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Abstract
Background: Immunotherapy has afforded new treatment options for extensive
small cell lung cancer (ES-SCLC). However, reports on the effectiveness of
immune checkpoint inhibitors (ICIs) combined with chemotherapy on survival
in ES-SCLC patients are inconsistent. Therefore, we conducted a meta-analysis
on the efficacy and safety of ICI combined with chemotherapy for ES-SCLC.
Methods: We searched for randomized controlled clinical trials related to first-
line treatment of ES-SCLC with ICI combined with chemotherapy in PUBMED,
ESMO, ASCO, and WCLC since 2018. The primary outcome was overall sur-
vival (OS).
Results: Four studies were included. Compared to chemotherapy alone, ICI in
combination with chemotherapy as first-line treatment reduced the risk of death
(hazard ratio [HR]: 0.76; 95% CI: 0.68–0.86; P < 0.00001) and disease progres-
sion (HR: 0.76; 95% CI: 0.68–0.84; P < 0.00001). The objective response rate
(ORR) with ICI plus chemotherapy was significantly higher than that with che-
motherapy alone (HR: 1.10; 95% CI: 1.02–1.19, P = 0.01). The duration of
response (DoR) rate at one year was also better with ICI plus chemotherapy
(HR: 3.46; 95% CI: 2.24–5.33; P < 0.00001). Security analysis revealed that the
incidence of immune-mediated adverse events (imAEs) (HR: 3.77; 95% CI: 1.99–
7.15, P < 0.0001) and grade 3/4 imAEs (HR: 7.01; 95% CI: 2.48–19.81;
P = 0.0002) increased significantly with ICI plus chemotherapy.
Conclusions: ICI combined with chemotherapy as first-line treatment can sig-
nificantly improve the OS and progression-free survival (PFS) of ES-SCLC
patients, but the toxicity caused by immunotherapy should be carefully
considered.

Key points

Significant findings of the study
Our meta-analysis shows that PD-L1/PD-1 plus chemotherapy can significantly
improve the OS and PFS of ES-SCLC patients when used as first-line therapy.
What this study adds
This study fills gaps regarding the efficacy of immunotherapy combined with
chemotherapy as first-line treatment for ES-SCLC, and provides better evidence
for the use of PD-L1/PD-1 immunotherapy plus chemotherapy for patients with
ES-SCLC.
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Introduction

Small cell lung cancer (SCLC) is a high-grade lung
neuroendocrine carcinoma characterized by short tumor
doubling time and rapid progression.1, 2 Approximately
60%–65% of SCLC patients present with metastases at the
time of diagnosis.3 Moreover, although initially sensitive to
chemoradiotherapy, SCLC usually recurs and progresses
within six months, and current treatments are ineffective
after progression.4 Therefore, the first-line treatment regi-
men for SCLC is crucial. To address the need for more
effective treatments, the search for drugs that can improve
survival in SCLC is ongoing. Indeed, more than 40 phase
III studies have been conducted over the past 30 years.
Currently, etoposide combination with platinum is the
standard first-line treatment for extensive-stage SCLC (ES-
SCLC). However, survival has not improved substantially
over the past 30 years, and the five-year survival rate
remains around 7%.5 It can be concluded that new treat-
ment options are urgently required for this recalcitrant
cancer.6

The genome of SCLC is complex and druggable targets
are limited.7–9 Although several molecular targeted agents
have been tested as first-line treatment for SCLC, none of
these treatments have improved overall survival.10 SCLC is
closely associated with smoking and it has a relatively high
tumor mutation burden (TMB).11 Theoretically, SCLC is a
tumor type that should benefit from immunotherapy.
Immune checkpoint drugs targeting programmed death
1 (PD-1) and programmed cell death ligand 1 (PD-L1),
two important immune checkpoints, have already been
approved for use against a variety of solid tumors. Hence,
immune checkpoint inhibitors (ICIs) that may improve
survival have also being tested against SCLC.
The ICI nivolumab is a monoclonal antibody against

PD-1. Checkmate-032, a multicenter, open-label, phase
I/ II trial,12 evaluated the efficacy and safety of
nivolumab monotherapy and a combination of
nivolumab plus ipilimumab in patients with limit-stage
SCLC (LS-SCLC) or ES-SCLC after at least one
platinum-based chemotherapy regimen. The objective
response rate (ORR) was 11.9% in patients receiving
nivolumab monotherapy as third- or later-line (3L+)
treatment. The median duration of response (DoR) was
17.9 months.13 These results suggest that nivolumab
provided durable responses in patients with SCLC that
had progressed even with multiple lines of treatment.
The US Food and Drug Administration (FDA) subse-
quently approved nivolumab monotherapy for patients
with metastatic SCLC with progression after platinum-
based chemotherapy and at least one other line of ther-
apy.13 Thus, nivolumab became the first recommended
third-line treatment option for SCLC.

