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Abstract

Background: This study aims to evaluate the efficacy of first-line im-
munotherapy combined with chemotherapy in extensive-stage small
cell lung cancer (ES-SCLC) patients with differing brain metastasis
statuses.

Methods: We conducted a comprehensive search in public databases,
such as PubMed, EMBASE, and the Cochrane Library, to identify
randomized controlled trials involving ES-SCLC patients, with or
without brain metastases, who underwent first-line immunotherapy
combined with chemotherapy. The primary outcome measure was
progression-free survival (PFS), and the secondary outcome measure
was overall survival (OS).

Results: Our analysis incorporated seven high-quality randomized
controlled trials, encompassing 398 patients with brain metastases
and 3,533 without. Among patients without brain metastases, the
combination of immunotherapy and chemotherapy led to significant-
ly improved PFS (hazard ratio (HR) = 0.72, 95% confidence interval
(CI): 0.62 - 0.84, P < 0.001) and OS (HR = 0.77, 95% CI: 0.67 -
0.88, P < 0.001) in comparison to chemotherapy alone. Conversely,
for patients with brain metastases, the addition of immunotherapy to
chemotherapy did not result in a significant improvement in PFS (HR
=1.03, 95% CI: 0.66 - 1.61, P = 0.887) or OS (HR = 1.03, 95% CI:
0.82 - 1.31, P=0.776) when compared to chemotherapy alone.

Conclusions: In ES-SCLC patients without brain metastases, first-
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line immunotherapy combined with chemotherapy demonstrated
improved PFS and OS in contrast to chemotherapy alone. However,
patients with brain metastases did not experience similar benefits.
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Introduction

Small cell lung cancer (SCLC) accounts for approximately
15% of all lung cancer cases [1]. It is a highly aggressive neu-
roendocrine malignancy, ranking among the leading causes of
cancer-related mortality [2]. Within the spectrum of SCLC,
extensive-stage disease (ES-SCLC) constitutes a significant
portion, accounting for approximately 70% of cases [3]. Nota-
bly, 10-18% of ES-SCLC cases present with brain metastases
at the time of diagnosis [4].

Extensive evidence supports the notion that the integration of
first-line immunotherapy with chemotherapy leads to enhanced
treatment outcomes for ES-SCLC patients [5-12]. However, it is
important to recognize that several studies have suggested that
various clinical factors and combined agents might influence
prognosis in this context [13, 14]. Moreover, clinical trials, when
subjected to subgroup analysis, have demonstrated variable ef-
ficacy in the combination of immunotherapy with chemotherapy
for ES-SCLC patients who already have brain metastases [5-11].

Given the potential incidence of adverse events associated
with immunotherapy [15], it becomes imperative to determine
whether ES-SCLC patients with brain metastases can derive
maximal benefit from this treatment approach. The existing
inconsistencies in the literature underscore the necessity for a
systematic review aimed at evaluating the treatment outcomes
of first-line immunotherapy combined with chemotherapy in
ES-SCLC patients with varying brain metastasis statuses.

Materials and Methods

Data sources

Two authors (Wen Hua Zhao and Shou Feng Wang) indepen-
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dently conducted data retrieval. The search spanned multiple
databases, including PubMed, EMBASE, and the Cochrane
Library, from their inception up to December 2022. Addi-
tionally, abstracts from key oncology conferences such as the
European Society of Medical Oncology, World Conference
on Lung Cancer, and American Society of Clinical Oncology
were screened by the same authors. The data search strictly ad-
hered to the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines [16, 17].

Search strategy

Our search strategy involved a range of terms, including “small
cell Iung cancer”, “SCLC”, “stage IV”, “extensive stage”,
“chemotherapy”, “immunotherapy”, and “immune checkpoint
inhibitor”. Furthermore, relevant randomized controlled trials
were identified by reviewing references in significant litera-

ture.

Inclusion and exclusion criteria

The included studies were required to meet specific inclusion
criteria, which are as follows: 1) patients with histopathologi-
cally confirmed SCLC; 2) clinical stage classified as extensive
stage based on the Veterans Administration Lung Study Group
(VALG) definition or stage IV according to the International
Association for the Study of Lung Cancer (IASLC) staging
system; 3) patients received first-line immunotherapy com-
bined with chemotherapy; 4) study design was a randomized
controlled trial; and 5) randomized controlled trials reported
treatment outcomes regarding progression-free survival (PFS)
and/or overall survival (OS). Case reports, reviews, comments,
editorials, letters, and animal studies were excluded from this
systematic review and meta-analysis.

