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BACKGROUND/OBJECTIVES: Malnutrition has multiple impacts on surgical success, postoperative complications, duration of hospital 
stay, and costs, particularly for cancer patients. There are various nutrition risk screening tools available for clinical use. Herein, 
we aim to determine the most appropriate nutritional risk screening system for esophageal cancer (EC) patients in China.
SUBJECTS/METHODS: In total, 138 EC patients were enrolled in this study and evaluated by experienced nurses using three 
different nutritional screening tools, the Nutrition Risk Screening 2002 tool (NRS2002), the Patient-generated Subjective Globe 
Assessment (PG-SGA), and the Nutrition Risk Index (NRI).We compared sensitivity, specificity, positive and negative likelihood 
ratios, and Youden index generated by each of the three screening tools. Finally, cut-off points for all three tools were re-defined 
to optimize and validate the best nutritional risk screening tool for assessing EC patients.
RESULTS: Our data suggested that all three screening tools were 100% sensitive for EC patients, while the specificities were 
44.4%, 2.96%, and 59.26% for NRS 2002, PG-SGA, and NRI, respectively. NRI had a higher positive likelihood ratio as well as 
a higher area under the receiver operating characteristic curve compared to those of NRS 2002 and PG-SGA; although, all 
three tools had null negative likelihood ratios. After adjusting the cut-off points, the specificity and accuracy for all tools were 
significantly improved, however, the NRI remained the most appropriate nutritional risk screening system for EC patients.
CONCLUSIONS: The NRI is the most suitable (highest sensitivity and accuracy) nutritional risk screening tool for EC patients. 
The performance of the NRI can be significantly improved if the cut-off point is modified according to the results obtained 
using MedCalc software.
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INTRODUCTION3)

Esophageal cancer (EC) is one of the most prevalent cancers 
worldwide with approximately 500,000 new cases and 406,000 
death cases reported every year [1]. Currently, surgery, chemo-
therapy, radiation, and limited targeted therapy options can 
only bring scant survival advantages; thus, the prognosis for 
EC is very poor. Many EC patients have swallowing difficulties 
and suffer from significant weight loss; in addition, fasting 
periods after surgeries are required for most EC patients, 
resulting in severe nutrition and metabolism problems [2,3]. 
Malnutrition has been shown to be highly correlated with the 
occurrence of complications, mortality, and recurrence, as well 
as organ and immune system dysfunction, in EC patients [4,5]; 
thus, nutritional support based on the provision of appropriate 
nutritional risk evaluation is quite important to improve EC 
patients’ prognosis.

Currently, various nutritional screening and assessment tools 
have been developed and recommended by different organi-
zations, including the Prognostic Nutritional Index (PNI), Abdomen 
Trauma Index (ATI), Patient-generated Subjective Globe Assess-
ment (PG-SGA), Mini Nutritional Assessment (MNA), Short Form 
Mini Nutritional Assessment (MNA-SF), Nutrition Risk Screening 
2002 (NRS 2002), and Nutrition Risk Index (NRI); however, due 
to the diversity of patients and diseases, there is no universal 
gold standard for evaluating nutritional risk. Since nutritional 
evaluation is commonly demanded for determining an EC 
patient’s treatment, we selected PG-SGA, NRS 2002, and NRI, 
the most widely accepted nutritional screening tools worldwide, 
to perform nutritional risk evaluation for a cohort of EC patients 
in our department. In addition, although studies have shown 
that albumin is neither specific nor sensitive as a malnutrition 
marker in many patient populations, it is still recognized that 
albumin can be considered a reliable parameter for preo-
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Characteristics Median (Range) n (%)

Age (yrs) 60.59 ± 7.775 (39-78)

< 45 4 (2.9)

45-65 100 (72.5)

> 65 34 (24.6)

Gender

Male 100 (72.5)

Female 38 (27.5)

BMI (kg/m2) 21.51 ± 2.9798 (14.37-29.6)

< 18.5 23 (16.7)

18.5-23.9 89 (64.5)

24.0-27.9 22 (15.9)

≥ 28.0 4 (2.9)

Pathological stage

Ⅰ 18 (13.0)

Ⅱ 58 (42.0)

Ⅲ 62 (44.9)

Tumor differentiation status

Well differentiated 34 (24.6)

Moderately differentiated 57 (41.3)

Poorly differentiated 45 (32.6)

Unknown 2 (1.4)

BMI: body mass index

Table 1. Demographic characteristics for all esophageal cancer (EC) patients

perative nutrition assessment [6]. Therefore, using albumin as 
a reference, we compared the clinical performances of PG-SGA, 
NRS 2002, and NRI in order to determine the most suitable 
nutritional risk screening tool for EC patients in China.

