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Abstract: Small-cell lung cancer (SCLC) is a type of neuroendocrine neoplasms with high aggressiveness and poor 
prognosis. Chemotherapy has been the standard first-line therapy for SCLC over the past several decades. In recent 
years, results of randomized phase III CASPIAN and IMpower-133 trials indicated that the combination of immune 
checkpoint inhibitors (ICIs) with platinum-etoposide chemotherapy improved the overall survival (OS) of patients 
with extensive stage small-cell lung cancer (ES-SCLC), which has transformed the treatment model for ES-SCLC. ICIs 
combined with chemotherapy has become the new first-line standard treatment of ES-SCLC with the latest research 
results from CASPIAN and ASTRUM-005 studies. This review summarizes the recent progress of ICIs in the treat-
ment of ES-SCLC and expounds the mode and efficacy of immunotherapy for ES-SCLC. Future research focused on 
exploring basic SCLC biology and identifying novel predictive biomarkers in response to ICIs in ES-SCLC is essential. 
Double-ICIs treatment strategies, bispecific antibodies, and ICIs combined with other therapies, such as chemo-
therapy, radiotherapy, and targeted therapy, represent a new modality and show great promise for the treatment of 
ES-SCLC, which should achieve greater therapeutic effects through multiple synergistic mechanisms.
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Introduction

Lung cancer is one of the most common malig-
nant tumors as well as the most lethal malig-
nancy [1]. Unlike non-small cell lung cancer 
(NSCLC), small cell lung cancer (SCLC) belongs 
to neuroendocrine neoplasms and exhibits ra- 
pid growth, high invasiveness, early regional 
and distant metastasis, and poor prognosis. 
SCLC accounts for around 10%-15% of all lung 
cancer cases and approximately 70% newly 
diagnosed cases are in the extensive stage 
when first confirmed, by which stage the dis-
ease has spread beyond one hemithorax and 
cannot be limited to one radiation field [2]. 

Over the past several decades, chemotherapy 
has been the most important therapeutic strat-
egy for extensive-stage small cell lung cancer 
(ES-SCLC). Currently, etoposide combined with 

platinum remains the standard first-line the- 
rapy. On the one hand, cancer cells of SCLC 
patients are hypersensitive to chemotherapy 
and radiotherapy, yet patients often suffer ra- 
pid relapses and poor prognosis. The median 
overall survival (OS) of ES-SCLC patients is 
about 10 months, with 2-year survival rate at 
less than 5% and 5-year survival rate only 2% 
[3, 4].

In the last few years, the arrival of the immuno-
therapy era has brought about new ideas and 
innovations in treating SCLC. Clinical studies 
such as those of Impower133 and CASPIAN 
have made a significant breakthrough in first-
line therapies of ES-SCLC [2, 5-7]. During the 
2021 European Society for Medical Oncology 
(ESMO) Congress that took place from Septe- 
mber 16 to 21, the phase 3 CASPIAN trial pub-
lished its latest research results on the three-
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year overall survival (OS) of ES-SCLC patients 
[7]. Compared with chemotherapy monothera-
py, combination immuno-chemotherapy can 
improve one-year progression-free survival 
(PFS) and three-year OS by more than 3 times. 
Immuno-checkpoint inhibitors (ICIs) combined 
with chemotherapy drugs have become the 
new first-line standard of ES-SCLC. ICIs also 
exhibited some anti-tumor activity in third-line 
or follow-up treatment of patients with disease 
recurrence. This article summarizes the much-
anticipated emerging ICI research results in  
the field of ES-SCLC treatment, and elaborates 
on the rationale and therapeutic strategy of 
immunotherapy. 

Normally our immune system can identify new 
cancer cells via immune surveillance and at- 
tack and eliminate the tumor cells [8]. First, 
innate immune responses are activated, where 
natural killer cells recognize the antigens on 
the surface of cancer cells and deflake malig-
nant cells to activate antigen-presenting cells 
(APCs) such as macrophages and dendritic ce- 
lls [9]. Second, APCs can present the cancer 
cell ligand to B cells, and CD4+ or CD8+ T cells 
after absorbing, processing, and presenting 
lysed cells, and release the tumor necrosis  
factor (TNF) [10]. These effector cells would 
express antibody which can bind to the specific 
antigens on the surface of cancer cells to 
attack malignant cells [11, 12]. This dual sig-
naling regulatory mechanism plays an impor-
tant role in the activation of effector T cells. 
Positive co-stimulatory molecules, such as 
CD28/B7, can enhance effector T cell activa-
tion [13]. The CTLA4 or PD-1/PD-L1 signaling 
pathway components, which can help tumor 
cells escape attacks from immune cells, are 
negative molecules [14, 15]. Tumor cells may 
go dormant to maintain the balance between 
cancer cells and the immune system. Under 
persistent pressure from the immune system, a 
series of gene mutations may occur in cancer 
cells [16, 17]. The negative molecules and gene 
mutations will result in the immune escape of 
tumors.

SCLC is characterized by high tumor mutational 
load [18, 19], which was thought to enhance 
the activation of the immune system [20-22]. 
However, SCLC actually suppresses immune 
effects. Effector and regulatory T cells play an 
important role in specific anti-tumor immune 

response pathways. In particular, regulatory T 
cells help tumor cells escape the attack of 
effector cells by downregulating immune re- 
sponses [23]. High levels of regulatory T cells 
were observed in the peripheral blood of 
ES-SCLC patients, but the level is low in long-
term ES-SCLC survivors, which was thought to 
be a mechanism to downregulate anti-tumor 
immune responses [24, 25]. High levels of tu- 
mor-infilltrating lymphocytes (TILs) in the tumor 
microenvironment in SCLC patients are associ-
ated with better survival benefits, where para-
normal T cells, CD8+ cells, and CD45+ T cells 
can be found in long-term SCLC survivors [26-
28]. Decreased TILs and a lack of major histo-
compatibility complex (MHC) proteins might be 
a potential mechanism that helps SCLC cells 
escape being eliminated by the immune system 
[29, 30].

Currently, ICIs such as anti-CTLA-4 and anti-PD-
(L) 1 are the most advantageous and widely 
used immuno-drugs and target programmed 
death-(L) 1 and cytotoxic T-lymphocyte associ-
ated protein 4 signaling pathways. ICIs com-
bined with PD-(L) 1 or CTLA-4 could inhibit the 
negative co-stimulatory signals and activate 
effector T cells to restore anti-tumor immune 
responses [31, 32]. A list of clinical trials of 
immune checkpoint inhibitors are shown in 
Tables 1-3.

Anti-PD-L1 inhibitors

The two phase 3 clinical trials for IMpower133 
and CASPIAN have pioneered the safety and 
efficacy of immunotherapy combined with che-
motherapy as first-line treatment of ES-SCLC 
[2, 3, 5, 6].

