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Objective: This study is aimed to determine the potential prognostic significance of
nutritional risk index (NRI) in patients with stage III gastric cancer.

Methods: A total of 202 patients with stage III gastric cancer were enrolled in this study.
NRI was an index based on ideal body weight, present body weight, and serum albumin
levels. All patients were divided into two groups by receiver operating characteristic curve:
low NRI group (NRI<99) and high NRI group (NRI≥99). The relationship between NRI and
clinicopathologic characteristics was evaluated by Chi-square test. The clinical survival
outcome was analyzed by Kaplan-Meier method and compared using log-rank test. The
univariate and multivariate analyses were used to detect the potential prognostic factors.
A nomogram for individualized assessment of disease-free survival (DFS) and overall
survival (OS). The calibration curve was used to evaluate the performance of the
nomogram for predicted and the actual probability of survival time. The decision curve
analysis was performed to assess the clinical utility of the nomogram by quantifying the net
benefits at different threshold probabilities.

Results: The results indicated that NRI had prognostic significance by optimal cutoff value
of 99. With regard to clinicopathologic characteristics, NRI showed significant relationship
with age, weight, body mass index, total protein, albumin, albumin/globulin, prealbumin,
glucose, white blood cell, neutrophils, lymphocyte, hemoglobin, red blood cell,
hematocrit, total lymph nodes, and human epidermal growth factor receptor 2
(P<0.05). Through the univariate and multivariate analyses, NRI, total lymph nodes, and
May 2022 | Volume 12 | Article 8804191

https://www.frontiersin.org/articles/10.3389/fonc.2022.880419/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.880419/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.880419/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.880419/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:lilq1982@163.com
https://doi.org/10.3389/fonc.2022.880419
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2022.880419
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2022.880419&domain=pdf&date_stamp=2022-05-13


Song et al. NRI in Gastric Cancer

Frontiers in Oncology | www.frontiersin.org
tumor size were identified as the independent factor to predict the DFS and OS. The
nomogram was used to predict the 1-, 3-, and 5-year survival probabilities, and the
calibration curve showed that the prediction line matched the reference line well for 1-, 3-,
and 5-year DFS and OS. Furthermore, the decision curve analysis also showed that the
nomogram model yielded the best net benefit across the range of threshold probability for
1-, 3-, 5-year DFS and OS.

Conclusions: NRI is described as the potential prognostic factor for patients with stage III
gastric cancer and is used to predict the survival and prognosis.
Keywords: gastric cancer, nutritional risk index, nutrition, inflammation, prognosis
INTRODUCTION

Gastric cancer is a deadly disease with poor prognosis and remains
an unsolved major clinical problem with more than one million
new cases throughout the world (1). Gastric cancer is the sixth
leading cause of cancer-related morbidity and the third leading
cause of cancer-related death worldwide, and the majority of
newly diagnosed gastric cancer occurs mainly in Eastern Asia
(2). Although early detection and recent improvements in surgery
and chemotherapy have improved the clinical outcome, the
mortality is still high in patients with advanced gastric cancer
and recurrent disease (3). Most cases are diagnosed in the late
stage of the disease, resulting in overall poor outcomes, including
high intratumor heterogeneity, metastases, and chemotherapeutic
resistance (4). In addition to the difference in disease status,
nutritional status also plays an important role in influencing the
patients’ prognosis, treatment effect, and clinical outcome.

Previous studies have indicated that malnutrition might lead to
a poor response to anti-tumor treatment, increase the incidence of
postoperative complications, and result in an unsatisfactory
survival prognosis (5). As a result of the imbalance between
intake of nutrients and requirements, malnutrition is a common
risk factor for postoperative complications and poor prognosis in
patients with gastric cancer (6). Cachexia is a complex
multifactorial syndrome that affects 50% - 80% of cancer patients
and is also associated with 20% - 40% of cancer deaths (7). Early
assessment andmanagement of nutrition for gastric cancer patients
can improve clinical outcomes. Currently known indicators
reflecting the nutritional status of patients include Nutritional
Risk Screening (NRS), malnutrition screening tool (MST), Naples
Prognostic Score (NPS), prognostic nutritional index (PNI),
patient-generated subjective global assessment (PG-SGA), and
body mass index (BMI) (8–13). These indexes are the common
screening tools, and each one possesses some benefits when
screening patients for malnutrition. Recently, an increasing
number of studies report that the nutritional risk index (NRI),
which is established based on the patients’ ideal body weight,
present body weight, and serum albumin levels, represents a new
nutrition-related prognostic scoring system (14). Researchers have
shown that NRI had prognostic value for breast cancer, esophageal
cancer, and oral cancer (15–17). This emerged indicator takes into
account the effects of nutritional status and systemic inflammation
condition on cancer prognosis. Hence, NRI is superior to other
2

single nutritional or inflammatory markers. Several studies have
also indicated that NRI was related to gastric cancer. In Oh CA and
colleagues’ study, they found that NRI was a predictor in
postoperative wound complications after gastrectomy and played
an important role in the development of wound complications with
malnutrition immediately after surgery (18). Another study has
shown that Geriatric Nutritional Risk Index (GNRI) was useful in
predicting postoperative complications of elderly patients with GC
undergoing gastrectomy, and emerged as an independent predictor
of postoperative complications (19). Another study investigated
whether the GNRI was affected by the number of remaining teeth,
occlusal support status, and denture use in gastric cancer patients,
and the result showed that GNRI was associated with the occlusal
support level but not with denture use (20). However, this indicator
remains limited for patients with stage III gastric cancer. As a
result, the present retrospective cohort study aims to determine the
prognostic significance of NRI in patients with stage III gastric
cancer and to investigate the correlation between NRI and
clinicopathological characteristics.
MATERIALS AND METHODS

Study Population
The retrospective study included patients diagnosed with stage III
gastric cancer from November 2014 to December 2017 at Harbin
Medical University Cancer Hospital. Detailed clinicopathological
data were obtained from the patient’s medical records. The studies
involving human participants were reviewed and approved by the
Ethics Review Committee of Harbin Medical University Cancer
Hospital (the ethics number: KY2021-09), and it adhered to the
standards of the Declaration of Helsinki and its later amendments.
The patients provided their written informed consent to
participate in this study.

Participants were considered eligible if they were gastric
cancer patients who: 1) were histologically diagnosed with
stage III gastric cancer; 2) received primary tumor resection; 3)
had no infection or inflammatory disorder; 4) had routine blood
test performed at a week before treatment; and 5) had complete
clinical recorded and follow-up data. The patient exclusion
criteria were as follows: 1) malignant tumor at another site or
multiple primary malignant tumors; 2) received anti-tumor
therapy before surgery, including chemotherapy or targeted
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therapy; 3) liver and kidney dysfunction could not tolerate
surgery; 4) chronic inflammatory disease or autoimmune
disease; and 5) received the blood product transfusion within
one month before surgery.

