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Abstract
Background: The application of immune checkpoint inhibitors (ICIs) represents a
breakthrough in the current landscape for the treatment of extensive-stage small-cell
lung cancer (ES-SCLC), but the real-world outcome is limited. This study aimed to
investigate the treatment options and efficacy evaluation of first-line, second-line, and
subsequent-line immunotherapy in routine practice.
Methods: A retrospective analysis of ES-SCLC patients treated with ICIs was con-
ducted between May 2016 and September 2021. Objective response rate, disease con-
trol rate, progression-free survival (PFS) and overall survival were assessed between
groups to explore the value of ICIs at different treatment time periods. PFS1 and PFS2
were defined as the duration from initial therapy to disease progression or death in
first-line or second-line treatment.
Results: Ninety-six patients with ES-SCLC were included. PFS1 was prolonged in
patients treated with first-line ICIs-combined therapy (median PFS1 7.20 months
vs. 5.30 months, hazard ratio [HR] 0.55, 95% confidence interval [CI] 0.36–087,
p = 0.0085). For patients who progressed after first-line ICIs treatment (N = 22),
PFS1 + PFS2 was longer in the second-line ICIs continuation group with no signifi-
cant difference (median PFS1 + PFS2 11.27 months vs. 7.20 months, HR 0.45, 95%
CI 0.14–1.51, p = 0.19). For patients who experienced a progression event after first-
line chemotherapy (N = 50), PFS2 and PFS1 + PFS2 were prolonged in patients who
accepted second-line ICIs-combined therapy without significant difference (median
PFS2 4.00 months vs. 2.43 months, HR 0.59, 95% CI 0.33–1.05, p = 0.070; median
PFS1 + PFS2 11.30 months vs. 8.70 months, HR 0.53, 95% CI 0.29–0.98, p = 0.056).
Conclusion: First-line ICIs plus chemotherapy should be applied in the clinical prac-
tice of ES-SCLC. If patients did not receive ICIs plus chemotherapy in first-line treat-
ment, therapies that include ICIs in second-line treatment should be considered.
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INTRODUCTION

Lung cancer is the malignant tumor with the highest inci-
dence and mortality rate worldwide. Small-cell lung cancerYaning Yang and Xin Ai should be considered the joint first authors.
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(SCLC), a high-grade neuroendocrine carcinoma, accounts for
approximately 15% of lung malignancies and is commonly
found in men with a history of smoking.1 At the time of diagno-
sis, two-thirds of patients have distant metastases and are classi-
fied as extensive-stage small-cell lung cancer (ES-SCLC). More
than 90% of ES-SCLC patients develop recurrence or progres-
sion within 2 years and have an extremely poor prognosis.2

For decades, the first-line treatment for ES-SCLC has been
etoposide/irinotecan combined with cisplatin/carboplatin che-
motherapy with a median progression-free survival (PFS) of
less than 5 months and median overall survival (OS) of less
than 9 months.3 IMpower133 and CASPIAN, two landmark
studies for ES-SCLC, showed a prolonged OS of chemotherapy
plus programmed death-ligand 1 (PD-L1) inhibitors
vs. chemotherapy alone with statistically significance.4,5 Based
on these studies, the addition of PD-L1 inhibitors to chemo-
therapy became the standard first-line therapy of ES-SCLC.
However, real-world retrospective data on first-line combina-
tion therapy have been relatively scarce.

In the field of second-line immunotherapy for ES-SCLC,
immune checkpoint inhibitors (ICIs) as monotherapy failed to
exhibit meaningful benefit. The phase III CheckMate 331 study
explored the efficacy of nivolumab vs. chemotherapy and
obtained a negative OS of 7.5 months vs. 8.4 months, while
the PFS of 1.4 months vs. 3.8 months was even worse.6 The
phase II IFCT-1603 study aimed at evaluating the efficacy of
atezolizumab vs. chemotherapy. The OS of 9.5 months
vs. 8.7 months did not significantly differ between groups, and
a worse PFS of 1.4 months vs. 4.3 months was observed.7 As
for ICIs-combined therapy in the second-line setting, whether
the addition of immunotherapy is beneficial remains inconclu-
sive. In addition, the above prospective studies are all second-
line explorations after first-line chemotherapy for ES-SCLC.
In the current treatment pattern of first-line chemotherapy
plus ICIs (C + I), there was no definitive conclusion in the
second-line setting with high-level evidence. Whether immu-
notherapy beyond progression brings more benefits is worth
exploring in depth.

