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Abstract
Purpose  The Prognostic Nutritional Index (PNI), Nutritional Risk Index (NRI), Geriatric Nutritional Risk Index (GNRI), 
and Controlling Nutritional Status (CONUT) score were devised for quantifying nutritional risk. This study evaluated their 
properties in detecting compromised nutrition and guiding perioperative management of esophageal cancer patients.
Methods  A prospective institutional database of esophageal cancer patients was reviewed and analyzed. Compromised 
nutritional status was defined as PNI < 50, NRI < 97.5, GNRI < 92, or CONUT score ≥ 4, respectively. The malnutrition 
diagnosis consensus established by the European Society of Clinical Nutrition and Metabolism (ESPEN 2015) was selected 
as reference. Multivariable logistic regression and receiver operating characteristic curve analysis were used. External vali-
dation was conducted.
Results  After reviewing the 212-patient database, 192 patients were finally included. Among the four nutritional indexes, the 
GNRI < 92 showed highest sensitivity (72.0%), specificity (78.9%), and consistency (AUC 0.754, 95% CI 0.672–0.836) with 
malnutrition diagnosed by ESPEN 2015. The GNRI < 92 showed comparable performance with ESPEN 2015 in recognizing 
decreased fat mass, fat-free mass, and skeletal muscle mass (all P < 0.01). Both the GNRI < 92 and ESPEN 2015 showed good 
property in predicting major complications, infectious complications, overall complications and delayed hospital discharge 
(all P < 0.01), better than PNI < 50, NRI < 97.5, and CONUT score ≥ 4. Regarding the external validation, a retrospective 
analysis of 155 esophageal cancer patients confirmed the better performance of GNRI < 92 in predicting perioperative mor-
bidities than other 3 nutritional indexes.
Conclusion  The GNRI was optimal in perioperative management of esophageal cancer patients among the four nutritional 
indexes and was an appropriate alternative to ESPEN 2015 for simplifying nutritional assessment.
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Introduction

Esophageal cancer is the 12th most common cancer and 
the seventh most common cause of cancer-related mortality 
worldwide (Global Burden of Disease Cancer Collabora-
tion 1990). Patients with esophageal cancer naturally suffer 
from nutritional risk because of metabolic effects and feed-
ing problems. Cancer-related malnutrition is increasingly 
observed and reported to be associated with dismal progno-
sis (Baracos 2018). During the past 20 years, malnutrition 
identification has evolved from the assessment of weight 
loss, low body mass index (BMI), and reduced food intake 
to the quantitative measurement of decreased fat-free mass 
and skeletal muscle mass (Cederholm et al. 2019; Ceder-
holm et al. 2015), contributing to the precise malnutrition 
diagnosis and corresponding interventions.
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Apart from the conventional malnutrition assessment 
tools, quantitative nutritional indexes were established for 
quantifying nutritional risk and predicting adverse therapeu-
tic outcomes. These nutritional indexes include the Prognos-
tic Nutritional Index (PNI) (Liao et al. 2019), the Nutritional 
Risk Index (RNI) (Poulia et al. 2012), the Geriatric Nutri-
tional Risk Index (GNRI) (Bouillanne et al. 2005), and the 
Controlling Nutritional Status (CONUT) score (Harimoto 
et al. 2018). All these indexes are based on the routine exam-
ination of biochemical and clinical indexes and have the 
advantage of simplifying nutritional assessment and facili-
tating dynamic surveillance. During extreme conditions, 
such as the current novel coronavirus disease (COVID-19) 
pandemic, conventional malnutrition assessments become 
less feasible because of difficulties in questionnaire survey 
and anthropometric measurement. Nutritional indexes are 
promisingly highlighted in these circumstances. However, 
no study has compared the efficacy of these nutritional 
indexes in guiding perioperative management in esophageal 
cancer patients. Particularly, these nutritional indexes have 
rarely been validated with the standard malnutrition diagno-
sis criteria as reference.

In 2015, the European Society of Clinical Nutrition and 
Metabolism established the first diagnosing consensus on 
malnutrition (ESPEN 2015) (Cederholm et al. 2015). These 
criteria consist of three phenotypic criteria (weight loss, low 
body mass index, and reduced fat-free mass index) and have 
been validated for diagnosing malnutrition and predicting 
morbidities and mortalities in patients both in and out of the 
hospital (Sanchez-Rodriguez et al. 2019; Guerra et al. 2017; 
Ingadottir et al. 2018).

Above all, this study aimed to investigate the value of the 
PNI, NRI, GNRI, and CONUT score in detecting compro-
mised nutrition and guiding perioperative management in 
esophageal cancer patients with the ESPEN 2015 as refer-
ence criteria.

Subjects and methods

Study design

We conducted this study by reviewing a prospective data-
base of esophageal cancers established between August 
2018 and August 2019 at the Department of Thoracic Sur-
gery, Affiliated Cancer Hospital of Zhengzhou University 
(Chinese Clinical Trial Registry: 1800017792) (Wang et al. 
2020). The study met the ethical standards of the Affiliated 
Cancer Hospital of Zhengzhou University Ethics Committee 
(2018127), and all patients signed an informed consent form 
for the utilization of their data in the prospective database 
prior to their enrollment. The external validation was con-
ducted by reviewing the prospective database of esophageal 

cancers at the Department of Thoracic Surgical Oncology, 
National Cancer Center/Cancer Hospital, Chinese Academy 
of Medical Sciences and Peking Union Medical College. 
The consecutive esophageal cancer patients undergoing 
esophagectomy between June and December 2019 consti-
tuted the validation dataset. The external validation was 
approved by the Research Ethics Committee of Cancer 
Institute and Hospital of the Chinese Academy of Medical 
Sciences (2021020718281802).

