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Little is known about the value of the nutritional risk screening 2002 (NRS2002)

scale in nasopharyngeal carcinoma (NPC). We conducted a large-scale study to

address this issue. We employed a big-data intelligence database platform at our

center and identified 3232 eligible patients treated between 2009 and 2013. Of the

3232 (12.9% of 24 986) eligible patients, 469 (14.5%), 13 (0.4%), 953 (29.5%), 1762

(54.5%) and 35 (1.1%) had NRS2002 scores of 1, 2, 3, 4 and 5, respectively. Survival

outcomes were comparable between patients with NRS2002 <3 and ≥3 (original

scale). However, patients with NRS2002 ≤3 vs >3 (regrouping scale) had significantly

different 5-year disease-free survival (DFS; 82.7% vs 75.0%, P < .001), overall sur-

vival (OS; 88.8% vs 84.1%, P = .001), distant metastasis-free survival (DMFS; 90.2%

vs 85.9%, P = .001) and locoregional relapse-free survival (LRRFS; 91.6% vs 87.2%,

P = .001). Therefore, we proposed a revised NRS2002 scale, and found that it pro-

vides a better risk stratification than the original or regrouping scales for predicting

DFS (area under the curve [AUC] = 0.530 vs 0.554 vs 0.577; P < .05), OS

(AUC = 0.534 vs 0.563 vs 0.582; P < .05), DMFS (AUC = 0.531 vs 0.567 vs 0.590;

P < .05) and LRRFS (AUC = 0.529 vs 0.542 vs 0.564; P < .05 except scale A vs B).

Our proposed NRS2002 scale represents a simple, clinically useful tool for nutri-

tional risk screening in NPC.
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1 | INTRODUCTION

The nasopharygeal epithelial carcinoma (NPC) has distinct epidemiol-

ogy and treatment regimens from other head and neck cancers. The

age-standardized incidence of NPC is 20-50 per 100 000 males in

endemic areas such as southern China1,2 but only 0.5 per 100 000

in predominantly white populations.2 Radical surgery is not an option

due to anatomical constraints; radiotherapy is the primary and only

curative treatment for non-metastatic disease, which is highly

radiosensitive, while radiotherapy combined with chemotherapy is

standard for advanced disease.3-7

As the oral mucosa is unavoidably included in the radiation target

volume, severe oral mucositis frequently disrupts oral function and

integrity,8 and can cause severe pain and reduce nutritional intake,

resulting in significant weight loss. Weight loss and poor nutritional

status are associated with more severe toxicities during chemother-

apy9 and radiotherapy10 and a poorer response to infection,11 and

adversely affect prognosis in head and neck cancers.11 In addition,

numerous studies have demonstrated that poor nutrition or weight

loss are associated with poorer survival outcomes in NPC.12-15

Therefore, nutrition and weight loss are major concerns for both

clinicians and patients with NPC. However, previous studies have

only assessed a single index (i.e. a prognostic nutritional index or

weight), without considering disease or baseline characteristics, and

could not adequately identify patients at risk of poor nutrition and

weight loss. Thus, a tool that enables early identification of the high-

risk subpopulation for delivery of nutritional interventions needs to

be developed urgently.

The nutritional risk screening 2002 (NRS2002) scale, developed

by the European Society for Clinical Nutrition and Metabolism

(ESPEN),16 has been validated for identifying patients at risk who

may benefit from nutritional intervention in various cancers,17,18

including head and neck cancers.19 However, the NRS2002 has

never been applied in NPC. Given the urgent clinical need, we con-

ducted a retrospective study using a large-scale, big-data intelligence

platform to assess the value of the NRS2002 for identifying individu-

als at high risk of poor nutrition in NPC among patients treated with

intensity-modulated radiotherapy (IMRT).

2 | MATERIALS AND METHODS

2.1 | Participants

We employed a big-data intelligence database, which has been

described in detail previously20 (Yiducloud Technology, Beijing,

China), at Sun Yat-sen University Cancer Center to identify eligible

patients between 2009 and 2013 (Figure S1). Inclusion criteria

were: (i) newly diagnosed non-disseminated NPC; (ii) World Health

Organization (WHO) pathology type II/III; (iii) Karnosfky perfor-

mance score ≥70; (iv) receiving IMRT; (v) if receiving concurrent

chemotherapy, single-agent cisplatin only; (vi) weekly assessment of

weight and biochemical profiles; and (vii) no other malignancies or

previous radiotherapy or chemotherapy. This study was approved

by the Research Ethics Committee of Sun Yat-sen University Can-

cer Center. Informed consent was obtained from all patients before

treatment.