Nutritional Risk Index (NRI)
The NRI, comprised three factors, was based on patients’ ideal
body weight, present body weight (before surgery), and serum
albumin levels in every patient. The NRI was calculated as
follows: 1.519 × serum albumin level (g/l) + 41.7 × (present/
ideal body weight). And the ideal weight (WLo) was calculated
using the following formula: Height-100-[(Height-150)/2.5].

Follow-Up
In the current study, disease-free survival (DFS)was defined as
the time between the date of surgery and the time of progression
with regard to recurrence or distant metastases, and all-cause
death or the last follow-up. Overall survival (OS) was defined as
the time between the date of surgery and all-cause death or the
last follow-up. The last follow-up was assessed in December
2021. The survival data were through telephone interviews or
extracted from telephone interviews.

Statistical Analysis
The Chi-square test or Fisher’s exact test was used to analyze
categorical variables, and t-tests were used to analyze continuous
variables. Survival curves, including DFS and OS, were plotted by
the Kaplan-Meier method, and the log-rank test was utilized to
analyze the differences. The significant variables were identified
from univariate and multivariate Cox proportional hazards
regression model. The 95% confidence intervals (CIs) and
hazard ratios (HRs) were performed to evaluate the association
between patients’ NRI and prognosis. Nomogram for DFS and
OS was established on the basis of the multivariate analyses.
Statistical analysis data were statistically analyzed using SPSS
22.0 (SPSS Inc., Chicago, IL, USA) and R (version 3.6.0; Vienna,
Austria. URL: http://www.R-project.org/). Each test was two-
sided, and statistical differences were termed as P value < 0.05.
RESULTS

Patient Characteristics
In total, 235 patients with stage III gastric cancer were treated at
Harbin Medical University Cancer Hospital between November
2014 and December 2017. Through the inclusion and exclusion
criteria, 202 patients were eventually enrolled, while the
remaining 33 patients were excluded (Figure 1). There were
132 (65.3%) males and 70 (34.7%) females. The median age at the
time of surgery of all cases was 61 (range from 28 to 83 years).
The receiver operating characteristic curve (ROC) was used to
determine the optimal cutoff value of NRI, and the value was 99.
According to the optimal cutoff value of NRI, all patients were
divided into two groups: low NRI group (NRI<99) and high NRI
group (NRI≥99). The patient characteristics are shown in
Table 1. With regard to patient characteristics, NRI showed a
Frontiers in Oncology | www.frontiersin.org 3
significant relationship with age, weightand, body mass index
(BMI) (P<0.05).

Nutritional and Blood Parameters
All peripheral blood parameters and nutritional parameters were
collected before surgery. Median values were used to group these
indicators, including total protein (TP), albumin (ALB),
Globulin (GLOB), prealbumin (PALB), glucose (Glu),
cholesterol (CHOL), triglyceride (TRIG), white blood cell (W),
neutrophils (N), lymphocyte (L), monocyte (M), hemoglobin
(Hb), red blood cell (R), hematocrit (Hct), platelet (P),
immunoglobulin A (IgA), immunoglobulin G (IgG), and
immunoglobulin M (IgM). Table 2 summarizes the
relationship of NRI with nutritional and blood parameters.
With regard to patient characteristics, peripheral blood
parameters, and nutritional parameters, NRI showed a
significant relationship with TP, ALB, A/G, PALB, Glu, W, N,
L, Hb, R, and Hct, respectively (P<0.05). However, there were no
significant differences in GLOB, CHOL, TRIG, M, P, IgA, IgG,
and IgM between the two NRI groups (P>0.05).

Relationships of NRI With Pathological
Characteristics
Table 3 summarizes the relationship of NRI with pathological
parameters. NRI showed a significant relationship with total
lymph nodes (TLN) and human epidermal growth factor
receptor 2 (HER2) (P<0.05). However, there were no
significant differences in positive lymph nodes (PLN),
Cytokeratin (CK), Vimentin, vascular endothelial growth factor
(VEGF), Cluster of Differentiation 56 (CD56), Cluster of
Differentiation 31 (CD31), Cluster of Differentiation 34
(CD34), D2-40, or S100 between the two NRI groups (P>0.05).

Univariate and Multivariate Analyses on
the Prognostic Predictors in Patients With
Stage III Gastric Cancer
In univariate Cox regression analysis, NRI, A/G, PALB, FIB,
Borrmann type, TLN, tumor size, S-100, and postoperative
chemotherapy were related to the prognosis of gastric cancer
patients for DFS, however, only NRI, FIB, Borrmann type, TLN,
and tumor size were identified as the independent factor to
predict the DFS upon multivariate analysis. In univariate Cox
regression analysis, NRI, age, A/G, PALB, FIB, radical resection,
type of surgery, Borrmann type, TLN, tumor size, CD56, S-100,
and postoperative chemotherapy were associated with the
prognosis of gastric cancer patients for OS, however, only NRI,
type of surgery, TLN, tumor size, and CD56 were identified as
the independent factors to predict the OS upon multivariate
analysis. These results are shown in Table 4.

Survival Analysis and Prognostic Value
of NRI
Through the univariate and multivariate Cox regression analysis,
the results indicated that high NRI was related to prolong DFS
(P=0.014, HR: 0.591, 95% CI: 0.389-0.899 and P=0.038, HR:
0.637, 95% CI: 0.385-0.955) and OS (P=0.006, HR: 0.557, 95% CI:
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0.366-0.847 and P=0.009, HR: 0.510, 95% CI: 0.308-0.843). The
median DFS and OS in the low NRI group were 35.70 months
and 43.40 months, respectively. The median DFS and OS in the
high NRI group were not reached. Moreover, the median DFS
and OS in the low NRI group were significantly shorter than that
in the high NRI group (P=0 .013 and P=0 .0006) ,
respectively (Figure 2).

We constructed a nomogram for individualized assessment of
DFS and OS after surgery. The nomogram for DFS had unique
Frontiers in Oncology | www.frontiersin.org 4
features, and integrated NRI, FIB, Borrmann type, TLN, and
tumor size by the multivariate analysis. The nomogram for OS
had unique features, and integrated NRI, type of surgery, TLN,
and tumor size by the multivariate analysis. The nomogram of
DFS and OS was generated as shown in Figure 3. Moreover, we
used the calibration curve to evaluate the performance of the
nomogram for predicted and the actual probability of survival
time. The prediction line matches the reference line well for
postoperative 1-, 3-, 5-year DFS and OS (Figure 4). Furthermore,
FIGURE 1 | Flow diagram of the process of selection of the patients included in this study.
May 2022 | Volume 12 | Article 880419
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TABLE 1 | Association of NRI and patient characteristics.

