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ABSTRACT 1 

Background. Preoperative nutritional assessment of cancer patients is important to reduce 2 

postoperative complications. Several studies have reported the Geriatric Nutritional Risk Index 3 

(GNRI) to be useful in assessing underlying diseases and long-term outcomes of hospitalized 4 

patients. The present study aimed to evaluate the impact of preoperative GNRI on short- and long-5 

term outcomes in elderly gastric cancer patients who underwent laparoscopic gastrectomy. 6 

Methods. We retrospectively reviewed consecutive patients aged ≥65 years who underwent 7 

laparoscopy-assisted gastrectomy and had R0 resection for histologically confirmed gastric 8 

adenocarcinoma. The cutoff value for preoperative GNRI was determined to be 85.7 based on the 9 

incidence of postoperative complications. Patients were categorized into two groups: low GNRI 10 

group and normal GNRI group.  11 

Results. Univariate analyses of the 303 patients revealed that the incidence of postoperative 12 

complications was significantly associated with the American Society of Anesthesiologists 13 

Physical Status classification (ASA-PS), C-reactive protein (CRP), GNRI (p <0.001), and 14 

operative procedure. Multivariate analyses revealed that preoperative GNRI (odds ratio [OR] 15 

2.716; 95% confidence interval [CI]=1.166–6.328; p=0.021) and operative procedure (OR=2.459; 16 

95% CI=1.378–4.390; p=0.002) were independently associated with the incidence of 17 

postoperative complications. 18 

Univariate analyses showed that overall survival (OS) was significantly associated with ASA-PS, 19 

tumor size, tumor differentiation, pathological tumor node metastasis (TNM) stage, 20 

carcinoembryonic antigen (CEA), CRP, GNRI, and postoperative complications. Multivariate 21 

analysis demonstrated that ASA-PS (hazard ratio [HR], 3.755; 95% CI=2.141–6.585; p<0.001), 22 

tumor differentiation (HR=1.898; 95% CI=1.191–3.025; p=0.007), CEA (HR=1.645; 95% 23 

CI=1.024–2.643; p=0.040), and GNRI (HR 2.093; 95% CI=1.105–3.963; p=0.023) independently 24 
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predicted OS. 1 

Conclusion. GNRI is an important predictor of postoperative complications and overall survival 2 

in elderly gastric cancer patients. It is a reliable and cost-effective prognostic indicator that should 3 

be routinely evaluated. 4 

 5 

Key words: gastric cancer, Geriatric Nutritional Risk Index, postoperative complications, overall 6 

survival 7 
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Introduction 1 

 2 

Due to the diversity of various influencing factors, the objective evaluation of the nutritional 3 

status of cancer patients is difficult, and it remains unclear whether malnutrition is associated with 4 

decreased survival. However, preoperative nutritional assessment of cancer patients is essential 5 

to reduce postoperative complications, which have a negative impact on both short- and long-6 

term outcomes after surgery [1-3]. As a nutrition-related prognostic assessment tool for 7 

hospitalized patients, the Geriatric nutritional risk index (GNRI) has been established by 8 

Bouillanne et al. [4], who classified the patients into the following four groups based on the GNRI 9 

values: high risk (GNRI <82), moderate risk (82–92), low risk (92–98), and normal (GNRI >98). 10 

GNRI has been developed as an index for predicting at-risk elderly hospitalized patients. GNRI 11 

comprises two parameters: serum albumin concentration and present body weight compared to 12 

ideal body weight. Several studies have reported the GNRI to be useful in assessing age-related 13 

factors, underlying diseases, and long-term outcomes of hospitalized patients [5-7]. Therefore, 14 

preoperative GNRI has recently attracted great attention as a novel predictor of postoperative 15 

complications as well as a prognostic indicator in elderly cancer patients [8-10]. 16 

Recent advances in minimally invasive surgery and perioperative patient care allow elderly 17 

patients to undergo laparoscopic gastrectomy, and acceptable short-term outcomes have been 18 

reported [11-13]. However, the incidence of postoperative complications remains high in the 19 

elderly and has been approximately 20% for the past several decades [14]. With aging populations, 20 

there is a growing demand to establish reliable preoperative indexes that can enhance informed 21 

decision making and subsequently result optimal outcomes of surgical interventions in elderly 22 

patients. This study aimed to evaluate the impact of preoperative GNRI on short- and long-term 23 

outcomes in elderly gastric cancer patients who underwent laparoscopic curative gastrectomy. 24 

