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Background: The integration of chemotherapy and immunotherapy as a first-line treatment for extensive-
stage small cell lung cancer (ES-SCLC) has been adopted in clinical practice, yet the response to immune 
checkpoint inhibitors (ICIs) is variable, benefiting only a fraction of patients. The current absence of reliable 
biomarkers for predicting treatment response and prognosis represents a significant gap in knowledge, 
hindering the optimization of patient stratification and treatment planning. This retrospective cohort study 
aims to assess the potential predictive and prognostic significance of clinicopathological baseline features in 
ES-SCLC patients.
Methods: Our study retrospectively analyzed the data of consecutive patients with ES-SCLC treated with 
first-line etoposide plus platinum chemotherapy ± immunotherapy at The Affiliated Lihuili Hospital of 
Ningbo University from April 2017 to April 2023. Data on clinical information, serum laboratory indicators, 
pathological immunohistochemical markers, and progression-free survival (PFS) times were collected. 
Univariate and multivariate Cox regression analyses were employed to determine whether these indicators 
could serve as independent prognostic factors for PFS. Further, potential predictive markers for treatment 
efficacy were identified using a Cox regression model that incorporated an interaction term between 
treatment modality and the indicator.
Results: A total of 121 patients with ES-SCLC were enrolled in the study, of whom 62 received 
chemotherapy alone, and 59 received chemotherapy in combination with immunotherapy. Compared to 
chemotherapy alone, the addition of immunotherapy to first-line chemotherapy significantly extended the 
PFS time [P<0.001; hazard ratio (HR) =0.42; 95% confidence interval (CI): 0.28, 0.64] of the ES-SCLC 
patients. The multivariate analysis revealed that an immunochemotherapy regimen (P<0.001, HR =0.40; 
95% CI: 0.24, 0.68), a low-density lipoprotein (LDL) level of >1.8 mmol/L (P=0.02; HR =0.41; 95% CI: 0.20, 
0.85) were independent prognostic factors of favorable PFS in the first-line treatment of all ES-SCLC, while 
a lactate dehydrogenase (LDH) level of >273 U/L (P=0.04; HR =1.78; 95% CI: 1.03, 3.07), a neuron-specific 
enolase (NSE) concentration of >102.6 ng/mL (P=0.009; HR =6.49; 95% CI: 1.60, 26.32), an apolipoprotein 
A1 (ApoA1) concentration of >0.9 g/L (P<0.001; HR =4.15; 95% CI: 1.98, 8.71), and an apolipoprotein B 
(ApoB) concentration of >0.8 g/L (P=0.002; HR =2.24; 95% CI: 1.34, 3.75) were independent prognostic 
factors of poorer PFS. Further, the interaction effect analysis demonstrated that an LDL level of >1.8 mmol/L  
and the absence of bone metastasis were potential predictors of an improved response to ICI therapy 
compared to chemotherapy alone.
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Introduction

Lung cancer is the leading cause of cancer-related death 
worldwide (1). Small cell lung cancer (SCLC) accounts for 
about 15% of all lung cancers and is a highly aggressive 
neuroendocrine malignancy characterized by rapid growth 
and early metastasis (2). About 80–85% of patients are 
diagnosed with advanced or extensive-stage small cell 
lung cancer (ES-SCLC) (3). Over the past four decades, 
platinum-based chemotherapy has been the cornerstone 
of the treatment management of  ES-SCLC, with 
etoposide plus platinum being the most commonly used 

regimen. Most patients with ES-SCLC initially respond 
to this regimen (4). However, local recurrence or distant 
metastasis is inevitable, and there is currently a lack of 
effective subsequent treatment options, which results in a 
poor prognosis for these patients (5). In recent years, the 
addition of immune checkpoint inhibitors (ICIs) to the 
etoposide-platinum chemotherapy regimen has gradually 
improved the prognosis of patients with this disease, with 
an approximate improvement in overall survival (OS) 
of 2–3 months compared to that of chemotherapy alone 
(6,7). Despite this clinical benefit, it is considered modest, 
and there is still a need for reliable indicators to predict 
clinical outcomes or to guide decision making for the 
initial treatment modality (8).

Many baseline clinicopathological indicators, including 
demographic characteristics, laboratory variables, and tumor 
biological properties, are still being explored as markers 
for predicting treatment response and prognosis in ES-
SCLC. Researchers have proposed that clinical indicators 
such as hyponatremia (9), procalcitonin (PCT) (10), the 
presence of non-small cell lung cancer (NSCLC) (11) and 
liver metastasis (12) may be associated with the prognosis 
of SCLC patients. However, the specific relationships of 
these indicators with disease progression and prognosis still 
require further in-depth research and validation.

In this study, we conducted a comprehensive assessment 
of various clinicopathological baseline characteristics, 
including clinical information, serum laboratory indicators, 
and pathological immunohistochemical markers, to 
determine if they could serve as prognostic indicators for 
ES-SCLC and to provide new insights for the selection of 
first-line treatment strategies. We present this article in 
accordance with the STROBE reporting checklist (available 
at https://jtd.amegroups.com/article/view/10.21037/jtd-24-
929/rc).