Because immunotherapy elicited a sustained response in
previously treated SCLC, immunotherapy was also
explored as a first-line treatment for ES-SCLC. The first
trial on PD-1/PD-L1 inhibitors as the first-line treatment
in patients with ES-SCLC was IMpower133.14 In that
study, the efficacy and safety of atezolizumab plus car-
boplatin and etoposide was compared with those of pla-
cebo plus carboplatin and etoposide. The median overall
survival (OS) increased by two months after atezolizumab
plus chemotherapy, and the risk of death was reduced by
30%. The IMpower133 study was the first phase III study
to show an improvement in OS following first-line sys-
temic treatment of ES-SCLC for more than 30 years. In
March 2019, the FDA approved atezolizumab in combina-
tion with cisplatin and etoposide for patients with ES-
SCLC as a first-line treatment option.15 These findings
changed the standard first-line therapy for patients with
ES-SCLC.16

The phase III CASPIAN study was another first-line
immunotherapy trial on patients with ES-SCLC.17 When
the results were initially published, the OS was 62.6%, and
the median OS was 13.0 months in the durvalumab plus
chemotherapy group, which was significantly better than
that in the chemotherapy alone group (10.3 months).
Recently, the results of this study were updated.18 The OS
rate increased to 82%, and the median OS rate was
12.9 months in the durvalumab plus chemotherapy group
compared to 10.5 months in the chemotherapy alone
group. Moreover, durvalumab plus chemotherapy reduced
the risk of death by 25%. However, the durvalumab and
tremelimumab plus chemotherapy groups in the CASPIAN
study did not show any improvement in OS and
progression-free survival (PFS) compared to the chemo-
therapy group.
The KEYNOTE-604 study was a randomized, double-

blind phase III trial comparing pembrolizumab (a PD-1
inhibitor) plus standard-of-chemotherapy with standard
chemotherapy in patients with previously untreated ES-
SCLC. The primary endpoints were PFS and OS. In the
interim analysis, pembrolizumab plus chemotherapy was
associated with improved PFS compared with chemother-
apy. However, in the final analysis, although patients still
benefited from prolonged PFS when using pembrolizumab
plus chemotherapy, no significant improvement in OS was
observed.19 The same was true for the combination of
nivolumab and chemotherapy in a separate phase II study.
The median PFS of nivolumab combined with chemother-
apy and chemotherapy alone were 5.5 and 4.7 months,
respectively, demonstrating a significant statistical differ-
ence.20 However, statistically significant differences in OS
at the secondary end point were not observed.
From the above studies, we conclude that PD-1/PD-L1

inhibitors combined with chemotherapy did not achieve
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consistent results in terms of improved OS in patients with
ES-SCLC. A similar conclusion was reached with respect to
PFS and ORR. Therefore, we conducted a meta-analysis of
data from published randomized controlled studies to fur-
ther analyze the efficacy and safety of PD-1/PD-L1 inhibi-
tors combined with standard chemotherapy as first-line
treatment in patients with ES-SCLC.

Methods

Search method

A literature search was performed using PubMed for stud-
ies published up to July, 2020. Recent abstracts (since
2018) from the European Society for Medical Oncology
(ESMO), American Society of Clinical Oncology (ASCO),
and World Conference on Lung Cancer (WCLC) were also
searched. The main search terminologies used were “small
cell lung cancer OR SCLC”, “extensive disease”, “PD-1/
PD-L1”, “pembrolizumab”, “nivolumab”, “atezolizumab”,
“durvalumab”, “avelumab”, and “chemotherapy.” Relevant
references of eligible clinical trials were also manually
searched.

