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Background: The routine clinical nutritional and inflammatory indicators such as serum albumin, total cholesterol and lymphocytes
have been widely investigated in the prognosis of small cell lung cancer (SCLC). The Naples prognostic score (NPS), based on
nutritional and inflammatory status, has been identified as a prognostic impactor in several malignancies. However, the prognostic role
of NPS in SCLC has not been elucidated. This study aims to evaluate the prognostic effect of NPS in SCLC patients.

Patients and Methods: Patients with SCLC were recruited at Hebei General Hospital between April 2015 and August 2021.
Pretreatment clinical and laboratory data were obtained. Participants were assigned into three groups according to NPS (group 0:
NPS=0, group 1: NPS=1 or 2, group 2: NPS=3 or 4). Kaplan-Meier and Cox regression analysis were performed to assess the
prognostic significance of NPS. The RMS package in R software was used to draw the nomogram predictive model.

Results: A total of 128 patients were enrolled. The median progression-free survival (PFS) and overall survival (OS) was 7.2 and 12.3
months, respectively. The median PFS and OS was 12.3 vs 19.8 months, 7.6 vs 14.1 months and 6.0 vs 8.45 months for the three
groups respectively. There were significant differences in both OS and FPS among the three groups. Survival analysis showed that
NPS was significantly correlated with both OS and PFS (P<0.05). Lower NPS is associated with longer OS and PFS. Multivariate
analysis showed that NPS has an independent prognostic impact on OS (P<0.05). The nomogram predictive model showed that NPS
has good predictive power for survival rates.

Conclusion: NPS is an independent prognostic factor for OS in SCLC patients. Low NPS may predict longer OS. Therefore NPS
plays a vital role in the nomogram predictive model of survival rates in SCLC patients.
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Introduction

Lung cancer is one of the most common types of cancer, accounting for approximately 11.6% of all cancer types, and is
one of the leading causes of death from solid tumors worldwide.! SCLC, as a subtype, accounts for 15% of lung
cancer.”” SCLC is a rapidly progressing and highly aggressive neuroendocrine cancer, and it is sensitive to initial
chemotherapy and radiotherapy.*> Most patients with SCLC relapse within one year after initial treatment; therefore,
SCLC patients suffer a poor prognosis, with a 5-year survival rate of only 7%. Some clinical indicators such as

performance status (PS), age, smoking status, and staging are prognostic factors in patients with SCLC.*’ Recent
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evidences demonstrated that factors associated with immunity, inflammation, nutritional status, and liver function have
been found to play essential roles in tumor prognosis, such as the neutrophil/lymphocyte ratio (NLR), platelet/lympho-
cyte ratio (PLR), systemic immune-inflammation index (SII), Prognostic Nutrition Index (PNI), and Albumin-bilirubin
(ALBI) grade.” '°

The Naples prognostic score (NPS) is a scoring system that includes serum albumin, total cholesterol (TC) level,
NLR, and lymphocyte/monocyte ratio (LMR), which can comprehensively reflect the immune and nutritional status of
patients. NPS was used to evaluate the prognosis of colorectal cancer, and its predictive value was proved to be superior
to other immune and nutritional indicators.'' NPS has been reported to be an independent prognostic factor for
osteosarcoma,'? non-small cell lung cancer,’ endometrial cancer,'® and pancreatic cancer.'* However, there is no study
exploring the significance of NPS in SCLC prognosis. Therefore, this study aimed to understand the relationship between
NPS and SCLC patients’ prognosis.

Patients and Methods

We retrospectively analyzed inpatients with SCLC treated at the Department of Thoracic Surgery of Hebei General
Hospital admitted from April 2015 to August 2021. Patients with incomplete test results, inaccurate clinical data, or
failure to follow up, diagnosed with other malignant tumors or immune-related diseases were excluded. No patient was
combined with hematological diseases, liver diseases, kidney diseases, and other adverse factors affecting blood routine
or biochemical indicators before treatment. The clinical data of all patients were obtained before treatment. All patients
received sequential treatment in accordance with National Comprehensive Cancer Network (NCCN) guidelines. Follow-
up time was no less than four months, and the deadline for data collection was December 31, 2021. The primary endpoint
was overall survival (OS), which referred to the time from the pathological diagnosis of SCLC to the death of the
patients. The secondary endpoint was progression-free survival (PFS), which is from the pathological diagnosis of SCLC
to when the disease progressed. The follow-up interval was one month. Two consecutive failures to follow-up were
regarded as death as the nature of advanced SCLC, and the date of death was regarded as the last loss to follow-up.