The CASPIAN study

The phase 3 CASPIAN study updated its three-
year overall survival in the 2021 ESMO con-
gress in September [6]. As a global, random-
ized, open-label and multicenter clinical study, 
the CASPIAN trial recruited treatment-naïve 
ES-SCLC patients (n=805), with asymptomatic 
or treated and stable brain metastases permit-
ted to be involved. Patients were divided into 
three groups to receive EP, durvalummab + EP 
(D+EP), and durvalummab + tremelimumab + 
EP (D+T+EP) respectively. Compared with EP 
monotherapy, the OS of the D+EP group leads 
by a vast margin. The median overall survival 
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Table 1. Summary of clinical trials about anti-PD-L1 in ES-SCLC

Trial Phase No. of 
Patients Treatment FDA  

Approval OS PFS ORR (%) AEs (%)

CASPIAN III 537 Durvalumab + chemotherapy 
vs. chemotherapy 

Yes 12.9 vs. 10.5 months (HR, 0.71; 
95% CI: 0.60-0.86; P=0.0003)

5.1 vs. 5.4 months (HR, 0.78; 
95% CI: 0.65-0.94; p=0.0003)

68 vs. 58 Serious AEs 
32.5 vs. 36.5

IMpower133 III 403 Atezolizumab + chemotherapy 
vs. chemotherapy

Yes 12.3 vs. 10.3 months (HR, 0.70; 
95% CI: 0.54-0.91; P=0.007)

5.2 vs. 4.3 months (HR, 0.77; 
95% CI: 0.62-0.96; p=0.02) 

60.2 vs. 64.4 Grade 3/4 AEs 
56.6 vs. 56.1 

IFCT-1603 II 73 Atezolizumab vs. chemotherapy Yes 9.5 vs. 8.7 months (HR, 0.84; 
95% CI: 0.45-1.58; P=0.60)

1.4 (95% CI: 1.2-1.5) vs. 4.3 
(95% CI: 1.5-5.9) 

2.3 (95% CI:  
0.0-6.8) 

Grade 3/4 AEs 
4.2 vs. 75 

OS: overall survival; PFS: progression-free survival; ORR: objective response rate; AEs: adverse events.

Table 2. Summary of clinical trials about anti-PD-1 in ES-SCLC

Trial Phase No. of 
Patients Treatment FDA  

Approval OS PFS ORR (%) AEs (%)

ASTRUM-005 III 585 Serplulimab + chemo-
therapy vs. chemo-
therapy 

No 15.38 vs. 11.0 months (HR, 
0.62; 95% CI, 0.48-0.80; 
p<0.001)

n.r. n.r. n.r.

KEYNOTE-604 III 453 Pembrolizumab + che-
motherapy vs. chemo-
therapy

No 10.8 vs. 9.7 months (HR, 0.80; 
95% CI, 0.64-0.98; p=0.0164)

4.5 vs. 4.3 months (HR 
0.75, 95% CI 0.61-0.91, 
p=0.0023) 

70.6 vs. 61.8 Grade 3/4 AEs 76.7 
vs. 74.9

CheckMate-451 III 834 Nivolumab vs. Nivolum-
ab plus Ipilimumab vs. 
Placebo

No 10.4 months (9.5 to 12.1) vs. 
9.2 months (8.2 to 10.2) vs. 9.6 
months (8.2 to 11.0)

1.9 months (1.6 to 2.6) vs. 
1.7 months (1.5 to 2.6) vs. 
1.4 months (1.4 to 1.5)

11.5 vs. 9.1 vs. 4.2 Grade 3/4 AEs 11.5 
vs. 52.2 vs. 8.4

CheckMate-331 III 569 Nivolumab vs. Topotecan 
or amrubicin 

No 7.5 months vs. 8.4 months (HR, 
0.86; 95% CI, 0.72-1.04) 

1.4 months (95% CI:  
1.4-1.5) vs. 3.8 months 
(95% CI: 3.0-4.2)

13.7 vs. 16.5 Grade 3/4 AEs 13.8 
vs. 73.2

PASSION II 47 camrelizumab plus 
apatinib 

No 8.4 months *(9.6 months vs. 
8.0 months)

3.6 months *(3.6 months 
vs. 2.7 months)

34 (95% CI:  
20.9-49.3) *(37.5% 
versus 32.3%) 

Grade 3 or higher 
AEs 72.9

KEYNOTE 158 II 107 Pembrolizumab No 9.1 months (95% CI, 5.7-14.6) 2 months (95% CI: 1.9-
2.1) 

18.7 (95% CI:  
11.8-27.4) 

Treatment-related 
AEs 59

A phase II study II 45 Pembrolizumab No 9.6 months (95% CI, 7.0-12.0) 1.4 months (95% CI:  
1.3-2.8)

11.1 (95% CI:  
4.8-23.5)

All grades AEs. 10 or 
higher

CheckMate-032 I/II 243 Nivolumab vs.  
Nivolumab + Ipilimumab

No 5.7 months (3.8-7.6) vs. 4.7 
months (3.1-8.3)

1.4 months (1.3-1.4) vs. 
1.5 months (1.4-2.2)

11.6 vs. 21.9 Grade 3/4 AEs 12.9 
vs. 37.5

KEYNOTE 028 IB 24 Pembrolizumab No 9.7 months (95% CI, 4.1-n.r.) 1.9 months (95% CI:  
1.7-5.9) 

33.3 Grade 3 or higher 
AEs 8.3

OS: overall survival; PFS: progression-free survival; ORR: objective response rate; AEs: adverse events; n.r.: not reported. *Chemotherapy-sensitive and chemotherapy-resistant patients.
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Table 3. Summary of clinical trials about anti-CTLA-4 in ES-SCLC

Trial Phase No. of 
Patients Treatment FDA  

Approval OS PFS ORR (%) AEs (%)

CheckMate 451 III 834 Nivolumab plus Ipilimumab vs. 
Nivolumab vs. placebo

No 9.2 months vs. 9.6 months 
(HR, 0.92; 95% CI: 0.75-1.12; 
P=0.37)

1.7 months (1.5-2.6) vs. 1.9 
months (1.6-2.6) vs. 1.4 
months (1.4-1.5) 

9.1 vs. 11.5 
vs. 4.2

Grade 3/4 AEs 
52.2 vs. 11.5 
vs. 8.4

CASPIAN trial III 537 Durvalumab + Tremelimumab + 
chemotherapy vs. chemotherapy 

Yes 10.4 months vs. 10.5 months 
(HR, 0.81; 95% CI, 0.67-0.97; 
P=0.02)

16.9% (95% CI: 12.6-21.7) 
vs. 5.3% (95% CI: 2.9-8.8) 

58 vs. 58 Serious AEs 
47.4 vs. 36.5

CA184-156 III 1132 Ipilimumab + chemotherapy vs. 
chemotherapy 

No 11 months vs. 10.9 months 
(HR 0.94; 95% CI: 0.81-1.09; 
P=0.3775)

