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Background: Despite numerous immunotherapy and chemotherapy regimens
available for patients with extensive-stage small cell lung cancer (ES-SCLQC), it
remains unclear which regimen is the most effective and safest; relative studies
comparing such regimens are scarce.

Objective: The aim of this study was to investigate the efficacy and safety of first-
line immunotherapy combinations with chemotherapy for patients with
extensive-stage small cell lung cancer. In addition, for the first time,
comparisons among the first-line systemic regimens on OS and PFS in ES-
SCLC by each time node were made.

Methods: Databases including PubMed, Embase, Cochrane Library, Scopus, Google
Scholars, and ClinicalTrials.gov, and major international conferences were searched
for randomized controlled trials (RCTs) regarding comparing immunotherapy
combinations with chemotherapy as first-line treatments for patients with advanced
ES-SCLC from inception to 1 November. Hazard ratios (HRs) and odds ratios (ORs)
were generated for dichotomous variants by RStudio 4.2.1. The outcomes comprised
overall survival (OS), progression-free survival (PFS), objective response rate (ORR), and
adverse events of grade 3 or higher (Grade > 3 AEs).

Results: Eventually, a total of nine RCTs reporting 4,352 individuals with nine
regimens were enrolled. The regimens were ipilimumabnu (Ipi), atezolizumab
(Atez), durvalumab plus tremelimumab (Durv-Trem), durvalumab (Durv),
pembrolizumab (Pemb), adebrelimab (Adeb), serplulimab (Serp), atezolizumab
plus tiragolumab (Atez-Tira), and nivolumab (Nivo). With regard to OS,
serplulimab (HR = 0.63, 95% CI: 0.49 to 0.81) was found to yield the best OS
benefit when compared with chemotherapy. Meanwhile, serplulimab had the
highest probability (46.11%) for better OS. Furthermore, compared with
chemotherapy, serplulimab significantly increased the OS rate from the 6th to
the 21st month. With regard to PFS, serplulimab (HR = 0.47, 95% ClI: 0.38 to 0.59)
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was found to yield the best PFS benefit when compared with chemotherapy.
Simultaneously, serplulimab had the highest probability (94.48%) for better PFS.
Serplulimab was also a long-lasting first-line regimen in both OS and PFS from a
longitudinal perspective. In addition, there was no significant difference among
the various treatment options for ORR and grade >3 AEs.

Conclusion: Considering OS, PFS, ORR, and safety profiles, serplulimab with
chemotherapy should be recommended as the best therapy for patients with ES-
SCLC. Certainly, more head-to-head studies are needed to confirm these findings.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/,

extensive-stage small cell lung cancer, immunotherapy, network meta-analysis,

Zhang et al.
identifier CRD42022373291.
KEYWORDS
efficacy, safety
Background

According to the National Cancer Institute (NCI), the rate of
new cases of lung and bronchus cancer was 52.0 per 100,000
persons per year. The death rate was 35.0 per 100,000 persons per
year in 2019; there were an estimated 236,740 new cases in 2022 (1).
According to the estimates of the National Cancer Center (NCC) of
China, approximately 549,800 newly diagnosed lung cancer cases
were reported in 2016; 29.7% of all deaths from cancer were
ascribed to lung cancer in men and 22.9% in women (2). Small
cell lung cancer (SCLC) represents approximately 15% of all lung
cancers, which was a high-grade neuroendocrine carcinoma defined
by its aggressiveness, poor differentiation, and somber prognosis (3,
4). The veteran’s administration lung cancer study categorizes
SCLC into limited or extensive-stage disease according to whether
the disease is limited to one hemithorax in a field amenable to
radiation therapy (5). Despite divergent active treatment, SCLC has
a bleak prognosis, with a 5-year survival rate of only approximately
7% due to factors like a high proliferative index, a quick doubling
time, and a strong propensity to metastasis (5). Throughout the
course of the disease, 50% of patients with SCLC will develop
central nervous system (CNS) metastasis (6, 7).

For several decades, platinum drugs (cisplatin or carboplatin) plus
etoposide, namely, EP protocol, have been established as the first-line
standard treatment protocol for ES-SCLC. However, because of the quick
emergence of resistance, the transient benefit of therapy, and the limited
efficacy of subsequent lines, the survival outcomes benefit remained poor
(8-10). Although some trials in Japan demonstrated that an irinotecan-
based regimen as a first-line treatment for ES-SCLC had better PFS, its

Abbreviations: ES-SCLC, Extensive-stage small cell lung cancer; OS, overall
survival; PFS, progression-free survival; ORR, objective response rate; Grade = 3
AEs, adverse events of grade 3 or higher; RCTs, randomized controlled trials;

HRs, hazard ratios; ORs, odds ratios; CNS, central nervous system.
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OS advantage was still vague (11). Thus, the above situation compels
physicians and scientists to seek better first-line treatments.

One of the most significant advancements in the treatment of cancer
was immunotherapy (IO), particularly immune checkpoint inhibitors
(ICIs) that obstruct co-inhibitory molecules such as programmed cell
death protein-1 (PD-1) and the associated programmed death ligand 1
(PD-L1) (12-15). Clinical evidence has revealed that anti-PD-L1
monoclonal antibodies like atezolizumab and durvalumab provided
additional benefits in both OS and progression-free survival (PES)
when compared with platinum-based chemotherapy as the first-line
treatment for patients with ES-SCLC (16-18). The National
Comprehensive Cancer Network (NCCN) SCLC panel recommended
certain chemotherapy plus immunotherapy regimens as preferred
alternatives for patients with ES-SCLC in 2018 (9, 19).

Undoubtedly, randomized controlled trials (RCTs) with placebo
are the gold standard for determining the efficacy of novel
pharmaceutical treatments (20). Until now, there have been
numerous regimens treating ES-SCLC, up to now, simultaneously
physicians were trapped with making clinical decisions on which
regimen to choose owing to the lack of direct/indirect comparisons
among those agents, urgently entailing the launch of relevant studies.

Hence, we conducted a Bayesian network meta-analysis
comparing the efficacy and safety of immunotherapy combinations
with chemotherapy in treating ES-SCLC to provide more evidence for
clinical practice.

Methods

We conducted this meta-analysis in accordance with the
Preferred Reporting Items for Systemic Review and Meta-analyses
(PRISMA) checklist (Supplementary Table 1). This network meta-
analysis (NMA) was performed and reported in accordance with
the PRISMA Extension version (PRISMA-NMA) (21). This study
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protocol has been registered on the international prospective
register of systematic review (PROSPERO) (CRD42022373291).

Search strategy

Databases including PubMed, Embase, Cochrane Library,
Scopus, Google Scholars, and ClinicalTrials.gov, and major
international conferences were searched for RCTs regarding
comparing immunotherapy combinations with chemotherapy as
first-line treatments for patients with advanced ES-SCLC from
inception to 1 November.

The search terms included the following keywords: small cell
lung carcinoma, extensive-stage, first-line, immunotherapy, PD-1,
PD-L1, CTLA-4, ipilimumab, atezolizumab, durvalumab,
pembrolizumab, adebrelimab, serplulimab, tiragolumab,
nivolumab, randomized clinical trial, and their related MeSH
terms. The detailed strategy is shown in Supplementary Table 2.

Selection and eligibility criteria

Two investigators independently searched and assessed the
eligibility of each study by reading the title and abstract or even
the full text when necessary.

The inclusion criteria were as follows:

(1) Prospective, randomized, phase 3 or 2, controlled clinical
studies.

(2) Eligible patients were newly diagnosed with treatment-
naive histologically or cytologically documented ES-SCLC
(American Joint Committee on Cancer, 7th edition).

(3) RCTs that used immunotherapy-based combination
treatment as first-line treatment settings.

(4) RCTs that used immunotherapy-based combination
treatment or placebo treatment as first-line treatment
settings.

The exclusion criteria were as follows:

(1) RCTs that were based on overlapping patients.

(2) RCTs with ambiguous clinical outcomes.

