first‑line chemoimmunotherapy 
in ES‑SCLC. The primary outcomes were overall survival 
(OS) and progression‑free survival (PFS), whereas the 
secondary outcomes were objective response rate (ORR), 
disease control rate (DCR) and grade ≥3 adverse events (AEs) 
or treatment‑related adverse events (TRAEs).

Materials and methods

Protocol and reporting standard. The present systematic 
review and meta‑analysis was performed in accordance with 
the Preferred Reporting Items for Systematic Reviews and 

Meta‑Analyses (PRISMA) 2020 statement (14) and the meth‑
odological guidance of the Cochrane Handbook for Systematic 
Reviews of Interventions  (15). The protocol was prospec‑
tively registered in the International Prospective Register of 
Systematic Reviews (registration no. CRD420261392088). 
The review question, eligibility criteria, outcome hierarchy, 
data‑extraction strategy and quantitative synthesis plan 
were defined before data pooling. The present study focused 
on comparative evidence evaluating whether ICI‑based 
subsequent treatment after progression on first‑line chemoim‑
munotherapy is associated with more favorable outcomes in 
patients with ES‑SCLC.

Search strategy. The PubMed/MEDLINE (https://pubmed.
ncbi.nlm.nih.gov/), Embase (https://www.embase.com/), Web 
of Science Core Collection (https://www.webofscience.com/), 
Scopus (https://www.scopus.com/) and Cochrane Library 
(https://www.cochranelibrary.com/) databases were systemati‑
cally searched from their respective dates of inception to May 
8, 2026. The search combined terms related to SCLC, ICI, 
post‑progression treatment, ICI continuation, ICI discontinua‑
tion, rechallenge, retreatment and comparative study designs. As 
post‑progression immunotherapy strategies have been described 
inconsistently across studies, terms, such as ‘immunotherapy 
beyond progression’, ‘ICI rechallenge’, ‘continuous immuno‑
therapy’, ‘second‑line immunotherapy’ and ‘post‑progression 
treatment’, were included to maximize sensitivity during 
retrieval. Search strategies were adapted to the syntax of each 
database. Reference lists of eligible studies and relevant reviews 
were also screened manually. The complete database‑specific 
search strategies are provided in Table SI.

Inclusion and exclusion criteria. Studies were eligible if they 
fulfilled all of the following criteria: i) Included patients with 
ES‑SCLC or advanced/metastatic SCLC in a treatment setting 
consistent with ES disease, defined for the purposes of the 
present study as disease requiring systemic therapy because it 
was not amenable to definitive local treatment alone; ii) evalu‑
ated patients who had experienced disease progression after 
first‑line chemoimmunotherapy, typically platinum‑etoposide 
chemotherapy combined with a PD‑1 or PD‑L1 inhibitor; 
iii) compared ICI‑based subsequent treatment with non‑immu‑
notherapy subsequent treatment; iv) used a comparative design, 
including retrospective, prospective or randomized studies; 
and v) reported at least one extractable comparative outcome, 
including OS, PFS, ORR, DCR or safety outcomes.

For operational purposes, ICI‑based subsequent treat‑
ment included continuation of the same ICI, switching to 
another ICI, ICI rechallenge, ICI plus chemotherapy, ICI 
plus antiangiogenic therapy or ICI plus chemotherapy and 
antiangiogenic therapy. These strategies were grouped 
pragmatically according to whether an ICI component was 
retained after progression. This grouping was not intended to 
imply pharmacological or clinical interchangeability among 
different ICI‑containing regimens. The comparator, defined 
as non‑immunotherapy subsequent treatment, consisted of 
patients who did not receive further ICI‑containing therapy 
after progression and instead received chemotherapy, antian‑
giogenic therapy, chemotherapy plus antiangiogenic therapy or 
another non‑ICI systemic treatment.
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Studies would be excluded if they were single‑arm studies, 
case reports, case series without a comparator, reviews, edito‑
rials, letters, comments, meta‑analyses or conference abstracts 
with insufficient extractable data. In addition, mixed non‑SCLC 
(NSCLC)/SCLC population studies would be excluded unless 
SCLC‑specific data could be extracted separately. Studies 
were also excluded if first‑line chemoimmunotherapy was not 
clearly documented, if ICI‑based and non‑immunotherapy 
subsequent treatments could not be distinguished or if no 
comparative efficacy or safety outcome could be extracted. 
When overlapping cohorts were suspected, the most complete 
or most relevant dataset would be prioritized for the primary 
analysis.

To further minimize potential double‑counting, poten‑
tially overlapping retrospective multicenter cohorts were 
cross‑checked during full‑text review and data extraction. 
The cross‑check considered reported participating institu‑
tions or study centers, enrollment periods, authorship groups, 
cohort sizes, eligibility criteria, first‑line treatment exposure, 
subsequent‑treatment definitions and outcome datasets. When 
complete center‑level information was not reported, potential 
overlap was assessed as far as possible from the available 
study‑level information and considered when interpreting the 
findings.

Study selection. In total, two reviewers (CL and YR) indepen‑
dently performed screening in two sequential stages. After 
duplicates were removed, titles and abstracts were assessed 
for potential eligibility. The full texts of potentially relevant 
reports were then reviewed against the prespecified inclusion 
and exclusion criteria. Disagreements were resolved through 
discussion, but a third reviewer was consulted when consensus 
could not be achieved.

