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Objective: Selecting between programmed cell death ligand 1 (PD-L1) inhibitor
or programmed cell death 1 (PD-1) inhibitor plus chemotherapy as first-line
treatment for extensive-stage small cell lung cancer (ES-SCLC) patients urgently
needs to be answered.

Methods: Eligible phase 3 randomized clinical trials evaluating regimens based
on PD-1/PD-L1 inhibitors as first-line treatment in ES-SCLC patients were
systematically searched on the PubMed and Cochrane Library databases and
major international conferences from 01/01/2018 to 18/09/2023. The individual
patient data (IPD) were recuperated from the Kaplan—Meier curves of the overall
survival (OS) and progression-free survival (PFS) of the included studies using the
IPDfromKM method. The reconstructed data were pooled into unified arms,
including the PD-L1 inhibitor plus chemotherapy group (PD-L1 group), PD-1
inhibitor plus chemotherapy group (PD-1 group), and PD-1 (L1) inhibitor and
chemotherapy plus other (anlotinib group, tiragolumab group, and
tremelimumab group). Subsequently, the PD-L1 group was indirectly
compared with the other groups. A standard statistical analysis was conducted
using the “survival” package for the time-to-event endpoint. The primary
outcomes were the OS and PFS of the PD-L1 group and the PD-1 inhibitor
group. The secondary outcomes included safety and the 12- and 24-month
restricted mean survival time (RMST) of the PD-L1 group and PD-1 group.

Results: A total of 9 studies including 11 immunotherapy cohorts were included.
No significant difference in PFS (hazard ratio [HR]: 0.96, 95% confidence interval
[Cl]: 0.86-1.06), OS (HR: 0.94, 95% CI: 0.84-1.05), and 12-month and 24-month
RMST for OS (P = 0.198 and P = 0.216, respectively) was observed between the
PD-L1 group and the PD-1 group. In contrast, the anlotinib group showed
significantly better OS (HR: 0.70, 95% CI: 0.55-0.89), PFS (HR: 0.69, 95% CI:
0.58-0.83), and RMST for OS compared to the PD-L1 group. The tiragolumab
group showed similar efficacy to the PD-L1 group. However, the tremelimumab
group exhibited inferior efficacy than the PD-L1 group. The incidence of >grade 3
treatment-emergent adverse events (TEAEs) was significantly higher in the PD-1
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group compared to the PD-L1 group (85.4% vs. 69.6%, P <.001), whereas the
incidence of irAEs was similar between the two groups.

Conclusion: This reconstructed IPD analysis revealed that PD-1 inhibitors plus
chemotherapy achieved similar efficacy to PD-L1 inhibitors plus chemotherapy
as first-line treatment in ES-SCLC patients, whereas PD-L1 inhibitors plus
chemotherapy had a better safety profile.

KEYWORDS

immunotherapy, extensive-stage small cell lung cancer, first-line treatment, individual
patient data, meta-analysis

Introduction

Small cell lung cancer (SCLC) is a highly aggressive subtype of
lung cancer characterized by rapid proliferation and early
dissemination, with a dismal prognosis (1, 2). At the initial
diagnosis, approximately 70% of patients with extensive-stage
small cell lung cancer (ES-SCLC) show involvement exceeding
one hemithorax (3). The treatment options for ES-SCLC are very
limited, and the first-line treatment of ES-SCLC has changed little
over the past 40 years. Previous studies reported that the platinum
combined with the etoposide (EP/EC) regimen as the standard first-
line treatment achieved a median overall survival (OS) of only 10
months in ES-SCLC patients (4-6). However, as the focus of recent
clinical research, immune checkpoint inhibitors (ICIs) represent
therapeutic innovations in ES-SCLC.

Programmed cell death 1 (PD-1) and its ligand 1 (PD-L1) play an
essential role as immune checkpoints. Blocking the PD-1/PD-LI1
pathway can relieve the inhibition of T cells and exert antitumor
effects. Although both PD-1 inhibitors and PD-L1 inhibitors target
the PD-1/PD-L1 pathway, their mechanisms of action are different.
PD-1 is mainly expressed on immune cells, with PD-L1 and PD-L2
being its two ligands (7, 8). PD-1 inhibitors block PD-1 on the surface
of T cells to promote the immune system’s attack on tumor cells. PD-
1 inhibitors also block the binding of PD-1 to PD-L2 (8). Compared
with PD-L1, PD-L2 has a stronger affinity for PD-1 (8). In contrast,
PD-L1 inhibitors lead to increased binding of PD-L2 to the repulsive
guidance molecule B (RGMb), which may affect the homeostasis of
the immune system and increase the risk of immune-related adverse
events (9). PD-L1 is mainly expressed in tumor cells. In addition to
blocking the binding of PD-L1 and PD-1, PD-L1 inhibitors also block
the binding of PD-L1 on the surface of tumor cells and B7-1 on the
surface of T cells, which promotes the activation of T cells (10).
Furthermore, PD-LI inhibitors can also inhibit the binding of B7-1
molecules on the surface of dendritic cells to their own PD-L1,
thereby relieving the self-inhibition of dendritic cells and further
enhancing the antitumor immune response (11). Moreover, PD-L1
inhibitors do not block the binding of PD-L1 to PD-L2 and reduce
the occurrence of related adverse reactions.
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Nonetheless, studies investigating the efficacy of PD-L1 inhibitors
and PD-L1 inhibitors in SCLC patients reported inconsistent results.
In 2018, the IMpower133 study (12) demonstrated for the first time
that atezolizumab plus etoposide and carboplatin (EC) improved OS
by approximately 2 months in ES-SCLC patients. Subsequently, the
CASPIAN study (13) revealed that durvalumab plus chemotherapy
had similar benefits for OS. Based on these two studies, atezolizumab
or durvalumab plus chemotherapy were approved by the U.S. Food
and Drug Administration (FDA) as a first-line treatment for ES-
SCLC. Chemoimmunotherapy emerged as a new standard of care for
the first-line treatment of patients with ES-SCLC. Recently, several
confirmatory randomized controlled studies (RCTs) of first-line
immunotherapy for ES-SCLC have been published. In general, the
studies assessing the efficacy of PD-L1 inhibitors plus chemotherapy
have achieved consistent results, demonstrating a prolonged OS of
approximately 2 months compared with chemotherapy alone (12-
15). However, the results of PD-1 inhibitors plus chemotherapy in
first-line treatment for ES-SCLC were inconsistent. In the
KEYNOTE-604 study, pembrolizumab plus chemotherapy only
improved progression-free survival (PES), whereas no statistical
difference in OS was found (16); however, the addition of
serplulimab to chemotherapy increased the OS by 4.5 months (17).
Another PD-1 inhibitor, tislelizumab or toripalimab, combined with
chemotherapy also showed an improvement in OS in ES-SCLC
patients (18, 19).