Parameter
n

Level Overall Low NRI High NRI p

202 75 127
Sex (%) Male 132 (65.3) 45 (60.0) 87 (68.5) 0.283

Female 70 (34.7) 30 (40.0) 40 (31.5)
Age (median [IQR]) 61.0 [52.0, 66.0] 62.0 [55.5, 69.0] 59.0 [50.5, 65.0] 0.025*
Age (%) ≤60 99 (49.0) 29 (38.7) 70 (55.1) 0.035*

>60 103 (51.0) 46 (61.3) 57 (44.9)
Personality type (%) Extraversion 116 (57.4) 37 (49.3) 79 (62.2) 0.097

Ambivert 26 (12.9) 9 (12.0) 17 (13.4)
Introversion 60 (29.7) 29 (38.7) 31 (24.4)

WLo (%) ≤61 92 (45.5) 38 (50.7) 54 (42.5) 0.328
>61 110 (54.5) 37 (49.3) 73 (57.5)

Weight (%) ≤60 88 (43.6) 54 (72.0) 34 (26.8) <0.001*
>60 114 (56.4) 21 (28.0) 93 (73.2)

Height (%) ≤168 92 (45.5) 38 (50.7) 54 (42.5) 0.328
>168 110 (54.5) 37 (49.3) 73 (57.5)

BMI (%) ≤22.04 98 (48.5) 60 (80.0) 38 (29.9) <0.001*
>22.04 104 (51.5) 15 (20.0) 89 (70.1)

Drinking water (%) Deep well water 100 (49.5) 37 (49.3) 63 (49.6) 1.000
Surface water 102 (50.5) 38 (50.7) 64 (50.4)

Speed of taking food (%) Fast 84 (41.6) 29 (38.7) 55 (43.3) 0.402
Middle 96 (47.5) 35 (46.7) 61 (48.0)
Slow 22 (10.9) 11 (14.7) 11 (8.7)

Taste (%) Salty 152 (75.2) 59 (78.7) 93 (73.2) 0.352
Middle 31 (15.3) 8 (10.7) 23 (18.1)
Light 19 (9.4) 8 (10.7) 11 (8.7)

ABO blood type (%) A 74 (36.6) 31 (41.3) 43 (33.9) 0.494
B 67 (33.2) 20 (26.7) 47 (37.0)
O 45 (22.3) 18 (24.0) 27 (21.3)
AB 16 (7.9) 6 (8.0) 10 (7.9)

Radical resection (%) R0 164 (81.2) 65 (86.7) 99 (78.0) 0.054
R1 24 (11.9) 9 (12.0) 15 (11.8)
R2 14 (6.9) 1 (1.3) 13 (10.2)

Type of surgery (%) distal gastrectomy 161 (79.7) 64 (85.3) 97 (76.4) 0.053
proximal gastrectomy 9 (4.5) 0 (0.0) 9 (7.1)
total gastrectomy 32 (15.8) 11 (14.7) 21 (16.5)

Primary tumor site (%) upper 1/3 18 (8.9) 3 (4.0) 15 (11.8) 0.091
middle 1/3 21 (10.4) 6 (8.0) 15 (11.8)
low 1/3 136 (67.3) 52 (69.3) 84 (66.1)
whole 27 (13.4) 14 (18.7) 13 (10.2)

Borrmann type (%) Borrmann 0 2 (1.0) 0 (0.0) 2 (1.6) 0.624
Borrmann I 7 (3.5) 4 (5.3) 3 (2.4)
Borrmann II 38 (18.8) 15 (20.0) 23 (18.1)
Borrmann III 134 (66.3) 48 (64.0) 86 (67.7)
Borrmann IV 16 (7.9) 7 (9.3) 9 (7.1)
Borrmann V 5 (2.5) 1 (1.3) 4 (3.1)

Tumor size (%) ≤20mm 35 (17.3) 9 (12.0) 26 (20.5) 0.261
>20 and <50mm 93 (46.0) 35 (46.7) 58 (45.7)
≥50mm 74 (36.6) 31 (41.3) 43 (33.9)

Differentiation (%) poorly differentiated 101 (50.0) 37 (49.3) 64 (50.4) 0.181
moderately differentiated 99 (49.0) 36 (48.0) 63 (49.6)
well differentiated 2 (1.0) 2 (2.7) 0 (0.0)

Pathology (%) adenocarcinoma 71 (35.1) 21 (28.0) 50 (39.4) 0.159
mucinous carcinoma 8 (4.0) 5 (6.7) 3 (2.4)
signet ring cell carcinoma 8 (4.0) 2 (2.7) 6 (4.7)
mixed carcinoma 113 (55.9) 47 (62.7) 66 (52.0)
others 2 (1.0) 0 (0.0) 2 (1.6)

Lauren type (%) Intestinal 90 (44.6) 27 (36.0) 63 (49.6) 0.136
Diffuse 52 (25.7) 24 (32.0) 28 (22.0)
Mixed 60 (29.7) 24 (32.0) 36 (28.3)

Postoperative chemotherapy (%) No 95 (47.0) 33 (44.0) 62 (48.8) 0.605
Yes 107 (53.0) 42 (56.0) 65 (51.2)
Frontiers in Oncology | www.frontiersin.or
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TABLE 2 | The relationships of NRI with nutritional and blood parameters.

Parameter Level Overall Low NRI High NRI p
n 202 75 127

TP (%) ≤67.00 100 (49.5) 56 (74.7) 44 (34.6) <0.001*

>67.00 102 (50.5) 19 (25.3) 83 (65.4)

ALB (%) ≤40.00 91 (45.0) 60 (80.0) 31 (24.4) <0.001*

>40.00 111 (55.0) 15 (20.0) 96 (75.6)

GLOB (%) ≤26.00 87 (43.1) 37 (49.3) 50 (39.4) 0.217

>26.00 115 (56.9) 38 (50.7) 77 (60.6)

A/G (%) ≤1.52 98 (48.5) 49 (65.3) 49 (38.6) <0.001*

>1.52 104 (51.5) 26 (34.7) 78 (61.4)

PALB (%) ≤230.50 101 (50.0) 52 (69.3) 49 (38.6) <0.001*

>230.50 101 (50.0) 23 (30.7) 78 (61.4)

Glu (%) ≤5.10 97 (48.0) 48 (64.0) 49 (38.6) 0.001*

>5.10 105 (52.0) 27 (36.0) 78 (61.4)

CHOL (%) ≤4.18 101 (50.0) 42 (56.0) 59 (46.5) 0.244

>4.18 101 (50.0) 33 (44.0) 68 (53.5)

TRIG (%) ≤1.10 99 (49.0) 44 (58.7) 55 (43.3) 0.050

>1.10 103 (51.0) 31 (41.3) 72 (56.7)

W (%) ≤6.46 100 (49.5) 50 (66.7) 50 (39.4) <0.001*

>6.46 102 (50.5) 25 (33.3) 77 (60.6)

N (%) ≤3.71 101 (50.0) 46 (61.3) 55 (43.3) 0.020*

>3.71 101 (50.0) 29 (38.7) 72 (56.7)