Highlight box

Key findings
•	 This  s tudy showed the surviva l  benef i t  of  receiv ing a 

chemoimmunotherapy regimen as a first-line treatment in a 
real-world scenario. It also showed the prognostic significance 
and potential utility of specific baseline clinicopathological 
characteristics in guiding first-line treatment strategies.

What is known, and what is new?
•	 Currently, there are inconsistencies in the findings of various 

studies on the prognostic factors for small cell lung cancer (SCLC), 
and there remains a shortage of reliable indicators to predict the 
therapeutic efficacy of treatment regimens.

•	 This study identified six independent prognostic factors related to 
the first-line treatment of extensive-stage SCLC (ES-SCLC) and 
two potential predictive factors associated with the effectiveness of 
the two first-line treatment modalities.

What is the implication, and what should change now?
•	 Some baseline clinicopathological characteristics, such as low-

density lipoprotein levels, may be of significant value in predicting 
the prognosis of ES-SCLC patients and the efficacy of first-
line treatment regimens. Further prospective studies need to be 
conducted to validate these findings.

Conclusions: This study showed the survival benefit of receiving a chemoimmunotherapy regimen as the 
first-line treatment in a real-world scenario. It also suggests the prognostic significance of pre-treatment 
LDL, LDH, NSE, ApoA1, and ApoB with optimal cut-off values in the first-line treatment of all ES-
SCLC, and the potential utility of baseline LDL level or the presence of bone metastasis in guiding first-line 
treatment strategies.
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Methods

Study population

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by Ethics Committee of The Affiliated Lihuili 
Hospital of Ningbo University (No. KY2022SL458-02) 
and individual consent for this retrospective analysis was 
waived. Consecutive patients newly diagnosed with SCLC 
from April 2017 to April 2023 at The Affiliated Lihuili 
Hospital of Ningbo University were included in the review. 
To be eligible for inclusion in this study, the patients had 
to meet the following inclusion criteria: (I) have sufficient 
imaging evidence to assess ES-SCLC before treatment 
according to the Veterans Affairs Lung Study Group 
(VALSG) staging system; (II) have an Eastern Cooperative 
Oncology Group (ECOG) performance status of grade 
0–1; (III) have received etoposide-platinum as the first-
line chemotherapy regimen prior to the authorization of 
ICI medications, or a combination of etoposide-platinum 
and ICIs (such as durvalumab, atezolizumab, or srullimab) 
as the first-line immunochemotherapy; and (IV) have 
detailed baseline clinicopathological characteristics and 
imaging assessment after first-line treatment data available. 
Patients were excluded from the study if they met any of 
the following exclusion criteria: (I) had a past or current 
history of another malignant tumor; (II) had developed 
a disease affecting their short-term survival during 
treatment and follow up; (III) had complex SCLC with 
other pathological types; and/or (IV) had discontinued 
treatment due to the adverse effects of the first-line 
medications; however, those who had their medication 
doses reduced were not excluded. Tumor response was 
evaluated according to the Response Evaluation Criteria 
in Solid Tumors (RECIST, version 1.1). Progression-free 
survival (PFS) was defined as the time from diagnosis to 
the earliest occurrence of disease progression or death 
from any cause. All patients were followed up through 
medical record retrieval to obtain survival data, with the 
last follow-up date being November 1, 2023.

Collection of baseline clinicopathological characteristics

This is a retrospective cohort study. All the data were 
obtained from the electronic medical record system of 
The Affiliated Lihuili Hospital of Ningbo University. The 
basic clinical information of the patients included their 
demographic characteristics, sites of metastasis, first-line 

treatment regimen, and PFS. We collected the pre-treatment 
serological indicators and immunohistochemical staining 
indicators from diagnostic samples. Data on the following 
serum laboratory indicators were collected: (I) whole blood 
cell counts, including neutrophil, lymphocyte, monocyte, and 
platelet (PLT) counts; (II) lipid indexes, including triglycerides 
(TGs), total cholesterol (TC), high-density lipoprotein 
(HDL), low-density lipoprotein (LDL), apolipoprotein A1 
(ApoA1), and apolipoprotein B (ApoB); (III) coagulation 
parameters, with fibrinogen (FIB) as the present study 
biomarker; (IV) biochemical indices, including serum lactate 
dehydrogenase (LDH) and sodium; (V) tumor markers, 
including carcinoembryonic antigen (CEA), cancer antigen 
19-9 (CA19-9), squamous epithelial associated antigen (SEAA), 
cytokeratin, and neuron-specific enolase (NSE). The collected 
data set also included the principal immunohistochemical 
markers for diagnosis, such as synuclein (SYN) (Antibody 
Clone SYN C9D11, Celnovte, Henan, China), chromogranin 
A (CgA) (Antibody Clone CgA LK2H10, ZSGB-Bio, Beijing, 
China), cluster of differentiation 56 (CD56) (Antibody 
Clone CD56 UMAB83, ZSGB-Bio), thyroid transcription 
factor 1 (TTF-1) (Antibody Clone TTF1 SPT24, ZSGB-
Bio), and Ki-67 (Antibody Clone Ki67 UMAB107,  
ZSGB-Bio).

