Original Article

Technology in Cancer Research &
Treatment

Volume 21: 1-10

© The Author(s) 2022

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/15330338221129447
journals.sagepub.com/home/tct

®SAGE

Clinical Significance of Preoperative Naples
Prognostic Score in Patients With Non-Small
Cell Lung Cancer

Dahu Ren, MB"2(2, Wenbo Wu, MM', Qingtao Zhao, MM',
Xiaopeng Zhang, MD', and Guochen Duan, MD*

Abstract

Background: Naples Prognostic Score (NPS) is a novel score based on inflammatory-nutritional indicators. We aimed to analyze
the prognostic value of the Naples Prognostic Score in non-small cell lung cancer (NSCLC) patients following surgery. Methods:
A total of 319 NSCLCpatients following surgery were analyzed in the retrospective cohort study. We analyzed the predictive
value of Naples Prognostic Score for overall survival and recurrence-free survival in postoperative non-small cell lung cancer
patients by using Kaplan-Meier survival curves and multivariate Cox regression analysis. At the same time, the time-dependent
ROC and the area under curves were also created to compare the accuracy of different scoring systems. Results: According to
NPS, we divided all patients into 3 groups, 120 patients were divided into group 0, 161 patients were divided into group I, and
38 patients were divided into group 2. The median survival time for all patients is 32 months, and the median survival times for
different groups were 35 months, 31 months, and 28 months, respectively. The overall survival and recurrence-free survival sur-
vival curves of different groups were significantly different (both P < .05), and patients in the higher NPS groups had a disappoint-
ing prognosis. NPS may be an independent prognostic factor for overall survival and recurrence-free survival, according to the
results of multivariate analysis (both P <.05). The area under curve showed that the accuracy of the NPS was significantly better
than other score systems. Conclusions: The NPS is closely related to the long-term survival prognosis of patients with NSCLC,
especially in stage |l patients.
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Introduction

Lung cancer is one of the malignant tumors with the highest
morbidity and mortality globally, seriously endangering
human life and health." Non-small cell lung cancer (NSCLC)
is the most common pathological type of lung cancer, with its
most common type, being lung adenocarcinoma and lung squ-
amous cell carcinoma (LSCC).”> Radical resection of lung
cancer is the best treatment option for patients with stage I, II,
and partially resectable stage Il NSCLC.? However, despite
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the continuous improvement of comprehensive treatment based
on surgery, perioperative management, and postoperative adju-
vant therapy in recent years, the clinical prognosis of NSCLC is
still worrying. The recurrence rate of stage I to III NSCLC
patients is 17% to 73%.*> Therefore, it is imperative to identify
influential prognostic factors in postoperative NSCLC patients.

The literature suggests that the inflammatory response and
nutritional status are closely related to tumor proliferation, inva-
sion, and metastasis and positively affect cancer progression.®
At present, a variety of inflammatory and nutritional indicators
have been used to predict the prognosis of NSCLC, such as
Prognostic Nutritional Index (PNI), neutrophil-to-lymphocyte
ratio (NLR), systemic inflammation index (SIS),
lymphocyte-to-monocyte ratio (LMR), and controlled nutri-
tional status score (CONUT).>”~ In addition, multiple indica-
tors such as gender, smoking status, and age are also
associated with the prognosis of NSCLC patients.'® Due to its
advantages of minor trauma, convenience, rapidity, and repro-
ducibility, the biomarkers related to inflammation and nutrition
in the blood have gradually become the focus of cancer
research. The Naples Prognostic Score (NPS) score is a new
inflammation-nutrition scoring system, calculated from the
patient’s preoperative serum albumin (ALB), total cholesterol
(TC), NLR, and LMR. It reflects the patient’s systemic inflam-
matory response and nutritional status.'’

We conducted this study to explore the clinical significance
of NPS in the prognosis of NSCLC patients, especially those
with stage III NSCLC, through the Kaplan-Meier method and
multivariate Cox regression analysis. The NPS was also com-
pared with CONUT and SIS through the area under curve
(AUC) to evaluate their accuracy in predicting long-term sur-
vival after surgery.

