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Purpose: Serum lipids were reported to be the prognostic factors of various cancers, but their prognostic value in small cell lung 
cancer (SCLC) patients remains unclear. This study investigated the relationship between lipid profiles and clinical outcomes in 
extensive-stage (ES) SCLC by establishing a predictive risk classification model.
Patients and Methods: We retrospectively analyzed the prognostic values of pretreatment serum lipids and their derivatives in 
patients with a confirmed diagnosis ES-SCLC. Independent factors of progression-free survival (PFS) were determined by univariate 
and multivariate cox analysis. Then, prognostic nomograms were established, of which predictive performance was evaluated by 
concordance index (C-index), calibration curves, receiver operating characteristic (ROC) curves, and decision curve analyses (DCA).
Results: A total of 158 patients was included in this study. Four optimal PFS-related factors, total cholesterol (TC) ≥ 5.30, high- 
density lipoprotein cholesterol (HDL-C) > 1.30, triglycerides (TG)/HDL-C  > 2.18, and ki67 expression > 70%, were included to 
construct the predictive nomogram. The C-indexes in training and validation sets were 0.758 and 0.792, respectively. ROC curves, 
calibration plots, and DCA all suggested favorable discrimination and predictive ability. Besides, the nomogram also performed better 
predictive ability than ki67 expression. Nomogram-related risk score divided the patients into two groups with significant progression 
disparities.
Conclusion: The promising prognostic nomogram based on lipid parameters could help clinicians to conveniently and accurately 
evaluate the prognosis of ES-SCLC patients and identify high-risk groups, so as to formulate individualized therapeutic regimens and 
follow-up strategies in time.
Keywords: small cell lung cancer, serum lipid, ki67, chemotherapy, nomogram

Introduction
The most lethal illness in the world continues to be lung cancer. Small cell lung cancer (SCLC), which makes up 15% of 
all cases of lung cancer and is categorized as a high-grade neuroendocrine tumor, is a particularly fatal and aggressive 
kind of the disease that spreads quickly, metastasizes early, and rapidly develops therapeutic resistance.1 Approximately 
two-thirds of all diagnoses of SCLC fall within the extensive-stage (ES) SCLC classification.2

Standard-of-care platinum chemotherapy (carboplatin or cisplatin) combined with the topoisomerase II inhibitor 
etoposide is the first-line treatment for extensive-stage (ES) SCLC.3 The overall 5-year survival rate has remained 
between 1% and 5% for decades4 despite the fact that chemotherapy might produce a response in 60% to 80% of ES- 
SCLC patients, complete remission was only seen in 15% to 20% of patients, and the majority of patients relapsed 
shortly after starting treatment. On the other hand, SCLC is divided into four subgroups, each of which responds 
differently to platinum-based chemotherapy.5 The proportion of each subtype in the tumor determines its overall 
sensitivity to platinum-based treatment. However, the bulk of SCLC tissue test samples is acquired via needle biopsy, 
which unavoidably leads in test variance and predictability. The multidisciplinary treatment of cancer patients is essential 
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for better results. Finding novel tumor indicators to better select individuals who can use already available treatments 
(such combining immunotherapy) would considerably aid clinical decision-making due to the disease’s dismal prognosis 
and propensity for recurrence.

Lipids are crucial elements of cell membranes and have been linked to the fundamental mechanisms underlying the 
development of cancer, such as excessive proliferation and abnormal signaling. In addition, cellular energy supply, 
signaling, and other critical elements of tumor cell proliferation are all influenced by lipid metabolism. Dyslipidemia is 
frequently noted in individuals with a range of tumor forms because of the accelerated metabolism and proliferation of 
tumor cells.6 Recent researches have shown that the serum lipid profile is useful in predicting the prognosis of tumors,7,8 

and as a result, it has been viewed as a prospective therapeutic target.9 There has not been a definite study on the 
relationship between cholesterol markers and prognosis in SCLC patients, nevertheless.