L (%) ≤1.88 99 (49.0) 48 (64.0) 51 (40.2) 0.002*

>1.88 103 (51.0) 27 (36.0) 76 (59.8)

M (%) ≤0.46 100 (49.5) 43 (57.3) 57 (44.9) 0.118

>0.46 102 (50.5) 32 (42.7) 70 (55.1)

Hb (%) ≤134.20 100 (49.5) 51 (68.0) 49 (38.6) <0.001*

>134.20 102 (50.5) 24 (32.0) 78 (61.4)

R (%) ≤4.32 100 (49.5) 48 (64.0) 52 (40.9) 0.003*

>4.32 102 (50.5) 27 (36.0) 75 (59.1)

Hct (%) ≤40.21 101 (50.0) 50 (66.7) 51 (40.2) <0.001*

>40.21 101 (50.0) 25 (33.3) 76 (59.8)

P (%) ≤255.00 100 (49.5) 40 (53.3) 60 (47.2) 0.490

>255.00 102 (50.5) 35 (46.7) 67 (52.8)

IgA (%) ≤2.15 100 (49.5) 36 (48.0) 64 (50.4) 0.855

>2.15 102 (50.5) 39 (52.0) 63 (49.6)

IgG (%) ≤8.54 101 (50.0) 38 (50.7) 63 (49.6) 1.000

>8.54 101 (50.0) 37 (49.3) 64 (50.4)

IgM (%) ≤0.99 101 (50.0) 35 (46.7) 66 (52.0) 0.560

>0.99 101 (50.0) 40 (53.3) 61 (48.0)
Frontiers in Oncology | www.fron
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the decision curve analysis (DCA) was performed to assess the
clinical utility of the nomogram (the nomogram of DFS and OS
by the multivariate analysis) and NRI by quantifying the net
benefits at different threshold probabilities. Compared with only
NRI, the nomogram model yielded the best net benefit across the
range of threshold probability for 1-, 3-, 5-year DFS and OS,
indicating its ability for clinical decision-making was better than
only NRI (Figure 5).
DISCUSSION

Gastrectomy as a curative treatment of gastric cancer will lead to
sustained weight loss, malnutrition, and then a decline in quality
of life (21). Emerging evidence suggests that the prognosis of
gastric cancer is not only associated with tumor indicators, but
also related to systemic inflammation, patient’s condition, and
nutritional status (22–24). Nowadays, due to the heterogeneity
and comprehensiveness of gastric cancer, even if the same TNM
is staged through the AJCC TNM staging system, the prognosis
of patients may be different and vary greatly (25). As a result, it is
necessary to develop an accurate prognostic risk stratification
system to predict treatment outcomes.

Although some systemic inflammation or nutritional status
indicators are used to assess the cancer prognosis, the single
inflammation or nutrition-related marker may be misleading
when the threshold is arbitrarily determined. Of late, a growing
number of studies report that NRI, which is established based on
serum albumin levels, present body weight, and ideal body
weight, represents a novel nutrition-related prognostic scoring
system. Researchers have also proven that NRI shows prognostic
Frontiers in Oncology | www.frontiersin.org 7
value for primary liver cancer, allogeneic hematopoietic cell
transplantation (allo-HSCT), esophageal squamous cell
carcinoma, and colorectal cancer (26–29). Besides, NRI is more
accurate than other prognostic factors in predicting survival. For
example, NRI was an independent prognostic factor for patients’
OS in a retrospective study centering on 143 patients with
localized esophageal cancer (30). Another study indicated that
NRI<100 in a baseline was significantly related to decreased OS
in esophageal cancer patients of the SCOPE1 clinical trial (31).
Furthermore, another study showed that GNRI was significantly
associated with OS and cancer-specific survival (CSS) in elderly
gastric cancer patients and was an independent predictor of OS;
and is a simple, cost-effective, and promising nutritional index
for predicting OS in elderly gastric cancer patients (32). A
systematic review and meta-analysis showed that GNRI was a
valuable predictor of complications and long-term outcomes in
patients with gastrointestinal malignancy (33). However, there is
little research on the role of NRI in predicting the prognosis of
gastric cancer patients.

NRI is based on three factors, including serum albumin levels,
present body weight, and ideal body weight. Nevertheless, little is
known about the association between the NRI, treatment, and
survival in patients with stage III gastric cancer. The current
study was the first to evaluate the relationship between the NRI,
clinicopathological factors, and prognosis. Our results proved
that the high level of NRI was significantly related to age, weight,
body mass index, TP, ALB, A/G, PALB, Glu, W, N, L, Hb, R, Hct,
TLN, and HER2, respectively. Moreover, the NRI was a potential
prognostic factor of DFS and OS by the univariate and
multivariate Cox regression survival analyses. And the median
DFS and OS in the high NRI group had longer survival than
TABLE 3 | The relationships of NRI with pathological parameters.

Parameter Level Overall Low NRI High NRI p
n 202 75 127

TLN (%) ≤28 98 (48.5) 27 (36.0) 71 (55.9) 0.010*
>28 104 (51.5) 48 (64.0) 56 (44.1)

PLN (%) ≤6 101 (50.0) 31 (41.3) 70 (55.1) 0.081
>6 101 (50.0) 44 (58.7) 57 (44.9)

HER2 (%) Negative 189 (93.6) 66 (88.0) 123 (96.9) 0.029*
Positive 13 (6.4) 9 (12.0) 4 (3.1)

CK (%) Negative 25 (12.4) 8 (10.7) 17 (13.4) 0.729
Positive 177 (87.6) 67 (89.3) 110 (86.6)

Vimentin (%) Negative 189 (93.6) 71 (94.7) 118 (92.9) 0.846
Positive 13 (6.4) 4 (5.3) 9 (7.1)

VEGF (%) Negative 171 (84.7) 62 (82.7) 109 (85.8) 0.689
Positive 31 (15.3) 13 (17.3) 18 (14.2)

CD56 (%) Negative 201 (99.5) 75 (100.0) 126 (99.2) 1.000
Positive 1 (0.5) 0 (0.0) 1 (0.8)

CD31 (%) Negative 173 (85.6) 61 (81.3) 112 (88.2) 0.256
Positive 29 (14.4) 14 (18.7) 15 (11.8)

CD34 (%) Negative 110 (54.5) 42 (56.0) 68 (53.5) 0.847
Positive 92 (45.5) 33 (44.0) 59 (46.5)

D2-40 (%) Negative 127 (62.9) 44 (58.7) 83 (65.4) 0.424
Positive 75 (37.1) 31 (41.3) 44 (34.6)

S100 (%) Negative 32 (15.8) 8 (10.7) 24 (18.9) 0.177
Positive 170 (84.2) 67 (89.3) 103 (81.1)
M
ay 2022 | Volume 12 | Article 8
TLN, total lymph nodes; PLN, positive lymph nodes; HER2, human epidermal growth factor receptor; CK, Cytokeratin; VEGF, vascular endothelial growth factor; CD56, Cluster of
Differentiation 56; CD31, Cluster of Differentiation 31; CD34, Cluster of Differentiation 34. * With statistical differences (P < 0.05).
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TABLE 4 | Univariate and multivariate analyses on the prognostic predictors in patients with stage III gastric cancer.

