
8144

Abstract. – OBJECTIVE: The Naples prog-
nostic score (NPS) is a newly developed indicator 
of inflammation and nutritional status. However, 
its role in predicting the prognosis of lung can-
cer is unclear. We hereby reviewed the associa-
tion between NPS and outcomes of lung cancer. 

MATERIALS AND METHODS: PubMed, Web 
of Science, Embase, and Google Scholar were 
searched up to 15th April 2023 for studies assess-
ing the predictive role of NPS for overall survival 
(OS) and disease-free survival (DFS) in lung cancer.

RESULTS: Seven studies were included. All 
were from China. One study was on small cell 
lung cancer, while the rest were on non-small cell 
lung cancer. Meta-analysis demonstrated that 
a high NPS score was a significant predictor of 
OS (HR: 3.21 95% CI: 2.27, 4.54 I2=62%) and dis-
ease-free survival (DFS) (HR: 3.81 95% CI: 2.57, 
5.64 I2=65%) in lung cancer patients. Subgroup 
analysis based on different NPS reference val-
ues also showed similar results. The results re-
mained significant on sensitivity analysis.

CONCLUSIONS: The NPS is a strong and 
independent prognostic indicator of lung can-
cer patients. Higher NPS scores are associ-
ated with worse OS and DFS. Further studies 
from non-Chinese populations are needed to 
supplement the results.
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Introduction

Lung cancer is the commonest cause of can-
cer-related death across the globe and the second 
most common diagnosis amongst newly detected 
malignant cases1. The burden of the disease is 
indeed high, with around 2 million cases being 
detected every year, which represents 12% of 
all cancer cases seen worldwide2. Based on the 
pathological subtype, the majority of cases are 
of non-small cell lung cancer (NSCLC), while 

approximately 10-15% constitute small cell lung 
cancer (SCLC)3,4. Delayed diagnosis due to late 
presentation of symptoms is commonly seen in 
lung cancer, because of which a large number of 
patients are diagnosed with advanced disease and 
often with metastasis. Not surprisingly, as sur-
gery is unfeasible in many advanced cases, lung 
cancer has one of the worst prognoses among so-
lid malignancies5. In recent times, the use of im-
mune checkpoint inhibitors has shown promising 
results. However, the 5-year survival rates are 
still poor2. Identifying lung cancer patients who 
are at a higher risk of recurrence and mortality 
has been difficult due to the many variables that 
can affect the outcome of the disease3,4. A reliable, 
accurate, and easy-to-use prognostic marker can 
aid in the identification of patients at risk, which 
can be targeted with personalized treatment plans 
and additional monitoring to improve outcomes. 

Previous studies6-8 have linked systemic in-
flammation with the development and progression 
of cancer. Studies6,7 have found a link between in-
flammation and DNA mutations, the proliferation 
of blood vessels, cancer growth, invasion, and 
metastasis. It is postulated that markers represen-
ting systemic inflammation would therefore aid 
in predicting outcomes of cancer8. In this con-
text, there have been several inflammation-based 
markers-based markers like neutrophil-to-lym-
phocyte ratio (NLR), lymphocyte-to-monocyte 
ratio (LMR), platelet-to-lymphocyte ratio, syste-
mic inflammation score (SIS), Glasgow progno-
stic score, etc., which have been advocated for 
prognostication of cancer patients8-10. However, 
no marker has demonstrated absolute accuracy 
in predicting outcomes, and the search for a more 
suitable one is still under research. 

Recently, the Naples prognostic score (NPS) 
has generated significant interest as a marker of 
inflammation and the nutritional status of the pa-
tient. The score is generated from serum albumin 
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concentration, total blood cholesterol, NLR, and 
LMR and is an independent prognostic indicator in 
colorectal cancer11. However, its ability to predict 
outcomes for lung cancer is unclear. We hereby 
systematically reviewed the evidence on the asso-
ciation between NPS and outcomes of lung cancer.

Materials and Methods

Search and Inclusion Criteria
The systematic review protocol was uploaded 

on PROSPERO before the commencement of the 
literature search (CRD42023414641). It was ensu-
red that the PRISMA guidelines were followed12. 
An all-embracing literature search was carried 
out by two reviewers separately. The databases 
included PubMed, Web of Science, Embase, and 
Google Scholar. All articles available online, irre-
spective of the date of publication up to 15th April 
2023, were eligible for inclusion. Due to limita-
tions of translation, only English language publi-
cations were considered. The search was carried 
out using the following combination of keywords: 
“Naples prognostic score” AND “lung cancer”.