Patients and data collection

We included patients who met the following criteria: 
20–80 years of age, esophageal squamous cell carcinoma, 
minimally invasive McKeown esophagectomy (McKeown-
MIE), and provision of written informed consent. Patients 
without crucial nutritional data were excluded. Patient bio-
chemical indicators, including the levels of serum albumin 
and prealbumin, total lymphocyte count, and total choles-
terol, were routinely examined and recorded within 3 days 
before surgery. Body composition parameters, including 
body weight, fat mass, fat-free mass, and skeletal muscle 
mass, were automatically measured by bioelectrical imped-
ance analysis (BCA-IB, Tsinghua Tongfang Co., Ltd., Bei-
jing, China) on the morning of the planned surgery (Wang 
et al. 2020). Indexes of these masses were calculated as 
masses in kilograms divided by height in square meters (kg/
m2). Each patient’s physical status was assessed according 
to the American Society of Anesthesiologists physical status 
classification and the Karnofsky performance status (KPS). 
Evaluation of cardio-pulmonary function was also necessary 
before surgical approval.

Nutritional assessment

Contents and characteristics of the four nutritional indexes 
are shown in Supplemental Data 1. PNI is calculated as 
10 × serum albumin (g/dl) + 0.005 × total lymphocyte count 
(per mm3) (Liao et al. 2019). NRI is calculated as follows: 
NRI = 1.519 × albumin (g/dl) + 41.7 × present weight/usual 
weight (Poulia et al. 2012). GNRI is calculated accord-
ing to the following formula: GNRI = 1.489 × albumin (g/
dl) + 41.7 × present weight/ideal weight; the ideal weight 
was calculated using the Lorentz equations (Bouillanne 
et al. 2005). CONUT score is calculated based on levels of 
serum albumin, total lymphocyte count, and total choles-
terol (Harimoto et al. 2018). All the four indexes screen the 
nutritional risk as normal, light, moderate, and severe (Sup-
plemental Data 1). Compromised nutritional status is identi-
fied as moderate and severe nutritional risk, i.e., PNI < 50, 
NRI < 97.5, GNRI < 92, and CONUT score ≥ 4, respectively.

ESPEN 2015 diagnoses malnutrition according to 
one of the following two options (Supplemental Data 1) 
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(Cederholm et al. 2015). Option 1: BMI < 18.5 kg/m2. 
Option 2: unintentional weight loss > 10% of habitual 
weight regardless of time or > 5% over 3 months and at 
least one of the following: a reduced BMI (< 20 kg/m2 
or < 22 kg/m2 in subjects younger and older than 70 years, 
respectively) or a low fat-free mass index (< 15 kg/m2 
and < 17 kg/m2 in females and males, respectively).

Treatment strategy

Cancer stages were validated according to the 8th Union 
for International Cancer Control (UICC)-TNM manuals. 
Neoadjuvant chemotherapy followed by esophagectomy 
was the advised strategy for patients with lymph node 
spread (cN +) or transmural tumor invasion (cT ≥ 3) and 
KPS ≥ 80%. The neoadjuvant chemotherapy regimen for 
squamous cell carcinoma consisted of two cycles of pacli-
taxel administration accompanied by cisplatin (paclitaxel 
87.5 mg/m2 on days 1 and 8, cisplatin 25 mg/m2 on days 
2–4, repeated every 3 weeks) (Zheng et al. 2019). The 
NRS 2002 was routinely used to assess the malnutrition 
risk at per admission. Patients with an NRS score of > 3 
points were advised to undertake nutrition support pro-
gram lasting 7–10 days before surgery (Wang et al. 2020). 
All included patients underwent McKeown-MIE with a 
two or three field lymph node dissection; the details of the 
surgery have been previously described (Zhu et al. 2018; 
Sun et al. 2018). A “nontube no fasting” early oral feeding 
program was routinely introduced after surgery. Generally, 
the patients started oral feeding on postoperative day 1 or 
2 without limitations of solid foods and nutrient times, and 
intravenous nutrition was provided as supplementation to 
oral feeding and normally stopped on postoperative day 4 
or 5 (Wang et al. 2020; Zhu et al. 2018; Sun et al. 2018).

Endpoints

The primary endpoint was the performance of the PNI, 
NRI, GNRI, and CONUT score in identifying compro-
mised nutritional status compared with the ESPEN 2015. 
Their properties in recognizing reduced body composi-
tions were particularly concerned. The secondary endpoint 
was the value of four nutritional indexes in predicting the 
incidence of perioperative morbidities. Perioperative 
complications were defined as the complication appear-
ing within 30 days after surgery. We followed the Interna-
tional Consensus on Standardization of Data Collection for 
Complications Associated with Esophagectomy to iden-
tify perioperative complications (Low et al. 2015). Major 
complications were defined as Clavien-Dindo grade ≥ III 
(Dindo et al. 2004).

Statistical analysis

Differences between groups were compared with ANOVA, 
the Mann–Whitney U test, Pearson’s χ2 test, Fisher’s exact 
test, or the Kruskal–Wallis test based on data character-
istics. The sensitivity and specificity values for PNI < 50, 
NRI < 97.5, GNRI < 92, and CONUT score ≥ 4 with malnu-
trition identified by ESPEN 2015 were calculated. Cohen’s К 
statistic and receiver operating characteristic curve analysis 
were used to assess the diagnostic concordance. Multivari-
able logistic regression and receiver operating characteristic 
curve analysis were used to assess the predictive value of 
compromised nutritional status for perioperative morbidities. 
Statistic parameters include the odds ratio (OR), the area 
under the curve (AUC), and the 95% confidence interval 
(CI). The A two-tailed P value < 0.05 was considered signifi-
cant. All analyses were conducted using IBM SPSS Statis-
tics for Windows (version 22.0, IBM Corp., Armonk, NY).

