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Abstract 
To assess the clinical feasibility of the geriatric nutritional risk index (GNRI) and prognostic nutritional index (PNI) as determinants of 
survival in patients with stage I to III non-small cell lung cancer (NSCLC). This retrospective study included patients with stage I to 
III NSCLC from all age groups. Hazard ratios (HRs) for overall survival (OS), cancer-specific survival (CSS), and relapse-free survival 
(RFS) were calculated using the Cox regression analysis. The concordance index (C-index) of the models was evaluated following 
the establishment of the prognostic models for survival. The median patient age was 69 years, and 64.6% of the patients were 
male. In total, 172 (65.4%) patients were classified as having stage I disease, 52 (19.8%) as stage II disease, and 39 (14.8%) as 
stage III disease. Using multivariate Cox regression analysis, the HRs of GNRI for OS, CSS, and RFS were 0.37 (P = .003), 0.47 
(P = .041), and 0.38 (P < .001), respectively. However, the HRs of the PNI for survival outcomes were not statistically significant. 
Overall, age, sex, tumor-node-metastasis (TNM) stage, pleural invasion (PI), and GNRI were significant determinants of OS and 
constituted the OS model (concordance index [C-index], 0.824). In addition, age, TNM stage, PI, and GNRI were significant 
determinants of CSS and constituted the CSS model (C-index, 0.828). Finally, TNM stage, PI, lymphatic invasion, and GNRI were 
significant determinants of RFS and constituted the RFS model (C-index, 0.783). Our study showed that GNRI, but not PNI, was 
a predictor of OS, CSS, and RFS in patients with stage I–III NSCLC across all age groups. Excellent discriminant power was 
observed for OS, CSS, and RFS models.

Abbreviations: ALB = serum albumin level, ALC = absolute lymphocyte count, BMI = body mass index, BW = body weight, 
C-index = concordance index, CSS = cancer-specific survival, GNRI = geriatric nutritional risk index, HR = hazard ratio, LI = 
lymphatic invasion, LMR = lymphocyte-to-monocyte ratio, NSCLC = non-small cell lung cancer, OS = overall survival, PI = pleural 
invasion, PLR = platelet-to-lymphocyte ratio, PNI = prognostic nutritional index, TNM = tumor-node-metastasis, VI = vascular 
invasion, VIF = variance inflation factor.
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1. Introduction
Surgery remains the best option for patients with 
tumor-node-metastasis (TNM) stage I to IIIA non-small cell 
lung cancer (NSCLC).[1] Despite substantial advances in sur-
gical techniques and adjuvant therapy, the prognosis remains 

far from satisfactory.[2] Therefore, studies on the important 
prognostic factors that can identify high-risk patients are 
needed.

Clinicopathological variables such as age, sex, perfor-
mance status, smoking history, histology, tumor size, TNM 
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stage, pleural invasion (PI), vascular invasion (VI), lymphatic 
invasion (LI), type of surgery, and residual disease have been 
considered important determinants of survival in NSCLC.[2–4] 
Among these, the TNM staging system is considered the key 
determinant of survival in patients with NSCLC. Regarding 
laboratory variables, the absolute lymphocyte count (ALC), 
Glasgow prognostic score, lymphocyte-to-monocyte ratio 
(LMR), platelet-to-lymphocyte ratio (PLR), and C-reactive pro-
tein (CRP) have been reported to be important determinants of 
survival.[4–8] However, there is no consensus regarding the most 
significant determinants of survival in patients with NSCLC. 
Recently, multiple studies have emphasized the role of minimal 
residual disease following NSCLC treatment; however, these 
studies have limitations in that they lack thorough validation.[9]

Malnutrition is associated with increased intolerance and 
decreased response to cancer treatment in patients with various 
malignancies, including lung, esophageal, liver, colon, and pan-
creatic cancers.[1] Currently, many tools are used for the nutri-
tional assessment of patients; however, there is no consensus 
on the most accurate tool. Sarcopenia, body mass index (BMI), 
serum albumin level (ALB), prognostic nutrition index (PNI), 
and geriatric nutritional risk index (GNRI) are associated with 
treatment outcomes in stage I to III diseases.[1]

PNI is an independent prognostic factor for overall survival 
(OS),[10–12] and relapse-free survival (RFS)[11] in patients with 
stage I to III NSCLC. Although the pathological stage and cutoff 
points of the PNI were heterogeneous in a meta-analysis by Hu 
et al, the PNI was a predictor for OS and RFS.[13]