Methods

Patients

This study retrospectively analyzed 319 NSCLC patients who
underwent surgery from March 2017 to February 2019. All
the participants were followed-up by outpatient visits, and
the follow-up ended in February 2021 for this cohort. All
the enrolled patients met the following criteria: (1)
Receiving surgery and pathologically diagnosed as NSCLC;
(2) Not receiving radiotherapy and chemotherapy before
surgery; (3) Sufficient follow-up data. Exclusion criteria:
(1) History of other malignant diseases in the past; (2)
Inflammatory diseases or surgery within one month; (3)
Recent use of steroid drugs; (4) Patients with hematological
diseases, infectious diseases, or severe immune system dis-
eases. The Medical Ethics Committee of our institute
approved this study (N0.2022059). Due to the retrospective
design of this study, we waived patients’ informed consent.
We have de-identified all patient details. We ensure the con-
fidentiality of experimental data and all procedures comply
with the Declaration of Helsinki. The reporting of this study
conforms to STROBE guidelines.'?

Data Collection

We extracted patient preoperative information from medical
record system, who underwent radical resection of lung
cancer, including smoking history, gender, body mass index
(BMI), histological type, age at diagnosis, clinical stage, blood
inflammation-nutrition indicators (TC, neutrophil, lymphocyte,
ALB, absolute monocyte count), postoperative adjuvant
therapy (including chemotherapy, targeted and immunother-
apy). Naples Prognostic Score is calculated from the patient’s
preoperative ALB, TC, NLR, and LMR levels, according to pre-
viously reported methods by Galizia et al''. NLR < 2.96, LMR
>4.44, ALB >40 g/L and TC> 180 mg/dL, score 0; scored 1 for
NLR >2.96, LMR <4.44, ALB <40 g/L and TC < 180 mg/dL.
Naples Prognostic Score is the combination of each of the above
scores. We divided patients into 3 groups according to the NPS
score, patients with score 0 were divided into group 0, patients
with scores 1 and 2 were divided into group 1, and patients
with scores 3 and 4 were divided into group 2. PNI=10X
albumin (g/dL) + 5 X lymphocyte count (10°/L), NLR = neutro-
phil/lymphocyte, LMR = lymphocyte/monocyte. The endpoints
of this study are overall survival (OS) and recurrence-free sur-
vival (RFS). Overall survival refers to the time from the day of
surgery to death from any cause. Recurrence-free survival is
the time from the day of surgery to tumor recurrence.

Statistics

The descriptive statistical analysis described the association
between NPS and clinicopathological features in NSCLC
patients. The optimal cutoff value for PNI was calculated
using X-tile software version 3.61. We used the “survival”
and “survminer” packages of R software to draw survival
curves and analyze the difference in survival curves, used
the “time ROC” package to draw time-dependent ROC
(t-ROC) curves, and calculate the AUC when the follow-up
time was 3 years. To examine the predictive ability of NPS
score in OS and RFS prognosis in NSCLC patients, we uti-
lized Statistical Product Service Solutions (SPSS) to create
univariate and multivariate Cox proportional hazards
models. The R software version is 4.1.2, and the SPSS soft-
ware version is 26.0. A P-value <.05 was considered statisti-
cally significant.

