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Background: The role of immunotherapy in patients with extensive-stage small
cell lung cancer (ES-SCLQC) liver metastases remains controversial. This study
aimed to evaluate the effectiveness and safety of serplulimab combined with
platinum-based chemotherapy as a first-line treatment for these patients.
Methods: This retrospective cohort study reviewed patients with ES-SCLC liver
metastases who received serplulimab plus platinum-based chemotherapy as a
first-line treatment. Outcomes included objective response rate (ORR), disease
control rate (DCR), progression-free survival (PFS), overall survival (OS), and
safety. The associations between prognosis and the depth of remission of
primary lung lesions and liver metastases were analyzed.

Results: Among the 30 ES-SCLC patients (median age, 67 years), the ORR was
63.3% (95% Cl, 43.9-80.1), and the DCR was 83.3% (95% ClI, 65.3-94.4). The
median PFS was 5.9 months (95% Cl, 4.3-8.1), and the median OS was 9.1 months
(95% Cl, 6.1-16.2). Patients with a depth of remission of primary lung lesions
>30% (n=14) had a significantly longer median PFS (8.1 months [95% Cl, 6.4-NE]
vs. 3.9 months [95% Cl, 3.2-6.3], HR:0.28, 95%Cl: 0.12-0.65) and OS (16.2 months
[95% ClI, 9.1-NE] vs. 5.5 months [95% CI, 3.7-13.6], HR: 0.31, 95%CI: 0.12-0.81)
than those with a depth of remission <30% (n=16). Patients with a depth of
remission of liver metastases >30% (n=9) had a significantly extended median OS
than those with a depth of remission <30% (n=20) (16.2 months [95% Cl, 10.4-NE]
vs. 6.3 months [95% CI, 4.4-13.6], HR: 0.21, 95%Cl: 0.06-0.73). The most
common adverse events were nausea (40.0%), leukopenia (26.7%), and
neutropenia (26.7%).
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Conclusion: This real-world study demonstrates promising effectiveness and a
manageable safety profile for the combination of serplulimab with platinum-
based chemotherapy in treating ES-SCLC liver metastases, which suggests that
this treatment regimen may provide an attractive option for the first-line
management of ES-SCLC liver metastases.

small cell lung carcinoma, liver neoplasms, immunotherapy, serplulimab,

treatment outcome

1 Introduction

Extensive-stage small cell lung cancer (ES-SCLC) is a highly
aggressive subtype of lung cancer, diagnosed in approximately 70%
of SCLC patients, and is associated with poor prognosis and a
significant disease burden (1). Among patients with ES-SCLC, liver
metastasis is particularly common, occurring in around 20-30% of
cases (2). Notably, liver metastases tend to develop early in the
disease course (3) and are correlated with a significantly worse
prognosis compared to other metastatic sites (4). Patients
frequently suffer from severe complications due to the extensive
nature of liver involvement, including hepatic dysfunction (5). This
subset of patients experiences shorter progression-free survival
(PFS) and overall survival (OS), poorer performance status, and
reduced quality of life (6). Liver metastasis is also often associated
with a less favorable response to traditional chemotherapy, further
challenging disease control (6). The progression of the disease and
resulting comorbidities significantly impact patients’ quality of life,
frequently leading to increased symptom burden, higher levels of
palliative care needs, and substantial healthcare costs (7, 8).

Current therapeutic strategies for ES-SCLC generally
incorporate immunotherapy in combination with platinum-based
chemotherapy as the first-line treatment (9, 10). Compared to
chemotherapy alone, chemo-immunotherapy demonstrated
superior efficacy in prolonging OS in ES-SCLC patients with liver
metastasis (11). However, liver metastases have been shown to
attenuate the therapeutic benefits. ES-SCLC patients with liver
metastases often demonstrate less pronounced clinical
improvements from immunotherapy compared to those without
liver involvement. It is likely due to the unique immunologic and
vascular characteristics of the liver that may hinder effective
immune response activation against tumor cells (12).

