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Purpose: This study aims to explore the applicability of the Nutrition Risk Screening 2002
(NRS2002) tool in screening nutritional risk and the Patient-Generated Subjective Global
Assessment (PG-SGA) in determining nutrition status in nasopharyngeal carcinoma (NPC)
patients.

Materials and Methods: NRS2002 and PG-SGA were simultaneously applied to evaluate
the nutritional status of NPC patients before induction chemotherapy, as well as before and
after radiotherapy. The PG-SGA results were considered golden standard in evaluating
nutrition status, and the ROC curve value and Youden index were applied to analyze
NRS2002 effectiveness in screening nutritional risk.

Results: A total of 102 NPC patients were included in this study. Patients with an NRS2002
score <3 and PG-SGA score >4 accounted for 5.3% (5/95), 19.6% (18/92) and 94.8% (36/38)
at the time before induction chemotherapy, before radiotherapy and at the end of radio-
therapy, respectively. The cut-off values of NRS2002 scores all <2 corresponded to the
maximum Youden index at the three procedural times. And the area under curve (AUC) were
0.598 (P = 0.390), 0.665 (P = 0.015) and 0.940 (P = 0.034), respectively. At the end of
radiotherapy, NRS2002 scores of <3 and <2 were used as cut-off values for nutritional risk
screening, respectively. Additionally, the malnutrition-missed detection rates were 36.0% and
12.0% (* = 15.789; P <0.001).

Discussion: NRS2002 nutritional risk screening combined with the PG-SGA nutritional
assessment has certain applicability in NPC. NRS2002 score >2 can be considered as a new
cut-off point for nutritional assessment.

Keywords: nasopharyngeal carcinoma, nutritional risk screening, nutrition assessment,
NRS2002, PG-SGA

Introduction

Nasopharyngeal carcinoma (NPC) is a common tumor in southern China. A total of
129,079 new cases of NPC were diagnosed worldwide in 2018." Head and neck
tumors, including NPC, are often accompanied by malnutrition.

Therapeutic toxicity that significantly affects intake during radiotherapy and che-
motherapy can further increase malnutrition in patients.** In addition, malnutrition in
NPC patients is usually associated with a poorer prognosis.” Studies have confirmed
that early nutritional management can reduce weight loss® and improve both the quality

submit your manuscript

Dove n in n

http:

Cancer Management and Research 2020:12 8221-8227 8221

© 2020 Pan et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-0954-5923
mailto:13799375732@163.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Pan et al

Dove

of life and prognosis in patients.”® Therefore, timely nutri-
tional intervention on detecting malnutrition is an essential
component of anti-tumor therapy of NPC patients.

According to the American Society for Parenteral and
Enteral Nutrition (ASPEN) clinical guidelines (version
2011), hospitalized patients should first undergo a nutritional
risk screening. Then, patients with nutritional risks should
undergo a nutritional assessment to provide a basis for for-
mulating nutritional intervention plans.'®

Currently, the commonly used nutritional screening
includes the Nutrition Risk Screening 2002 (NRS2002), and
the Malnutrition Universal Screening Tool (MUST)."!
NRS2002 is most commonly used for hospitalized patients
as recommended by the European Society for Parenteral and
Enteral Nutrition (ESPEN),'? which can also be used in
patients with malignant tumors. ESPEN recommended that it
should be performed within 24 hours of the patients’
admission."

Nutritional evaluation resources include the Patient-
Generated Subjective Global Assessment (PG-SGA) tool,
the Mini Nutritional Assessment (MNA) tool.'* The
American Dietetic Association (ADA) has recommended
the use of PG-SGA'? as the preferred nutritional assessment
tool for cancer patients.'” PG-SGA can more accurately
identify malnourished patients than NRS2002 and is often
used as the golden standard for nutritional assessment of

cancer patients,'®!”

although both tools are applied in the
clinic. However, there are only relatively few clinical studies
that have explored the applicability of NRS2002 when com-

bined with the PG-SGA scale in patients with NPC.

Materials and Methods

Patients

This is a retrospective cohort study to evaluate the nutritional
status of NPC patients that received radiotherapy in the
Department of Radiotherapy of the First Affiliated Hospital
of Fujian Medical University from February 2018 to
July 2019.