Results

Baseline Characteristics

We retrospectively analyzed the patient information of 319
individuals with NSCLC diagnosed by pathology from
March 2017 to February 2019. Table 1 shows the clinico-
pathological characteristics of the clinical research subjects.
Female patients account for more than half, 162 patients and
157 male patients. Smoking patients accounted for 29.47% of
the total populationand smoking patients in the group 2
accounted for more than 60% of the total population in
group 2. There are 92 patients with recurrence and 74
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Table 1. Association of Naples Prognostic Score and Clinicopathological Characteristics in 319 Patients With Resected NSCLC.
Characteristics Opverall participants Group 0 Group 1 Group 2 P value
Number 319 (%) 120 (%) 161 (%) 38 (%)
Gender
Female 162 (50.78) 81 (67.50) 78 (48.45) 3(7.89) <.001
Male 157 (49.22) 39 (32.50) 83 (51.55) 35(92.11)
Age (years) 61.00 (13.00) 60.50 (13.25) 61.00 (13.00) 66.00 (12.50) 011
BMI (kg/m?) 24.17 (3.00) 24.46 (3.07) 23.99 (2.98) 24.04 (2.96) 424
Smoking
No 225 (70.53) 98 (81.67) 112 (69.57) 15 (39.47) <.001
Yes 94 (29.47) 22 (18.33) 49 (30.43) 23 (60.53)
Histological type
LAD 273 (85.58) 115 (95.83) 138 (85.71) 20 (52.63) <.001
LSCC 46 (14.42) 5@4.17) 23 (14.29) 18 (47.37)
Treatment
No 244 (76.49) 103 (85.83) 121 (75.16) 20 (52.63) .001
Yes 75 (23.51) 17 (14.17) 40 (24.84) 18 (47.37)
Stage
Tis 89 (27.90) 35(29.17) 53 (32.92) 1(2.63)
I 158 (49.53) 67 (55.83) 77 (47.83) 14 (36.84) <.001
I 35 (10.97) 12 (10.00) 13 (8.07) 10 (26.32)
I 37 (11.60) 6 (5.00) 18 (11.18) 13 (34.21)
PNI
>49.75 225 (70.53) 110 (91.67) 108 (67.08) 7 (18.42) <.001
<49.75 94 (29.47) 10 (8.33) 53 (32.92) 31 (81.58)
ALB (mg/L)
>40 257 (80.56) 120 (100.00) 128 (79.50) 9 (23.68) <.001
<40 62 (19.44) 0 (0.00) 33 (20.50) 29 (76.32)
TC (mg/dL)
>180 184 (57.68) 120 (100.00) 60 (37.27) 4 (10.53) <.001
<180 135 (43.32) 0 (0.00) 101 (62.73) 34 (89.47)
NLR
<2.96 243 (76.18) 120 (100.00) 116 (72.05) 7 (18.42) <.001
>2.96 76 (23.82) 0 (0.00) 45 (27.95) 31 (81.58)
LMR
>4.44 243 (76.18) 120 (100.00) 120 (74.53) 3(7.89) <.001
<4.44 76 (23.82) 0 (0.00) 41 (25.47) 35 (92.11)
OS (months) 32.00 (12.00) 35.00 (13.00) 31.00 (12.00) 28.00 (16.00) <.001

Abbreviations: BMI, body mass index; LAD, lung adenocarcinoma; LSCC, lung squamous cell carcinoma; Tis, tumor in situ; PNI, Prognostic Nutritional Index;
ALB, serum albumin; TC, total cholesterol; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; NSCLC, non-small cell lung cancer; OS,

overall survival.

patients with death. The median age to diagnosis for all
patients is 61 years (interquartile range, IQR: 13 years),
and the median follow-up time is 32 months (IQR: 12
months). Compare to patients in group 0, the median OS of
group 2 patients seems to be much reduced (group 2 vs
group 0, 28 months vs 35 months).

Survival Analysis

Figure 1 summarizes the Kaplan-Meier survival curves for
RFS and OS. Between different groups, there are consider-
able disparities in OS and RFS (all P<.001), and the
median survival time of the higher group and the lower
group are significantly prolonged (OS, group 0 vs group 1
vs group 2, 35 months vs 31 months vs 28 months; RFS,
group 0 vs group 1 vs group 2, 34 months vs 30 months vs
23.5 months). ALB, TC, NLR, and LMR are analyzed

using Kaplan-Meier survival curves, and the results are
shown in Figure 2. In terms of OS, patients with LMR <
4.44, ALB < 40 g/L, and NLR > 2.96 have significantly
shorter OS (all P<.001), but the survival curves grouped
by TC showed no statistical difference(P=.082). In terms
of RFS, as shown in Figure 3, patients with TC >180 mg/
dL, ALB > 40 g/L, LMR > 4.44  and NLR < 2.96 have sig-
nificantly prolonged RFS (all P<.05).