In this work, we looked and examined whether lipid profiles can be used as prognostic indicators for ES-SCLC. In 
addition to developing a lipid profile-based model that was proven to have increased prognostic precision, we retro-
spectively analyzed the lipid characteristics of patients and investigated their relevance in predicting disease prognosis 
when combined with current clinical indicators.

Materials and Methods
Patients
The patients were retrospectively identified from our patient database after the review and approval of the ethics committee 
of the second hospital of Dalian medical university complying with the Declaration of Helsinki. Written informed consent 
was obtained from all participants. The inclusion criteria were as follows: (1) Patients with SCLC newly confirmed by 
pathology from February 2017 to September 2022; (2) Patients with baseline data, such as serum lipid, ki67 expression and 
TNM stage; (3) patients who received first-line treatment with platinum-containing drugs as primary and only treatment 
before advancement: 4–6 cycles of platinum-based chemotherapy was routinely performed (Chemorefractory SCLC was 
classified as patients develop resistance to platinum-based chemotherapy within 3 months10); (4) Patients with adequate 
imaging evidence that could be used to determine the SCLC stage before treatment (TNM stages in this study were assigned 
according to the 8th American Joint Committee on Cancer); and (5) Patients with complete follow-up data. Exclusion 
criteria were as follows: (1) Patients with composite SCLC, which contained the components of other pathological types; 
(2) Patients ever received lower lipid therapy; (3) Patients receiving dose reduction or drug withdrawal due to side effects of 
chemotherapy; and (3) Patients with other blood systems and solid tumors.

Clinical Information Collection
All data were obtained from the electronic medical record system of the second Hospital of Dalian Medical University. 
Patients’ clinical information included gender, age at diagnosis, treatment characteristics and progression-free survival 
(PFS), which is identified from the date of therapy to the date of relapse which was confirmed by imaging evidence. 
Tumor condition included TNM stage according to the 8th edition of the American Joint Committee on Cancer TNM 
staging system, histological subtype and ki67 expression. Laboratory indicators included serum lipid indexes, including 
total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein choles-
terol (LDL-C), apolipoprotein A1 (apoA1), apolipoprotein B (apoB), and their four derivatives, HDL/LDL, TG/HDL, 
apoB/apoA1 and HDL/TC.

Establishment and Validation of a Predicting Nomogram for ES-SCLC Relapse
In this study, 158 patients were randomly assigned to training set of 112 samples (~7/10), and internal validation set of 46 
samples (~3/10). The R package “survival” was used to integrate data on PFS and the clinicopathological characteristics. 
The univariate and multivariate Cox regression analysis was used to determine the prognostic significance of these 
characteristics in the training set. On the basis of multivariate Cox proportional hazards analysis, nomographs predicting 
rates of disease relapse at 3- (Chemorefractory), 6- and 9-months were created using the “RMS” software. The 
nomogram presents graphical data for these factors, and from the points linked with each risk factor, the prognosis 
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risk of an individual patient may be computed. During the validation of the nomogram, the total points of each patient in 
the validation cohort were calculated according to the established nomogram. The concordance index (C-index) and the 
receiver operating characteristic (ROC) curve were used to evaluate the discriminating ability of the nomogram. The 
calibration plots and decision curve analysis (DCA) were used to assess the predictive power and clinical utility of the 
nomogram.

Survival Analysis of Patients with High-Risk and Low-Risk Score Based on Nomogram
The best risk score cut-off value was determined for the entire cohort using the R software program maxstat (Maximally 
selected rank statistics with multiple p-value approximations, version: 0.7–25). The minimum and maximum numbers of 
samples in each category were set at more than 25% and less than 75%, respectively. Based on available information, 
patients were divided into high-risk and low-risk groups. The prognosis difference between the two groups was examined 
using the Survfit function of the R software package, and the significance of the prognostic difference between the 
several groups of samples was assessed using the Log rank test.

