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Introduction

Lung cancer is one of the most common malignant cancers 
both in men and women, and the leading cause of cancer 
death worldwide (1). It is reported 222,500 people received 
a new diagnosis of lung cancer and 155,870 patients died of 
lung cancer in United States, 2017 (1). Lung cancer can be 
divided into two types: small cell lung cancer (SCLC) and 
non-small lung cancer (NSCLC). Despite great progresses 

made in early diagnosis and targeted therapy, the prognosis 
of lung cancer still remains poor, with a 5-year survival 
less than 17% (2). Lacking prognostic parameters are 
one important reason for the disappointing prognosis (3). 
Therefore, it is critical for us to find efficient biomarkers for 
prognosis prediction in order to improve clinical outcomes.

Prognostic nutritional index (PNI), calculated on the 
basis of serum albumin level and total lymphocyte count 
in peripheral blood, is a widely used nutritional and 
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immunological index. It was initially proposed to stratify 
operative risk and evaluate perioperative nutritional and 
immunological conditions (4,5). Increasing evidences 
showed that the preoperative nutritional and immunological 
status was not only affect short-term postoperative 
complications but also closely related to long-term outcome 
of cancer patients (6,7). To date, numerous studies have 
reported preoperative or pretreatment PNI status predicts 
prognosis in various cancer types, including colorectal 
cancer (8,9), esophageal cancer (10), gastric cancer (11), 
bladder cancer (12), ovarian cancer (13) and so on (14-18). 
Previous researches also explored the relationship between 
PNI and lung cancer prognosis. However, those results 
failed to draw a convincing conclusion owing to relatively 
small sample size in each single study.

To clarify the prognostic and clinical impact of PNI in 
lung cancer, we conducted a meta-analysis of the current 
published studies on PNI and survival of lung cancer. 

Methods

Search strategy

We conducted a systematic and comprehensive search 
in PubMed, EMBASE, and Web of Science, without 
restriction to language and race. Searching terms included 
“prognostic nutritional index”, “PNI”, “lung cancer”, “lung 
carcinoma”, “lung neoplasms”, “non-small cell lung cancer”, 
“NSCLC”, “small cell lung cancer” and “SCLC”. Besides, 
we manually checked reference lists of relevant studies to 
obtain potential eligible articles. The search formula of each 
search web site was given as Supplemental data.

Inclusion and exclusion criteria

We selected studies based on the following criteria: (I) the 
diagnosis of lung cancer was pathologically confirmed; (II) 
PNI was measured prior to treatment; (III) overall survival 
(OS) of PNI in lung cancer was available. Studies unrelated 
to lung cancer, published as reviews or conference abstracts, 
and without enough data for HRs and CIs were excluded. 
Only the most comprehensive study was enrolled if articles 
report data from the same population.

Data extraction 

Two authors (DL and XY) reviewed eligible studies and 
extracted data independently. Disagreement was resolved by 
consulting to the third author (JL). Information extracted 

from the studies was the following: first author of the study, 
publication year, country, sample size; clinical features 
covering gender, age, histological type, tumor stage, cut-
off value of PNI, medium follow up time; HR and CI for 
OS using multivariate analysis in each study. PNI was 
calculated using the formula: 10 × serum albumin value 
(g/dL) + 0.005 × total lymphocyte count (per mm3) in the 
peripheral blood (5). Items that could not be obtained 
were described as “not available (NA)”.

Quality assessment

We adopted the Newcastle-Ottawa Quality Assessment 
Scale (NOS) to evaluate the quality of studies (19). Two 
authors (DL and XY) accomplished the work and the 
third author settled all differences (JL). NOS adopted star 
system with scoring 0–9. Each study was judged on three 
perspectives: study selection, comparability assessment, 
ascertainment of exposure and outcome. Studies scored not 
less than 6 were considered to have a good quality. 

Statistical methods

We used pooled hazard ratio (HR) and its corresponding 
95% confidence interval as effect measures to assess the 
impact of PNI on OS. To evaluate the relationship between 
PNI and clinical characteristics, odds ratios (ORs) and their 
95% CI was applied. As all enrolled studies reported HR and 
95% CI of OS directly both in univariate and multivariate 
analysis, we chose the latter since clinical outcomes in lung 
cancer were influenced by confounding factors. Q-test 
and I2 index were used to assess the heterogeneity across 
studies. When the I2≤50% or/and P<0.10, we used fixed 
effect model, otherwise, a heterogeneity was indicated and 
a random effect model was adopted (20). To evaluate the 
stability of the results, we conducted sensitivity analysis by 
omitting study sequentially. The Begg’s test was used to 
assess the publication bias (21,22). All P values were 2-sided; 
P<0.05 was considered statistically significant. All statistical 
analyses were performed using Stata 12.0 software (Stata 
Corporation, College Station, TX, USA).