Parameters DFS P Value OS P Value

Univariate Multivariate Univariate Multivariate
HR 95%CI P Value HR 95%CI HR 95%CI P Value HR 95%CI

NRI 0.591 0.389-0.899 0.014 0.637 0.385-0.955 0.038* 0.557 0.366-0.847 0.006 0.510 0.308-0.843 0.009*
Sex 1.155 0.750-1.779 0.512 1.147 0.745-1.767 0.533
Age 1.510 0.985-2.314 0.059 1.678 1.095-2.573 0.018 1.279 0.799-2.047 0.305
Personality type 1.250 0.996-1.569 0.054 1.212 0.966-1.520 0.097
WLo 0.806 0.531-1.224 0.312 0.832 0.548-1.264 0.389
Weight 0.930 0.611-1.415 0.734 0.918 0.603-1.397 0.690
Height 0.806 0.531-1.224 0.312 0.832 0.548-1.264 0.389
BMI 1.131 0.744-1.719 0.565 1.141 0.750-1.735 0.538
Drinking water 0.987 0.649-1.500 0.951 1.041 0.685-1.583 0.850
Speed of taking food 1.074 0.787-1.467 0.652 1.042 0.765-1.420 0.793
Taste 0.840 0.590-1.196 0.334 0.821 0.577-1.168 0.272
TP 1.199 0.789-1.822 0.395 1.202 0.791-1.826 0.389
ALB 0.966 0.635-1.470 0.872 0.969 0.637-1.475 0.884
GLOB 1.498 0.972-2.308 0.067 1.462 0.949-2.252 0.085
A/G 0.552 0.361-0.844 0.006 0.811 0.495-1.329 0.406 0.563 0.368-0.860 0.008 0.951 0.574-1.577 0.846
PALB 0.476 0.308-0.736 0.001 0.658 0.392-1.103 0.112 0.475 0.307-0.734 0.001 0.639 0.370-1.102 0.107
Glu 0.973 0.640-1.479 0.899 1.000 0.658-1.520 0.999
CHOL 0.982 0.647-1.492 0.933 1.004 0.661-1.524 0.987
TRIG 1.099 0.723-1.670 0.659 1.132 0.745-1.720 0.563
ABO blood type 1.202 0.964-1.499 0.103 1.198 0.960-1.495 0.110
W 0.973 0.640-1.478 0.898 0.947 0.623-1.438 0.798
N 1.007 0.662-1.530 0.975 0.960 0.632-1.459 0.849
L 0.765 0.503-1.164 0.211 0.800 0.526-1.218 0.298
M 0.793 0.521-1.206 0.278 0.819 0.538-1.246 0.351
Hb 1.321 0.868-2.010 0.194 1.269 0.834-1.930 0.266
R 0.977 0.643-1.484 0.913 0.960 0.632-1.458 0.849
Hct 1.012 0.666-1.538 0.954 0.958 0.631-1.456 0.841
P 0.755 0.496-1.150 0.190 0.733 0.482-1.117 0.149
INR 1.198 0.786-1.825 0.400 1.234 0.810-1.880 0.328
FIB 1.842 1.201-2.824 0.005 1.588 1.011-2.493 0.045* 1.881 1.227-2.885 0.004 1.536 0.961-2.453 0.073
IgA 1.274 0.836-1.943 0.260 1.275 0.836-1.944 0.259
IgG 1.033 0.679-1.571 0.881 1.035 0.681-1.575 0.871
IgM 1.190 0.782-1.809 0.416 1.113 0.732-1.692 0.617
Radical resection 1.590 1.156-2.187 0.004 1.358 0.935-1.972 0.108 1.678 1.215-2.317 0.002 1.469 0.991-2.178 0.055
Type of surgery 1.216 0.945-1.565 0.129 1.301 1.011-1.674 0.041 1.343 1.001-1.802 0.049
Primary tumor site 1.151 0.864-1.534 0.337 1.110 0.828-1.488 0.487
Borrmann type 1.362 1.018-1.824 0.038 1.361 1.006-1.841 0.045* 1.340 1.007-1.784 0.045 1.294 0.942-1.778 0.111
TLN 0.616 0.404-0.940 0.024 0.588 0.368-0.939 0.026* 0.577 0.378-0.880 0.011 0.506 0.312-0.820 0.006*
PLN 1.206 0.794-1.832 0.380 1.137 0.749-1.728 0.546
Tumor size 1.717 1.260-2.340 0.001 1.799 1.261-2.568 0.001* 1.669 1.221-2.282 0.001 1.921 1.311-2.816 0.001*
Differentiation 1.252 0.836-1.875 0.275 1.315 0.878-1.971 0.184
Pathology 0.926 0.803-1.069 0.295 0.928 0.803-1.072 0.312
Lauren type 0.865 0.677-1.107 0.250 0.857 0.668-1.100 0.225
HER2 0.719 0.292-1.775 0.475 0.800 0.324-1.973 0.628
CK 1.022 0.543-1.922 0.947 1.063 0.565-1.999 0.850
Vimentin 1.811 0.874-3.752 0.110 1.576 0.762-3.263 0.220
VEGF 1.265 0.736-2.176 0.395 1.360 0.791-2.339 0.266
CD56 6.639 0.903-48.796 0.063 7.855 1.063-58.065 0.043 29.281 3.044-281.691 0.003*
CD31 0.828 0.450-1.523 0.543 0.939 0.509-1.729 0.839
CD34 1.035 0.681-1.573 0.872 1.045 0.687-1.590 0.836
D2-40 0.822 0.529-1.279 0.385 0.868 0.559-1.349 0.530
S100 2.223 1.074-4.602 0.031 1.098 0.506-2.384 0.813 2.200 1.063-4.553 0.034 0.982 0.449-2.146 0.964
Postoperative chemotherapy 1.687 1.098-2.592 0.017 1.402 0.899-2.186 0.136 1.757 1.143-2.701 0.010 1.402 0.882-2.227 0.153
Frontiers in Oncology | www.f
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NRI, nutritional risk index; WLo, ideal weight; BMI, body mass index; TP, total protein; ALB, albumin; GLOB, Globulin; PALB, prealbumin; Glu, glucose; CHOL, cholesterol; TRIG,
triglyceride; W, white blood cell; N, neutrophils; L, lymphocyte; M, monocyte; Hb, hemoglobin; R, red blood cell; Hct, hematocrit; P, platelet; IgA, immunoglobulin A; IgG, immunoglobulin
G; IgM, immunoglobulin M; TLN, total lymph nodes; PLN, positive lymph nodes; HER2, human epidermal growth factor receptor; CK, Cytokeratin; VEGF, vascular endothelial growth
factor; CD56, Cluster of Differentiation 56; CD31, Cluster of Differentiation 31; CD34, Cluster of Differentiation 34. * With statistical differences (P < 0.05).
880419