Statistical Analysis
The ideal cutoff values for age, lipid index and their derivatives were determined using X-tile software v3.6.1 (Yale 
University) and all statistical analyses were performed using SPSS v24.0 (SPSS Inc., USA). Frequencies and proportions 
are given for categorical variables which were analyzed using chi-square test or Mann–Whitney U-test, as appropriate. 
The corresponding hazard ratios (HRs) and 95% confidence intervals were determined using multivariate Cox regression 
analysis (CIs). For DCA, the “ggDCA” R package was utilized. ROC analysis was performed using the R software 
package pROC to determine the area under the curve (AUC) (version 1.17.0.1). In particular, we gathered the patients’ 
follow-up duration and risk score and performed ROC analysis using the ROC function of pROC at 3, 6 and 9 months. 
For all analyses, a P value of < 0.05 was considered statistically significant.

Results
Baseline Clinicopathological Characteristics
We performed a retrospective analysis of the clinical data of 269 ES-SCLC patients. A total of 158 patients who fulfilled 
the criteria for lipid and survival information was enrolled and separated into the training (n = 112) and validating (n = 
46) cohorts. Overall, the median age at diagnosis was 66 (40, 83) years. One hundred and twenty-five patients (79.1%) 
were male and 33 (20.9%) were female. There were 9 (5.7%), 57 (36.1%), 46 (29.1%) and 46 (29.1%) patients with 
T stages I, II, III and IIII. Four (2.6%), 5 (3.1%), 64 (40.5%) and 85 (53.8%) patients were diagnosed with N0, N1, N2 
and N3. Thirty-two (20.3%), 54 (34.2%), 36 (22.8%) and 36 (22.8%) patients were diagnosed as M0, M1a, M1b and 
M1c stage, respectively. The median PFS was 6 months, ranged from 3 to 18 months. We divided normal distribution 
continuous variables, including the ki67 expression, lipid index and their derivatives, into categorical variables based on 
the optimum cut-off values. Detailed characteristics in the cohorts are summarized in Table 1.

Nomogram Construction for Individualized Prediction of PFS in ES-SCLC Patients
By univariate analysis in the training cohort, ki67 expression and all lipid index were associated with the PFS (Table 2). 
With further selection by multivariate analysis, TC, HDL-C, TG/HDL and ki67 expression were determined as 
independent prognostic factors of PFS (Table 2). Then the nomogram combined with the TC, HDL-C, TG/HDL and 
ki67 expression was constructed based on the multivariate Cox regression analysis (Figure 1). The C-index was 0.758 
(95% CI, 0.700–0.816) in the training cohort. The calibration curve adjusted by 1000 times bootstrap resampling also 
indicated that the prediction probability of the nomograms for 3- (Chemorefractory), 6- and 9-month PFS were consistent 
with the actual observation (Figure 2A). The predicted area under the curve (AUC) values for 3- (Chemorefractory), 6- 
and 9-months PFS in the training cohort utilizing the nomograms were 0.749, 0.841 and 0.905 (Figure 2B), respectively, 
all of which were superior to the AUC values predicted by the ki67 expression. Finally, we draw decision curves to 
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illustrate the clinical applicability of the nomograms. The decision curves showed that the clinical effectiveness of the 
nomograms was better than that of ki67 expression within the actual threshold probability range (Figure 2C).

Validation of Predictive Accuracy of the Nomogram
In the validation cohort, the C-index of the nomogram for predicting ES-SCLC relapse was 0.792 (0.710–0.874). The 
calibration curve indicated good agreements between prediction and observation in the probability of 3- 
(Chemorefractory), 6- and 9-months PFS (Figure 3A). The AUC values for predicting 3- (Chemorefractory), 6- and 

Table 1 Representativeness of Study Participants

Characteristics Categories Entire Cohort  
(N = 158)

Training Cohort  
(N = 112)

Validation Cohort  
(N = 46)

Gender Male 125 (79.11%) 92 (82.14%) 33 (71.73%)

Female 33 (20.89%) 20 (17.86%) 13 (28.27%)