2.2 | Staging workup

All patients underwent head and neck physical examinations, direct

fibre-optic nasopharyngoscopy, MRI scan of skull to sternoclavicular

joint, chest radiography or computed tomography (CT), abdominal

sonography and whole-body bone scans. PET-CT was performed to

evaluate metastasis, if clinically indicated. All patients received rou-

tine dental evaluations before radiotherapy.

Local tumor extension (T category) and lymph node metastasis

(N category) of patients were re-staged according to the 8th edi-

tion of the International Union against Cancer/American Joint

Committee on Cancer (UICC/AJCC) tumor-node-metastasis system.

Two radiologists (L.Z.L and L.T) employed at our hospital with

over 10 years’ experience separately reviewed all imaging data to

minimize heterogeneity in restaging; disagreements were resolved

by consensus.

2.3 | NRS2002 assessment

Nutritional risk during radiotherapy was assessed according to the

NRS2002 scale (Table S1), which takes into account severity of

disease (mild, moderate and severe) and impaired nutritional status

(mild, moderate and severe), with an adjustment for age of

≥70 years. Two doctors (H.P and B.B.C) from the radiation oncol-

ogy and medical oncology departments independently reviewed

patients’ medical history, weekly height and weight, weekly blood

and biochemical profiles and food intake to determine the

NRS2002 score for each patient. For the sections on “severity of

disease” and “age,” patients were scored before radiotherapy

according to the individual medical history and age records. For

“impaired nutritional status,” patients were scored weekly after the

beginning of radiotherapy according to weight, body mass index

(BMI) or food intake change. The highest score of each patient

was selected for subsequent analysis. A score of ≥3 indicated

nutritional impairment. Discrepancies were resolved by consensus

or in collaboration with a third expert (J.M) with over 30 years of

experience in head and neck cancer.

2.4 | Clinical treatment and nutritional intervention

All patients received radical IMRT using the simultaneous integrated

boost technique at our center.21,22 Target volumes were delineated

based on MRI or PET/CT. The prescribed dose was 66-70 Gy at

2.12-2.27 Gy/fraction to planning target volume (PTV) of nasopha-

ryngeal gross tumor volume (GTVnx), 64-70 Gy to PTV of GTV of

metastatic lymph nodes (GTVnd), 60-63 Gy to PTV of high-risk clini-

cal target volume (CTV1) and 50-56 Gy to PTV of low-risk clinical
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TABLE 1 Baseline characteristics between low-risk and high-risk groups among the 3232 patients

Characteristics
Low-risk (NRS2002 < 3) N = 482 High-risk (NRS2002 ≥ 3) N = 2750

P-valueNumber (%) Number (%)

Median age (y, range) 44 (7-79) 45 (3-78) .235a

Gender

Male 375 (77.8) 2046 (74.4) .112b

Female 107 (22.2) 704 (25.6)

Smoking

Yes 165 (34.2) 968 (35.2) .84b

No 317 (65.8) 1781 (64.8)

Drinking

Yes 82 (17.0) 383 (13.9) .075b

No 400 (83.0) 2367 (86.1)

Family history of cancer

Yes 147 (30.5) 733 (26.7) .08b

No 335 (69.5) 2017 (73.3)

LDH (U/L) 170 (84-1721) 173 (39-753) .694a

Induction chemotherapy

Yes 194 (40.2) 1460 (53.1) <.001b

No 288 (59.8) 1290 (46.9)

Median CCD (mg/m2, range) 100 (0-300) 160 (0-300) <.001a

T categoryc

T1 110 (22.8) 332 (12.0) <.001b

T2 100 (20.7) 475 (17.3)

T3 199 (41.3) 1374 (50.0)

T4 73 (15.2) 569 (20.7)

N categoryc

N0 135 (28.0) 318 (11.6) <.001b

N1 241 (50.0) 1424 (51.8)

N2 85 (17.6) 698 (25.4)

N3 21 (4.4) 310 (11.2)

Overall stagec

I 56 (11.6) 90 (3.3) <.001b

II 132 (27.4) 436 (15.9)

III 205 (42.5) 1401 (50.9)

IVA-B 89 (18.5) 823 (29.9)

BMI (kg/m2)

Underweight (<18.5) 37 (7.7) 207 (7.5) .751

Normal weight (18.5-22.99) 199 (41.3) 1196 (43.5)