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Song et al. NRI in Gastric Cancer
A

B

FIGURE 2 | Disease free survival (DFS) and overall survival (OS) of patients with stage III gastric cancer. (A) Kaplan-Meier analysis of DFS for the NRI, (B) Kaplan-
Meier analysis of OS.
A B

FIGURE 3 | NRI-based nomogram for evaluating disease-free survival (DFS) and overall survival (OS). (A) NRI-based nomogram for evaluating DFS; (B) NRI-based
nomogram for evaluating OS.
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those in the high NRI group via the log-rank method. We also
constructed a prognostic nomogram to predict the 1-, 3-, and 5-
year survival probabilities, and the calibration curve shows that
the prediction line matches the reference line well for 1-, 3-, and
5-year DFS and OS. Furthermore, the decision curve analysis
also shows that the nomogram model yielded the best net benefit
across the range of threshold probability for 1-, 3-, and 5-year
DFS and OS compared to only NRI and indicated this model had
better predicting ability for clinical decision-making.

There are several plausible mechanisms to explain the
relationship between NRI and the prognosis of gastric cancer.
The ALB is supposed to relate to the systemic inflammation
affecting hepatocyte catabolism and anabolism (34). ALB also is
one of the most common factors for determining the nutritional
and immunological status (35). Patients with low ALB level go
through poor hepatic functional reserve, which affects the
tolerance to surgery and leads to worse survival time (36).
BMI, defined as body mass in kilograms divided by the square
Frontiers in Oncology | www.frontiersin.org 10
of height in meters (kg/m2), is the most used anthropometric
measure to approximate overall body fatness for the purposes of
classifying and reporting overweight and obesity (37). Weight
loss is common in advanced gastric cancer, and maintaining
weight and adequate nutrition during systemic treatment (38).
Moreover, the weight loss is usually caused by insufficient calorie
intake as a result of tumor-related anorexia, malabsorption,
hypermetabolism, and gastrointestinal obstruction (39).

Certain limitations should be noted in the current study.
Firstly, this study was a single-center study with limited patients
and also was a retrospective study. To further enrich the
literature, multicenter studies from a large number of research
populations should be enrolled. Secondly, as a result of the
retrospective nature, selection bias was inevitable, although the
enrolled patients were selected in line with the inclusion and
exclusion criteria. Thirdly, NRI was a nonspecific tumor marker,
and should further study the relationship between NRI,
therapeutic effect, and prognosis in a prospective study.
A

B

D

E

FC

FIGURE 4 | Calibration curve for predicting the 1-, 3-, 5-year disease-free survival (DFS) and overall survival (OS) rates. (A) 1-year DFS rate by calibration curve;
(B) 3-year DFS rate by calibration curve; (C) 5-year DFS rate by calibration curve; (D) 1-year OS rate by calibration curve; (E) 3-year OS rate by calibration curve;
(F) 5-year OS rate by calibration curve.
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CONCLUSION

NRI is described as the potential prognostic factor for patients
with stage III gastric cancer and is used to predict the survival
and prognosis. The convenient, noninvasive, and reproducible
factors are applied to guide treatment, evaluate efficacy, and
estimate prognosis of gastric cancer.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

This study was reviewed and approved by the ethics committee
of Harbin Medical University Cancer Hospital. The patients/
Frontiers in Oncology | www.frontiersin.org 11
participants provided their written informed consent to
participate in this study.
AUTHOR CONTRIBUTIONS

HBS, HKS, and LY contributed to the study conception and
design. YC, CY, and HX performed the collection of data. HG
conducted the data interpretation. HBS prepared the manuscript.
LL provided Funding acquisition and Project administration. All
authors read and approved the final manuscript.
FUNDING

This study was supported by the Funding of the Open Fund of
Key Laboratory of Hepatosplenic Surgery, Ministry of Education,
Harbin, China (No: GPKF202006 to LL) and the postdoctoral
scientific research developmental fund from Heilongjiang
province (No: LBH-Q19158 to LL).
A

B

D

E

FC

FIGURE 5 | Decision curve analysis for the nomogram and only NRI. (A) 1-year DFS by decision curve analysis; (B) 3-year DFS by decision curve analysis; (C) 5-
year DFS by decision curve analysis; (D) 1-year OS by decision curve analysis; (E) 3-year OS by decision curve analysis; (F) 5-year OS by decision curve analysis.
May 2022 | Volume 12 | Article 880419

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Song et al. NRI in Gastric Cancer
REFERENCES

1. Sexton RE, Al Hallak MN, Diab M, Azmi AS. Gastric Cancer: A
Comprehensive Review of Current and Future Treatment Strategies. Cancer
Metastasis Rev (2020) 39(4):1179–203. doi: 10.1007/s10555-020-09925-3

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, 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):209–49. doi: 10.3322/caac.21660

3. Cheng X, Wu D, Xu N, Chen L, Yan Z, Chen P, et al. Adjuvant Albumin-
Bound Paclitaxel Combined With S-1 vs. Oxaliplatin Combined With
Capecitabine After D2 Gastrectomy in Patients With Stage III Gastric
Adenocarcinoma: A Phase III Multicenter, Open-Label, Randomized
Controlled Clinical Trial Protocol. BMC Cancer (2021) 21(1):56.
doi: 10.1186/s12885-020-07772-7

4. Long Parma D, Schmidt S, Muñoz E, Ramirez AG. Gastric Adenocarcinoma
Burden and Late-Stage Diagnosis in Latino and Non-Latino Populations in
the United States and Texas, During 2004-2016: AMultilevel Analysis. Cancer
Med (2021) 10(18):6468–79. doi: 10.1002/cam4.4175

5. McCulloch J, Barclay M, Levene A, Fearn R. Seronegative Enteropathy and
Malnutrition: A Diagnostic Challenge. BMJ Case Rep (2018) 2018:
bcr2018224397. doi: 10.1136/bcr-2018-224397

6. Chen XY, Zhang XZ, Ma BW, Li B, Zhou DL, Liu ZC, et al. A Comparison of
Four Common Malnutrition Risk Screening Tools for Detecting Cachexia in
Patients With Curable Gastric Cancer. Nutrition (2020) 70:110498.
doi: 10.1016/j.nut.2019.04.009

7. Fonseca GWPD, Farkas J, Dora E, von Haehling S, Lainscak M. Cancer
Cachexia and Related Metabolic Dysfunction. Int J Mol Sci (2020) 21(7):2321.
doi: 10.3390/ijms21072321

8. Wu Y, Zhu Y, Feng Y, Wang R, Yao N, Zhang M, et al. Royal Free Hospital-
Nutritional Prioritizing Tool Improves the Prediction of Malnutrition Risk
Outcomes in Liver Cirrhosis Patients Compared With Nutritional Risk Screening
2002. Br J Nutr (2020) 124(12):1293–302. doi: 10.1017/S0007114520002366