4.6 months vs. 4.4 months 
(HR 0.85; 95% CI: 0.75-0.97; 
P=0.0161)

62 vs. 62 Grade 3/4 AEs 
48 vs. 45

CheckMate-032 I/II 243 Nivolumab vs. Nivolumab + 
Ipilimumab

No 5.7 months (3.8-7.6) vs. 4.7 
months (3.1-8.3)

1.4 months (1.3-1.4) vs. 1.5 
months (1.4-2.2)

11.6 vs. 21.9 Grade 3/4 AEs 
12.9 vs. 37.5

OS: overall survival; PFS: progression-free survival; ORR: objective responserate; AEs: adverse events.
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(mOS) of the D+EP group was extended by two 
months (12.9 months vs. 10.5 months, HR, 
0.71; 95% CI: 0.60-0.86; P=0.0003) [6]. The 
two-year OS rate of the D+EP group to EP group 
was 22.9% vs. 13.9% and the three-year OS 
rate of the D+EP group to the EP group was 
17.6% vs. 5.8% [2, 6]. The significant long-term 
OS benefit of the D+EP group showed long sur-
vival-smearing of immunotherapy. However, 
patients of the D+T+EP did not acquire any 
improved mOS benefits (10.4 months vs. 10.5 
months; HR, 0.81; 95% CI: 0.67-0.97; P=0.02).

In the CASPIAN study, the rate of serious ad- 
verse events (AEs) of the D+EP and EP group 
were 32.5% and 36.5% respectively, and the 
rates of AEs leading to death were 5.3% and 
6.0% respectively. This significant phenomenon 
means that adverse events were not increased 
by durvalummab. On the one hand, the three-
year OS of the D+EP group proved overwhelm-
ingly advantageous and was more than three 
times compared with the EP group. On the 
other hand, 1, 1.5, and 2-year PFS were also 
superior than the EP group by more than 3 
times. All these data confirm that durvalum-
mab combined with chemotherapy has not only 
remarkable efficacy but also favorable safety, 
and its adverse events can be tolerated.

The IMpower133 study

Another similar phase III study on IMpower133 
also recruited 403 treatment-naïve ES-SCLC 
patients. The patients were divided into 2 
groups who received EP or atezolizumab (an 
anti-PD-L1 inhibitor)+EP [5]. The major end-
points OS and PFS evaluated. Results showed 
that the mOS of patients who received ate- 
zolizumab+EP (A+EP) was two months longer 
than patients who received EP (12.3 months 
vs. 10.3 months, HR, 0.70; 95% CI: 0.54-0.91; 
P=0.0096), and the median PFS of patients 
who received A+EP was one month longer than 
patients who received EP (5.2 months vs. 4.3 
months, HR, 0.77; 95% CI: 0.62-0.96; P=0.017). 
A+EP treatment yielded significant 1-year OS 
(51.7% vs. 38.2%) and PFS benefits (12.6% vs. 
5.4%) and reduced the risk of death by 30%.

As the first clinical study on immunotherapy in 
SCLC that showed two significant endpoints 
benefits simultaneously, OS and PFS, atezoli-
zumab was approved for first-line treatment of 
ES-SCLC by the FDA in March, 2019.

However, there were no statistical difference  
in the objective response rate (ORR) between 
combined treatment and chemotherapy in the 
2 phase III trials. Survival curves suggest that 
the advantage of immunotherapy combined 
with chemotherapy only became apparent 6 
months later. Compared with NSCLC, 2-months 
OS benefits of combined therapy are too short, 
which may be related to the fact that some 
SCLC patients cannot benefit from immuno-
therapy. Therefore it is important to identify  
the patients who can actually benefit from 
immunotherapy. 

The IFCT-1603 trial

The efficacy of atezolizumab versus chemo- 
therapy in the treatment of SCLC has been 
explored in IFCT-1603 trial [33]. A total of 73 
patients were divided randomly (2:1) into the 
atezolizumab (n=49) and chemotherapy groups 
(n=24). No median OS benefit was observed in 
the atezolizumab group versus chemotherapy 
(9.5 months vs. 8.7 months; HR, 0.84; 95% CI: 
0.45-1.58; P=0.60). The median PFS of the 
atezolizumab group was 1.4 months (95% CI: 
1.2-1.5), and the median PFS of the chemo-
therapy group was 4.3 months (95% CI: 1.5-
5.9). The IFCT-1603 trial did not find any signifi-
cant therapy efficacy for atezolizumab.

In those studies of PD-L1 inhibitors, the two 
phase 3 clinical trials for IMpower133 and 
CASPIAN have pioneered the safety and effica-
cy of immunotherapy combined with chemo-
therapy as first-line treatment of ES-SCLC. 
Atezolizumab and Durvalumab have been app- 
roved for first-line treatment of ES-SCLC by the 
Food and Drug Administration (FDA). However, 
in IFCT-1603 trial no OS benefit was observed 
in the atezolizumab group versus chemothera-
py. The IFCT-1603 trial did not find any signifi-
cant therapy efficacy for atezolizumab.

Anti-PD-1 inhibitors

The ASTRUM-005 study

In December 2021, interim analysis of the 
ASTRUM-005 trial, an international multi-cen-
ter phase III study that explores the efficacy 
and safety of serplulimab, was disclosed in 
Shanghai. The primary endpoint of the AST- 
RUM-005 trial is OS, and the secondary end-
points included PFS, ORR, DOR, and safety. 



ICIs on ES-SCLC

2452	 Am J Cancer Res 2022;12(6):2447-2464

Until October 22, 2021, a total of 585 eligible 
patients had been enrolled in the study with 
389 patients receiving serplulimab plus EP  
and 196 patients receiving placebo plus EP. 
The median OS of the serplulimab group and 
placebo group was 15.38 months vs. 11.10 
months (HR, 0.62; 95% CI: 0.48-0.80; P< 
0.001). The rates of 2-year OS were 43.2% and 
8.0% respectively. In the Asian subgroup, the 
median OS of the serplulimab group vs. place-
bo group was 16.03 months vs. 11.10 months 
(HR, 0.59; 95% CI: 0.44-0.79; P<0.001).

Results of the ASTRUM-005 trial indicated that 
serplulimab in combination with chemotherapy 
could improve OS significantly in first-line treat-
ment of ES-SCLC with good performance on 
safety. Such favorable survival benefits are 
expected to make serplulimab the first PD-1 
drug for first-line treatment of ES-SCLC. 

The KEYNOTE-604 study

Compared with the significant achievements  
of the CASPIAN and IMpower133 trials aim- 
ed at anti-PD-L1 inhibitors, results from the 
KEYNOTE-604 study for the anti-PD-1 inhibitor 
pembrolizumab did not go as well [34]. Although 
pembrolizumab combined with chemotherapy 
improved mPFS (HR=0.75; 95% CI: 0.61-0.91; 
P=0.0023), immunotherapy did not obtain a 
good OS benefit (10.8 months vs. 9.7 month; 
HR=0.75; 95% CI: 0.61-0.91; P=0.0023).