Results

During the study period, a total of 238 esophageal can-
cer patients underwent esophagectomy in our department 
(Fig. 1). A prospective cohort of 212 patients undergoing 
McKeown-MIE were established after excluding those 
undergoing Ivor-Lewis esophagectomy (13 patients) and 
those without informed consent (3 patients). While review-
ing the cohort, 13 patients with adenocarcinoma and 7 
patients without crucial nutritional data were excluded, 
leading to the final inclusion of 192 patients. The average 
age of was 65.1 ± 7.2 years (Table 1). The mean values of 
BMI, fat mass index, fat-free mass index, and skeletal mus-
cle mass index were 22.8 ± 2.9 kg/m2, 5.89 ± 1.95 kg/m2, 
17.0 ± 1.7 kg/m2, and 8.94 ± 1.33 kg/m2, respectively. The 
average weight loss within 3 months before surgery was 
4.33% (2.37%-7.23%). Preoperative nutritional support was 
introduced for 88 (43.2%) patients. Seventy-seven (40.1%) 
patients underwent neoadjuvant chemotherapy followed by 
McKeown-MIE, while others underwent McKeown-MIE 
alone. All patients were followed up for at least 3 months, 
except for 2 (0.9%) patients who died of critical complica-
tions within 28 days after surgery.

Nutritional assessments

A total of 50 (26.0%) patients were diagnosed with mal-
nutrition according to the ESPEN 2015 (Fig. 2), and the 
prevalence rates of PNI < 50, NRI < 97.5, GNRI < 92, and 
CONUT score ≥ 4 were 37.0%, 44.8%, 34.4%, and 33.9%, 
respectively. The detailed results of the cross-tabulation 
between ESPEN 2015 and nutritional indexes are provided 
in Supplemental Data 2. Among the four nutritional indexes, 
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the GNRI < 92 showed the highest sensitivity (72.0%) and 
specificity (78.9%) and the highest diagnosis agreement 
(К = 0.461) with malnutrition diagnosed by ESPEN 2015 
(Table  2). The receiver operating characteristic curves 
analyses (Fig. 3) also demonstrated the optimal consistency 
between GNRI < 92 and malnutrition diagnosed by ESPEN 
2015 (AUC 0.754, 95% CI 0.672–0.836).

Clinicopathological characteristics by nutritional 
status

Patients with compromised nutritional status (regardless 
of the adopted tool) showed the common characteristics 
of decreased albumin, prealbumin and total cholesterol 
(all P < 0.05, Table 1 and Supplemental Data 3). Only the 
GNRI < 92 and malnutrition diagnosed by the ESPEN 2015 
was associated with advanced age and reduced BMI, fat-free 
mass index, and skeletal muscle mass index (all P < 0.01). 
The GNRI and ESPEN 2015 also performed better in detect-
ing decreased fat mass index (all P < 0.001) than the PNI, 
NRI, and CONUT score. Additionally, the NRI < 97.5, 

GNRI < 92, and malnutrition diagnosed by ESPEN 2015 was 
commonly associated with increased preoperative weight 
loss and degenerated carbon monoxide diffusing capacity 
(all P < 0.001). With respect to pathological parameters, dif-
ferent characteristics were observed according to different 
indexes.

Perioperative parameters according to nutritional 
status

Compromised nutritional status was not associated with 
prolonged operative time (Table 3 and Supplemental Data 
4); only the GNRI < 92 was significantly associated with 
increased estimated blood loss (P = 0.026). Postoperative 
complications were observed in 86 (44.8%) patients, and 
the total incidence of major complications was 39 (20.3%). 
The median postoperative stay was 9.0 (8.0–12.0) days, 
and delayed hospital discharge was defined as a stay over 
9.0 days. The PNI < 50, NRI < 97.5, GNRI < 92, CONUT 
score ≥ 4, and malnutrition diagnosed by ESPEN 2015 
showed the common characteristics of increased incidence 

Fig. 1   Flowchart of study 
participants
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Table 1   Clinicopathological characteristics by nutritional status

Variables Total sample (n = 192) GNRI P ESPEN 2015 P

 < 92 (n = 66)  ≥ 92 (n = 126) Malnutrition (n = 50) Not malnourished 
(n = 142)

Demographic characteristics
 Age, years 65.1 ± 7.2 67.5 ± 7.8 63.9 ± 6.5 0.001 68.6 ± 5.1 63.9 ± 7.4  < 0.001
 Male (gender) 131 (68.2) 51 (77.3) 80 (63.5) 0.051 38 (76.0) 93 (65.5) 0.17
 Brinkman 

index ≥ 200a
90 (46.9) 34 (51.5) 56 (44.4) 0.35 30 (60.0) 60 (42.3) 0.031

 Alcohol 
index ≥ 2000a

48 (25.0) 15 (22.7) 33 (26.2) 0.60 15 (30.0) 33 (23.2) 0.34

 Diabetes 15 (7.8) 7 (10.6) 8 (6.3) 0.30 5 (10.0) 10 (7.0) 0.72
 Chronic respira-

tory disease
10 (5.2) 6 (9.1) 4 (3.2) 0.16 2 (4.0) 8 (5.6) 0.94

 Cardiovascular 
disease

25 (13.0) 9 (13.6) 16 (12.7) 0.85 8 (16.0) 17 (12.0) 0.47

Baseline biochemical indexes
 Albumin, g/L 40.6 ± 4.2 37.1 ± 3.2 42.3 ± 3.5  < 0.001 39.3 ± 4.2 40.9 ± 4.1 0.013
 Prealbumin, mg/dl 19.8 ± 6.6 16.7 ± 5.3 21.4 ± 6.7  < 0.001 17.2 ± 6.6 20.8 ± 6.4 0.001
 Total lymphocyte, 

/mm3
1841 ± 664 1746 ± 663 1889 ± 663 0.16 1777 ± 636 1863 ± 675 0.44

 Total cholesterol, 
mg/dl

193.8 ± 41.2 179.1 ± 38.5 201.0 ± 40.8 0.001 179.9 ± 39.8 198.7 ± 40.7 0.010

Body composition, kg/m2

 Body mass index 22.8 ± 2.9 20.8 ± 1.8 23.9 ± 2.9  < 0.001 20.1 ± 1.7 223.8 ± 2.7  < 0.001
 Fat mass index 5.9 ± 1.9 4.5 ± 1.3 6.6 ± 1.8  < 0.001 4.5 ± 1.2 6.4 ± 1.9  < 0.001
 Fat-free mass 

index
17.0 ± 1.7 16.4 ± 1.3 17.3 ± 1.8  < 0.001 15.7 ± 1.2 17.4 ± 1.6  < 0.001

 Skeletal muscle 
mass index

8.94 ± 1.33 8.56 ± 1.05 9.16 ± 1.42 0.004 8.14 ± 0.85 9.24 ± 1.36  < 0.001

 Weight loss in 
3 months (%)