Demographic and clinical information was extracted from the electronic medical record system at Hebei General
Hospital, including gender, age, smoking status, body mass index (BMI), PS, Charlson comorbidity index (CCI),
treatment methods, and disease progression. Laboratory parameters, including lactate dehydrogenase (LDH), serum
albumin (ALB), TC, LMR, NLR, SII, PLR, PNI, carcinoembryonic antigen (CEA), and neuron-specific enolase (NSE)
were collected. According to Galizia et al'! the definition and grading standard of NPS is shown in Table 1.

Patients were divided into three groups according to the NPS: group 0, patients with a score of 0; group 1, patients
with a score of 1 or 2; and group 2, patients with a score of 3 or 4. The Ethical Committee of Hebei General Hospital
approved this study. We confirm the confidentiality of the data maintained and compliance with the “Declaration of
Helsinki”. Informed consent was waived due to the retrospective nature of the study.

Statistical Analyses

The IBM SPSS statistics software program, version 22.0 (IBM Corporation, Armonk, NY, USA), was used for statistical
analysis. P<0.05 indicated statistical significance. Shapiro-wilk test was performed to test whether the data is normally
distributed. Normally distributed data were expressed as X+s, and data distributed non-normally were expressed as
M (P25~P75). Using receiver operating characteristic (ROC) curve analysis, we determined cutoff values for LDH, SII,
PLR, CEA, and NSE using receiver operating characteristic (ROC) curve analysis. The Chi-square test was used to

Table | The Grading Standard of NPS

Grade (Points) ALB (g/dL) TC (mgldL) NLR LMR
0 24 >180 <29 >4.44
[ <4 <180 >2.96 <4.44

Abbreviations: ALB, albumin; TC, total cholesterol; NLR, neutrophil- lymphocyte ratio; LMR, lymphocyte-
monocyte ratio.
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examine the differences of various factors among groups. Kaplan-Meier analysis was performed to plot survival curves,
and differences among the curves were tested by the Log Rank test. The COX proportional hazard regression model was
used for univariate and multivariate analysis. Hazard ratio (HR) 95% confidence interval (CI) was used as a common
indicator for assessing relative risk.

Results

Patient Characteristics

A total of 128 patients with SCLC were enrolled with a median age of 65 years (range 14-82 years). Ninety-seven
patients (75.8%) were male, and 78 (60.9%) had a smoking history. In the PS scoring system, 47 patients (36.7%) scored
as two. Only three cases (2.3%) scored CCI of three and above. According to the clinical and pathological findings, 51
patients (39.8%) were in the limited stage. As for treatment methods, 35 patients (27.3%) underwent surgery. The
demographic and clinical information and baseline laboratory parameters collected are shown in Table 2. According to
the ROC curves in Figure 1, the optimal cutoff points of LDH, SII, PLR, CEA, and NSE after binary screening were
208.35 U/L, 874.43, 281.90*10°/L, 10.29ug/L, and 7.91, respectively (Figure 1).

Relationship Between Clinicopathological Features and NPS Grade
We analyzed the relationship between NPS and clinicopathological characteristics. The results are shown in Table 3.
Gender (P=0.033), age (P=0.03), staging (P<0.01), BMI (P=0.023), PS (P=0.004), Surgery (P<0.01), LDH (P=0.026), SII
(P=0.002), PNI (P<0.01), CEA (P=0.012), NSE (P=0.026), and undergoing radiotherapy (P=0.043) had significant
correlation with NPS groups 0, 1, and 2 were significantly different.

In addition, the high NPS group had lower serum ALB levels (<4 g/dL), TC levels (<180mg/dL), and LMR (<4.44)
than the other groups (all P<0.01), and the NLR (>2.96) was higher than other groups (P<0.01).