Prior to the evaluation of full texts, titles and abstracts were
scrutinized to ascertain eligibility. To ensure that the most recent
information was included, the abstracts from all the included trials
and conferences were double-checked online. Any discrepancies
were resolved through discussions with the senior authors.

Data extraction
Essential clinical characteristics extracted from the enrolled studies

include the following: trial name, first author, publication sources, year of
publication, sample size, patients’ age and sex distribution, smoking status,
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histologic type, PD-L1 expression, and Eastern Cooperative Oncology
Group (ECOG) performance status score. The clinical outcomes extracted
included hazard ratios (HRs) with corresponding 95% confidence intervals
(95% ClIs) for OS (randomization to death regardless of any causes) and
PFS (randomization to the progression of any causes or death regardless of
any causes). Secondary endpoints items consisted of ORR; patients were
evaluated as complete response (CR) or partial response (PR) according to
the criteria of RECIST version 1.1 or mWHO-best overall response rate
(mWHO-BORR, proportion of patients with CR or PR per mWHO), and
adverse events of grade 3 or higher (Grade > 3 AEs).

Quality assessment

The quality of the included studies was checked using the
Cochrane Risk of Bias Tool in Review Manager 5.3 software
(Nordic Cochrane Centre, Copenhagen, Denmark) for RCTs. The
data were independently extracted by two investigators (Wenjun Li
and Danbei Diwu), and any discrepancies were resolved through
discussions with the senior author (Hong Wang).

Statistical analysis

HRs and odds ratios (ORs) were generated for dichotomous
variants by using GeMTC (version 0.14.3) and R (version 3.5.3). OS
and PFS were reported as HR with an associated 95% CI. ORR and
Grade > 3 AEs were reported as OR with an associated 95% CI. As
for Rstudio, we set the number of iterations to 300,000 and used the
first 20,000 as a burn-in sample (the thinning interval was 10); the
surfaces under the cumulative ranking curve (SUCRAs) and
matrices were calculated to show pairwise comparisons among
regimens on OS, PFS, ORR, and grade>3 AEs. In addition, the
software can calculate the probability that each intervention is rated
as the best. Furthermore, trace and density plots as well as
convergence plots were generated to determine the degree of
convergence. Statistical significance was set as p < 0.05.

Results
Baseline characteristics of included studies

We identified a total of 488 records from the databases and 11
additional online records from the conference proceedings during
the preliminary literature search. After eliminating the duplicates
and non-pertinent articles through abstract screening, 13 articles
finally met our eligibility criteria (Figure 1). A total of 4,352
individuals were enrolled to receive the following nine
immunotherapy combinations across nine RCT eligible studies:
ipilimumab plus etoposide/paclitaxel and platinum (Ipi);
atezolizumab plus carboplatin and etoposide (Atez); durvalumab
plus tremelimumab plus platinum and etoposide (Durv-Trem);
durvalumab plus platinum and etoposide (Durv); pembrolizumab
plus etoposide and platinum (Pemb); adebrelimab plus carboplatin
and etoposide (Adeb); serplulimab plus carboplatin and etoposide
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FIGURE 1

PRISMA flowchart illustrating the selection of studies included in our analyses.

(Serp); atezolizumab plus tiragolumab plus carboplatin and
etoposide (Atez-Tira); and nivolumab plus carboplatin and
etoposide (Nivo). Detailed information on all the included studies
is presented in Table 1. All studies’ complete outcome reports were
achieved, and 10 studies followed the principle of random
allocation. All studies were at low risk of bias. The assessment of
risk of bias is presented in Supplementary Figure 1. The network
plots are depicted in Figure 2.

Comparisons of OS and PFS

Nine studies were randomized studies and provided HR values
for PFS and OS (Table 2).

Primary analysis: OS

Regarding OS (Figure 3A), compared with placebo,
immunotherapy combined with chemotherapy significantly
increased OS except for ipilimumab (HR = 0.92, 95% CI: 0.81 to
1.06) and atezolizumab plus tiragolumab (HR = 1.02, 95% CI: 0.80
to 1.30). Serplulimab (HR = 0.63, 95% CI: 0.49 to 0.81) was found to
yield the best OS benefit when compared with placebo. Compared
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with ipilimumab, serplulimab (HR = 0.68, 95% CI: 0.51 to 0.91) and
durvalumab (HR = 0.77, 95% CI: 0.61 to 0.97) significantly
increased OS. Compared with atezolizumab plus tiragolumab,
serplulimab (HR = 0.62, 95% CI: 0.43 to 0.88), atezolizumab (HR
=0.69, 95% CI: 0.48 to 0.98), durvalumab (HR = 0.70, 95% CI: 0.51-
0.94), and adebrelimab (HR = 0.71, 95% CI: 0.51 to 0.98)
significantly increased OS. According to Bayesian ranking profiles
(Figure 4), serplulimab had the highest probability (46.11%) of
ranking first for better OS (Supplementary Table 4).

Regarding the OS for immunotherapy combinations compared
to standard chemotherapy, the HRs at the 3rd, 6th, 9th, 12th, 15th,
18th, 21st, and 24th month were examined (Table 2). Compared
with placebo, only serplulimab (HR = 2.02, 95% CI: 1.24 to 3.30)
significantly increased the 6th month OS rate. Compared with
placebo, serplulimab (HR = 1.66, 95% CI: 1.18 to 2.36),
durvalumab (HR = 1.71, 95% CI: 1.21 to 2.40), adebrelimab (HR
=1.66,95% CI: 1.14 to 2.40), atezolizumab (HR = 1.60, 95% CI: 1.08
to 2.38), and nivolumab (HR = 4.03, 95% CI: 1.26 to 12.84)
significantly increased the 12th month OS rate. Compared with
placebo, serplulimab (HR = 1.72, 95% CI: 1.20 to 2.47), adebrelimab
(HR = 1.95, 95% CI: 1.32 to 2.87), and atezolizumab (HR = 1.90,
95% CI: 1.22 to 2.98) significantly increased the 18th month OS
rate. However, there was no significant difference in efficacy among
all regimens in the 24th month. The first—echelon regimens were

4 frontiersin.org
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TABLE 1 Baseline characteristics of studies.

Source

Study

Treatment

Participants
No.

ORR,
No./

total No.

(%)

PFS,
median,
m
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TABLE 1 Continued
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m (@)} months (@)

p-

ES-SCLC, extensive-stage small cell lung cancer; HR, hazard ratio; NR, not reported; OS, overall survival; PFS, progression-free survival; ORR, objective response rate; Grade > 3 AEs, adverse

events of grade 3 or higher.

compared to placebo from a longitudinal perspective. With regard
to OS, serplulimab, atezolizumab, and durvalumab were first-
echelon regimens in the 3rd to 24th month. These data were
summarized based on a matrix plot of each pairwise comparison
of all regimens on the efficacy across all regimens from the 3rd to
24th months (Supplementary Table 6). Concurrently, it could be
seen from the Rank-Heat Plot that each sector was colored
according to the surface under the cumulative ranking (SUCRA)
value of the corresponding treatment and outcome at each month.
Serplulimab has the highest ranking based on its effect compared
with the rest of the regimens at each month (Figure 5A).

Primary analysis: PFS

Regarding PFS (Figure 3A), compared with placebo,
immunotherapy combined with chemotherapy significantly
increased PFS except durvalumab plus tremelimumab (HR = 0.84,
95% CI: 0.70 to 1.01) and atezolizumab plus tiragolumab (HR =
1.08, 95% CI: 0.89 to 1.31). Serplulimab (HR = 0.47, 95% CI: 0.38 to
0.59) was found to yield the best PES benefit when compared with
placebo. Compared with adebrelimab (HR = 0.70, 95% CI: 0.52 to
0.95), pembrolizumab (HR = 0.63, 95% CI: 0.47 to 0.84),
atezolizumab (HR = 0.61, 95% CI: 0.45 to 0.83), and durvalumab
(HR = 0.59, 95% CIL: 0.44 to 0.78), serplulimab significantly
increased PFS. According to Bayesian ranking profiles (Figure 4),
serplulimab had the highest probability (94.48%) of ranking first for
better PES (Supplementary Table 4).