Age <55 16 (10.13%) 13 (11.61%) 3 (6.52.%)
≥55 142 (89.87%) 99 (88.39%) 43 (93.48%)

T-stage T1 9 (5.70%) 7 (6.26%) 2 (4.34%)

T2 57 (36.08%) 40 (35.71%) 17 (36.96%)
T3 46 (29.11%) 33 (29.46%) 13 (28.26%)

T4 46 (29.11%) 32 (28.57%) 14 (2.34%)
N-stage N0 4 (2.53%) 2 (1.79%) 2 (4.35%)

N1 5 (3.16%) 2 (1.79%) 3 (6.52%)

N2 64 (40.51%) 44 (39.28%) 20 (43.48%)
N3 85 (53.80%) 64 (57.14%) 21 (45.65%)

M-stage M0 32 (20.24%) 17 (15.18%) 15 (32.61%)

M1a 54 (34.18%) 41 (36.61%) 13 (28.26%)
M1b 36 (22.78%) 28 (25.00%) 8 (17.39%)

M1c 36 (22.78%) 26 (23.21%) 10 (21.74%)

ki67 (%) ≤70 39 (24.68%) 27 (24.11%) 12 (26.09%)
>70 119 (75.32%) 85 (75.89%) 34 (73.91%)

TC (mmol/L) <5.30 94 (59.49%) 66 (58.93%) 28 (60.87%)

≥5.30 64 (40.51%) 46 (41.07%) 18 (39.13%)
TG (mmol/L) <1.10 60 (37.97%) 46 (41.07%) 14 (30.43%)

≥1.10 98 (62.03%) 66 (58.93%) 32 (69.57%)

HDL-C (mmol/L) ≤1.30 110 (69.62%) 77 (68.75%) 33 (71.74%)
>1.30 48 (30.38%) 35 (31.25%) 13 (28.26%)

LDL-C (mmol/L) <2.30 47 (29.75%) 33 (29.46%) 14 (30.43%)

≥2.30 111 (70.25%) 79 (70.54%) 32 (69.57%)
apoB (g/L) <0.75 40 (25.32%) 27 (24.11%) 13 (28.26%)

≥0.75 118 (74.68%) 85 (75.89%) 33 (71.78%)

apoA1 (g/L) <1.06 21 (13.29%) 14 (12.50%) 7 (15.22%)

≥1.06 137 (86.71%) 98 (87.50%) 39 (84.78%)

HDL-C/LDL-C <0.36 64 (40.51%) 42 (37.50%) 22 (47.83%)

≥0.36 94 (59.49%) 70 (62.50%) 24 (52.17%)
apoB/apoA1 <0.53 41 (25.95%) 28 (25.00%) 13 (28.26%)

≥0.53 117 (74.05%) 84 (75.00%) 33 (71.74%)

TG/HDL-C ≤2.18 132 (83.54%) 99 (88.39%) 33 (71.74%)
>2.18 26 (16.46%) 13 (11.61%) 13 (28.26%)

HDL-C/TC <0.26 100 (63.29%) 70 (62.50%) 30 (65.22%)

≥0.26 58 (36.71%) 42 (37.50%) 16 (34.78%)
PFS (months) Median [min-max] 6 [3–18] 5 [3–13] 6 [3–18]

Abbreviations: TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 
lipoprotein cholesterol; apoA1, apolipoprotein A1; apoB, apolipoprotein B.
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9-months PFS using the nomograms were 0.810, 0.886 and 0.991 (Figure 3B), respectively, all of which were also higher 
than those of ki67. DCA curve also demonstrated more positive net benefits in guiding clinical decisions than ki67 
expression (Figure 3C).