All enrolled patients were treated with radiotherapy
and chemotherapy in accordance with the NPC diagnosis
and treatment standards.'® This study was approved by the
relevant local institutional review boards for human
research at Fujian Medical University, and all participants
provided written informed consent.

Inclusion criteria included: (i) pathological diagnosis of
NPC; (ii) being conscious, with a certain language commu-

nication competence; (iii) those that received radical

radiotherapy and induction chemotherapy; and (iv)
a willingness to cooperate with nutritional risk screening and
the nutritional status assessment. And exclusion criteria
included: (i) patients that presented with other malignant
tumors in the past; (ii) those patients that did not complete
the three nutritional evaluations, including immediately prior
to induction chemotherapy, and immediately prior to, and
following radiotherapy; and (iii) those that did not cooperate

or could not cooperate with nutrition evaluation investigators.

Nutritional Evaluation Method

NRS2002 was used to screen the nutritional risk of NPC
patients. A score > 3 was considered to have a nutritional
risk. PG-SGA was used to assess the nutrition status of
patients. Score of 0 to 1 was set as one of good nutrition,
score of 2 to 3 was classified as being evident of a suspicious
malnutrition, score of 4 to 8 was classified as moderate mal-
nutrition, and a score > 9 was classified as having severe
malnutrition. Nutritional risk screening and nutritional assess-
ments were performed by trained professionals using the
NRS2002 and PG-SGA criteria for patients with NPC before
induction chemotherapy, as well as prior to, and following
radiotherapy.

Statistical Methods

Data were analyzed using SPSS statistical analysis software
(version 23.0; International Business Machines Corporation,
USA). Not all data were normally distributed, and baseline
characteristics were expressed as the frequency or median.
SAS 9.4 (Statistical Analysis System, USA) was used to
analyze whether the nutritional risk or the malnutrition posi-
tive rate varied at different times through the generalized linear
mixed-effects model, and whether the missed detection rate of
NRS2002 varied at different time-points. The evaluated results
of the PG-SGA scale were used as diagnostic criteria for
malnutrition, and the ROC curve was used to analyze the
effectiveness of NRS2002 in screening nutritional risks. The
Z-test was used to compare differences in sensitivity at differ-
ent cut-off points. The Chi-square test or the exact probability
method was used to compare the differences of missed detec-
tion rates among different groups. An alpha value of P < 0.05
infers a statistically significant difference.

Results

Patient Information
Herein, 105 NPC patients met the enrollment criteria. Three
patients were excluded since they had not been evaluated on
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all available scales. Some 102 eligible patients with NPC
were included, with a median age of 48 years. There were 73
males (71.57%) and 29 females (28.43%). Clinical staging
(ie, in accordance with the AJCC 8th edition of nasophar-
yngeal carcinoma staging) was as follows: stage II: 4 cases;
stage III: 47 cases; and stage IV: 51 cases.

Comparison of NRS2002 and PG-SGA

Scores

Results of the NRS2002 and PG-SGA scores before che-
motherapy, as well as prior to, and at the end of radiotherapy
are shown in Table 1. It is worth noting that as treatment
progressed, the proportion of patients with nutritional risk
and moderate or severe malnutrition increased significantly.
The results of generalized linear mixed model analysis
showed that both positive diagnosis rates of NRS2002
(P <0.001) and PG-SGA (P <0.001) were significantly dif-
ferent when determined at the three measured time-points.
The number of missed malnutrition patients (ie, a NRS2002
score <3 and PG-SGA score >4) also increased significantly
(Table 2). The generalized linear mixed model analysis
showed that the missed malnutrition detection rate for
NPC patients at different time-points was significantly dif-
ferent (P <0.001), and was the highest at the time after
induction chemotherapy and before radiotherapy.