Inclusion criteria

The suitability of the selected studies for further analysis
was assessed using the following inclusion criteria:
(i) prospective studies designed as randomized control tri-
als (RCTs); (ii) trials focused on comparing PD-1/PD-L1
inhibitors plus chemotherapy versus chemotherapy alone
in patients with untreated ES-SCLC; (iii) SCLC confirmed
by histopathology and/or cytology; (iv) studies that
reported HR with 95% confidence interval (95% CI) of PFS
and/or OS; (v) Abstracts that met the standards of the
European Society for Medical Oncology (ESMO), America
Society of Clinical Oncology (ASCO), and World Confer-
ence on Lung Cancer (WCLC) with adequate data; and
(vi) higher quality study among duplicate studies.

Data extraction

General information extracted from the literature included
the following: name of the study, year of publication, study
phase, therapy, sample size, PFS, OS, and adverse events
(AEs). Two authors (Zhang S and Li S) independently col-
lected data in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-analyses state-
ment21 by carefully reading the full text of the included lit-
erature. Discrepancies in the extracted data were resolved
by a third reviewer. The risk of bias of the trials was
assessed using the risk of bias tool of the Cochrane
Collaboration.

Statistical analysis

The meta-analysis was performed using Review Manager
version 5.3 software (RevMan; The Cochrane collaboration
Oxford, United Kingdom). A Q test and I2 were used to
assess heterogeneity among the studies. A random-effects
model was used when significant heterogeneity was indi-
cated (I2>50% and P < 0.10), otherwise, a fixed-effects
model was used. HR and 95% CI were collected to estimate
the pooled estimates for PFS and OS. If the HR was <1.0,
the treatment effect size for patients treated with PD-1/
PD-L1 inhibitor combined with chemotherapy was consid-
ered to be greater than that for patients treated with che-
motherapy alone. The odds ratio (OR) and 95% CI were
used to estimate the effect of ORR, one-year survival rate,
two-year survival rate, one-year DoR rate, one-year PFS
rate, and toxicity. Publication bias was estimated using
Begg’s test and Egger’s test. A two-sided P-value of <0.05
was used to determine statistical significance.

Results

Data characteristics and quality
assessment

A total of 317 studies were identified using the initial sea-
rch strategy. After excluding reviews, single-arm design
studies, and irrelevant studies, four high-quality
trials18,20,22,23 were included in this meta-analysis. The
complete screening process is depicted in a flow chart in
Figure 1. A total of 1538 patients were included in our meta-
analysis, including 772 patients in the PD-1/PD-L1 inhibitor
plus chemotherapy group and 766 patients in the placebo plus
chemotherapy or chemotherapy group. All four studies were
prospective randomized controlled studies: three were phase
III trials and one was a phase II trial. Three of the four studies
were international multicenter studies, and one had been con-
ducted in the United States. The baseline characteristics of all
four trials are summarized in Table 1.
Although IMpower133 and CASPIAN were studies on

PD-L1 inhibitors combined with chemotherapy,
KEYNOTE-604 and EA5161 were studies on PD-1 inhibi-
tors combined with chemotherapy. Only the IMpower133
study included carboplatin plus etoposide as the chemo-
therapy regimen. The other three studies used either car-
boplatin or cisplatin. The KEYNOTE-604 and
IMpower133 studies were randomized, double-blind,
placebo-controlled studies, with OS and PFS as the
coprimary endpoints. The CASPIAN study design included
three study cohorts: durvalumab combined with chemo-
therapy; durvalumab plus tremelimumab plus chemother-
apy; and chemotherapy alone groups. The CASPIAN study
reported OS as the primary endpoint. The primary
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Figure 1 Flow chart of trial
selection process.

Table 1 Characteristics of the randomized trials included in the meta-analysis

Study Latest data Phase
Regimens
(per arm)

Patients
enrolled

Age<65/
≥65

Male/
female

ECOG
PS(0/1)

Brain
metastases

KEYNOTE-604 Rudin et al22 III Pembrolizumab +
EP/EC

Placebo + EP/EC

228
225

115/113
101/124

152/76
142/83

60/168
56/169

33/195
22/203

IMpower13314 Horn et al14 and Reck
et al23

III Atezolizumab
+ EC

Placebo + EC

201
202

111/90
106/96

129/72
132/70

73/128
67/135

17/184
18/184

EA516120 Ticiana et al20 II Nivolumab +
EP/EC

EP/EC

75
70

NR 35/45
36/44

23/57
24/56

NR

CASPIAN17 Paz-Are et al17 and Luis
et al18

III Durvalumab +
EP/EC

EP/EC

268
269

167/101
157/112

190/78
184/85

99/169
90/179

28/240
27/242
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endpoint of the EA5161 study was PFS. The risk of bias
assessment is shown in Figure 2.