Eligible studies were: 1. Studies conducted on 
lung cancer patients. 2. Assessing the prognostic 
ability of NPS by comparing patients with high 
vs. low NPS scores. 3. Outcomes reported were 
overall survival (OS) or disease-free survival 
(DFS). 4. Outcome reported in the form of mul-
tivariable-adjusted effect size. There was no 
restriction on the sample size, follow-up dura-
tion, or type of lung cancer.

Excluded studies were: 1. Studies not exclusi-
vely on lung cancer. 2. Studies not reporting adju-
sted ratios. 3. Studies with duplicate/overlapping 
data. If two or more articles used the same dataset 
from the same period, the study with the highest 
number of patients was included. Review articles 
and editorials were not considered for inclusion. 

Duplicates from the search results were remo-
ved, and the remaining records were carefully 
inquired about based on the eligibility criteria 
by two reviewers separately. This was done first 
at the title/abstract level and then at the full-text 
level. Articles completing all eligibility criteria 
were included. Any disagreements were solved 
by consensus. The references list of eligible ar-
ticles was hand searched for additional articles.

Data Management and Study Quality
Data on the author’s last name, year of publi-

cation, location, inclusion criteria, sample size, 

age, gender, smokers, stage of cancer, poorly 
differentiated cancer, type of treatment, number 
of patients with NPS score of 1 or 2, follow-up 
duration, and outcome ratios were extracted by 
two reviewers independent of each other. 

Two authors judged the study’s quality ba-
sed on Newcastle Ottawa Scale (NOS)13. The 
NOS has three domains: representativeness of 
the study cohort, comparability, and measure-
ment of outcomes. Points are given based on 
the preformatted questions. The final score of 
a study can range from 0-9.

Statistical Analysis
Statistical analysis was done using “Review Ma-

nager” [RevMan, version 5.3; Nordic Cochrane 
Centre (Cochrane Collaboration), Copenhagen, 
Denmark; 2014]. We extracted data on the associa-
tion between NPS and OS or DFS from the included 
studies. Data were combined to generate pooled 
outcomes as hazard ratio (HR) with 95% confidence 
intervals (CI) in a random-effects model. Due to 
limited data, funnel plots were not generated. The 
I2 statistic was the tool to determine inter-study 
heterogeneity. I2<50% meant low, and >50% meant 
substantial heterogeneity. A leave-one-out analysis 
was performed to check for any change in the resul-
ts on the exclusion of any study. Subgroup analysis 
was done based on the score of NPS. p-value <0.05 
was considered statistically significant.

Results

Search results at each step of the literature 
analysis are shown in Figure 1. At first, 167 stu-
dies were retrieved. Duplicates amongst those 
were removed, leaving 142 results. The reviewers 
examined these articles for primary eligibility, 
and 130 were excluded due to non-relevance. 
The 12 studies which were selected for full-text 
analysis underwent detailed examination, and 
seven14-20 were found to be appropriate based on 
the inclusion criteria. The remaining five studies 
were excluded for reasons mentioned in Figure 1.

Table I represents the details extracted from 
included studies. The studies were published 
between 2021 to 2023, and all of them were from 
China. All included studies were designed as 
retrospective. One study16 was on SCLC while all 
others14,15,17-20 were on NSCLC. A total of 1,657 
were included in the studies. The mean/median 
age of patients was more than 56 years in all 
studies. The percentage of male patients ranged 



Y.-S. Wang, L. Niu, W.-X. Shi, X.-Y. Li, L. Shen

8146

from 44.8 to 75.8%. About 29.5 to 60.9% of pa-
tients were smokers. The stage of cancer varied 
amongst studies. Overall, all stages of lung can-
cer were included in the review. Two studies15,18 

included only surgically treated patients, while 
one study20 included patients under radiotherapy 
only. In the remaining studies, a mix of treatment 
options was provided to the patients. The median 
follow-up was more than two years across stu-
dies. On the risk of bias analysis, the studies were 
given a score of 7 or 8 on the NOS scale.

A meta-analysis of OS is shown in Figure 2. 
Separate meta-analyses were carried out based on 
the NPS group examined by the included studies. 

Overall, it was noted that a high NPS score was a 
significant predictor of OS in lung cancer patients 
(HR: 3.21 95% CI: 2.27, 4.54 I2=62%). On sub-
group analysis, NPS scores of 1 vs. 0 (HR: 7.46 
95% CI: 4.03, 13.82 I2=0%), 2 vs. 0 (HR: 7.46 95% 
CI: 4.03, 13.82 I2=0%), 1-2 vs. 0 (HR: 2.07 95% 
CI: 1.64, 2.61 I2=0%), and 3-4 vs. 0 (HR: 10.48 
95% CI: 4.37, 25.14 I2=0%) were all predictive 
of OS. The results of the analysis did not turn 
non-significant on the exclusion of any study.