Univariate and Multivariate Analysis in Terms of PFS

The median PFS of all 128 participants was 7.2 months. For the three groups, the median PFS is 12.3 months in group 0,
7.6 months in group 1, and 6 months in group 2. The survival curves in terms of PFS plotted by Kaplan-Meier analysis
are shown in Figure 2A. PFS of patients in group 0 was significantly longer than in other groups. The Log rank test
indicated that lower NPS scores were significantly associated with longer PFS (P<0.01). Results of univariate and
multivariate analysis are shown in Table 4. Univariate analysis showed that age=65 years, smoking, extensive stage,
BMI<25, high PS score, no surgery was performed, LDH (>208.35), SII (>874.43), PLR (>281.90), no chemotherapy
was performed, CEA (High), NSE (high) and high NPS groups may predict shorter FPS in SCLC patients. It is suggested
that the above factors may be potential independent risk factors for PFS (all P<0.05). In multivariate analysis, a score of 1
or 2 in the NPS score is an independent prognostic factor for PFS (P=0.048).

Univariate and Multivariate Analysis in Terms of OS

The median OS is 12.3 months. For each group, the median OS is 19.8 months in group 0, 14.1 months in group 1, and
8.45 months in group 2. The survival curves are shown in Figure 2B. The results showed significant differences in OS
among groups (P<0.01). SCLC patients in group 2 had a significantly shorter OS. Results of univariate and multivariate
analysis based on OS are shown in Table 5. Univariate analysis showed that age<65 years, no smoking, limited stage,
BMI>25, low PS score, undergone surgery, LDH (<208.35), SII (<874.43), PLR (<281.90), undergone chemotherapy,
CEA (normal), NSE (normal)) and PNI (>40) may predict longer OS in SCLC patients. It is suggested that the above
factors are potential independent risk factors for OS (all P<0.05). Multivariate analysis showed that smoking, NSE
(high), and high NPS group might predict shorter OS in SCLC patients (all P<0.05).

Nomogram Predictive Model
To further confirm the clinical significance of NPS in SCLC patients, we built the nomogram predictive model (Figure 3).
A total of four factors were incorporated into the nomogram predictive model. It includes multivariate COX regression
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Table 2 Clinical Characteristics of Patients

Baseline No.
Gender Male 97(75.8%)
Female 31(24.2%)
Age <65years 60(46.9)
265years 68(53.1%)
Smoking Yes 78(60.9%)
No 50(39.1%)
Staging Limited stage 51(39.8%)
Extensive stage 77(60.2%)
BMI <25 75(58.6%)
225 53(41.4%)
PS | 81(63.3%)
2 47(36.7%)
CCl 0 61(47.7%)
1-2 64(50.0%)
>3 3(2.3%)
Surgery Yes 35(27.3%)
No 93(72.7%)
LDH <208.35 86(67.2%)
2208.35 42(32.8%)
ALB 24 g/dL 65(50.8%)
<4 g/dL 63(49.2%)
TC >|80mg/dL 55(43.0%)
<180mg/dL 73(57.0%)
LMR >4.44 63(49.2%)
<4.44 65(50.8%)
NLR <2.96 79(61.7%)
22.96 49(38.3%)
NI <874.43 80(62.5%)
2874.43 48(37.5%)
PLR <281.90 111(86.7%)
2281.90 17(13.3%)
PNI <40 11(8.6%)
240 117(91.4%)
Chemotherapy Yes 86(67.2%)
No 42(32.8%)
Radiotherapy Yes 43(33.6%)
No 85(66.4%)
CEA Normal 108(84.4%)
High 20(15.6%)
NSE Normal 61(47.7%)
High 67(52.3%)

Abbreviations: BM|, Body Mass Index; PS, performance status; CCl, Charlson comor-
bidity index; LDH, lactate dehydrogenase; ALB, serum albumin; TC, total cholesterol;
LMR, lymphocyte/monocyte ratio; NLR, neutrophil/lymphocyte ratio; Sll, systemic
immune-inflammation index; PLR, platelet/lymphocyte ratio; PNI, Prognostic
Nutrition Index; CEA, carcinoembryonic antigen; NSE, neuron-specific enolase.

analysis of meaningful indicators: Smoking, NSE and NPS (all P<0.05). In addition, the stage is generally considered an
independent factor of OS in clinical practice. Therefore, staging was also included. The model indicated that NPS has the
most significant influence on survival rates, followed by staging, NSE and smoking. According to this model, the survival
rates of 1 and 2 years in SCLC patients was reliably predicted simply and intuitively.
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Figure | ROC curves of LDH, SlI, PLR, CEA, and NSE cutoff values were determined.