The GNRI is an important determinant of OS,[12,14,15] can-
cer-specific survival (CSS),[14] and RFS[12] in patients with stage 
I to III NSCLC. When comparing GNRI and PNI, Takahashi et 
al have shown that both GNRI and PNI were determinants of 
OS and RFS across all age groups, although they were analyzed 
in separate models, making a direct comparison between them 
impossible.[12] However, Shoji et al have shown that GNRI, 
but not PNI, was a determinant of OS in patients aged > 75 
years.[15] Thus, it is too early to conclude their relative efficacy 
in patients with stage I to III NSCLC. Moreover, their relative 
clinical significance as CSS predictors remains unknown.

Therefore, this study aimed to compare the GNRI and PNI 
as determinants of OS, CSS, and RFS by analyzing them in the 
same model in patients with stage I to III NSCLC of all ages.

2. Methods

2.1. Patients

Electronic medical records of consecutive patients with NSCLC 
who underwent surgical resection between June 2006 and 
December 2019 at Kyung Hee University Hospital at Gangdong 

were reviewed. Chest and abdominopelvic computed tomogra-
phy (CT) and positron emission tomography-CT have been a 
regular part of standard cancer staging.

The inclusion criteria were as follows: primary NSCLC,[16] 
stage I–IIIA,[17] curative-intent surgical resection, and micro-
scopic margin-negative resection.[18] The exclusion criteria were 
as follows: anti-cancer treatment prior to surgery, stage IIIB or 
IV disease, and concurrent second malignancies or previous 
malignancies within the last 5 years.

This study was approved by the Institutional Review Board 
(IRB) of Kyung Hee University Hospital at Gangdong. Given 
that this was a retrospective study, the requirement for informed 
consent was waived by the IRB.

2.2. Clinical characteristics

The clinicopathological variables collected and analyzed in this 
study were age, sex, smoking history, height, body weight (BW), 
BMI, Eastern Cooperative Oncology Group performance sta-
tus, type of surgery, histology, tumor size, extent of the primary 
tumor, lymph node invasion, TNM stage, PI, LI, VI, and resid-
ual disease status. PIs were categorized as PL0, PL1, PL2, and 
PL3.[19] The blood tests analyzed in this study included white 
blood cell count, absolute neutrophil count, ALC, absolute 
monocyte count, hemoglobin level, platelet count, and ALB. 
Blood test results were analyzed using tests performed within 
7 days before surgery. The LMR was calculated by dividing the 
ALC by the absolute monocyte count. The PLR was calculated 
by dividing the platelet count by the ALC count.

2.3. Measurement of PNI and GNRI

The PNI was calculated as PNI = 10 × ALB (g/dL) + 0.005 × ALC 
(per μL).[20] The GNRI was calculated as GNRI = 14.89 × ALB 
(g/dL) + 41.7 × [current BW (kg)/ 22 × height (m)2]. If [current 
BW (kg)/ 22 × height (m)2] > 1, it was set to 1.[21]

2.4. Statistical analyses

The OS, CSS, and RFS were measured from surgical resection to 
all-cause death, cancer-related death, and recurrence, respectively.

The correlation between the GNRI and clinicopathological 
parameters in the form of continuous variables was determined 
using Pearson’s correlation coefficient. For easy interpretation 
of the correlations, a correlation matrix was formed. The chi-
squared test was used to determine the relationship between 
categorical variables, and the Mann–Whitney U test was used 
for intergroup comparisons.

The survival rates according to the GNRI and PNI were 
estimated using the Kaplan–Meier method, and the statistical 

Figure 1.  Flow diagram.
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significance between survival curves was tested using the log-
rank test. The cutoff points of the GNRI and PNI were adopted 
from previous studies, rather than determining the optimal cut-
off point in our patient cohort.