4.33 (2.37–7.23) 6.60 (4.20–8.95) 3.87(0.71–5.96)  < 0.001 7.23 (5.33–9.54) 3.85 (0.96–5.95)  < 0.001

 Nutritional sup-
port

83 (43.2) 34 (51.5) 49 (38.9) 0.093 34 (68.0) 49 (34.5)  < 0.001

Physical status
 ASA-PS (1–2/3) 131/61 (68.2/31.8) 38/28 (57.6/42.4) 93/33 (73.8/26.2) 0.022 29/21 (58.0/42.0) 102/40 (71.8/28.2) 0.071
 KPS ≤ 80% 32 (16.7) 14 (21.2) 18 (14.3) 0.22 15 (30.0) 17 (12.0) 0.003

Respiratory parameters
 FEV1 (% predic-

tive value)
97.1 (85.3–109.1) 96.7 (87.2–107.1) 97.8 (82.0–109.1) 0.89 97.0 (87.2–109.5) 97.1 (83.7–108.5) 0.77

 FEV1/FVC (%) 83.7 (79.4–87.2) 83.5 (79.3–86.7) 83.9 (79.4–87.2) 0.53 83.2 (79.4–87.2) 83.7 (79.4–87.2) 0.94
 MVV (% predic-

tive value)
71.0 (59.4–78.1) 69.0 (59.3–77.3) 71.9 (59.4–78.0) 0.77 69.5 (59.5–73.3) 72.0 (59.3–78.9) 0.21

 DLCO (% predic-
tive value)

80.2 (66.3–91.5) 70.5 (63.0–81.1) 86.0 (68.5–95.0)  < 0.001 66.8 (63.0–82.8) 81.1 (70.3–94.4)  < 0.001

Pathological characteristics
 Location 9/125/58 6/36/24 3/89/34 0.56 2/30/18 7/95/40 0.31
 Upper/middle/

lower
(4.7/65.1/30.2) (9.1/54.5/36.4) (2.4/70.6/27.0) (4.0/60.0/36.0) (4.9/66.9/28.2)

 Clinical stage 38/46/106/2 7/19/40/0 31/27/66/2 0.19 4/14/32/0 34/32/74/2 0.091
 0-I/II/III/IVA (19.8/24.0/55.2/1.0) (10.6/28.8/60.6/0) (24.6/21.4/52.4/1.6) (8.0/28.0/64.0/0) (23.9/22.5/52.1/1.4)
 Neoadjuvant 

chemotherapy
77 (40.1) 31 (47.0) 46 (36.5) 0.16 15 (30.0) 62 (43.7) 0.090

 Differentiationb 20/97/68 6/33/24 14/64/44 0.71 2/29/16 18/68/52 0.79
 Well/moderately/

poorly
(10.8/52.4/36.8) (9.1/50.0/36.4) (11.1/50.8/34.9) (4.3/61.7/34.0) (13.0/49.3/37.7)

 Pathological 
cancer stage

59/55/76/2 13/21/32/0 46/34/44/2 0.034 8/23/17/2 51/32/59/0 0.22

 0–I/II/III/IVA (30.7/28.6/39.6/1.0) (19.7/31.8/48.5/0) (36.5/27.0/34.9/1.6) (16.0/46.0/34.0/4.0) (35.9/22.5/41.5/0)
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of infectious complications, elevated complication grades, 
and prolonged postoperative hospital stay (all P < 0.05). The 

GNRI < 92 and malnutrition diagnosed by ESPEN 2015 
were specially associated with an increased incidence of 
cardiac complications, overall complications, and unplanned 
ICU admission (all P < 0.05).

Values of nutritional indexes for predicting 
perioperative morbidities

After adjusting for clinicopathological and intraoperative 
factors, the PNI < 50, NRI < 97.5, GNRI < 92, CONUT 
score ≥ 4, and malnutrition diagnosed by ESPEN 2015 were 
commonly predictive of the incidence of major complica-
tions and infectious complications (all P < 0.05, Table 4, 
details were shown in Supplemental Data 5). However, only 
GNRI < 92 and malnutrition diagnosed by ESPEN 2015 
was predictive of the incidence of overall complications 
and delayed hospital discharge (all P < 0.05). According to 
the receiver operating characteristic curve analysis (Fig. 4), 
malnutrition diagnosed by ESPEN 2015 showed the optimal 
predictive values for postoperative major complications (a), 

Table 1   (continued)

Variables Total sample (n = 192) GNRI P ESPEN 2015 P

 < 92 (n = 66)  ≥ 92 (n = 126) Malnutrition (n = 50) Not malnourished 
(n = 142)

 Lymph node 
metastasis

86 (44.8) 38 (57.6) 48 (38.1) 0.010 23 (46.0) 63 (44.4) 0.84

 Radicality: R0/R1 189/3 (98.4/1.6) 66/0 (100.0/0) 123/3 (97.6/2.4) 0.52 50/0 (100.0/0) 139/3 (97.9/2.1) 0.57

Data are mean ± SD, median (IQR), or N (%). P values comparing groups of malnutrition and not malnourished are from ANOVA, Mann–Whit-
ney U test, Pearson’s χ2 test, Fisher’s exact test, or Kruskal–Wallis test
GNRI geriatric nutritional risk index, ESPEN European society of clinical nutrition and metabolism, ASA-PS American society of anaesthesiolo-
gists physical status, DLCO carbon monoxide diffusing capacity, FEV1 forced expiratory volume in 1 s, FVC forced vital capacity, KPS Karnof-
sky performance status, MVV maximum ventilator volume
a Calculated as the daily count of cigarettes or daily alcohol consumption (g) × exposure years
b Differentiation data were missing for seven patients