Data extraction. A total of two reviewers independently 
extracted data using a standardized form. The extracted infor‑
mation included first author, publication year, country, study 
design, study period, participating institutions or study centers 
when reported, eligibility criteria, sample size, first‑line treat‑
ment, subsequent ICI‑containing strategy, non‑ICI comparator 
strategy, follow‑up or data cut‑off and reported outcomes.

The primary outcomes were OS and PFS. OS was defined 
as the time from initiation of the subsequent treatment under 
evaluation, or from the time origin specified in the original 
study, to death from any cause. PFS was defined as the time 
from initiation of the subsequent treatment under evaluation, or 
from the time origin specified in the original study, to disease 
progression or death. For time‑to‑event endpoints, hazard 
ratios (HRs) and corresponding 95% CIs were extracted when 
available. For PFS‑related endpoints, the original endpoint defi‑
nitions were audited before pooling. Endpoints were included 
in the PFS meta‑analysis only if they measured disease 
control during the post‑progression or subsequent‑treatment 
period. In oncology trials, PFS2 commonly refers to the time 
from initial first‑line treatment initiation or randomization to 
second disease progression or death; however, the term was 
not used uniformly across the retrospective studies included 
in the present review. When a study used the term ‘PFS2’ but 
defined it as the time from first‑line progression to subsequent 
progression or as PFS during ICI rechallenge or second‑line 

chemotherapy, the endpoint was treated as a post‑progression 
PFS construct rather than as conventional first‑line‑origin 
PFS2. Estimates corresponding to true PFS2 measured from 
initial first‑line treatment initiation or randomization were 
not pooled directly with second‑line or post‑progression PFS. 
The secondary outcomes were ORR, DCR and grade ≥3 
AEs or TRAEs. Specific toxicities, including pneumonitis, 
hematological toxicity, hepatic toxicity, hypothyroidism and 
rash, were summarized descriptively when reported, but were 
not pooled because definitions and reporting patterns varied 
across studies.

When multiple estimates were available from the same 
study, adjusted or propensity score‑matched estimates were 
prioritized over crude or unmatched estimates. Multivariable 
Cox estimates were preferred over unadjusted Kaplan‑Meier 
estimates. If both an entire‑cohort estimate and a propensity 
score‑matched estimate were available, the matched estimate 
was used in the primary analysis, while the unmatched esti‑
mate was considered in sensitivity analysis. The same patient 
cohort was not entered more than once in any single pooled 
analysis.

Quality assessment. The methodological quality of the 
included non‑randomized studies was assessed independently 
by two reviewers (CL and YR) using the Newcastle‑Ottawa 
Scale (NOS) for cohort studies, which is available from the 
Ottawa Hospital Research Institute website (https://www.ohri.
ca/programs/clinical_epidemiology/oxford.asp). The NOS 
assesses the following three domains: i) Selection of study 
groups; ii) cohort comparability; and iii) outcome assessment. 
The NOS assesses selection (maximum 4 points), compara‑
bility (maximum 2 points) and outcome assessment (maximum 
3 points), for a total score of 0‑9. Studies scoring 7‑9 points 
were classified as high quality, 5‑6 points as moderate quality 
and 0‑4 points as low quality. Discrepancies in quality assess‑
ment were resolved through discussion with a third reviewer.

Statistical analysis. All meta‑analyses were performed using 
Review Manager version 5.4.0 (RevMan 5; The Cochrane 
Collaboration; https://revman.cochrane.org). For time‑to‑event 
outcomes, HRs were pooled using the generic inverse‑vari‑
ance method after conversion to log (HR) and standard error 
values. For dichotomous outcomes, risk ratios (RRs) with 
95% CIs were estimated using the Mantel‑Haenszel method. 
Random‑effects models were applied for all pooled analyses 
because clinical and methodological heterogeneity was 
expected across retrospective real‑world cohorts, including 
differences in subsequent treatment regimens, ICI agents, 
endpoint definitions and use of propensity score matching 
(PSM).

Statistical heterogeneity was assessed using the I2 statistic. 
I2 values >50% were considered to indicate substantial hetero‑
geneity. Sensitivity analyses were conducted when alternative 
estimates were available or when studies showed partial align‑
ment with the main Population, Intervention, Comparator 
and Outcomes (PICO) framework. These analyses included 
replacing propensity score‑matched estimates with unmatched 
entire‑cohort estimates and where appropriate, adding studies 
with extractable SCLC subgroup data from mixed populations. 
A conservative PFS sensitivity analysis was also performed by 
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excluding studies that used the label ‘PFS2’, regardless of the 
audited endpoint definition, to examine whether the primary 
PFS estimate depended on PFS2‑labelled endpoints. In addi‑
tion, a leave‑one‑out sensitivity analysis was performed for 
the primary OS and PFS outcomes by sequentially omitting 
one contributing study at a time and recalculating the pooled 
estimates. This analysis was used to assess whether the main 
survival results were disproportionately driven by any single 
study. Strategy‑specific subgroup analyses and formal publica‑
tion‑bias assessment were considered as conditional analyses 
and were performed only when sufficient study‑level data 
were available. Two‑sided P<0.05 was considered to indicate a 
statistically significant difference.