Results

Study selection process 

After a comprehensive search from electronic databases, 
we identified a total of 224 articles as potential eligible 
studies. One hundred and ninety articles remained after 
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duplication removed. Subsequently, titles and abstracts were 
carefully reviewed and 169 articles were excluded because of 
unrelated to the present study. We further assessed full-texts 
of 19 articles, 9 articles were ruled out due to conference 
abstract (n=4), insufficient data on survival (n=4) and 
unavailable PNI data (n=1). Finally, we enrolled 10 articles 
in the present meta-analysis (23-32) (Figure 1). 

Study characteristics

In the meta-analysis, data from 10 studies including 
5,085 lung cancer patients was included. All those studies 
were published during 2015 to 2017. Only one study was 
from Turkey, and the rest nine studies were from Asian 
population. The smallest study population was 144 while 
the largest one was 1,416. The age of the patients ranged 
from 16 to 88, and the overall proportion of males was 
66.86%. Furthermore, two studies explored PNI prognostic 
value among SCLC patients while the other eight studies 
did among NSCLC patients. For studies among NSCLC 
population, one enrolled patients with all stages, three based 
on patients with stage I–III and two studies focused on 
advanced lung cancer (stage III–IV), with the remaining two 
studies failed to provide stage information of patients. The 
cut-off value of PNI varied from 46.24 to 52.48. Moreover, 

all studies included directly reported HR and 95% CI of OS 
in multivariate analysis (Table 1).

Association between PNI and OS

All studies investigated the relationship between PNI status 
and OS of lung cancer. We adopted a random effect model 
to calculate the pooled HR due to significant heterogeneity 
(I2=66.7%, P=0.001). The result revealed low PNI was 
significantly related to unfavorable OS in lung cancer  
(HR =1.72; 95% CI, 1.43–2.06; P=0.000; Figure 2A). 
Subgroup analysis stratified by histology (SCLC or 
NSCLC) was performed. The pooled HR in NSCLC 
patients (HR =1.93; 95% CI, 1.56–2.37; P=0.000) was 
higher than that in SCLC patients (HR =1.27; 95% CI, 
1.04–1.56; P=0.021) (Figure 2B), which demonstrated that 
the prognostic impact of PNI in NSCLC patients was 
stronger than that in SCLC patients. Further, subgroup 
analysis by TNM stage indicated that low PNI status 
predicted shorter OS in early NSCLC patients (stage I–
III, HR =1.96; 95% CI, 1.44–2.67; P=0.01). When it came 
to advanced NSCLC patients, only two studies involved in 
the analysis with a pooled HR of 2.62 (95% CI, 1.79–3.83; 
P=0.000).

Other subgroup analyses stratified by research region 
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reviewed (n=152)

Article excluded for reasons (n=9):

• Conference abstract (n=4);
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Records after duplicate removed (n=39)
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Studies included in meta-analysis (n=10)

Figure 1 Flow diagram of literature search and selection process. PNI, prognostic nutritional index.



5301

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(9):5298-5307jtd.amegroups.com

Journal of Thoracic Disease, Vol 10, No 9 September 2018

(Asia vs. Non-Asia), sample size (≥500 vs. <500) and study 
quality (NOS score ≥7 vs. <7) were later fulfilled. These 
pooled results confirmed the prognostic value of low PNI 
on OS in lung cancer (Table 2). 

Association between PNI and clinical characteristics

We analyzed the correlation between low PNI status and 
clinical characteristics including gender (female vs. male), 
smoking status (smoker vs. never smoker), and histology 
(adenocarcinoma versus non-adenocarcinoma). There 
were 3,155 cases from 6 studies, 2,598 cases from 4 studies 
and 1646 cases from 4 studies involved, respectively. We 
identified that PNI was significantly associated with gender 
(HR =0.69; 95% CI, 0.55–0.86; P=0.001; Figure 3A) 
and histology (HR =0.59; 95% CI, 0.47–0.74, P=0.000;  
Figure 3B). However, no significant association was found 
between PNI and smoking status (HR =1.49; 95% CI, 
0.99–2.25; P=0.056; Figure 3C). Our results indicated 
that the incidence of low PNI was significantly lower in 
female patients than in male ones. Similarly, a significantly 
lower incidence of low PNI was observed in patients 
with adenocarcinoma compared with those with non-
adenocarcinoma.

Sensitivity analysis 

We performed Sensitivity analysis by omitting one study 
at a time and calculate the combined HR. The result 
showed the pooled HR was not significantly affected by the 
exclusion of any single study (Figure 4), which demonstrated 
that the conclusion of our meta-analysis on OS is reliable.