This study presents a retrospective analysis of ES-SCLC
patients under real-world conditions, mainly focused on the
efficacy and survival benefit of ICIs in ES-SCLC at different
treatment periods.

METHODS

Patients

A retrospective analysis of ES-SCLC patients was conducted
at the National Cancer Center/National Clinical Research
Center for Cancer/Cancer Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College. Eligible
patients were adults with histologically or cytologically con-
firmed SCLC and assessed as ES-SCLC according to the Vet-
erans Administration Lung Study Group (VALG) staging
system from May 2016 to September 2021, Eastern Coopera-
tive Oncology Group (ECOG) performance status of 0–2,

and measurable lesions according to the Response Evaluation
Criteria in Solid Tumors (RECIST 1.1). All patients were
treated with ICIs in first-line, second-line, or subsequent-lines
treatment. The key exclusion criterion was patients without
ICI application from initial treatment to last follow-up. The
last follow-up ended on November 10, 2021.

Treatment and assessment

Most patients received C + I or chemotherapy as first-line
treatment, following chemotherapy, immunotherapy, anti-
angiogenesis therapy, and targeted therapy alone or in combi-
nation beyond progression. The selection and dosing of thera-
peutic agents were based on current guidelines and patient
conditions. Patients underwent cervical, thoracic, and abdomi-
nal contrast-enhanced computed tomography (CT), cranial
contrast-enhanced magnetic resonance imaging (MRI) and
whole-bone scan, or whole-body positron emission tomogra-
phy/computed tomography (PET-CT) and cranial contrast-
enhanced MRI to clarify staging and measurable lesions before
ES-SCLC treatment. We repeated necessary examinations as
above every 6 weeks (two treatment cycles) to evaluate the effi-
cacy of treatment according to RECIST 1.1. Objective response
rate (ORR) was the percentage of complete response (CR) and
partial response (PR), while disease control rate (DCR) was
the percentage of CR, PR, and stable disease (SD). PFS was the
time from initial treatment to disease progression or death,
and OS was the time from initial treatment to death from any
cause. PFS1 and PFS2 were defined as the duration from initial
therapy to disease progression or death in first-line or second-
line treatment. Chemotherapy-sensitive disease referred to
relapse that occurred >90 days after completion of prior che-
motherapy, while chemotherapy-resistant disease was defined
as relapse that occurred ≤90 days after completion of prior
chemotherapy.

Statistical analysis

Baseline characteristics were described as counts and percent-
ages, and compared between groups using the chi-square test
or Fisher’s exact test. Survival was estimated by the Kaplan–
Meier method, and differences were assessed with the log-
rank test. The Cox proportional-hazards model was used to
evaluate the effect of prognostic factors, including hazard
ratio (HR) and 95% confidence interval (CI). SPSS version
25.0 (SPSS, IBM Corporation) was used for statistical analy-
sis. R version 4.1.3 was used to present survival curves.

RESULTS

Patient characteristics

A total of 96 ES-SCLC patients with ICIs utility were
included in this real-world study. The median follow-up
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time was 23.87 months (95% CI 13.39–34.34 months).
Eighty-one patients (84.38%) were male and 71 patients
(73.96%) were current or former smokers. Thirty patients
(31.25%) were diagnosed with limited-stage SCLC at first,
while 66 patients (68.75%) were in extensive-stage at initial
diagnosis. Only seven patients (7.29%) and five patients
(5.21%) exhibited PD-L1 expression and tumor mutation
burden (TMB) level, respectively (Table 1). Univariate
analysis revealed that liver metastasis (N = 30, 31.25%)
forecasted a poor PFS1 for ES-SCLC patients (median
PFS1 5.00 months vs. 6.93 months, HR 2.20, 95% CI 1.36–
3.55, p = 0.001), while no significant differences were
observed between groups of age, gender, smoking status,
family history, body mass index (BMI), central nervous sys-
tem (CNS) or liver metastasis, or VALG staging at diagnosis
on PFS1 (Supporting Information Table S1). Simulta-
neously, there were no significant differences in baseline
characteristics on OS (Supporting Information Table S2).