Results

Study selection and characteristics. From database inception 
to May 8, 2026, the search identified 614 records, including 
139 from PubMed, 164 from Embase, 87 from Web of Science 
Core Collection, 119 from Scopus and 105 from the Cochrane 
Library. After 248 duplicate records were removed, 366 records 
underwent title and abstract screening. Of these, 356 records 
were excluded, including three non‑English publications, 27 
reviews, 92 conference abstracts or proceedings and seven 
case reports, the remaining 227 records were excluded because 
they did not address ES‑SCLC, post‑progression ICI‑based 
treatment after first‑line chemoimmunotherapy or a compara‑
tive ICI‑based vs. non‑immunotherapy subsequent‑treatment 
framework. A total of 10 full‑text reports were retrieved and 
assessed for eligibility, all of which met the inclusion criteria. 
Finally, 10 comparative studies were included in the qualita‑
tive synthesis (Fig. 1) (16‑25).

Quantitative synthesis was performed according to 
outcome availability and PICO alignment. The primary 
survival meta‑analyses were restricted to studies that provided 
directly poolable comparative HRs aligned with the main 
PICO framework and were included in the primary OS and 
PFS meta‑analyses (Figs. 2 and 3). The remaining four studies 
were not included in the primary survival meta‑analyses 
because Cheng et al (16) provided SCLC subgroup data from a 
mixed NSCLC/SCLC cohort, Shang et al (19) did not provide 
a directly poolable all‑cohort survival HR, Wang et al (21) 
reported subgroup estimates that were not used for primary 
survival pooling, and Zhang  et  al  (25) included mixed 
first‑line ICI exposure without a directly poolable main‑PICO 
HR. These studies were therefore retained for qualitative 
synthesis or, when analytically appropriate, prespecified 
sensitivity analyses (Figs. S1‑S4). Binary response and safety 
outcomes were pooled when comparable event counts were 
available (Figs. 4‑6), and all extracted comparative outcomes 
are summarized in Table SII.

All included studies were non‑randomized comparative 
studies; nine were retrospective clinical real‑world cohorts 
and one was a retrospective translational cohort analysis. 
The aforementioned studies evaluated subsequent treatment 
strategies after progression on first‑line chemoimmunotherapy 
or closely related first‑line ICI‑based regimens in patients 
with ES‑SCLC or extractable SCLC subgroups. The main 
comparison was ICI‑based vs. non‑immunotherapy subse‑
quent treatment. However, alignment with the prespecified 

PICO framework varied across studies. Six studies directly 
evaluated patients with ES‑SCLC after progression on 
first‑line chemoimmunotherapy (18,20‑24), whereas one study 
provided extractable estimates for patients initially treated with 
first‑line immunotherapy within a broader cohort (17). In total, 
one study included a mixed NSCLC/SCLC cohort from which 
SCLC‑specific subgroup data were extracted (16). A total of 
two studies required more cautious interpretation. Namely, 
one translational cohort analysis incorporated data from 
IMpower133 alongside a real‑world validation cohort  (19), 
whereas the other included patients with mixed first‑line 
immunotherapy exposure  (25). Consequently, the studies 
included in each quantitative synthesis varied according to 
outcome availability and eligibility criteria.

Potential cohort overlap was assessed across retro‑
spective multicenter Chinese studies with overlapping 
enrollment periods, particularly Peng et al (18), Sun et al (20), 
Wang et al (21), Wang et al (22) and Zhang et al (23,24). Reported 
study periods, participating centers when available, authorship 
groups, cohort sizes, eligibility criteria, treatment definitions 
and outcome datasets were compared. No definite duplicate 
analytical cohort could be identified. However, Peng et al (18), 
Sun et al (20), Wang et al (21) and Zhang et al (23,25) did not 
provide patient‑level identifiers, and some multicenter reports 
did not provide exhaustive center lists; therefore, unrecognized 
partial overlap across regional real‑world networks could not 
be ruled out with absolute certainty.

The key study characteristics are summarized in Table I. 
Additional eligibility details, cohort definitions, treatment 
strategies, follow‑up information and restriction notes are 
provided in Table SIII. As shown in Table SIII, the ICI‑based 
arms were heterogeneous and included ICI continuation or 
rechallenge alone, ICI plus chemotherapy, ICI plus antian‑
giogenic therapy and triplet regimens. Because seven cohorts 
combined more than one ICI‑containing strategy within the 
same intervention arm (16,17,20‑24), the pooled analyses 
should be interpreted as assessing an ICI‑containing treat‑
ment framework rather than any single post‑progression 
regimen. Extracted comparative efficacy and safety outcomes 
are presented in Table SII. Study quality was assessed with 
the NOS. NOS scores ranged from 6‑9, with seven of the 10 
studies scoring 8 or 9 (17,18,20‑24). These scores indicated 
acceptable reporting, cohort comparability and outcome 
assessment in most studies. However, they should not be 
interpreted as removing residual confounding inherent 
to non‑randomized real‑world comparisons (Table  II). 
Accordingly, the pooled estimates should be interpreted as 
associations rather than causal treatment effects, because 
residual confounding and treatment‑selection bias may 
remain even after multivariable adjustment or PSM.