Therefore, the differences in the efficacy and safety of PD-1
inhibitor or PD-L1 inhibitor plus chemotherapy as first-line
treatment in ES-SCLC patients remain unelucidated. At present,
the RCTs comparing the efficacy and safety of the two regimens
are lacking. Meta-analyses were carried out to indirectly compare the
efficacy of the two regimens. However, these two meta-analyses
included only three phase 3 studies and overlooked recently
published results (20, 21). In contrast, network meta-analysis can
compare different regimes by integrating similar regimes (22-25).
However, these network meta-analyses analyzed study-level data (22—
25). As the gold standard for secondary analysis of data, the
individual patient data (IPD) level of systematic reviews and meta-
analyses is generally recognized (26, 27). The IPDfromKM method
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provides a stable and accurate method to obtain patient data from
Kaplan-Meier curves (28-30). Therefore, the IPDfromKM method
was employed to reconstruct IPD and indirectly compare the efficacy
of first-line PD-1 inhibitors plus chemotherapy to PD-LI inhibitors
plus chemotherapy in ES-SCLC patients. With advances in
immunotherapy in ES-SCLC, the treatment mode of addition other
drug (“X” represent other drug) to PD-1(L1) inhibitor plus
chemotherapy has emerged as an important research direction.
Moreover, this study compared the efficacy of several “X” plus PD-
1(L1) inhibitor and chemotherapy regimens to PD-LI inhibitor plus
chemotherapy regimens (31-33). Due to the unique pharmacokinetic
characteristics of ICIs, the assumptions of proportional hazard (PH)
proportionality are not met, so the hazard ratio (HR) of time-to-event
endpoints (such as median OS) between two groups cannot be
accurately calculated (34, 35). The restricted mean survival time
(RMST) refers to the area under the survival curve under a certain
time window (36-38), which can effectively represent the distribution
of time events at any given time, ignoring the assumptions of PH (36,
39, 40). The RMST is an absolute measure of survival time and does
not change with follow-up, which effectively explains the efficacy
(35). Therefore, the RMST of OS was compared at the milestone time
point of first-line immunotherapy across several regimens for
ES-SCLC.

Material and methods

This study adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) Guidelines for
IPD Systematic Reviews (41).

Literature search

A systematic electronic search was conducted through the PubMed
and Cochrane Library databases to identify randomized controlled
phase III clinical trials investigating first-line immunotherapy for ES-
SCLC. The search covered the period between 01/01/2018, and 18/09/
2023. Additionally, abstracts from the European Society for Medical
Oncology (ESMO), the American Society of Clinical Oncology
(ASCO), and the World Conference on Lung Cancer (WCLC) since
01/01/2018 were also included in the search. The literature search was
independently performed by the authors using specific search terms
such as “small cell lung cancer OR SCLC,” “extensive disease,” “first-
line treatment,” “PD-1/PD-L1,” “pembrolizumab,” “
“atezolizumab,” “durvalumab,” “avelumab,” “tremelimumab,”

nivolumab,”
“tislelizumab,” “adebrelimab,” “serplulimab,” “benmelstobart,”
“ipilimumab,” and “chemotherapy”. Furthermore, relevant references
of eligible clinical trials were manually searched. Please refer to Figure 1
for a detailed flow diagram.

Inclusion and exclusion criteria

The inclusion criteria were as follows: 1. patients with ES-SCLC;
2 first-line treatment; 3. phase III RCTs; 4. treatment group
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Pubmed(n =247)
Cochrane (n =39)
ESMO, ASCO and WCLC(n = 20)

l

Studies identified through initial searches
of electronic databases
(n =306)

-

Full-text articles excluded
(n=260)

Duplicates(n = 46)

Articles excluided, with reasons(n=251)

I phase I or II studies (n=16)

I review(n=90)

III. mechanism research(n=3)

IV. maintenance treatment(n=2)

V. project design(n=6)

VL meta analysis(n=32)

VII. pharmacoeconomic research(n=17)

VIIIresearch on recurrent small cell hung
cancer(n=8)

IX. retrospective or real world studies(n=37)

X. prognostic or predictive study(n=14)

XI. case report(n=26)

Studies included in reconstructed IPD
analysis
@=9)

FIGURE 1
Flow diagram of our literature search and selection.

acceptance PD-1/PD-L1 inhibitor-based combination treatment;
5. available Kaplan-Meier curves of OS, PFS, and safety data.

The exclusion criteria were as follows: 1. phase I, II studies; 2.
observational or retrospective studies; 3. real-world studies; 4.
studies of immune maintenance therapy after completion of
standard chemotherapy; 5. non-randomized studies.

Data extraction

Two researchers (Li S and Zhang S) extracted data independently,
and the results were cross-checked; disparities were settled after
evaluation by a third researcher. The following information was
extracted from the included literature: name of study, phase of study,
experimental arms regimen, number of patients, number of
immunotherapy group patients, number of immunotherapy group
PES events, number of immunotherapy group OS events, median PFS
of immunotherapy, median OS of immunotherapy, median follow-
up time for OS, and adverse effects (AEs).

Statistical analysis

Initially, WebPlotDigitizer (version 4.5 online; available at
https://apps.automeris.io/wpd/) was employed to digitize the PFS
and OS curves for 11 arms from the eight included studies, enabling
extraction of step function values and timings. The graphical
reconstructive algorithm developed by Liu et al. (28), which was
based on the IPDfromKM method, was employed to reconstruct
IPD from the survival curves for OS and PFS.