Ninety-six patients presented accessible first-line treat-
ment status. Forty-six patients (47.92%) who started immu-
notherapy in the first-line setting were assigned to the first-
line ICIs-combined therapy group (1L-ICIs group) while the

other 50 patients (52.08%) were placed in the first-line
without ICIs group (1L-nonICIs group) (Supporting
Information Figure S1). Baseline characteristics were bal-
anced between the 1L-ICIs and 1L-nonICIs group (Table 1).

Seventy-two patients presented obtainable second-line
treatment status, including 43 patients (59.72%) who
accepted immunotherapy and 29 (40.28%) patients who
received chemotherapy in a second-line setting. Among
patients who received ICIs, 16 patients (37.21%) in the 1L-
ICIs group who continued ICIs as second-line treatment
were classified as the ICIs-beyond-progression group (ITBP
group), while the other 27 patients (62.79%) who accepted
immunotherapy for the first time in a second-line setting
were placed in the second-line ICIs-combined therapy group
(2L-ICIs group). Six patients (20.69%) discontinued immu-
notherapy after first-line ICIs progression and were assigned
to the non-ICIs-beyond-progression group (nonITBP
group). Twenty-three patients (79.31%) without ICI applica-
tion in either first-line or second-line treatment started
immunotherapy in subsequent-lines treatment. These
patients were placed in the subsequent-lines ICIs-combined
therapy group (SL-ICIs group) (Supporting Information

T A B L E 1 Baseline characteristics of patients with first-line treatment

Baseline characteristics Total (N = 96) N (%) 1L-ICIs group (N = 46) N (%)
1L-nonICIs group
(N = 50) N (%) p

Age (years) 0.69

<65 67 (69.79%) 33 (71.74%) 34 (68.00%)

≥65 29 (30.21%) 13 (28.26%) 16 (32.00%)

Gender 0.92

Male 81 (84.38%) 39 (84.78%) 42 (84.00%)

Female 15 (15.62%) 7 (15.22%) 8 (16.00%)

Smoking status 0.99

Smoker 71 (73.96%) 34 (73.91%) 37 (74.00%)

Never-smoker 25 (26.04%) 12 (26.09%) 13 (26.00%)

Family history 0.92

Yes 20 (20.84%) 10 (21.74%) 10 (20.00%)

No 74 (77.08%) 36 (78.26%) 38 (76.00%)

Unknown 2 (2.08%) 0 (0.0%) 2 (4.00%)

BMI 0.24

≤24 38 (39.58%) 21 (45.65%) 17 (34.00%)

>24 58 (60.42%) 25 (54.35%) 33 (66.00%)

CNS metastasis 0.54

Yes 30 (31.25%) 13 (28.26%) 17 (34.00%)

No 66 (68.75%) 33 (71.74%) 33 (66.00%)

Liver metastasis 0.87

Yes 30 (31.25%) 14 (30.43%) 16 (32.00%)

No 66 (68.75%) 32 (69.57%) 34 (68.00%)

VALG staging at diagnosis 0.054

Limited-stage 30 (31.25%) 10 (21.74%) 20 (40.00%)

Extensive-stage 66 (68.75%) 36 (78.26%) 30 (60.00%)

Abbreviations: 1L-ICIs group, patients who started ICIs in first-line treatment; 1L-nonICIs group, patients who did not start ICIs in first-line treatment; BMI, body mass index;
CNS, central nervous system; ICIs, immune checkpoint inhibitors; VALG, Veterans Administration Lung Study Group.
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Figure S1). Baseline characteristics were balanced between
the 1L-ICIs (N = 22), 2L-ICIs (N = 27) and SL-ICIs
(N = 23) groups without significant differences (Supporting
Information Table S3).