Primary outcomes
OS. In total, six studies were included in the primary 
meta‑analysis of OS (17,18,20,22‑24). Using a random‑effects 
model and prioritizing the propensity score‑matched esti‑
mate where available, ICI‑based subsequent treatment was 
associated with longer OS compared with that after non‑immu‑
notherapy subsequent treatment (HR, 0.62; 95% CI, 0.51‑0.74; 
P<0.00001; Fig. 2). Heterogeneity was low to moderate across 
studies (I2=33%).
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A sensitivity analysis using the unmatched entire‑cohort 
estimate from the same PSM study instead of the matched 
estimate yielded a nearly identical result (HR, 0.62; 95% CI, 
0.52‑0.75; P<0.00001; Fig. S1), with similarly low‑to‑moderate 
heterogeneity (I2=35%). These findings indicate that the OS 
association observed with ICI‑based subsequent treatment was 
not materially affected by the choice of matched vs. unmatched 
estimates.

PFS. In total, six studies were included in the primary 
meta‑analysis of PFS (17,18,20,22‑24). Before pooling, the 
definitions of PFS‑related endpoints were audited. A total 
of two studies used the label PFS2 (20,22). In Sun et al (20), 
PFS2 was defined from progression on first‑line treat‑
ment to progression on second‑line treatment, whilst in 
Wang et al (22), PFS2 referred to PFS for ICI rechallenge or 
second‑line chemotherapy. Therefore, these endpoints were 
considered to measure disease control during the post‑progres‑
sion or subsequent‑treatment period rather than conventional 

first‑line‑origin PFS2. Using a random‑effects model and 
prioritizing the propensity score‑matched estimate where 
available, ICI‑based subsequent treatment was associated with 
longer PFS compared with that after non‑immunotherapy 
subsequent treatment (HR, 0.51; 95% CI, 0.38‑0.69; P<0.0001; 
Fig.  3). Substantial heterogeneity was observed (I2=77%), 
although the direction of effect consistently favored ICI‑based 
subsequent treatment.

Sensitivity analyses supported this result. When the 
unmatched entire‑cohort estimate from the PSM study (23) 
was used instead of the matched estimate, the pooled effect 
remained unchanged (HR, 0.51; 95% CI, 0.38‑0.69; P<0.0001; 
I2=77%; Fig. S2). A further sensitivity analysis that included 
additional studies with extractable SCLC subgroup data or 
partial alignment with the main PICO framework  (16,25) 

also yielded a consistent result favoring ICI‑based subsequent 
treatment (HR, 0.50; 95% CI, 0.38‑0.67; P<0.00001; I2=73%; 
Fig. S3). These results suggest that the observed PFS association 

Figure 1. PRISMA flow diagram displaying the study selection process. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta‑Analyses; 
PICO, Population, Intervention, Comparator and Outcomes.

https://www.spandidos-publications.com/10.3892/ol.2026.15921
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was not substantially altered by the alternative handling of 
matched estimates or by the inclusion of additional partially 
aligned datasets. In the conservative sensitivity analysis that 
excluded the two studies that used the label PFS2 (20,22), the 
PFS association remained statistically significant and hetero‑
geneity was no longer observed (HR, 0.48; 95% CI, 0.39‑0.59; 
P<0.00001; I2=0%; Fig. S4).

Additional robustness analyses. A leave‑one‑out sensitivity 
analysis was conducted for the six studies contributing to the 
primary OS and PFS meta‑analyses (17,18,20,22‑24). After 
sequential omission of each individual study, both OS and PFS 
estimates remained statistically significant, with recalculated 
HRs ranging from 0.57‑0.68 for OS and from 0.45‑0.55 for 
PFS (all P<0.001; Table SIV). In the PFS analysis, heteroge‑
neity decreased from I2=77% in the primary analysis to I2=0% 
when Sun et al (20) was omitted, suggesting that this large 
multicenter cohort contributed substantially to between‑study 
heterogeneity. However, the direction of association remained 
favorable to ICI‑based subsequent treatment. These findings 
provided additional support for the stability of the primary 
survival analyses, whilst reinforcing the need for cautious inter‑
pretation because all analyses were based on non‑randomized 
study‑level data.

Secondary outcomes
ORR. In total, four studies were included in the meta‑analysis 
of ORR (18,22‑24). Using a random‑effects model and priori‑
tizing the PSM dataset where available, ICI‑based subsequent 
treatment was associated with a higher ORR compared with 
that after non‑immunotherapy subsequent treatment (RR, 
2.31; 95% CI, 1.61‑3.32; P<0.00001; Fig. 4). No heterogeneity 
was observed (I2=0%).

DCR. In total, four studies were included in the meta‑anal‑
ysis of DCR (18,22‑24). Using a random‑effects model and 
prioritizing the propensity score‑matched dataset where avail‑
able, ICI‑based subsequent treatment was associated with a 
higher DCR than non‑immunotherapy subsequent treatment 
(RR, 1.51; 95% CI, 1.16‑1.98; P=0.003; Fig. 5). Substantial 
heterogeneity was observed (I2=69%). The direction of effect 
generally favored ICI‑based subsequent treatment, although 
the magnitude of DCR improvement varied across studies.