In recent years, serplulimab, a novel PD-1 inhibitor, has been
approved in China for SCLC treatment (13). The ASTRUM-005
clinical trial demonstrated that serplulimab combined with
platinum-based chemotherapy improved outcomes for ES-SCLC
patients with liver metastases, achieving a median OS of 10.8
months and a median PFS of 6.9 months (14). However, the
efficacy of this regimen may vary in real-world settings, where
patients often have poorer baseline performance status and greater
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comorbidities than those in clinical trials. Although guidelines have
incorporated serplulimab plus platinum-based chemotherapy for
first-line ES-SCLC treatment, there remains a lack of real-world
data to assess its safety and effectiveness comprehensively,
particularly in patients with liver metastases. This study aims to
fill this gap by evaluating the real-world effectiveness and safety of
this combination therapy in ES-SCLC patients with liver metastases.

2 Methods
2.1 Study design and patients

This retrospective cohort study included patients with ES-SCLC
and concurrent liver metastases, who underwent first-line treatment
with serplulimab in combination with chemotherapy at Shanxi
Cancer Hospital from May 2022 to May 2023. Patients were
adults aged =18 years with histologically or cytologically
confirmed ES-SCLC, liver metastases verified by imaging, and at
least one measurable lesion per the Response Evaluation Criteria in
Solid Tumors (RECIST) version 1.1. Exclusions were patients with
composite SCLC or incomplete clinical data (such as pathological
diagnosis, treatment details, and outcomes). Ethical approval was
granted by the Institutional Review Board of Shanxi Cancer
Hospital (Ethics approval number: KY2024162), and the
requirement for informed consent was waived due to the study’s
retrospective nature.

2.2 Data collection

Patient demographic and clinical data were collected using the
hospital’s electronic medical record system, including age, sex,
weight, smoking history, Eastern Cooperative Oncology Group
(ECOG) performance status, pulmonary comorbidities, the sites
and number of tumor metastases, and the number of organs
involved. The time from diagnosis to the initiation of first-line
therapy, as well as the specifics of the treatment regimen and
dosage, were also collected. Additionally, the investigators re-
evaluated tumor response using patients’ imaging data, including
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contrast-enhanced computerized tomography or magnetic
resonance imaging scans stored in the patient’s medical record
system. In cases of discrepancy between the original clinical
assessment and the research reevaluation, another independent
investigator was consulted for adjudication to determine the final
response outcome. The Imaging evaluation was conducted every 6
weeks + 7 days during the combination therapy phase and was
performed based on routine clinical follow-up and physician
discretion after completion of combination therapy. Survival data
were gathered through outpatient follow-up data and
telephone interviews.

2.3 Treatment strategy

Patients received serplulimab in combination with platinum-
based chemotherapy. Based on clinical indications, patients
received either an etoposide and carboplatin (EC) or etoposide
and cisplatin (EP) regimen. After completion of initial combination
therapy, patients who did not experience disease progression
received serplulimab maintenance therapy every three weeks until
disease progression, intolerable toxicity.

2.4 Outcomes

The outcomes included objective response rate (ORR), disease
control rate (DCR), time to progression (TTP), duration of response
(DoR), PFS, and OS. These outcomes were evaluated by
investigators using the RECIST version 1.1 criteria. ORR was
determined by the percentage of patients achieving either a
complete response (CR) or a partial response (PR), while DCR
was calculated as the proportion of patients exhibiting CR, PR, or
stable disease (SD). TTP was defined as the interval from the
initiation of treatment to the onset of disease progression, and
DoR was the period from the initial CR or PR until progressive
disease (PD) or death. OS was measured from the commencement
of therapy to death from any cause, and PFS was defined as the
duration from treatment initiation to PD or death, whichever
occurred first. The depth of remission was defined as the
percentage of tumor reduction from baseline for the target lesions.

Adverse events (AEs) were recorded and categorized according
to the Common Terminology Criteria for Adverse Events (CTCAE)
version 5.0, with specific documentation of immune-related adverse
events (irAEs).