The CheckMate-451 trial

In the CheckMate 451 trial, nivolumab or ni- 
volumab plus ipilimumab as maintenance ther-
apy after chemotherapy, did not improve mOS 
(HR, 0.92; 95% CI: 0.75-1.12; P=0.3693) or 
mPFS versus placebo either [35]. Compared 
with the placebo, OS was not statistically im- 
proved with nivolumab combined with ipilim-
umab (9.2 vs. 9.6 months; HR, 0.92; 95% CI: 
0.75-1.12; P=5.37), as well as nivolumab (10.4 
vs. 9.6 months; HR, 0.84; 95% CI: 0.69-1.02). 
Significant benefits were also not observed 
regarding PFS in patients with nivolumab (HR, 
0.72; 95% CI: 0.60-0.87) or nivolumab plus  
ipilimumab (HR, 0.67; 95% CI: 0.56-0.81). In 
the nivolumab group, grade 3-4 AE was 11.5%, 
which was superior to the placebo group  
(8.4%). In summary, anti-PD-L1 inhibitors are 
superior to anti-PD-1 inhibitors treating ES- 
SCLC patients.

The CheckMate-331 trial

The randomized and open-label clinical Check- 
Mate 331 trial was intended to explore the 
function of nivolumab versus chemotherapy in 
patients with relapsed SCLC [36]. Compared 
with chemotherapy monotherapy, patients in 
the nivolumab group had no observable better 
OS (7.5 months vs. 8.4 months; HR, 0.86; 95% 
CI: 0.72-1.04; P=0.11) or PFS benefits (1.4 
months vs. 3.8 months; HR, 1.41; 95% CI: 0.50-
1.27). The rates of grade 3-4 AEs were 13.8% 
and 73.2%. Overall, nivolumab did not provide 
significant survival benefits and brought about 
more adverse events in the treatment of re- 
lapsed SCLC compared to chemotherapy.

The PASSION trial

The phase 2 PASSION trial explored the efficacy 
of camrelizumab plus apatinib in second-line 
ES-SCLC treatment after chemotherapy [37]. In 
the initial stage of this study, patients were  
randomized to receive camrelizumab every 2 
weeks plus once daily apatinib (QD), with 5 days 
on/2 days off or 7 days on/7 days off. Then one 
cohort was expanded to 45 patients according 
to the first cycle (28 days) data. In 47 patients 
of the QD cohort, mOS were 8.4 months, mPFS 
3.6 months and ORR 34.0% (95% CI: 20.9-
49.3). The rates of grade 3-4 or higher AEs 
were 72.9%. The PASSION trial showed that 
camrelizumab combined with apatinib had the 
potential to be an anti-tumor strategy for sec-
ond-line ES-SCLC treatment.

The CheckMate-032 trial

The multicenter, open-label, phase 1/2 Che- 
ckMate-032 trial explored the application of 
nivolumab plus ipilimumab in third-line treat-
ment of ES-SCLC [38]. Patients were random-
ized to the nivolumab group (n=147) or the 
nivolumab plus ipilimumab group (n=96). Nivo- 
lumab plus ipilimumab could increase ORR 
compared to the nivolumab group (21.9% vs. 
11.6%; odds ratio, 2.12; 95% CI: 1.06-4.26; 
P=0.03), with median OS of 5.7 months (95% 
CI: 3.8-7.6) and 4.7 months (95% CI: 3.1-8.3), 
respectively. The rates of 24-month OS were 
17.9% (nivolumab) and 16.9% (nivolumab plus 
ipilimumab). The rates of grade 3-4 AEs were 
12.9% (nivolumab) and 37.5% (nivolumab plus 
ipilimumab). Combination therapy appeared to 
have higher toxicity compared to nivolumab 
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monotherapy. Despite ORR of nivolumab plus 
ipilimumab group being higher, OS benefits 
were similar between the two groups. 

Keynote 028/158

The Keynote 028 and 158 trials investigated 
the anti-tumor activity of pembrolizumab in sev-
eral different cancer types. Patients with can-
cer progression after standard therapy or those 
not suitable to receive standard treatment met 
the recruitment criteria of the SCLC group. In 
the phase Ib KEYNOTE 028 trial [39], 24 
patients with SCLC were enrolled to receive 
pembrolizumab (10 mg/Kg) every 2 weeks. The 
mPFS of the SCLC group was 1.9 months (95% 
CI: 1.7 to 5.9 months) and mOS was 9.7 months 
(95% CI: 4.1 months to not reached). The ORR 
was 33.3% and 6 and 12-month OS were  
66.0% and 37.7% respectively. In the 24 pa- 
tients of the SCLC group, 16 experienced treat-
ment-related AEs and grade 5 colitis/intestinal 
ischemia occurred in one of them. In the pha- 
se II Keynote 158 trial [40], 107 patients with 
ES-SCLC were enrolled to receive pembrolizum-
ab every 3 weeks. The ORR of the SCLC group 
was 18.7% (95% CI: 11.8-27.4). The median 
PFS was 2 months (95% CI: 1.9-2.1) and medi-
an OS was 9.1 months (95% CI: 8.7-14.6). It is 
worth noting that the mPFS in PD-L1 positive 
and negative patients were 2.1 months and 1.9 
months respectively, and the mOS was 14.6 
months and 7.7 months respectively. About 
59% of the patients experienced adverse 
events, which resulted in the treatment being 
halted in 4 patients and one patient died due to 
pneumonia. Another study summarized and 
analyzed data from the two trials in which ORR 
was the primary endpoint and PFS, OS, and 
safety were the secondary endpoints [41]. In 
the 131 patients of the two trials, 83 patients 
who had experienced two lines of chemothera-
py previously were included. Aggregated mOS 
was 7.7 months (95% CI: 5.2-10.1) and mPFS 
was 2.0 months (95% CI: 1.9-3.4). The 12- 
month and 24-month OS was 34.3% and 20.7% 
respectively. Aggregated ORR was 19.3 (95% 
CI: 11.4-29.4). The rate of AEs was 61.4% and 
rate of grade 3-5 AEs was 9.6%. 

A phase 2 study

In a phase 2 clinical trial, patients with ES-SCLC 
received pembrolizumab (200 mg) every 3 
weeks after chemotherapy [42]. A total of 45 

patients meeting the recruitment standard 
were enrolled. The mOS was 9.6 months (95% 
CI: 7.0-12.0) with 12-month OS of 37% and the 
mPFS was 1.4 months (95% CI: 1.3-2.8) with 
12-month PFS of 13%. The ORR of all patients 
enrolled was 11.1% (95% CI: 4.8-23.5). The 
incidence of all grade AEs with a frequency was 
10% or higher.