Grade ≥3 AEs/TRAEs. In total, two studies were included 
in the meta‑analysis of grade ≥3 AEs or TRAEs  (18,22). 
Using a random‑effects model, ICI‑based subsequent treat‑
ment was not associated with an increased risk of grade ≥3 
AEs/TRAEs compared with non‑immunotherapy subsequent 
treatment (RR, 0.89; 95% CI, 0.56‑1.40; P=0.61; Fig. 6). No 
heterogeneity was observed (I2=0%). Because only two studies 
reported comparable overall grade ≥3 AE/TRAE data, no 
sensitivity analysis was performed for this outcome.

Discussion

In the present systematic review and meta‑analysis of 
comparative studies, ICI‑based subsequent treatment after 
progression on first‑line chemoimmunotherapy was associ‑
ated with more favorable clinical outcomes in patients with 
ES‑SCLC. This association was observed across both major 
survival endpoints, with pooled estimates favoring ICI‑based 
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subsequent treatment for OS and PFS. Response outcomes 
pointed in the same direction, as patients receiving ICI‑based 
subsequent treatment had higher ORR and DCR compared 
with those treated with non‑immunotherapy strategies. 
Importantly, this apparent efficacy signal was not accompa‑
nied by a clear increase in grade ≥3 AEs/TRAEs, although 
the safety dataset was smaller than the efficacy dataset; the 
toxicity findings should therefore be interpreted in the context 
of established guidance for the recognition and management 
of immune‑related AEs  (26,27). Collectively, the present 
findings suggest that ICI‑based subsequent treatment after 
first‑line chemoimmunotherapy progression may have clinical 
value in selected patients. Despite this, the evidence should 
be interpreted as comparative real‑world evidence rather than 
definitive proof of causal benefit, as all included studies were 
non‑randomized and treatment allocation was not controlled.

OS is the most clinically stringent endpoint in this setting, 
and the observed OS association therefore warrants particular 
attention. In ES‑SCLC, relapse after first‑line chemoimmuno‑
therapy typically marks the beginning of a brief and refractory 
disease course. Conventional second‑line options, including 
topotecan and lurbinectedin, have activity in selected patients 
but generally provide only modest and frequently transient 
disease control (2,8,9). Earlier attempts to prolong immuno‑
therapy exposure in SCLC, such as maintenance nivolumab 
with or without ipilimumab after first‑line chemotherapy, also 
failed to establish a clear OS advantage (28). The δ‑like ligand 
3‑targeted tarlatamab has produced clinically meaningful 
antitumor activity in previously treated SCLC, reflected by 
durable objective responses and disease control in a subset of 
patients (29) and in a randomized setting, an OS benefit after 
platinum‑based chemotherapy was observed for this drug (30). 
However, these data address a different therapeutic question 
from whether subsequent therapy should retain a PD‑L1 

blockade component after progression on a PD‑L1‑containing 
first‑line regimen. In the present context, the pooled OS esti‑
mate in the present analysis (HR, 0.62; 95% CI, 0.51‑0.74) 
is clinically relevant, but it remains an association derived 
from non‑randomized comparative evidence rather than 
definitive proof of treatment efficacy. The low‑to‑moderate 
heterogeneity (I2=33%) and the nearly unchanged result after 
replacing the PSM estimate with the unmatched estimate 
also support the stability of the OS finding (17,18,20,22‑24). 
Therefore, the OS association does not appear to be dependent 
on a single analytical choice or one influential matched cohort, 
although it should still be interpreted within the limitations of 
non‑randomized treatment selection.

The present PFS result complements the aforementioned 
OS result by suggesting improved post‑progression disease 
control with ICI‑based subsequent therapy. The pooled estimate 
favored ICI‑based subsequent treatment (HR, 0.51; 95% CI, 
0.38‑0.69) and this direction remained consistent in sensitivity 
analyses, including use of unmatched estimates and inclu‑
sion of additional partially aligned datasets (16‑18,20,22‑24). 
However, the substantial heterogeneity in the PFS analysis 
(I2=77%) should not be overlooked. Importantly, this hetero‑
geneity appears to reflect variation in effect magnitude rather 
than conflicting treatment directions. This is clinically plau‑
sible, because PFS‑related endpoints were not described using 
identical terminology across studies. Endpoint‑definition audit 
indicated that the PFS2‑labelled studies captured disease 
control during the post‑progression or second‑line treatment 
period, rather than conventional PFS2 measured from initial 
first‑line treatment initiation. Despite this, differences in 
endpoint terminology, time origin within the post‑progression 
period, assessment schedule and censoring rules may still have 
contributed to heterogeneity. The conservative sensitivity anal‑
ysis excluding PFS2‑labelled studies yielded a consistent PFS 

Table II. NOS for assessing the quality of non‑randomized studies included in the present study.

	 NOSa

	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
						      Total
First author, year	 Country	 Type of article	 Selection	 Comparability	 Outcome	score	 (Refs.)