Overall survival

OS data from the four trials were directly available, without
significant heterogeneity (I2 = 0%, P = 0.97). The pooled
results show that PD-1/PD-L1 inhibitor plus chemotherapy
significantly improved the OS of ES-SCLC patients com-
pared with chemotherapy alone (HR: 0.76; 95% CI:
0.68–0.86; P < 0.00001) (Fig 3a).
The KEYNOTE-604, IMpower133, and CASPIAN

studies provided data for OS subgroup analysis. A com-
bination of PD-1/PD-L1 inhibitor and chemotherapy
significantly improved OS compared with chemotherapy
only, irrespective of patient sex, male (HR: 0.79; 95% CI:
0.68–0.91; P = 0.001) versus female (HR: 0.72; 95% CI:
0.58–0.89; P = 0.003); patient Cooperative Oncology
Group performance-status (ECOG PS), ECOG PS0 (HR:
0.74; 95% CI: 0.59–0.92; P = 0.006) versus ECOG PS1

(HR: 0.80; 95% CI: 0.69–0.92; P = 0.002); patient age,
≥65 years (HR: 0.74; 95% CI: 0.62–0.89; P = 0.001) ver-
sus age < 65 years (HR: 0.80; 95% CI: 0.68–0.94;
P = 0.007); or the presence/absence of baseline hepatic
metastases, with baseline hepatic metastases (HR: 0.80,
95% CI: 0.67–0.96, P = 0.010) versus without baseline
hepatic metastases (HR: 0.75; 95% CI: 0.64–0.87;
P = 0.0002). The aggregated results showed that PD-1/
PD-L1 inhibitor plus chemotherapy prolonged OS in
patients without brain metastases (HR: 0.75; 95% CI:
0.66–0.85; P < 0.0001), although this effect was not
observed in patients with brain metastases (HR: 1.00;
95% CI: 0.69–1.44; P = 1.000) (Fig S1–S10).
Data on the one-year survival rate and two-year survival

rate were available from three trials and two trials, respec-
tively. The pooled results showed that PD-1/PD-L1 inhibi-
tor plus chemotherapy was more advantageous with
respect to both the one-year OS rate (HR: 1.27; 95% CI:
1.13–1.43; P < 0.0001) and the two-year OS rate than che-
motherapy alone (HR: 1.71; 95% CI: 1.29–2.27; P = 0.0002)
(Fig 3b,c).

Progression-free survival

All four trials reported PFS. No heterogeneity was identi-
fied (I2 = 0%, P = 0.86). The pooled results showed that
PD-1/PD-L1 inhibitor plus chemotherapy could signifi-
cantly improve PFS in patients with ES-SCLC (HR: 0.76;
95% CI: 0.68–0.84; P < 0.00001) (Fig 4a).
Three trials reported a one-y PFS rate. No significant

heterogeneity was identified among these trials (I2 = 0%,
P = 0.64). Compared with chemotherapy alone, PD-1/PD-
L1 inhibitor plus chemotherapy significantly improved the
one-year PFS rate (HR: 3.02; 95% CI: 2.11–4.34;
P < 0.00001) (Fig 4b).
In addition, a subgroup analysis was performed based

on two trials. The aggregated results showed that PD-1/
PD-L1 inhibitor plus chemotherapy significantly improved
PFS compared with chemotherapy alone irrespective of
patient sex, male (HR: 0.75; 95% CI: 0.58–0.99 P = 0.040)
versus female (HR: 0.67; 95% CI: 0.53–0.87; P = 0.002);
ECOG PS status, ECOG PS0 (HR: 0.74; 95% CI: 0.57–0.97;
P = 0.030) versus ECOG PS1 (HR: 0.74; 95% CI: 0.62–0.88;
P = 0.0005); or patient age, ≥65 years (HR: 0.74; 95% CI:
0.60–0.90; P = 0.003) versus <65 years (HR: 0.73; 95% CI:
0.60–0.89; P = 0.002). Moreover, the pooled results showed
that PD-1/PD-L1 inhibitor plus chemotherapy prolonged
PFS in patients without brain metastases (HR: 0.71; 95%
CI: 0.61–0.83; P < 0.0001) and in patients without hepatic
metastases (HR: 0.67; 95% CI: 0.55–0.80; P < 0.0001).
However, this effect was not observed in patients with
brain metastases (HR: 1.03; 95% CI: 0.66–1.60; P = 0.900)

