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Combining PD-1 or PD-L1
inhibitors with chemotherapy
is a good strategy for the
treatment of extensive small
cell lung cancer: A retrospective
analysis of clinical studies

Hao Luo1,2*, Guangbin Song2*, Dong Wang1, Mengxia Li1

and Nan Dai1*

1Cancer Center, Daping Hospital, Army Medical University, Chongqing, China, 2College of
Bioengineering, Key Lab of Biorheological Science and Technology, Ministry of Education,
Chongqing University, Chongqing, China
Objectives: To provide an updated systematic review and meta-analysis of

published randomized controlled trials (RCTs) of the efficacy and safety of

programmed cell death 1 (PD-1)/programmed cell death ligand 1 (PD-L1)

inhibitors combined with chemotherapy versus chemotherapy alone in the

treatment of extensive-stage small-cell lung cancer (ES-SCLC).

Methods: PubMed, Web of Science, Embase, Clinicaltrials and the Cochrane

Library were systematically searched to extract RCTs concerning the efficacy

and safety of PD-1/PD-L1 inhibitors combined with chemotherapy versus

chemotherapy alone in the treatment of ES-SCLC from the time of database

inception to October 31, 2022. The literature was independently selected,

information was extracted and the risk of bias of the RCTs was evaluated

according to the inclusion and exclusion criteria. Stata14.0 was used for

the meta-analysis.

Results: Six studies involving 2,600 patients were included in the analysis. The

results of the meta-analysis showed that the combination of PD-1/PD-L1

inhibitors significantly improved the OS (HR: 0.73, 95% CI: 0.66-0.80;

P<0.0001), prolonged PFS (HR: 0.66,95% CI: 0.55-0.79; P<0.0001) and did

not increase overall incidence of treatment-related adverse events (TRAEs)

(RR: 1.03, 95% CI: 0.97-1.09; P=0.330) in ES-SCLC patients compared with

chemotherapy alone. The subgroup analysis found that patients with negative

PD-L1 expression (< 1%) benefited in OS, whereas patients with positive PD-L1

expression (≥1%) had no statistically significant difference in OS. There was a
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statistically significant difference in PFS between PD-L1-negative (< 1%) and

PD-L1-positive (≥1%) patients. The addition of a PD-1 inhibitor or PD-L1

inhibitor to the chemotherapy regimen can improve OS and prolong PFS in

patients with ES-SCLC.

Conclusions: PD-1/PD-L1 inhibitors combination chemotherapy significantly

improves PFS and OS in ES-SCLC patients without increasing the overall

incidence of TRAEs.
KEYWORDS

PD-L1 inhibitors, PD-1 inhibitors, extensive-stage small-cell lung cancer,
chemotherapy, meta-analysis
1 Introduction

Small cell lung cancer (SCLC) is a type of tumour that

exhibits fast growth, early metastasis and poor prognosis, and it

accounts for approximately 15% of lung cancers (1, 2).

Approximately 70% of SCLC patients are already in the

extensive stage at the time of initial diagnosis (3).

Chemotherapy is still the main treatment for extensive-stage

small-cell lung cancer (ES-SCLC). Etoposide combined with

platinum is the standard first-line chemotherapy regimen for

ES-SCLC (4). However, the 5-year survival rate is less than 2%

(5). Therefore, it is particularly important to identify new

treatments to improve the survival rate of patients with

ES-SCLC.

The advent of immunotherapy has resulted in new treatment

options for improving the survival rate of ES-SCLC patients (6).

Immune checkpoint inhibitors (ICIs) have achieved

considerable breakthroughs in the treatment of many cancers

(7–10). ICIs can block the negative costimulatory signalling

pathway of T cells, thereby improving the body’s antitumour

immune response and promoting the clearance of T cells to

tumour cells (11, 12). At present, ICIs that are mainly used in

clinical practice include cytotoxic T-lymphocyte associated

protein 4 (CTLA-4) inhibitors, programmed cell death 1 (PD-

1) inhibitors and programmed cell death ligand 1 (PD-L1)

inhibitors (13). ICIs targeting CTLA-4 and PD-1/PD-L1 can

block the immune checkpoint pathway to restore the body’s

antitumour immune response and exert antitumour effects.