Cheng et al, 2025	China	 Single‑center, retrospective cohort study	 3	 1	 2	 6	 (16)
Li et al, 2022	 China	 Multicenter, retrospective cohort study	 4	 2	 2	 8	 (17)
Peng et al, 2025	 China	 Multicenter, retrospective cohort study	 4	 2	 3	 9	 (18)
Shang et al, 2024	 International/	 Retrospective translational cohort analysis	 3	 1	 2	 6	 (19)
	 China
Sun et al, 2026	 China	 Multicenter, retrospective cohort study	 4	 1	 3	 8	 (20)
Wang et al, 2026	 China	 Multicenter, retrospective real‑world study	 4	 2	 3	 9	 (21)
Wang et al, 2026	 China	 Single‑center, retrospective real‑world study	 4	 2	 3	 9	 (22)
Zhang et al, 2025	China	 Multicenter, retrospective cohort study with	 4	 2	 3	 9	 (23)
		  propensity score matching	
Zhang et al, 2025	China	 Multicenter, retrospective cohort study	 4	 2	 3	 9	 (24)
Zhang et al, 2025	China	 Multicenter, retrospective cohort study	 3	 1	 3	 7	 (25)

aNOS was applied using the cohort‑study domains: Selection, comparability and outcome. The maximum score was 9 points, with 1 point in 
comparability indicating adjustment for the most important prognostic confounder(s), while 2 points indicating additional adjustment for other 
relevant clinicopathological confounders. NOS, Newcastle‑Ottawa Scale.
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association with reduced heterogeneity, supporting that the 
primary PFS result was not driven by endpoint‑origin misalign‑
ment. Treatment heterogeneity likely added a second layer of 
variability. Across the included studies, ICI‑based subsequent 
treatment was delivered through different strategies, including 
ICI continuation or rechallenge, ICI plus chemotherapy, ICI 
plus antiangiogenic therapy and ICI plus chemotherapy and 
antiangiogenic therapy (18,22‑24). These strategies should 
not be considered clinically interchangeable, because isolated 
ICI continuation or rechallenge and ICI‑containing combina‑
tion regimens address different therapeutic questions. The 
phase III ATLANTIS trial of lurbinectedin plus doxorubicin 
vs. physician's choice of chemotherapy in relapsed SCLC also 
illustrates the broader difficulty of producing uniform survival 

gains in this disease setting (31). Therefore, the PFS result is 
best interpreted as a consistent indicator of improved disease 
control across heterogeneous real‑world post‑progression 
pathways, not as evidence that all ICI‑based post‑progression 
strategies have equivalent efficacy.

The response outcomes provide supportive but non‑defin‑
itive evidence for the survival findings. In the ORR analysis, 
ICI‑based subsequent treatment was associated with a higher 
objective response than non‑immunotherapy subsequent 
treatment (RR, 2.31; 95% CI, 1.61‑3.32), without observed 
heterogeneity (I2=0%) (18,22‑24). This consistency indicates 
that the objective tumor‑response finding was relatively stable 
across the contributing cohorts. By contrast, while the DCR 
analysis also favored ICI‑based subsequent treatment (RR, 

Figure 2. Random‑effects meta‑analysis of overall survival comparing ICI‑based subsequent treatment with non‑immunotherapy subsequent treatment after 
first‑line chemoimmunotherapy progression in extensive‑stage small cell lung cancer, shown as a forest plot. PSM, propensity score matching; ICI, immune 
checkpoint inhibitor; HR, hazard ratio; CI, confidence interval; IV, inverse variance; SE, standard error; df, degrees of freedom.

Figure 3. Random‑effects meta‑analysis of progression‑free survival comparing ICI‑based subsequent treatment with non‑immunotherapy subsequent treat‑
ment after first‑line chemoimmunotherapy progression in extensive‑stage small cell lung cancer, shown as a forest plot. PSM, propensity score matching; ICI, 
immune checkpoint inhibitor; HR, hazard ratio; CI, confidence interval; IV, inverse variance; SE, standard error; df, degrees of freedom.

Figure 4. Random‑effects meta‑analysis of objective response rate comparing ICI‑based subsequent treatment with non‑immunotherapy subsequent treatment 
after first‑line chemoimmunotherapy progression in extensive‑stage small cell lung cancer, shown as a forest plot. PSM, propensity score matching; ICI, 
immune checkpoint inhibitor; RR, risk ratio; CI, confidence interval; M‑H, Mantel‑Haenszel; df, degrees of freedom.

https://www.spandidos-publications.com/10.3892/ol.2026.15921
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1.51; 95% CI, 1.16‑1.98), the heterogeneity was substantial 
(I2=69%) (18,22‑24). This difference is clinically plausible. 
ORR is associated with measurable tumor shrinkage, whereas 
DCR also incorporates stable disease, a category more sensitive 
to imaging intervals, timing of response assessment, censoring 
and the balance among chemotherapy, antiangiogenic therapy 
and ICI‑containing combinations. Standard response frame‑
works, such as Response Evaluation Criteria in Solid Tumors 
(RECIST) 1.1 and immune RECIST, provide a structured basis 
for response assessment, but they do not eliminate the practical 
variability introduced by retrospective imaging schedules and 
heterogeneous treatment pathways (32,33). In addition, ORR 
and DCR should not be interpreted as substitutes for OS or 
PFS. Contemporary trial‑level analyses across advanced solid 
tumors have shown that ORR is at best an imperfect surrogate 
for OS, with surrogacy varying by tumor type and treatment 
class  (34). Therefore, the response results strengthen the 
biological plausibility of the survival signal, but they remain 
secondary and supportive rather than independently practice 
changing.