First-line treatment patterns and efficacy

The platinum-etoposide combination was the most common
chemotherapy choice in both the 1L-ICIs and 1L-nonICIs

groups (N = 40, 88.89%; N = 48, 96.00%). With regard to
the selection of ICIs in the 1L-ICIs group, 30 patients
(65.22%) were treated with PD-L1 inhibitors, while
16 patients (34.78%) were given programmed cell death
protein 1 (PD-1) inhibitors (Table 2). No significant differ-
ence for PFS1 and OS was observed between PD-L1 and
PD-1 inhibitors in the first-line setting (median PFS1
7.20 months vs. 7.07 months, HR 0.90, 95% CI 0.44–1.83,
p = 0.77; median OS 16.53 months vs. 19.70 months, HR
1.78, 95% CI 0.52–6.02, p = 0.35).

As for the treatment response of chemotherapy plus ICIs
or not, the ORR was 73.91% (34/46) and 79.17% (38/48),
while DCR was 93.48% (43/46) and 87.50% (42/48) in the 1L-
ICIs and 1L-nonICIs groups, respectively (Table 2). A total of
34 patients (73.91%) in the 1L-ICIs group and 50 patients
(100%) in the 1L-nonICIs group experienced a progression
event after first-line treatment. PFS1 was longer in the 1L-ICIs
group than in the 1L-nonICIs group with a significant differ-
ence (median PFS1 7.20 months vs. 5.30 months, HR 0.55,
95% CI 0.36–087, p = 0.0085) (Figure 1a). Although OS was
prolonged in the 1L-ICIs group, the significance threshold was
not met (median OS 19.70 months vs. 16.93 months, HR 0.93,
95% CI 0.50–1.73, p = 0.81) (Figure 1b). Comparing PFS
between groups distinguished when immunotherapy was ini-
tially applied, as the PFS of immunotherapy in the first-line
setting was longer than in the second-line and subsequent-
lines setting (median PFS 7.20 months vs. 3.70 months, HR
0.46, 95% CI 0.30–0.74, p = 0.00074) (Figure 1c).

Second-line treatment patterns and efficacy

For patients who progressed after the first-line ICIs setting
(N = 22), C + I was adopted by most patients (N = 14,
63.64%) with an ORR of 28.57% (4/14) and DCR of 78.57%
(11/14) (Table 3). PFS1 + PFS2 was longer in the ITBP
group (N = 16) than in the nonITBP group (N = 6), but the
significance threshold was not met (median PFS1 + PFS2
11.27 months vs. 7.20 months, HR 0.45, 95% CI 0.14–1.51,
p = 0.19) (Figure 2a).

T A B L E 2 First-line treatment and response as determined by
RECIST v.1.1

Variants
1L-ICIs group
(N = 46) N (%)

1L-nonICIs group
(N = 50) N (%)

Chemotherapy choice (N = 45) (N = 50)

Etoposide-based
therapy

40 (88.89%) 48 (96.00%)

Albumin-bound
paclitaxel-based
therapy

5 (11.11%) 2 (4.00%)

ICI choice (N = 46) (N = 0)

PD-1 inhibitorsa 16 (34.78%) NA

PD-L1 inhibitorsb 30 (65.22%) NA

Response (N = 46) (N = 50)

CR and PR 34 (73.91%) 38 (76.00%)

SD 9 (19.57%) 4 (8.00%)

PD 3 (6.52%) 6 (12.00%)

Not evaluable 0 (0.00%) 2 (4.00%)

ORR 34 (73.91%) 38 (79.17%)

DCR 43 (93.48%) 42 (87.50%)