In those studies of PD-1 inhibitors, ASTRUM- 
005 trial indicated that serplulimab could 
improve OS significantly in first-line treatment 
of ES-SCLC with good performance on safety. 
Such favorable survival benefits are expected 
to make serplulimab the first PD-1 drug for first-
line treatment of ES-SCLC. The PASSION trial 
showed that camrelizumab combined with apa-
tinib have potential to be an anti-tumor strategy 
for second-line ES-SCLC treatment. However,  
in other clinical trials, pembrolizumab and ni- 
volumab did not provide significant survival 
benefits and brought about more adverse 
events in the treatment of ES-SCLC.

Anti-CTLA-4 inhibitors

The CASPIAN trial

The CASPIAN trial also investigated the effects 
of durvalummab plus tremelimumab (D+T) in 
addition to durvalummab, the single immune 
checkpoint inhibitor, in ES-SCLC treatment [7]. 
The median OS of the D+T+EP group did not 
obtain significant benefits (10.4 months vs. 
10.5 months; HR, 0.81; 95% CI: 0.67-0.97; 
P=0.02) versus EP monotherapy, and the same 
was true compared with the D+EP group. In the 
D+T+EP group, the rate of 36-month OS was 
15.3%, and 5.8% for the EP group and 17.6% 
for the D+EP group. The rates of serious ad- 
verse AE (all causes) were 47.4% (126/266) for 
the D+T+EP group and 36.5% (97/266) for the 
EP group, and the rates of AE leading to dea- 
th (all causes) were 10.9% (97/266) for the 
D+T+EP group and 6.0% (12/266) for the EP 
group, which means that combination therapy 
of double immune checkpoint inhibitors incre- 
ased the risks of adverse events on the basis  
of EP chemotherapy. Therefore, we concluded 
that combination therapy of double immune 
checkpoint inhibitors was not beneficial to 
ES-SCLC patients and had a poorly tolerated 
safety profile compared to EP and D+EP after 
>3 years of median follow-up.
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The CheckMate 451 trial

The phase III CheckMate 451 trial compared 
the effects of nivolumab or nivolumab plus ipili-
mumab as maintenance therapy after inductive 
chemotherapy versus placebo [35]. Patients in 
the nivolumab plus ipilimumab (N+I) group did 
not obtain significant OS benefit versus place-
bo (9.2 months vs. 9.6 months; HR, 0.92; 95% 
CI: 0.75-1.12; P=5.37). The PFS HR of the N+I 
group versus placebo was 0.72 (95% CI: 0.60-
0.87). The rates of grade 3-4 AEs were 52.2% 
for the N+I group and 8.4% for the placebo. The 
study demonstrated that combination therapy 
of nivolumab plus ipilimumab did not improve 
mOS or mPFS of ES-SCLC patients.

The CA184-156 trial

The CA184-156 trial evaluated the efficacy and 
safety of chemotherapy plus ipilimumab or pla-
cebo in patients with ES-SCLC [43]. A total of 
1,132 eligible patients were randomized to 
receive ipilimumab or placebo after induction 
chemotherapy. No survival benefits were found 
in terms of OS with a median OS of 11 versus 
10.9 months (HR, 0.94; 95% CI: 0.81-1.09; 
P=0.3775). And the PFS was 4.6 versus 4.4 
months for placebo and ipilimumab arm, res- 
pectively (HR, 0.85; 95% CI: 0.75-0.97). The 
combination of ipilimumab and chemotherapy 
was associated with a higher frequency of 
grade 3/4 AEs (48% vs. 45%).

The CheckMate-032 trial

The CheckMate-032 trial explored the applica-
tion of nivolumab plus ipilimumab in third-line 
treatment of ES-SCLC [38]. Patients were ran-
domized into the nivolumab group (n=147) or 
nivolumab plus ipilimumab group (n=96). The 
median OS was 5.7 months (95% CI: 3.8-7.6) 
and 4.7 months (95% CI: 3.1-8.3) respectively 
and median PFS was 1.4 months (95% CI: 1.3-
1.4) and 1.5 months (95% CI: 1.4-2.2) respec-
tively. Anti-CTLA-4 combined with anti-PD-1 
failed to improve survival time. And the combi-
nation therapy appeared to have higher toxicity 
compared to nivolumab monotherapy.

In those trials of CTLA-4 inhibitors, all studies 
indicated that CTLA-4 inhibitors combined with 
ICIs or chemotherapy failed to improve survival 
time, and the combination therapy appeared to 
have higher toxicity.

We have performed a statistical meta-analysis 
about ICI in treatment of SCLC previous [44].  
An improvement of OS in patients who were 
administered ICIs (HR, 0.83; 95% CI: 0.79- 
0.91; z=3.80, P<0.001) was observed, and the 
pooled statistical analysis did not show any 
obvious heterogeneity (I2=31.7%, P=0.210). Si- 
milarly, the PFS for SCLC patients was signifi-
cantly better (HR, 0.78; 95% CI: 0.72-0.85; 
z=5.93, P<0.001), with a lower between-study 
heterogeneity (I2=20.3%, P=0.286). In sub-
group meta-analyses, ES-SCLC patients who 
received anti-PD 1/L1 obtained an advantage 
of OS (HR, 0.77; 95% CI: 0.68-0.87; P<0.001; 
heterogeneity, P=0.472). In the subgroup of 
anti-CTLA-4, the benefit in the OS was not obvi-
ous (HR, 0.92; 95% CI: 0.80-1.06; P=0.266; 
heterogeneity, P=0.389). Next, in anti-PD 1/L1 
subgroup, superior outcomes for OS were ob- 
served only in patients who received anti-PD L1 
(HR, 0.72; 95% CI: 0.61-0.85; P<0.001; hetero-
geneity, P=0.808), and the HR of the anti-PD 1 
subgroup was 0.84. In summary, PD-L1 inhibi-
tor led to a statistically longer OS. The result is 
s consistent with this manuscript.

Other combination therapies

It is imperative to improve the efficacy of im- 
munotherapy in ES-SCLC treatment further. 
Except for chemotherapy, other combination 
therapy strategies are being explored to im- 
prove OS and PFS.

ICIs combined with radiotherapy

In addition to chemotherapy, radiotherapy is 
another important treatment for ES-SCLC. Al- 
though relevant statistics concerning radiother-
apy plus ICIs is lacking, the combination thera-
py is expected to obtain a synergistic effect. 
Therefore many clinical trials are under way to 
evaluate the role of ICIs plus radiotherapy in 
patients with SCLC. For example, as a phase II/
III study, the NCT04402788 trial would evalu-
ate the efficacy of the combination therapy 
including ICIs plus standard chemotherapy fol-
lowed by consolidation radiation in ES-SCLC 
patients with OS and PFS as endpoints. More 
relevant clinical trials are presented in Tables 3 
and 4.

ICIs combined with angiogenesis inhibitors

Two phase II trials involving ES-SCLC patients 
found certain clinical benefits from bevacizum-
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Table 4. Other potential combination therapy strategies of ICIs in ES-SCLC
Therapy strategies Summary
Radiotherapy NCT04402788 trial would evaluate the efficacy of the combination therapy including ICIs plus 

standard chemotherapy followed by consolidation radiation in ES-SCLC patients with OS and PFS as 
endpoints.