The Cox proportional hazards model was used to calcu-
late hazard ratios (HRs), which were performed only on vari-
ables that met the proportional hazards assumption based 
on the graphic plots of Schoenfeld residuals. Only variables 
with P < .05 in the univariate analysis were included in the 
multivariate Cox regression analysis. In addition, the concor-
dance index (C-index) was used to measure the discrimina-
tive capacity of the models. Variance inflation factor (VIF) 
was calculated to diagnose multicollinearity. The difference 
in C-indices between the prognostic model and the baseline 
model (i.e., TNM stage) was evaluated according to Kang et 
al.[22] Additionally, a bootstrap cross-validation estimate of the 
C-index was applied to demonstrate the change in the C-index 
over a span of 10 years. Finally, using the established models 
to predict OS, CSS, and RFS we constructed nomograms, that 
were internally validated using the calibration curves. All the 
statistical analyses were performed by a statistician (Wankyu 
Eo) among the authors. All P values presented were 2-sided, 
and statistical significance was set at P < .05. Data were ana-
lyzed using the R package.

3. Results

3.1. Clinicopathological characteristics of the patients

Of the 333 patients with NSCLC who underwent surgical 
resection, 70 were excluded; thus, 263 patients were included 
in the analysis (Fig. 1). The most common surgical procedure 
was lobectomy (79.5%), followed by segmentectomy (18.2%) 
and pneumonectomy (2.3%). The most common histological 
subtype was adenocarcinoma (67.3%), followed by squamous 
cell carcinoma (28.9%), adenosquamous cell carcinoma (1.5%), 
pleomorphic carcinoma (1.5%), and large cell carcinoma 
(0.8%). In total, 172 (65.4%) patients were classified as having 
stage I disease, 52 (19.8%) as having stage II disease, and 39 
(14.8%) as having stage IIIA disease (Table 1).

3.2. Relationship between basal patient characteristics and 
GNRI

Although there was a significant correlation between the GNRI 
and PNI (R = 0.74) using Pearson’s correlation tests, there was 
no significant correlation between the GNRI and other con-
tinuous variables (i.e., age, BMI, tumor size, hemoglobin level, 
LMR, and PLR) (Fig.  2). When using chi-squared tests, there 

Table 1

The relationship between geriatric nutritional risk index and clinicopathological characteristics.

Variables 

Median (IQR) or n (%)

P value 
Total

(n = 263) 
Low-GNRI
(n = 134) 

High-GNRI
(n = 129) 

Age, yrs     
 � <65 91 (34.6%) 30 (22.4%) 61 (47.3%) <.001
 � ≥65 172 (65.4%) 104 (77.6%) 68 (52.7%)  
Sex     
 � Male 170 (64.6%) 91 (67.9%) 79 (61.2%) .316
 � Female 93 (35.4%) 43 (32.1%) 50 (38.8%)  
BMI, kg/m2     
 � <18.5 170 (64.6%) 91 (67.9%) 79 (61.2%) .316
 � ≥18.5 93 (35.4%) 43 (32.1%) 50 (38.8%)  
Smoking history     
 � Never 104 (39.5%) 46 (34.3%) 58 (45.0%) .102
 � Current/former 159 (60.5%) 88 (65.7%) 71 (55.0%)  
ECOG PS     
 � 0/1 80 (30.4%) 35 (26.1%) 45 (34.9%) .158
 � 2/3 183 (69.6%) 99 (73.9%) 84 (65.1%)  
Adenocarcinoma     
 � No 86 (32.7%) 58 (43.3%) 28 (21.7%) <.001
 � Yes 177 (67.3%) 76 (56.7%) 101 (78.3%)  
Tumor size, cm 2.8 (2.0–3.8) 3.2 (2.5–4.3) 2.5 (1.8–3.5) .001
TNM stage     
 � IA/IB 172 (65.4%) 79 (59.0%) 93 (72.1%) .035
 � IIA/IIB/IIIA 91 (34.6%) 55 (41.0%) 36 (27.9%)  
Pleural invasion     
 � PL0/1 247 (93.9%) 124 (92.5%) 123 (95.3%) .487
 � PL2/3 16 (6.1%) 10 (7.5%) 6 (4.7%)  
Lymphatic invasion     
 � No 223 (84.8%) 115 (85.8%) 108 (83.7%) .762
 � Yes 40 (15.2%) 19 (14.2%) 21 (16.3%)  
Vascular invasion     
 � No 246 (93.5%) 124 (92.5%) 122 (94.6%) .674
 � Yes 17 (6.5%) 10 (7.5%) 7 (5.4%)  
Anemia     
 � No 170 (64.6%) 74 (55.2%) 96 (74.4%) .002
 � Yes 99 (35.4%) 60 (44.8%) 33 (25.6%)  
LMR 3.6 (2.9–4.7) 3.2 (2.5–4.5) 3.9 (3.0–5.0) .002
PLR 134.6 (104.7–166.6) 137.2 (107.2–178.4) 128.7 (103.4–162.0) .080
PNI 50.4 (47.1–52.6) 47.3 (44.5–50.2) 52.2 (50.4–54.1) <.001