Figure 2 Risk of bias summary.
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or in patients with hepatic metastases (HR: 0.84; 95% CI:
0.67–1.06; P = 0.140) (Fig S11–S20).

Overall response rate

All four trials reported ORR. Compared to chemotherapy
alone, PD-1/PD-L1 inhibitor plus chemotherapy signifi-
cantly improved the ORR (HR: 1.10; 95% CI: 1.02–1.19;

P = 0.010) (Fig 5a). No apparent heterogeneity was
observed among the studies (I2 = 23%, P = 0.27).

One-year duration of response rate

Only IMpower133 reported the HR of the median DoR,
although three studies reported the one-year DoR rate
data. Therefore, the one-year DoR rate was pooled. Unlike

Figure 4 Forest plot of meta-analysis for (a) progression-free survival; and (b) and one-year progression-free survival rate.

Figure 3 Forest plot of meta-analysis for (a) overall survival; (b) one-year overall survival rate; and (c) two-year overall survival rate.
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chemotherapy only, the PD-1/ PD-L1 inhibitor plus che-
motherapy significantly improved the one-year DoR rate
(HR: 3.46; 95% CI: 2.24–5.33; P < 0.00001). No apparent
heterogeneity was observed among the studies (I2 = 0%,
P = 0.43) (Fig 5b).

Toxicity

We assessed the toxicities of immune-mediated adverse
events (imAEs) at all grades based on three trials of PD-1/
PD-L1 inhibitor plus chemotherapy versus chemotherapy
alone, and imAEs at grade 3 or above based on two trials.
The pooled estimates suggest that the PD-1/PD-L1 inhibi-
tor plus chemotherapy regimen induced a significantly

higher rate of both all-grade imAEs (HR: 3.77; 95% CI:
1.99–7.15, P < 0.0001) and grade 3 or above imAEs (HR:
7.01; 95% CI: 2.48–19.81; P = 0.0002) (Fig 6a,b).

Publication bias

To avoid publication bias as much as possible, trials were
selected strictly according to the inclusion criteria. How-
ever, as only four studies were included, it was not possible
to derive Begg’s funnel plot to evaluate publication bias. A
plot was, however, included only for reference. No publica-
tion bias for OS and PFS was observed from this plot
(P = 1.000 and P = 0.174). To prove the robustness of our
results, a sensitivity analysis was conducted. According to

Figure 5 Forest plot of meta-analysis for (a) objective response rate; and (b) one-year duration of response rate.

Figure 6 Forest plot of meta-analysis for (a) all grade immune-mediated adverse events; and (b) grade 3 or above immune-mediated adverse events.
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this analysis, the results were not affected by the exclusion
of each trial, indicating that the conclusion was robust.

Discussion

Prior to the application of immunotherapy, the median OS
of patients with ES-SCLC was approximately 10 months.
According to the IMpower133 study,14 an increase in OS
by almost two months could be achieved by using
atezolizumab plus etoposide/carboplatin. Subsequently, the
CASPIAN study confirmed that durvalumab plus chemo-
therapy could improve OS in ES-SCLC.17 Both studies
established a new optimal criterion for first-line treatment
of ES-SCLC. A series of validation studies have also been
initiated using other PD-1/PD-L1 inhibitors. The results of
several additional studies on the application of PD-1/ PD-
L1 inhibitors in combination with chemotherapy as a first-
line treatment for ES-SCLC have since been published.
In the present study, we conducted a meta-analysis of

published prospective studies reporting the results of first-
line treatment of ES-SCLC with PD-1/PD-L1 inhibitor plus
chemotherapy. In total, four prospective randomized con-
trolled studies matched the inclusion criteria and were
selected for meta-analysis. Our results showed that PD-1/
PD-L1 inhibitor plus chemotherapy achieved a clinically
significant improvement in OS compared with standard
chemotherapy alone. In addition, PFS was significantly
prolonged during first-line treatment of ES-SCLC. How-
ever, no advantages related to ORR were noted, and
immunotherapy-related toxicity was significantly increased.
This latter observation demands further careful
consideration.
Although cotreatment with chemotherapy and one of