Abbreviations: 1L-ICIs group, patients who started ICIs in first-line treatment; 1L-
nonICIs group, patients who did not start ICIs in first-line treatment; CR, complete
response; DCR, disease control rate; ICI, immune checkpoint inhibitor; NA, not
available; ORR, objective response rate; PD, progressive disease; PD-1, programmed
cell death protein 1; PD-L1, programmed death-ligand 1; PR, partial response;
RECIST, Response Evaluation Criteria in Solid Tumors; SD, stable disease.
aIncluded pembrolizumab, nivolumab, sintilimab, camrelizumab, tislelizumab, and
toripalimab.
bIncluded atezolizumab and durvalumab.

a b c

F I G U R E 1 Kaplan–Meier curves of first-line treatment and survival outcomes between IL-ICIs and IL-nonICIs groups. (a) PFS1 of the IL-ICIs or IL-
nonICIs groups. (b) OS of the IL-ICIs or IL-nonICIs groups. (c) PFS of immunotherapy between first-line setting and second-line + subsequent-lines setting
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Fifty patients experienced a progression event after
first-line chemotherapy. C + I was the most popular choice
(N = 21, 42.00%) with an ORR of 23.81% (5/21) and DCR of
80.95% (17/21) (Table 3). PFS2 and PFS1 + PFS2 was longer
in the 2L-ICIs group (N = 27) than in the SL-ICIs group
(N = 23) without a significant difference (median PFS2
4.00 months vs. 2.43 months, HR 0.59, 95% CI 0.33–1.05,
p = 0.070; median PFS1 + PFS2 11.30 months
vs. 8.70 months, HR 0.53, 95% CI 0.29–0.98, p = 0.056)
(Figure 2b,c). PFS2 in the 2L-ICIs group was longer for first-
line chemotherapy-resistant patients than for the SL-ICIs
group without a significant difference (median PFS2
4.07 months vs. 1.77 months, HR 0.56, 95% CI 0.28–1.14,
p = 0.10) (Figure 2d). Similar PFS2 was observed between
first-line chemotherapy-sensitive and chemotherapy-resistant
patients in the 2L-ICIs group (median PFS2 3.67 months
vs. 4.07 months, HR 1.07, 95% CI 0.42–2.74, p = 0.89).

Among patients who accepted chemo-based therapy
(N = 58) in a second-line setting, patients were treated with
paclitaxel (N = 38, 65.52%) or topoisomerase inhibitors,
including topotecan and irinotecan (N = 17, 29.31%)

(Table 3). The majority of patients (N = 35, 92.11%) in the
paclitaxel group (PTX group) were treated with albumin-
bound paclitaxel (nab-PTX). The ORR and DCR were
15.79% (6/38) and 71.05% (27/38) in the PTX group, and
23.53% (4/17) and 64.71% (11/17) in the topoisomerase-
inhibitor group (TOPi group). No significant difference was
observed between the PTX and TOPi groups in PFS2
(median PFS2 4.00 months vs. 3.47 months, HR 0.84, 95%
CI 0.45–1.57, p = 0.58) (Figure 3a). Among patients treated
with second-line C + I (N = 35), the ORR and DCR were
22.22% (6/27) and 81.48% (22/27) in the PTX group
(N = 27), and 20.00% (1/5) and 60.00% (3/5) in the TOPi
group (N = 5). The PFS2 of these groups was 4.40 months
and 7.67 months with no statistical difference (HR 1.35,
95% CI 0.39–4.67, p = 0.63) (Figure 3b).

DISCUSSION

The positive OS result of IMpower133 and CASPIAN estab-
lished the preferred first-line PD-L1 inhibitors plus

T A B L E 3 Second-line treatment and response as determined by RECIST v.1.1

Variants
Total (N = 72)
N (n%)

1L-ICIs group
(N = 22) N (n%) 1L-nonICIs group (N = 50) N (n%)

Treatment mode (N = 72) (N = 22) (N = 50)

Chemotherapy (C) 15 (20.83%) 2 (9.09%) 13 (26.00%)

Chemotherapy plus angiogenesis inhibitors (C + A) 8 (11.11%) 2 (9.09%) 6 (12.00%)