25 
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Patients and Methods 1 

 2 

Patients 3 

We retrospectively reviewed 303 consecutive patients aged ≥65 years who underwent 4 

laparoscopy-assisted gastrectomy with R0 resection for histologically confirmed gastric 5 

adenocarcinoma from January 2010 to December 2017, in our institute. R0 resection was defined 6 

as complete resection without any microscopic margin involvement. The extent of gastrectomy 7 

and lymph node dissection was determined per the Japanese Gastric Cancer Treatment Guidelines 8 

(version 4) [15]. We provided preoperative enteral nutrition to optimize preoperative conditions 9 

as much as possible, with the aim of decreasing the incidence rate of postoperative complications.  10 

The pathological classification was performed according to the International Union Against 11 

Cancer Tumor Node Metastasis (TNM) classification (seventh edition) [16]. The requirement for 12 

informed consent was waived because of the retrospective nature of this cohort study. 13 

 The retrospective protocol of this study was approved by the Ethical Review Board of 14 

Shimane University, Faculty of Medicine (Shimane, Japan), and the study is registered with the 15 

University Hospital Medical Information Network Clinical Trials Registry (UMIN000030472). 16 

 17 

Nutritional assessment using GNRI 18 

All laboratory data used for calculating the preoperative nutritional status were obtained 19 

within a week before surgery. 20 

The GNRI formula used was as follows: GNRI = 1.487 × serum albumin concentration (g/L) 21 

+ 41.7 × present body weight/ideal body weight (kg). The ideal body weight is calculated as 22 

follows: ideal body weight = 22 × square of height (m) [4]. The body weight/ideal body weight 23 

was set to 1 when the patient’s body weight exceeded the ideal body weight.  24 
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In this study, GNRI ranged from 54.4 to 115.0, with a mean GNRI of 99.0 and a median GNRI 1 

of 97.2. Using receiver operating characteristic (ROC) curve analysis, an accurate GNRI cutoff 2 

value of 85.7 (sensitivity, 19.0%; specificity, 94.1%; AUC = 0.534) was determined to identify 3 

malnourished patients based on the incidence of postoperative complications (Fig. 1). Patients 4 

were categorized into two groups—low GNRI group (GNRI <85.7) and normal GNRI group 5 

(GNRI ≥85.7)—based on GNRI values. 6 

 7 

Outcome evaluation 8 

Postoperative complications were evaluated according to the Clavien-Dindo (CD) 9 

classification, and serious complications were defined as grade II or higher [17]. Postoperative 10 

complications after laparoscopic gastrectomy included surgical site infection, anastomotic 11 

leakage, pancreatic fistula, intra-abdominal abscess, and pneumonia. Overall survival (OS) was 12 

defined as the period between surgery and death, with OS censored at the last follow-up date for 13 

patients who were alive. 14 

 15 

Statistical analyses  16 

Non-normally distributed data were expressed as median and interquartile range and 17 

compared using the non-parametric Mann–Whitney U test. The differences between the study 18 

groups were evaluated using the Chi-squared test or Student’s t-test for categorical variables. OS 19 

was calculated according to the Kaplan–Meier method, and the difference between survival 20 

curves was evaluated by the log-rank test. Hazard ratios were calculated, and univariate and 21 

multivariate analyses were performed using Cox proportional hazards regression models. 22 

Variables with p-value <0.05 following univariate analysis were subjected to multivariate logistic 23 

regression analysis. All statistical analyses were performed using JMP software (version 14 for 24 
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Windows; SAS Institute), and p-values <0.05 were considered to be statistically significant. 1 

  2 
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Results 1 

 2 

Clinicopathological features and postoperative complications 3 

Of the 303 patients, 100 (33.0%) experienced postoperative complications (Table 1). The 4 

incidence of postoperative complications was significantly associated with the American society 5 

of anesthesiologists-PS (ASA-PS) (p = 0.026), C-reactive protein (CRP) level (p = 0.013), 6 

location of tumor (p = 0.009), operative procedure (p <0.001), and GNRI (p <0.001), but not with 7 

age, body mass index (BMI), WBC, serum albumin concentration, operation time, and 8 

intraoperative blood loss. 9 

 10 

Univariate and multivariate analyses of risk factors for postoperative complications 11 

Univariate analyses revealed that the incidence of postoperative complications of CD grade II 12 

or higher was significantly associated with ASA-PS (p = 0.016), CRP (p = 0.003), GNRI (p 13 

<0.001), and operative procedure (p <0.001). Multivariate analyses revealed that preoperative 14 