9. De Groot LM, Lee G, Ackerie A, van der Meij BS. Malnutrition Screening and
Assessment in the Cancer Care Ambulatory Setting: Mortality Predictability
and Validity of the Patient-Generated Subjective Global Assessment Short
Form (PG-SGA SF) and the GLIM Criteria. Nutrients (2020) 12(8):2287.
doi: 10.3390/nu12082287

10. Xiong J, Hu H, Kang W, Liu H, Ma F, Ma S, et al. Prognostic Impact of
Preoperative Naples Prognostic Score in Gastric Cancer Patients Undergoing
Surgery. Front Surg (2021) 8:617744. doi: 10.3389/fsurg.2021.617744

11. Wang D, Hu X, Xiao L, Long G, Yao L, Wang Z, et al. Prognostic Nutritional
Index and Systemic Immune-Inflammation Index Predict the Prognosis of
Patients With HCC. J Gastrointest Surg (2021) 25(2):421–7. doi: 10.1007/
s11605-019-04492-7

12. Dewansingh P, Euwes M, Krijnen WP, Strijbos JH, van der Schans CP, Jager-
Wittenaar H. Patient-Generated Subjective Global Assessment Short Form
Better Predicts Length of Stay Than Short Nutritional Assessment
Questionnaire. Nutrition (2021) 91-92:111366. doi: 10.1016/j.nut.2021.111366

13. Lee H, Shin H, Oh J, Lim TH, Kang BS, Kang H, et al. Association Between
Body Mass Index and Outcomes in Patients With Return of Spontaneous
Circulation After Out-Of-Hospital Cardiac Arrest: A Systematic Review and
Meta-Analysis. Int J Environ Res Public Health (2021) 18(16):8389.
doi: 10.3390/ijerph18168389

14. Kim KW, Lee K, Lee JB, Park T, Khang S, Jeong H, et al. Preoperative
Nutritional Risk Index and Postoperative One-Year Skeletal Muscle Loss Can
Predict the Prognosis of Patients With Gastric Adenocarcinoma: A Registry-
Based Study. BMC Cancer (2021) 21(1):157. doi: 10.1186/s12885-021-07885-7

15. Chen L, Qi Y, Kong X, Su Z, Wang Z, Wang X, et al. Nutritional Risk Index
Predicts Survival in Patients With Breast Cancer Treated With Neoadjuvant
Chemotherapy. Front Nutr (2022) 8:786742. doi: 10.3389/fnut.2021.786742

16. Wang PY, Chen XK, Liu Q, Xu L, Zhang RX, Liu XB, et al. Application of Four
Nutritional Risk Indexes in Perioperative Management for Esophageal Cancer
Patients. J Cancer Res Clin Oncol (2021) 147(10):3099–111. doi: 10.1007/
s00432-021-03585-8

17. Bao X, Liu F, Lin J, Chen Q, Chen L, Chen F, et al. Nutritional Assessment and
Prognosis of Oral Cancer Patients: A Large-Scale Prospective Study. BMC
Cancer (2020) 20(1):146. doi: 10.1186/s12885-020-6604-2
Frontiers in Oncology | www.frontiersin.org 12
18. Oh CA, Kim DH, Oh SJ, Choi MG, Noh JH, Sohn TS, et al. Nutritional Risk
Index as a Predictor of Postoperative Wound Complications After
Gastrectomy. World J Gastroenterol (2012) 18(7):673–8. doi: 10.3748/
wjg.v18.i7.673

19. Kushiyama S, Sakurai K, Kubo N, Tamamori Y, Nishii T, Tachimori A, et al.
The Preoperative Geriatric Nutritional Risk Index Predicts Postoperative
Complications in Elderly Patients With Gastric Cancer Undergoing
Gastrectomy. In Vivo (2018) 32(6):1667–72. doi: 10.21873/invivo.11430

20. Abe A, Ito Y, Hayashi H, Ishihama T, Momokita M, Taniguchi S. Correlation
Between Geriatric Nutritional Risk Index and Oral Condition in Gastric
Cancer Patients. Oral Dis (2021) 00:1–7. doi: 10.1111/odi.14035. Epub ahead
of print.

21. Lim HS, Lee B, Cho I, Cho GS. Nutritional and Clinical Factors Affecting
Weight and Fat-Free Mass Loss After Gastrectomy in Patients With Gastric
Cancer. Nutrients (2020) 12(7):1905. doi: 10.3390/nu12071905

22. Diakos CI, Charles KA, McMillan DC, Clarke SJ. Cancer-Related
Inflammation and Treatment Effectiveness. Lancet Oncol (2014) 15(11):
e493-503. doi: 10.1016/S1470-2045(14)70263-3

23. Garla P, Waitzberg DL, Tesser A. Nutritional Therapy in Gastrointestinal
Cancers. Gastroenterol Clin North Am (2018) 47(1):231–42. doi: 10.1016/
j.gtc.2017.09.009

24. Kono Y, Kanzaki H, Iwamuro M, Kawano S, Kawahara Y, Okada H. Reality of
Gastric Cancer in Young Patients: The Importance and Difficulty of the Early
Diagnosis, Prevention and Treatment. Acta Med Okayama (2020) 74(6):461–
6. doi: 10.18926/AMO/61204

25. Yan HHN, Siu HC, Law S, Ho SL, Yue SSK, Tsui WY, et al. A Comprehensive
Human Gastric Cancer Organoid Biobank Captures Tumor Subtype
Heterogeneity and Enables Therapeutic Screening. Cell Stem Cell (2018) 23
(6):882–97.e11. doi: 10.1016/j.stem.2018.09.016

26. BoY,YaoM,ZhangL,BekaloW,LuW,LuQ.PreoperativeNutritionalRisk Index
toPredict Postoperative Survival Time inPrimary Liver Cancer Patients.AsiaPac
J Clin Nutr (2015) 24(4):591–7. doi: 10.6133/apjcn.2015.24.4.26

27. Sagou K, Ozeki K, Ukai S, Adachi Y, Fukushima N, Kohno A. Impact of a
Nutritional Risk Index on Clinical Outcomes After Allogeneic Hematopoietic
Cell Transplantation. Biol Blood Marrow Transplant (2019) 25(11):2287–96.
doi: 10.1016/j.bbmt.2019.07.002

28. Yamana I, Takeno S, Shimaoka H, Yamashita K, Yamada T, Shiwaku H, et al.
Geriatric Nutritional Risk Index as a Prognostic Factor in Patients With
Esophageal Squamous Cell Carcinoma -Retrospective Cohort Study. Int J Surg
(2018) 56:44–8. doi: 10.1016/j.ijsu.2018.03.052