The use of NPS in patients with resectable stage IIIl NSCLC
is still not tested. The data of this study includes a total of 37
patients with stage III, including 6 patients in group 0, 18
patients in group 1, and 13 patients in group 2. Among the
total number of the 2 groups, stage III patients accounted for
35.14% of the current group, the highest proportion (Tis vs
stage I vs II vs II vs, 1.12% vs 8.86% vs 28.57% vs
35.14%). The Kaplan-Meier curves of OS and RFS are
shown in Figure 4. The survival time of the high group was
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Figure 1. (A) Recurrence-free survival (RFS) curves for patients in different groups. (B) Overall survival (OS) curves for patients in different

groups.

significantly shorter than that of the low group (both P<.05),
and the univariate and multivariate Cox analysis shows that
stage III and NPS are independent risk factors. Naples
Prognostic Score can be utilized as a predictive indicator of
stage III patients following surgery.

Univariate Cox Analysis of OS and RFS

Univariate Cox analysis prompted in Table 2, shows that, stage
(Tis vs stage I or stage II or stage III, P=.051, P<.001, P<
.001), female(P<.001), age > 61 years (P=.043), smoking
(P<.001), LSCC (P<.001), treatment (P<.001), PNI <
49.75 (P<.001), ALB < 40 g/L (P<.001), NLR > 2.96 (P<
.001), LMR < 4.44 (P<.001), and NPS (group 0 vs group 1
or group 2, P=.001, P<.001) are intimately correlated with
a poor OS rate. Female (P<.001), age > 6lyears (P=.017),
smoking (P<.001), LSCC (P<.001), treatment (P<.001),
PNI < 49.75 (P<.001), ALB < 40 g/L (P<.001), TC < 180
(P=.004), NLR > 2.96 (P<.001), LMR < 4.44 (P<.001),
stage (Tis vs stage I or stage II or stage IIIl P=.006, P<.001,
P<.001), and NPS (group 0 vs group 1 or group 2, P<.001,
P<.001) are significantly correlated with RFS (Table 2).
Univariate analysis P<.05 for TC and OS, BMI, and RFS.
The indicators with P<.10 are added to the multivariate Cox
analysis to avoid missing some important covariates.

Multivariate Cox Analysis of OS and RFS

Through multivariate Cox analysis prompted in Table 3 deter-
mines that LSCC (HR=1.88, 95% CI=1.07-3.29, P=.028),
stage (stage II vs Tis, HR=7.67, 95% CI=2.68-21.98,
P < .001; Stage III vs Tis, HR =19.18, 95% CI=7.03-52.31,
P<.001), TCL180(HR=0.51, 95% CI=1.07-3.29, P=.018),
NPS (group 1 vs group 0, HR=3.51, 95% CI=1.74-7.11,

P<.001; group 2 vs group 0, HR =4.42, 95% CI=1.77-11.07,
P =.002) are found to be a reliable prognostic predictor for OS.
NLR > 2.96 (HR=1.83, 95% CI=1.08-3.08, P=.024), stage
(stage I vs Tis, HR =3.79, 95% CI=1.47-9.77, P=.006; stage
I vs Tis, HR=17.48, 95% CI=6.57-46.52, P<.001; stage III
vs Tis, HR=28.49, 95% CI=10.80-75.12, P<.001), NPS
(group 1 vs group 0, HR =2.57, 95% CI=1.42-4.70, P = .002;
group 2 vs group 0, HR =2.51, 95% CI=1.15-5.50, P=.021)
are sharply associated with the prognosis of RFS and can indepen-
dently predict the prognosis of RFS.

Prognostic Value of NPS

In this study, we compared the predictive ability of NPS with
CONUT and SIS by t-ROC. Compared with CONUT and
SIS, NPS has a higher AUC numerical value, Figure 5. When
the follow-up time was 3 years, the AUC values of NPS,
CONUT, and SIS of OS are 0.70, 0.58, and 0.68, respectively.
The AUC values of NPS, CONUT, and SIS of RFS are 0.73,
0.60, and 0.69. According to the result, NPS has higher accu-
racy than CONUT and SIS in predicting the prognosis of
NSCLC patients.

Discussion

This study confirmed that the preoperative NPS of NSCLC
patients was related to gender, age, smoking, postoperative
treatment, and histological type. In NSCLC, NPS can be uti-
lized as an individual variable to predict postoperative OS
and RFS, and it has higher accuracy than other scoring
systems (CONUT and SIS).