The data from studies targeting the same biological pathways, as
determined by group consensus, were pooled into a unified arm for
analysis. The 11 arms were further divided into five groups,

frontiersin.org


https://apps.automeris.io/wpd/
https://doi.org/10.3389/fonc.2024.1371313
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhang et al.

including the PD-L1 group (represents pooled data of patients
receiving PD-L1 inhibitors combined with chemotherapy as first-
line treatment at the IPD level), the PD-1 group (represents pooled
data of patients receiving PD-1 inhibitor plus chemotherapy at the
IPD level), the anlotinib group (multitargeted tyrosine kinase
inhibitor-anlotinib plus chemoimmunotherapy), the tiragolumab
group (T-cell immunoreceptor with Ig and ITIM domain, TIGIT
inhibitor-tiragolumab plus chemoimmunotherapy), and the
tremelimumab group (cytotoxic T lymphocyte-associated antigen-
4, CTLA-4 inhibitor-tremelimumab plus chemoimmunotherapy).
In this study, the PD-L1 group was selected as the control group.
The primary outcomes included the OS and PFS of the PD-L1
group and the PD-1 group. The secondary outcomes included the
AE frequency (safety) and 12- and 24-month restricted mean
survival time (RMST) of the PD-L1 group and the PD-1 group.
Furthermore, the efficacy of the anlotinib group, the tiragolumab
group, the tremelimumab group, and the PD-L1 group were
evaluated as part of the exploratory analysis. A standard statistical
analysis was performed using the “survival” package for the time-
to-event endpoint. The HR with a 95% CI and medians of PFS and
OS, along with their respective 95% CIs, were utilized as parameters
in these analyses. In addition, the 12-month and 24-month RMST
for OS were calculated for each group, and each group was
compared to the PD-L1 group. Descriptive statistical analysis was
used to calculate the incidence of AEs in each study, and the chi-
square test was used to determine the difference in the incidence of
AEs between the PD-L1 group and the PD-1 group.

All statistical analyses were performed using R-4.3.1 (http://
www.r-project.org), and a level of P < 0.05 was considered
statistically significant.

Results
Included clinical trials

A total of 306 studies were identified in the systematic
screening. Finally, nine RCTs (12-19, 31-33) fulfilled the
predetermined inclusion criteria and were included (Figure 1),
comprising 11 immunotherapy cohorts and 2,677 patients, with
2,052 events of PFS and 1,666 events of OS. The detailed
characteristics of the included studies are displayed in Table 1.

Based on the characteristics of the investigational drug, the 11
cohorts were divided into five groups. The PD-L1 group comprised
the atezolizumab plus EC arm from IMpower133, adebrelimab plus
EC arm from CAPSTONE-I, durvalumab plus EC arm from
CASPIAN, and atezolizumab and placebo plus EC arm from
SKYSCRAPERO02. The PD-1 group consisted of the serplulimab
plus EC arm of ASTRUM-005, tislelizumab plus EP/EC arm of
RATIONALE 312, pembrolizumab plus EP/EC arm of KEYNOTE-
604, and toripalimab plus EP arm of EXTENTORCH. The
durvalumab, tremelimumab plus EP/EC arm of CASPIAN
constituted the tremelimumab group; the tiragolumab,
atezolizumab plus EC arm of SKYSCRAPERO02 constituted the
tiragolumab group; and the benmelstobart, anlotinib plus EC arm
of ETER701 constituted the anlotinib group.
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The baseline characteristics of the PD-L1 group and the PD-1
group are reported in Table 2, showing a good numerical balance.
The included patients were mostly aged<65 years, male, had an
Eastern Cooperative Oncology Group (ECOG) score of 0 to 1, and
were smokers. The proportion of patients with brain metastases was
10.1% in the PD-L1 group and 8.2% in the PD-1 group. The
proportion of patients with liver metastases was 37.3% and 29.8%
in these groups, respectively.

Reconstructed survival curves and
statistical comparisons

Considering that the PD-L1 inhibitor combined with
chemotherapy is currently the internationally recognized standard
first-line treatment of ES-SCLC, the PD-L1 group was used as the
control group and was compared with other treatment groups.

PD-1 group vs. PD-L1 group

oS

After reconstruction of IPD from the included trials, the Kaplan-
Meier curves of OS for the PD-1 group were compared with those of
the PD-L1 group, as shown in Figure 2. The PD-L1 group included
900 patients with a median OS of 14.3 months (95% CI: 13.0-15.0).
The PD-1 group consisted of 1,067 patients, with a median OS of 14.5
months (95% CI: 13.4-15.5). However, no significant improvement
in OS was observed in the PD-1 group compared with the PD-L1
group (HR: 0.94, 95% CI: 0.84-1.05, P = 0.280).

PFS

The Kaplan-Meier curves of PES for the PD-1 group were
compared with those of the PD-L1 group, as shown in Figure 3. The
median PFS of the PD-L1 group was 5.6 months (95% CI: 5.6-5.8),
whereas that of the PD-1 group was 5.6 months (95% CI: 5.6-5.6),
showing no significant benefit in the PD-1 group compared with the
PD-L1 group (HR: 0.96, 95% CI: 0.86-1.06, P = 0.386).

RMST

Due to the significant crossing of OS and PFS survival curves
between the two groups based on reconstructed IPD, the 12-month
and 24-month RMST of OS were calculated in order to
comprehensively evaluate the survival of the PD-1 group and the
PD-L1 group (Supplementary Table 1). However, consistent with the
trend of the median OS, the 12-month RMST (10.0 m vs. 9.9 m;
difference: 0.19 m, 95% CI: —0.10 m to 0.47 m, P = 0.198) and the 24-
month RMST (14.9 m vs. 14.5 m; difference: 0.44 m, 95% CI: —0.26 to
1.14 m, P = 0.216) of OS in the PD-1 group exhibited no statistically
significant difference compared with that of the PD-LI group.

Safety

The incidence of treatment-emergent adverse events (TEAEs)
and immune-related adverse events (irAEs) were compared between
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TABLE 1 Characteristics of included studies.