Biologically, the observed association is plausible but 
should not be overinterpreted. Progression during PD‑L1‑based 
therapy may reflect spatially heterogeneous or partial resis‑
tance rather than complete immune insensitivity. Acquired 
resistance can emerge through defects in antigen presenta‑
tion, IFN‑pathway remodeling, activation of alternative 
immune checkpoints and changes in the tumor microenviron‑
ment (10,35). This concept is particularly relevant in SCLC, a 
disease marked by biological plasticity, molecular heterogeneity 
and subtype‑specific immune phenotypes (11,36). Single‑cell 
analyses have further shown that SCLC contains plastic, meta‑
static and immunosuppressive cellular states, suggesting that 
immune responsiveness may vary across lesions and disease 

phases rather than being uniformly lost at progression (37). 
In this context, subsequent combination therapy may restore 
or amplify residual immune sensitivity in selected patients. 
Chemotherapy can promote antigen release and immunogenic 
cell death, whereas antiangiogenic therapy may improve 
immune‑cell trafficking through vascular normalization and 
remodeling of the tumor microenvironment (38,39). The trans‑
lational cohort by Shang et al (19) also suggested that selecting 
patients with ES‑SCLC exhibiting lower metastatic burden 
may benefit from ICI rechallenge through tumor microenvi‑
ronment reshaping. However, this rationale has an important 
boundary, whereby rapid clonal evolution and immune escape 
remain central features of SCLC. ICI‑based subsequent treat‑
ment is therefore biologically plausible for selected patients, 
but it is unlikely to benefit all patients uniformly.

The real‑world nature of the included evidence in the 
present study is both a strength and a limitation. On the 
one hand, these cohorts capture the treatment decisions that 
clinicians face after first‑line chemoimmunotherapy progres‑
sion, including ICI rechallenge, ICI switching, ICI plus 
chemotherapy, ICI plus antiangiogenic therapy and combined 
regimens. This breadth is clinically beneficial because rigid 
trial‑defined treatment pathways typically do not reflect the 
fragmented and individualized post‑progression management 
of ES‑SCLC. The inclusion of comparative real‑world cohorts 
also provides more informative evidence than single‑arm 
rechallenge series, particularly when adjusted or propensity 
score‑matched estimates are available (23,40‑42). However, 
real‑world comparisons are intrinsically vulnerable to bias. 
Patients selected for ICI‑based subsequent treatment may 
have had improved performance status, a more indolent 
disease course, lower metastatic burden, improved prior 
response or greater physician‑perceived suitability for further 

Figure 5. Random‑effects meta‑analysis of disease control rate comparing ICI‑based subsequent treatment with non‑immunotherapy subsequent treatment 
after first‑line chemoimmunotherapy progression in extensive‑stage small cell lung cancer, shown as a forest plot. PSM, propensity score matching; ICI, 
immune checkpoint inhibitor; RR, risk ratio; CI, confidence interval; M‑H, Mantel‑Haenszel; df, degrees of freedom.

Figure 6. Random‑effects meta‑analysis of grade ≥3 adverse events or treatment‑related adverse events comparing ICI‑based subsequent treatment with 
non‑immunotherapy subsequent treatment after first‑line chemoimmunotherapy progression in extensive‑stage small cell lung cancer, shown as a forest plot. 
ICI, immune checkpoint inhibitor; RR, risk ratio; CI, confidence interval; M‑H, Mantel‑Haenszel; df, degrees of freedom.
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immunotherapy. These factors can create selection bias, 
confounding by indication and a possible fit‑patient effect, 
since the clinical reasons for choosing ICI‑based subsequent 
treatment may themselves be prognostic (43,44). Time‑related 
bias is another concern. Patients must survive sufficiently and 
remain sufficiently fit to receive subsequent ICI‑containing 
therapy, which can introduce immortal time bias if treatment 
assignment and follow‑up time are not aligned carefully (45). 
Although multivariable adjustment and PSM can improve 
balance in measured covariates, they cannot remove unmea‑
sured confounding, differences in imaging frequency, 
follow‑up intensity or institution‑specific treatment prac‑
tices (40,46). This is particularly relevant in the present study, 
as one included study was a mixed NSCLC/SCLC cohort with 
extractable SCLC subgroup data (16), one sensitivity analysis 
depended on matched vs. unmatched estimates from a PSM 
study (23) and another included mixed first‑line immuno‑
therapy exposure (25). Therefore, the present findings should 
be viewed as hypothesis‑strengthening comparative evidence 
rather than a substitute for prospective randomized evaluation.

Clinically, the current findings should not be interpreted as 
supporting indiscriminate ICI‑based treatment in all patients 
after progression. Rather, ICI‑based subsequent treatment may 
be considered as a potential strategy for selected patients with 
preserved Eastern Cooperative Oncology Group performance 
status, prior disease control on first‑line chemoimmuno‑
therapy, a longer progression‑free interval, a more indolent 
disease course, limited progression or lower metastatic burden 
and no prohibitive history of immune‑related toxicity. This 
patient‑selection framework is consistent with the broader 
relapsed SCLC literature, in which post‑progression treatment 
choice is shaped not only by the available drug but also by 
platinum sensitivity, treatment‑free interval, disease burden, 
symptoms and fitness for further systemic therapy (2,8,47,48). 
In the present evidence base, this interpretation is also 
supported by the observation that a number of the included 
cohorts evaluated ICI rechallenge or continuation in clini‑
cally selected populations rather than unselected patients 
progressing after first‑line therapy (17‑19,23).