Inflammatory cells are an integral component of the tumor
microenvironment (TME) and play a vital role in tumor
appreciation, progression, and drug resistance.'’ Naples
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Figure 2. Overall survival curves for serum albumin (ALB) (A), neutrophil-to-lymphocyte ratio (NLR) (B), lymphocyte-to-monocyte ratio

(LMR) (C), and total cholesterol (TC) (D).

Prognostic Score includes NLR, LMR, ALB, and TC, as a
new inflammation-nutrition scoring system, reflecting the
systemic inflammatory response and nutritional status. The
mechanisms that may affect the prognosis are as follows:
Neutrophils, as the most important mediators in the
immune system, play a critical role in the innate immune
defense and are the first line of defense in the body.'*
Under homeostatic conditions, only 1% to 2% of neutrophils
are usually present in the blood, but cancer patients increase
neutrophils in the blood and tissues by adding transforming
growth factor-.>'> In the TME of NSCLC, neutrophils con-
stitute approximately 20% of the CD45+ population.'®
Neutrophils increase the hazard of cancer progression by reg-
ulating the activity of matrix metalloproteinases, degrading
elastin, fibrinogen, and collagen, promoting neovasculariza-
tion, and creating a microenvironment suitable for tumor
survival.'*'7 In addition, monocytes and differentiated

tumor-associated macrophages degrade the extracellular
matrix, thereby attracting more monocytes and macrophages,
inducing immunosuppression and tumor angiogenesis, and
increasing the probability of tumor metastasis.®

Huang et al'® reported that the pretreatment lymphocyte per-
centage could independently predict the prognosis of patients
with NSCLC, which has an excellent clinical application
value. As one of the crucial components of the immune
system, lymphocytes are principal in immune surveillance
and mediating cancer immune destruction and can secrete a
series of cytokines to inhibit tumor growth.'®2° Neutrophils
secreted factors such as IL-10 can inhibit cell proliferation,
inhibit the function of cytotoxic cells, cause the decrease of
lymphocytes, and weaken the immune response.?' Therefore,
NLR and LMR can be used as biomarkers for the prognosis
of lung cancer patients, and NSCLC patients with elevated
NLR and decreased LMR have a poor prognosis.
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Table 2. Univariate Cox Proportional Hazards Model Results of OS and RFS.
(O RFS

Characteristics HR with 95% CI P value HR with 95% CI P value
Gender

Male Reference Reference

Female 2.83 (1.72-4.66) <.001 2.67 (1.72-4.15) <.001
Age

<61 Reference Reference

>61 1.61 (11.02-2.56) .043 1.65 (1.09-2.50) .017
Smoking

No Reference Reference

Yes 2.30 (1.46-3.64) <.001 2.37 (1.57-3.57) <.001
BMI

>24.17 Reference Reference

<24.17 .307 .05
Type

LAD Reference Reference

LSCC 6.00 (3.75-9.60) <.001 4.94 (3.17-7.68) <.001
Treatment

No Reference Reference

Yes 4.73 (2.98-7.50) <.001 5.58 (3.69-8.44) <.001
Stage

Tis Reference Reference

I 2.64 (1-6.98) .051 3.76 (1.46-9.67) .006

II 10.34 (3.83-27.91) <.001 16.99 (6.50-44.44) <.001

I 28.21 (10.83-73.53) <.001 34.82 (13.46-90.08) <.001
PNI

>49.75 Reference Reference

<49.75 345 (2.18-5.47) <.001 3.18 (2.10-4.80) <.001
ALB

>40 Reference Reference

<40 3.68 (2.3-5.89) <.001 3.28 (2.13-5.03) <.001
TC

>180 Reference Reference

<180 .083 1.84 (1.22-2.78) .004
NLR

<2.96 Reference Reference

>2.96 3.34 (2.11-5.30) <.001 3.53 (2.34-5.34) <.001
LMR

>4.44 Reference Reference

<4.44 2.43 (1.52-3.87) <.001 3 (1.98-4.54) <.001
NPS

Group 0 Reference Reference

Group 1 2.83 (1.52-5.28) .001 2.86 (1.63-5.03) <.001

Group 2 7.09 (3.49-14.40) <.001 8.5 (4.51-16.02) <.001

Abbreviations: BMI, body mass index; LAD, lung adenocarcinoma; LSCC, lung squamous cell carcinoma; Tis, tumor in situ; PNI, Prognostic Nutritional Index;
ALB, serum albumin; TC, total cholesterol; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; NPS, Naples Prognostic Score; OS, overall

survival; RFS, recurrence-free survival.