Fig. 2   Distribution of malnutrition risk identified by nutritional 
indexes and ESPEN 2015

Table 2   Properties of 
four nutritional indexes in 
identifying malnutrition 
compared with the ESPEN 2015 
criteria

ESPEN European society of clinical nutrition and metabolism, PNI prognostic nutritional index, RNI nutri-
tional risk index, GNRI geriatric nutritional risk index, CONUT controlling nutritional status
a К value derived from Cohen’s К statistics, reflecting the consistency of qualitative variables: К < 0.400 
poor agreement; К 0.400–0.750 fair-good; К > 0.750 excellent agreement beyond chance

Malnutrition (ESPEN 2015) Compromised nutritional status

PNI < 50 NRI < 97.5 GNRI < 92 CONUT 
score ≥ 4

Sensitivity (%) 44.0 68.0 72.0 42.0
Specificity (%) 65.5 63.4 78.9 69.0
Positive predicting value (%) 31.0 39.5 54.5 32.3
Negative predicting value (%) 76.9 84.9 88.9 77.2
Positive likelihood ratio 1.28 1.86 3.41 1.36
Negative likelihood ratio 0.86 0.50 0.36 0.84
К valuea 0.084 0.254 0.461 0.104
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infectious complications (b), overall complications (c), and 
delayed hospital discharge (d). The GNRI < 92 showed sub-
optimal values in these regards, although they were observ-
ably better than those associated with the PNI, NRI, and 
CONUT score.

External validation

After reviewing the consecutively 167 patients who under-
went McKeown-MIE at the Department of Thoracic Sur-
gical Oncology, National Cancer Center/Cancer Hospi-
tal between June and December 2019, 155 patients were 
finally included to constitute the validation dataset while 
12 patients were excluded because of the lacked data. The 
prevalence rates of PNI < 50, NRI < 97.5, GNRI < 92, and 
CONUT score ≥ 4 in validation dataset were 40.6%, 41.9%, 
28.4%, and 27.1%, respectively (Table 5 and Supplemental 
Data 6). The GNRI < 92 was still associated with advanced 
age, lower BMI, and severe weight loss (all P < 0.05). The 
GNRI < 92 was specially associated with lower levels of 
baseline albumin, prealbumin, total lymphocyte, and total 
cholesterol (all P < 0.01). Regarding perioperative morbidi-
ties, the GNRI < 92 still perform well in predicting post-
operative major complications, infectious complications, 
overall complications, and delayed hospital discharge in 
multivariable analyses but with reduced AUCs (Table 6). 
Although the PNI, NRI, and CONUT score showed good 
predictive value for infectious complications (all P < 0.05), 

they performed poorly in predicting other morbidities (Sup-
plemental Data 6).

Discussion

This study is the first to investigate the property of four 
nutritional indexes, the PNI, NRI, GNRI, and CONUT 
score, in detecting compromised nutrition status and guid-
ing perioperative management in esophageal cancer patients. 
Our results demonstrated optimal performance of the GNRI 
in these regards among the four nutritional indexes and the 
GNRI is anticipated to substitute the ESPEN 2015 to be used 
for specific circumstances.

Regarding the identification of compromised nutritional 
status, the GNRI < 92 showed good sensitivity, specificity 
and consistency with the ESPEN 2015, better than those of 
the NRI, PNI and CONUT score. The underlying mechanism 
could be the adaption of body weight/ideal body weight in 
GNRI (Bouillanne et al. 2005). Although this parameter 
cannot describe the precise changes in body compositions, 
it was proven to macroscopically reflect the decreased fat 
mass, fat-free mass and skeletal muscle mass; all these 
were highlighted in the ESPEN 2015 (Cederholm et al. 
2015; Bouillanne et al. 2005). The analyses of validation 
dataset also indicated the good capability of GNRI < 92 
in detecting wasted body compositions. Additionally, the 
GNRI performed better than NRI in identifying malnutri-
tion and tracking reduced body compositions, indicating a 
higher value of the body weight/ideal body weight than the 
present weight/usual weight in identifying nutritional risk in 
esophageal cancer patients (Poulia et al. 2012; Bouillanne 
et al. 2005). In contrast, the PNI and the CONUT score only 
include immunonutritional biochemical indicators without 
any anthropometric measurement (Liao et al. 2019; Hari-
moto et al. 2018); their poor consistency with the ESPEN 
2015 in identifying malnutrition could be reasonable.

The value of the PNI, NRI, GNRI, and CONUT score 
in perioperative management has not been widely investi-
gated in esophageal cancer patients. A retrospective study 
by Yamana et al. reported a predictive value of GNRI < 90 
for respiratory complications after esophagectomy (Yamana 
et  al. 2015). Yoshida et  al. confirmed the association 
between severe CONUT score and severe morbidities in 
esophageal cancer patients (Yoshida et al. 2016). In this 
study, the GNRI < 90 showed better performance in predict-
ing perioperative morbidities than PNI, NRI, and COUNT 
score, although the performance was inferior to that asso-
ciated with ESPEN 2015. The external validation also 
demonstrated the superiority of GNRI in predicting major 
complications, overall complications, and delayed hospital 
discharge than other three nutritional indexes. Particularly, 
although the GNRI and ESPEN 2015 did not include direct 

Fig. 3   Receiver operating characteristic curves describing the con-
sistencies between nutritional indexes and ESPEN 2015 in identify-
ing compromised nutritional status. The values of the areas under the 
curves and 95% confidence intervals are presented
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immune indicators, they showed good predictive value for 
infectious complications. These superiorities are believed 
to originate from the recognition of decreased fat-free mass 
and skeletal muscle mass which were demonstrated to cause 

degenerated motor and respiratory function as well as the 
impaired immune response and metabolic stress (Wang 
et al. 2020; Nelke et al. 2019; Castaneda et al. 1995). Con-
sidering the similar surgical damage and perioperative 