SUBJECTS AND METHODS

Patients
This observational study was conducted with hospitalized 

patients diagnosed as EC in the Department of Thoracic Surgery, 
Nanfang Hospital, Southern Medical University, China from July 
2016 to December 2017. Initially, a total of 160 EC patients were 
recruited. The applied exclusion criteria were: > 80 years old; 
inability to provide essential information to complete the 
nutritional evaluation with/without external help; receiving 
palliative surgery and chemotherapy during the admission 
period; quitting the survey. As a result, 138 EC patients were 
enrolled and included in the final analysis. The demographic 
information for these patients, including age, gender, body 
mass index (BMI), pathological stage, and tumor differentiation 
status is summarized and presented in Table 1.

Ethical considerations
This study was approved by the Southern Medical University 

Nan Fang Hospital Ethics Committee in accordance with the 
Helsinki Declaration of 1975, as revised in 2000 (protocol number 
NFEC-201411-k4-01). The study was also registered in the 
Chinese Clinical Trial Register with the number CHiCTR19000 
22589. Fully written inform consent was obtained from all 
participants prior to initiating data collection. 

Nutrition risk screening

To evaluate the nutritional condition of the EC patients 
involved in this study, all participants were analyzed using the 
NRS 2002, PG-SGA, and NRI tools within 48 hours after hospital 
admission. The screening was carried out by two independent 
experienced nurses from the department of thoracic surgery 
andone supervisor from our Nutrition Unit. On the second day 
of admission, blood samples were collected, and the serum 
albumin levels were determined, which were then used as 
reference levels in the evaluation of the sensitivity and specifi-
city of all screening tools.

The PG-SGA questionnaire was divided into two sections [7]. 
The first section included body weight history, food intake, 
nutrition-associated symptoms, activity, and body functions and 
was completed by the patient or the responsible caregiver. The 
second section was completed by an experienced nurse and 
evaluated the patients’ fat storage, muscle condition, and 
edema severity. Based on the results of this comprehensive 
assessment, a patient’s nutritional status was classified as no 
risk, low risk, or high risk.

The NRS2002 [8] survey contained three parameters, disease 
severity, nutritional status, and age. The NRS 2002 protocol used 
in the current study followed that developed by the European 
Society of Parenteral and Enteral Nutrition (ESPEN) in 2002, 
except that the body mass index (BMI) threshold was adjusted 
to 18.5 due to the population difference between European 
and Chinese patients. In accordance with the standard protocol, 
when the patient was over 70 years old, one point was added 
to the total score. Patients with a total score of ≥ 3 were 
considered to be at nutritional risk.

The NRI was calculated by using the following formula: 1.519
× serum albumin level (g/L) + 0.417 × (current weight/average 

weight) × 100. An NRI score of > 97.5 indicates that patient has 
no risk, scores of 83.5-97.5 indicate low risk, and a score < 83.5 
indicates high nutritional risk [9].

Statistical analysis
The collected data were revised, coded, tabulated, and 

introduced into a personal computer. Qualitative data were 
presented as numbers and percentages. Quantitative data were 
presented as mean and standard deviation values. All data 
analysis was performed using SPSS Statistics 17.0 and MedCalc® 

Statistical software. Sensitivity, specificity, and Youden index 
were calculated to determine the best screening tool for EC 
patients. The performance evaluation for each tool was deter-
mined by using the receiver operating characteristic (ROC) 
curve. New cut-off points were defined with the Youden index 
set to the maximum level and were generated automatically 
by the MedCalc software.

RESULTS

Demographic information for the participants
Initially, 160 EC patients were selected; however, 5 patients 

denied participation, 6 patients received chemotherapy, and 11 
underwent palliative surgeries. These 22 patients were excluded 
from the final analysis, resulting in a patient population of 138 
and a response rate of 86.25%. The median age for all patients 
was 60.59 ± 7.775 (39-78) years, with a predominance of male 
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Screening tools n (%)

PG-SGA

no risk 4 (2.9)

mildly 27 (19.6)

severely 107 (77.5)

NRS 2002

no risk 60 (43.5)

mildly 49 (35.5)

severely 29 (21.0)

NRI

no risk 80 (58.0)

mildly 54 (39.1)

severely 4 (2.9)

PG-SGA, patient-generated subjective globe assessment; NRS 2002, nutrition risk 
screening 2002; NRI, nutrition risk index.

Table 2. Nutritional risk screening results using different screening tools for EC
patients

Fig. 1. Comparison of AUROC curves generated from PG-SGA, NRS 2002, and 
NRI. The AUROC values for PG-SGA, NRS 2002, and NRI were 0.515, 0.722, and 0.796, 
respectively. AUROC, area under receiver operating characteristic; PG-SGA, patient- 
generated subjective globe assessment; NRS 2002, nutrition risk screening 2002; NRI, 
nutrition risk index.