Naples Prognostic Score also covers ALB and TC. ALB
concentration plays a vital role in various scoring systems as
a marker of patient nutritional and inflammatory status, and
low albumin is a consequence of malnutrition. ALB is a
harmful acute-phase protein, and inflammation inhibits
albumin synthesis, resulting in lower albumin levels.?* It not
only reflects the nutritional reserve of the patient but also
reflects the severity of the systemic inflammatory response.”
Multiple studies have suggested that low concentrations of

TC are linked to a worse prognosis in lung cancer patients.>**

Our findings showed similar results, with multivariate cox
regression analysis showing TC (OS, HR=0.51, 95% CI=
1.07-3.29, P=.018). The possible reason is that cholesterol is
an essential component of cell membranes, and low cholesterol
levels reduce the fluidity of cell membranes and impair the
ability of cell surface receptors to transmit transmembrane
signals.!" Studies have shown that the lung may be a part of
cholesterol metabolism with a specific metabolic mechanism.
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Table 3. Multivariate Cox Proportional Hazards Model Results of OS and RFS.

(O RFS

Characteristics HR with 95% CI P value HR with 95% CI P value
Gender

Male Reference Reference

Female .370 186
Age

<61 Reference Reference

>61 816 270
Smoking

No Reference Reference

Yes 952 983
BMI

>24.17 Reference

<24.17 175
Type

LAD Reference Reference

LSCC 1.88 (1.07-3.29) .028 835
Treatment

No Reference Reference

Yes 202 .079
Stage

Tis Reference Reference

I 2.64 (1-6.98) .074 3.79 (1.47-9.77) .006

II 7.67 (2.68-21.98) <.001 17.48 (6.57-46.52) <.001

I 19.18 (10.83-73.53) <.001 28.49 (10.80-75.12) <.001
PNI

>49.75 Reference Reference

<49.75 420 243
ALB

>40 Reference Reference

<40 483 .656
TC

>180 Reference Reference

<180 0.51 (0.29-0.89) .018 406
NLR

<2.96 Reference Reference

>2.96 485 1.83 (1.08-3.08) .024
LMR

>4.44 Reference Reference

<4.44 171 575
NPS

Group 0 Reference Reference

Group 1 3.51 (1.74-7.11) <.001 2.57 (1.42-4.70) .002

Group 2 4.42 (1.77-11.07) .001 2.51 (1.15-5.50) .021

Abbreviations: BMI, body mass index; LAD, lung adenocarcinoma; LSCC, lung squamous cell carcinoma; Tis, tumor in situ; PNI, Prognostic Nutritional Index;
ALB, serum albumin; TC, total cholesterol; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; NPS, Naples Prognostic Score; OS, overall

survival; RFS, recurrence-free survival.

A high cholesterol diet has a protective effect on
mouse-induced lung cancer, but further experimental studies
are needed to clarify the specificity of lung cholesterol metabo-
lism.® Serum albumin and TC, as important indicators to
measure human nutritional status, are closely related to the
degree of malnutrition. The decline in their levels indicates a
poor prognosis for patients.

As a new scoring system, NPS integrates a variety of bio-
markers, covering more comprehensive nutritional and inflam-
matory immune indicators, showing better predictive efficacy.

Previous studies by Li et al*’ demonstrated that NPS, as a
risk stratification tool, can guide treatment and improve out-
comes in lobectomy patients with NSCLC. Guo et al*®
showed that NPS could be used as the basis for individualized
risk classification of patients with unresectable stage III
NSCLC. The above studies confirmed NPS as a prognostic indi-
cator in patients with NSCLC, helping treatment decisions.
Contrary to Li’s study, we included patients with resectable
stage III and Tis stages and independently analyzed patients
with resectable stage III NSCLC. Apart from this, our study
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Figure 5. The time-dependent area under curve (AUC) analyses of prediction models. (A) Overall survival, (B) recurrence-free survival.

endpoints were different from Li’s study, which showed that
NPS could predict patient’s RFS. The findings suggest that
NPS may predict long-term survival outcomes in patients
with stage III resectable NSCLC cancer. And compared to
other scoring systems, NPS has higher accuracy.