Chemotherapy plus ICIs (C + I) 35 (48.61%) 14 (63.64%) 21 (42.00%)

ICIs plus angiogenesis inhibitors (I + A) 6 (8.33%) 2 (9.09%) 4 (8.00%)

Angiogenesis inhibitors (A) 5 (6.94%) 1 (4.55%) 4 (8.00%)

EGFR inhibitor osimertinib (O) 1 (1.39%) 1 (4.55%) 0 (0%)

ICIs (I)a 2 (2.78%) 0 (0%) 2 (4.00%)

Chemotherapy choice of all patients (N = 58) (N = 18) (N = 40)

Etoposide-based therapy 1 (1.72%) 0 (0%) 1 (2.50%)

Paclitaxel-based therapy 38 (65.52%) 11 (61.11%) 27 (67.50%)

Topoisomerase inhibitor-based therapy 17 (29.31%) 5 (27.78%) 12 (30.00%)

Paclitaxel and irinotecan-based therapy 2 (3.45%) 2 (11.11%) 0 (0%)

Chemotherapy choice of C + I patients (N = 35) (N = 14) (N = 21)

Etoposide-based therapy 1 (2.86%) 0 (0%) 1 (4.76%)

Paclitaxel-based therapy 27 (77.14%) 9 (64.29%) 18 (85.71%)

Topoisomerase inhibitor-based therapy 5 (14.29%) 3 (21.43%) 2 (9.52%)

Paclitaxel and irinotecan-based therapy 2 (5.71%) 2 (14.29%) 0 (0%)

Chemotherapy plus ICIs response (N = 35) (N = 14) (N = 21)

CR and PR 9 (25.71%) 4 (28.57%) 5 (23.81%)

SD 19 (54.29%) 7 (50.00%) 12 (57.14%)

PD 7 (20.00%) 3 (21.43%) 4 (19.05%)

ORR 9 (25.71%) 4 (28.57%) 5 (23.81%)

DCR 28 (80.00%) 11 (78.57%) 17 (80.95%)

Abbreviations: 1L-ICIs group, patients who started ICIs in first-line treatment; 1L-nonICIs group, patients who did not start ICIs in first-line treatment; CR, complete response;
DCR, disease control rate; EGFR, epidermal growth factor receptor; ICI, immune checkpoint inhibitor; ORR, objective response rate; PD, progressive disease; PR, partial response;
RECIST, Response Evaluation Criteria in Solid Tumors; SD, stable disease.
aIncluded PD-1 inhibitor alone or combined with CTLA-4 inhibitor.
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chemotherapy of ES-SCLC in the National Comprehensive
Cancer Network (NCCN) guideline.8 In our study, the median
PFS1 (7.20 months) and OS (19.70 months) of first-line ICIs-
combined therapy were longer than the result of IMpower 133
and CASPIAN, which might be related to the inclusion of
10 patients with limited-stage initially. This more closely
resembled real-world clinical practice, where some patients
diagnosed with limited-stage but progressed rapidly.

The use of PD-1 inhibitors for first-line ES-SCLC has
been controversial. Although there is no positive prospective
evidence for pembrolizumab and nivolumab as first-line
C + I therapy,9,10 a recent abstract from the annual meeting

of the American Society of Clinical Oncology (ASCO)
presented an interim analysis of the PD-1 inhibitor serpluli-
mab plus chemotherapy vs. chemotherapy in a first-line set-
ting, with a prolonged median OS in the serplulimab group
(median OS 15.4 months vs. 10.9 months, HR 0.63, 95%
CI 0.49–0.82, p < 0.001).11 In our retrospective cohort,
16 patients used PD-1 inhibitors as first-line ICIs due to
their clinical accessibility and the economic situation. No
significant difference in PFS1 and OS was observed between
PD-L1 and PD-1 inhibitors, therefore, our study corrobo-
rates that PD-1 inhibitors can be considered as an alterna-
tive when PD-L1 inhibitors are not available.