Angiogenesis inhibitors Two phase II trials involving ES-SCLC patients found certain clinical benefits from bevacizumab. 
Another commonly used angiogenesis inhibitor is anlotinib, which has improved the PFS and OS for 
second/third-line treatment of ES-SCLC.

Targeted therapy Relevant trials of PARP or DLL3 inhibitors combined with ICIs are on-going, such as the 
NCT04624204, NCT03958045, and NCT03026166 studies. 

Bispecific antibodies The blockade of TIM-3, DLL-3, or LAG-3 signaling pathways can enhance the anti-tumor function of T 
cells theoretically. Currently relevant clinical trials on anti-TIM-3 and anti-LAG-3 combined with anti-
PD-1/L1 in recurrent SCLC are on-going, such as NCT03708328 and NCT03365791. 

PARP: poly ADP-ribose polymerase; DLL3: Delta-Like Ligand 3; TIM-3: T cell immunoglobulin and mucin domain 3; LAG-3: Lymphocyte-activation 
gene 3.

ab [45, 46]. However, the OS of another phase 
III trial in which patients with ES-SCLC received 
EP plus bevacizumab did not improve signifi-
cantly [47]. Another commonly used angiogen-
esis inhibitor is anlotinib, which has improved 
the PFS and OS for second/third-line treatment 
of ES-SCLC [48]. In a single-arm phase II study, 
the median PFS of patients who received anlo-
tinib plus EP strategy was 11.43 month [49]. 
Base on the efficacy of anlotinib, several clini-
cal trials are under way to explore ICIs in com- 
bination with anlotinib, such as the NCT0405- 
5792 trial whose therapy strategy is sintilimab 
plus anlotinib, the NCT04620837 trial whose 
therapy strategy is tislelizumab plus anlotinib, 
and the NCT04731909 trial whose therapy 
strategy is toripallmab in combination with an- 
lotinib.

ICIs combined with targeted therapy

The targeted therapy aimed at PARP (poly ADP-
ribose polymerase) and DLL3 (Delta-Like Li- 
gand 3) showed good anti-tumor activities in 
pre-clinical observations [50-52]. In the treat-
ment of breast cancer, PARP inhibitors can 
enhance patients’ response to ICIs [53]. A pre-
clinical trial about SCLC indicated that the  
survival of tumor-bearing mice which received 
olaparib (a PARP inhibitor) was significantly lon-
ger than those receiving olaparib or PD-L1 [54]. 
PARP inhibitor can not only promote immune 
response activation, but also up-regulate the 
expression of PD-L1, so that PARP inhibitors 
combined with ICIs are promising in the treat-
ment of SCLC. DLL3 is highly expressed on the 
surface of SCLC tumor cells and linked to SCLC 
progression [52, 55]. As an inhibitory treatment 

for DLL3, Rova-T monotherapy showed signifi-
cant anti-tumor activities and good safety in 
some clinical trials for recurrent SCLC [56, 57]. 
Relevant trials of PARP or DLL3 inhibitors com-
bined with ICIs are on-going, such as the 
NCT04624204, NCT03958045, and NCT030- 
26166 studies. 

Bispecific antibodies

Apart from PD-1/L1 and CTLA-4 trials, other 
immune checkpoints are also being investigat-
ed, such as TIM-3 (T cell immunoglobulin and 
mucin domain 3) and LAG-3 (Lymphocyte-
activation gene 3). TIM-3 is an inhibitory mem-
brane molecule on T cells, which can inhibit the 
activation of innate immune response when 
TIM-3 binds to the high mobility group box 1 
protein (HMGB1). The Biocytogen Biotechno- 
logy Center has published an experimental 
report on combination therapy of PD-1 and 
TIM-3 inhibitors in B-hPD-1/hTIM3 mice. Re- 
sults showed that the combination group ob- 
tained more obvious tumor inhibition effects, 
and its anti-tumor efficacy was superior to  
PD-1 alone. LAG-3, another inhibitory immune 
checkpoint of T cell, can regulate the prolifera-
tion, activation and homeostasis of T cells. A 
phase II study (NCT03365791) evaluated the 
efficacy of LAG-525 combined with Spartali- 
zumab in the treatment of advanced solid 
tumors and hematological malignancies. The 
results showed good anti-tumor activities, es- 
pecially in neuroendocrine tumors, SCLC, and 
DLBCL, with clinical benefit rate at 24 weeks 
(CBR-24) being 0.86, 0.27, and 0.804, respec-
tively, which met the primary endpoint. In the 
AMG757 (NCT03319940) study, a delta-like 
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Table 5. Predictive biomarkers of ICIs in ES-SCLC
Biomarkers Summary
PD-L1 In CASPIAN and IMPower study, PD-L1 expression had no significant correlation with OS. However, a meta-

analysis indicated that positive PD-L1 expression demonstrated a trend towards longer OS.
TMB In CheckMate 032 trial, Results indicated that the OS and PFS of high TMB group who received nivolumab 

or nivolumab plus ipilimumab were superior to medium TMB group and low TMB group which reminded us 
that SCLC patients with high TMB could obtain more survival benefits.

TIL and GEP In the phase Ib Keynote 028 trial, the patient group with SCLC showed an ORR of 33% after treatment with 
pembrolizumab. The study showed that tumor T cell-inflamed GEPs were a potential predictive biomarker of 
pembrolizumab response.

CTC The study of Tamminga, which involved 104 NSCLC patients received immunotherapy, showed patients with 
decreased CTC levels were more likely to benefit from immunotherapy.

Metastasis sites In KEYNOTE-158 study, OS benefits wasn’t observed in patients with hepatic metastases compared to 
patients without metastases. In IMPower133 study, SCLC patients with brain metastases did not appear to 
benefit from ICI in combination with chemotherapy.

TMB: tumor mutation burden; TIL: tumor infiltrating lymphocyte; GEN: gene-expression profifile; CTC: circulating tumor cells. 

ligand 3 (DLL-3)-targeting and half-life extend-
ed BiTE (bispecific T-cell engager) immuno-
oncology therapy in SCLC, 28 patients (44%) 
had previously been treated with PD-1/PD-L1 
inhibitors. Results showed that the confirmed 
ORR was 14%, DCR was 37%. AMG 757 had an 
acceptable safety profile at doses up to 100 
mg, with rapid and long-lasting responses. 
Hence the blockade of TIM-3, DLL-3, or LAG-3 
signaling pathways can enhance the anti-tumor 
function of T cells theoretically. Currently rele-
vant clinical trials on anti-TIM-3 and anti-LAG-3 
combined with anti-PD-1/L1 in recurrent SCLC 
are on-going, such as NCT03708328 and 
NCT03365791. 