Table 3   Perioperative parameters by nutritional status

Data are median (IQR) or N (%). P values comparing groups of malnutrition and not malnourished are from Mann–Whitney U test, Pearson’s χ2 
test, Fisher’s exact test, or Kruskal–Wallis test
GNRI geriatric nutritional risk index, ESPEN European society of clinical nutrition and metabolism, ICU intensive care unit
a Pneumonia was also included in the analyses of infectious complications

Variables Total sample (n = 192) GNRI P ESPEN 2015 P

 < 92 (n = 66)  ≥ 92 (n = 126) Malnutrition (n = 50) Not-malnour-
ished (n = 142)

Operative parameter
 Operative time, min 183 (164–212) 181 (161–212) 187 (165–225) 0.17 184 (162–227) 187 (163–217) 0.52
 Estimated blood loss, ml 100 (50–150) 100 (50–200) 100 (50–150) 0.026 100 (50–200) 100 (50–150) 0.092
 Cardiac complications 31 (16.1) 16 (24.2) 15 (11.9) 0.027 13 (26.0) 18 (12.7) 0.028
 Myocardial arrhythmia 30 (15.6) 15 (22.7) 15 (11.9) 0.050 12 (24.0) 18 (12.7) 0.058
 Congestive heart failure 7 (3.6) 7 (10.6) 0 0.001 5 (10.0) 2 (1.4) 0.019
 Respiratory complica-

tions
36 (18.8) 23 (34.8) 13 (10.3)  < 0.001 25 (50.0) 11 (7.7)  < 0.001

 Pneumonia 24 (12.5) 20 (30.3) 4 (3.2)  < 0.001 22 (44.0) 2 (1.4)  < 0.001
 Respiratory failure 4 (2.1) 4 (6.1) 0 0.024 4 (8.0) 0 0.005
 Pleural effusion 13 (6.8) 3 (4.5) 10 (7.9) 0.37 4 (8.0) 9 (6.3) 0.94
 Gastrointestinal compli-

cations
8 (4.2) 6 (9.1) 2 (1.6) 0.037 5 (10.0) 3 (2.1) 0.047

Anastomotic leakage 7 (3.6) 6 (9.1) 1 (0.8) 0.012 5 (10.0) 2 (1.4) 0.019
Delayed gastric emptying 2 (1.0) 2 (3.0) 0 0.12 1 (2.0) 1 (0.7) 0.45
Ileus 1 (0.5) 0 1 (0.8) 1.00 0 1 (0.7) 1.00
Infectious complicationsa 26 (13.5) 22 (33.3) 4 (3.2)  < 0.001 22 (44.0) 4 (2.8)  < 0.001
Generalized sepsis 8 (4.2) 7 (10.6) 1 (0.8) 0.004 6 (12.0) 2 (1.4) 0.005
Intrathoracic abscess 3 (1.6) 3 (4.5) 0 0.072 2 (4.0) 1 (0.7) 0.17
Other complications
 Wound/diaphragm 9 (4.7) 4 (6.1) 5 (4.0) 0.77 4 (8.0) 5 (3.5) 0.37
 Thromboembolic 1 (0.5) 0 1 (0.8) 1.00 0 1 (0.7) 1.00
 Chylous leakage 1 (0.5) 1 (1.5) 0 0.34 1 (2.0) 0 0.26
 Vocal cord injury 21 (10.9) 6 (9.1) 15 (11.9) 0.55 8 (16.0) 13 (9.2) 0.18
 Overall complications 86 (44.8) 41 (62.1) 45 (35.7)  < 0.001 41 (82.0) 45 (31.7)  < 0.001

Clavien–Dindo complication grades
 Grade I 10 (5.2) 1 (1.5) 9 (7.1)  < 0.001 1 (2.0) 9 (6.3)  < 0.001
 Grade II 37 (19.3) 15 (22.7) 22 (17.5) 15 (30.0) 22 (15.5)
 Grade IIIa 20 (10.4) 8 (12.1) 12 (9.5) 12 (24.0) 8 (5.6)
 Grade IIIb 4 (2.1) 2 (3.0) 2 (1.6) 2 (4.0) 2 (1.4)
 Grade IVa 7 (3.6) 7 (5.8) 0 5 (10.0) 2 (1.4)
 Grade IVb 6 (3.1) 6 (9.1) 0 4 (8.0) 2 (1.4)
 Grade V 2 (1.0) 2 (3.0) 0 2 (4.0) 0
 Unplanned ICU admis-

sion
13 (6.8) 12 (18.2) 1 (2.6)  < 0.001 8 (16.0) 5 (3.5) 0.007

 Postoperative stay, day 9.0 (8.0–12.0) 11.0 (8.0–15.5) 9.0 (7.0–11.0)  < 0.001 11.0 (8.0–18.0) 9.0 (7.0–11.0)  < 0.001
  ≤ 9 110 (57.3) 26 (39.4) 84 (66.7)  < 0.001 10 (20.0) 100 (70.4)  < 0.001
  > 9 82 (42.7) 40 (60.6) 42 (33.3) 40 (80.0) 42 (21.9)
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mortalities between minimally invasive esophagectomy 
and open esophagectomy (Kalff et al. 2020), the GNRI may 
also be highlighted in perioperative management of open 
esophagectomy.