We used the ROC curve to evaluate the predictive performance of the model. The result showed that the area under
curve (AUC) of nanogram for the main queue was 0.817 (1-year) and 0.865 (2-year), respectively (Figure 4). In addition,
the calibration curve was used as a calibration tool to verify the predicted results. 1000 internal tests were performed
using Bootstrap. There is a good agreement between the nomogram’s prediction and the actual situation in the main and
validation queues (Figure 5).

Discussion

NPS comprises four biomarkers: ALB, TC, NLR and LMR. As well-known inflammatory indicators, NLR and LMR
contain three types of cells involved in the regulation of inflammation: neutrophils, lymphocytes, and monocytes.
Neutrophils can promote the development and growth of blood vessels in tumors and create a microenvironment suitable
for tumor survival by inhibiting lymphocyte-mediated cytolysis, which led the promotion of growth, proliferation and
differentiation of cancer cells.'*'"

Therefore, neutrophil count is associated with tumor prognosis.'*'>'® The role of lymphocytes is to have growth-
regulating effects on tumor cells in the tumor immune microenvironment.'” Lymphocytosis is thought to be associated
with a good prognosis, and lymphopenia is thought to be associated with a poor prognosis, whereas increased NLR and
decreased LMR are usually accompanied by a substantial decrease in peripheral blood lymphocytes. Increased NLR and
decreased LMR are generally associated with higher mortality and poorer prognosis in solid tumors.'®!? In addition, after
tumor cell invasion, monocytes can gradually differentiate into macrophages, and tumor-associated macrophages (TAM)
can affect the intrinsic properties of tumor cells, tumor microenvironment, development and distant metastasis of tumor
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Table 3 Relationship Between Patient Characteristics and NPS Grade
Baseline Group 0 Group | Group 2 P value
N=11 N=75 N=42

Gender Male 5(5.2%) 57(58.8%) 35(36.1%) 0.033
Female 6(19.4%) 18(58.1%) 7(22.6%)

Age <65years 9(15.0%) 39(65.0%) 12(20.0%) 0.003
265years 2(2.9%) 36(52.9%) 30(44.1%)

Smoking Yes 4(5.1%) 46(59.0%) 28(35.9%) 0.185
No 7(14.0%) 29(58.0%) 14(28.0%)

Staging Limited stage 7(13.7%) 38(74.5%) 6(11.8%) 0.000
Extensive stage | 4(5.2%) 37(48.1%) 36(46.8%)

BMI <25 3(4.0%) 42(56.0%) 30(40.0%) 0.023
225 8(15.1%) 33(62.3%) 12(22.6%)

PS | 11(13.6%) 50(61.7%) 20(24.7%) 0.004
2 0(0.0%) 25(53.2%) 22(46.8%)

Cccl 0 8(13.1%) 35(57.4%) 18(29.5%) 0.337
-2 3(4.7%) 39(60.9%) 22(34.4%)
>3 0(0.0%) 1(33.3%) 2(66.7%)

Surgery Yes 5(14.3%) 28(80.0%) 2(5.7%) 0.000
No 6(6.5%) 47(50.5%) 40(43.0%)

LDH <208.35 11(12.8%) 51(59.3%) 24(27.9%) 0.026
2208.35 0(0.0%) 24(57.1%) 18(42.9%)

ALB 24 g/dL 11(16.9%) 51(78.5%) 3(4.6%) 0.000
<4 g/dL 0(0.0%) 24(38.1%) 39(61.9%)

TC >180mg/dL 11(20.0%) 38(69.1%) 6(10.9%) 0.000
<180mg/dL 0(0.0%) 37(50.7%) 36(49.3%)

LMR >4.44 11(17.5%) 45(71.4%) 7(11.1%) 0.000
<4.44 0(0.0%) 30(46.2%) 35(53.8%)

NLR <2.96 11(13.9%) 53(67.1%) 15(19.0%) 0.000
22.96 0(0.0%) 22(44.9%) 27(55.1%)

NI <874.43 10(12.5%) 52(65.0%) 18(22.5%) 0.002
2874.43 1(2.1%) 23(47.9%) 24(50%)

PLR <281.90 10(9.0%) 67(60.4%) 34(30.6%) 0.401
2281.90 1(5.9%) 8(47.1%) 8(47.1%)

(Continued)
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Table 3 (Continued).