Our study also has certain flaws. First, this study is a single-
center retrospective study and the relatively small flow may
have contributed to selection bias. Second, although some crit-
ical factors were associated with OS and RFS in NPS and
NSCLC patients, some potential confounding factors such as
economic conditions may be missing. Finally, the determina-
tion of relevant indicators in the blood may be affected by
various states, etc, reducing its accuracy.

Conclusion

Our study provided that preoperative NPS showed a significant
prognostic role in NSCLC following video-assisted thoracic
surgery, high group NPS predicted worse OS and RFS.
Naples Prognostic Score is a good prognostic factor for patients
with stage III NSCLC following surgery. But, future multicen-
ter and prospective studies are needed to prospectively validate
our results.

Authors’ Note

Ethical approval to report this study was obtained from Heibei General
Hospital (Approval ID: 2022059). Due to the retrospective design of
this study, we waived patients’ informed consent.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, authorship,
and/or publication of this article.

ORCID iDs

Dahu Ren (2 https:/orcid.org/0000-0002-9166-961X
Guochen Duan https:/orcid.org/0000-0001-9608-4066

References

1. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin. 2021;71(3):
209-249.

Chen Z, Fillmore CM, Hammerman PS, et al. Non-small-cell lung
cancers: a heterogeneous set of diseases. Nat Rev Cancer.
2014;14(8):535-546.

Li S, Zhang W, Yang Z, et al. Systemic inflammation score as a
novel prognostic indicator for patients undergoing video-assisted
thoracoscopic surgery lobectomy for non-small-cell lung cancer.
J Invest Surg. 2021;34(4):428-440.

Siegel RL, Miller KD, Fuchs HE, et al. Cancer statistics, 2021. C4
Cancer J Clin. 2021;71(1):7-33.

Sui X, Jiang W, Chen H, et al. Validation of the stage groupings in
the eighth edition of the TNM classification for lung cancer.
J Thorac Oncol. 2017;12(11):1679-1686.

Zitvogel L, Pietrocola F, Kroemer G. Nutrition, inflammation and
cancer. Nat Immunol. 2017;18(8):843-850.

Shao J, Li J, Zhang XL, et al. Prognostic significance of the pre-
operative controlled nutritional status score in lung cancer patients
undergoing surgical resection. Nutr Cancer. 2021;73(11-12):
2211-2218.

Ramos R, Macia I, Navarro-Martin A, et al. Prognostic value of
the preoperative lymphocyte-to-monocyte ratio for survival after
lung cancer surgery. BMC Pulm Med. 2021;21(1):75-83.

Yang HB, Xing M, Ma LN, et al. Prognostic significance of
neutrophil-lymphocyteratio/platelet-lymphocyteratioin lung cancers:
a meta-analysis. Oncotarget. 2016;7(47):76769-76778.

Han Z, Hu Z, Zhao Q, et al. The advanced lung cancer
with

10.

inflammation index predicts outcomes of patients


https://orcid.org/0000-0002-9166-961X
https://orcid.org/0000-0002-9166-961X
https://orcid.org/0000-0001-9608-4066
https://orcid.org/0000-0001-9608-4066

Technology in Cancer Research & Treatment

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

non-small cell lung cancer following video-assisted thoracic
surgery. J Int Med Res. 2021;49(12):3000605211062442. doi:
10.1177/03000605211062442

Galizia G, Lieto E, Auricchio A, et al. Naples Prognostic Score,
based on nutritional and inflammatory status, is an independent
predictor of long-term outcome in patients undergoing surgery
for colorectal cancer. Dis Colon Rectum. 2017;60(12):1273-1284.
von Elm E, Altman DG, Egger M, et al. The Strengthening The
Reporting of Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational studies. Ann
Intern Med. 2007;147(0140-6736):573-577.

Aloe C, Wang H, Vlahos R, et al. Emerging and multifaceted role
of neutrophils in lung cancer.
2021;10(6):2806-2818.