Study selection

The selection of studies was carried out independently by two
authors (Wen Hua Zhao and Shou Feng Wang). Initially, ti-
tles and abstracts of studies were assessed, and for potentially
eligible studies, full manuscripts were reviewed. Duplicate
studies were eliminated by combining the results of the two
authors’ selections. In cases of disagreement during the selec-
tion process, a third author (Xin Bin Pan) was consulted for
resolution.

Data extraction

Following the selection process, data extraction was performed
by two independent authors (Cui Yun Su and Xin Bin Pan), ad-
hering to the PRISMA guidelines. The following information
was extracted from each included randomized controlled trial:
1) authors and trial names; 2) publication year; 3) patient geo-
graphical area; 4) trial design; 5) total number of participants;
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6) immunotherapy and chemotherapy regimens; 7) number of
patients with brain metastases; 8) number of patients without
brain metastases; and 9) hazard ratios (HRs) with 95% con-
fidence intervals (CIs) for PFS and/or OS in patients treated
with immunotherapy combined with chemotherapy and those
receiving chemotherapy alone.

Quality assessment

Two independent authors (Wen Hua Zhao and Shou Feng
Wang) assessed the methodological quality of included ran-
domized controlled trials. In cases of disagreement, a third
author (Xin Bin Pan) was involved for discussion and con-
sensus. Methodological quality assessment of included rand-
omized clinical trials was performed using the Cochrane Risk
of Bias tool [18], which evaluated seven domains: 1) random
sequence generation; 2) blinding of participants and person-
nel; 3) allocation concealment; 4) incomplete outcome data;
5) blinding of outcome assessment; 6) selective reporting; and
7) other bias.

Statistical analysis

Heterogeneity between the included randomized controlled tri-
als was evaluated using the 12 statistic and the Q Chi-squared
test. P> 0.10 or I? < 50% indicated no significant heteroge-
neity between the included randomized controlled trials. In
contrast, P < 0.10 or I2 > 50% indicated significant heteroge-
neity between the included randomized controlled trials. The
random-effect model was used in cases of significant heteroge-
neity between the included randomized controlled trials; oth-
erwise, the fixed-effect model was used when no significant
heterogeneity was observed.

The primary endpoint was PFS, and the secondary end-
point was OS. This systematic review and meta-analysis pre-
sented pooled analyses using forest plots. HRs with 95% ClIs
for PFS and OS were calculated to compare the efficacy of
immunotherapy combined with chemotherapy versus chemo-
therapy alone in patients with varying brain metastasis status-
es. Sensitivity analyses were performed to assess the influence
of each study by omitting one study at a time. Publication bias
was assessed using funnel plots with Begg’s and Egger’s tests.

This systematic review and meta-analysis utilized R soft-
ware version 4.3.0 and SPSS Statistics Version 26.0 (IBM Co.,
Armonk, NY, USA) for statistical analyses. A statistically sig-
nificant difference was considered at P < 0.05 (two-tailed).

Ethics approval and informed consent were waived by
the Ethics Committee of Guangxi Medical University Cancer
Hospital.

Results

Study selection

The study selection process is illustrated in Figure 1. Initially,
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Figure 1. Flowchart illustrating trial selection.

8,466 studies were identified, and after abstract screening,
8,420 were excluded. Upon a thorough examination of full-
text articles, 20 studies were considered potentially eligible.
Among the 20 studies, two were not focused on first-line treat-
ment, eight were duplicative trials, and three did not provide
information on brain metastases. Ultimately, seven randomized
controlled trials were included in this systematic review and
meta-analysis [5-11].

Characteristics of included trials

Table 1 provides a summary of the characteristics of the in-
cluded trials. All seven randomized controlled trials were
classified as phase III trials. Of these, six trials had a global
scope, while one was conducted exclusively in China. In to-
tal, these trials encompassed 3,931 ES-SCLC patients, com-
prising 398 patients with brain metastases and 3,533 without.
The methodological quality assessment consistently indicated
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high quality for the seven included randomized controlled tri-
als (Fig. 2).

PFS analysis

Two randomized controlled trials reported PFS data for pa-
tients with brain metastases [6, 11]. Heterogeneity was not ob-
served between these two trials (P = 0.85, 1> = 0.00%). There-
fore, the fixed-effects model was applied. The pooled analysis
indicated that immunotherapy combined with chemotherapy
did not significantly improve PFS compared to chemotherapy
alone in patients with brain metastases (HR = 1.03, 95% CI:
0.66 - 1.61; P=0.887) (Fig. 3a).