‘le 1@ bueyz

AB0oj0oUQ Ul SI213U0I4

S0

[SSIRVFETM I

Immunotherapy = Control Total No. of immuno- Immunotherapy Immunotherapy Median PFS Median OS Median
arm arm patients therapy group group OS events of of follow-up
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PD-L1 group
IMpowerl33 Atezolizumab + EC Placebo + EC 403 201 171 138 5.2 (4.4-5.6) 12.3 (10.8-15.8) 229 m
(12, 14)
CASPIAN (31) | Durvalumab + EP/EC EP/EC 805 268 234 210 5.1 (4.7-6.2) 129 (11.3-14.7) 25.1 m (IQR
22.3-27.9)
CAPSTONE- Adebrelimab plus EC EC 462 230 175 151 5.8 (5.6-6.9) 153 (13.2-17.5) 13.5 m (IQR
1(15) 8.9-20.1)
SKYSCRAPER- Placebo + atezolizumab - 397 201 170 105 5.6 (5.4-5.9) 13.6 (12.3-15.2) 143 m
02 (32) plus EC
PD-1 group
KEYNOTE- Pembrolizumab + Placebo + 453 228 188 169 4.5 (4.3-5.4) 10.8 (9.2-12.9) 21.6 m (range,
604 (16) EP/EC EP/EC 16.1-30.6)
RATIONALE- Tislelizumab plus Placebo + 457 227 175 164 4.8 (4.3-5.5) 15.5 (13.5-17.1) 142 m
312 (18) EP/EC EP/EC
ASTRUM- Serplulimab plus EC Placebo + EC | 585 389 223 146 5.7 (5.5-6.9) 15.4 (13.3-NE) 123 m
005 (17) (range, 0.2-24.8)
EXTENTORCH | Toripalimab + EP Placebo + EP | 442 223 171 174 5.8 (5.6-6.8) 14.6 (12.9-16.6) 137 m
(18)
Tremelimumab group
CASPIAN (31) | Durvalumab + EP/EC 805 268 229 207 4.9 (4.7-5.9) 10.4 (9.6-12.0) 25.1 m (IQR
tremelimumab + EP/EC 22.3-27.9)
Tiragolumab group
SKYSCRAPER- | Tiragolumab, Placebo + 397 196 170 107 5.4 (4.7-5.5) 13.6 (10.8-14.9) 143 m
02 (32) atezolizumab plus EC atezolizumab
plus EC
Anlotinib group
ETER701 (33) Benmelstobart with Placebo + 738 246 146 95 6.93 (6.18-8.25) 19.32 (14.23-NE) 14.0 m (range,

anlotinib plus EC

placebo + EC

12.8-15.5)
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TABLE 2 Clinical characteristics of PD-L1 group and PD-1 group in

the analysis.

Clinical characteristic

PD-L1 group

PD-1 group

549 (58%)

632 (559.2%)

397 (42%)

667 (70.5%)

279 (29.5%)

435 (40.8%)

838 (78.5%)

229 (21.5%)

Age

<65 years

=265 years
Sex

Male
Female

ECOG score
0

1
Smoking status
Never

Current

287 (30.3%)

659 (69.7%)

91 (9.6%)

270 (28.5%)

208 (19.5%)

859 (80.5%)

190 (17.8%)

431 (40.4%)

Former

585 (61.8%)

446 (41.8%)

Brain metastasis

Liver metastasis

96 (10.1%)

352 (37.3%)

87 (8.2%)

318 (29.8%)

the PD-L1 group and the PD-1 group (Supplementary Table 2 and
Supplementary Figure 1). The results showed that the incidence of
any grade TEAEs was slightly higher in the PD-L1 group than in the
PD-1 group (99.4% vs. 98.2%, P = 0.035). The incidence of TEAEs
was further analyzed by grade, demonstrating that the incidence of
grade 1-2 TEAEs was also higher in the PD-L1 group than in the PD-
1 group (29.7% vs. 12.8%, P < 0.001). In contrast, the incidence of
grade >3 TEAEs (85.4% vs. 69.6%, P < 0.001) and TEAEs leading to

10.3389/fonc.2024.1371313

death (6.6% vs. 4.0%, P = 0.016) was significantly higher in the PD-1
group compared with the PD-L1 group. No significant difference was
observed in any serious TEAEs between the two groups (P = 0.152).
The incidence of irAEs was 33.8% in the PD-LI group and 33.0% in
the PD-1 group, showing no statistically significant difference (P =
0.751). Furthermore, the incidence of grade 1-2 irAEs and grade >3
irAEs was reported as 25.8% and 6.3% in the PD-L1 group and 22.5%
and 9.0% in the PD-1 group, respectively, with no statistical difference
(P = 0.150, P = 0.062).

“X" plus PD-1(L1) inhibitor and
chemotherapy groups vs. the PD-L1 group

(O

The tremelimumab group, consisting of 268 patients, exhibited
a median OS of 10.4 months (95% CIL: 9.6-12.0). In comparison
with the PD-L1 group, the tremelimumab group demonstrated
inferior OS (HR: 1.22, 95% CI: 1.04-1.43, P = 0.014). The
tiragolumab group consisted of 196 patients and had a median
OS of 13.6 months (95% CI: 10.8-14.9). No significant
improvement in OS was observed in the tiragolumab group
compared with the PD-L1 group (HR: 1.05, 95% CI: 0.85-1.30, P
= 0.649). The anlotinib group comprised 246 patients and
demonstrated a median OS of 19.3 months (95% CI: 14.2-NE).
The anlotinib group exhibited significantly superior OS compared
with the PD-L1 group, with an HR of 0.70 (95% CI: 0.55-0.89, P =
0.003) (Supplementary Figure 2).

PFS

The median PFS of the tremelimumab group was 4.9 months
(95% CI: 4.7-5.9), which showed no statistically significant
difference between that of the PD-L1 group (HR: 1.05, 95% CI:
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FIGURE 2

OS Kaplan—Meier curves from the reconstruction of IPD for PD-1 group compared with the PD-L1 group. The median OS of the PD-1 group and the
PD-Llgourp were 14.5 m (95% ClI: 13.4-15.5) and 14.3 m (95% Cl: 13.0-15.0), respectively (HR: 0.94, 95% Cl: 0.84-1.05, P = .280).
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PFS Kaplan—Meier curves from the reconstruction of IPD for PD-1 group compared with the PD-L1 group. The median PFS of the PD-1group and
the PD-L1gourp were 5.6 m (95% Cl: 5.6-5.6) and 5.6 m (95% Cl: 5.6-5.8), respectively (HR: 0.96, 95% Cl: 0.86-1.06, P = .386).