Overweight (23.0-27.49) 207 (42.9) 1112 (40.4)

Obese (≥27.5) 39 (8.1) 235 (8.6)

Albumin (g/L)

<45.4 230 (47.7) 1378 (50.1) .333

≥45.4 252 (52.3) 1372 (49.9)

Hemoglobin (g/L)

<144 235 (48.8) 1364 (49.6) .732

≥144 247 (51.2) 1386 (50.4)

(Continues)
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target volume (CTV2). Radiotherapy alone was usually recommended

for patients with stage I disease, concurrent chemoradiotherapy

(CCRT) for stage II, and CCRT with or without induction chemother-

apy (IC) for stage III-IVB. IC consisted of cisplatin-based regimens

including docetaxel with cisplatin (TP), fluorouracil with cisplatin (PF),

or docetaxel plus cisplatin with fluorouracil (TPF) every 3 weeks for

2-4 cycles. Concurrent chemotherapy was tri-weekly or weekly

cisplatin.

A nutritional intervention plan was not routinely scheduled

before treatment for any patient. Nutritional interventions were

delivered if malnutrition occurred according to the guidelines of our

center. For patients with poor appetite but normal swallowing func-

tion, enteral nutrition, such as ENSURE (Nestle, Switzerland, Vevey),

was recommended. For patients with severe oral pain who could not

swallow, parenteral nutrition was delivered for 3 consecutive days.

Nasogastric feeding was not possible, as the patients could not

accept a nasogastric tube.

2.5 | Follow-up and endpoints

Follow-up duration was measured from day of diagnosis to last visit

or death. Conventional follow-up included head and neck MRI,

plasma Epstein-Barr virus DNA, abdominal sonography, chest radiog-

raphy or CT, whole bone scan, and PET/CT if necessary, at least

every 3-6 months during the first 2 years, then every 6-12 months

thereafter (or until death). Endpoints included disease-free survival

(DFS, time from diagnosis to treatment failure or death), overall sur-

vival (OS, to death from any cause), distant metastasis-free survival

(DMFS, to distant metastasis) and locoregional relapse-free survival

(LRRFS, to local or regional recurrence, or both).

TABLE 2 Results of multivariate logistic regression in identifying the factors associated with NRS2002 score

NRS2002 score Variable B P-valuea OR (95% CI)

<3 or ≥3 Drinking: yes vs no 0.348 .012 1.417 (1.080-1.858)

N category: N1 vs N0 0.608 <.001 1.836 (1.359-2.482)

N category: N2 vs N0 0.742 <.001 2.101 (1.458-3.027)

N category: N3 vs N0 1.237 <.001 3.444 (1.949-6.085)

Overall stage: II vs I �0.008 .973 0.992 (0.627-1.570)

Overall stage: III vs I 0.499 .032 1.647 (1.043-2.601)

Overall stage: IV vs I 0.544 .038 1.723 (1.029-2.883)

Induction chemotherapy: yes vs no 0.214 .048 1.239 (1.084-1.559)

CCD (continuous variable) 0.003 <.001 1.003 (1.002-1.004)

CCD, cumulative cisplatin dose during radiotherapy; CI, confidence interval; NRS, nutritional risk screening; OR, odds ratio.
aP-values were calculated by binary logistic regression with backward elimination and the following variables: gender (male vs female), family his-

tory of cancer (yes vs no), smoking (yes vs no), drinking (yes vs no), T category (T2 vs T1; T3 vs T1; T4 vs T1), N category (N1 vs N0; N2 vs

N0; N3 vs N0), overall stage (II vs I; III vs I; IV vs I), induction chemotherapy (yes vs no) and cumulative cisplatin dose (continuous variable, per-

mg/m2 increase).

TABLE 1 (Continued)

Characteristics
Low-risk (NRS2002 < 3) N = 482 High-risk (NRS2002 ≥ 3) N = 2750

P-valueNumber (%) Number (%)

High blood pressure

Yes 40 (8.3) 262 (9.5) .393

No 442 (91.7) 2488 (90.5)

Chronic hepatitis B virus

Yes 49 (10.2) 331 (12.0) .240

No 433 (89.8) 2419 (88.0)

Diabetes

Yes 15 (3.1) 109 (4.0) .369

No 467 (96.9) 2641 (96.0)

Cardiovascular disease

Yes 10 (2.1) 58 (2.1) .961

No 472 (97.9) 2692 (97.9)