Similarly, for patients without brain metastases, the analy-
sis of two randomized controlled trials revealed no significant
heterogeneity (P = 0.60, I> = 0.00%). Therefore, the fixed-ef-
fects model was used. The pooled analysis showed that im-
munotherapy combined with chemotherapy improved PFS
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Table 1. Characteristics of Included Trials

Brain metastases

Trials Year Area Phase Treatments

Yes No

CA184-156 2016 Worldwide 3 Ipilimumab q3w x 4 + EP/EC q3w x 4 55 423
EP/EC q3w x 6 45 431

KEYNOTE-604 2020 Worldwide 3 Pembrolizumab + EP/EC q3w x 4 33 195
EP/EC q3w x 4 22 203

ASTRUM-005 2022 Worldwide 3 Serplulimab + EC q3w x 4 50 339
EC q3w x 4 28 168

IMpower-133 2018 Worldwide 3 Atezolizumab + EC q3w x 4 17 184
EC q3w x 4 18 184

CASPIAN-durva 2019 Worldwide 3 Durvalumab + EP/EC q3w X 6 28 240
EP/EC q3w X 6 27 242

CASPIAN-tremeli + durva 2020 Worldwide 3 Durvalumab + tremelimumab + EP/EC q3w x 6 38 230
EP/EC q3w x 6 27 242

CAPSTONE-1 2022 China 3 Adebrelimab + EC q3w x4 - 6 5 225
ECq3w x4-6 5 227

EP: etoposide + cisplatin; EC: etoposide + carboplatin; g3w: once every 3 weeks.

Random sequence generation (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Allocation concealment (selection bias)
Selective reporting (reporting bias)

IMPOWER-133
CASPIAN-durva
CASPIAN-tremeli+durva
CAPSTONE-1

&
=
g
S
CA184-156 ?
KEYNOTE-604 ?
ASTRUM-005 ?
?
?
?
?

Figure 2. Risk of bias assessment for the included trials.
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Figure 3. Forest plot displaying hazard ratios (HRs) for comparing progression-free survival between immunotherapy combined
with chemotherapy and chemotherapy alone. (a) Patients with brain metastases. (b) Patients without brain metastases. ClI:

confidence interval.

compared to chemotherapy alone in these patients (HR = 0.72,
95% CI: 0.62 - 0.84; P < 0.001) (Fig. 3b).
Sensitivity analyses confirmed the robustness of these
findings. For patients with brain metastases, the pooled HRs
a
Study

Hazard Ratio

for PFS ranged from 0.98 to 1.07 (Fig. 4a). In patients without
brain metastases, the pooled HRs for PFS ranged from 0.69 to
0.75 (Fig. 4b). No significant publication bias was detected in
the two randomized controlled trials (Fig. 5).

HR 95%-Cl

Omitting KEYNOTE-604

0.98 [0.49; 1.98]

Omitting IMpower-133

1.07 [0.60; 1.91]

Random effects model 1.03 [0.66; 1.61]
| l |
0.5 1 2
favour immuno-chemotherapy  favour chemotherapy
b
Study Hazard Ratio HR 95%-ClI
Omitting KEYNOTE-604 ——=+—— 0.75 [0.60; 0.93]
Omitting IMpower-133 ~——=—— 0.69 [0.56; 0.86]
Random effects model <> 0.72 [0.62; 0.84]
| | |
0.75 1 1.5

favour immuno-chemotherapy

favour chemotherapy

Figure 4. Sensitivity analysis for progression-free survival. (a) Patients with brain metastases. (b) Patients without brain metas-

tases. HR: hazard ratio; Cl: confidence interval.
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Figure 5. Assessment of publication bias for progression-free survival. (a) Patients with brain metastases. (b) Patients without

brain metastases.

OS analysis

Six randomized controlled trials reported OS data for patients
with brain metastases [5-9, 11]. These trials did not exhibit sig-
nificant heterogeneity (P = 0.12, 12 = 43.00%), leading to the
application of the fixed-effects model. The pooled analysis in-
dicated that immunotherapy combined with chemotherapy did
not improve OS compared to chemotherapy alone in patients
with brain metastases (HR = 1.03, 95% CI: 0.82 - 1.31; P =
0.776) (Fig. 6a).

In contrast, seven randomized controlled trials reported
OS data for patients without brain metastases [5-11]. These
trials demonstrated significant heterogeneity (P = 0.01, 1> =
64.00%), leading to the use of the random-effects model. The
pooled analysis indicated that immunotherapy combined with
chemotherapy improved OS compared to chemotherapy alone
in patients without brain metastases (HR = 0.77, 95% CI: 0.67

534
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- 0.88; P<0.001) (Fig. 6b).