Liang W, Ferrara N. The complex role of neutrophils in tumor angio-
genesis and metastasis. Cancer Immunol Res. 2016;4(2):83-91.
Rosales C. Neutrophil: a cell with many roles in inflammation or
several cell types? Front Physiol. 2018;9(1664-042X):113-129.
Kargl J, Busch SE, Yang GH, et al. Neutrophils dominate the
immune cell composition in non-small cell lung cancer. Nat
Commun. 2017;8(2041-1723):14381. doi: 10.1038/ncomms 14381
Kundu JK, Surh YJ. Inflammation: gearing the journey to cancer.
Mutat Res. 2008;659(1-2):15-30.

Huang H, Li L, Luo W, et al. Lymphocyte percentage as a valu-
able predictor of prognosis in lung cancer. J Cell Mol Med.
2022;26(7):1918-1931.

Nakagawa N, Yamada S, Sonohara F, et al. Clinical implications

Transl Lung Cancer Res.

of Naples Prognostic Score in patients with resected pancreatic
cancer. Ann Surg Oncol. 2020;27(3):887-895.

Hendry S, Salgado R, Gevaert T, et al. Assessing tumor-
infiltrating lymphocytes in solid tumors: a practical review for
pathologists and proposal for a standardized method from the
international immuno-oncology biomarkers working group: Part

21.

22.

23.

24.

25.

26.

27.

28.

2: TILs in melanoma, gastrointestinal tract carcinomas, non-small
cell lung carcinoma and mesothelioma, endometrial and ovarian
carcinomas, squamous cell carcinoma of the head and neck, gen-
itourinary carcinomas, and primary brain tumors. Adv Anat
Pathol. 2017;24(6):311-335.

De Vita F, Orditura M, Galizia G, et al. Serum interleukin-10
levels as a prognostic factor in advanced non-small cell lung
cancer patients. Chest. 2000;117(2):365-373.

Yang Z, Zheng Y, Wu Z, et al. Association between pre-
diagnostic serum albumin and cancer risk: results from a
prospective population-based study. Cancer Med. 2021;10(12):
4054-4065.

McMillan DC. Systemic inflammation, nutritional status and sur-
vival in patients with cancer. Curr Opin Clin Nutr Metab Care.
2009;12(3):223-226.

Cho 1Y, Han K, Shin DW, et al. Associations of variability in met-
abolic parameters with lung cancer: a nationwide population-
based study. Cancers (Basel). 2021;13(8):1982. doi: 10.3390/
cancers13081982

Lin X, Lu L, Liu L, et al. Blood lipids profile and lung cancer risk
in a meta-analysis of prospective cohort studies. J Clin Lipidol.
2017;11(4):1073-1081.

Lyu Z, Li N, Wang G, et al. Independent and joint associations of
blood lipids and lipoproteins with lung cancer risk in Chinese
males: a prospective cohort study. Int J Cancer. 2019;144(12):
2972-2984.

Li S, Wang H, Yang Z, et al. Naples Prognostic Score as a novel
prognostic prediction tool in video-assisted thoracoscopic surgery
for early-stage lung cancer: a propensity score matching study.
Surg Endosc. 2021;35(7):3679-3697.

Guo D, Liu J, Li Y, et al. Evaluation of predictive values of Naples
Prognostic Score in patients with unresectable stage III non-small
cell lung cancer. J Inflamm Res. 2021;14(1178-7031):6129-6141.


http://doi.org/10.1177/03000605211062442
http://doi.org/10.1177/03000605211062442
https://doi.org/10.1038/ncomms14381
https://doi.org/10.1038/ncomms14381
https://doi.org/10.1038/ncomms14381
http://doi.org/10.3390/cancers13081982
http://doi.org/10.3390/cancers13081982
http://doi.org/10.3390/cancers13081982

	 Introduction
	 Methods
	 Patients
	 Data Collection
	 Statistics

	 Results
	 Baseline Characteristics
	 Survival Analysis
	 Univariate Cox Analysis of OS and RFS
	 Multivariate Cox Analysis of OS and RFS
	 Prognostic Value of NPS

	 Discussion
	 Conclusion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