29. Faramarzi E, Mahdavi R, Mohammad-Zadeh M, Nasirimotlagh B. Validation of
Nutritional Risk Index Method Against Patient-Generated Subjective Global
Assessment in Screening Malnutrition in Colorectal Cancer Patients. Chin J
Cancer Res (2013) 25(5):544–8. doi: 10.3978/j.issn.1000-9604.2013.10.04

30. Clavier JB, Antoni D, Atlani D, Ben Abdelghani M, Schumacher C, Dufour P,
et al. Baseline Nutritional Status Is Prognostic Factor After Definitive
Radiochemotherapy for Esophageal Cancer. Dis Esophagus (2014) 27
(6):560–7. doi: 10.1111/j.1442-2050.2012.01441.x

31. Cox S, Powell C, Carter B, Hurt C, Mukherjee S, Crosby TD. Role of
Nutritional Status and Intervention in Oesophageal Cancer Treated With
Definitive Chemoradiotherapy: Outcomes From SCOPE1. Br J Cancer (2016)
115(2):172–7. doi: 10.1038/bjc.2016.129

32. Hirahara N, Matsubara T, Fujii Y, Kaji S, Hyakudomi R, Yamamoto T, et al.
Preoperative Geriatric Nutritional Risk Index Is a Useful Prognostic Indicator
in Elderly Patients With Gastric Cancer. Oncotarget (2020) 11(24):2345–56.
doi: 10.18632/oncotarget.27635

33. Xie H, Tang S, Wei L, Gan J. Geriatric Nutritional Risk Index as a Predictor of
Complications and Long-Term Outcomes in Patients With Gastrointestinal
Malignancy: A Systematic Review and Meta-Analysis. Cancer Cell Int (2020)
20(1):530. doi: 10.1186/s12935-020-01628-7

34. Carr BI, Guerra V. Serum Albumin Levels in Relation to Tumor Parameters in
Hepatocellular Carcinoma Patients. Int J Biol Markers (2017) 32(4):e391–6.
doi: 10.5301/ijbm.5000300

35. Yoshida R, Gohara S, Sakata J, Matsuoka Y, Hirosue A, Kawahara K, et al.
Onodera's Prognostic Nutritional Index Correlates With Tumor Immune
Environment and Survival in Patients With Oral Squamous Cell Carcinoma
Undergoing Chemoradiotherapy. Transl Oncol (2020) 13(12):100850.
doi: 10.1016/j.tranon.2020.100850
May 2022 | Volume 12 | Article 880419

https://doi.org/10.1007/s10555-020-09925-3
https://doi.org/10.3322/caac.21660
https://doi.org/10.1186/s12885-020-07772-7
https://doi.org/10.1002/cam4.4175
https://doi.org/10.1136/bcr-2018-224397
https://doi.org/10.1016/j.nut.2019.04.009
https://doi.org/10.3390/ijms21072321
https://doi.org/10.1017/S0007114520002366
https://doi.org/10.3390/nu12082287
https://doi.org/10.3389/fsurg.2021.617744
https://doi.org/10.1007/s11605-019-04492-7
https://doi.org/10.1007/s11605-019-04492-7
https://doi.org/10.1016/j.nut.2021.111366
https://doi.org/10.3390/ijerph18168389
https://doi.org/10.1186/s12885-021-07885-7
https://doi.org/10.3389/fnut.2021.786742
https://doi.org/10.1007/s00432-021-03585-8
https://doi.org/10.1007/s00432-021-03585-8
https://doi.org/10.1186/s12885-020-6604-2
https://doi.org/10.3748/wjg.v18.i7.673
https://doi.org/10.3748/wjg.v18.i7.673
https://doi.org/10.21873/invivo.11430
https://doi.org/10.1111/odi.14035
https://doi.org/10.3390/nu12071905
https://doi.org/10.1016/S1470-2045(14)70263-3
https://doi.org/10.1016/j.gtc.2017.09.009
https://doi.org/10.1016/j.gtc.2017.09.009
https://doi.org/10.18926/AMO/61204
https://doi.org/10.1016/j.stem.2018.09.016
https://doi.org/10.6133/apjcn.2015.24.4.26
https://doi.org/10.1016/j.bbmt.2019.07.002
https://doi.org/10.1016/j.ijsu.2018.03.052
https://doi.org/10.3978/j.issn.1000-9604.2013.10.04
https://doi.org/10.1111/j.1442-2050.2012.01441.x
https://doi.org/10.1038/bjc.2016.129
https://doi.org/10.18632/oncotarget.27635
https://doi.org/10.1186/s12935-020-01628-7
https://doi.org/10.5301/ijbm.5000300
https://doi.org/10.1016/j.tranon.2020.100850
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Song et al. NRI in Gastric Cancer
36. Wu M, Pan Y, Jia Z, Wang Y, Yang N, Mu J, et al. Preoperative Plasma
Fibrinogen and Serum Albumin Score Is an Independent Prognostic Factor
for Resectable Stage II-III Gastric Cancer. Dis Markers (2019) 2019:9060845.
doi: 10.1155/2019/9060845

37. Bandera EV, Fay SH, Giovannucci E, Leitzmann MF, Marklew R, McTiernan
A, et al. The Use and Interpretation of Anthropometric Measures in Cancer
Epidemiology: A Perspective From the World Cancer Research Fund
International Continuous Update Project. Int J Cancer (2016) 139
(11):2391–7. doi: 10.1002/ijc.30248

38. Mizukami T, Piao Y. Role of Nutritional Care and General Guidance for
Patients With Advanced or Metastatic Gastric Cancer. Future Oncol (2021) 17
(23):3101–9. doi: 10.2217/fon-2021-0186

39. Mansoor W, Roeland EJ, Chaudhry A, Liepa AM, Wei R, Knoderer H, et al.
Early Weight Loss as a Prognostic Factor in Patients With Advanced Gastric
Cancer: Analyses From REGARD, RAINBOW, and RAINFALL Phase III
Studies. Oncologist (2021) 26(9):e1538–47. doi: 10.1002/onco.13836
Frontiers in Oncology | www.frontiersin.org 13
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Song, Sun, Yang, Gao, Cui, Yu, Xu and Li. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
May 2022 | Volume 12 | Article 880419

https://doi.org/10.1155/2019/9060845
https://doi.org/10.1002/ijc.30248
https://doi.org/10.2217/fon-2021-0186
https://doi.org/10.1002/onco.13836
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Nutritional Risk Index as a Prognostic Factor Predicts the Clinical Outcomes in Patients With Stage III Gastric Cancer
	Introduction
	Materials and Methods
	Study Population
	Nutritional Risk Index (NRI)
	Follow-Up
	Statistical Analysis

	Results
	Patient Characteristics
	Nutritional and Blood Parameters
	Relationships of NRI With Pathological Characteristics
	Univariate and Multivariate Analyses on the Prognostic Predictors in Patients With Stage III Gastric Cancer
	Survival Analysis and Prognostic Value of NRI

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /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 /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /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