Results of NRS2002 Screening

Nutritional Risk Effectiveness Analysis

Taking the PG-SGA nutritional assessment result as the
golden standard, analysis of effectiveness of NRS2002 in
screening nutritional risks showed that the area under the
ROC curve of the NRS2002 score when measured for
a total of 306 times across 102 patients at three time-
points was 0.842 (P <0.05). When a cut-off point of 1.5
(NRS 2002 score <2) was used for the NRS2002 score, the

Table 1 Comparison of NRS2002 and PG-SGA Scores in 102
Patients with NPC

Time NRS2002 PG-SGA
<3 >3 <4 >4

Before CT 95(93.1%) | 7(6.9%) 95(93.1%) 7(6.9%)

After CT 92(902%) | 109.8%) | 78(76.5%) 24(23.5%)

At the End of RT | 38(37.3%) | 64(62.8%) | 2(2.0%) 100(98.0%)

Total 225(73.5%) | 81(26.5%) | 175 (57.2%) | 131(42.8%)

Abbreviations: Before CT, before induction chemotherapy; After CT, after induc-
tion chemotherapy before radiotherapy; RT, radiotherapy.

Table 2 Number of Missed Malnutrition Patients in 102 Patients
with NPC (%)

Time NRS2002 PG-SGA Missed

Score<3 Score>4 (in Malnutrition

All Patients) Rate

PG- PG-

SGA SGA

Score Score>

<4 4
Before CT 90 5 7 71.4% (5/7)
After CT 74 18 24 75.0% (18/24)
At the End of RT | 2 36 100 36.0% (36/100)
Total 166 59 131 45.0% (59/131)

Abbreviations: Before CT, before induction chemotherapy; After CT, after induc-
tion chemotherapy before radiotherapy; RT, radiotherapy.

maximum Youden index was 0.672, and the sensitivity and
specificity were 76.3% and 90.9%, respectively.

In addition, while 1.5 was used as the cut-off point of the
NRS2002 score, all of the Youden
a maximum number at three different time-points (see
Figure 1 and Table 3). The area under the ROC curve before
induction chemotherapy, prior to, and at the end of radio-
therapy were 0.598 (P = 0.390), 0.665 (P =0.015), and 0.940
(P = 0.034), respectively. Furthermore, Z-test analyses,

indices attained

which were used to compare two cut-off points, showed no
significant statistical differences in sensitivity when mea-
sured before the induction of chemotherapy and radiotherapy,
respectively (P >0.05 for Z = 0.65 and Z = 1.23). The
sensitivity showed statistically significant difference when
measured at the end of radiotherapy (Z = 7.18, P <0.05).

Comparison of the Missed Malnutrition
Detection Rate on Applying an NRS2002

Score of <2 or <3 as the Cut-off Value

The Chi-square test was used to compare the missed malnu-
trition diagnostic rates under the two bounded values for
patients with an NRS2002 score between <2 and <3. This
result showed that the missed rate for the 102 studied patients
was 71.4% vs 71.4% (P = 1.000), 58.3% vs 75.0% (;° = 1.50;
P =0.221) and 12.0% vs 36.0% (y° = 15.789; P = 0.000)
when determined before the induction of chemotherapy, as
well as prior to, and at the end of radiotherapy, respectively.

Discussion

At present, the majority of cancer patients visited are in
the middle and late stages. Given the universality of mal-
nutrition in cancer populations, as well as the serious
consequences of malnutrition, nutritional therapy should
be the basis of conventional means and tumor therapy in

Cancer Management and Research 2020:12

submit your manuscript

8223

Dove


http://www.dovepress.com
http://www.dovepress.com

Pan et al

Dove

2
=
:‘é‘
(V)
@ Pl Before CT
0.2 gl — After CT
g —— At the end of RT
0.01; . . . . .
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure | ROC curve analysis of 102 patients with NPC using the NRS2002 scale to
screen nutritional risk. The area under the ROC curve before induction chemotherapy,
after induction chemotherapy, and at the end of radiotherapy were 0.598 (P = 0.390),
0.665 (P = 0.015), and 0.940 (P = 0.034) respectively.

Abbreviations: Before CT, before induction chemotherapy; After CT, after induc-
tion chemotherapy before radiotherapy; RT, radiotherapy.

treating patients with tumors. For a reasonable nutrition
therapy, first we need to assess the nutritional status of
patients. Nutritional assessment aims to identify patients
with malnutrition and determine the target of nutritional
therapy, so as to ensure the reasonable application of
nutritional therapy and prevent the insufficient and exces-
sive application of nutritional therapy. In addition, during
the nutrition treatment process, it needs to be re-evaluated
continuously in order to adjust the treatment plan in time.