From the 1st to the 4th month, there was no significant difference
in efficacy among all regimens (Table 3). Compared with placebo,
serplulimab (HR = 2.67, 95% CI: 1.27 to 5.62) barely significantly
increased the 5th month PFS rate. Compared with placebo,
serplulimab (HR = 3.31, 95% CI: 2.25 to 4.87), adebrelimab (HR =

Frontiers in Immunology

1.61,95% CI: 1.11 to 2.33), pembrolizumab (HR = 1.69, 95% CI: 1.12
to 2.55), and ipilimumab (HR = 1.32, 95% CI: 1.00 to 1.74)
significantly increased the 6th month PFS rate. Compared with
placebo, adebrelimab and pembrolizumab significantly increased
the PES rate from the 6th to the 12th month. In addition, from the
7th to 11th months, compared with placebo, nivolumab significantly
increased the PFS rate. In contrast, the efficacy of atezolizumab plus
tiragolumab was poorer than placebo from the 5th to the 12th month.
The comparison was made between the first-echelon regimens and
placebo from a longitudinal perspective, with regard to PFS,
serplulimab, and nivolumab were first-echelon regimens at Ist to
12th month, synchronously, it was the most long-lasting regimen in
the first-echelon in PFS. On the other hand, adebrelimab was also a
first-echelon regimen compared with placebo at the 1st and the 4th to
the 12th month in PFS. These data were summarized based on a
matrix plot of each pairwise comparison of all regimens on the
efficacy across all regimens from the 1st to 12th months
(Supplementary Table 7). Concurrently, it could be seen from the
Rank-Heat Plot that serplulimab and nivolumab have a higher
ranking based on their effect compared with the rest of the
regimens at each month (Figure 5B).

Comparisons of ORR

Regarding ORR (Figure 3B), compared with placebo, except
atezolizumab (HR = 1.19, 95% CI: 0.48 to 2.97), immunotherapy
combined with chemotherapy non-significantly increased ORR.
Here, compared with placebo, atezolizumab plus tiragolumab
(HR = 0.79, 95% CI: 0.32 to 1.96) non-significantly increased
ORR. According to Bayesian ranking profiles (Figure 4),
serplulimab had the highest probability (31.09%) of ranking first
for better ORR (Supplementary Table 4).
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Durv Atez —Tira

Durv-Trem

Adeb

Durv Atez-Tira

Durv-Trem

Ipi Adeb

Network meta-analysis of comparisons on different outcomes of first-line treatments in different groups of ES-SCLC patients. (A) Comparison of
overall survival (OS). (B) Comparison of progression-free survival (PFS). (C) Comparison of objective response rate (ORR). (D) Comparison of grade 3
or more adverse events. Direct comparisons are represented by the color lines connecting the treatments. Line width is proportional to the number
of trials including every pair of treatments, whereas circle size is proportional to the total number of patients for each treatment in the network
Nivo, Nivolumab; Atez-Tira, Atezolizumab + Tiragolumab; Atez, Atezolizumab; Serp, Serplulimab; Durv, Durvalumab; Durv-Trem, Durvalumab +
Tremelimumab; Pla, Placebo; Adeb, Adebrelimab; Pemb, Pembrolizumab; Ipi, Ipilimumab

Comparisons of safety and toxicity

Compared with placebo, the immunotherapy combined with
chemotherapy elevated the toxicity whereas there was no significant
difference between the various treatment options for safety and
toxicity (Figure 3B). According to Bayesian ranking profiles, the
following analysis was conducted (Figure 4), nivolumab had the
highest probability (69.06%) of ranking first of being the most
toxicity treatment for patients (Supplementary Table 4). AEs with a
grade greater than or equal to 3 that were frequently reported for the
immunotherapy combinations included neutropenia, leukopenia,
thrombocytopenia, anemia, diarrhea, vomiting, decreased, appetite,
nausea, fatigue, rash, pruritus, alopecia, constipation, hypothyroidism,

Frontiers in Immunology

hyperthyroidism, and pneumonitis (Supplementary Table 5). In the
chemotherapy plus ipilimumab arm, there were five treatment-related
deaths, one from liver toxicity.

Subgroup analysis based on CNS status

Only OS network meta-analysis could be carried out, and it
involved eight immunotherapy combinations for patients without
CNS metastases at baseline and seven immunotherapy combinations
for patients with CNS metastases (Supplementary Table 8). We did
not have enough data to perform a meta-analysis on PFS in the
subgroup of brain metastases. There was no significant difference
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TABLE 2 HR and 95% CI on 3rd, 6th, 9th, 12th, 15th, 18th, 21st, and 24th month OS for immunotherapy combinations compared to placebo.

Time
Durv

(months)

3rd 1.29 1.31 1.04 - 2.61 1.36 - - - Reference
(0.22,7.53) (0.23,7.65) (0.20,5.47) (0.43,15.98) (0.24,7.74)

6th 2.02 1.34 1.04 - 1.74 1.05 - 1.07 1.08 Reference
(1.24,3.30) (0.78,2.29) (0.68,1.60) (0.90,3.36) (0.61,1.79) (0.69,1.64) (0.78,1.48)

9th 1.72 1.31 1.42 0.97 3.00 1.09 1.06 1.14 1.04 Reference
(1.19,2.50) (0.87,1.96) (0.99,2.01) (0.63,1.47) (1.23,7.30) (0.71,1.67) (0.75,1.49) (0.79,1.65) (0.81,1.34)

12th 1.66 1.60 1.71 1.66 4.03 - 1.17 1.33 1.17 Reference
(1.18,2.36) (1.08,2.38) (1.21,2.40) (1.14,2.40) (1.26,12.84) (0.83,1.65) (0.92,1.94) (0.91,1.50)

15th 2.05 1.97 1.53 1.58 16.43 - 1.19 1.62 1.18 Reference
(1.44,2.92) (1.30,297) | (1.07,2.18)  (1.09,2.28)  (0.92,292.62) (0.83,1.70) (1.09,2.41)  (0.90,1.55)

18th 1.72 1.90 1.42 1.95 - - 1.37 1.49 1.22 Reference
(1.20,2.47) (1.22,2.98)  (0.98,2.08) (1.32,2.87) (0.94,2.00) (0.97,2.27) (0.89,1.67)

21st 6.28 1.52 143 1.97 - - 1.42 1.87 1.19 Reference
(3.68,10.73) (0.89,2.59) (0.90,2.29) (1.22,3.17) (0.89,2.27) (1.10,3.18) (0.53,2.67)

24th 6.09 1.38 1.83 2.19 - - 1.80 2.35 2.66 Reference
(0.68,54.14) (0.15,12.28) (0.21,16.16) (0.25,19.27) (0.20,15.84) (0.26,21.16) (0.26,27.37)

Nivo, nivolumab; Atez-Tira, tiragolumab; Atez, atezolizumab; Serp, serplulimab; Durv, Durvalumab; Durv-Trem, Durvalumab + tremelimumab; Pla, Placebo; Adeb, Adebrelimab; Pemb,

Pembrolizumab; Ipi, ipilimumab.
Significant results were in bold.
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FIGURE 3

Grade >3 Adverse Events

Efficacy and safety profiles of the Bayesian network meta-analysis in patients with ES-SCLS. (A) HRs and 95% CI for overall survival (upper triangle in

blue) and progression-free survival (lower triangle in yellow), and a hazard ratio < 1.00 provides better survival benefits. (B) ORs and 95% CI for

objective response rate (upper triangle in blue) and grade > 3 adverse events (lower triangle in yellow), and an OR < 1.00 indicates a better efficacy

or more toxicity. The results are presented as column-defined treatment versus row-defined treatment. Significant results are in bold. Nivo,