Statistical analysis

The primary endpoint of this study was PFS. Differences 
between the two treatment groups in the categorical 
variables and continuous variables were compared using 
Fisher’s exact test and the Wilcoxon test, respectively. 
The correlation between two continuous variables [e.g., 
body mass index (BMI) and LDL] was calculated using the 
Pearson correlation coefficient. Optimal cut-off values for 
all the continuous variables, such as Ki-67, FIB, and LDL, 
were determined using X-tile, except for the blood sodium 
level, which was classified as hyponatremia or normal. 
Univariate analyses were conducted to assess the association 
between PFS and potential prognostic factors using the 
Cox proportional hazards regression model. Multivariate 
analyses were then conducted to identify the independent 
predictors of outcomes (using a stepwise method, with 
P<0.1 as the cut-off value). Potential predictive markers for 
treatment efficacy were identified using a Cox regression 
model that included an interaction term between the 
treatment modality and the marker. The P value of the 
interaction term was used to assess whether the marker 
affected the treatment outcomes. Survival curves were 
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generated using the Kaplan-Meier method. A P value 
of <0.05 was considered statistically significant. Samples 
with missing entries were excluded, and the analysis was 
conducted on the remaining data. All the statistical tests 
were two-sided. The data analyses were performed with 
SAS software, version 9.4 and R software (version 4.0.3, 
https://www.r-project.org/).

Results

Baseline clinicopathological characteristics

In total, 121 ES-SCLC patients who met the selection 
criteria were enrolled in the study and separated into 
the chemotherapy (n=62) and ICI plus chemotherapy 
(n=59) cohorts. The detailed baseline clinicopathological 

characteristics of the cohorts are summarized in Table 1  
and table available at: https://cdn.amegroups.cn/static/
public/10.21037jtd-24-929-1.xlsx. The mean or median 
count of each continuous variable was calculated for the 
cohort comparison. As Table 1 shows, the chemotherapy 
cohort had significantly higher levels of FIB (5.09 vs.  
4.47 g/L) and SEAA (1.61 vs. 1.12 ng/mL), while the ICI + 
chemotherapy cohort had significantly higher lymphocyte 
counts (1.51×109/L vs. 1.38×109/L), serum sodium levels 
(138.86 vs. 136.56 mmol/L), and NSE levels (55.90 vs. 
39.91 ng/mL). The other clinicopathological factors did not 
differ significantly between the two treatment groups.

The average fol low-up t ime for a l l  pat ients  i s  
5.9 months. As of the cutoff for the last follow-up, all 
patients in the chemotherapy cohorts had experienced PFS 

Table 1 Partial baseline clinicopathological characteristics of 121 eligible patients with ES-SCLC

Variables All patients (n=121) Chemotherapy cohort (n=62) ICI plus chemotherapy cohort (n=59) P value

Age (years), n (%) 0.56 (Fisher test)

<65 55 (45.45) 30 (48.39) 25 (42.37)

≥65 66 (54.55) 32 (51.61) 34 (57.63)

Gender, n (%) 0.36 (Fisher test)

Female 4 (3.31) 1 (1.61) 3 (5.08)

Male 117 (96.69) 61 (98.39) 56 (94.92)

Smoking, n (%) >0.99 (Fisher test)

No 24 (19.83) 12 (19.35) 12 (20.34)

Yes 97 (80.17) 50 (80.65) 47 (79.66)

SYN, n (%) 0.32 (Fisher test)

Negative 9 (7.44) 3 (4.84) 6 (10.17)

Positive 111 (91.74) 58 (93.55) 53 (89.83)

Missing 1 (0.83) 1 (1.61) 0 (0.00)

CgA, n (%) >0.99 (Fisher test)

Negative 55 (45.45) 28 (45.16) 27 (45.76)

Positive 65 (53.72) 33 (53.23) 32 (54.24)

Missing 1 (0.83) 1 (1.61) 0 (0.00)

CD56, n (%) 0.36 (Fisher test)

Negative 12 (9.92) 8 (12.90) 4 (6.78)

Positive 105 (86.78) 52 (83.87) 53 (89.83)

Missing 4 (3.31) 2 (3.23) 2 (3.39)

Table 1 (continued)

https://www.r-project.org/
https://cdn.amegroups.cn/static/public/10.21037jtd-24-929-1.xlsx
https://cdn.amegroups.cn/static/public/10.21037jtd-24-929-1.xlsx
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Table 1 (continued)

Variables All patients (n=121) Chemotherapy cohort (n=62) ICI plus chemotherapy cohort (n=59) P value

TTF-1, n (%) 0.35 (Fisher test)

Negative 22 (18.18) 9 (14.52) 13 (22.03)

Positive 98 (80.99) 52 (83.87) 46 (77.97)

Missing 1 (0.83) 1 (1.61) 0 (0.00)