Among immunotherapy studies in ES-SCLC, clinical studies

represented by Impower 133 and CASPIAN have achieved

significant breakthroughs in the field of first-line treatments of

ES-SCLC, with patients achieving unprecedented improvements

in survival (14, 15). In 2022, the latest results of the ASTRUM-

005 study showed that domestic PD-1 inhibitors combined with

chemotherapy had a significant survival benefit in the first-line
02
treatment of ES-SCLC (16). Moreover, PD-1/PD-L1 inhibitors

combined with chemotherapy have become the new standard

first-line treatment for ES-SCLC (3).

In recent years, several meta-analyses have evaluated the

efficacy and safety of PD-1/PD-L1 inhibitors in combination

with chemotherapy compared with chemotherapy alone for ES-

SCLC (17–19). However, all of the randomized controlled trials

(RCTs) that were included in these meta-analyses were

conducted before 2020. IMpower133 and CASPIAN updated

the data from the trials in 2021 and 2022, respectively (14, 15). In

addition, two more important trials were published in 2022

(ASTRUM-005 and CAPSTONE-1) (16, 20). Therefore, there is

a strong need for an updated meta-analysis of RCTs of PD-1/

PD-L1 inhibitor combination chemotherapy versus

chemotherapy alone for ES-SCLC to provide evidence for

supporting the development of clinical practice guidelines.
2 Methods

2.1 Inclusion and exclusion criteria

2.1.1 Type of study
RCTs of PD-1/PD-L1 inhibitors combined with

chemotherapy versus chemotherapy alone in the treatment of

ES-SCLC were included in this study.

2.1.2 Participants
Patients with SCLC confirmed by histopathology and/or

cytology were included in this study.

2.1.3 Interventions
The experimental group received PD-1/PD-L1 inhibitors

combined with chemotherapy. The control group received

chemotherapy alone.
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2.1.4 Outcomes
Fron
1. Overall survival (OS).

2. Progression-free survival (PFS).

3. Overall incidence of treatment-related adverse events

(TRAEs).
2.2 Exclusion criteria
1. Duplicate publications from the literature.

2. Data that could not be extracted from the literature.

3. Non-RCTs.
2.3 Search strategy

PubMed, Web of Science, Embase, ClinicalTrials.gov and the

Cochrane Library were systematically searched to extract RCTs

of the efficacy and safety of PD-1/PD-L1 inhibitors combined

with chemotherapy versus chemotherapy alone in the treatment

of ES-SCLC from the time of database inception to October

31, 2022.
2.4 Data extraction

Two evaluators read the title, abstract or full text to identify

the literature that met the inclusion criteria, and they also cross-

checked the results of the included trials. In cases of disagreement,

the third evaluator decided whether to include the study or not.

Information was extracted by using a predeveloped homemade

literature characteristics table. The extracted information included

the name of the trial, year of publication, authors, trial conduct

time duration, sample size, age, sex, dosing regimen, follow-up

time and outcome indicators.
2.5 Quality assessment

The inclusion of RCTs was performed in strict accordance

with the “Risk of bias Assessment method” recommended by the

Cochrane Handbook (21). The evaluation included random

assignment scheme generation, concealed grouping, blinding

of performers and participants, blinding of outcome

evaluators, incomplete outcome data, selected outcome

reporting and other biases. “Low risk”, “unclear” and “high

risk” were each evaluated separately.
tiers in Immunology 03
2.6 Data analysis

A meta-analysis was performed by using Stata 14.0.