Sensitivity analyses supported the stability of these re-
sults, with pooled HRs for OS in patients with brain metasta-
ses ranging from 0.87 to 1.10 (Fig. 7a), and in patients without
brain metastases ranging from 0.73 to 0.79 (Fig. 7b). While no
publication bias was detected among the six randomized con-
trolled trials involving patients with brain metastases (Egger’s
test: P =0.133, Begg’s test: P = 0.352) (Fig. 8a), publication
bias was identified among the seven randomized controlled tri-
als involving patients without brain metastases in the Egger’s
test (P=10.001), but not in the Begg’s test (P=0.051) (Fig. 8b).

Discussion

This systematic review and meta-analysis have provided valu-
able insights into the treatment outcomes of ES-SCLC patients
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Figure 6. Forest plot illustrating hazard ratios for overall survival between immunotherapy combined with chemotherapy and
chemotherapy alone. (a) Patients with brain metastases. (b) Patients without brain metastases. HR: hazard ratio; Cl: confidence

interval.

with and without brain metastases when undergoing first-line
immunotherapy combined with chemotherapy. The findings
highlight clear distinctions in the efficacy of this combined
treatment based on brain metastasis status.

In ES-SCLC patients without brain metastases, the addi-
tion of immunotherapy to chemotherapy as a first-line treat-
ment led to substantial benefits. The significant improvements
in both PFS and OS in this subgroup underscore the clinical
efficacy of this combination therapy. These results align with
existing evidence supporting the role of immunotherapy in im-
proving outcomes for ES-SCLC patients.

Conversely, for ES-SCLC patients with brain metasta-
ses, the incorporation of immunotherapy into chemotherapy
did not result in a significant enhancement of PFS or OS. This
observation raises critical questions about the management of
this particular subgroup, indicating that more aggressive thera-
peutic strategies, such as radiotherapy and surgery, might be
needed in the era of immunotherapy for patients with brain
metastases.

Historically, the brain has been considered an immune-
privileged organ [19]. However, recent insights into the tumor
microenvironment within brain metastases challenge this no-
tion. Emerging evidence suggests that the brain can be a vi-
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able target for immunotherapy, with promising results seen in
controlling brain metastases from melanoma [20]. This has
prompted discussions about the potential effectiveness of im-
munotherapy in lung cancer brain metastases, with some stud-
ies indicating improved treatment outcomes for lung cancer
patients with brain metastases when immunotherapy is com-
bined with chemotherapy [21-26].

However, this meta-analysis suggests that immunothera-
py combined with chemotherapy as a first-line treatment did
not improve PFS in ES-SCLC patients with brain metastases.
One possible explanation is that many of these patients may
have been asymptomatic, and some might have received ra-
diotherapy before being included in the randomized controlled
trials. Additionally, the use of prophylactic cranial irradiation
following immunotherapy and chemotherapy remains unclear
in all of the included trials. As such, it is essential to exercise
caution when translating the results of this meta-analysis into
clinical practice.

Moreover, the study indicates that immunotherapy com-
bined with chemotherapy did not result in improved OS com-
pared to chemotherapy alone in patients with brain metastases.
This finding may be attributed to the fact that all the included
trials recommended second-line systemic treatments for pa-
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Figure 7. Sensitivity analysis for overall survival. (a) Patients with brain metastases. (b) Patients without brain metastases. HR:

hazard ratio; Cl: confidence interval.

tients experiencing recurrences, and the primary patterns of
first progression were thoracic and brain metastases [8]. None
of the trials allowed for consolidation or salvage local treat-
ments such as surgery or radiotherapy on brain metastases,
thoracic disease, or other metastases. Notably, thoracic radio-
therapy and brain irradiation have demonstrated the potential
to improve OS in ES-SCLC patients when used as consolida-
tion or salvage local treatments [27, 28].

Several limitations of this systematic review should be ac-
knowledged. First, four of the randomized controlled trials did
not stratify patients randomly based on brain metastasis status
[5, 6, 8, 9], potentially introducing imprecision in subgroup
analyses. Second, the small sample size of ES-SCLC patients
with brain metastases may have limited the statistical power
for analysis.

In conclusion, this study highlights the significant benefit
of first-line immunotherapy combined with chemotherapy in
ES-SCLC patients without brain metastases, leading to im-
provements in both PFS and OS. However, this benefit is not
observed in patients with brain metastases. The intricate nature
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of ES-SCLC with brain metastases, combined with the chal-
lenges of balancing systemic therapy and localized treatments,
underscores the imperative need for further research to opti-
mize the management of this specific subgroup.
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