Nivolumab; Atez-Tira, Atezolizumab + Tiragolumab; Atez, Atezolizumab; Serp, Serplulimab; Durv, Durvalumab; Durv-Trem, Durvalumab +
Tremelimumab; Pla, Placebo; Adeb, Adebrelimab; Pemb, Pembrolizumab; Ipi, Ipilimumab.
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Adeb, Adebrelimab; Pemb, Pembrolizumab; Ipi, Ipilimumab.

between the various treatment options for patients with CNS
metastases. In contrast, compared with placebo, serplulimab (HR =
0.62, 95% CI: 0.47 to 0.82), adebrelimab (HR = 0.68, 95% CI: 0.55 to
0.85), atezolizumab (HR = 0.68, 95% CI: 0.52 to 0.89), durvalumab

Pemb

%q).em

0.00 M ——92.14
Ranking statistic, %

FIGURE 5

Bayesian ranking profiles for immunotherapy combinations on efficacy and safety for patients with ES-SCLC. Ranking plots indicate the probability of
each comparable immunotherapy combination being ranked from first to last on OS, PFS, ORR, and grade > 3 AEs. Nivo, Nivolumab; Atez-Tira,
Atezolizumab + Tiragolumab; Atez, Atezolizumab; Serp, Serplulimab; Durv, Durvalumab; Durv-Trem, Durvalumab + Tremelimumab; Pla, Placebo;

Rank-heat plot of multiple therapies in first-line treatment of patients with ES-SCLC. Each sector was colored according to the surface under the
cumulative ranking (SUCRA) value of the corresponding treatment and outcome. (A) Rank-heat plot based on SUCRA on OS. (B) Rank-heat plot
based on SUCRA on PFS. Circles from outside to inside refer to SUCRA value of OS on 3rd, 6th, 9th, 12th, 15th, 18th, 21st, and 24th month for
immunotherapy combinations compared to chemotherapy, and SUCRA value of PFS on 1st, 2nd, 3rd, 4th, 5th, 6th, 7th, 8th, 9th, 10th, 11th, and 12th
month. The closer the color is to red, the greater the probability of ranking first, and the closer the color is to green indicates 0% probability of being
ranked first. Nivo, Nivolumab; Atez-Tira, Atezolizumab + Tiragolumab; Atez, Atezolizumab; Serp, Serplulimab; Durv, Durvalumab; Durv-Trem,
Durvalumab + Tremelimumab; Pla, Placebo; Adeb, Adebrelimab; Pemb, Pembrolizumab; Ipi, Ipilimumab.

(HR = 0.71, 95% CIL: 0.59 to 0.86), pembrolizumab (HR = 0.75, 95%
CI: 0.60 to 0.94), and durvalumab plus tremelimumab (HR = 0.79,
95% CI: 0.65 to 0.95) significantly increased OS for patients without
CNS metastases (Figure 6).
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TABLE 3 HR and 95% CI on 1st, 2nd, 3rd, 4th, 5th, 6th, 7th, 8th, 9th, 10th, 11th, and 12th month PFS for immunotherapy combinations compared to
placebo.

Atez-Tira

st 1.99 1.99 - 1.99 2.08 1.77 - - - Reference
(0.12,31.98) (0.18,22.10) (0.18,22.10) (0.50,8.63) (0.51,6.14)

2nd 221 - 1.27 - 1.22 1.61 1.14 - - Reference
(0.02,239.30) (0.01,134.76) (0.01,146.78) (0.01,177.60) (0.01,120.44)

3rd 1.96 1.03 1.18 - 2.61 1.21 1.06 - - Reference
(0.39,9.89) (0.21,5.10) (0.12,11.27) (0.44,15.56) (0.24,6.11) (0.22,5.09)

4th 2.09 1.08 1.15 1.13 1.50 1.27 - 1.04 - Reference
(0.28,15.58)  (0.14,8.05)  (0.16,8.48) (0.15853)  (0.19,12.07) | (0.17,9.55) (0.14,7.72)

5th 2.67 1.54 - 1.29 1.57 - - 1.35 1.00 Reference
(1.27,5.62) (0.72,3.30) (0.60,2.76) | (0.64,3.89) (0.64,2.87) (0.50,1.99)

6th 3.31 1.56 - 1.61 1.74 - - 1.69 1.32 Reference
(2.25,4.87) (1.00,2.43) (1.11,2.33) (0.90,3.36) (1.12,2.55) (1.00,1.74)

7th 3.77 1.81 1.14 1.81 2.40 - 1.08 1.81 1.19 Reference
(2.52,5.63) (1.10,2.96) (0.78,1.67) (1.10,2.96) (1.15,5.03) (0.74,1.59) (1.10,2.96) (0.88,1.60)

8th 3.92 1.98 1.61 2.26 3.00 - 1.34 2.48 1.31 Reference
(2.54,6.05) (1.16,3.39)  (1.08,2.41) (1.47,3.46)  (1.23,7.30) (0.89,2.02) (1.48,4.16)  (0.95,1.82)

9th 3.56 1.58 1.63 2.68 3.03 - 1.59 2.52 1.59 Reference
(2.26,5.61) (0.90,2.80) (1.04,2.55) (1.63,4.41) (1.19,7.72) (1.02,2.49) (1.38,4.61) (1.09,2.32)

10th 3.51 1.98 1.78 3.42 5.13 - 1.66 2.71 1.80 Reference
(2.20,5.62) (1.06,3.72) (1.11,2.87) (1.91,6.15) (1.64,16.02) (1.02,2.68) (1.44,5.10) (1.20,2.71)

11th 4.02 2.10 2.64 3.34 4.03 - 2.51 3.34 1.47 Reference
(2.42,6.69) (1.09,4.05) (1.54,4.55) (1.85,6.00) (1.26,12.84) (1.46,4.33) (1.85,6.00) (0.96,2.23)

12th 3.21 2.47 3.97 3.89 2.65 - 3.68 4.90 1.42 Reference
(1.92,5.37) (1.18,5.16)  (2.13,7.40) (2.07,7.31)  (0.89,7.90) (1.97,6.87) (2.11,11.38)  (0.88,2.28)

Nivo, nivolumab; Atez-Tira, tiragolumab; Atez, atezolizumab; Serp, serplulimab; Durv, Durvalumab; Durv-Trem, Durvalumab + tremelimumab; Pla, Placebo; Adeb, Adebrelimab; Pemb,
Pembrolizumab; Ipi, ipilimumab.
Significant results were in bold.

Discussion SCLC, which is more comprehensive than previously
published studies (22, 23). In addition, this was the first

To the best of our knowledge, this was the first network  network meta-analysis to make comparisons among the
meta-analysis to compare the relative efficacy of all current first-line systemic regimens on OS and PFS in ES-SCLC by

available first-line immunotherapy combinations for ES-  each time node.

CNS metastases
Ipi 0.84 (0.39,1.77)[0.68 (0.27, 1.72)]0.63 (0.41, 0.98)[0.58 (0.29, 1.18)]0.58 (0.30, 1.15)|0.48 (0.24, 0.98)(0.39 (0.18, 0.82)
Rank 8" Pemb 0.81 (0.29, 2.26)[0.76 (0.41, 1.39)]0.70 (0.31, 1.59)[0.70 (0.31, 1.56)]0.58 (0.25, 1.32)[0.46 (0.19, 1.10)
Rank 1* Rank 7* Atez 0.94 (0.41,2.12)[0.86 (0.32, 2.30)]0.86 (0.33, 2.27)[0.71 (0.26, 1.91)[0.57 (0.21, 1.60)
Serp Rank 2" Rank 6" Pla 0.92 (0.53,1.59)[0.92 (0.54, 1.55)]0.76 (0.43, 1.34)[0.61 (0.33, 1.13)
0.91 (0.64, 1.30) Adeb Rank 34 Rank 5" Atez-Tira [1.00 (0.47,2.12)[0.83 (0.38, 1.82)]0.66 (0.29, 1.51)
0.91 (0.62, 1.35)|1.00 (0.71, 1.41) Atez Rank 4" Rank 4* Durv-Trem [0.83 (0.38,1.78)(0.66 (0.30, 1.48)
0.87 (0.63, 1.22)[0.96 (0.72, 1.28)]0.96 (0.69, 1.33) Durv Rank 5" Rank 3 Durv 0.80 (0.35, 1.85)
0.83 (0.58,1.18)[0.91 (0.66, 1.24)]0.91 (0.64, 1.29)[0.95 (0.71, 1.27) Pemb Rank 6" Rank 2" Serp
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FIGURE 6