Ki-67 (%) 0.77 (Wilcox test)

Mean (SD) 74.44 (14.33) 74.48 (15.69) 74.41 (13.03)

Median [IQR] 80.00 [70.00, 80.00] 80.00 [70.00, 90.00] 80.00 [70.00, 80.00]

Missing, n (%) 6 (4.96) 6 (9.68) 0 (0.00)

FIB (g/L) 0.04 (Wilcox test)

Mean (SD) 4.79 (1.62) 5.09 (1.70) 4.47 (1.49)

Median [IQR] 4.35 [3.66, 5.86] 4.73 [3.89, 6.01] 4.08 [3.57, 5.29]

Missing, n (%) 1 (0.83) 1 (1.61) 0 (0.00)

Neutrophil (×109/L) 0.67 (Wilcox test)

Mean (SD) 4.53 (2.01) 4.54 (2.11) 4.52 (1.91)

Median [IQR] 4.10 [3.30, 4.80] 4.10 [3.30, 4.80] 4.20 [3.35, 4.90]

Missing, n (%) 1 (0.83) 1 (1.61) 0 (0.00)

Lymphocyte (×109/L) 0.02 (Wilcox test)

Mean (SD) 1.44 (0.52) 1.38 (0.59) 1.51 (0.45)

Median [IQR] 1.30 [1.10, 1.70] 1.20 [1.00, 1.60] 1.40 [1.20, 1.80]

Missing, n (%) 1 (0.83) 1 (1.61) 0 (0.00)

Monocyte (×109/L) 0.99 (Wilcox test)

Mean (SD) 0.73 (1.18) 0.87 (1.63) 0.58 (0.24)

Median [IQR] 0.50 [0.40, 0.70] 0.50 [0.40, 0.70] 0.50 [0.40, 0.70]

Missing, n (%) 1 (0.83) 1 (1.61) 0 (0.00)

PLT (×109/L) 0.06 (Wilcox test)

Mean (SD) 227.07 (75.48) 217.62 (76.24) 236.83 (74.07)

Median [IQR] 219.50 [178.75, 265.00] 204.00 [169.00, 256.00] 236.00 [193.00, 268.50]

Missing, n (%) 1 (0.83) 1 (1.61) 0 (0.00)

Blood_sodium (mmol/L) 0.04 (Wilcox test)

Mean (SD) 137.69 (4.42) 136.56 (5.21) 138.86 (3.03)

Median [IQR] 138.15 [136.60, 140.03] 137.80 [136.10, 139.20] 138.50 [136.80, 141.55]

Missing, n (%) 1 (0.83) 1 (1.61) 0 (0.00)

Table 1 (continued)



Journal of Thoracic Disease, Vol 16, No 8 August 2024 5353

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2024;16(8):5348-5360 | https://dx.doi.org/10.21037/jtd-24-929

Table 1 (continued)

Variables All patients (n=121) Chemotherapy cohort (n=62) ICI plus chemotherapy cohort (n=59) P value

TG (mmol/L) 0.85 (Wilcox test)

Mean (SD) 1.24 (0.52) 1.24 (0.53) 1.23 (0.51)

Median [IQR] 1.08 [0.84, 1.59] 1.04 [0.84, 1.67] 1.19 [0.86, 1.51]

Missing, n (%) 1 (0.83) 1 (1.61) 0 (0.00)

TC (mmol/L) 0.56 (Wilcox test)

Mean (SD) 4.19 (0.88) 4.24 (0.98) 4.15 (0.79)

Median [IQR] 4.14 [3.70, 4.70] 4.22 [3.71, 4.75] 4.02 [3.69, 4.59]

Missing, n (%) 1 (0.83) 1 (1.61) 0 (0.00)

HDL (mmol/L) 0.74 (Wilcox test)

Mean (SD) 1.1 (0.26) 1.11 (0.27) 1.09 (0.24)

Median [IQR] 1.08 [0.91, 1.26] 1.09 [0.91, 1.23] 1.06 [0.91, 1.27]

Missing, n (%) 1 (0.83) 1 (1.61) 0 (0.00)

LDL (mmol/L) 0.48 (Wilcox test)

Mean (SD) 2.47 (0.63) 2.43 (0.64) 2.52 (0.62)

Median [IQR] 2.44 [2.06, 2.88] 2.43 [1.99, 2.76] 2.49 [2.17, 2.90]

Missing, n (%) 1 (0.83) 1 (1.61) 0 (0.00)

ApoA1 (g/L) 0.45 (Wilcox test)

Mean (SD) 1.15 (0.24) 1.14 (0.28) 1.17 (0.20)

Median [IQR] 1.15 [1.00, 1.27] 1.13 [0.99, 1.27] 1.16 [1.04, 1.26]

Missing, n (%) 19 (15.70) 9 (14.52) 10 (16.95)

ApoB (g/L) 0.92 (Wilcox test)

Mean (SD) 0.8 (0.19) 0.81 (0.20) 0.8 (0.18)