BMI = body mass index, ECOG = Eastern cooperative Oncology Group, GNRI = geriatric nutritional risk index, IQR = interquartile range, LMR = lymphocyte-to-monocyte ratio, PLR = platelet-to-lymphocyte 
ratio, PNI = prognostic nutritional index, PS = performance status, TNM = tumor-node-metastasis.
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were significant relationships between GNRI and age, adeno-
carcinoma, TNM stage, and anemia. When applying the Mann–
Whitney U test, there were significant differences in tumor size, 
LMR, and PNI according to GNRI level (Table 1).

3.3. Kaplan–Meier curve analysis

The median follow-up period was 34.4 months (interquartile 
range, 18.0–64.2 months). The cutoff point of the GNRI was 
set at 101 according to Takahashi et al’s study,[12] and the cutoff 
point of PNI was set at 49.6, according to the study by Shoji et 
al.[15]

Using cutoff points, the GNRI and PNI were dichotomized 
into low and high groups. Regarding the GNRI, the 5-year 
OS rates were 72.9% and 92.8% in the low- and high-GNRI 
groups, respectively (P < .001) (Fig. 3A). In addition, the 5-year 
CSS rates in the low- and high-GNRI groups were 76.8% and 
93.6%, respectively (P = .002) (Fig. 3B). The 5-year RFS rates in 
the low and high GNRI groups were 55.4% and 78.3%, respec-
tively (P < .001) (Fig. 3C).

Regarding PNI, the 5-year OS rates were 73.1% and 89.2% in 
the low and high PNI groups, respectively (P = .003) (Fig. 3D). 
The 5-year CSS rates were 76.9% and 90.6% in the low- and 
high-PNI groups, respectively (P = .026) (Fig.  3E). The 5-year 
RFS rates in the low- and high-PNI groups were 55.8% and 
73.8%, respectively (P = .003) (Fig. 3F).

3.4. Cox proportional hazard regression analysis

Using the multivariate Cox model, age (HR 1.05, P = .009), 
sex (HR 0.31, P = .005), TNM stage (HR 3.54, P < .001), PI 
(HR 3.85, P < .001), and GNRI (HR 0.37, P = .003) were iden-
tified as significant determinants of OS. The VIFs for age, sex, 

TNM stage, PI, and GNRI were 1.04, 1.04, 1.09, 1.07, and 
1.04, respectively. These 5 variables constituted the OS model 
(C-index 0.824) (Table 2). In addition, age (HR 1.05, P = .009), 
TNM stage (HR 7.11, P < .001), PI (HR 2.98, P = .014), and 
GNRI (HR 0.47, P = .041) were identified as significant deter-
minants of CSS. VIFs for age, TNM stage, PI, and GNRI were 
1.04, 1.04, 1.04, and 1.04, respectively. These 4 variables con-
stituted the CSS model (C-index 0.828) (Table 2). Finally, TNM 
stage (HR 3.68, P < .001), PI (HR 2.68, P = .004), LI (HR 2.28, 
P = .005), and GNRI (HR 0.38, P < .001) were identified as 
determinants of RFS. The VIFs for TNM stage, PI, LI, and GNRI 
were 1.19, 1.07, 1.15, and 1.04, respectively. These 4 variables 
constituted the RFS model (C-index 0.783) (Table 2).

When comparing the discriminative powers of the OS, CSS, 
and RFS models with the respective baseline models (i.e., TNM 
stage), the C-index of the OS model was higher than that of 
the baseline model (0.824 vs 0.713, P < .001). In addition, the 
C-index of the CSS model was higher than that of the baseline 
model (0.828 vs 0.744, P < .001). Finally, the C-index of the 
RFS model was higher than that of the baseline model (0.783 vs 
0.716, P < .001). The bootstrap cross-validation estimate of the 
C-index over 10 years showed higher C-indices for the OS, CSS, 
and RFS models than for the respective baseline models (Fig. 4).