Biomarkers

Impower 133 and CASPIAN studies indicated 
that the OS of patients who received ICIs only 
had minimal benefit of 2 months, indicating 
that a significant percentage of patients cannot 
benefit from ICIs. Hence, how to select patients 
who can benefit from immunotherapy is crucial 
(Table 5).

PD-L1

PD-L1 is only expressed in 18%-32% of SCLC 
patients, in contrast to 60% in NSCLC patients 
[58]. In 277 appreciable samples of the CA- 
SPIAN study, the PD-L1 tumor proportion score 
(TPS) in 95% of the patients is less than 1% and 
there was no correlation between PD-L1 and 
the survival index [3]. In 137 samples from the 
Impower study, regardless if 1% or 5% was cho-
sen as the threshold for PD-L1 TPS, there was 
no significant correlation with OS [5]. The above 

results indicated that PD-L1 cannot predict the 
efficacy of ICIs plus chemotherapy in first-line 
treatment of ES-SCLC. 

Some clinical trials that explored second-line 
treatment in ES-SCLC and higher seem to show 
inconsistent results. The results of CheckMate 
032 indicated that PD-L1 had no significant 
correlation with ORR [38]. The combined posi-
tive score (CPS) was used to evaluate the 
expression of PD-L1. In the KEYNOTE-028 stu- 
dy, the ORR of patients with relapsed SCLC 
whose CPS was ≥1% was 33% (8/24) [39]. In 
the KEYNOTE 158 study, compared with pa- 
tients whose CPS was <1%, the ORR (35.7% vs. 
6%), PFS (28.5% vs. 8.2%), and OS (53.1% vs. 
30.7%) of patients whose CPS was ≥1% per-
formed better [40]. It is worth our considera- 
tion that CPS may have advantages over TPS in 
evaluating PD-L1 expression. The predictive 
value of CPS in immunotherapy needs to be fur-
ther explored in more clinical trials. 

TMB

In general, higher TMB has correlation with 
greater OS and PFS and SCLC is a type of solid 
tumor with high TMB [59]. In the CheckMate 
032 trial, researchers performed whole exo-
mesequencing (WES) on tumor tissues and 
divided these samples into high, medium, and 
low TMB groups. Results indicated that the OS 
and PFS of the high TMB group who received 
nivolumab or nivolumab plus ipilimumab were 
superior to medium and low TMB groups, whi- 
ch suggests that SCLC patients with high TMB 
may obtain more survival benefits [60]. The 
predictive value of TMB based on blood (bTMB) 
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was evaluated in the IMpower133 study. When 
10 mut/Mb was used as the cut-off value of 
bTMB, patients in both high and low bTMB 
groups who received immunotherapy plus che-
motherapy could achieve statistically signifi-
cant OS benefits. When 16 mut/Mb was used 
as the cut-off value, there were no statistical 
differences in the OS between the immunother-
apy and chemotherapy groups. Based on these 
opposite statistical results, we think that bTMB 
is not an appropriate index to predict the treat-
ment efficacy of ICIs combined with chemother-
apy in first-line treatment in ES-SCLC [5]. 

TIL and T-cell–inflamed GEP

The infiltration degree of tumor-infiltrating lym-
phocytes (TIL) is also a prognostic indicator of 
immunotherapy efficacy. Some studies have 
suggested that SCLC patients with a high num-
ber of TILs have better prognosis before immu-
notherapy [61-64]. In the KEYNOTE-028 study, 
TILs were found to be associated with ORR and 
mPFS [39]. The T-cell–inflamed gene-expres-
sion profile (GEP) was shown to predict the cli- 
nical efficacy with pembrolizumab therapy ac- 
ross a diverse set of 20 solid tumors [65]. GEP, 
as an inflammatory marker of the inflammatory 
tumor microenvironment, showed a moderate 
correlation with TMB and could predict patient 
clinical responses independently. Patients with 
high GEP and PD-L1 expression or TMB could 
obtain more clinical benefit. These indicators 
together may serve as potential biomarkers to 
identify patients who likely would benefit from 
ICIs.

CTC

Some studies have shown that the increase in 
circulating tumor cells (CTC) predicts the poor 
effect of immunotherapy [66, 67]. The study of 
Tamminga, which involved 104 NSCLC patients 
receiving immunotherapy, showed that the PFS 
and OS of patients without detectable CTCs 
were significantly better than those with de- 
tectable CTCs. In addition, by comparing CTCs 
before and after immunotherapy, it was found 
that patients with decreased CTC levels were 
more likely to benefit from immunotherapy [68]. 
Hence CTCs are considered an independent 
predictor of immunotherapy efficacy.

Basic clinical parameters

In addition to the above biomarkers, we cannot 
ignore the possible influence of basic clinical 

parameters such as metastatic sites. In the 
phase II KEYNOTE-158 study, similar OS bene-
fits were not observed in patients with hepatic 
metastases compared to patients without me- 
tastases [69]. In the IMPower133 study, SCLC 
patients with brain metastases were also 
admitted but did not appear to benefit from  
ICIs in combination with chemotherapy [5]. 
Medication history, age, gender, and ethnicity 
may also have an impact on outcome predic-
tion. However, due to the limitations of clinical 
data, using clinical characteristics as predic-
tors remains to be seen and needs to be con-
firmed by carefully controlled studies.

Discussion

Etoposide plus platinum treatment has been 
the standard first-line ES-SCLC therapy strategy 
for decades [70]. Almost all treated patients 
relapse within one year, with a median OS of 
about 10-11 months. The emergence of ICIs 
has brought new hope to treating ES-SCLC 
patients in recent years. Impower 133 was the 
first clinical trial to significantly prolong OS and 
PFS, and CASPIAN further confirmed that ICIs 
could improve the survival prognosis of ES- 
SCLC patients [2, 3, 5, 7]. The two trials estab-
lished the importance of ICIs to ES-SCLC thera-
pies, and made ICIs plus chemotherapy the 
new standard in the first-line treatment of 
ES-SCLC. The three-year survival data of CA- 
SPIAN were updated during the 2021 ESMO 
congress, with three-year OS rates of durvalum-
ab plus chemotherapy overwhelmingly favor-
able compared to chemotherapy group [7].  
In December 2021, interim analysis of the 
ASTRUM-005 trial, an international multi-cen-
ter phase III serplulimab study was revealed in 
Shanghai. The favorable survival benefits are 
expected to make serplulimab the first PD-1 
drug for the first-line treatment of ES-SCLC. 
Although ICIs plus chemotherapy improved OS 
of patients with ES-SCLC, the benefits observ- 
ed so far with ICIs do not represent a break-
through. To further improve the efficacy of ICIs, 
finding more suitable predictive biomarkers 
and exploring different combination treatment 
strategies are urgently needed.