This study found that patients with NPC have
a nutritional risk of only 26.5% when screened by
NRS2002. After having been assessed by PG-SGA under
conditions of moderate to severe malnutrition, the nutri-
tional risk was as high as 42.8%. Compared with an
NRS2002 score <3 as the threshold for the presence or
absence of nutritional risk, we found that when using an
NRS2002 score <2 as the threshold, the screening sensi-
tivity was improved, the rate of missed malnutrition

detection was reduced, and patients could be prevented
from missing an opportunity for timely nutritional inter-
vention. Therefore, it is recommended that an NRS2002
score < 2 should be used as the cut-off value to determine
whether NPC patients enter the nutritional assessment
path.

In this study, we found that the score items of NRS2002
screening in most patients were normal while those of PG-
SGA showing malnutrition were mainly distributed in the
self-evaluation items of PG-SGA, including dietary intake,
patient symptoms and physical examination. Kubrak'® also
confirmed that dietary intake was related to weight loss and
prognosis of patients with head and neck cancer.

NRS2002 is the first nutritional risk screening scale in
the world that is based on empirical evidence-based med-
ical evidence. Its nutritional risk and cut-off values are
founded on comprehensive research and evaluation of all
inpatients (including patients with liver cirrhosis, gastro-
intestinal surgery, cancer, and infections, etc.). However,
there is no individual score for nasopharyngeal carcinoma
in the NRS2002 scoring project, which leads to poor
performance of NRS2002 in the nutritional risk screening
for nasopharyngeal cancer patients.

Nasopharyngeal carcinoma has special characteristics.
At the initial diagnosis, the main symptoms of NPC are
sucking bloody sputum and a neck mass, where eating is
generally normal. After induction chemotherapy, systemic
side-effects including nausea, vomiting, fatigue and other
discomfort that can collectively affect appetite and gastro-
intestinal absorption are noted, which are the main causes
of malnutrition in NPC patients.”>*' In addition, combined
chemo-radiotherapy can aggravate oral mucositis with
damage to the taste buds, and the salivary gland tissues,
which collectively makes it difficult for patients to eat, and
with a noticeably decreased appetite conditions that further
lead to reduced nutritional intake. This is concordant with

Table 3 Efficacy Analysis of Different Cut-off Values of NRS2002 Scale for Nutritional Risk Screening in NPC Patients

Time NRS Cut-Off value Sensitivity Specificity Maximum Youden Index AUC P value

Before CT 1.5(<2) 28.6% 90.5% 0.191 59.8% 0.390
2.5(<3) 14.3% 94.7% 0.090

After CT 1.5(<2) 41.7% 91.0% 0.327 66.5% 0.015
2.5(<3) 25.0% 94.9% 0.199

At the End of RT 1.5(<2) 88.0% 100% 0.880 94.0% 0.034
2.5(<3) 55.0% 100% 0.550

Abbreviations: NRS, Nutrition Risk Screening 2002; AUC, area under the curve; Before CT, before induction chemotherapy; After CT, after induction chemotherapy

before radiotherapy; RT, radiotherapy.
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our results that there were significant differences in the
NRS2002 and PG-SGA aligned nutritional evaluation
before and after induction chemotherapy, and at the end
of radiotherapy, observations that were in addition to the
significant increase in moderate and severe malnutrition
rates after chemotherapy and radiotherapy.

In a large-scale study of 3232 patients with NPC by
Hao Peng,* it was found that the threshold value of the
conventional NRS2002 scale may not be directly related to
NPC, and correlations with the prognosis can be better
obtained by revising the cut-off value for both age and
observed weight loss of the patients. The results of this
study showed that NRS2002 nutritional screening and PG-
SGA nutritional evaluation had a certain applicability in
NPC patients. However, by adjusting the threshold value,
we found that using a NRS2002 score of <2 as the cut-off
point could improve the sensitivity in detecting the mal-
nutrition rates.