Finally, nomograms that could predict the 3- and 5-year 
survival outcomes were established using OS, CSS, and RFS 
models. Validation of the nomograms using calibration curves 
illustrated that the predicted survival closely matched the actual 
survival (Fig. 5).

4. Discussion
The present study aimed to assess the clinical feasibility of the 
GNRI compared to the PNI in a cohort of patients with stage I 
to III NSCLC who underwent curative-intent surgical resection 

Figure 2.  Correlation coefficients between geriatric nutritional index and patient characteristics.
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across all ages. In this study, the GNRI, but not the PNI, was a 
significant determinant of OS, CSS, and RFS.

In the present study, the GNRI was a significant determinant 
of OS (HR 0.28, P < .001), CSS (HR 0.35, P = .004), and RFS 
(HR 0.39, P < .001) using univariate Cox regression analy-
sis. The same figure was found in the multivariate analysis of 
OS (HR 0.37, P = .003), CSS (0.47, P = .041), and RFS (HR 
0.38, P < .001). In this study, the GNRI was adjusted for vari-
ables, that showed a significant relationship with the GNRI. 
Additionally, the GNRI was adjusted for inflammatory markers 
(i.e., LMR and PLR), considering that ALB, the main component 
of GNRI, has also been suggested as a marker for inflammation. 
After adjusting for these variables, the GNRI proved to be an 
independent determinant of OS, CSS, and RFS. Additionally, the 
VIFs of the GNRI in the OS, CSS, and RFS models were 1.04, 
1.04, and 1.04, respectively, indicating no significant collinearity 
with the other variables in each model. Therefore, the GNRI 
was a significant determinant of OS, CSS, and RFS across all age 
groups. The results of the present study are consistent with those 
of Takahashi et al, who showed that the GNRI is an important 
determinant of OS and RFS across all age groups.[12] In addition, 
the results of the present study are consistent with those of Hino 
et al, which emphasized that the GNRI is an important deter-
minant of OS and CSS across all age groups.[14] Similarly, Shoji 
et al reported that GNRI was a significant determinant of OS in 
patients aged > 75 years.[15]

Better survival outcomes in patients with higher GNRIs 
have been reported for various types of solid tumors (e.g., lung 
cancer, hepatoma, esophageal cancer, renal cell carcinoma, 
prostate cancer, and malignant lymphoma).[23,24] Although the 
exact mechanism by which GNRI is a determinant of survival 

outcomes remains unclear, it may stem from the synergistic 
effects of the 2 major components of GNRI (BMI and ALB).

In the current study, although PNI was a significant determi-
nant of OS (HR 0.44, P = .004), CSS (HR 0.49, P = .029), and 
RFS (HR 0.51, P = .004) in the univariate Cox regression analy-
sis, PNI was not a determinant of survival outcomes in the multi-
variate Cox regression analysis. Similarly, Shoji et al also showed 
that GNRI, but not PNI, was a determinant of OS in patients 
aged > 75 years when both GNRI and PNI were included in the 
same model.[15] Whereas in Takahashi et al’s study on patients 
across all age groups, both GNRI and PNI were determinants of 
OS and RFS; however, GNRI and PNI were analyzed in separate 
models, limiting direct comparisons between studies.[12]

Using multivariate Cox regression analysis, in addition to 
GNRI, age, sex, TNM stage, and PI were found to be significant 
determinants of OS. The results of the present study are similar 
to those of a previous study by Takahashi et al, which showed 
that age and TNM stage were significant determinants in mul-
tivariate Cox regression,[12] and a previous study by Hino et al, 
which showed that age and TNM stage were significant determi-
nants in multivariate Cox regression.[14] In addition, PI has been 
reported as a prognostic factor for OS in patients undergoing 
surgical resection.[25] Regarding CSS, in addition to GNRI, age, 
TNM stage, and PI were determinants of CSS. The results of the 
present study are similar to those of a previous study by Hino 
et al, which showed that age and TNM stage were significant 
determinants in multivariate Cox regression.[14] Regarding RFS, 
in addition to GNRI, TNM stage, PI, and LI were the deter-
minants of RFS. The results of the present study are similar to 
those of a previous study by Takahashi et al, which showed that 
TNM stage and PI were significant determinants in multivariate 