2.5 Statistical analysis

All statistical analyses were conducted using SPSS software,
version 22.0. We evaluated the distribution of continuous data for
normality using the Shapiro-Wilk test. Data adhering to normal
distribution were expressed as mean + standard deviation, whereas
data with skewed distribution were presented as medians with
interquartile ranges (range). Categorical variables were reported
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as frequencies and percentages. Time-to-event variables, such as
survival times, were analyzed using the Kaplan-Meier method, with
the generation of Kaplan-Meier curves to illustrate patient
prognoses across different subgroups. Comparisons between
groups were performed using the log-rank test. Confidence
intervals (CI) of 95% for estimated ORR and DCR were
computed employing the Clopper-Pearson method.

Subgroup analyses were performed to evaluate the impact of
various clinical factors on PFS and OS. Factors analyzed included
age group (<65 vs. 265), number of metastatic lesions (<3 vs. >3),
and number of liver metastatic lesions (<3 vs. >3), the presence of
bone and adrenal gland metastases, the chemotherapy regimen (EP
vs. EC), number of treatment cycles (<4 vs. 24), the presence of
maintenance treatment (yes vs. no), and depth of remission for
neither primary lung lesions or liver metastases (<30% vs. 230%,
defined based on RECIST v1.1). Univariate Cox regression analyses
were conducted to assess the association between various clinical
factors and survival outcomes. The hazard ratios (HRs) and 95%
CIs were calculated to identify factors significantly associated with
PFS and OS. For all statistical tests, a two-sided significance level of
0:=0.05 was applied.

3 Results
3.1 Baseline characteristics

This study included 30 patients with ES-SCLC liver metastases
who were treated with first-line serplulimab in combination with
chemotherapy. The cohort predominantly comprised males
(96.7%), with a median age of 67 years (range, 28-76). Among
these patients, 66.7% were aged 65 years or older. A family history
of tumors was noted in 6.7% of the patients. The majority of
patients (90.0%) had an ECOG performance status of 1, with 0 and
2 represented at 6.7% and 3.3%, respectively. A history of
respiratory tract disease was documented in 13.3% of the cohort,
including chronic obstructive pulmonary disease (3.3%), interstitial
lung disease (3.3%), asthma (3.3%), and other respiratory
conditions (3.3%). Metastatic distribution involved the lymph
nodes in 96.7% of patients, while bone and adrenal metastases
were each present in one-third of the cohort (33.3%). Smaller
fractions of patients exhibited brain metastases (6.7%) and
contralateral lung metastases (6.7%). All patients had liver
metastases, with 76.7% having more than three liver metastatic
lesions (Table 1).

3.2 Treatment condition

A total of 70.0% of patients were treated with EP, while
30.0% received EC. Serplulimab was administered at a median
dose of 250 mg (range, 200-300 mg), with 46.7% of patients
receiving 200 mg, 6.7% receiving 250 mg, and 46.7% receiving
300 mg. The median number of treatment cycles was 4 (range, 1-6).
Maintenance treatment with serplulimab was administered to
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TABLE 1 Baseline characteristics of patients.

Variable Number (N = 30)

Gender, n (%)

10.3389/fonc.2025.1645692

TABLE 1 Continued

Variable Number (N = 30)

The number of metastatic lesions, n (%)

Male 29 (96.67)
Female 1(3.33)
Age (years), median (range) 67 (28, 76)

Age (years), n (%)
<65 10 (33.33)
>65 20 (66.67)
Family history of tumors, n (%)
Yes 2 (6.67)
No 28 (93.33)
Smoking, n (%)
Yes 26 (86.67)
No 4(13.33)
ECOG PS, n (%)
0 2 (6.67)
1 27 (90.00)
2 1(3.33)

History of respiratory tract disease, n (%)

Yes 4(13.33)
COPD 1(3.33)
interstitial lung disease 1(3.33)
Asthma 1(3.33)
Other 1(3.33)

No 26 (86.67)