Sensitivity (%) Specificity (%)
Positive likelihood 

ratio
Negative likelihood 

ratio
Youden index (%) AUROC1)

PG-SGA 100 2.96 1.03 0  2.96 0.515

95%CI:[29.2, 100] 95%CI:[0.8, 7.4]

NRS 2002 100 44.44 1.8 0 44.44 0.722

95%CI:[29.2, 100] 95%CI:[35.9, 53.2]

NRI 100 59.26 2.45 0 59.26 0.796

95%CI:[29.2, 100] 95%CI:[50.5, 67.6]
1) AUROC: area under receiver operating characteristic. Method evaluation and comparison were performed using ROC curve analysis.
PG-SGA, patient-generated subjective globe assessment; NRS 2002, nutrition risk screening 2002; NRI, nutrition risk index; CI, confidence interval.

Table 3. Comparisons of different nutritional risk screening tools

PG-SGA NRS 2002 NRI

New cut-off points > 15 1 (29)* > 3 1 (50) ≤ 81.6 1 (4)

≤ 15 0 (109)#
≤ 3 0 (88) > 81.6 0 (134)

Sensitivity 100% 100% 100%

95%CI:[29.2, 100]  95%CI:[29.2, 100] 95%CI:[29.2, 100]

Specificity 69.63% 65.19% 99.26%

95%CI:[61.1, 77.2] 95%CI:[56.5, 73.2] 95%CI:[95.9, 100]

Youden index 69.63% 65.19% 99.26%

Positive likelihood ratio 3.29 2.87 135

Negative likelihood ratio 0 0 0

* With nutritional risk
# Without nutritional risk.
PG-SGA, patient-generated subjective globe assessment; NRS 2002, nutrition risk screening 2002; NRI, nutrition risk index; CI, confidence interval.

Table 4. Optimization of nutritional risk screening tools for EC patients.

patients (72.5%, n = 100). Most patients’ (64.5%) body weight 
was normal, but 26 patients’ (18.8%) BMI was over 24 kg/m2, 
which was considered overweight according to the Chinese 
standard; the remaining patients (16.7%) might have nutritional 
problems as their BMI was less than 18.5 kg/m2. The proportions 
at EC pathological stages I, II, and III were 13%, 42%, and 44.9%, 
respectively. Details on the patients’ demographic information 
are presented in Table 1.

Nutrition risk assessment for EC patients
Initially, each of the EC patients’ nutrition status was 

evaluated using PG-SGA, NRS2002, and NRI. The PG-SGA analysis 
revealed that over 77.5% of the patients were under severe 

nutritional risk, but the NRS2002 and NRI screening results 
suggested only 21.0% and 2.9% of the patients, respectively, 
had severe nutritional problems (Table 2), indicating that even 
for the same group of patients, using different nutritional 
assessment tools can produce dramatically different conclusions.

Performance evaluation of different nutritional risk screening tools 
for EC patients

To compare the results generated by the three different 
nutritional risk screening tools, we calculated their sensitivity, 
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specificity, positive and negative likelihood ratios, Youden index 
and area under the ROC curve (AUROC) for accuracy evaluation. 
All three tools achieved 100% sensitivity, but the NRI appeared 
to be not only the most specific tool for EC patients with a 
59.26% specificity and a 2.45 positive likelihood ratio, but also 
it had the greatest accuracy with the highest AUROC value for 
EC patients (Table 3, Fig. 1).

Optimization of nutritional screening tools for EC patients
As the initial nutritional risk screening results were not 

considered satisfactory, we attempted to optimize the three 
screening tools by re-defining the cut-off points. Therefore, with 
the AUROC curves generated previously for each screening tool 
(Fig. 1), we set the respective Youden index to the maximum 
value with MedCalc and categorized all patients as either with 
or without nutritional risk. The new cut-off points calculated 
by MedCalc were 15, 3, and 81.6 for PG-SGA, NRS 2002, and 
NRI, respectively (Table 4). The sensitivity remained at 100% for 
all three tools, but the specificity levels were markedly increased 
for all three tools. Importantly, our results revealed that NRI 
achieved the highest specificity, Youden index, and positive 
likelihood ratio values compared to those for PG-SGA and NRS 
2002, suggesting that after optimization, NRI was still the most 
appropriate nutritional risk screening tool for EC patients.