Baseline Group 0 Group | Group 2 P value
N=11 N=75 N=42

PNI <40 0(0.0%) 1(9.1%) 10(90.9%) 0.000
240 11(9.4%) 74(63.2%) 32(27.4%)

Chemotherapy | Yes 9(10.5%) 53(61.6%) 24(27.9%) 0.182
No 2(4.8%) 22(52.4%) 18(42.9%)

Radiotherapy Yes 7(16.3%) 26(60.5%) 10(23.3%) 0.043
No 4(4.7%) 49(57.6%) 32(37.6%)

CEA Normal 11(10.2%) 67(62.0%) 30(27.8%) 0.012
High 0(0.0%) 8(40.0%) 12(60.0%)

NSE Normal 7(11.5%) 41(67.2%) 13(21.3%) 0.026
High 4(6.0%) 34(50.7%) 29(43.3%)

Abbreviation: PNI, Prognostic Nutrition Index.

cells. Therefore, an increase in LMR often indicates a poor prognosis for the patient.’**? At the same time, NPS also

contains serum albumin and total cholesterol. Studies have shown that certain pro-inflammatory factors, such as

interleukin-6 and tumor necrosis factor-a, can reduce serum albumin levels by reducing serum albumin production by

liver cells.”® Studies have shown that serum albumin levels are associated with postoperative prognosis in patients with

non-small cell lung cancer and gastric cancer.”** As an essential component of cell membranes, cholesterol plays an

important role in membrane fluidity and protein activity, both of which are potentially related to the occurrence and

development of cancer.'’ Low cholesterol levels largely impair the fluidity of cell membranes and the ability of cell

surface receptors to transmit transmembrane signals, so a decrease in cholesterol levels may indicate a poor prognosis for
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Table 4 Univariate and Multivariate Analysis for PFS

Univariable Analysis Multivariable Analysis
P value HR 95% CI P value HR 95% CI
LL UL LL UL

Gender 0.065 0.582 0.324 1.043
Age 0.008 1.842 1.164 2914 0.772 0.929 0.562 1.534
Smoking 0.032 1.665 1.041 2.662 0.092 1.536 0.933 2.530
Staging 0.000 3.205 1.920 5.350 0918 0.961 0.444 2.078
BMI 0.035 0.612 0.385 0.971 0.341 0.769 0.448 1.320
PS 0.031 1.626 1.040 2.541 0.818 0.941 0.562 1.577
Ccl 0.856

0.739 1.402 0.192 10.237

0.672 1.536 0.211 11.193
Surgery 0.000 0.286 0.156 0.526 0.160 0.519 0.207 1.297
LDH 0.000 2.630 1.681 4.115 0.171 1.478 0.845 2.585
N 0.013 1.759 1.121 2.761 0.958 0.985 0.568 1.710
PLR 0.000 3.162 1.762 5.675 0.240 1.661 0.712 3.877
Chemotherapy 0.023 0.586 0.367 0.935 0.453 0.780 0.408 1.492
Radiotherapy 0.781 0.937 0.593 |.481
CEA 0.001 2473 1.403 4.358 0.153 1.623 0.835 3.157
NSE 0.000 3.618 2.185 5.990 0.103 1.807 0.887 3.680
PNI 0.056 0.526 0.269 1.028
NPS 0.000 0.074

0.001 0.095 0.022 0.400 0.048 0.213 0.046 0.987

0.001 0.437 0.273 0.700 0.104 0.643 0.378 1.094

Abbreviation: NPS, Naples prognostic score.

the patient.”® In addition, nutritional status is related to the stage of cancer patients, and the later the stage, the more
necessary the intervention of nutritional therapy. It has been reported that early nutritional support for cancer patients
with pre cachexia (a potential early stage of cachexia) can improve patient function, increase tolerance to antitumor
therapy, and improve patient outcomes.?’®

Although the levels of inflammation-related factors, serum albumin levels, and total cholesterol can be used as
prognostic markers for cancer patients, the level of only one inflammatory cell or one nutritional biomarker may be
insufficient to assess the prognosis among SCLC patients. Moreover, due to the heterogeneity of patients, the cutoff
values of individual indicators are often different, so it is difficult to establish a unified and widespread standard for use.
NPS integrates a variety of biomarkers, including comprehensive nutritional and inflammatory immune indicators to
show better prognostic value.