the two PD-L1 inhibitors—atezolizumab or durvalumab—
prolonged the OS in patients with ES-SCLC, cotreatment
with chemotherapy and one of the two PD-1 inhibitors—
pembrolizumab or nivolumab—showed only a tendency to
prolong OS (the differences in OS were not statistically sig-
nificant). In addition, while the OS rate at 12 and
24 months was consistent in several studies, PD-1/ PD-L1
inhibitor combination chemotherapy significantly
improved the OS rate at 12 and 24 months. Thus, our
meta-analysis confirmed that immunotherapy combined
with chemotherapy could improve median OS, and was
associated with an increase in OS at 12 and 24 months.
Because immunotherapy is characterized by sustained effi-
cacy and delayed benefit, it may not be possible to accu-
rately evaluate the efficacy of immunotherapy using
median PFS or OS as the endpoint.24 A previous meta-
analysis of 25 non-small cell lung cancer (NSCLC) studies
found that the strongest correlation involving OS was with
the OS rate at 12 months.25 Thus, the optimal endpoint of

immunotherapy may be different from that of chemother-
apy and should be explored in future studies.
Brain metastasis is associated with a poor SCLC progno-

sis. Approximately 10%–25.8% of patients with SCLC at
diagnosis had symptomatic or asymptomatic brain
metastases.26–30 The effects of chemotherapy in patients
with brain metastasis are limited, and whole brain radio-
therapy is the current therapeutic model for SCLC with
brain metastasis. Recently, a Phase II study reported the
preliminary efficacy of pembrolizumab for patients with
NSCLC with untreated brain metastases.31 Thus, immuno-
therapy may be effective for treating intracranial lesions.
First-line immunotherapy studies that enrolled ES-SCLC
patients with asymptomatic or stable brain metastases for
treatment included the IMpower133, CASPIAN, and
KEYNOTE-604 trials. Nonetheless, only in the CASPIAN
study (durvalumab plus chemotherapy) was the OS of all
patients improved (with or without brain metastasis at
baseline) compared to chemotherapy alone.17

In the KEYNOTE-604 study,19 brain metastases
occurred in 14.5% of patients in the pembrolizumab treat-
ment group and 9.8% of patients in the control group. A
higher proportion of patients with brain metastases were
observed in the pembrolizumab in combination with che-
motherapy group (in the KEYNOTE-604 study) compared
with the durvalumab in combination with chemotherapy
group (10%) in the CASPIAN study or the atezolizumab
plus chemotherapy group (8.5%) in the IMpower133
study.14, 17 The higher proportion of patients with brain
metastases in the pembrolizumab treatment group could
be one of the reasons why the KEYNOTE-604 study did
not achieve positive results. Overall, a total of 145 patients
with brain metastasis were included in these studies,
including 78 patients in the immunotherapy combined
with chemotherapy group and 67 patients in the chemo-
therapy alone group. Therefore, the sample size was very
limited. It should also be noted that the criteria for inclu-
sion of patients with brain metastases varied among the
three studies. We conclude that the question of whether
immunotherapy combined with chemotherapy could be a
viable therapeutic option for SCLC with brain metastasis
needs further exploration.
Another factor affecting the prognosis of SCLC is liver

metastasis. In total, 20.3%–44.8% of SCLC patients pres-
ented with liver metastases at the time of diagnosis.30,32,33