DISCUSSION

Many EC patients suffer from other diseases such as diabetes, 
hypertension, and lung dysfunction. Therefore they may be 
exposed to multiple drugs which can significantly impair digestion 
system function. Furthermore, the high consumption burden 
of the tumor itself, as well as blockage of the esophagus, can 
severely affect nutrient absorption; therefore, EC patients are 
usually with high nutritional risk, which can contribute to the 
poor prognosis for EC patients. As Robinson et al. [10] reported, 
the incidence of surgery-associated complications was 20 times 
higher in malnourished EC patients compared to that in patients 
without nutritional risk.

Various nutritional risk screening tools are widely used in 
clinical settings to evaluate the nutritional status of patients and 
provide a reference to decide whether extra nutritional support 
is required. However, it is recognized that no single nutritional 
screening tool can be used for all diseases, thus, selecting the 
most sensitive and accurate nutritional screening tool for 
patients with a specific disease is highly necessary.

In this study, we chose three classical nutritional screening 
systems and compared their performance for evaluating the 
nutritional risk of EC patients. The PG-SGA was developed at 
the Fox Chase Cancer Center but originated from the Subjective 
Global Assessment (SGA) tool proposed by Baker et al. [11] in 
1982. This system included both self-evaluation and clinician 
assessment, as well as consideration of metabolic stress, and 
was reported to be more suitable for cancer patients' nutritional 
risk evaluation than for other patients [12]; however, a lot of 
subjective judgment can be involved when using the PG-SGA 
which can affect the outcome of an evaluation. The NRS 2002 
was officially released in 2002 by the European Society of 
Parenteral and Enteral Nutrition (ESPEN) [13-15] and was first 

introduced into China in 2005 [16]. The NRS 2002 system 
integrated patients' nutritional status, severity of the disease, 
and patient age and was recommended by Chinese Society for 
Parenteral and Enteral Nutrition (CSPEN), American Society for 
Parenteral and Enteral Nutrition (ASPEN), and the Society of 
Critical Care Medicine (SCCM) as the first option for nutritional 
risk screening [15,17,18]. However, it was inapplicable when the 
patients had significant body weight or food intake variation; 
thus, it might not be suitable for EC patients. The NRI was first 
described by Buzby et al. [19,20] in 1988 as a tool to evaluate 
the severity of surgery-associated complications by measuring 
serum albumin level and calculating body weight loss percentage, 
both of which were highly correlated with patients' death rate. 
The NRI was shown to be more efficient than using albumin 
or BMI alone and is more convenient than many other nutritional 
risk screening tools; hence, its use was recommended by French 
Programme National Nutrition Sante (FPNNS) to assess 
nutritional risk for hospitalized patients [21]. However, albumin's 
half-life is approximately 20 days and is easily affected by stress 
or pain; in addition, the NRI does not reflect variations in patient 
age, disease, or food intake and whether the index is appropriate 
for EC patients has not been previously investigated. Regardless, 
our results clearly indicate that the NRI was the most suitable 
nutritional screening tool for EC patients in terms of specificity 
and accuracy when compared to PG-SGA and NRS 2002.

Paradoxically, we noticed that many EC patients with no 
nutritional problems received extra nutritional support due to 
an incorrect nutritional assessment and that additional support 
did not provide any prognostic advantage. On the other hand, 
unnecessary nutritional supplementation significantly increased 
the patients’ psychological and economic burden, which should 
be easily avoided if the nutritional screening tool was properly 
selected or could be optimized. We, therefore, reset the cut-off 
points for all three screening tools based on the results of our 
MedCalc-based analysis. The reset cut-off points did not impair 
sensitivity, but did markedly increase the specificity and accuracy 
for all three tools. In addition, the numbers of patients with 
nutritional risk were significantly reduced, indicating that the 
use of previously established cut-offs for PG-SGA, NRS 2002 and 
NRI might identify some EC patients who did not have nutritional 
problems as being malnourished. Therefore, when evaluating 
the nutritional status of EC patients, it is necessary to adjust 
the screening tools’ cut-off points. Nevertheless, after optimization 
of the cut-off points, NRI was still the best nutritional screening 
tool for EC patients.

To our surprise, our data revealed that fewer Chinese EC 
patients were at nutritional risk than was expected. We speculate 
that many EC patients were diagnosed at an early EC stage 
because of the availability of newly developed EC screening 
methods [22]; a stage in which their digestion system and food 
intake were not obviously affected [23]. Moreover, we observed 
that nearly 20% of the EC patients enrolled in this study were 
overweight, according to their BMI values, thus, they did not 
require additional nutritional supplements. As our study was 
carried out with a cohort of Chinese EC patients in a single- 
center fashion, whether the NRI would be the most appropriate 
nutritional screening tool for EC patients in other populations 
requires further investigation.
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