Clinical stage, n (%)

Vb 30 (100.00)

Cumulative number of organs, median

(range) 16,0

Cumulative number of organs, n (%)

3 11 (36.67)

4 14 (46.67)

5 3 (10.00)

6 2 (6.67)

The number of metastatic lesions, median 125

(range)

The number of metastatic lesions, n (%)

2 3 (10.00)
3 11 (36.67)
4 13 (43.33)

(Continued)
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5 ‘ 3 (10.00)

Sites of metastases, n (%)

Liver 30 (100.00)
Lymph node 29 (96.67)
Bone 10 (33.33)
Adrenal gland 10 (33.30)
Brain 2 (6.67)
Contralateral lung 2 (6.67)

The number of liver metastatic lesions, n (%)

<3 7 (23.30)

>3 23 (76.70)

ECOG, Eastern Cooperative Oncology Group performance status; COPD, chronic obstructive
pulmonary disease.

33.3% of patients, while 66.7% did not receive maintenance
therapy (Table 2).

3.3 Effectiveness

The treatment response among the 30 patients is illustrated in
Supplementary Figure 1. Nineteen patients (63.3%) achieved a PR,
six patients (20.0%) had SD, and five patients (16.7%) experienced
PD. The ORR was 63.3% (95% CI, 43.9-80.1), and the DCR was
83.3% (95% CI, 65.3-94.4) (Table 3).

TABLE 2 Treatment pattern.

Treatment Number (N = 30)

Treatment plan, n (%)

Serpluimab + EC 9 (30.00)

Serpluimab + EP 21 (70.00)

Serplulimab dose, median (range) 250 (200, 300)

Serplulimab dose, n (%)

200 14 (46.67)
250 2 (6.67)
300 14 (46.67)

Maintenance treatment, n (%)

Yes 10 (33.33)
No 20 (66.67)

Treatment cycle, median (range) 4 (1, 6)

Follow-up time, median (range) 17.27 months (2.1-17.27)

EP, etoposide and cisplatin; EC, etoposide and carboplatin.
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TABLE 3 Effectiveness.

Outcomes N=30

Tumor response, n (%)

Complete response 0

Partial response 19 (63.33)
Stable disease 6 (20.00)
Progressive disease 5 (16.67)

Objective response rate, (95% CI), % 63.33 (43.86-80.07)

Disease control rate, (95% CI), % 83.3 (65.28-94.36)

Median progression-free survival (95% CI), months 5.94 (4.33-8.10)

6-month rate (95% CI), % 50.0 (34.96-71.5)

9-month rate (95% CI), % 15.0 (6.21-36.3)
1-year rate (95% CI), % NE

Median overall survival (95% CI), months 9.13 (6.13-16.17)

6-month rate (95% CI), % 66.7 (51.8-85.9)

9-month rate (95% CI), % 53.1 (37.9-74.5)

1-year rate (95% CI), % 33.2 (18.6-59.4)

CI, confidence interval; NE, not estimable.

The median follow-up duration for the cohort was 17.3 months
(range, 2.1-17.3 months). PFS events were observed in 26 patients
(86.67%), with a median PFS of 5.9 months (95% CI, 4.3-8.1). OS
events occurred in 21 patients (70%), with a median OS of 9.1
months (95% CI, 6.1-16.2) (Figures 1A, 2A). The median DoR was
4.8 months (95% CI, 3.4-not estimable [NE]), and the median TTP
was 7.5 months (95% CI, 6.3-NE). Given that two patient deaths
were attributable to COVID-19, a sensitivity analysis of OS was
conducted by excluding those two patients. The results of sensitivity
analysis (median OS: 9.13 months; 95% CI: 6.3-NE) were consistent
with those from the primary analysis of the entire cohort, suggesting
the OS results of our study are robust (Supplementary Figure 2).