0.90-1.21, P = 0.561). The median PFS was 5.4 months (95% CI:
4.7-5.5) in the tiragolumab group, demonstrating no significant
PES benefit compared with the PD-L1 group (HR: 1.14, 95% CI:
0.96-1.35, P = 0.132). The median PFS of the anlotinib group was
6.9 months (95% CI: 6.2-8.3). The anlotinib group achieved a
significantly better PFS than the PD-L1 group (HR: 0.69, 95% CI:
0.58-0.83, P < 0.001) (Supplementary Figure 3).

RMST

Consistent with the benefit trend of OS, the anlotinib group
showed a significantly superior 12-month RMST (10.4 m vs. 9.9 m;
difference: 0.54 m, 95% CI: 0.12 to 0.96 m, P = 0.012) and 24-month
RMST (16.6 m vs. 14.5 m; difference: 2.12 m, 95% CI: 0.75 m to 3.48
m, P = 0.002) compared with the PD-L1 group. In contrast, the
tremelimumab group exhibited a significantly poorer 12-month
RMST (9.0 m vs. 9.9 m; difference: —0.86 m, 95% CI: —1.35 to —0.37
m, P =0.001) and 24-month RMST (12.8 m vs. 14.5 m; difference:
-1.69 m, 95% CIL: —2.78 to —0.60 m, P = 0.002) compared with the
PD-L1 group. However, the 12-month (P = 0.789) and 24-month
RMST (P = 0.571) for OS in the tiragolumab group showed no
statistically significant difference compared with the PD-L1 group
(Supplementary Table 3).

Discussion

For the first time, this study compared the efficacy and safety of
PD-1 inhibitors plus chemotherapy to that of PD-L1 inhibitors plus
chemotherapy at the IPD level by integrating data from nine phase
I studies. In this IPD meta-analysis, no statistically significant
differences in PFS and OS were observed between PD-1 inhibitors
or PD-L1 inhibitors plus chemotherapy as first-line treatment of
ES-SCLC. The 12-month and 24-month RMST for OS also revealed
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similar findings. From a safety perspective, the incidence of any
grade TEAEs was slightly higher in the PD-L1 group than in the
PD-1 group, which primarily consisted of a higher incidence of
grade 1-2 TEAEs in the PD-L1 group. However, the PD-1 group
had a higher incidence of > grade 3 TEAEs and TEAEs leading to
death compared with the PD-L1 group. Nevertheless, the incidence
of serious TEAEs and irAEs was comparable between both groups.
Synthetic data from the PD-L1 inhibitors plus chemotherapy group
were used as a control, and the efficacy of several “X” plus
chemoimmunotherapy regimens was evaluated. The results
revealed that benmelstobart with anlotinib plus EC exhibited
significantly improved OS and PFS compared with the PD-L1
group. The OS and PES of the tiragolumab group were similar to
the PD-L1 group, whereas the efficacy of the durvalumab and
tremelimumab plus EC was inferior to the PD-L1 group. The
results also suggested not all of the “X” plus PD-1(L1) inhibitor
and chemotherapy has the effect of icing on the cake. In the absence
of head-to-head RCTs comparing PD-L1 inhibitors with PD-L1
inhibitors plus chemotherapy in the first-line treatment of ES-
SCLC, this study provides the available high-level evidence for
clinical decision.

Several unique features distinguish our study from previous
meta-analyses in immunotherapy for ES-SCLC. To our knowledge,
this is the first meta-analysis investigating the efficacy of ICI-based
regimens as first-line treatment for ES-SCLC employing
reconstructed IPD. The efficacy of different ICI-based regimens as
first-line treatment for ES-SCLC was granularly assessed. Although
PD-1 inhibitor or PD-LI inhibitor plus chemotherapy as the first-
line treatment for ES-SCLC was being investigated, the results of
PD-L1 inhibitors and PD-1 inhibitors were differences in ES-SCLC.
A PD-1 inhibitor-serplulimab and several PD-L1 inhibitors
(atezolizumab, durvalumab, and adebrelimab) have been
approved as first-line treatment for ES-SCLC in China. This
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raises the need to compare the efficacy of PD-1 inhibitors to PD-L1
inhibitors to improve the first-line treatment for ES-SCLC. An
ongoing phase III head-to-head study compares the PD-L1
inhibitor serplulimab to the PD-L1 inhibitor atezolizumab plus
chemotherapy as first-line treatment for ES-SCLC (NCT05468489).
In the absence of direct comparative results, indirect comparative
results based on this IPD meta-analysis play a critical role in clinical
decision-making. Furthermore, RMST was analyzed to evaluate the
OS of different ICI-based regimens to avoid bias in the Kaplan-
Meier curves against the PH assumption. Our previous study
revealed that the 12-month and 24-month RMST for OS were
strongly correlated with the median OS in first-line immunotherapy
for ES-SCLC (42). A growing number of studies on immunotherapy
also analyzed RMST as an exploratory endpoint (15, 16). In our
study, no absolute difference in 12-month RMST for OS was found
between the PD-1 inhibitor regimen and the PD-L1 regimen.
However, the 24-month RMST for OS of the PD-1 inhibitor
regimen tended to be longer than that of the PD-L1 inhibitor
regimen, although the difference was not statistically significant.
These results are consistent with our analysis of the HR of OS on the
synthetic data. Finally, our analysis included studies of innovative
immunotherapy regimens, particularly the ETER701 study, which
found a significant PFS and OS benefit with benmelstobart and
anlotinib plus EC; however, the control group in the ETER701 study
only consisted of chemotherapy. Therefore, the results of the
ETER701 study cannot conclude whether benmelstobart and
anlotinib plus EC were superior to PD-L1 inhibitors plus
chemotherapy. Still, our reconstructed IPD analysis indicated that
the benmelstobart and anlotinib plus EC group was significantly
more effective than the PD-L1 group. Additionally, the reduce risks
of disease progression (31%) and death (30%) were similar in the
anlotinib group to the PD-L1 group. Notably, head-to-head studies
comparing innovative immunotherapeutic regimens with standard
immunotherapeutic regimens are also in progress (NCT05844150;
NCT05224141), which will provide more direct evidence in the
future. At present, the indirect comparison through IPD analysis
provides evidence to make clinical decisions. The new standard-of-
care immunochemotherapy may not have been used as a control in
some studies due to research funding or immunotherapy not being
approved at the start of the study.