GNRI (odds ratio [OR], 2.716; 95% confidence interval [CI] = 1.166–6.328; p = 0.021) and 15 

operative procedure (OR = 2.459; 95% CI = 1.378–4.390; p = 0.002) were independently 16 

associated with the incidence of postoperative complications (Table 2). 17 

 18 

Postoperative overall survival stratified by postoperative complications 19 

Patients with postoperative complications had a 3-year OS rate of 65.1% and a 5-year OS rate 20 

of 57.0%. In patients without postoperative complications, the 3-year and 5-year OS rates were 21 

86.3% and 73.0%, respectively. Patients with postoperative complications had significantly worse 22 

OS than did those without complications (p <0.001) (Fig. 2). 23 

 24 
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Univariate and multivariate analyses of overall survival 1 

On univariate analyses, OS was significantly associated with ASA-PS (p <0.001), tumor size 2 

(p = 0.005), tumor differentiation (p <0.001), pathological TNM (pTNM) stage (p <0.001), serum 3 

CEA level (p <0.001), CRP level (p = 0.004), GNRI (p <0.001), and postoperative complications 4 

(p <0.001). Multivariate analysis demonstrated that ASA-PS (hazard ratio [HR], 3.755; 95% CI 5 

= 2.141–6.585; p <0.001), tumor differentiation (HR = 1.898; 95% CI = 1.191–3.025; p = 0.007), 6 

CEA (HR = 1.645; 95% CI = 1.024–2.643; p = 0.040), and GNRI (HR 2.093; 95% CI = 1.105–7 

3.963; p = 0.023) independently predicted OS (Table 3). 8 

 9 

Postoperative overall survival stratified by GNRI 10 

Patients with a low GNRI had 3-year and 5-year OS rates of 52.8% and 32.6%, respectively. 11 

Patients with a normal GNRI had 3-year and 5-year OS rates of 82.7% and 72.3%, respectively. 12 

The log-rank test demonstrated that patients with a low GNRI had a significantly worse prognosis 13 

in terms of OS than that of those with a normal GNRI (p <0.001) (Fig. 3). 14 

 15 

  16 
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Discussion 1 

Recent investigations have shown that the GNRI is well associated with the prognosis of 2 

cardiovascular diseases, chronic obstructive pulmonary disease, and peritoneal dialysis patients 3 

[18-20]. However, most of them focused on long-term outcomes in hospitalized elderly patients, 4 

and few studies have evaluated the usefulness of GNRI in short-term outcomes in patients who 5 

underwent surgical treatment [21]. Gastrectomy is the gold standard treatment for gastric cancer. 6 

However, the incidence of postoperative complications remains high, despite recent advances in 7 

surgical techniques and instruments [14]. It is well known that malnutrition increases the 8 

incidence of postoperative complications in various cancers and has an adverse effect on long-9 

term survival [1-3]. In addition, recent studies have shown that nutritional support reduces 10 

morbidity and hospitalization after surgery [22]. GNRI is a simple and low-cost tool because it 11 

requires only measurement of present/ideal body weight ratio and serum albumin concentration. 12 

Serum albumin is well associated with malnutrition and is expected to decrease with cancer 13 

progression in the presence of cancer-related metabolic dysregulation [23]. In addition, several 14 

studies have reported that weight loss and malnutrition are considered to be adverse prognostic 15 

factors in cancer patients [24].  16 

In this study, multivariate logistic regression analysis demonstrated that low GNRI and 17 

operative procedures were independent risk factors for the incidence of postoperative 18 

complications following gastrectomy. This study also confirmed that the incidence of 19 

postoperative complications was significantly associated with a worse prognosis. Postoperative 20 

complication-induced inflammation may cause a nutritional imbalance in cancer patients and lead 21 

to an impaired cell-mediated immunity for host defense against cancer [25, 26]. 22 

Hypercytokinemia associated with cancer-related systemic inflammation increases catabolism, 23 

resulting in anorexia and a negative effect on nutritional status [27, 28]. In addition, a decreased 24 
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metabolic reserve of albumin reduces the ability to cope with stresses such as malignancy and 1 

surgery [29, 30]. Based on these findings, malnutrition, such as low GNRI, may also be 2 

responsible for poor outcomes in cancer patients. Thus, we speculate that GNRI could be a useful 3 

comprehensive indicator of the nutritional and immunological status of gastric cancer patients, 4 

and that perioperative nutritional support based on the preoperative GNRI assessment may reduce 5 

the incidence of postoperative complications and subsequently improve long-term outcomes. 6 

Previous studies have reported the correlation between preoperative sarcopenia and immuno-7 

nutritional parameters such as GNRI and controlling nutritional status (CONUT) in several 8 

cancers. Additionally, sarcopenia is considered a poor prognostic factor of cancer [31]. 9 