Dichotomous variables were expressed as relative risks (RRs),

and 95% confidence intervals (CIs) were calculated. Hazard

ratios (HRs) and 95% CIs were collected to estimate the

pooled estimates for survival outcomes (OS and PFS). The c2
test was used to analyse the heterogeneity among the included

RCTs. If P≥0.1 and I2<50%, a fixed-effects model was used;

otherwise, if P<0.1 and I2≥50%, a random-effects model was

used. A subgroup analysis was performed to determine the

prediction of the immune response according to the

expression of PD-L1 (< 1% PD-L1 vs. ≥1% PD-L1) and types

of ICIs (PD-1 inhibitor plus chemotherapy vs. PD-L1 inhibitor

plus chemotherapy). A sensitivity analysis was performed on OS

to test the stability of the meta-analysis results. If no less than 10

papers were included, a publication bias analysis was performed

by using funnel plots (22).
3 Results

3.1 Literature screening results

A total of 1,964 articles were detected according to the search

strategy. After eliminating the duplicate references via EndNote,

1,266 papers remained for the analysis. Subsequently, we read

the title and abstract according to the PICO principle and

excluded 1,244 articles. After reading the full text, 6 articles

(14–16, 20, 23, 24) were finally included in the analysis. The

literature retrieval process is shown in Figure 1.
3.2 Characteristics of the included
literature

A total of 6 high-quality RCTs (14–16, 20, 23, 24) were

included. ASTRUM-005 and CAPSTONE-1 are newly published

studies in 2022. Two studies included updated data for

IMpower133 and CASPIAN. The immunosuppressants that

were involved were serplulimab, adebrelimab, durvalumab,

atezol izumab, nivolumab and pembrolizumab. The

characteristics of the included RCTs are summarized in Table 1.
3.3 Risk of bias

Two studies exhibited high risks of bias for the allocation of

concealed entries. Blinding entries for investigators and patients

were unclear in 2 studies. Additionally, one study showed

unclear entries for blinding of outcome measures and other

sources of bias. The remaining 4 studies exhibited low risks of
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https://doi.org/10.3389/fimmu.2022.1059557
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Luo et al. 10.3389/fimmu.2022.1059557
bias for each entry evaluation. The risk of bias assessment is

shown in Figure 2.
3.4 Overall survival

Six RCTs were included without heterogeneity (I2 =0%, P=

0.824). The pooled results showed that PD-1/PD-L1 inhibitor

combination chemotherapy significantly improved OS (HR:

0.73, 95% CI: 0.66-0.80; P<0.0001) (Figure 3) in ES-SCLC

patients compared to chemotherapy alone.
3.5 Progression-free survival

Five RCTs were included, and they exhibited heterogeneity

(I2 =66.1%, P=0.019). The pooled results showed that PD-1/PD-

L1 inhibitor combination chemotherapy significantly improved

PFS (HR: 0.66, 95% CI: 0.55-0.79; P<0.0001) (Figure 4) in ES-

SCLC patients compared to chemotherapy alone.
3.6 Overall incidence of treatment-related
adverse events

Five RCTs were included, and they exhibited heterogeneity

(I2 =87.7%, P<0.0001). The pooled results showed that there was

no difference in the overall incidence of TRAEs between

chemotherapy alone and PD-1/PD-L1 inhibitor plus

chemotherapy (RR: 1.03, 95% CI: 0.97-1.09; P= 0.330) (Figure 5).
Frontiers in Immunology 04
3.7 Subgroup analysis

Patients with negative PD-L1 expression (< 1%) benefited

from OS, whereas patients with positive PD-L1 expression

(≥1%) had no significant difference in OS (Figure 6). There

was a significant difference in PFS between the PD-L1-negative

(< 1%) and PD-L1-positive (≥1%) groups (Figure 6). The

addition of a PD-1 inhibitor or PD-L1 inhibitor to the

chemotherapy regimen improved OS and prolonged PFS in

patients with ES-SCLC (Figure 6).
3.6 Sensitivity analysis

We performed a sensitivity analysis on OS. The included

studies were excluded one by one, and the results did not

significantly change, thus suggesting a low sensitivity and

more robust and reliable results.
3.7 Publication bias

As fewer than 10 studies were included, publication bias

detection could not be performed.
4 Discussion

ES-SCLC is a common clinical subtype of lung cancer that

has a poor prognosis, short survival period and high disease

burden due to limited treatment options and easy drug tolerance

(25–27). In the last 30 years, there has been no significant

breakthrough in the treatment of ES-SCLC, and the overall

prognosis has not significantly improved. With the advent of

the era of immunotherapy, ICIs have made significant progress

in the treatment of ES-SCLC (12, 28). The emergence of ICIs has

provided new treatment options for ES-SCLC patients (29).