Median [IQR] 0.80 [0.68, 0.91] 0.81 [0.67, 0.90] 0.79 [0.68, 0.91]

Missing, n (%) 19 (15.70) 9 (14.52) 10 (16.95)

LDH (U/L) 0.58 (Wilcox test)

Mean (SD) 380.52 (322.89) 331.48 (227.12) 430.49 (393.59)

Median [IQR] 250.00 [203.00, 387.50] 250.50 [202.50, 337.25] 250.00 [204.00, 479.00]

Missing, n (%) 14 (11.57) 8 (12.90) 6 (10.17)

CEA (μg/L) 0.49 (Wilcox test)

Mean (SD) 31.58 (93.77) 40.26 (122.13) 22.31 (47.17)

Median [IQR] 3.60 [2.18, 20.22] 4.60 [2.10, 25.40] 3.40 [2.32, 12.42]

Missing, n (%) 1 (0.83) 0 (0.00) 1 (1.69)

Table 1 (continued)
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Table 1 (continued)

Variables All patients (n=121) Chemotherapy cohort (n=62) ICI plus chemotherapy cohort (n=59) P value

CA19-9 (U/mL) 0.97 (Wilcox test)

Mean (SD) 123.96 (464.39) 77.5 (200.28) 170.42 (625.20)

Median [IQR] 14.25 [9.15, 31.33] 13.30 [8.98, 37.65] 15.95 [9.50, 21.65]

Missing, n (%) 13 (10.74) 8 (12.90) 5 (8.47)

SEAA (μg/L) 0.03 (Wilcox test)

Mean (SD) 1.37 (1.47) 1.61 (1.94) 1.12 (0.66)

Median [IQR] 1.08 [0.76, 1.48] 1.11 [0.94, 1.65] 0.97 [0.63, 1.37]

Missing, n (%) 6 (4.96) 3 (4.84) 3 (5.08)

Cytokeratin (μg/L) 0.54 (Wilcox test)

Mean (SD) 4.96 (4.86) 4.35 (3.37) 5.61 (6.02)

Median [IQR] 3.62 [2.75, 5.42] 3.67 [2.66, 5.05] 3.56 [2.88, 5.61]

Missing, n (%) 6 (4.96) 3 (4.84) 3 (5.08)

NSE (ng/mL) 0.01 (Wilcox test)

Mean (SD) 47.55 (59.96) 39.91 (59.84) 55.90 (59.52)

Median [IQR] 22.45 [12.48, 53.63] 18.49 [10.43, 41.47] 28.04 [15.99, 59.53]

Missing, n (%) 8 (6.61) 3 (4.84) 5 (8.47)

BMI (kg/m2) 0.14 (Wilcox test)

Mean (SD) 23.08 (2.93) 23.54 (3.19) 22.65 (2.62)

Median [IQR] 22.94 [21.12, 25.38] 23.08 [21.54, 25.73] 22.63 [20.91, 24.32]

Missing, n (%) 9 (7.44) 8 (12.90) 1 (1.69)

Brain_M, n (%) 0.32 (Fisher test)

Yes 19 (15.70) 12 (19.35) 7 (11.86)

No 102 (84.30) 50 (80.65) 52 (88.14)

Bone_M, n (%) 0.33 (Fisher test)

Yes 36 (29.75) 21 (33.87) 15 (25.42)

No 85 (70.25) 41 (66.13) 44 (74.58)

Liver_M, n (%) 0.45 (Fisher test)

Yes 39 (32.23) 22 (35.48) 17 (28.81)

No 82 (67.77) 40 (64.52) 42 (71.19)

Other_M, n (%) 0.31 (Fisher test)

Yes 18 (14.88) 7 (11.29) 11 (18.64)

No 103 (85.12) 55 (88.71) 48 (81.36)

ES-SCLC, extensive-stage small cell lung cancer; ICI, immune checkpoint inhibitor; SYN, synuclein; CgA, chromogranin A; CD56, cluster 
of differentiation 56; TTF-1, thyroid transcription factor 1; SD, standard deviation; IQR, interquartile range; FIB, fibrinogen; PLT, platelet; 
TG, triglyceride; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; ApoA1, apolipoprotein A1; ApoB, 
apolipoprotein B; LDH, lactate dehydrogenase; CEA, carcinoembryonic antigen; CA19-9, cancer antigen 19-9; SEAA, squamous epithelial 
associated antigen; NSE, neuron-specific enolase; BMI, body mass index; M, metastasis. 
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Table 2 Univariate and multivariate survival analysis

Variables Reference
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Treatment ICI + chemo vs. chemo 0.42 (0.28, 0.64) <0.001 0.40 (0.24, 0.68) <0.001