Figure 3.  Kaplan–Meier curve analysis. (A) Overall survival (OS) by GNRI; (B) Cancer-specific survival (CSS) by GNRI; (C) Relapse-free survival (RFS) by GNRI; 
(D) OS by PNI; (E) CSS by PNI; (F) RFS by PNI. GNRI = geriatric nutritional risk index, PNI = prognostic nutritional index.
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Cox regression.[12] In addition, LI and LMR have been reported 
as determinants of RFS.[26,27]

The C-indices for the OS, CSS, and RFS models were 0.824, 
0.828, and 0.783, respectively. Therefore, good discriminant 
power of the OS, CSS, and RFS models was found in patients 
with stage I to III NSCLC across all age groups. Subsequently, 
nomograms that could predict survival outcomes were estab-
lished using OS, CSS, and RFS models. Validation of the nomo-
grams using calibration curves illustrated that the predicted 
survival closely matched the actual survival rate. Therefore, our 
findings may help thoracic surgeons to better predict patients 
with poor survival outcomes before surgery.

The dichotomization of continuous variables greatly sim-
plifies the statistical analysis and makes the results easier to 
interpret; however, losing information and weakening statisti-
cal power are drawbacks.[28–30] In the present study, the PNI and 
GNRI were dichotomized, because the GNRI has been analyzed 
as a categorical variable in almost all existing studies on lung 
cancer. However, we adopted previously reported cutoff points 
when dichotomizing the PNI and GNRI.,[28–30] because using 
the optimal cutoff point with the minimum P value increases 
the risk of erroneous results. The cutoff point for PNI was set at 
49.6, according to the study by Shoji et al.[15] The cutoff point 
of the GNRI was set at 101, according to Takahashi et al;[12] 
their cutoff point was the same as that of our cohort.

Simpson’s paradox, an extreme form of confounding, leads 
to incorrect conclusions. Because the chi-squared test, Wilcoxon 
rank sum test, and univariate regression analysis cannot solve 
the problem, the multivariate regression analysis method, which 
is one of the reasonable methods to solve this problem, was 
applied in this study.[31]

The strengths of this study are as follows. First, to our knowl-
edge, the present study is the first to demonstrate the role of 

the GNRI compared to PNI as a determinant of OS, CSS, and 
RFS in patients with stage I–III NSCLC across all age groups. 
In this study, the GNRI, but not the PNI, was a determinant of 
OS, CSS, and RFS. Therefore, although the GNRI was initially 
applied to the older population, it could be applied as a sig-
nificant covariate across all age groups. Moreover, because the 
GNRI is a combination of ALB and BMI, it can provide prompt 
results without the need for expensive test equipment. Second, 
the excellent discriminant power of the OS, CSS, and RFS mod-
els was observed, highlighting the prognostic value of these 
models. As such, the prognostic models could help thoracic sur-
geons better differentiate patients with poor survival outcomes.

However, the results of the present study should be inter-
preted with caution. First, the data were collected retrospec-
tively, which may have led to unavoidable bias. Second, the PNI 
and GNRI were dichotomized in the present study. Although 
this dichotomy greatly simplifies the statistical analysis and 
makes the results easier to interpret, losing information and 
weakening the statistical power could be drawbacks. Therefore, 
to reduce the risk of erroneous results, we adopted previously 
reported cutoff points rather than determining the optimal cut-
off point with the minimum P-value. In addition, multivariate 
regression analysis was applied to solve the Simpson’ s paradox. 
However, even after adjusting for the influence of confounders, 
some may remain. Third, although the results of the present 
study were internally validated, our study had the limitation of 
a single-center data analysis without validation through inde-
pendent cohorts. Fourth, although consecutive patients were 
enrolled in this study, the median age was 69 years (interquar-
tile range, 62–75 years), and only a quarter of the patients were 
younger than 62 years. Therefore, it is too early to conclude that 
the GNRI is an important determinant of survival outcomes in 
each age group.

Table 2

Univariate and multivariate Cox proportional hazards regression analysis of overall survival, cancer-specific survival, and relapse-free 
survival.