There are inherent differences in methodology and philos-
ophy between four nutritional indexes and conventional mal-
nutrition assessment tools (for example, the ESPEN 2015). 
These nutritional indexes were devised to classify health-
related nutritional risk based on calculations of biochemical 
indicators and simple clinical indexes; however, the ESPEN 
2015 was established to diagnose malnutrition using well-
confirmed phenotypic parameters (Cederholm et al. 2015; 
Liao et al. 2019; Poulia et al. 2012; Bouillanne et al. 2005; 
Harimoto et al. 2018). The ESPEN 2015 is superior in facili-
tating the precise diagnosis of malnutrition, while nutritional 
indexes have the superiority of quantitative assessment and 
dynamic surveillance of nutritional risk (Sanchez-Rodriguez 
et al. 2019; Guerra et al. 2017; Ingadottir et al. 2018). It 
is reasonable that these nutritional indexes failed to reach 
the efficacy of the ESPEN 2015 in predicting perioperative 
morbidities in this study. A relief was that the GNRI < 92 
showed comparably good performance with ESPEN 2015 

in recognizing decreased body compositions and predicting 
adverse outcomes. Although it seems impossible for nutri-
tional indexes to replace the ESPEN 2015 in routine medi-
cal practice, the GNRI is a promising alternative to ESPEN 
2015 for nutritional assessment in specific conditions, where 
conventional assessments are less feasible or unavailable. 
Notably, with the application of computed tomography-
based body composition measurement, the nutritional 
indexes combined with imaging-based phenotypic assess-
ments could promisingly promote nutritional management 
for esophageal cancer patients (Hacker et al. 2020).

As of 4 March 2021, a total of 114,653,749 COVID-
19 cases have been confirmed worldwide, with 2,550,500 
deaths (World Health Organization  2021). With the imple-
mentation of social isolation and the recommendations of 
reducing close contact, nutritional assessment and interven-
tions for esophageal cancer patients become difficult (Rothan 
and Byrareddy 2020). Based on the mentioned discussion, 
we regard the GNRI as a promising alternative for tradi-
tional malnutrition assessment tools to be used during the 
pandemic to simplify nutritional assessment and reduce 
close contact. Particularly, given the susceptibility of cancer 

Fig. 4   Receiver operating char-
acteristic curves describing the 
property of nutritional indexes 
and ESPEN 2015 in predicting 
the incidence of postoperative 
morbidities. Major complica-
tions (a), infectious complica-
tions (b), overall complica-
tions (c), and delayed hospital 
discharge (d). The values of 
the areas under the curves and 
95% confidence intervals are 
presented
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Table 5   Characteristics of validation dataset

Parameters Total sample (n = 155) Geriatric nutritional risk index P

 < 92 (n = 44)  ≥ 92 (n = 111)

Demographic characteristics
 Age, years 62.5 ± 8.6 65.3 ± 8.9 61.4 ± 8.2 0.010
 Male (gender) 101 (65.2) 29 (65.9) 72 (64.9) 0.90
 Brinkman index ≥ 200a 69 (44.5) 21 (47.7) 48 (43.2) 0.61
 Alcohol index ≥ 2000a 57 (36.8) 15 (34.1) 42 (37.8) 0.66
 Diabetes 13 (8.4) 3 (6.8) 10 (9.0) 0.90
 Chronic respiratory disease 7 (4.5) 2 (4.5) 5 (4.5) 1.00
 Cardiovascular disease 17 (11.0) 3 (6.8) 14 (12.6) 0.45

Baseline biochemical indexes
 Albumin, g/L 39.3 ± 3.6 35.7 ± 1.9 40.7 ± 3.4  < 0.001
 Prealbumin, mg/dl 23.4 ± 5.0 20.3 ± 4.8 25.2 ± 4.2 0.001
 Total lymphocyte, /mm3 1677 ± 402 1461 ± 354 1803 ± 378 0.004
 Total cholesterol, mg/dl 197.3 ± 36.4 183.1 ± 37.5 203.2 ± 36.8 0.003
 C-reaction protein, mg/dl 0.12 (0.04–0.24) 0.14 (0.10–0.22) 0.08 (0.04–0.28) 0.30
 Body mass index, kg/m2 24.1 ± 3.6 22.7 ± 4.1 24.6 ± 3.2 0.002
 Weight loss in 1 months (%) 1.42 (0.83–2.93) 2.86 (1.04–5.23) 1.22 (0.77–1.56) 0.010
 ASA-PS (1–2/3) 121/34 (78.1/21.9) 30/14 (68.2/31.8) 91/20 (82.0/18.0) 0.061

Pathological characteristics
 Location (upper/middle/lower) 23/72/80 (14.8/46.5/51.6) 7/22/15 (15.9/50.0/34.1) 16/50/45 (14.4/45.0/40.5) 0.50
 Histology (SCC/AC/others) 143/6/6 (92.3/3.9/3.9) 39/3/2 (88.6/6.8/4.5) 104/3/4 (93.7/2.7/3.6) 0.46
 Clinical stage 40/52/57/6 8/13/21/2 32/39/36/4 0.063
 0–I/II/III/IVA (25.8/33.5/36.8/3.9) (18.2/29.5/47.7/4.5) (28.8/35.1/32.4/3.6)
 NCT/NCRT/NCIT 24/22/28 (15.5/14.2/18.1) 5/4/13 (11.4/9.1/29.5) 19/18/15 (17.1/16.2/13.5) 0.096
 Differentiation (W/M/P)b 29/69/52 (19.3/46.0/34.7) 5/19/19 (11.6/44.2/44.2) 24/50/33 (22.4/46.7/30.8) 0.065
 Pathological cancer stage 61/52/37/5 15/13/13/3 46/39/24/2 0.15
 0–I/II/III/IVA (39.4/33.5/23.9/3.2) (34.1/29.5/29.5/6.8) (41.4/35.1/21.6/1.8)
 Lymph node metastasis 61 (39.4) 19 (43.2) 42 (37.8) 0.54
 Radicality (R0/R1) 155/0 44/0 111/0
 Operative time, min 181 (163–215) 179 (160–214) 183 (165–217) 0.32