It has previously been reported that the one-year survival
rate of SCLC patients with liver metastasis is less than
20%.33 In the KEYNOTE-189 study (2019 AACR),
pembrolizumab plus chemotherapy improved PFS and OS
in nonsquamous NSCLC patients with liver metastases
unlike chemotherapy alone. Thus, immunotherapy may
benefit patients with liver metastasis. Although patients
with liver metastases were included in all three phase III
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studies of first-line immunotherapy for ES-SCLC, specific
research on immunotherapy for SCLC patients with liver
metastasis is lacking. In our meta-analysis, we analyzed
data from a subgroup of patients with liver metastasis.
Compared with chemotherapy alone, immunotherapy in
combination with chemotherapy could improve the OS in
patients with liver metastasis, suggesting that immunother-
apy plus chemotherapy may be a more effective treatment
model for SCLC patients with liver metastasis than chemo-
therapy alone.
PFS is an important index of efficacy, and was used as

the primary endpoint in three of the four included studies.
Compared with chemotherapy alone, PD-1/ PD-L1 inhibi-
tor in combination with chemotherapy showed a statisti-
cally significant improvement in PFS. However, PFS was
only the secondary endpoint in the CASPIAN study, and
no statistically significant difference in PFS was observed
between the chemotherapy alone group and the
durvalumab in combination with chemotherapy group.
Over all four studies, the median PFS in the immunother-
apy plus chemotherapy group was 4.8–5.5 months, while
the median PFS in the chemotherapy alone group was
4.3–5.4 months. Although it was confirmed in our meta-
analysis that immunotherapy combined with chemother-
apy was able to bring about a statistical improvement in
PFS, the clinical significance was limited. Similarly,
although the meta-analysis suggested that ORR was statis-
tically improved in the immunotherapy in combination
with chemotherapy group, there were no breakthroughs
for ORR compared with the historical data. We suggest
that enrichment of the benefit population is a possible
strategy to improve the effect of ES-SCLC.
Biomarkers are key to improving the efficacy of first-line

immunotherapy for SCLC. However, studies indicate that
neither the expression of PD-L1 nor TMB could predict
the efficacy of first-line immunotherapy for ES-SCLC.14,
17, 19 Recently, studies on the molecular types of SCLC
have found that SCLC with the Y subtype showed high
expression of immune response-related genes, significant T
cell receptor rearrangement, and significantly high expres-
sion of HLA, suggesting that SCLC subtype Y may benefit
from immunotherapy.34, 35 In addition, SCLC with low
neuroendocrine phenotype was found to show increased
levels of immune cell infiltration and higher expression of
poliovirus receptor (PVR), indoleamine 2,3-dioxygenase
(IDO), major histocompatibility complex II (MHCII), and
T cell immunoglobulin and mucin-domain containing-3
(TIM3) proteins than the high neuroendocrine phenotype.
The results of these studies suggest that therapeutic strate-
gies involving PVR, IDO, and TIM3 combined with PD-1/
PD-L1 inhibitors may complement each other synergisti-
cally, and that this is a potential strategy to improve the
efficacy of first-line immunotherapy for SCLC.36

Our study has several limitations. As only four studies
have been published thus far, and numerous studies on
first-line treatment of ES-SCLC with PD-1/PD-L1 inhibi-
tors in combination with chemotherapy are ongoing, the
conclusions obtained from the current meta-analysis will
need to be updated and confirmed. Second, our meta-
analysis did not stratify the analysis of PD-1 and PD-L1
inhibitors. With accumulation of more data on PD-1 or
PD-L1 inhibitors combined with chemotherapy, a supple-
mentary analysis will be conducted to determine whether
there is a difference in efficacy between PD-1 inhibitor plus
chemotherapy and PD-L1 inhibitor plus chemotherapy as
first-line treatment in patients with ES-SCLC. Finally,
treatment of SCLC with CTLA-4 (cytotoxic T lymphocyte
antigen-4) inhibitors did not provide additional benefits.
Neither ipilimumab plus chemotherapy nor tremelimumab
plus durvalumab and chemotherapy improved OS in
patients with ES-SCLC. Therefore, studies containing
CTLA-4 inhibitors were not included in our study. At pre-
sent, new treatment modes such as PD-1/ PD-L1 inhibitor
and chemotherapy combination plus antiangiogenic tyro-
sine kinase inhibitors or T cell immunoglobulin and ITIM
domain (TIGIT) inhibitors are being explored for ES-
SCLC. These new regimens will hopefully show additional
clinical benefits in the treatment of ES-SCLC.
In conclusion, our meta-analysis provides further

evidence regarding first-line treatment of ES-SCLC with
PD-1/PD-L1 inhibitors combined with chemotherapy.
However, the combination treatment increases immune-
related toxicity, and this needs to be addressed. Future
strategies to improve the effects of this first-line treatment
in patients should include analysis of biomarkers and
exploration of new combined immunotherapy strategies.
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