Publication bias  

To evaluate publication bias, we carried out Begg’s funnel 
plot. No significant publication bias was found (P=0.210; 
Figure 5).

Discussion 

The present meta-analysis aimed to assess the association 
between PNI, clinical characteristics and OS of lung cancer. 
We found that PNI was an independent indicator for OS 
in lung cancer. In addition, PNI was significantly related to 
clinical characteristics including gender and histology. To 
the best of our knowledge, this is the first meta-analysis that 
comprehensively discussed prognostic and clinical value of 
PNI in lung cancer. 

Table 1 Main characteristics of eligible studies in the meta-analysis

Study Year Country
Sample  

size
Gender  

(male/female)
Age (years) Histology

Tumor 
Stage

Follow-up 
(months)

Cut-off 
Value

Hazard 
Ratio

Outcome NOS

Hong (23) 2015 China 724 627/97 59 [19–86] SCLC Limited/
extended

39.47 
(median)

52.48 Reported OS 7

Hong  (24) 2015 China 919 635/284 56 [16–84] SCLC Limited/
extended

NA 45 Reported OS 7

Kos (25) 2015 Turkey 138 124/14 57 [26–83] NSCLC I–IV NA 49.5 Reported OS 6

Mori (26) 2015 Japan 409 249/160 66 [32–86] NSCLC I–III 55.1 
(median)

50 Reported OS 9

Qiu (27) 2015 China 1,416 999/417 59.7 [20–84] NSCLC NA 48  
(median)

52 Reported OS 7

Shimizu (28) 2015 Japan 334 219/115 69.3 [46–88] NSCLC I–III 32  
(median)

50 Reported OS 7

Park (29) 2016 Korea 630 236/394 64 [31–91] NSCLC NA NA 45 Reported OS 8

Sheng (30) 2016 China 144 75/69 58 [25–81] NSCLC IIIB-IV 32  
(median)

48.78 Reported OS 7

Okada (31) 2017 Japan 248 158/90 67±10 NSCLC I–III NA 48 Reported OS 7

Xu (32) 2017 China 123 78/45 64 [29–88] NSCLC III–IV NA 46.24 Reported OS 6

SCLC, small cell lung cancer; NSCLC, non-small cell lung cancer; OS, overall survival; NA, not available; NOS, Newcastle-Ottawa Scale.
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We found that low PNI was an indicator for shorter OS 
in lung cancer, especially among NSCLC patients. Recent 
studies also reported that low PNI was an unfavorable 
marker for prognosis in several solid tumors. Nakatani and 
his colleagues found esophageal cancer patients undergoing 
neoadjuvant chemotherapy in low preoperative PNI status 
had a higher risk of recurrence and poorer survival (10). 
Kang and coworkers reported in renal cell carcinoma 
that monitoring of dynamics change of pre/postoperative 
PNI helped predict postoperative complications and 
long-term survival rate (7). Moreover, two recent meta-
analyses explored the prognostic value of PNI in gastric 

and colorectal cancer, respectively. It turned out both of 
the two studies concluded low PNI suggested poor OS in 
the above two tumor types (33,34). Those evidences were 
consistent with our finding. Additionally, in the current 
meta-analysis, HRs we extracted to calculate the pooled HR 
in order to assess the impact of PNI on OS were all directly 
reported from multivariate analysis in each research, 
which possessed adjustment for confounding risk factors 
and thus added reliability to the results regardless of the 
existence of inter-study heterogeneity. On the other hand, 
we accomplished subgroup analysis stratified by histology, 
TNM stage, research region, sample size and study quality, 

A

B

Figure 2 Association between low PNI status and OS in all studies (A). Subgroup analysis was stratified by histology (B). PNI, prognostic 
nutritional index; OS, overall survival.
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which further confirmed the prognostic value of PNI in 
lung cancer and helped us recognize specific subset of 
patients who would gain greater OS benefit from PNI in 
lung cancer population. The result of the subgroup analysis 
by histology indicated that low PNI harbored greater 
predictive power of OS in NSCLC group than in SCLC 
group. Given that there were only 2 studies concerning 
impacts of PNI on OS in SCLC population, more studies 
will be needed to further elucidate the issue and to throw 
lights on the mechanisms behind. In addition, subgroup 
analysis based on tumor stage showed PNI was associated 
with OS both in early stage lung cancer and in advanced 
lung cancer. Early stage lung cancer patients in low PNI 
status had a 96% relative increase in hazard of death 
compared with those in high PNI status, while in advanced 
lung cancer patients in low PNI status that relative increase 

in hazard of death was 162%. The above results may partly 
explained by the fact that early-stage patients would more 
likely to receive surgical therapy, and in this population PNI 
would have less predictive effect compared to advanced-
stage who usually receive chemotherapy. Further well-
designed and prospective studies were needed to confirming  
our findings.