Bayesian network meta-analysis in patients with ES-SCLC. Hazard ratios and 95% Cls for patients with the baseline CNS metastases (upper triangle in
blue) and for patients without baseline CNS metastases (lower triangle in yellow), and a hazard ratio < 1.00 provides better survival benefits. Hazard
ratios less than 1 favor row defining treatment. Significant results are in bold. Nivo, Nivolumab; Atez-Tira, Atezolizumab + Tiragolumab; Atez,
Atezolizumab; Serp, Serplulimab; Durv, Durvalumab; Durv-Trem, Durvalumab + Tremelimumab; Pla, Placebo; Adeb, Adebrelimab; Pemb,
Pembrolizumab; Ipi, Ipilimumab.
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Our analysis results indicated that the immunotherapy-
chemotherapy combination strategy showed significant efficacy
for OS compared with placebo, except ipilimumab and
tiragolumab plus atezolizumab. According to Bayesian ranking
profiles, serplulimab had the highest probability for better OS,
followed by atezolizumab and durvalumab, with the same results
as before (23). In addition, we proved for the first time that among
the first—echelon regimens compared to placebo from a longitudinal
perspective, serplulimab, atezolizumab, and durvalumab were first-
echelon regimens at the 3rd to 24th month on OS. These findings
indicated that they may be related to better long-term survival
benefits of patients with ES-SCLC. As for PFS, the immunotherapy
combinations revealed better PFS than chemotherapy. The only
exception was also tiragolumab plus atezolizumab, which was found
to have the worst PFS of all treatments. According to Bayesian
ranking profiles, serplulimab had the highest probability for better
PES, with the same results as before (23). Furthermore, in our study,
serplulimab and nivolumab were first-echelon drugs from the 1st to
the 12th month in PFS and had a faster onset of action compared
with placebo.

In this study, efficacy and safety were well balanced in the
serplulimab group, which ranked first for OS, PFS, and ORR, and
fourth for grade greater than or equal to 3 AEs across all
immunotherapy combinations. Serplulimab recently became the
first anti-PD-1 antibody, when combined with chemotherapy,
demonstrates significant improvement in the survival rates of
patients with ES-SCLC (24, 25). According to our research
results, serplulimab could be a first-echelon regimen because,
first, it takes effect sooner and, second, the patients who benefit
from it can experience long-lasting effects. Recently, serplulimab
received its first approval in China for the treatment of adult
patients with advanced unresectable or metastatic microsatellite
instability-high (MSI-H) solid tumors that have failed to respond to
previous standard treatments (26). Prior to our study, PD-L1
inhibitors might be preferred for patients with ES-SCLC, and
atezolizumab and durvalumab were approved by Food and Drug
Administration (FDA) as first-line treatment for patients with ES-
SCLC based on the primary data from IMpower133 (27, 28) and
CASPIAN (29, 30). Our study also found that the addition of
atezolizumab to chemotherapy was associated with the best benefit
in survival outcomes but not in ORR, with the same results as before
(23). The ORR of the atezolizumab and placebo was 60.2% vs.
64.4%, respectively (17). In addition, the 3-year OS rate of
durvalumab was 17.6%, which was nearly three times higher than
that of chemotherapy, and the long-term survival benefit was
significant. The results showed that the combination of
durvalumab and EP regimen could significantly improve the OS
of patients, while the combination of durvalumab and
tremelimumab plus the EP regimen did not further improve the
survival prognosis of ES-SCLC (10.4 vs. 10.5 months; HR = 0.81,
95% CI: 0.67 to 0.97) (31). A final analysis of a recent phase 3
clinical trial (CAPSTONE-1) showed that adebrelimab combined
with carboplatin and etoposide improved the OS and PFS of ES-
SCLC patients (32). In contrast, the experimental results are not
very ideal for PD-1 antibody pembrolizumab and nivolumab; in
terms of PES, the efficacy of pembrolizumab and nivolumab was
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significantly increased compared with chemotherapy, and the
secondary endpoint of OS was also improved. However, there was
no significant difference between the two groups (33, 34). In terms
of safety and toxicity, consistent with expectations, the
immunotherapy-chemotherapy combination strategy did not
observe unexpected safety events; all adverse events were
controllable. A review of the included studies revealed that anti-
PD-1/PD-LI combinations with chemotherapy were relatively safe.
However, toxicity increased, but remained tolerable, when anti-
CTLA4/TIGIT and chemotherapy were combined (35-38).
Furthermore, inclusion of nivolumab may significantly increase
AEs according to our results. The PD-1 and PD-L1 antibodies were
the most typical inhibitors of immunological checkpoints, with the
primary function of the PD-1/PD-L1 pathway being to induce
tumor cells to evade immune attacks (27). Preclinical research
showed that chemotherapy altered the immune response against
tumor cells and increased PD-L1 expression on tumor cells;
additionally, while not reducing the number of T cells in the
tumor, chemotherapy can lessen the activation and proliferation
of T cells in peripheral blood (39). Head-to-head comparisons are
still needed to confirm the efficacy of PD-1 and PD-L1 antibodies
for patients with ES-SCLC.

According to the result of CA184-041 and CA184-156 studies,
ipilimumab could significantly improve the PFS of patients with ES-
SCLC; however, it could not significantly improve the OS in our study;
this study confirmed the feasibility of immunotherapy combination
strategy for ES-SCLC (37, 40). Ipilimumab was a monoclonal antibody
(IgG1) that blocks cytotoxic T-lymphocyte-associated protein 4
(CTLA4) through its association with CD28 and enhances the T-cell
response (41). SKYSCRAPER-02 evaluated the addition of tiragolumab
to atezolizumab plus carboplatin and etoposide (CE), which did not
provide an antitumor effect and survival benefits in patients with
untreated ES-SCLC with or without brain metastases. Although the
remission rate of tiragolumab was higher, it was of little significance
and did not meet the prediction of ES-SCLC response rate for first-line
treatment (42). Comparing Impower133 and SKYSCRAPER-02, the
control arm outperformed expectations in the SKYSCRAPER-02 study,
which was likely the cause of negative endpoints, in addition to the fact
that an enhanced benefit in the tiragolumab arm was not seen.
However, the reason for this is unclear, and further research is
needed (43). TIGIT was an inhibitory receptor expressed on CD4+T
cells, effector CD8+T cells, and NK cells. TIGIT interacts with CD155
expressed on antigen-presenting cells or tumor cells to downregulate T-
cell and natural killer (NK) cell functions; moreover, anti-TIGIT may
synergize with other immunotherapies, such as PD-L1/PD-1 inhibitors,
and further amplify the immune response to improve clinical outcomes
(44). However, increasing only TIGIT antibody does not appear to
increase the efficacy in the tumor microenvironment where there are
fewer tumor-infiltrating lymphocytes, according to some studies (45).
In conclusion, adding immunosuppressive drugs to the immunological
checkpoint alone does not appear to be a breakthrough in the
treatment of ES-SCLC without the supervision of biomarkers.

For subgroup analysis, single metastatic sites were favorable
prognostic factors in patients with ES-SCLC (5). These data support
the idea that patients with asymptomatic CNS metastasis can
receive first-line systemic treatment (15, 42). More ongoing
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clinical trials will shed further light on the safety and efficacy of
immunotherapy combination with chemotherapy strategy in
patients with CNS metastasis (46, 47).