 Overall survival Cancer-specific survival Relapse-free survival

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

(A) Univariate analysis       
 � Age, yr 1.07 (1.04–1.11) <.001 1.07 (1.03–1.11) .001 1.04 (1.01–1.06) .014
 � Sex (female vs male) 0.17 (0.07–0.45) <.001 0.24 (0.09–0.62) .003 0.59 (0.36–0.98) .040
 � BMI, kg/m2 0.96 (0.88–1.04) .328 0.97 (0.88–1.07) .539 0.98 (0.92–1.05) .557
 � Smoker (current/former vs never) 4.16 (1.95–8.87) <.001 3.51 (1.55–7.98) .003 1.63 (1.01–2.62) .045
 � ECOG PS (2/3 vs 0/1) 1.09 (0.60–1.98) .769 1.23 (0.61–2.47) .565 0.94 (0.59–1.50) .790
 � Segmentectomy (yes vs no) 0.49 (0.17–1.37) .174 0.44 (0.14–1.45) .179 0.40 (0.17–0.93) .034
 � Adenocarcinoma (yes vs no) 0.31 (0.16–0.60) <.001 0.24 (0.12–0.46) <.001 0.44 (0.25–0.75) <.001
 � Tumor size, cm 1.34 (1.18–1.52) <.001 1.35 (1.17–1.55) <.001 1.37 (1.23–1.52) <.001
 � TNM stage (IIA/IIB/IIIA vs IA/IB) 5.43 (2.97–9.94) <.001 8.79 (4.03–19.16) <.001 5.38 (3.36–8.61) <.001
 � Pleural invasion (PL2/3 vs PL0/1) 7.09 (3.37–14.95) <.001 6.69 (2.88–15.56) <.001 5.53 (2.89–10.59) <.001
 � Lymphatic invasion (yes vs no) 2.86 (1.53–5.34) .001 3.28 (1.64–6.55) <.001 3.62 (2.16–6.08) <.001
 � Vascular invasion (yes vs no) 1.70 (0.67–4.38) .266 2.01 (0.71–5.69) .188 2.20 (1.06–4.58) .035
 � Anemia (yes vs no)† 1.70 (0.98–2.96) .059 1.65 (0.88–3.10) .122 1.50 (0.96–2.35) .073
 � LMR 0.61 (0.48–0.78) <.001 0.63 (0.49–0.83) <.001 0.76 (0.65–0.90) .001
 � PLR 1.00 (1.00–1.00) .275 1.00 (1.00–1.00) .562 1.00 (0.99–1.00) .411
 � PNI (high vs low) 0.44 (0.25–0.77) .004 0.49 (0.26–0.93) .029 0.51 (0.33–0.80) .004
 � GNRI (high vs low) 0.28 (0.15–0.53) <.001 0.35 (0.17–0.71) .004 0.39 (0.24–0.63) <.001
(B) Multivariate analysis       
 � Age, yr 1.05 (1.01–1.08) .009 1.05 (1.01–1.09) .009   
 � Sex (female vs male) 0.31 (0.12–0.80) .015     
 � TNM stage (IIA/IIB/IIIA vs IA/IB) 3.54 (1.88–6.69) <.001 7.11 (3.18–15.90) <.001 3.68 (2.19–6.18) <.001
 � Pleural invasion (PL2/3 vs PL0/1) 3.85 (1.75–8.44) <.001 2.98 (1.24–7.13) .014 2.68 (1.36–5.25) .004
 � Lymphatic invasion (yes vs no)     2.28 (1.29–4.04) .005
 � GNRI (high vs low) 0.37 (0.19–0.71) .003 0.47 (0.23–0.97) .041 0.38 (0.23–0.62) <.001

BMI = body mass index, CI = confidence interval, ECOG = Eastern Cooperative Oncology Group, GNRI = geriatric nutritional risk index, HR = hazard ratio, LMR = lymphocyte-to-monocyte ratio, PLR = 
platelet-to-lymphocyte ratio, PNI = prognostic nutritional index, PS = performance status, TNM = Tumor-node-metastasis.
* The right-side values in parentheses are reference values.
† The cutoff point is 12 g/dL in female patients and 13 g/dL in male patients.



7

An et al.  •  Medicine (2022) 101:45� www.md-journal.com

In conclusion, although PNI is a more widely used nutri-
tional marker than GNRI, our study showed that GNRI is 
superior to or at least equivalent to PNI as a predictor of OS, 
CSS, and RFS in patients with stage I–III NSCLC across all 
age groups. In addition, excellent discriminant powers were 
observed for the OS, CSS, and RFS models. As such, our find-
ings may help thoracic surgeons better differentiate patients 
with poor long-term survival using prognostic models prior to 
therapeutic resection for NSCLC across all age groups.
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