Mechanisms underlying the association between PNI and 
OS can be the following. First of all, PNI is calculated based 
on serum albumin and lymphocyte count. Lymphocytes play 
a fundamental role in cell-mediated immunity in various 
cancers and can reflect systemic inflammation condition 
of cancer patients (35). As previous data suggested, 
inflammations was closely associated with carcinogenesis 
and tumor progression by promoting the proliferation, 
migration, immune escape and chemoresistance of 

Table 2 Results of overall and subgroup analyses for effects of low PNI status on OS in lung cancer

Variables No. of studies Pooled-HR (95%CI)
Heterogeneity

I2 (%) ph

Total 10 1.72 (1.43–2.06) 66.70 0.001

Research region

Asia 9 1.69 (1.39–2.05) 68.10 0.002

Non-Asia 1 2.04 (1.33–3.13) NA

Sample size(cases)

≥500 4 1.41 (1.16–1.73) 70.90 0.016

<500 6 2.16 (1.75–2.66) 0.00 0.733

Tumor stage

Stage I–IV 1 2.04 (1.33–3.13) NA

Stage I–III 3 1.96 (1.44–2.67) 0.00 0.543

Stage III–IV 2 2.62 (1.79–3.83) 0.00 0.754

NA 2 1.60 (1.09–2.36) 81.40 0.02

Limited/extended (SCLC) 2 1.27 (1.04–1.56) 50.80 0.154

Histology

NSCLC 8 1.93 (1.56–2.37) 52.40 0.04

SCLC 2 1.27 (1.04–1.56) 50.80 0.154

Study quality

≥7 8 1.59 (1.32–1.92) 63.50 0.008

<7 2 1.72 (1.43–2.06) 66.70 0.001

PNI, prognostic nutritional index; OS, overall survival; SCLC, small cell lung cancer; NSCLC, non-small cell lung cancer; CI, confidence 
interval; NA, not applicable, due to only one study involved; ph, p value of Q test for heterogeneity test.
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A

B

C

Figure 3 Association between low PNI status and clinical characteristics (A) gender, (B) histology, (C) smoking. PNI, prognostic nutritional index.

tumor cells (36-38). Furthermore, level of albumin in 
PNI shows the nutritional status of cancer patients. 
Low albumin level is related to malnutrition and weight  
loss (39), which can result in a poor OS and increased 
cancer-related mortality (40,41). In a review examined 

association between albumin and OS for various cancer 
types, nine of the total 10 involved lung cancer studies 
found high preoperative albumin level indicated improved 
survival (42). Taken together, on the basis of two simple, 
objective and inexpensive laboratory indices, PNI harbored 
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promising prognostic value for lung cancer.
When exploring the relationship between PNI and 

clinical characteristics, PNI was found related to gender 
and histology. The result indicated that low PNI status 
was less frequent in female lung cancer patients than in 
male ones. Similarly, low PNI status was less likely to exist 
in patients with adenocarcinoma than in those with non-
adenocarcinoma. Considering the limited amount of studies 
included, these results needed to be confirmed by future 
researches. 

Several limitations must be noticed in this meta-
analysis. First, significant heterogeneity was found when 
investigating effect of PNI in OS, which can be caused by 
different cancer types, sample size, cut off value and so on. 
However, association between PNI and OS obtain the same 
results after subgroup analysis were carried out, and remove 
of any single study did not significantly affect the pooled 
HR in sensitivity analysis, all indicating that the results 

were quite reliable. Second, the majority of included studies 
were from Asian countries, suggesting the result was more 
suitable for Asian patients, whether it can be applied to 
other population remains unknown. Third, considering that 
studies with negative results may tend to have less chance 
to be published, potential selection bias can still exist. 
Thus, large-scale, multicenter and well-designed studies are 
required to verify and expand on our conclusion.

Conclusions 

Low PNI was an indicator for shorter OS in lung cancer, 
especially among NSCLC patients.  The current meta-
analysis indicated that PNI can help further stratify risk 
of death and predict prognosis of lung cancer in clinical 
practice, thus, can be used as a supplementary tool to the 
present prognosis predicting systems including TNM 
staging system. Further large-scale, multicenter and well-
designed studies are required to verify and expand on our 
conclusion.
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NSCLC, non-small cell lung cancer; HR, hazard ratio; OS, overall survival. 
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patients. OS, overall survival. 
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