Immunotherapy combination was the focus of ES-SCLC
treatment, and it had higher tumor mutation load (TMB) and higher
total immune cell infiltration, suggesting that it may show a greater
benefit trend in immunotherapy (48, 49). Whether there were
differences in tumor microenvironments between different molecular
subtypes of SCLC is also a matter of concern. Recently, some real-world
research findings with large sample sizes have further validated the
notion that the differential expression of immune genes and predictive
biomarkers in various SCLC subtypes might serve as vulnerable areas
where rational and personalized treatment strategies can be targeted
(50, 51). At the same time, increasing lines of evidence prove that SCLC
has different cell origins, suggesting that SCLC was a heterogeneous
disease. It might be a feasible strategy to improve the treatment
dilemma of SCLC by molecular typing of SCLC through differences
in molecular expression, exploring the characteristics of the tumor
microenvironment of different molecular subtypes of SCLC, and
formulating accurate treatment (50, 52). Therefore, patients with
SCLC still urgently need therapeutic drugs with different
mechanisms of action. In the realm of future exploration, a crucial
direction lies in establishing an organic connection between key factors
of SCLC molecular typing and tumor evolution. This could be
accomplished through comprehensive multi-group research, aiming
to identify targeted treatment strategies.

Limitation

First, we came up with a very comprehensive search strategy;
however, regrettably, publication bias limitations could have
resulted from missing unpublished literature.

Second, owing to the limited number of studies that met our
inclusion criteria, the inclusion of eligible studies with small sample
sizes presumably increased the overall uncertainty of our results.

Third, patients were not stratified according to factors like race,
which might modify treatment benefits, and the efficacy of
immunotherapy combined with chemotherapy in the Asian
population may differ from that in the Western population.
Subsequent studies should investigate the relative treatment
efficacy according to these clinical characteristics.

Conclusion

According to our findings from this research, serplulimab
combined with standard chemotherapy appears to be the best
course of treatment. More head-to-head clinical trials are needed
to confirm these findings.

Frontiers in Immunology

12

10.3389/fimmu.2023.1197044

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Author contributions

TZ wrote the manuscript and contributed to the data analysis
and interpretation. WL and DD extracted data and ensured the
accuracy of the data analysis. LC and XC contributed to the data
interpretation and critical revision of the manuscript for important
intellectual content. HW obtained funding and approved the final
version of the manuscript. All authors contributed to the article and
approved the submitted version.

Funding

This work was supported by Cuiying Scientific and Technological
Innovation Program of Lanzhou University Second Hospital (No.
CY2020-BJ07), and Cuiying Scientific Training Program for
Undergraduates of Lanzhou University Second Hospital (No.
CYXZ2021-68).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2023.1197044/
full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2023.1197044/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1197044/full#supplementary-material
https://doi.org/10.3389/fimmu.2023.1197044
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Zhang et al.

References

1. Wang Q, Giimiis ZH, Colarossi C, Memeo L, Wang X, Kong CY, et al. SCLC:
epidemiology, risk factors, genetic susceptibility, molecular pathology, screening, and
early detection. J Thorac Oncol (2023) 18(1):31-46. doi: 10.1016/j.jtho.2022.10.002

2. Maomao C, He L, Diangin S, Siyi H, Xinxin Y, Fan Y, et al. Current cancer burden
in China: epidemiology, etiology, and prevention. Cancer Biol Med (2022) 19(8):1121-
38. doi: 10.20892/j.issn.2095-3941.2022.0231

3. Rudin CM, Brambilla E, Faivre-Finn C, Sage J. Small-cell lung cancer. Nat Rev Dis
Primers (2021) 7(1):3. doi: 10.1038/s41572-020-00235-0

4. Raso MG, Bota-Rabassedas N, Wistuba II. Pathology and classification of SCLC.
Cancers (Basel) (2021) 13(4):820. doi: 10.3390/cancers13040820

5. Micke P, Faldum A, Metz T, Beeh KM, Bittinger F, Hengstler JG, et al. Staging
small cell lung cancer: veterans administration lung study group versus international
association for the study of lung cancer-what limits limited disease? Lung Cancer
(2002) 37(3):271-6. doi: 10.1016/s0169-5002(02)00072-7

6. Travis WD, Brambilla E, Nicholson AG, Yatabe Y, Austin JHM, Beasley MB, et al.
The 2015 world health organization classification of lung tumors: impact of genetic,
clinical and radiologic advances since the 2004 classification. J Thorac Oncol (2015) 10
(9):1243-60. doi: 10.1097/jt0.0000000000000630

7. Rittberg R, Banerji S, Kim JO, Rathod S, Dawe DE. Treatment and prevention of
brain metastases in small cell lung cancer. Am ] Clin Oncol (2021) 44(12):629-38.
doi: 10.1097/c0c.0000000000000867

8. Jackman DM, Johnson BE. Small-cell lung cancer. Lancet (2005) 366(9494):1385-
96. doi: 10.1016/s0140-6736(05)67569-1

9. Rossi A, Di Maio M, Chiodini P, Rudd RM, Okamoto H, Skarlos DV P, et al.
Carboplatin- or cisplatin-based chemotherapy in first-line treatment of small-cell lung
cancer: the COCIS meta-analysis of individual patient data. J Clin Oncol (2012) 30
(14):1692-8. doi: 10.1200/jco.2011.40.4905

10. Ardizzoni A, Hansen H, Dombernowsky P, Gamucci T, Kaplan S, Postmus P,
et al The European Organization for Research and Treatment of Cancer Early Clinical
Studies Group and New Drug Development Office, and the Lung Cancer Cooperative
Group. Topotecan, a new active drug in the second-line treatment of small-cell lung
cancer: a phase II study in patients with refractory and sensitive disease. J Clin Oncol
(1997) 15(5):2090-6. doi: 10.1200/jc0.1997.15.5.2090

11. Lara PN Jr, Natale R, Crowley J, Lenz HJ, Redman MW, Carleton JE, et al. Phase
III trial of irinotecan/cisplatin compared with etoposide/cisplatin in extensive-stage
small-cell lung cancer: clinical and pharmacogenomic results from SWOG S0124. ] Clin
Oncol (2009) 27(15):2530-5. doi: 10.1200/jco.2008.20.1061

12. Liu Y, Zheng P. Preserving the CTLA-4 checkpoint for safer and more effective
cancer immunotherapy. Trends Pharmacol Sci (2020) 41(1):4-12. doi: 10.1016/
j.tips.2019.11.003

13. Verma V, Shrimali RK, Ahmad S, Dai W, Wang H, Lu S, et al. PD-1 blockade in
subprimed CD8 cells induces dysfunctional PD-1+CD38hi cells and anti-PD-1
resistance. Nat Immunol (2019) 20(9):1231-43. doi: 10.1038/s41590-019-0441-y

14. Siddiqui I, Schaeuble K, Chennupati V, Fuertes Marraco SA, Calderon-Copete S, Pais
Ferreira D, et al. Intratumoral Tcf1+PD-1+CD8+ T cells with stem-like properties promote
tumor control in response to vaccination and checkpoint blockade immunotherapy.
Immunity (2019) 50(1):195-211.e110. doi: 10.1016/j.immuni.2018.12.021

15. An anti-TIGIT antibody with a PD-1 inhibitor shows promise in solid tumors.
Cancer Discovery (2022) 12(1):14. doi: 10.1158/2159-8290.Cd-rw2021-170

16. Goldman JW, Dvorkin M, Chen Y, Reinmuth N, Hotta K, Trukhin D, et al.
Durvalumab, with or without tremelimumab, plus platinum-etoposide versus
platinum-etoposide alone in first-line treatment of extensive-stage small-cell lung
cancer (CASPIAN): updated results from a randomised, controlled, open-label,
phase 3 trial. Lancet Oncol (2021) 22(1):51-65. doi: 10.1016/s1470-2045(20)30539-8

17. Horn L, Mansfield AS, Szczgsna A, Havel L, Krzakowski M, Hochmair MJ, et al.
First-line atezolizumab plus chemotherapy in extensive-stage small-cell lung cancer. N
Engl ] Med (2018) 379(23):2220-9. doi: 10.1056/NEJMoa1809064