The depth of remission varied notably between primary lung
lesions and liver metastases among the study cohort. For primary
lung lesions, the mean depth of remission was -39.2% (+ 39.67%),
with a median reduction of -28.7% (range, -100% to 44.44%)
(Supplementary Figure 3A). In liver metastases, the mean depth
of remission was -34.21% (+ 50.12%), with a median reduction of
-44.12% (range, -100% to 163.16%) (Supplementary Figure 3B).
Subgroup analyses revealed that maintenance treatment with
serplulimab, a higher number of treatment cycles (24), and a
depth of remission of primary lung lesions 230% were all
significantly associated with improved PFS (all P<0.05;
Figures 1B-E, Supplementary Figure 4). For OS, significant
factors included maintenance treatment with serplulimab,
treatment cycle count (24), depth of remission of primary lung
lesions 230%, and depth of remission of liver metastases >230% (all
P<0.05; Figures 2B-D, Supplementary Figure 5).

Univariate Cox regression analysis further supported these
findings, demonstrating that treatment cycles >4 (HR, 0.08; 95%
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CI, 0.03-0.27; P<0.001), maintenance treatment with serplulimab
(HR, 0.25; 95% CI, 0.1-0.64; P = 0.004), and depth of remission of
primary lung lesions >30% (HR, 0.28; 95% CI, 0.12-0.65; P = 0.003)
were significantly associated with longer PFS. For OS, treatment
cycles 24 (HR, 0.02; 95% CI, 0-0.17; P<0.001), maintenance
treatment with serplulimab (HR, 0.05; 95% CI, 0.01-0.36; P =
0.003), depth of remission of primary lung lesions >30% (HR,
0.31; 95% CI, 0.12-0.81; P = 0.017), and depth of remission of liver
metastases >30% (HR, 0.25; 95% CI, 0.1-0.64; P = 0.003) were all
significantly predictive of longer survival times (Table 4).

3.4 Safety

As summarized in Table 5, AEs of any grade occurred in 19
patients (63.3%). The most common AE reported included nausea
(40.0%), followed by leukopenia (26.7%) and neutropenia (26.7%).
Grade 3 or higher AEs occurred in 2 patients (6.7%), including
leukopenia, neutropenia, thrombocytopenia, and pneumonia. Eight
patients (26.7%) reported irAEs. Among these, hypothyroidism and
elevated aspartate aminotransferase were each reported in 2 patients
(6.7%). Other irAEs, such as nausea, vomiting, pneumonia, primary
adrenal insufficiency, elevated total bilirubin, and diarrhea,
occurred in 1 patient (3.3%) each. During treatment, a total of 17
patients (56.7%) were infected with COVID-19. Among these, 3
patients experienced treatment delays due to COVID-19 infection
(by 10, 30, and 14 days, respectively), 2 patients had to discontinue
their scheduled chemotherapy because of COVID-19, and two
patients died as a result of COVID-19.

4 Discussion

This study substantiates the clinical use of serplulimab
combined with platinum-based chemotherapy in treating ES-
SCLC liver metastases, demonstrating an ORR of 63.3% and a
DCR of 83.3%. The median PFS was 5.9 months, and the median
OS was 9.1 months. Subgroup analyses indicated that the depth of
remission is a critical factor influencing survival outcomes. Notably,
patients achieving a depth of remission of 230% in primary lung
lesions had significantly longer PFS and OS, while a depth of
remission of >30% in liver metastases was also associated with
prolonged OS. Additionally, the manageable safety profile of this
combination supports its feasibility for broad clinical application in
ES-SCLC liver metastases.