a b

c d

F I G U R E 2 Kaplan–Meier curves of second-line treatment and survival outcomes between different groups. (a) PFS1 + PFS2 of the ITBP or nonITBP
groups. (b) PFS2 of the 2L-ICIs or SL-ICIs groups. (c) PFS1 + PFS2 of the 2L-ICIs or SL-ICIs groups. (d) PFS2 of the 2L-ICIs or SL-ICIs groups of first-line
chemotherapy-resistant patients
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The current preferred second-line setting in the NCCN
guidelines was topotecan or lurbinectedin.8 All patients in the
clinical trial of topotecan accepted chemotherapy alone before
enrollment,12 and only 8% of patients in the clinical trial of lur-
binectedin received C + I as first-line treatment,13 therefore
the current evidence for the standard treatment of patients
with relapsed SCLC is based on first-line chemotherapy. The
choice of second-line treatment after resistance to first-line
C + I is inconclusive. Many physicians choose to continue
first-line ICIs due to the complimentary drug policy and adjust
the paired medications in clinical practice, but research on this
ITBP mode is relatively absent in SCLC. In advanced non-
small-cell lung cancer (NSCLC), the phase III OAK study com-
pared 168 patients of subsequent-lines atezolizumab beyond
progression with 94 patients who switched to nonprotocol
therapy after the progression of atezolizumab. The results
showed a prolonged median post-progression OS of
12.7 months (95% CI 9.3–14.9) vs. 8.8 months (95% CI 6.0-
12.1) and an 18 months OS rate of 37% vs. 20%, respectively.14

Several retrospective analyses also suggested that the continua-
tion of ICIs beyond progression might improve survival in
NSCLC patients.15,16 In this study, 16 patients continued ICIs-
combined therapy with a prolonged PFS1 + PFS2, but the sig-
nificance threshold was not met. Consequently, the continued
application of immunotherapy can be an option after the pro-
gression of first-line C + I therapy. Future expansion of sample
size, a continuation of follow-up, and attention to prospective
data are necessary.

For ES-SCLC patients treated with first-line chemother-
apy alone, the role of immunotherapy in second-line treat-
ment remains unclear. The prospective research in the
CheckMate 331 and IFCT-1603 studies did not show satis-
fied overall efficacy of ICIs monotherapy, with an even
worse PFS.6,7 Our retrospective analysis showed that PFS2

and PFS1 + PFS2 were prolonged in patients with ICIs,
especially for first-line chemotherapy-resistant patients.
Although the significance threshold was not met, the role of
immunotherapy should not be underestimated in the
second-line setting.

In contrast to the CheckMate 331, CheckMate
032, IFCT-1603, and KEYNOTE-028/158 clinical trials with
poor median PFS of 1.4–2.0 months,6,7,17,18 the vast majority
of ICIs in our study combined with chemotherapy or angio-
genesis inhibitors in second-line treatment, with median
PFS of 4.00 months, therefore the prolonged PFS of immu-
notherapy was driven by a combination of ICIs and chemo-
therapy/angiogenesis inhibitors. In the exploration of
second-line ICIs-combined therapy, the phase II clinical trial
by Kim et al. evaluated the efficacy of pembrolizumab plus
paclitaxel in 26 ES-SCLC patients who progressed after first-
line chemotherapy, with an ORR of 23.1%, DCR of 80.7%,
median PFS of 5.0 months (2.7–6.7 months), and median OS
of 9.1 months (6.5–15.0 months).19 Another phase II clinical
trial by Fan et al. assessed the efficacy of camrelizumab plus
apatinib in 59 ES-SCLC patients, with an ORR of 34.0%,
DCR of 68.1%, median PFS of 3.6 months (1.9–4.6 months),
and median OS of 8.4 months (4.7–12.3 months).20 However,
CheckMate 032 compared nivolumab plus ipilimumab with
nivolumab monotherapy in 243 ES-SCLC patients as second-
line or subsequent-lines treatment. Although ORR signifi-
cantly increased (21.9% vs. 11.6%, p = 0.03), it did not trans-
late into PFS or OS benefit (median PFS 1.4 months
vs. 1.5 months, median OS 5.7 months vs. 4.7 months).21