BMI, body mass index; CCD, cumulative cisplatin dose during radiotherapy; LDH, lactate dehydrogenase; NRS, nutritional risk screening.
aP-values were calculated by non-parametric test.
bP-values were calculated by v2-test.
cAccording to the 7th edition of International Union against Cancer/American Joint Committee on Cancer tumor-node-metastasis staging system.
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2.6 | Statistical methods

The v2-test or Fisher’s exact test were used to compare categori-

cal variables and a non-parametric test was used for continuous

variables. Multivariate logistic regression analysis was used to

identify factors associated with NRS2002 score. Propensity score

matching (PSM)23 was performed via logistic regression for each

patient to balance various factors between different NRS2002

score groups. The caliper was set at 0.01 to achieve satisfactory

matching. Life-table estimation was performed using the Kaplan–

Meier method to compare survival outcomes, and differences were

evaluated using the log-rank test. A multivariate Cox proportional

hazards model was used to estimate hazard ratios (HR), 95% con-

fidence intervals (CI) and independent prognostic factors: age, gen-

der, smoking, drinking, family history of cancer, lactate

dehydrogenase (LDH), T category, N category, overall stage, IC,

cumulative cisplatin dose (CCD) and NRS2002 score. Receiver

operating characteristics (ROC) curve analysis was adopted to

compare the predictive power of different scales for clinical end-

points, and the difference was compared by Z-test. Statistical anal-

ysis was performed with the Statistical Package for the Social

Science, version 20.0 (SPSS, Chicago, IL, USA) and MedCalc (Med-

Calc Software, Ostend, Belgium). Two-sided P < .05 indicated a

statistically significant difference.

3 | RESULTS

3.1 | Patient selection

Searches of the big-data platform using the keyword “nasopharyn-

geal carcinoma” identified 24 986 patients treated between 2009

and 2013. After reviewing the medical records thoroughly, 3232

(12.9%) patients were eligible for this study (Figure S2), with a med-

ian age of 45 years (3-79 years) and male-to-female ratio of 2.98. In

total, 469 (14.5%), 13 (0.4%), 953 (29.5%), 1762 (54.5%) and 35

(1.1%) patients had NRS2002 scores of 1, 2, 3, 4 and 5, respectively.

The associations between NRS2002 score and severity of disease,

impaired nutritional status and age are presented in Table S2. Obvi-

ously, most patients (2750/3232; 85.1%) suffered nutritional impair-

ment; therefore, patients were subdivided into low-risk

(NRS2002 < 3, n = 482) and high-risk (NRS ≥ 3, n = 2750) groups

using established NRS2002 score cut-off values. The baseline char-

acteristics of these groups are compared in Table 1. The high-risk

group had significantly more patients with advanced T category

(P < .001), N category (P < .001) and overall stage (P < .001). Conse-

quently, the high-risk group were more likely to receive more inten-

sive treatment such as IC (P < .001) or concurrent cisplatin

(P < .001). All other factors were well-balanced between the low-risk

and high-risk groups.

F IGURE 1 Kaplan–Meier DFS (A), OS (B), DMFS (C) and LRRFS (D) curves for the 476 pairs of patients stratified as low risk (NRS2002 <3)
and high risk (NRS2002 ≥ 3) using the NRS2002 scale. DFS, disease-free survival; DMFS, distant metastasis-free survival; LRRFS, locoregional
relapse-free survival; NRS, nutritional risk screening; OS, overall survival
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3.2 | Factors associated with NRS2002 score

Multivariate logistic regression was used to identify factors associ-

ated with NRS2002 score in NPC (Table 2). N category (P < .05

for all) and overall stage (P < .05 for all) were strongly associated

with NRS2002 score, with more advanced stage related to a

higher NRS2002 score. IC (OR, 1.239; 95% CI, 1.084-1.559;

P = .048) and higher CCD during radiotherapy (OR, 1.003; 95%

CI, 1.002-1.004; P < .001) were also associated with a higher

NRS2002 score, indicating that IC may contribute to impaired

nutritional status. Intriguingly, alcohol consumption (OR, 1.417;

95% CI, 1.080-1.858; P = .012) was also correlated with impaired

nutritional status.

3.3 | Survival differences for patients with
NRS2002 score <3 or ≥3

In total, 476 pairs were selected by PSM and the baseline infor-

mation is summarized in Table S3. By last visit, the median fol-

low-up duration for the 476 matched pairs was 59.53 (8.03-

84.43) months. The estimated 5-year DFS, OS, DMFS) and LRRFS

rates for the matched low-risk and high-risk groups were 85.3%

vs 82.5% (P = .274), 91.4% vs 89.0% (P = .221), 91.8% vs 89.0%

(P = .123) and 93.3% vs 91.5% (P = .344, Figure 1), respectively.