Perioperative complications
 Cardiac complications 19 (12.3) 4 (9.1) 15 (13.5) 0.45
 Myocardial arrhythmia 16 (10.3) 3 (6.8) 13 (11.7) 0.54
 Congestive heart failure 4 (2.6) 1 (2.3) 3 (2.7) 1.00
 Respiratory complications 34 (21.9) 19 (43.2) 15 (13.5)  < 0.001
 Pneumonia 22 (14.2) 12 (27.3) 10 (9.0) 0.003
 Respiratory failure 3 (1.9) 3 (6.8) 0 0.022
 Pleural effusion 20 (12.9) 11 (25.0) 9 (9.0) 0.005
 Gastrointestinal complications 8 (5.2) 4 (9.1) 4 (3.6) 0.16
 Anastomotic leakage 6 (3.9) 4 (9.1) 2 (1.8) 0.034
 Delayed gastric emptying 2 (1.3) 0 2 (1.8) 1.00
 Infectious complicationsc 28 (18.1) 13 (29.5) 14 (12.6) 0.012
 Generalized sepsis 10 (6.5) 7 (15.9) 3 (2.7) 0.003
 Intrathoracic abscess 3 (1.9) 1 (2.3) 2 (1.8) 1.00

Other complications
 Wound/diaphragm 4 (2.6) 1 (2.3) 3 (2.7) 0.88
 Thromboembolic 2 (1.3) 2 (4.5) 0 0.079
 Vocal cord injury 11 (7.1) 3 (6.8) 8 (7.2) 0.93
 Overall complications 65 (41.9) 26 (59.1) 39 (35.1) 0.006
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patients to COVID-19, anticancer treatments introduced 
at home or in the community (chemotherapy and targeted 
therapy) are strongly recommended (You et al. 2020). The 
GNRI is anticipated to be helpful in nutritional surveillance 
surrounding these treatments. Clinicians could surveil the 
GNRI conveniently through telemedicine based on recent 
biochemical examinations of patients from nearby clinics. 
The nutritional assessment by GNRI can even be added to 
the artificial intelligence to optimize medical resources.

The limitations of this study are mainly derived from its 
nature as a single retrospective cohort analysis. Although 
the external validation was conducted, the nutritional assess-
ment by ESPEN 2015 was not available. Only Asian patients 
with esophageal squamous cell carcinoma were included, 
and the only surgical approach was McKeown-MIE. The 
benefits of nutritional interventions based on GNRI warrant 
further investigation.

In conclusion, this study demonstrated the superior-
ity of GNRI in tracing reduced fat-free mass and skeletal 

muscle mass, identifying compromised nutrition, and pre-
dicting perioperative morbidities over the PNI, NRI, and 
CONUT score. A GNRI < 92 could be highlighted in peri-
operative management of esophageal cancer patients. Par-
ticularly, the GNRI is a promising alternative to ESPEN 
2015 to be used in extreme conditions, including the cur-
rent COVID-19 pandemic.

Supplementary Information  The online version contains supplemen-
tary material available at https​://doi.org/10.1007/s0043​2-021-03585​-8.

Acknowledgements  We would like to thank Mantang Qiu and Haoran 
Li (Department of Thoracic Surgery, Peking University People’s Hos-
pital) for providing help during the research.

Author’s contribution  PW, LX, XL, and YL designed research; PW, 
XC, QL, LX, and XL conducted research; PW, XC, LX, and RZ ana-
lyzed data; PW, XC, QL, and RZ wrote the paper; YL had primary 
responsibility for final content. All authors read and approved the final 
manuscript.

Data are mean ± SD, median (IQR), or N (%). P values comparing two groups are from ANOVA, Mann–Whitney U test, Pearson’s χ2 test, Fish-
er’s exact test, or Kruskal–Wallis test
ASA-PS American society of anaesthesiologists physical status, NCIT neoadjuvant chemotherapy accompanied with immune checkpoint inhibi-
tors, NCRT​ neoadjuvant chemoradiotherapy, NCT neoadjuvant chemotherapy
a Calculated as the daily count of cigarettes or daily alcohol consumption (g) × exposure years
b Data of differentiation were missing for five patients, listed as well/moderately/poorly
c Pneumonia was also included in the analyses of infectious complications

Table 5   (continued)

Parameters Total sample (n = 155) Geriatric nutritional risk index P

 < 92 (n = 44)  ≥ 92 (n = 111)

 Clavien–Dindo classification 13/23/22/2/4/1 2/10/10/1/2/1 11/13/12/1/2/0 0.001
 I/II/IIIa/IIIb/IVa/IVb (8.4/14.8/14.2/1.3/2.6/0.6) (4.5/22.7/22.7/2.3/4.5/2.3) (9.9/11.7/10.8/0.9/1.8/0)
 Postoperative stay, day 9.0 (7.0–13.0) 10.5 (8.0–19.0) 8.0 (7.0–11.0) 0.004
  > 9/ ≤ 9, day 71/84 (45.8/54.2) 27/17 (61.4/38.6) 44/67 (39.6/60.4) 0.014

Table 6   The performance 
of geriatric nutritional risk 
index < 92 in predicting 
perioperative morbidities in 
validation dataset

Ad-OR adjusted odds ratio, AUC​ area under the receiver operating characteristic curve, CI confidence inter-
val, ROC receiver operating characteristic curve
a Parameters with P ≤ 0.20 in univariable analyses were included in the multivariate logistic regression 
models with the forward conditional method, controlled for age, gender, Brinkman index, alcohol index, 
comorbidities, body mass index, weight loss history, American Society of Anesthesiologists physical sta-
tus, cancer histology, neoadjuvant therapy, cancer stage, and operation time
b Major complications were defined as ≥ Clavien-Dindo grade III
c Delayed hospital discharge was defined as a length of postoperative stay over 9 days

Endpoints Univariable analysis Multivariable analysisa ROC analysis

OR (95%CI) P Ad-OR (95%CI) P AUC (95%CI)

Major complicationsb 2.99 (1.30–6.89) 0.008 2.77 (1.21–6.33) 0.016 0.622 (0.504–0.741)
Infectious complications 2.91 (1.23–6.84) 0.012 2.68 (1.15–6.25) 0.022 0.620 (0.498–0.742)
Overall complications 2.67 (1.30–5.46) 0.006 2.56 (1.25–5.24) 0.010 0.600 (0.508–0.692)
Delayed hospital dischargec 2.42 (1.18–4.85) 0.014 2.23 (1.05–4.74) 0.036 0.589 (0.498–0.680)
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