The advent of PD-1/PD-L1 ICIs has significantly altered the
therapeutic landscape for SCLC, challenging the long-standing
reliance on chemotherapy as the primary treatment modality (15,
16). PD-1/PD-L1 inhibitors enhance T cell responses and improve
the immune system’s ability to target cancer cells by blocking the
PD-1/PD-L1 pathway (17). However, this immunological
enhancement may have a limited impact in patients presenting
with liver metastases, as liver metastases are often characterized by a
lower infiltration of cytotoxic T lymphocytes compared to
metastases located in the lung, bone, or brain (18). A meta-
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Progression-free survival. (A) Progression-free survival of all patients; (B) Subgroup analyses of maintenance treatment; (C) Subgroup analyses of
treatment cycle; (D) Subgroup analyses of depth of remission of primary lung lesions; (E) Subgroup analyses of depth of remission of liver

metastases.

analysis synthesizing data from four randomized controlled trials
highlighted a modest discrepancy in the efficacy of ICls, revealing
that SCLC patients with liver metastases experienced lesser OS
benefits from ICI therapy compared to patients without such
metastases (HR, 1.22; 95% CI, 1.01-1.46; P = 0.036) (12). This
was further supported by a meta-analysis of 14 real-world studies,
which identified the presence of liver metastases as an independent
adverse prognostic factor for OS in SCLC patients undergoing ICI
therapy (P<0.0001) (12). Moreover, outcomes from the CASPIAN
study underscored these observations, showing that the addition of
durvalumab to a standard EP chemotherapy regimen did not
significantly enhance OS in patients with liver metastases
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compared to those without (HR = 0.87, 95% CI 0.66-1.16) (19).
Similar findings were reported in the CAPSTONE-1 study of
adebrelimab plus EC, where the OS HR for patients with liver
metastases was 0.92 (95% CI 0.55-1.31), suggesting no substantial
survival advantage (20). These collective results from various
studies illustrate a nuanced landscape where, despite the
revolutionary potential of PD-L1 inhibitors (10), their benefits in
ES-SCLC patients with liver metastases are inconsistent and limited.

The clinical benefit of serplulimab for SCLC with liver
metastases may not be consistent with other PD-1 inhibitors,
such as pembrolizumab (21). Serplulimab and pembrolizumab
exhibited similar performance in vitro and in vivo studies, but
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FIGURE 2

Overall survival. (A) Overall survival of all patients; (B) Subgroup analyses of maintenance treatment; (C) Subgroup analyses of treatment cycle;
(D) Subgroup analyses of depth of remission of primary lung lesions; (E) Subgroup analyses of depth of remission of liver metastases.

serplulimab demonstrated consistently superior anti-tumor activity
compared to pembrolizumab upon co-administration with anti-
TIGIT or anti-LAG3 inhibitors (22). Serplulimab robustly induces
PD-1 receptor endocytosis while fostering weaker PD-1-CD28 cis
interactions, leading to sustained and robust T cell activation.
Therefore, the serplulimab combination effectively reduces tumor
microenvironment Treg cell populations, augments effector and
memory T cell populations, and more potently modulates genes
associated with diverse facets of the immune system, surpassing the
effects of the pembrolizumab combination (22). These findings
suggest that serplulimab may offer improved efficacy in ES-SCLC
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liver metastases, highlighting its potential for enhanced therapeutic
response in this challenging patient subset.

The ASTRUM-005 study, which assessed serplulimab as a first-
line therapy for ES-SCLC, has significantly contributed to the
evolving landscape of treatment options for patients with liver
metastases. Notably, the subgroup analysis focusing on patients
with concomitant liver metastases revealed that serplulimab offers
considerable OS benefits, with an HR of 0.58 (95% CI 0.40-0.84),
aligning closely with outcomes observed in patients without liver
metastases (14, 23). This finding positions serplulimab as a
potentially preferred immunotherapy option for treating ES-SCLC
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TABLE 4 Univariate Cox regression analysis of survival.