Additionally, the U.S. Food and Drug Administration has

approved carboplatin and etoposide combined with the PD-L1

inhibitor atezolizumab as a first-line therapy, as well as the

single-agent PD-1 inhibitors nivolumab and pembrolizumab as

a third-line therapy (3, 30). In 2018, the IMpower133 study

evaluated the efficacy of atezolizumab plus chemotherapy (31).

The results showed that the median OS was improved and that

the median PFS was prolonged in the chemotherapy plus

atezolizumab group. Subsequent studies with updated data still

suggested a benefit of PD-L1 inhibitors combined with

chemotherapy in the first-line treatment of ES-SCLC. The

KEYNOTE604 study evaluated the efficacy of pembrolizumab

plus chemotherapy and found that the pembrolizumab plus

chemotherapy group had improved median OS and significantly

prolonged median PFS compared with the control group (24).
FIGURE 1

Flow chart of trial selection process.
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TABLE 1 Characteristics of the included trials.

Trial Study Trial registra- Phase Time of trial Patients
(n)

Age<65/
≥65

Male/
female

ECOG
PS
(0/1)

Brain
metastases
(Yes/No)

Therapeutic schedule Follow-up
(month s)

T C T C T C T C T C

12,
7, 2021

585(389/
196)

235/
154

119/
77

317/
72

164/
32

71/
318

32/
164

50/
339

28/
168

Carboplatin+etoposide+
serplulimab (PD-1 inhibitors)

Carboplatin
+etoposide
+placebo

12.3

2018~
, 2020

462(230/
232)

155/
75

147/
85

184/
46

188/
44

33/
197

30/
202

5/225 5/227 Carboplatin+etoposide
+adebrelimab(PD-L1 inhibitors)

Carboplatin
+etoposide
+placebo

13.5

017~
2021

537(268/
269)

167/
101

157/
112

190/
78

184/
85

99/
169

90/
179

28/
240

27/
242

Cisplatin or carboplatin
+durvalumab(PD-L1 inhibitors)

Cisplatin or
carboplatin

39.4

January
9

403(201/
202)

111/
90

106/
96

129/
72

132/
70

73/
128

67/
135

17/
184

18/
184

Carboplatin+ etoposide
+atezolizumab(PD-L1 inhibitors)

Carboplatin+
etoposide+placebo

22.9

cember 160(80/80) NR NR 35/
45

36/
44

23/
57

24/
56

NR NR Cisplatin or carboplatin
+nivolumab(PD-1 inhibitors)

Cisplatin or
carboplatin

NR

July 30, 453(228/
225)

115/
113

101/
124

152/
76

142/
83

60/
168

56/
169

33/
195

22/
203

Platinum+etoposide +
pembrolizumab(PD-1 inhibitors)

Platinum
+etoposide +

placebo

21.6

Lu
o
e
t
al.

10
.3
3
8
9
/
fi
m
m
u
.2
0
2
2
.10

5
9
5
5
7

Fro
n
tie

rs
in

Im
m
u
n
o
lo
g
y

fro
n
tie

rsin
.o
rg

0
5

name (year) tion number

ASTRUM-
005

Cheng et al
2022

NCT04063163 III September
2019~April 2

CAPSTONE-
1

Wang et al
2022

NCT03711305 III December 26
September 4

CASPIAN Paz-Ares et
al 2022

NCT03043872 III March 27, 2
March 22,

IMpower133 Liu et al
2021

NCT02763579 III June 7, 2016~
24, 201

EA5161 Leal et al
2020

NCT03382561 II May 2018~De
2018

KEYNOTE-
604

Rudin et al
2020

NCT03066778 III May 15, 2017~
2018

NR, Not reported; T,treatment group; C, control group.
,
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The latest results from the ASTRUM-005 study showed that the