Limitations

Nevertheless, the limitations of the current study should be
acknowledged. First, although the PFS and OS of the PD-LI
inhibitors plus chemotherapy and the PD-1 inhibitors plus
chemotherapy groups were accurately evaluated by reconstructing
IPD, the algorithm was unable to capture variables other than
survival data. As a result, important study-level covariates that may
have impacted OS and PES could not be fully evaluated. Moreover, the
Kaplan-Meier curves of subgroups in most studies could not be
obtained, which hindered further subgroup analysis. Second, pooled
analyses were only performed for the incidence of TEAEs and irAEs.
Due to the heterogeneity of published safety data, the safety assessment
of different treatment regimens remains incomplete. Thirdly, the
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published results of “X” plus PD-1(L1) inhibitor and chemotherapy
in ES-SCLC remain limited. Currently, only one phase 3 study has
been published for each innovative regimens. In addition, studies
comparing the safety between “X” plus chemoimmunotherapy and
chemoimmunotherapy are lacking. Our results regarding the efficacy of
the “X” plus chemoimmunotherapy regimen compared with
immunotherapy need to be interpreted with caution. Different
conclusions may be reached as more research results are published
in the future. Furthermore, our study showed that the addition of
CTLA-4 inhibitors to chemoimmunotherapy was not superior to
chemoimmunotherapy. The results also highlight the need for more
mechanistic studies to explore rational immunotherapy strategies,
rather than simply adding existing accessible drugs. Finally, cost-
effectiveness analysis is also an indispensable factor for evaluating the
clinical significance of a regimen and making clinical decisions.
However, the present study conducted no such analysis.

Conclusion

In conclusion, the efficacy of PD-L1 inhibitors in combination
with chemotherapy was equivalent to that of PD-1 inhibitors in
combination with chemotherapy as the first-line treatment for ES-
SCLC, whereas PD-L1 inhibitors plus chemotherapy had better
safety. In addition, anti-angiogenesis agents in combination with
chemoimmunotherapy may be a more effective first-line treatment
for patients with ES-SCLC, but more data are required.

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

SZ: Writing — original draft, Writing — review & editing. SL:
Writing - original draft. YC: Writing - original draft, Writing -
review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This
study was supported by grants from the Science and
Technology Development Plan Project in Jilin Province
(YD ZJ202301ZYTS515).

Acknowledgments

We thank the Home for Researchers editorial team
(www.home-for-researchers.com) for the language editing service.

frontiersin.org


http://www.home-for-researchers.com
https://doi.org/10.3389/fonc.2024.1371313
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhang et al.

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

References

1. van Meerbeeck JP, Fennell DA, De Ruysscher DK. Small-cell lung cancer. Lancet.
(2011) 378:1741-55. doi: 10.1016/S0140-6736(11)60165-7

2. Gazdar AF, Bunn PA, Minna JD. Small-cell lung cancer: what we know, what we
need to know and the path forward [published correction appears in Nat Rev Cancer.
2017 Nov 10];. Nat Rev Cancer. (2017) 17:725-37. doi: 10.1038/nrc.2017.87

3. Nicholson AG, Chansky K, Crowley J, Beyruti R, Kubota K, Turrisi A, et al. The
international association for the study of lung cancer lung cancer staging project:
proposals for the revision of the clinical and pathologic staging of small cell lung cancer
in the forthcoming eighth edition of the TNM classification for lung cancer. J Thorac
Oncol. (2016) 11:300-11. doi: 10.1016/j.jth0.2015.10.008

4. Evans WK, Shepherd FA, Feld R, Osoba D, Dang P, Deboer G. VP-16 and
cisplatin as first-line therapy for small-cell lung cancer. J Clin Oncol. (1985) 3:1471-7.
doi: 10.1200/JC0.1985.3.11.1471

5. Hirsch FR, Hansen HH, Hansen M, Osterlind K, Vindelov LL. The superiority of
combination chemotherapy including etoposide based on in vivo cell cycle analysis in
the treatment of extensive small-cell lung cancer: a randomized trial of 288 consecutive
patients. J Clin Oncol. (1987) 5:585-91. doi: 10.1200/JCO.1987.5.4.585

6. Bunn PA Jr, Greco FA, Einhorn L. Cyclophosphamide, doxorubicin, and
etoposide as first-line therapy in the treatment of small-cell lung cancer. Semin
Oncol. (1986) 13:45-53.

7. Freeman GJ, Long AJ, Iwai Y, Bourque K, Chernova T, Nishimura H, et al.
Engagement of the PD-1 immunoinhibitory receptor by a novel B7 family member
leads to negative regulation of lymphocyte activation. ] Exp Med. (2000) 192:1027-34.
doi: 10.1084/jem.192.7.1027

8. Latchman Y, Wood CR, Chernova T, Chaudhary D, Borde M, Chernova I, et al.
PD-L2 is a second ligand for PD-1 and inhibits T cell activation. Nat Immunol. (2001)
2:261-8. doi: 10.1038/85330

9. Xiao Y, Yu S, Zhu B, Bedoret D, Bu X, Francisco LM, et al. RGMb is a novel
binding partner for PD-L2 and its engagement with PD-L2 promotes respiratory
tolerance. ] Exp Med. (2014) 211:943-59. doi: 10.1084/jem.20130790

10. Ohaegbulam KC, Assal A, Lazar-Molnar E, Yao Y, Zang X. Human cancer
immunotherapy with antibodies to the PD-1 and PD-L1 pathway. Trends Mol Med.
(2015) 21:24-33. doi: 10.1016/j.molmed.2014.10.009