This phenomenon might be attributed to the immunodefi-
ciency of SCLC patients from low PD-L1 expression, downre-
gulation of major histocompatibility complex (MHC)
molecules, a less immunogenic environment, and unique
autocrine and paracrine regulation.22 Consequently, C + I or

a b

F I G U R E 3 Kaplan–Meier curves of second-line paclitaxel-based therapy or topoisomerase inhibitor-based therapy. (a) PFS2 of patients treated with
chemo-based therapy. (b) PFS2 of patients treated with C + I therapy
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I + A might be better than single or double ICIs to improve
clinical efficacy.

As for the choice of chemotherapy in the second-line setting,
we observed a similar PFS2 between paclitaxel-based therapy
and topoisomerase inhibitor-based therapy. While topotecan is
preferred in the NCCN guidelines, there are no relevant studies
of topoisomerase inhibitors plus ICIs reported in relapsed ES-
SCLC, but there are several ongoing clinical trials to keep an eye
on in the future (NCT05353439, NCT05027100, NCT04607954,
and NCT04173325, etc., collected by ClinicalTrials.gov as of
May 26, 2022). Among them, MC1923 (NCT04607954) is a
phase II clinical trial of durvalumab and topotecan or lurbinecte-
din in ES-SCLC patients progressed after first-line C + I ther-
apy. Beyond exploring the efficacy of combining two
chemotherapeutic agents with immunotherapy, MC1923 com-
pares the efficacy of lurbinectedin for platinum-sensitive and
platinum-resistant patients, which is worth noting.23

The paclitaxel regimen showed antitumor activity in sin-
gle-arm phase II studies of second-line ES-SCLC treatment
and is also recommended in the NCCN guidelines.8 Nab-
PTX, a nanoparticle conjugate of paclitaxel and albumin, dis-
plays high efficiency and low toxicity compared with other
paclitaxel therapies. However, a phase II NABSTER prospec-
tive trial of nab-PTX did not meet its primary endpoint, with
an ORR of 11.8% and DCR of 30.9% in patients who pro-
gressed to first-line chemotherapy.24 The results for nab-PTX
alone for relapsed ES-SCLC from retrospective studies
remained variable, with ORR of 5.6–29.4%, DCR of 44.4–
81.1%, median PFS of 1.6–5.0 months, and median OS of
4.0–9.0 months, but lacking large sample data and drug
comparisons.25–28 It is therefore inconclusive whether or not
nab-PTX alone can be used in second-line or subsequent-
lines treatment. Similar to the clinical trial of pembrolizumab
plus paclitaxel by Kim et al.,19 our data for ICIs plus pacli-
taxel (mainly nab-PTX) also showed a favorable antitumor
effect for ES-SCLC in second-line treatment. Several studies
have shown a regulation role of paclitaxel in various immune
cells,29 which may complement ICI application. Our study
therefore suggests that nab-PTX could be selected as a che-
motherapy option for second-line C + I therapy, filling a gap
in this area.

The present study has some limitations. First, the retro-
spective nature of data collection can introduce unavoidable
selection bias and critical information is missing, especially for
biomarkers of immunotherapy. Previous studies cast doubt on
whether PD-L1 and TMB can be predictors of ICIs efficacy.30

Because only a few patients were tested for PD-L1 expression
and TMB level in our study, we were unable to conduct further
analysis. Thus, since C + I in a first-line setting has only been
applied in recent years, the insufficient follow-up time results
in less mature OS data. Furthermore, future research will
require a larger sample size to verify our results.

CONCLUSIONS

This research provided a comprehensive analysis of treat-
ment patterns and outcomes of immunotherapy in ES-SCLC

in real-world practice. First-line C + I should be applied in
clinical practice based on prospective and retrospective evi-
dence. If patients did not receive C + I in first-line therapy,
ICIs-combination patterns in the second-line setting should
be considered. Future prospective studies are expected to
determine the optimal drug selection.
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