PD-1 inhibitor serplulimab combined with chemotherapy has a

significant survival benefit and a good safety profile in the first-

line treatment of ES-SCLC (16). The results of the

abovementioned series confirm that combining PD-1

inhibitors or PD-L1 inhibitors with chemotherapy is a more

successful treatment strategy for patients with ES-SCLC. Several

previous meta-analyses have also supported the significant

survival benefit of PD-1/PD-L1 inhibitors in combination with

chemotherapy for ES-SCLC (17–19). The present study included

six internationally renowned clinical trials in an updated meta-

analysis based on previous work. The results of the meta-analysis

showed that PD-1/PD-L1 inhibitors combined with

chemotherapy significantly improved OS and PFS in ES-SCLC

patients. In terms of the overall incidence of TRAEs, there was

no significant difference between PD-1/PD-L1 inhibitor

combination chemotherapy and chemotherapy alone.

The selection of predictive markers for assessing the efficacy

of immunotherapy in ES-SCLC is of clinical significance. PD-L1

is a tumour cell surface molecule, and its use as a biomarker for

immunotherapy has been widely used in various cancer types

(32, 33). Therefore, it is hypothesized that SCLC patients with

high PD-L1 expression may benefit from ICI treatment. With
Frontiers in Immunology 06
the development of immunotherapy studies in SCLC, the

feasibility of PD-L1 as a marker of SCLC efficacy has also

received considerable attention. The proportion of PD-L1-

positive tumour cells in SCLC is low and accounts for

approximately 18-32% (34, 35). This result suggests that most

ES-SCLC patients do not benefit from immunotherapy. The

characteristics of long-term SCLC survivors that were reported

in the IMpower133 study found no significant correlation

between PD-L1 expression levels and long-term survival

benefits from immunotherapy (15). The KEYNOTE-604 study

and the CASPIAN study obtained similar conclusions (14, 24).

Therefore, the results of existing clinical trials do not yet support

PD-L1 expression as a biomarker of immune efficacy in SCLC.

However, we found that patients with negative PD-L1

expression benefited from OS according to a subgroup

analysis. This finding indicates that PD-L1 expression is

correlated with the OS of ES-SCLC, and patients who are

negative for PD-L1 can benefit from immunotherapy.

However, this is in stark contrast to the current widely held

viewpoint that patients with tumours with high PD-L1

expression who receive ICIs can benefit from OS (33, 36).

First, the different criteria for positive PD-L1 expression in the

subgroup analyses may have contributed to this result. Second,

unlike non-small cell lung cancer, PD-L1 is mainly expressed in

tumour-infiltrating immune cells rather than tumour cells in

SCLC (17). Third, there are four genetic subtypes of SCLC,

amon g wh i c h SCLC - I h a s a go od r e s pon s e t o
FIGURE 2

Risk of bias summary.
FIGURE 3

Forest plot of meta-analysis for overall survival.
FIGURE 4

Forest plot of meta-analysis for progression free survival.
FIGURE 5

Forest plot of meta-analysis for overall incidence of treatment-
related adverse events.
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immunotherapy (37). Therefore, different SCLC types also

influence prognoses. These clinical studies require a more

detailed classification of SCLC. Fourth, it may be related to

tumour immune escape mediated by exosomal PD-L1 (38). In

addition to their own high expression of PD-L1 to suppress

immune system-mediated immune evasion, tumour cells can

also release PD-L1-carrying exosomes that are equally capable of

remotely interfering with immune cell activity (39, 40). These

reasons can explain why ES-SCLC patients with negative PD-L1

expression can benefit from OS. However, this conclusion

requires prospective studies to evaluate the predictive value of

PD-L1 expression in ES-SCLC immunotherapy. Circulating

tumour cells (CTCs) are a “liquid biopsy specimen” that can

replace the primary tumour (41). The expression of PD-L1 in

CTCs can be used to evaluate the efficacy of PD-1/PD-L1 mAbs

in non-small cell lung cancer patients (42, 43). The use of CTCs

to evaluate the expression of PD-L1 in SCLC may overcome the

heterogeneity of PD-L1 expression.