Table 2 Univariate and Multivariate Analyses of Factors Associated with ES-SCLC Relapse

Variable Univariate Analysis Multivariate Analysis

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

Age ≥55 vs <55 0.99 (0.97–1.02) 0.854 – –

Gender Male vs Female 0.93 (0.58–1.51) 0.788 –
T-stage T1 – – – –

T2 0.74 (0.33–1.66) 0.470 – –

T3 0.79 (0.35–1.80) 0.584 – –
T4 0.94 (0.41–2.15) 0.900 – –

N-stage N0 – – – –

N1 0.46 (0.06–3.29) 0.441 – –
N2 0.50 (0.12–2.10) 0.350 – –

N3 0.69 (0.16–2.86) 0.615 – –

M-stage M0 – – – –
M1a 1.09 (0.61–1.92) 0.765 – –

M1b 0.63 (0.33–1.18) 0.156 – –

M1c 1.23 (0.66–2.29) 0.506 – –
ki67 (%) >70 vs ≤70 1.95 (1.28–2.95) 0.002** 2.09 (1.33–3.28) 0.001**

TC (mmol/L) ≥5.30 vs <5.30 0.53 (0.36–0.79) 0.002** 0.41 (0.24–0.68) <0.001***

TG (mmol/L) ≥1.10 vs <1.10 0.41 (0.26–0.63) <0.001*** 0.73 (0.44–1.21) 0.233
HDL-C (mmol/L) >1.30 vs ≤1.30 1.7 (1.13–2.55) 0.010* 2.20 (1.29–3.76) 0.003**

LDL-C (mmol/L) ≥2.30 vs <2.30 0.48 (0.31–0.74) <0.001*** 1.28 (0.67–2.45) 0.444

apoB (g/L) ≥0.75 vs <0.75 0.34 (0.21–0.55) <0.001*** 0.47 (0.21–1.04) 0.064
apoA1 (g/L) ≥1.06 vs <1.06 0.51 (0.29–0.92) 0.026* 0.60 (0.30–1.21) 0.157

HDL-C/LDL-C ≥0.36 vs <0.36 1.58 (1.07–2.33) 0.021* 0.70 (0.41–1.20) 0.204

apoB/apoA1 ≥0.53 vs <0.53 0.42 (0.27–0.67) <0.001*** 0.89 (0.44–1.76) 0.738
TG/HDL-C >2.18 vs ≤2.18 0.39 (0.22–0.69) 0.001** 0.38 (0.20–0.70) 0.002**

HDL-C/TC ≥0.26 vs <0.26 1.95 (1.31–2.92) 0.001** 0.99 (0.52–1.90) 0.990

Notes: *P < 0.05, **P < 0.01, ***P < 0.001. 
Abbreviations: TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 
lipoprotein cholesterol; apoA1, apolipoprotein A1; apoB, apolipoprotein B.

Figure 1 Establishment and validation of a combined nomogram in the training cohort. Nomogram based on total cholesterol (TC), high-density lipoprotein cholesterol 
(HDL-C), triglycerides (TG)/HDL-C, and ki67 expression was constructed to predict the 3- (Chemorefractory), 6-, and 9-month progression free survival of ES-SCLC.
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Through nomogram modeling, all patients in this study were turned into a single risk score. Furthermore, the best risk 
score cutoff value was calculated. The minimum sample size was set at greater than 25%, while the maximum sample 
size was set at less than 75%. According to this information, patients were separated into high-risk and low-risk groups, 
with 32.6% (n = 72) in the high-risk group and 67.4% (n = 86) in the low-risk group. The K-M survival curves revealed 
that the PFS of patients in the low-risk group (median = 8 months) was significantly better compared with that in high- 
risk group (median = 3 months, P < 0.0001, Figure 4).

Discussion
In this study, we focused on the relationship between serum lipid and clinical outcome in ES-SCLC patients, who 
received platinum chemotherapy (carboplatin or cisplatin) combined with etoposide. Through multivariate cox analysis, 
novel nomograms were established containing TC, HDL-C, TG/HDL and ki67 expression, which could effectively 

Figure 2 Validation of predictive capacity of the Nomogram in the training cohort. (A) Predictive accuracy of the nomogram was assessed by the calibration plots; (B) 
comparing ROC curves of the nomogram and ki67 expression for 3- (Chemorefractory), 6-, and 9-month progression free survival; (C) comparing the time-dependent 
decision curve analysis for the clinical benefit of the nomogram and ki67 expression.
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predict the 3- (Chemorefractory), 6- and 9-months PFS. Compared with traditional ki67 expression, our model showed 
better differentiation, accuracy and clinical applicability.