Sarcopenia, which means depletion of skeletal muscle mass, was identified using a cross-sectional 10 

CT image at the L3 level. However, GNRI can be easily calculated from routine hematological 11 

data, and from anthropometric measurements, including body height and weight. Therefore, 12 

preoperative GNRI is a simple and useful parameter for malnutrition or cachexia. 13 

The most important limitation of this study is the lack of statistical robustness due to the small 14 

sample size. Considering the weak discriminatory power of GNRI (AUC=0.534) for estimating 15 

postoperative complications, large-scale multicenter studies are needed to establish the role of 16 

GNRI as a prognostic predictor in elderly gastric cancer patients. In the future, it is necessary to 17 

improve the diagnostic accuracy of postoperative complications and to examine other more 18 

effective predictive markers. In addition, GNRI should be compared with other tools that are 19 

commonly used to assess nutritional status. Finally, Monitoring of GNRI during perioperative 20 

dietetic assessment or supplementation, or both, may provide more useful information. However, 21 

we failed to evaluate the postoperative dynamic changes of GNRI.  22 

Future multi-center prospective validation of our findings is desirable prior to the 23 

implementation of GNRI as a valuable predictive biomarker in clinical settings.  24 
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Conclusion 1 

GNRI proved to be a new predictor of both postoperative complications and overall survival 2 

in elderly gastric cancer patients who underwent laparoscopic gastrectomy. GNRI is reliable and 3 

cost-effective; thus, it is beneficial to routinely evaluate GNRI in elderly gastric cancer patients 4 

before surgery. 5 

 6 

  7 
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Figure legends 1 

Fig. 1 ROC for GNRI as a predictive factor for postoperative complications was plotted to 2 

verify the optimum cutoff value of GNRI. 3 

Fig. 2 Kaplan-Meier curves of postoperative OS based on postoperative complications in 303 4 

elderly gastric cancer patients.  5 

Fig. 3 Kaplan-Meier curves of postoperative OS based on GNRI in 303 elderly gastric cancer 6 

patients.  7 

 8 



Table 1. Relationships between GNRI and clinicopathological features in 303 elderly 
patients with gastric cancer 

Characteristics 
Number of 

patients 

Postoperative complications   

Absent Present   

(n = 203) (n= 100)  p-value 

Age (years old)   76 (65 - 91) 76 (65 - 90)   0.670 

Sex     0.288 
 Male 209 136 73   

 Female 94 67 27   

BMI  22.5 (14.7 – 40.4) 15.6 (15.6 – 29.8)  0.400 

ASA-PS     0.026 
 1 8 7 1   

 2 260 179 81   

 3 35 17 18   

WBC (μl)  5630 (1830 - 12730) 5625 (510 - 13700)  0.500 

RBC (x 104μl)  414 (262 - 570) 407 (142 - 579)  0.615 

Albumin (g/dl)  3.9 (2.4 - 5.0) 3.9 (1.1 - 5.0)  0.193 

CRP (mg/l)  0.08 (0.01 - 6.31) 0.11 (0.01 - 11.10)  0.013 

Location of tumor     0.009 
 EGJ 11 5 6   

 U 57 29 28   

 M 123 88 35   

 L 112 81 31   

Tumor size (mm)  43 (3 - 176) 42 (5 - 180)  0.430 

Procedure     <0.001 
 LTG 67 33 34   

 LPG 30 16 14   

 L(A)DG 206 154 52   

Tumor differentiation     0.102 
 Well 66 41 25   

 Moderate 123 91 32   

書式付きの表



 Poor 114 71 43   

Depth of tumor     0.226 
 T1a-1b 146 106 40   

 2 46 30 16   

 3 45 27 18   

 4a-4b 66 40 26   

Lymph node 

metastasis 
    0.213 

 N0 194 136 58   

 N1 40 26 14   

 N2 36 24 12   

 N3 33 17 16   

Pathological stage     0.137 
 1a-1b 173 123 50   

 2a-2b 56 37 19   

 3a-3c 74 43 31   

Operation time (min)  391 (70 - 911) 419 (207 - 714)  0.095 

Intraoperative blood loss (ml) 50 (0 - 4070) 100 (0 - 5850)  0.069 

CEA antigen (ng/ml)  3.4 (0.7 - 106.0) 3.6 (1.1 - 163.3)  0.436 

GNRI    <0.001 
 < 85.7 31 12 19   

 ≥ 85.7 272 191 81   

Adjuvant 

chemotherapy 
    0.393 

 Yes 79 56 23   

  No 224 147 77     
BMI body mass index, ASA-PS American Society of Anesthesiologists-Physical Status 
classification, WBC white blood cell, RBC red blood cell, CRP C-reactive protein, EGJ 

esophagogastric junction, U upper, M middle, L lower, LTG laparoscopic total gastrectomy, LPG 

laparoscopic proximal gastrectomy, L(A)DG laparoscopic (assisted) distal gastrectomy, CEA 

carcinoembryonic, GNRI Geriatric Nutritional Risk Index, antigen, 

 