According to the current clinical trials, both PD-1 inhibitors

combined with chemotherapy and PD-L1 inhibitors combined with

chemotherapy can benefit the survival rate of patients with ES-

SCLC. The idea of whether PD-1 inhibitors differ from PD-L1

inhibitors in clinical outcomes is controversial. Yu et al. (17)

conducted a meta-analysis of the efficacy and safety of PD-L1

inhibitors versus PD-1 inhibitors in first-line chemotherapy for ES-

SCLC. The results showed that PD-L1 inhibitors combined with

chemotherapy and PD-1 inhibitors combined with chemotherapy

significantly prolonged the survival times of patients with ES-SCLC

compared with chemotherapy alone. An indirect comparison

showed no significant difference in clinical efficacy between PD-

L1 inhibitors combined with chemotherapy and PD-1 inhibitors

combined with chemotherapy. The subgroup analysis found that

both PD-L1 inhibitors and PD-1 inhibitors improved the survival

times of ES-SCLC patients. The 2022 NCCN Oncology Clinical

Practice Guideline recommends combination chemotherapy with
Frontiers in Immunology 07
atezolizumab and duvalizumab as the first-line treatment for ES-

SCLC. In the 2022 CSCO guidelines for the diagnosis and treatment

of SCLC, both atezolizumab and duvalizumab are recommended as

grade I preferred first-line treatments for patients with ES-SCLC.

The results of this meta-analysis support the evidence-based results

that SCLC guidelines recommend PD-L1 inhibitors as the first-line

therapy for ES-SCLC. The phase III KEYNOTE-604 study showed

that first-line pembrolizumab plus chemotherapy reduced the risk

of disease progression in SCLC (4.5 months vs. 4.3 months), but

there was no significant difference in OS (24). Therefore, in 2021,

Merck Sharp & Dohme (MSD) voluntarily withdrew the indication

for pembrolizumab for ES-SCLC. In addition, the EA5161 clinical

study showed that PD-1 inhibitors combined with chemotherapy

failed to improve OS in ES-SCLC (23). However, the latest edition

of the CSCO guidelines in 2022 added a level III recommendation

for the first-line treatment of ES-SCLC with serulizumab combined

with chemotherapy. In the phase III study of ASTRUM-005, the

median overall survival was 15.38 months in the silulimab group

and 11.10 months in the placebo group (16). In addition, the 24-

month overall survival rates were 43.1% and 7.9%, respectively.

ASTRUM-005 resolved the limitation that immunotherapy in the

previous IMpower133 and CASPIAN studies only resulted in a

survival benefit of approximately 2 months in ES-SCLC. The

success of the ASTRUM-005 study is the first breakthrough to

achieve a significant improvement in OS outcome in ES-SCLC with

a PD-1 inhibitor being used as a first-line therapy, thus providing a

new option for the first-line treatment of ES-SCLC. This meta-

analysis, which combined the results of a subgroup analysis of three

clinical trials, showed that PD-1 inhibitors combined with

chemotherapy could benefit the survival of patients with ES-

SCLC. Subsequently, serplulimab is expected to move to a Tier I

recommendation, thus replacing the use of PD-L1 inhibitors.

According to relevant literature reports, PD-1 inhibitors may

have better efficacy than PD-L1 inhibitors, and the overall

incidence of adverse events is similar (44, 45). However, PD-1

inhibitors have a higher incidence of pneumonia (46, 47).

Therefore, clinical application of these inhibitors should be based

on the clinical study data and approved indications of different

drugs for treatment selection.

Our study had some limitations. First, a publication bias

analysis could not be performed due to the limited number of

enrolments. Therefore, publication bias may have existed in this

meta-analysis. Second, significant heterogeneity was observed in

the analysis of the total incidence of PFS and TRAEs in this

study, and different types, doses and administration frequencies

of immunosuppressive agents and chemoradiotherapy may be

sources of heterogeneity.

In conclusion, based on the current meta-analysis, PD-1/

PD-L1 inhibitors combined with chemotherapy significantly

improved PFS and OS in patients with ES-SCLC without

increasing the overall incidence of TRAEs. Therefore, PD-1/

PD-L1 inhibitors combined with chemotherapy can be used as

the first-line treatment for patients with ES-SCLC.
FIGURE 6

Forest plot of subgroup analysis.
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