According to current studies, ES-SCLC progressed quickly, on average, six months after the first treatment has been 
administered, and platinum-sensitive (PS) patients have a 15% to 20% better response rate to conventional second-line 
platinum chemotherapy than platinum-resistant (PR) patients, and their overall survival can be increased by 2–3 months.2 

Platinum reactivation is recommended for PS patients as second-line treatment, while PR patients are recommended to 
try clinical trial medication such as topotecan or lurbinectedin because they would gain little from a platinum 
chemotherapy.3,4 It has been reported that DLL3-antibodies or combinations of PARPi and immunotherapy could be 
very promising treatment approach.11 The lack of strong prognostic and predictive biomarkers has hampered progress in 
therapy efficacy. This is most likely the primary reason of failure for the substances examined thus far. To increase the 
overall survival rate, it is crucial to predict the tumor’s response to platinum chemotherapy, so as to formulate 
individualized therapeutic regimens and follow-up strategies in time.

Figure 3 Validation of predictive capacity of the Nomogram in the testing cohort. (A) Predictive accuracy of the nomogram was assessed by the calibration plots. (B) 
Comparing ROC curves of the nomogram and ki67 expression for 3- (Chemorefractory), 6-, and 9-month progression free survival. (C) Comparing the time-dependent 
decision curve analysis for the clinical benefit of the nomogram and ki67 expression.
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Disturbance of lipid metabolism in cancer cells can lead to structural changes of tumor cell membrane, turbulence of 
intracellular energy metabolism, dysregulation of cell signal transduction and gene expression.12 As the source and 
transforming component of lipid metabolism in tumor microenvironment, serum lipids play an important role in 
tumorigenesis.13 However, there has been no in-depth study of association between serum lipids and prognosis of 
SCLC.14 It is therefore necessary to further explore the association between dyslipidemia and the clinical characteristics 
of SCLC.

Using multiple regression analysis, we concluded that their lipid index, TC, HDL-C and TG/HDL-C were indepen-
dent risk factors for chemoresistance and FPS in ES-SCLC patients. Cholesterol is an important component of the cell 
membrane and is essential for maintaining lipid raft stability which promotes cell proliferation.15 In the literature, 
patients of prostate cancer and cervical cancer with elevated total serum TC levels have a poor prognosis.16 However, 
patients of gastric cancer, and primary liver cancer with lower total serum TC levels suggest a poor prognosis.17,18 

Consistently, our research found that lower serum TC levels were an independent risk factor for chemorefractory and 
relapse of ES-SCLC. The hypothesis was that the rapid growth of cancer cells, especially in the late stage, requires the 
involvement of large amounts of cholesterol, which in turn promotes total cholesterol depletion.19

HDL-C is known as a vascular scavenger, which reduces cholesterol levels in cancer cells, peripheral tissues and 
tumor lessens biofilm raw materials by transporting cholesterol from surrounding tissues and converting it into bile acids 
for excretion from the intestine, which may antagonize the function of intracellular cholesterol in cancer cells to some 
extent. Some studies have suggested that reduced HDL-C level is a consequential or causal factor in the development and 
progression of cancer.20,21

However, an inverse correlation between HDL-C and cancer risk has been shown by some epidemiological studies. 
Yang et al reported that dyslipidemia, including low level of HDL-C, was independently associated with the improve-
ments of overall survival and recurrence-free survival in patients with colon.22 Our studies also found that high-level 
HDL-C in SCLC patients was associated with a poor prognosis. Though immunomodulatory, anti-oxidative, anti- 
apoptotic, and anti-inflammatory properties were postulated for HDLs, which might influence proliferative and inflam-
matory pathways in cancer development,23 HDL-C does not invariably reflect the functionality of HDLs. On the other 