In this study, we first investigated the value of the NPS scoring system, which can reflect patients’ immune-
inflammatory and nutritional status and predict the prognosis of SCLC patients. We found that OS in univariate was
consistent with PFS. In multivariate analysis, only group 1 had statistical significance in PFS, whereas insignificance in
group 0 and group 2, which may be due to insufficient sample size. We concluded that NPS is an independent prognostic
factor for OS and potentially an independent prognostic factor for PFS in SCLC patients.

Our study also showed that age, SII, chemotherapy, BMI, and PS were all prognostic factors for PFS and OS in SCLC
patients in univariate analysis. The increasing life expectancy of people, the continuous increase of the elderly
population, and the long-term accumulation of carcinogens caused by unhealthy lifestyles (such as smoking) may
explain why age is related to PFS and OS. Guo et al reported that elevated SII was associated with poorer prognosis
in patients with non-small cell lung cancer.”” SCLC is sensitive to chemotherapy, which may be why chemotherapy can
be used as a prognostic factor for PFS and OS.BMI and PS can be used as independent prognostic factors for PFS and OS
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Table 5 Univariate and Multivariate Analysis for OS

Univariable Analysis Multivariable Analysis
P value HR 95% CI P value HR 95% CI
LL UL LL UL

Gender 0.083 0.602 0.337 1.076
Age 0.005 1.935 1.215 3.081 0.805 0.936 0.554 1.582
Smoking 0.011 1.848 1.142 2.991 0.027 1.785 1.069 2.979
Staging 0.000 3.341 2.033 5.491 0.972 0.986 0.461 2.112
BMI 0.027 0.593 0.372 0.946 0.258 0.739 0.437 1.248
PS 0.019 1.701 1.086 2.664 0.899 1.035 0.613 1.748
CCl 0.576

0.641 1.605 0.219 11.738

0.507 1.960 0.269 14.287
Surgery 0.000 0.270 0.147 0.496 0.127 0.490 0.196 1.226
LDH 0.000 2.502 1.597 3.922 0.246 1.405 0.791 2.494
NI 0.038 1.610 1.023 2.534 0.920 1.029 0.591 1.790
PLR 0.001 2.561 1.446 4.535 0.780 0.878 0.352 2.191
Chemotherapy 0.004 0.511 0.319 0.817 0.202 0.639 0.322 1.271
Radiotherapy 0.130 0.701 0.441 I.114
CEA 0.001 2.606 1.480 4.589 0.238 1.490 0.768 2.892
NSE 0.000 3.495 2.157 5.662 0.025 2.265 1.106 4.640
PNI 0.017 0451 0.230 0.883 0.240 1.643 0.718 3.755
NPS 0.000 0.006

0.002 0.44 0.006 0.327 0.018 0.079 0.010 0.648

0.000 0.380 0.237 0.610 0.009 0.474 0.271 0.827

in univariate analysis of SCLC patients, which potentially because both of which are related to patients’ nutritional status.
Evidence has shown that weight loss in advanced cancer patients may increase the patient’s risk of death.*°

The NPS combines nutritional parameters and immune parameters to establish a relatively comprehensive prognostic
indicator of nutritional inflammation, which is largely superior to the other prognostic indicators in terms of prediction

and prognosis.

Innovation and Limitations
We applied NPS for the first time to predict the prognosis of patients with SCLC. In addition, we built the nomogram
predictive model of survival rates in SCLC patients based on prognostic factors including NPS. All biomarkers were
objective laboratory indicators with widely available tests and no additional costs.

However, there are several limitations in this study. Firstly, this is a single-center retrospective study, and there may
be bias in patient selection and data collection. Secondly, the small number of samples may lead to poor credibility of the
argument. Large-scale prospective studies and experiments are needed to consolidate our conclusion and further explore

the mechanism.

Conclusion

In conclusion, as a simple and practical prognostic scoring system, NPS is an independent prognostic factor for
OS in SCLC patients and potentially an independent prognostic factor for PFS in SCLC patients. Low NPS may
predict longer OS. In addition, NPS plays a vital role in the nomogram predictive model of survival rates in SCLC
patients.
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