LDH273 >273 vs. ≤273 U/L 2 (1.32, 3.02) 0.001 1.78 (1.03, 3.07) 0.04

NSE_C >102.6 vs. ≤102.6 ng/mL 2.26 (1.33, 3.84) 0.003 6.49 (1.60, 26.32) 0.009

LDH – 1 (1, 1) 0.003 – –

LDH_C >245 vs. ≤245 U/L 1.64 (1.1, 2.45) 0.02 – –

PLT_C >234×109/L vs. ≤234×109/L 0.63 (0.43, 0.94) 0.02 – –

Lymphocyte_C >1.4×109/L vs. ≤1.4×109/L 0.65 (0.44, 0.95) 0.03 – –

sum_M – 1.32 (1.03, 1.68) 0.03 – –

Bone_M Yes vs. no 1.57 (1.04, 2.37) 0.03 – –

Age ≥65 vs. <65 years 0.67 (0.46, 0.97) 0.04 – –

Blood_sodium_C >135 vs. ≤135 mmol/L 0.53 (0.3, 0.96) 0.04 – –

ApoA1_C >0.9 vs. ≤0.9 g/L 1.85 (1.01, 3.4) 0.048 4.15 (1.98, 8.71) <0.001

FIB_C >2.99 vs. ≤2.99 g/L 1.82 (0.99, 3.32) 0.053 – –

NSE – 1 (1, 1.01) 0.06 – –

NLR_C >3.1 vs. ≤3.1 1.43 (0.98, 2.1) 0.06 – –

ApoB _C >0.8 vs. ≤0.8 g/L 1.47 (0.98, 2.2) 0.06 2.24 (1.34, 3.75) 0.002

LDL_C >1.8 vs. ≤1.8 mmol/L 0.6 (0.34, 1.05) 0.07 0.41 (0.20, 0.85) 0.02

CgA Positive vs. negative 0.71 (0.49, 1.04) 0.08 – –

The factors associated with PFS in ES-SCLC patients with a P value <0.1 in the univariate analysis were included in the multivariate 
analysis. A P value <0.05 was considered statistically significant. HR, hazard ratio; CI, confidence interval; ICI, immune checkpoint 
inhibitor; chemo, chemotherapy; LDH, lactate dehydrogenase; NSE, neuron-specific enolase; C, denotes the clinical features converted to 
categorical variables; PLT, platelet; sum_M, sum of tissues with metastatic lesions (e.g., brain, bone, liver, or other tissues); Bone_M, bone 
metastasis; ApoA1, apolipoprotein A1; FIB, fibrinogen; NLR, neutrophil-to-lymphocyte ratio; ApoB, apolipoprotein B; LDL, low-density 
lipoprotein; CgA, chromogranin A; PFS, progression-free survival; ES-SCLC, extensive-stage small cell lung cancer. 

outcome events, and within the ICI plus chemotherapy 
cohorts, 52 out of 59 patients had achieved PFS outcome 
events. The median PFS in the chemotherapy cohorts was 
4.3 months [95% confidence interval (CI): 3.3, 4.9], whereas 
the median PFS in the ICI plus chemotherapy cohorts was 
6.1 months (95% CI: 4.6, 7.6).

Univariate and multivariate analysis of PFS in ES-SCLC

Using X-tile, we categorized the normally distributed 
continuous variables, including Ki-67, FIB, and LDL, into 
categorical variables based on optimal cut-off values, except 
for the serum sodium levels, which were categorized as 
hyponatremia and normal. Table 2 presents the factors with 
a P value <0.1 from the univariate Cox regression analysis of 

PFS in the ES-SCLC patients receiving first-line treatment. 
These parameters were then included in the multivariate 
Cox regression analysis. Meanwhile, Table S1 provides the 
results of the univariate analysis with a P value ≥0.1. In 
the univariate analysis, a total of 15 factors associated with 
PFS in all the ES-SCLC patients were identified, including 
the treatment modality, LDH level, NSE level, PLT 
count, lymphocyte count, age, serum sodium level, ApoA1 
concentration, FIB level, NLR, ApoB concentration, LDL 
level, CgA, bone metastasis, and the sum of tissues with 
metastatic lesions (P<0.1 for all). Among these factors, 
the treatment modality emerged as the most significant 
prognostic factor, showing that immunochemotherapy 
significantly prolonged PFS compared to chemotherapy 
alone [P<0.001; hazard ratio (HR) =0.42; 95% CI: 0.28, 

https://cdn.amegroups.cn/static/public/JTD-24-929-Supplementary.pdf
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0.64; Figure 1]. A multivariate analysis was conducted to 
determine the correlation among different prognostic 
variables. We observed that a immunochemotherapy 
regimen (P<0.001; HR =0.40; 95% CI: 0.24, 0.68) and LDL 
level of >1.8 mmol/L (P=0.02; HR =0.41; 95% CI: 0.20, 
0.85) were independent prognostic factors of favorable 
PFS, while a LDH level of >273 U/L (P=0.04; HR =1.78; 
95% CI: 1.03, 3.07), NSE concentration of >102.6 ng/mL  
(P=0.009; HR =6.49; 95% CI: 1.60, 26.32), ApoA1 
concentrat ion of  >0 .9  g/L (P<0.001;  HR =4.15 ; 
95% CI:  1.98,  8.71) ,  and ApoB concentrat ion of  
>0.8 g/L (P=0.002; HR =2.24; 95% CI: 1.34, 3.75) were 
independent prognostic factors of poorer PFS in all ES-
SCLC patients (P<0.05 for all). It was worth noting that 
in the chemoimmunotherapy cohort, an LDL level of  
>1.8 mmol/L significantly improved patient prognosis in 
terms of PFS (P=0.003; HR =4.59; 95% CI: 1.52, 13.90) 
(Figure S1), while in the chemotherapy cohort, an LDL 
level of ≤1.8 mmol/L showed a trend toward improved 
patient prognosis (Figure S2A). Notably, the recurrence 
rate within the first 3 months after chemotherapy was 
significantly lower in this group compared to those with 
LDL levels of >1.8 mmol/L (Figure S2B).