11. Mayoux M, Roller A, Pulko V, Sammicheli S, Chen S, Sum E, et al. Dendritic cells
dictate responses to PD-L1 blockade cancer immunotherapy [published correction
appears in Sci Transl Med. 2020 Jun 3;12(546)]. Sci Transl Med. (2020) 12:eaav7431.
doi: 10.1126/scitranslmed.aav7431

12. Horn L, Mansfield AS, Szczesna 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) 379:2220-9. doi: 10.1056/NEJMoal809064

13. 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) 394:1929-39. doi: 10.1016/50140-6736(19)32222-6

14. 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) 39:619-30. doi: 10.1200/JCO.20.01055

15. 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) 23:739-47. doi: 10.1016/
$1470-2045(22)00224-8

16. Rudin CM, Awad MM, Navarro A, Gottfried M, Peters S, Csoszi T, et al.
Pembrolizumab or placebo plus etoposide and platinum as first-line therapy for

Frontiers in Oncology

10.3389/fonc.2024.1371313

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/fonc.2024.1371313/
full#supplementary-material

extensive-stage small-cell lung cancer: randomized, double-blind, phase III
KEYNOTE-604 study. J Clin Oncol. (2020) 38:2369-79. doi: 10.1200/JC0O.20.00793

17. 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)
328:1223-32. doi: 10.1001/jama.2022.16464

18. Cheng Y, Fan Y, Zhao Y, Huang D, Li X, Zhang P, et al. Tislelizumab plus
platinum and etoposide versus placebo plus platinum and etoposide as first-line
treatment for extensive-stage SCLC (RATIONALE-312): A multicenter, double-
blind, placebo-controlled, randomized, phase 3 clinical trial. J Thorac Oncol. (2024).
doi: 10.1016/j.jth0.2024.03.008

19. Cheng Y, Liu Y, Zhang W, Wu L, Zhou C, Wang D, et al. LBA93
EXTENTORCH: A randomized, phase III trial of toripalimab versus pla-cebo, in
combination with chemotherapy as a first-line therapy for patients with extensive stage
small cell lung cancer (ES-SCLC). Ann Oncol. (2023) 34:51334. doi: 10.1016/
j-annonc.2023.10.096

20. Gristina V, Galvano A, Castellana L, Castellana L, Insalaco L, Cusenza S, et al. Is
there any room for PD-1 inhibitors in combination with platinum-based chemotherapy
as frontline treatment of extensive-stage small cell lung cancer? A systematic review
and meta-analysis with indirect comparisons among subgroups and landmark survival
analyses. Ther Adv Med Oncol. (2021) 13:17588359211018018. doi: 10.1177/
17588359211018018

21. YuH, Chen P, Cai X, Chen C, Zhang X, He L, et al. Efficacy and safety of PD-L1
inhibitors versus PD-1 inhibitors in first-line treatment with chemotherapy for
extensive-stage small-cell lung cancer. Cancer Immunol Immunother. (2022) 71:637-
44. doi: 10.1007/500262-021-03017-z

22. Zhang T, Li W, Diwu D, Chen L, Chen X, Wang H. Efficacy and safety of first-
line immunotherapy plus chemotherapy in treating patients with extensive-stage small
cell lung cancer: a Bayesian network meta-analysis. Front Immunol. (2023) 14:1197044.
doi: 10.3389/fimmu.2023.1197044

23. Wang S, Li Y, Liu Z, Tian W, Zeng Y, Liu J, et al. Efficacy and safety of first-line
immune checkpoint inhibitors combined with chemotherapy for extensive-stage small
cell lung cancer: A network meta-analysis. Lung Cancer. (2023) 178:47-56.
doi: 10.1016/j.lungcan.2023.02.003

24. DuJ, Wang X, Fan L, Shan X, Li M, Liu L. Effectiveness and safety of first-line
immune checkpoint inhibitors for patients with extensive-stage small cell lung
carcinoma: A systematic review and network meta-analysis. Heliyon. (2023) 9:
€14794. doi: 10.1016/j.heliyon.2023.e14794

25. Chen HL, Tu YK, Chang HM, Lee TH, Wu KL, Tsai YC, et al. Systematic review
and network meta-analysis of immune checkpoint inhibitors in combination with
chemotherapy as a first-line therapy for extensive-stage small cell carcinoma. Cancers
(Basel). (2020) 12:3629. doi: 10.3390/cancers12123629

26. Stewart LA, Tierney JF. To IPD or not to IPD? Advantages and disadvantages of
systematic reviews using individual patient data. Eval Health Prof. (2002) 25:76-97.
doi: 10.1177/0163278702025001006

27. Riley RD, Lambert PC, Abo-Zaid G. Meta-analysis of individual participant data:
rationale, conduct, and reporting. BMJ. (2010) 340:c221. doi: 10.1136/bmj.c221

28. Liu N, Zhou Y, Lee JJ. IPDfromKM: reconstruct individual patient data from
published Kaplan-Meier survival curves. BMC Med Res Methodol. (2021) 21:111.
doi: 10.1186/s12874-021-01308-8

29. Messori A, Damuzzo V, Rivano M, Cancanelli L, Di Spazio L, Ossato A, et al.
Application of the IPDfromKM-shiny method to compare the efficacy of novel
treatments aimed at the same disease condition: A report of 14 analyses. Cancers
(Basel). (2023) 15:1633. doi: 10.3390/cancers15061633

30. Ossato A, Damuzzo V, Baldo P, Mengato D, Chiumente M, Messori A. Immune
checkpoint inhibitors as first line in advanced melanoma: Evaluating progression-free