Figure 4 Validation of predictive value of the nomogram. The progression free survival curves based on nomogram correlated risk score in the whole cohort.
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hand, the controversies regarding the association between HDL-C and tumors also reside in the face of the different 
studied populations and sample sizes.24,25

TG/HDL-C is one of the derivatives of blood lipids. Previous studies proposed that its high level is associated with a 
poor postoperative prognosis of breast cancer and gastric cancer.26,27 In contrast, Huang et al demonstrated that a higher 
TG/HDL-C level is associated with a better prognosis of colorectal cancer.28 As far as we know, this study is the first 
time to propose TG/HDL-C as a meaningful prognostic marker for SCLC patients, which indicated that low level of TG/ 
HDL-C was independently associated with the improvements of chemotherapy respondence and PFS. The contradictory 
assessment of the prognostic role of TG/HDL-C may be caused by different tumor types, study populations, and cut-off 
values. Although it remains unclear why a higher TG/HDL-C level is associated with a better prognosis of SCLC, two 
speculations may explain this phenomenon. Firstly, it is speculated that such association is related to the corresponding 
lower HDL-C concentration. Secondly, since TG is one of the prime lipid metabolites involved in energy supply,29 our 
findings support the hypothesis that an elevated level of TG/HDL-C may represent a better nutritional status and is 
related to a good prognosis of SCLC.

The ki67 is a well-known proliferation marker for the evaluation of cell proliferation. It has been reported30 that ki67 
is an important predictor of SCLC prognosis, the lower expression of ki67 in SCLC is better for chemotherapy efficacy, 
and longer PFS. In particular, 70% ki67 expression index is an important critical index for the progression of small cell 
lung cancer, which is in good agreement with the findings of our analysis.

Above all, with the aid of multivariate Cox regression analysis, a novel SCLC prognostic nomogram integrating ki67 
expression, TC, HDL and TG/HDL-C was established and suggested more favorable discriminative and predictive ability 
compared with the ki67 expression alone, which were identified by ROC curves and DCA analysis. Although newer 
methods like fluid biopsy and genetic testing seem to increase the accuracy of cancer prognosis predictions, they have 
drawbacks including a hefty price tag and labor-intensive analysis.31 The majority of them are also still through clinical 
studies. In clinical practice, a prostate biopsy can be used to determine the Gleason sum, and laboratory investigations 
can be used to calculate the HALP. Total points generated by the nomogram could therefore aid us in making informed 
choices regarding adjuvant therapy and follow-up plans.

After dividing the patients into groups with low- and high-risk score, the group with a high-risk score developed 
rapidly and had a bad prognosis. Thus, the nomogram-based risk system provides a convenient and intuitive tool to 
initially classify ES-SCLC patients into the different prognostic stage. We hypothesized that patients in the high-risk 
score category could receive more potent medication, such as topotecan or lurbinectedin coupled with platinum 
chemotherapy. Large-scale clinical trials are necessary to validate the specific treatment.

This research is a single-center study with a relatively small sample size, so further multi-center, large-sample studies 
are needed to verify the relationship between serum lipids and clinical features and prognosis of SCLC. Furthermore, 
individuals with several treatment approaches will be able to be enrolled and compared to determine the benefits of 
various treatment strategies. We will conduct further molecular research on the relationship between lipid metabolism 
and biological behaviors of SCLC cells and closely link them to patients' serum lipid levels and prognosis, bringing new 
thinking to the treatment of SCLC.

Conclusion
A novel, serum-lipid-profile-based nomogram for ES-SCLC patients was successfully constructed, providing new insight 
into the crosstalk among serum lipids and SCLC prognosis, which will help clinicians to conveniently and accurately 
evaluate the prognosis of these patients and identify high-risk groups, so as to formulate individualized therapeutic 
regimens and follow-up strategies in time.
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