Using biomarkers to identify SCLC patients 
who respond to ICIs

Neither PD-L1 nor TMB seems appropriate as 
predictive factors for the efficacy of ICIs in first-
line treatments in ES-SCLC, possibly because 
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SCLS is a highly aggressive, proliferative, and 
unstable solid tumor. TIL, Gen, and CTC may be 
taken as new predictive biomarkers. However, 
due to limited clinical data, their predicative 
value needs to be confirmed by additional stud-
ies. Other potential predictive indices could be 
considered, such as mutations in the TP53 and 
RB1 genes, and the schlafen family member 11 
(SLFN11) gene that was considered a biomark-
er of PFS and OS [71]. Existing clinical trials 
suggested limited predictive values of these 
indicators. It is necessary to explore PD-L1 
combined with TMB, tumor-infiltrating immune 
cells, and other comprehensive factors as well 
as their correlation with the efficacy of ICIs to 
determine the beneficiaries and improve effi- 
cacy. 

Combination therapy

Previous studies have shown that ICIs have 
favorable toxicity profiles and durable respons-
es in the treatment of ES-SCLC, while ICI mono-
therapy shows a relatively low response rate. 
ICIs combined with chemotherapy had made 
small progress in first and third-line treatment 
of ES-SCLC. Hence combination therapy strate-
gies such as radiotherapy, targeted therapy, 
and bispecific antibodies might be the more 
eutherapeutic treatment strategy with better 
prospects. Bispecific antibodies or double ICIs, 
such as anti-PD-1/L1 and anti-CTLA-4, may 
work synergistically due to the non-redun- 
dant pathways. Radiotherapy and chemothera-
py may enhance the immunogenicity of tumor 
cells by inducing rapid tumor lysis and the sub-
sequent release of tumor antigens. In addition, 
ICIs combined with target therapy may obtain 
better therapeutic effects due to their different 
targets.

Does anti-PD-L1 have more favorable effects 
on ES-SCLC than anti-PD-1?

Currently only two PD-L1 inhibitors, atezolizum-
ab and durvalumab, have been approved for 
first-line treatment in patients with SCLC. Does 
anti-PD-L1 have more favorable effects on 
ES-SCLC than anti-PD-1? It appears that no  
statistical significance has been observed with 
PD-1 inhibitors in clinical trials. In the KEY- 
NOTE-604 trial, pembrolizumab failed to im- 
prove ES-SCLC patient OS. However, patients 
who received pembrolizumab plus chemothe- 
rapy showed a significant PFS benefit and dura-

ble responses. Compared to the IMpower 133 
and CASPIAN trials, patients with more brain 
metastases (≥65 years), ECOG (PS=1), larger 
tumors, and more than three metastatic sites 
were recruited in the KEYNOTE-604 trial. The 
subgroup with brain metastases was the only 
one in which patients with ES-SCLC did not 
obtain OS benefit from immunotherapy com-
bined with chemotherapy. Hence these recruit-
ed patients with poorer prognostic factors in 
the KEYNOTE-604 trial could explain the lack  
of OS benefits in experimental arm compared 
to the other two clinical trials.

The duration and course of ICIs in the treat-
ment of ES-SCLC

Another problem is how to decide on the course 
and duration of ICIs in treating ES-SCLC. In the 
IMpower 133 study, atezolizumab or placebo 
was administered on the first day of each cycle 
with carboplatin and etoposide, and continued 
for 4 cycles. Then atezolizumab or placebo was 
followed until disease progression or unaccept-
able toxicity. In the CASPIAN trial, durvalumab 
or durvalumab-tremelimumab plus EP was also 
administered on the first day of each cycle for  
4 cycles. And then durvalumab was followed 
every four weeks as maintenance treatment. In 
the Keynote-604 trial, pembrolizumab com-
bined with EP was given on the first day of each 
three weeks for four cycles, followed by 31 
cycles. These clinical trials were designed to 
use ICIs with chemotherapy drugs on the same 
day. But in treating other types of tumors, 
sequential therapies of immunotherapy after 
chemotherapy appear more effective, probably 
because some ICI-activated T cells would be 
damaged by chemotherapy drugs. Sequential 
therapy can minimize T cell killing by chemo-
therapy and extend the effect of ICIs the fur-
thest [72].

Another question is how to determine the dos-
age of chemotherapy drugs in combination with 
immunotherapy. The maximum tolerated dose 
(MTD) usually causes cell death of immune 
cells. Therefore it is also necessary to consider 
whether the full dose of chemotherapy drugs 
should be used for combination therapy. An ani-
mal experiment found that low-dose chemo-
therapy drugs combined with ICIs could obtain 
better therapeutic efficacy compared with the 
MTD strategy, especially when administered 24 
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hours before immunotherapy [2]. Low-dose 
strategies can not only reduce the toxicity of 
chemotherapy, but also provide sufficient time 
to activate the tumor immune microenviron- 
ment.

Future and perspectives

The results of Caspian and Impower133 stud-
ies showed that with favorable toxicity profiles 
and durable responses, ICIs have made a bre- 
akthrough in single-treatment strategies of 
ES-SCLC and led to considerations about the 
future of first-line treatment for SCLC. Com- 
bination therapy shows great promise and 
should be researched further. The double-ICI 
treatment strategy, bispecific antibodies, and 
ICIs combined with other therapy such as che-
motherapy, radiotherapy, and targeted therapy, 
represent a new modality for the treatment of 
ES-SCLC, achieving greater therapeutic effects 
through multiple synergistic mechanisms. Fu- 
ture research focused on exploring the basic 
biology of SCLC and identifying novel predictive 
biomarkers in response to ICIs in SCLC is 
essential. Currently, the prognostic biomarkers 
for SCLC are still unclear, the exploration of 
more sensitive and effective biomarkers, scien-
tific guidance, and individualized treatment of 
patients remain the direction towards which we 
strive for. It is hoped that with the development 
of clinical trials about ICIs for SCLC, more effec-
tive treatment strategies will come to fruition 
for the treatment of ES-SCLC.

At present, there is no agreement with regard 
to the dose and cycles of ICIs combined with 
chemotherapy. Previous studies suggest that 
the clinical efficacy of combination therapy may 
be affected by the dosage, drug frequency, 
cycle, and the order of chemotherapy and ICIs, 
which should be the focus of future research on 
combination therapy.

Conclusion

In conclusion, ICIs in combination with chemo-
therapy including durvalumab or atezolizumab 
plus platinum-etoposide have been approved 
as the standard therapy strategy for first-line 
treatment of ES-SCLC. The favorable OS bene-
fits of ASTRUM-005 trial are expected to make 
serplulimab the first PD-1 drug for first-line 
treatment of ES-SCLC. Therefore, the role of 
ICIs in limited-stage SCLC (LS-SCLC) is much 

anticipated. It is believed that as we gain more 
understanding of the complex mechanisms of 
the immune system and molecular characteris-
tics of SCLC immune microenvironment, pre-
cise immunotherapy will help overcome the 
treatment bottleneck of SCLC and improve the 
survival of patients with SCLC.
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