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1371313/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1371313/full#supplementary-material
https://doi.org/10.1016/S0140-6736(11)60165-7
https://doi.org/10.1038/nrc.2017.87
https://doi.org/10.1016/j.jtho.2015.10.008
https://doi.org/10.1200/JCO.1985.3.11.1471
https://doi.org/10.1200/JCO.1987.5.4.585
https://doi.org/10.1084/jem.192.7.1027
https://doi.org/10.1038/85330
https://doi.org/10.1084/jem.20130790
https://doi.org/10.1016/j.molmed.2014.10.009
https://doi.org/10.1126/scitranslmed.aav7431
https://doi.org/10.1056/NEJMoa1809064
https://doi.org/10.1016/S0140-6736(19)32222-6
https://doi.org/10.1200/JCO.20.01055
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/10.1001/jama.2022.16464
https://doi.org/10.1016/j.jtho.2024.03.008
https://doi.org/10.1016/j.annonc.2023.10.096
https://doi.org/10.1016/j.annonc.2023.10.096
https://doi.org/10.1177/17588359211018018
https://doi.org/10.1177/17588359211018018
https://doi.org/10.1007/s00262-021-03017-z
https://doi.org/10.3389/fimmu.2023.1197044
https://doi.org/10.1016/j.lungcan.2023.02.003
https://doi.org/10.1016/j.heliyon.2023.e14794
https://doi.org/10.3390/cancers12123629
https://doi.org/10.1177/0163278702025001006
https://doi.org/10.1136/bmj.c221
https://doi.org/10.1186/s12874-021-01308-8
https://doi.org/10.3390/cancers15061633
https://doi.org/10.3389/fonc.2024.1371313
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhang et al.

survival based on reconstructed individual patient data. Cancer Med. (2023) 12:2155-
65. doi: 10.1002/cam4.5067

31. 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) 22:51-65. doi: 10.1016/S1470-2045(20)30539-8

32. Rudin CM, Liu SV, Soo RA, Lu S, Hong MH, Lee J, et al. SKYSCRAPER-02:
tiragolumab in combination with atezolizumab plus chemotherapy in untreated
extensive-stage small-cell lung cancer. J Clin Oncol. (2023) 42(3):324-35.
doi: 10.1200/JC0O.23.01363

33. Cheng Y, Yang R, Chen J, Zhang W, Xie C, Hu Q, et al. OA01.03 Benmelstobart
with Anlotinib plus Chemotherapy as First-line Therapy for ES-SCLC: A Randomized,
Double-blind, Phase III Trial. ] Thorac Oncol. 18 (11), S44. doi: 10.1016/j.jtho.2023.09.024

34. Ben-Aharon O, Magnezi R, Leshno M, Goldstein DA. Median survival or mean
survival: which measure is the most appropriate for patients, physicians, and
policymakers? Oncologist. (2019) 24:1469-78. doi: 10.1634/theoncologist.2019-0175

35. Dehbi HM, Royston P, Hackshaw A. Life expectancy difference and life
expectancy ratio: two measures of treatment effects in randomised trials with non-
proportional hazards. BMJ. (2017) 357:j2250. doi: 10.1136/bmj.j2250

36. Royston P, Parmar MK. Augmenting the logrank test in the design of clinical

trials in which non-proportional hazards of the treatment effect may be anticipated.
BMC Med Res Methodol. (2016) 16:16. doi: 10.1186/s12874-016-0110-x

Frontiers in Oncology

10

10.3389/fonc.2024.1371313

37. Royston P, Parmar MK. The use of restricted mean survival time to estimate the
treatment effect in randomized clinical trials when the proportional hazards
assumption is in doubt. Stat Med. (2011) 30:2409-21. doi: 10.1002/sim.4274

38. Wang ZX, Wu HX, Xie L, Wang YN, Yang LP, He MM, et al. Correlation of
milestone restricted mean survival time ratio with overall survival hazard ratio in
randomized clinical trials of immune checkpoint inhibitors: A systematic review and
meta-analysis. JAMA Netw Open. (2019) 2:¢193433. doi: 10.1001/jamanetworkopen.
2019.3433

39. Liang F, Zhang S, Wang Q, Li W. Treatment effects measured by restricted mean
survival time in trials of immune checkpoint inhibitors for cancer. Ann Oncol. (2018)
29:1320-4. doi: 10.1093/annonc/mdy075

40. Trinquart L, Jacot J, Conner SC, Porcher R. Comparison of treatment effects
measured by the hazard ratio and by the ratio of restricted mean survival times in
oncology randomized controlled trials. J Clin Oncol. (2016) 34:1813-9. doi: 10.1200/
JCO.2015.64.2488

41. Stewart LA, Clarke M, Rovers M, Riley RD, Simmonds M, Stewart G, et al.
Preferred Reporting Items for Systematic Review and Meta-Analyses of individual
participant data: the PRISMA-IPD Statement. JAMA. (2015) 313:1657-65.
doi: 10.1001/jama.2015.3656

42. Zhang S, Li S, Cui Y, Zhao P, Sun X, Cheng Y. Consideration of surrogate
endpoints for overall survival associated with first-line immunotherapy in extensive-
stage small cell lung cancer. Front Oncol. (2021) 11:696010. doi: 10.3389/
fonc.2021.696010

frontiersin.org


https://doi.org/10.1002/cam4.5067
https://doi.org/10.1016/S1470-2045(20)30539-8
https://doi.org/10.1200/JCO.23.01363
https://doi.org/10.1016/j.jtho.2023.09.024
https://doi.org/10.1634/theoncologist.2019-0175
https://doi.org/10.1136/bmj.j2250
https://doi.org/10.1186/s12874-016-0110-x
https://doi.org/10.1002/sim.4274
https://doi.org/10.1001/jamanetworkopen.2019.3433
https://doi.org/10.1001/jamanetworkopen.2019.3433
https://doi.org/10.1093/annonc/mdy075
https://doi.org/10.1200/JCO.2015.64.2488
https://doi.org/10.1200/JCO.2015.64.2488
https://doi.org/10.1001/jama.2015.3656
https://doi.org/10.3389/fonc.2021.696010
https://doi.org/10.3389/fonc.2021.696010
https://doi.org/10.3389/fonc.2024.1371313
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	The efficacy and safety of immunotherapy as first&minus;line treatment for extensive-stage small cell lung cancer: evaluating based on reconstructed individual patient data
	Introduction
	Material and methods
	Literature search
	Inclusion and exclusion criteria
	Data extraction
	Statistical analysis

	Results
	Included clinical trials
	Reconstructed survival curves and statistical comparisons
	PD-1 group vs. PD-L1 group
	OS
	PFS
	RMST

	Safety
	“X” plus PD-1(L1) inhibitor and chemotherapy groups vs. the PD-L1 group
	OS
	PFS
	RMST


	Discussion
	Limitations

	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	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