Furthermore, we found that LDL levels independently 
and significantly influenced PFS of patients receiving 
chemotherapy combined with ICI, but there was no 
significant association with BMI (Figure S3).

Potential predictive biomarkers of treatment efficacy in 
ES-SCLC

To identify the clinicopathological factors that might 
affect the efficacy of different treatments in patients, 
we constructed a Cox regression model incorporating 
interaction terms between treatment modalities and 
potential biomarkers (Table S2). The interaction effect 
analysis revealed significant interactions between the 
LDL levels and the presence of bone metastasis with 
treatment outcomes (LDL_C interaction P=0.007; bone 
metastasis interaction P=0.03). In patients with an LDL 
level of >1.8 mmol/L or those without bone metastasis, the 
efficacy of combined immunotherapy and chemotherapy 
was significantly superior to chemotherapy alone (both 
P<0.001). Conversely, in patients with an LDL level of 
≤1.8 mmol/L or those with bone metastasis, there was 
no significant difference in the treatment efficacy (LDL_
C ≤1.8 mmol/L P=0.12; with bone metastasis P=0.54)  
(Figure 2). These findings suggest that immunotherapy 
combined with chemotherapy is the preferred choice 
for patients with an LDL level of >1.8 mmol/L or those 
without bone metastasis, while for patients with an LDL 
level of ≤1.8 mmol/L or those with bone metastasis, either 
combination therapy or chemotherapy alone are viable 
options.

Discussion

In this study, we investigated two cohorts of ES-
SCLC patients who received immunochemotherapy or 
chemotherapy alone as the first-line treatment to assess the 
correlation between various baseline clinicopathological 
characteristics and disease prognosis. We also attempted to 
identify the potential predictive factors of the efficacy of the 
two first-line treatment modalities.

Multiple factors, including sex, age, smoking history, 
tumor stage, performance status, weight loss, tumor 
burden, and increases in tumor biomarkers, have been 
shown to effect the survival outcomes of SCLC patients 
(13,14). However, discrepancies exist in the outcomes 
of various studies on prognostic factors for SCLC, and 
there remains a shortage of reliable indicators to predict 
the therapeutic efficacy of treatment regimens. In terms 
of the clinical information, hematological indicators, and 
pathological immunohistochemical indicators collected for 
this study cohort, we identified six independent prognostic 
factors related to the first-line treatment of ES-SCLC and  
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two potential predictive factors associated with the 
effectiveness of the two first-line treatment modalities. 
Landmark studies, such as IMpower133 and CASPIAN, 
have established immunochemotherapy as the frontline 
treatment for ES-SCLC (6,7). Our real-world evidence 
has solidified the fact that immunochemotherapy markedly 
improves PFS in comparison to chemotherapy alone. This 
combined therapeutic strategy has proven to be a pivotal 
prognostic element in patient care.

Since it has been noted that serum LDH levels frequently 
increase in cancer patients and are associated with suboptimal 
clinical outcomes and treatment resistance, the measurement 
of LDH has become an essential diagnostic and monitoring 
tool in the field of oncology (15). LDH has been widely 
investigated as a prognostic indicator in SCLC. Sagman 
et al.’ s research of 288 SCLC patients showed that serum 

LDH is a crucial, independent prognostic factor for 
SCLC, influencing disease stage, treatment response, and  
survival (16). The research conducted by He  et al. 
demonstrated that pretreatment serum LDH levels of 
≥215.70 U/L were significantly associated with prognosis 
in patients with SCLC receiving first-line platinum-
based chemotherapy, regardless of the stage (17). Huang 
et al. identified LDH as a prognostic factor for PFS in 
SCLC patients receiving platinum-based chemotherapy, 
regardless of their stage, with a threshold of 263 U/L 
for OS prediction (18). In present study, we found that 
LDH, with an optimal cut-off value of 273 U/L, was an 
independent prognostic factor for the first-line treatment 
of SCLC patients; however, no statistical significance was 
found when LDH was included as a continuous variable, or 
at the clinical reference value of 245 U/L in the multivariate 
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analysis.
NSE exhibits high specificity in neurons and peripheral 

neuroendocrine cells (19). It serves as a reliable tumor 
marker for patients with SCLC. In a prognostic analysis of 
523 cases of SCLC by Zhou et al., it was discovered that 
NSE was an independent prognostic factor affecting OS, 
regardless of the stage of the disease (20). Additionally, 
studies have shown that pretreatment NSE levels of 40.80 
or 15 ng/mL do not act as independent prognostic factors 
for OS in SCLC (17,21). In this study, we identified that a 
cut-off concentration of 102.6 ng/mL was an independent 
prognostic factor for patients with ES-SCLC receiving 
first-line treatment with chemotherapy ± immunotherapy.