A meta-analysis of DFS is shown in Figure 3. 
Overall, we found NPS to be a significant predic-
tor of DFS in lung cancer patients (HR: 3.81 95% 
CI: 2.57, 5.64 I2=65%). On subgroup analysis, 

Figure 1. Study flowchart.
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Table I. Study details.

Study Location Included Sample Age Male  Smokers Poorly  Stage Treatment Patients Patients Follow-up NOS score
  patients size (years) gender (%) differentiated    with NPS with NPS
     (%)  (%)   score 1 (n) score 2 (n)  

Zou et al China Locally advanced 165 NR 44.8 48.5 56.4 IIIA & B Neoadjuvant 108 22 Median 8
202319   NSCLC        chemotherapy    34 months
         and surgery
Xuan et al China NSCLC with brain 186 57 45.7 53.2 55.9 I-III Radiotherapy NR NR Median 8
202220  metastasis          32 months
Ren et al China Surgically treated 120 61 49.2 29.5 NR I-III Surgery 161 38 Median 8
202218  NSCLC          32 months
Peng et al China NSCLC patients 395 63 63.8 49.4 NR I-IV Surgery,  NR NR Median 8
202217         chemotherapy,    32 months
         radiotherapy
Chen et al China SCLC patients 128 65 75.8 60.9 NR NR Surgery,  75 42 NR 7
202216         chemotherapy
         radiotherapy
Li et al China Early-stage NSCLC 457 63.4 61.9 49 21 I-II Surgery 122 86 Median 8
202115  undergoing surgery          50 months
Guo et al China Unresectable NSCLC 206 62 58.3 46.1 61.6 III Chemotherapy,  135 39 Median 8
202114         radiotherapy ,  ,  ,  37 months

 NPS, Naples prognostic score; NOS, Newcastle Ottawa scale; n, number; NR, not reported; NSCLC non-small cell lung cancer; SCLC, Small cell lung cancer.
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Figure 2. Meta-analysis of the association of NPS and OS in lung cancer.
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Figure 3. Meta-analysis of the association of NPS and DFS in lung cancer.
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NPS scores of 1 vs. 0 (HR: 3.16 95% CI: 2.02, 
4.94 I2=0%), 2 vs. 0 (HR: 8.75 95% CI: 5.01, 15.29 
I2=0%), 1-2 vs. 0 (HR: 2.20 95% CI: 1.66, 2.92 
I2=0%), and 3-4 vs. 0 (HR: 8.20 95% CI: 3.39, 
19.82 I2=0%) were all predictive of DFS. The 
results of the analysis did not turn non-significant 
on the exclusion of any study.

Discussion

The NPS was first reported by Galizia et al11 

in 2017 to assess the prognosis of colorectal can-
cer. This was despite the availability of several 
other inflammatory and nutritional biomarkers 
like NLR, PLR, SIS, prognostic nutritional in-
dex (PNI), and controlling nutritional score (CO-
NUT), which were extensively studied for the 
disease11,21. A major limitation of these markers 
is the lack of a common cut-off, with different 
studies11,21 using variable values to assess the 
prognostic significance of cancer. In this con-
text, the NPS was generated by combining four 
important variables i.e., NLR, LMR, cholesterol, 
and albumin, to overcome these limitations and 
generate a robust, accurate, easy-to-use marker. 
Unlike other markers22,23, the NPS has a definite 
score ranging from 0 to 4 based on the values of 
individual components, which overcomes the li-
mitation of variable cut-offs. In their study, Gali-
zia et al11 showed that patients with the NPS score 
of 1-2 and 3-4 had increasingly worse OS and 
DFS independent of other factors. Also, the NPS 
performed better compared to PNI, CONUT, and 
SIS. Subsequently, the NPS has generated much 
interest and has been reported as an independent 
prognostic factor for several cancers.

Li et al24, in a retrospective analysis of 276 
patients, have found NPS to be significantly as-
sociated with OS in glioblastoma, and it perfor-
med better than CONUT. Similarly, Chen et al25 
assessed the prognostic ability of NPS in a cohort 
of 173 HER2-positive breast cancer patients and 
found a significant association between NPS, 
OS, and DFS. Wang et al26, in a group of renal 
cancer patients, have shown that high NPS scores 
are associated with older age, larger tumor size, 
worse pathological stage, higher tumor grade, and 
necrosis. However, NPS independently predicted 
OS and progression-free survival (PFS) and had 
the strongest discriminatory power compared to 
PNI and CONUT. Xiong et al27 have noted NPS 
to be predictive of OS in a cohort of gastric can-
cer patients undergoing surgery. Similarly, Feng 

et al28 found that cancer-specific survival worse-
ned with increasing scores of NPS in esophageal 
cancer patients undergoing surgical resection. 
Furthermore, this relationship persisted even in 
different tumor stages. Jin et al29 in a study on 
404 patients with ampullary carcinoma under-
going pancreatoduodenectomy, have found that 
in addition to predicting OS and DFS, NPS was 
also associated with postoperative complications.