Conversely, patients with primary resistance to first‑line 
chemoimmunotherapy, explosive tumor progression, rapidly 
progressive multi‑organ disease, poor performance status, 
uncontrolled comorbidities or prior severe immune‑related 
AEs are unlikely to be appropriate candidates for routine 
ICI‑based subsequent treatment. The toxicity issue is 
particularly important. Although the pooled grade ≥3 
AE/TRAE analysis did not show a clear excess risk, the 
safety dataset was small, and immune‑related toxicities 
may recur after rechallenge in a clinically meaningful 
proportion of patients (26,27,49‑51). Current guidelines still 
prioritize established subsequent‑line options, including 
topotecan, lurbinectedin, platinum rechallenge in selected 
platinum‑sensitive relapse, clinical trial enrollment and 
best supportive care when appropriate. They do not define 
ICI‑based subsequent treatment after progression as a 
universal post‑progression standard (2,8,9,47). Therefore, the 
practical implication of the present meta‑analysis is not to 
change the standard of care immediately, but to identify a 
clinically plausible subgroup in whom prospective evaluation 
of ICI‑containing subsequent therapy is justified.

The current study has several strengths. The research question 
was deliberately narrow and clinically actionable, namely whether 
patients with ES‑SCLC who progress after first‑line chemoim‑
munotherapy may benefit from ICI‑based subsequent treatment 
compared with non‑immunotherapy subsequent treatment. This 
framing avoids conflating the analysis with broader questions of 
first‑line immunotherapy efficacy or isolated single‑arm rechal‑
lenge outcomes. The exclusive inclusion of comparative studies 
also provides a more interpretable evidence base than descrip‑
tive single‑arm series. In addition, adjusted, multivariable or 
PSM estimates were prioritized when available, and sensitivity 
analyses were used to evaluate whether alternative handling of 
matched vs. unmatched data changed the main findings. Studies 
with partial alignment to the main PICO framework were not 
indiscriminately pooled into every primary analysis. Instead, 
their contribution was handled according to outcome availability 
and analytical suitability. Finally, the analysis considered survival, 
response, disease control and severe toxicity together, allowing a 
more balanced view of potential benefit and clinical decisions.

However, several limitations should be acknowledged. The 
primary limitation is the non‑randomized nature of all the 
included studies. Even when multivariable adjustment or PSM was 
used, residual confounding remained likely. Patients selected for 
ICI‑based subsequent treatment may have differed from controls 
in performance status, disease tempo, metastatic burden, prior 
response to first‑line therapy or physician‑perceived suitability 
for further immunotherapy. Therefore, the overall certainty of 
evidence should be considered low. The effective evidence base 
was also limited for each pooled outcome: In total, 6 studies 
contributed to the primary OS and PFS analyses, while 4 studies 
contributed to ORR and DCR and only 2 studies contributed to 
the pooled grade ≥3 AE/TRAE analysis. This limited statistical 
power, precluded formal assessment of publication bias and 
prevented robust subgroup analyses according to ICI class, 
treatment combination, progression pattern or patient‑selection 
factors. In addition, although reported study periods, partici‑
pating centers when available and cohort characteristics were 
cross‑checked, the possibility of unrecognized partial patient 
overlap among retrospective multicenter cohorts could not be 
completely excluded because exhaustive patient‑level identifiers 
were unavailable. The included studies also used heterogeneous 
subsequent treatment regimens, including ICI continuation or 
rechallenge, ICI switching, ICI plus chemotherapy, ICI plus 
antiangiogenic therapy and combined or triplet strategies. 
Since the majority of studies reported only aggregate estimates 
for mixed ICI‑based arms, reliable strategy‑specific subgroup 
analyses were not possible. Although endpoint‑definition audit 
did not identify conventional first‑line‑origin PFS2 estimates 
in the primary PFS analysis, PFS‑related endpoints remained 
imperfectly standardized. Differences in terminology, time 
origin within the post‑progression period, imaging assessment 
schedule and censoring rules may still have contributed to the 
substantial heterogeneity observed in the PFS analysis. Safety 
evidence was limited, particularly for specific immune‑related 
toxicities and treatment discontinuation.

In clinical practice, ICI‑based subsequent treatment after 
progression on first‑line chemoimmunotherapy should be viewed 
as a potential strategy for selected patients with ES‑SCLC 
rather than as a universal post‑progression standard. The present 
meta‑analysis suggests a favorable association with survival 
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and tumor control, without a clear indication of excess severe 
toxicity. However, the evidence remains comparative, retrospec‑
tive and vulnerable to treatment‑selection bias. This distinction 
is important. The current data support further clinical explora‑
tion, not unselective use of immunotherapy‑based treatment for 
every patient after progression. Future prospective studies should 
therefore focus on defining the patients most likely to benefit 
from ICI‑containing therapy after progression, clarifying the 
optimal ICI‑containing regimens, standardizing post‑progression 
endpoints and toxicity reporting. Biomarker‑informed and clini‑
cally stratified designs will be particularly important to determine 
whether continued immune pressure can translate into a repro‑
ducible benefit‑risk advantage in this setting.
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