18. Liu SV, Reck M, Mansfield AS, Mok T, Scherpereel A, Reinmuth N, et al.
Updated overall survival and PD-L1 subgroup analysis of patients with extensive-stage
small-cell lung cancer treated with atezolizumab, carboplatin, and etoposide
(IMpower133). J Clin Oncol (2021) 39(6):619-30. doi: 10.1200/jc0.20.01055

19. Ganti AKP, Loo BW, Bassetti M, Blakely C, Chiang A, D'Amico TA, et al. Small
cell lung cancer, version 2.2022, NCCN Clin Pract Guidelines Oncol. J Natl Compr
Canc Netw (2021) 19(12):1441-64. doi: 10.6004/jnccn.2021.0058

20. Hall KT, Vase L, Tobias DK, Dashti HT, Vollert J, Kaptchuk TJ, et al. Historical
controls in randomized clinical trials: opportunities and challenges. Clin Pharmacol
Ther (2021) 109(2):343-51. doi: 10.1002/cpt.1970

21. Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, Cameron C, et al.
The PRISMA extension statement for reporting of systematic reviews incorporating
network meta-analyses of health care interventions: checklist and explanations. Ann
Intern Med (2015) 162(11):777-84. doi: 10.7326/m14-2385

22. Chen J, Wang J, Xu H. Comparison of atezolizumab, durvalumab,
pembrolizumab, and nivolumab as first-line treatment in patients with extensive-
stage small cell lung cancer: a systematic review and network meta-analysis. Med
(Baltimore) (2021) 100(15):¢25180. doi: 10.1097/md.0000000000025180

Frontiers in Immunology

13

10.3389/fimmu.2023.1197044

23. Wang BC, Xiao BY, Li PC, Kuang BH, Chen WB, Li PD, et al. Efficacy and safety
of first-line immunotherapy in combination with chemotherapy for patients with
extensive-stage small cell lung cancer: a systematic review and network meta-analysis. ]
Oncol (2020) 2020:2368164. doi: 10.1155/2020/2368164

24. Cheng Y, Han L, Wu L, Chen J, Sun H, Wen G, et al. Effect of first-line
serplulimab vs placebo added to chemotherapy on survival in patients with extensive-
stage small cell lung cancer: the ASTRUM-005 randomized clinical trial. Jama (2022)
328(12):1223-32. doi: 10.1001/jama.2022.16464

25. Cheng Y, Han L, Wu L, Chen J, Sun H, Wen G, et al. Serplulimab, a novel anti-
PD-1 antibody, plus chemotherapy versus chemotherapy alone as first-line treatment
for extensive-stage small-cell lung cancer: an international randomized phase 3 study.
Clin Oncol (2022) 40(16_suppl):8505-5. doi: 10.1200/JC0O.2022.40.16_suppl.8505

26. Lee A. Serplulimab: first approval. Drugs (2022) 82(10):1137-41. doi: 10.1007/
540265-022-01740-0

27. Pardoll D. Cancer and the immune system: basic concepts and targets for
intervention. Semin Oncol (2015) 42(4):523-38. doi: 10.1053/j.seminoncol.2015.05.003

28. Frampton JE. Atezolizumab: a review in extensive-stage SCLC. Drugs (2020) 80
(15):1587-94. doi: 10.1007/s40265-020-01398-6

29. Mathieu L, Shah S, Pai-Scherf L, Larkins E, Vallejo J, Li X, et al. FDA Approval
summary: atezolizumab and durvalumab in combination with platinum-based
chemotherapy in extensive stage small cell lung cancer. Oncologist (2021) 26(5):433—
8. doi: 10.1002/0nc0.13752

30. Paz-Ares L, Dvorkin M, Chen Y, Reinmuth N, Hotta K, Trukhin D, et al.
Durvalumab plus platinum-etoposide versus platinum-etoposide in first-line treatment
of extensive-stage small-cell lung cancer (CASPIAN): a randomised, controlled, open-
label, phase 3 trial. Lancet (2019) 394(10212):1929-39. doi: 10.1016/s0140-6736(19)
32222-6

31. Paz-Ares L, Chen Y, Reinmuth N, Hotta K, Trukhin D, Statsenko G, et al.
Durvalumab, with or without tremelimumab, plus platinum-etoposide in first-line
treatment of extensive-stage small-cell lung cancer: 3-year overall survival update from
CASPIAN. ESMO Open (2022) 7(2):100408. doi: 10.1016/j.esmo0p.2022.100408

32. Wang J, Zhou C, Yao W, Wang Q, Min X, Chen G, et al. Adebrelimab or
placebo plus carboplatin and etoposide as first-line treatment for extensive-stage
small-cell lung cancer (CAPSTONE-1): a multicentre, randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet Oncol (2022) 23(6):739-47. doi: 10.1016/
$1470-2045(22)00224-8

33. Rudin CM, Awad MM, Navarro A, Gottfried M, Peters S, Csdszi T, et al.
Pembrolizumab or placebo plus etoposide and platinum as first-line therapy for
extensive-stage small-cell lung cancer: randomized, double-blind, phase III
KEYNOTE-604 study. J Clin Oncol (2020) 38(21):2369-79. doi: 10.1200/jc0.20.00793

34. Leal T, Wang Y, Dowlati A, Lewis DA, Chen Y, Mohindra AR, et al. Randomized
phase II clinical trial of cisplatin/carboplatin and etoposide (CE) alone or in
combination with nivolumab as frontline therapy for extensive-stage small cell lung
cancer (ES-SCLC): ECOG-ACRIN EA5161. ] Clin Oncol (2020) 38(15_suppl):9000-0.
doi: 10.1200/JC0O.2020.38.15_suppl.9000

35. Kanda S, Goto K, Shiraishi H, Kubo E, Tanaka A, Utsumi H, et al. Safety and
efficacy of nivolumab and standard chemotherapy drug combination in patients with
advanced non-small-cell lung cancer: a four arms phase ib study. Ann Oncol (2016) 27
(12):2242-50. doi: 10.1093/annonc/mdw416

36. Langer CJ, Gadgeel SM, Borghaei H, Papadimitrakopoulou VA, Patnaik A,
Powell SF, et al. Carboplatin and pemetrexed with or without pembrolizumab for
advanced, non-squamous non-small-cell lung cancer: a randomised, phase 2 cohort of
the open-label KEYNOTE-021 study. Lancet Oncol (2016) 17(11):1497-508.
doi: 10.1016/s1470-2045(16)30498-3

37. Reck M, Luft A, Szczesna A, Havel L, Kim SW, Akerley W, et al. Phase III
randomized trial of ipilimumab plus etoposide and platinum versus placebo plus
etoposide and platinum in extensive-stage small-cell lung cancer. ] Clin Oncol (2016) 34
(31):3740-8. doi: 10.1200/jc0.2016.67.6601

38. Xu X, Huang Z, Zheng L, Fan Y. The efficacy and safety of anti-PD-1/PD-L1
antibodies combined with chemotherapy or CTLA4 antibody as a first-line treatment
for advanced lung cancer. Int ] Cancer (2018) 142(11):2344-54. doi: 10.1002/ijc.31252

39. Rijavec E, Genova C, Biello F, Rossi G, Indini A, Grossi F. Current state of the art
and future perspectives with immunotherapy in the management of small cell lung cancer.
Expert Rev Respir Med (2021) 15(11):1427-35. doi: 10.1080/17476348.2021.1987887

40. Reck M, Bondarenko I, Luft A, Serwatowski P, Barlesi F, Chacko R, et al.
Ipilimumab in combination with paclitaxel and carboplatin as first-line therapy in
extensive-disease-small-cell lung cancer: results from a randomized, double-blind,
multicenter phase 2 trial. Ann Oncol (2013) 24(1):75-83. doi: 10.1093/annonc/mds213

41. Melero I, Hervas-Stubbs S, Glennie M, Pardoll DM, Chen L. Immunostimulatory
monoclonal antibodies for cancer therapy. Nat Rev Cancer (2007) 7(2):95-106.
doi: 10.1038/nrc2051