Lipids are a vital nutritional source for tumor cells, and 
fluctuations in their levels may affect tumor growth and 
patient survival. Research into lipids as factors related to 
tumor prognosis has been increasing in recent years. Serum 
cholesterol, HDL, LDL, and ApoA-1 have been found to 
be associated with the prognosis of various cancers, such 
as breast, ovarian, and hepatocellular carcinomas (22-24).  
Wu et al. analyzed the link between lipid levels and SCLC 
prognosis, and identified TC, HDL, and the TG/HDL 
ratio as key independent factors for PFS in ES-SCLC 
patients (25). The TG level has also been found to be 
an independent risk factor for SCLC progression, with 
elevated TG levels suggesting rapid disease progression and 
a poor prognosis (26). In our study, we failed to find that 
TC, TG, and HDL were independent prognostic factors 
for the first-line treatment of ES-SCLC. A prospective 
study showed that ApoA1 was negatively associated with 
the risk of lung cancer, while high ApoB was associated 
with an increased risk of lung cancer (27). Subsequently, 
a pharmacogenetic Mendelian randomization analysis has 
demonstrated that inhibition of ApoB confers a reduction in 
the incidence of SCLC (28). In the context of our research, 
we have established that ApoA1 and ApoB, with optimal 
cut-off concentrations of 0.9 and 0.8 g/L, respectively, 
are independent prognostic factors for ES-SCLC. Zhou  
et al. confirmed that lower LDL and low-density lipoprotein 
receptor (LDLR) expression are independent prognostic 
factors associated with longer OS in SCLC patients 
treated with platinum-based chemotherapy (29). Our study 
demonstrated that high levels of LDL were an independent 
prognostic factor for improved PFS in the entire treatment 
population, which appears to contradict previous findings 
on first-line chemotherapy regimens that showed that 
patients with low LDL levels had a better prognosis. A 
further analysis of the chemotherapy-alone cohort revealed 

a trend that suggested that lower LDL levels may improve 
patient prognosis, but the difference was not statistically 
significant.

A s  a  f i r s t - l i n e  t r e a t m e n t  f o r  E S - S C L C , 
immunochemotherapy provides a sustained benefit 
to only a small fraction of patients, and traditional 
predictive biomarkers are not applicable to SCLC. A 
recent transcriptomic analysis identified an inflammatory 
SCLC subtype (SCLC-I) that exhibited an enhanced 
benefit  with the addition of atezolizumab during  
chemotherapy (30). Hardy-Werbin et al. (31) found that 
elevated levels of interleukin-2 (IL-2) serve as a predictive 
biomarker for sensitivity to ipilimumab in the context of 
SCLC immunochemotherapy. In our study, a pretreatment 
LDL level of >1.8 mmol/L was not only an independent 
prognostic factor for the overall population with ES-SCLC, 
it was also a potential predictive marker that patients would 
receive a greater benefit from the combined modality of 
chemotherapy and immunotherapy. Additionally, patients 
without bone metastasis were more likely to benefit from 
immunochemotherapy, while no significant difference 
in the benefit to PFS between immunochemotherapy 
and chemotherapy alone was found for those with bone 
metastasis.

Our study had certain limitations. In our study, OS data 
was missing by more than 20%. Considering the potential 
impact on the reliability of the results, we opted to use 
PFS for our research. Additionally, it was a single-center, 
retrospective study, which inherently introduces potential 
biases. Second, our sample size was comparatively modest, 
particularly that of the subgroup of patients with an LDL 
level of ≤1.8 mmol/L in the immunochemotherapy cohort. 
We were unable to identify demographic features or 
pathological immunohistochemical markers as prognostic 
or potential predictive factors, a shortfall that may be due 
to the smaller sample size, which might have potentially 
affected the validity of our results. Consequently, larger, 
well-designed, prospective studies need to be conducted to 
validate these findings.

Conclusions

In conclusion, an immunochemotherapy regimen and LDL 
level of >1.8 mmol/L were independent prognostic factors 
of favorable PFS, while a LDH level of >273 U/L, NSE 
concentration of >102.6 ng/mL, ApoA1 concentration 
of >0.9 g/L, and ApoB concentration of >0.8 g/L were 
independent prognostic factors of poorer PFS in all the ES-
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SCLC patients. Additionally, for patients with LDL levels 
of >1.8 mmol/L or those without bone metastasis, ICIs 
combined with chemotherapy is the preferred first-line 
treatment. For patients with LDL levels of ≤1.8 mmol/L 
or those with bone metastasis, both immunochemotherapy 
and single chemotherapy are viable options for first-line 
therapy.
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