Progression-free survival Overall survival
Variable
HR (95%Cl) P value HR (95%Cl) P value

Age

<65 Reference Reference

>65 1.23 (0.54-2.8) 0.616 2.16 (0.78-5.96) 0.137
Cumulative number of organs 1 (0.62-1.62) 0.986 1.13 (0.66-1.92) 0.658
The number of metastatic lesions 0.74 (0.46-1.19) 0.214 0.93 (0.53-1.64) 0.800

The number of metastatic lesions
<3 Reference Reference

>3 0.54 (0.24-1.23) 0.144 1.03 (0.43-2.43) 0.954

The number of liver metastatic lesions

<3 Reference Reference
>3 1.91 (0.7-5.18) 0.205 2.14 (0.71-6.5) 0.178
Bone metastases

No Reference Reference

Yes 0.9 (0.4-2.05) 0.808 0.59 (0.23-1.54) 0.281

Adrenal gland metastases

No Reference Reference
Yes 0.5 (0.2-1.2) 0.120 1.02 (0.4-2.57) 0.972

Treatment plan

Serpluimab +EP Reference Reference

Serpluimab +EC 1.09 (0.46-2.54) 0.849 0.63 (0.21-1.87) 0.403
Treatment cycle
<4 Reference Reference

>4 0.08 (0.03-0.27) <0.001 0.02 (0-0.17) <0.001

Maintenance treatment

No Reference Reference

Yes 0.25 (0.1-0.64) 0.004 0.05 (0.01-0.36) 0.003
Depth of remission of primary lung lesions
<30% Reference Reference

>30% 0.28 (0.12-0.65) 0.003 0.31 (0.12-0.81) 0.017

Depth of remission of liver metastases

<30% Reference Reference

=>30% 0.46 (0.19-1.09) 0.077 0.25 (0.1-0.64) 0.003

30% represents a 30% reduction from baseline.

patients with liver metastases. Despite these promising clinical trial ~ECOG performance scores and the universal presence of
results, a noticeable gap remains in real-world evidence regarding  metastatic disease among patients.

the effectiveness of immune combination therapies in ES-SCLC In contrast to the ASTRUM-005 trial, which studied a diverse
liver metastases. The current study, which reported an OS of 9.1  group of ES-SCLC patients, including brain and liver metastases, our
months, highlights this gap, especially considering the poorer  study population focused on ES-SCLC patients with liver metastases.
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TABLE 5 Adverse events.

All (N = 30)
Events, n (%)

Any grade  Grade >3  irAE
Any AE 19 (63.3) 2(6.7) 8 (26.7)
Nausea 12 (40.0) 0 1(3.3)
Leukopenia 8 (26.7) 1(3.3) 0
Neutropenia 8 (26.7) 1(3.3) 0
Vomiting 7 (23.3) 0 1(3.3)
Thrombocytopenia 5(16.7) 1(3.3) 0
Pneumonia 3 (10.0) 1(3.3) 3 (10.0)
Elevated ASL 2 (6.7) 0 2(6.7)
Hypothyroidism 2 (6.7) 0 2(6.7)
Anemia 2 (6.7) 0 0
Elevated ALT 2 (6.7) 0 0
Hyperglycemia 2(6.7) 0 0
Primary adrenal insufficiency 1(3.3) 0 1(3.3)
Elevated total bilirubin 1(3.3) 0 1(3.3)
Diarrhea 1(3.3) 0 1(3.3)
Elevated creatinine 1(3.3) 0 0

AE, adverse event; irAE, immune-related adverse event; ASL, aspartate aminotransferase;
ALT, alanine aminotransferase.

Patients in this real-world study were older and had poorer ECOG
scores. These disparities highlight a patient population with a more
advanced disease state and a generally poorer health status, factors
that typically predict a diminished response to treatment (24).
Moreover, our study was conducted amidst the unprecedented
challenges posed by the COVID-19 pandemic. The pandemic’s
pervasive impact on healthcare systems worldwide led to logistical
hurdles for many of our patients, resulting in treatment delays for 3
patients, discontinuation for 2 patients, and COVID-19-related
deaths for 2 patients among those who contracted the virus (n=17,
56.7%). Such disruptions could have potentially skewed our results,
given the critical importance of uninterrupted treatment in oncology,
particularly for patients with ES-SCLC. Therefore, it is plausible that
the therapeutic effectiveness observed in our study may have been
underestimated due to these adverse effects of the pandemic.
Nevertheless, the fact that our study still managed to secure a
substantial antitumor response and a DoR not far off from those
observed in a controlled clinical trial setting underscores the potential
robustness of the treatment regimen utilized. This comparison not
only reaffirms the effectiveness of the therapeutic approach employed
in the ASTRUM-005 but also suggests that similar outcomes can be
anticipated in real-world settings, even among populations with
generally poorer prognostic factors.