Table 2. Univariate and multivariate analyses to assess the risk factors for postoperative complications 

Variables 
Category or 

characteristics 

Patients 

(n = 303) 

Univariate   Multivariate 

OR 95% CI p value   OR 95% CI p-value 

Gender (female / male) 94 / 209 1.332 0.784 – 2.262 0.289         

ASA-PS (< 3 / ≥ 3) 268 / 35 2.402 1.178 – 4.178 0.016  2.073 0.966 – 4.449 0.061 

BMI (≥ 18.5 / < 18.5) 274 / 29 1.105 0.484 – 2.524 0.813     

Tumor size (< 5 / ≥ 5) 167/ 136 1.007 0.622 – 1.630 0.977     

Differentiation 

of tumor 
(well & mod / poor) 188 / 115 1.461 0.896 – 2.382 0.129     

pStage (1,2 / 3) 229 / 74 1.686 0.991 – 2.867 0.054     

CEA (< 5.0 / ≥ 5.0) 228 / 75 1.194 0.690 – 2.065 0.525     

CRP (≦ 0.5 / > 0.5) 252 / 51 2.502 1.356 – 4.615 0.003  1.473 0.731 – 2.970 0.279 

GNRI (≥ 85.7 / < 85.7) 272 / 31 3.734 1.732 – 8.048  < 0.001  2.716 1.166 – 6.328 0.021 

Procedure 
(proximal & distal / 

total) 
236 / 67 2.654 1.521 – 4.632 < 0.001  2.459 1.378 – 4.390 0.002 

ASA American Society of Anesthesiologists-Physical Status classification, BMI body mass index, pStage pathological stage, CEA carcinoembryonic, 

CRP C-reactive protein, GNRI Geriatric Nutritional Risk Index, antigen, proximal laparoscopic proximal gastrectomy, distal laparoscopic (assisted) distal 

gastrectomy, total laparoscopic total gastrectomy 



Table 3. Univariate and multivariate analyses of clinicopathological factors for overall survival 

Variables 
Category or 

characteristics 

Patients Univariate   Multivariate 

(n = 303) HR 95% CI p value   HR 95% CI p-value 

Gender (female / male) 94 / 209 1.204 0.741 – 1.958 0.453         

ASA-PS (< 3 / ≥ 3) 268 / 35 4.162 2.460 – 7.4041 < 0.001  3.755 2.141 – 6.585 <0.001 

BMI (≥ 18.5 / < 18.5) 274 / 29 1.630 0.862 – 3.084 0.133     

Tumor size (< 5 / ≥ 5) 167/ 136 1.892 1.207 – 2.967 0.005  1.234 0.711 – 2.141 0.455 

Differentiation 

of tumor 
(well & mod / poor) 188 / 115 2.217 1.419 – 3.464 < 0.001  1.898 1.191 – 3.025 0.007 

pStage (1,2 / 3) 229 / 74 2.610 1.671 – 4.076 < 0.001  1.628 0.947 – 2.800 0.078 

CEA (< 5.0 / ≥ 5.0) 228 / 75 2.231 1.415 – 3.519 < 0.001  1.645 1.024 – 2.643 0.040 

CRP (≦ 0.5 / > 0.5) 252 / 51 2.071 1.265 – 3.389 0.004  1.017 0.544 – 1.902 0.958 

GNRI (≥ 85.7 / < 85.7) 272 / 31 3.289 1.942 – 5.569 < 0.001  2.093 1.105 – 3.963 0.023 

Complications (absent / present) 236 / 67 2.179 1.396 – 3.401  < 0.001  1.594 0.988 – 2.571 0.056 

Adjuvant (no / yes) 94 / 209 1.427 0.896 – 2.272 0.135      

ASA American Society of Anesthesiologists-Physical Status classification, BMI body mass index, pStage pathological stage, CEA carcinoembryonic, 

CRP C-reactive protein, GNRI Geriatric Nutritional Risk Index, Adjuvant Adjuvant chemotherapy 
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