42. Rudin CM, Liu SV, Lu S, Soo RA, Hong MH, Lee J-S, et al. SKYSCRAPER-02:
primary results of a phase III, randomized, double-blind, placebo-controlled study of
atezolizumab (atezo) + carboplatin + etoposide (CE) with or without tiragolumab (tira) in
patients (pts) with untreated extensive-stage small cell lung cancer (ES-SCLC). J Clin Oncol
(2022) 40(17_suppl):LBA8507-LBA8507. doi: 10.1200/JC0O.2022.40.17_suppl. LBA8507

frontiersin.org


https://doi.org/10.1016/j.jtho.2022.10.002
https://doi.org/10.20892/j.issn.2095-3941.2022.0231
https://doi.org/10.1038/s41572-020-00235-0
https://doi.org/10.3390/cancers13040820
https://doi.org/10.1016/s0169-5002(02)00072-7
https://doi.org/10.1097/jto.0000000000000630
https://doi.org/10.1097/coc.0000000000000867
https://doi.org/10.1016/s0140-6736(05)67569-1
https://doi.org/10.1200/jco.2011.40.4905
https://doi.org/10.1200/jco.1997.15.5.2090
https://doi.org/10.1200/jco.2008.20.1061
https://doi.org/10.1016/j.tips.2019.11.003
https://doi.org/10.1016/j.tips.2019.11.003
https://doi.org/10.1038/s41590-019-0441-y
https://doi.org/10.1016/j.immuni.2018.12.021
https://doi.org/10.1158/2159-8290.Cd-rw2021-170
https://doi.org/10.1016/s1470-2045(20)30539-8
https://doi.org/10.1056/NEJMoa1809064
https://doi.org/10.1200/jco.20.01055
https://doi.org/10.6004/jnccn.2021.0058
https://doi.org/10.1002/cpt.1970
https://doi.org/10.7326/m14-2385
https://doi.org/10.1097/md.0000000000025180
https://doi.org/10.1155/2020/2368164
https://doi.org/10.1001/jama.2022.16464
https://doi.org/10.1200/JCO.2022.40.16_suppl.8505
https://doi.org/10.1007/s40265-022-01740-0
https://doi.org/10.1007/s40265-022-01740-0
https://doi.org/10.1053/j.seminoncol.2015.05.003
https://doi.org/10.1007/s40265-020-01398-6
https://doi.org/10.1002/onco.13752
https://doi.org/10.1016/s0140-6736(19)32222-6
https://doi.org/10.1016/s0140-6736(19)32222-6
https://doi.org/10.1016/j.esmoop.2022.100408
https://doi.org/10.1016/s1470-2045(22)00224-8
https://doi.org/10.1016/s1470-2045(22)00224-8
https://doi.org/10.1200/jco.20.00793
https://doi.org/10.1200/JCO.2020.38.15_suppl.9000
https://doi.org/10.1093/annonc/mdw416
https://doi.org/10.1016/s1470-2045(16)30498-3
https://doi.org/10.1200/jco.2016.67.6601
https://doi.org/10.1002/ijc.31252
https://doi.org/10.1080/17476348.2021.1987887
https://doi.org/10.1093/annonc/mds213
https://doi.org/10.1038/nrc2051
https://doi.org/10.1200/JCO.2022.40.17_suppl.LBA8507
https://doi.org/10.3389/fimmu.2023.1197044
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Zhang et al.

43. Brazel D, Ou SI, Nagasaka M. Tiragolumab (Anti-TIGIT) in SCLC: skyscraper-
02, a towering inferno. Lung Cancer (Auckl) (2023) 14:1-9. doi: 10.2147/1ctt.S379389

44. Harjunpai H, Guillerey C. TIGIT as an emerging immune checkpoint. Clin Exp
Immunol (2020) 200(2):108-19. doi: 10.1111/cei.13407

45. Preillon J, Cuende J, Rabolli V, Garnero L, Mercier M, Wald N, et al. Restoration
of T-cell effector function, depletion of tregs, and direct killing of tumor cells: the
multiple mechanisms of action of a-TIGIT antagonist antibodies. Mol Cancer Ther
(2021) 20(1):121-31. doi: 10.1158/1535-7163.Mct-20-0464

46. Sands J, Reck M, Navarro A, Chiang AC, Lu S, Peled N, et al. KeyVibe-008:
randomized, phase 3 study of first-line vibostolimab plus pembrolizumab plus
etoposide/platinum versus atezolizumab plus EP in extensive-stage small cell lung
cancer. J Clin Oncol (2022) 40(16_suppl):TPS8606-TPS8606. doi: 10.1200/
JC0.2022.40.16_suppl. TPS8606

47. Welsh JW, Heymach JV, Chen D, Verma V, Cushman TR, Hess KR, et al. Phase
I trial of pembrolizumab and radiation therapy after induction chemotherapy for
extensive-stage small cell lung cancer. J Thorac Oncol (2020) 15(2):266-73.
doi: 10.1016/.jtho.2019.10.001

Frontiers in Immunology

14

10.3389/fimmu.2023.1197044

48. Calles A, Aguado G, Sandoval C, Alvarez R. The role of immunotherapy in small
cell lung cancer. Clin Transl Oncol (2019) 21(8):961-76. doi: 10.1007/s12094-018-
02011-9

49. Boumber Y. Tumor mutational burden (TMB) as a biomarker of response to
immunotherapy in small cell lung cancer. J Thorac Dis (2018) 10(8):4689-93.
doi: 10.21037/jtd.2018.07.120

50. Chan JM, Quintanal-Villalonga A, Gao VR, Xie Y, Allaj V, Chaudhary O, et al.

Signatures of plasticity, metastasis, and immunosuppression in an atlas of human small cell
lung cancer. Cancer Cell (2021) 39(11):1479-1496.e1418. doi: 10.1016/j.ccell.2021.09.008

51. Puri S, Naqash AR, Elliott A, Kerrigan KC, Patel SB, Seeber A, et al. Real-world
multiomic characterization of small cell lung cancer subtypes to reveal differential
expression of clinically relevant biomarkers. J Clin Oncol (2021) 39(15_suppl):8508-8.
doi: 10.1200/JC0O.2021.39.15_suppl.8508

52. Ireland AS, Micinski AM, Kastner DW, Guo B, Wait SJ, Spainhower KB, et al.
MYC drives temporal evolution of small cell lung cancer subtypes by reprogramming
neuroendocrine fate. Cancer Cell (2020) 38(1):60-78.e12. doi: 10.1016/
j.ccell.2020.05.001

frontiersin.org


https://doi.org/10.2147/lctt.S379389
https://doi.org/10.1111/cei.13407
https://doi.org/10.1158/1535-7163.Mct-20-0464
https://doi.org/10.1200/JCO.2022.40.16_suppl.TPS8606
https://doi.org/10.1200/JCO.2022.40.16_suppl.TPS8606
https://doi.org/10.1016/j.jtho.2019.10.001
https://doi.org/10.1007/s12094-018-02011-9
https://doi.org/10.1007/s12094-018-02011-9
https://doi.org/10.21037/jtd.2018.07.120
https://doi.org/10.1016/j.ccell.2021.09.008
https://doi.org/10.1200/JCO.2021.39.15_suppl.8508
https://doi.org/10.1016/j.ccell.2020.05.001
https://doi.org/10.1016/j.ccell.2020.05.001
https://doi.org/10.3389/fimmu.2023.1197044
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Efficacy and safety of first-line immunotherapy plus chemotherapy in treating patients with extensive-stage small cell lung cancer: a Bayesian network meta-analysis
	Background
	Methods
	Search strategy
	Selection and eligibility criteria
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Baseline characteristics of included studies
	Comparisons of OS and PFS
	Primary analysis: OS
	Primary analysis: PFS
	Comparisons of ORR
	Comparisons of safety and toxicity
	Subgroup analysis based on CNS status

	Discussion
	Limitation

	Conclusion
	Data availability statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