Depth of remission has been extensively studied in non-small
cell lung cancer (NSCLC) as a predictor of survival outcomes (25,
26), but to date, no comparable research has been conducted for
SCLC. In this study, we uniquely evaluated the depth of remission
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separately for primary lesions and liver metastases, a method that
diverges from the single, unified approach typically used in NSCLC
studies. Our findings demonstrate that the depth of remission of
primary lesions is significantly associated with both PFS and OS,
suggesting that the response of primary tumors to immunotherapy
reflects the overall systemic response and can serve as a predictor of
long-term prognosis. Additionally, depth of remission of liver
metastases was correlated with OS, with a similar trend observed
for PFS, indicating that depth of remission of liver metastases may
also have predictive value for treatment effectiveness. These findings
imply that the response mechanisms of primary lesions and liver
metastases to serplulimab are aligned, further highlighting the
potential of depth of remission as a meaningful marker in SCLC.

In our study, AEs of any grade were reported in 63.3% of patients,
predominantly nausea, leukopenia, and neutropenia. The occurrence
of grade 3 or higher AEs was limited to 6.7% of patients. Notably,
irAEs were observed in 26.7% of participants, which is considerably
lower than the rates reported in pivotal trials such as IMpower133,
where 39.9% of patients experienced irAEs, primarily rash and
hypothyroidism (9). Comparatively, the CASPIAN study reported
higher incidences of severe neutropenia and anemia, with irAEs in up
to 36% of patients, emphasizing more frequent thyroid-related irAEs
(19). Similarly, in the ASTRUM-005 trial, 33.2% of patients
experienced significant treatment-related adverse events, such as
decreased neutrophil and white blood cell counts (23). The
CAPSTONE-1 (20) and KEYNOTE-604 (20) studies also reported
substantial hematological AEs and irAEs, including a notable
incidence of hypothyroidism. Our study’s relatively low incidence
of irAEs, combined with a manageable range of other AEs,
underscores the favorable safety profile of the treatment regimen
employed, especially when considering its application in patients with
typically poor prognoses and advanced disease stages. However, it is
important to consider that the incidence of AEs might be
underestimated due to the retrospective nature of our study.

Our study has several limitations. A significant constraint is the
relatively small sample size, which limits the generalizability of our
findings. Additionally, the absence of a control group restricts our
ability to draw more definitive causal inferences regarding the
effectiveness and safety of the treatment regimen. The retrospective
design of our study also introduces potential biases, which could
affect the robustness of our conclusions. Notably, while prolonged
survival was associated with both the receipt of maintenance therapy
and completion of more than four treatment cycles, these associations
should be interpreted in the context of inherent immortal-time bias.
Patients who remained progression-free and survived longer had a
greater opportunity to receive subsequent therapies, indicating that
extended treatment exposure is intrinsically linked to longer pre-
existing survival. The results require validation using more robust
methods, such as time-dependent covariate modeling or landmark
analysis in future studies. Furthermore, the follow-up period in our
study may not have been sufficient to fully assess long-term outcomes
and late-emerging adverse events. These limitations underscore the
need for larger, prospective, randomized controlled trials to more
accurately evaluate the benefits and risks of this therapeutic approach
in a more diverse patient population.
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Our study provides valuable real-world clinical evidence
demonstrating promising effectiveness and a manageable safety
profile for the combination of serplulimab with platinum-based
chemotherapy in treating ES-SCLC liver metastases. The remission
depth of primary lung lesions and liver metastases hinted at
prognosis. The findings demonstrate that this combination can
offer a durable antitumor response and a favorable safety profile,
highlighting its potential as a viable treatment option for ES-SCLC
liver metastases.
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