Considering the strong predictive power of NPS 
for various cancers, it would be interesting to 
know how the marker fare in cases of lung cancer. 
In this review, we combined data from seven diffe-
rent studies14-20 to examine the prognostic value of 
NPS for OS and DFS in lung cancer. The analysis 
revealed that higher NPS scores were associated 
with around three times increased risk of poor OS 
and approximately four times higher risk of poor 
DFS. The results were consistent across studies 
which increases the validity of the results. Impor-
tantly, different NPS scores were compared with 
the reference score of 0 in the studies. Hence, a 
subgroup analysis was performed to compare NPS 
scores of 1 vs. 0, 2 vs. 0, 1-2 vs. 0, and 3-4 vs. 0. It 
was noted that NPS was predictive of OS and DFS 
in all subgroups and a tendency of worse outco-
mes was noted with higher NPS scores. For OS, a 
score of 2 resulted in a 7.5 times increased risk of 
mortality, while a score of 3-4 led to 10.48 times 
increased risk of death. Similarly, an NPS score of 
1 was associated with 3.16 times poor DFS, while a 
score of 2 increased this risk by 8.75 times.

The relationship between inflammation, mal-
nutrition, and tumor growth and progression is 
well-documented8-10. The four variables which 
form the NPS are all well-established markers 
of inflammation and malnutrition. Hypoalbumi-
nemia directly correlates with malnutrition, with 
lower levels associated with postoperative com-
plications and poor OS in different cancers30. 
Albumin levels are also congruous with systemic 
inflammation and immunity, with lower levels 
reducing macrophage activation and cancer-tar-
geting cell-mediated immunity31. Nevertheless, 
albumin levels are influenced by diet and liver 
diseases which limits its use as a standalone 
marker. Cholesterol is an important component 
of cell membranes and immunity enabling immu-
nocompetent cells to initiate an immune respon-
se against cancer32. Reduced cholesterol levels 
modify cell membrane fluidity and decrease the 
mobility of cell membrane receptors which limits 
transmembrane signals and the functionality of 
immune cells11. Lastly, the NPS score includes 
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two blood cellular ratios: NLR and LMR, both of 
which are independent predictors of OS in lung 
cancer33. Neutrophils secrete pro-inflammatory 
cytokines like interleukins, vascular endothelial 
growth factor, and tumor necrosis factor, which 
have tumor-promoting action34. Reprogramming 
of neutrophil function by the cancer microenvi-
ronment can aid in the influx of tumor cells in 
normal tissues causing tumor progression and 
metastasis35. Monocytes can also undergo similar 
reprogramming to aid in cancer progression by re-
ducing the immune response and increasing angio-
genesis and cancer cell infiltration36. On the other 
hand, lymphocytes have an anti-cancer role due 
to their immune-surveillance function. In breast 
cancer, lymphocytes have been shown to modulate 
treatment response with higher levels of tumor-in-
filtrating lymphocytes, improving survival37. 

There are some limitations to our meta-analysis. 
The number of included studies was not high, and 
only seven cohorts were eligible. There were diffe-
rences in the studies based on the type of lung cancer, 
its stage, and the treatment offered. Limited data and 
high variability precluded a comprehensive subgroup 
analysis. Also, all studies were from China, and the 
prognostic significance of NPS for lung cancer is still 
unknown in other populations. The lack of studies 
from other regions significantly limits the generaliza-
tion of results. Lastly, the groups of NPS compared by 
the studies were not similar. This reduced the number 
of studies in each subgroup, and further investiga-
tions are needed to examine the association between 
lung cancer outcomes and different scores of NPS.

Nevertheless, our review is the first to syste-
matically examine the link between NPS and 
lung cancer outcomes. The strong association 
between the NPS and OS, and DFS suggests that 
this simple and rapid tool can aid in the routine 
prognostication of lung cancer patients.

 

Conclusions

The NPS is a strong and independent progno-
stic indicator of lung cancer patients. Higher NPS 
scores are associated with worse OS and DFS. 
Further studies from non-Chinese populations 
are needed to supplement the results.
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