It is worth mentioning that the positive diagnosis rate
of nutritional assessment of patients with NPC at different
times varies and shows statistical differences, indicating
that the nutritional status of patients with NPC at different
treatment stages is also different. In addition, the missed
detection rates of NRS at different treatment stages also
showed statistical differences. In this study, we found that
the AUC of using the NRS2002 score < 2 as the cutoff
point at the end of radiotherapy was as high as 94.0%. And
the sensitivity with the NRS2002 score < 2 as the cutoff
point was significantly better than that with the NRS2002
score < 3 as the cutoff point. Besides, the missed detection
rate of these two point was statistically different, indicat-
ing that the model (NRS< 2 as the cutoff point) had a good
predictive ability at the end of radiotherapy. However, we
found that although the sensitivity with NRS2002 score
< 2 as the cutoff point was greater than NRS <3 before
induction chemotherapy and after induction chemotherapy
before radiotherapy, no statistical difference between the
two stages was observed. This may be due to the fact that
most patients with NPC had a better nutritional status and
fewer cases of malnutrition in these two stages of
treatment.

In this study, the NRS2002 score < 3 accounted for
14.3% and the specificity was 94.7% before induction
chemotherapy (when admitted to our department), indicat-
ing that the screening sensitivity was low. This is similar
to the work of Du®® that reported a comparison of two
nutritional evaluation tools (ie, albumin levels that were
lower than the normal value were judged as the standard of

nutritional risk) in 927 inpatients with a tumor sensitivity
(sensitivity 43.13%; specificity 82.16%) of the NRS2002
approach being significantly lower than that provided by
PG-SGA (sensitivity 93.78%; specificity 21.80%). This
results showed that NRS2002 is more likely to miss
a detection than PG-SGA would do.

In previous researches, some scholars believed that the
nutritional assessment should be routinely performed even
if the nutrition risk screening was negative for patients
who are with cancer, old or are critically ill. This is
based on the research of Bauer,24 Yang,25 which confirmed
that NRS2002 had a high false-negative rate in some
common cancer nutritional screening results, while PG-
SGA was more sensitive in the detection of cancer than
NRS2002, such as in the settings of lung, esophageal,
gastric, liver cancer, and so on. This is consistent with
our result that the positive rate of NRS2002 was signifi-
cantly lower than that of PG-SGA. However, in these
studies, there were few reported cases of NPC, and only
6 cases of NPC were reported by Yang.”” In addition,
Orell-Kotikangas, in the study of head and neck cancer,
showed that NRS2002 score > 2 had high specificity and
sensitivity of 78.8% and 96.9% for PG-SGA >4, respec-
tively. However, the study was based on all head and neck
tumors, not nasopharyngeal cancer, and only 7 cases of
NPC were reported.*®

Nevertheless, the evaluated content of the PG-SGA scale
is subjective and takes a long time to complete. Balstad*’
proposed that, since part of the scale based its scoring on
subjective feelings of the patients, some wording could lead
to an incorrect evaluation of the patients, which needs more
suitable standardized rules of evaluation. In recent years, many
studies have found that malnutrition in NPC patients is also
associated with multiple indicators including biomarkers like
albumin and hemoglobin.?® Jin et al proposed that pre-albumin
levels are predictive markers of weight loss in NPC patients.*’
There are also scholars who have proposed other effective
indicators for a nutritional evaluation,*® including the compre-
hensive nutritional index (CNT) proposed by Deng et al,>' and
bioelectrical impedance analysis (BIA) to objectively measure
body composition and nutritional status of NPC patients sug-
gested by Ding et al,** as well as grip strength measurements
recommended by McNicholl.?

Interestingly, Gabrielson et al** also proposed that
a simplified version of PG-SGA (ie, the abridged scored
Patient-Generated Subjective Global Assessment or abPG-
SGA) could be used as a nutritional screening tool for
cancer out-patients. Thus, it can be seen that further
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enrichment of the nutritional evaluation scale for NPC
patients, or indeed the search for a more objective and
convenient nutritional evaluation index in the setting of
NPC still requires further exploration.

The shortcomings of this study are that the sample size
was relatively too small and it was a single-center experi-
ence. It is expected that further multi-central studies with
expanded sample or cohort size will be conducted to verify
the study results and outcomes reported herein.

Conclusions

This study found that NRS2002 nutrition risk screening
combined with the PG-SGA nutrition assessment has cer-
tain applicability for patients with nasopharyngeal carci-
noma. Using a NRS2002 score > 3 to assess nutritional
risk exhibits a low level of sensitivity. It is recommended
that investigators should use NRS2002 score > 2 as a new
malnutrition

cut-off point for distinguishing the

individuals.
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