When entered into multivariate analysis, the NRS2002 score was

an independent prognostic factor only for DMFS (HR, 1.673;

95% CI, 1.092-2.562; P = .018), but not DFS, OS or LRRFS

(Table 3).

3.4 | Survival analysis after regrouping

We conducted univariate survival analysis between different

NRS2002 score groups (Figure 2). Surprisingly, patients with an

NRS2002 score of 3 achieved significantly better DFS, OS and

DMFS than those with NRS2002 scores of 4 and 5, and similar out-

comes to patients with NRS2002 scores of 1 and 2. Therefore, we

reclassified patients with NRS2002 scores of 3 as low-risk

(NRS2002 ≤ 3, n = 1436). Subsequently, 1168 pairs were selected

from the original cohort; the baseline characteristics of these groups

are shown in Table S4.

In comparison with the high-risk (NRS2002 > 3) group, patients

with NRS2002 scores ≤3 achieved significantly better 5-year DFS

(82.7% vs 75.0%, P < .001), OS (88.8% vs 84.1%, P = .001), DMFS

(90.2% vs 85.9%, P = .001) and LRRFS (91.6% vs 87.2%, P = .001;

Figure 3). Consistent with the results of univariate analysis, the

NRS2002 score was significantly associated with DFS (HR, 1.490;

95% CI, 1.244-1.785; P < .001), OS (HR, 1.497; 95% CI, 1.195-

1.874; P < .001), DMFS (HR, 1.511; 95% CI, 1.187-1.923;

P = .001) and LRRFS (HR, 1.579; 95% CI, 1.215-2.054; P = .001;

Table S5).

3.5 | Proposal of a revised NRS2002 scale

Previous studies24,25 focusing on elderly patients applied an age cut-

off value of 65 years. Moreover, Du et al12 found that weight loss

of ≥10% was associated with significantly poorer survival outcomes.

Therefore, we proposed a revised NRS2002 scale for NPC

(Table S6). According to the revised NRS2002 scale, 517 (16.0%),

898 (27.8%), 1504 (46.5%), 307 (9.5%) and 6 (0.2%) patients had

scores of 1, 2, 3, 4 and 5, respectively (Table S7). Then, ROC curve

analysis was used to compare the risk stratification ability of the 3

scales: scale A, original scale (NRS2002 < 3 or ≥3); scale B, regroup-

ing scale (NRS2002 ≤ 3 or >3); scale C, our revised NRS2002 scale

(Figure 4). Obviously, our proposed scale achieved the best power

for predicting DFS (area under the curve [AUC] = 0.530 vs 0.554 vs

0.577; all rates P < .05), OS (AUC = 0.534 vs 0.563 vs 0.582; all

rates P < .05), DMFS (AUC = 0.531 vs 0.567 vs 0.590; all rates

P < .05) and LRRFS (AUC = 0.529 vs 0.542 vs 0.564; all rates

P < .05 except scale A vs B).

4 | DISCUSSION

Our current study verified the prognostic value of the NRS2002

scale in NPC and found the survival outcomes of patients with

TABLE 3 Results of multivariate analysis for the selected 476
pairs

Endpoints Variable HR (95% CI) Pa

DFS LDH 1.861 (1.089-3.182) .023

N category 2.719 (1.877-3.939) <.001

Overall stage 1.541 (1.013-2.344) .043

NRS2002 score 1.373 (0.993-1.900) .056

OS Age 1.605 (1.065-2.419) .024

Gender 0.386 (0.187-0.799) .01

LDH 2.456 (1.363-4.427) .003

N category 2.390 (1.514-3.773) <.001

Overall stage 2.112 (1.195-3.733) .01

NRS2002 score 1.473 (0.973-2.230) .067

DMFS Gender 0.393 (0.190-0.813) .012

LDH 2.653 (1.442-4.881) .002

N category 4.512 (2.953-6.896) <.001

NRS2002 score 1.673 (1.092-2.562) .018

LRRFS N category 2.081 (1.245-3.476) .005

NRS2002 score 1.428 (0.883-2.310) .147

CI, confidence interval; DFS, disease-free survival; DMFS, distant metas-

tasis-free survival; HR, hazard ratio; LRRFS, locoregional relapse-free sur-

vival; NRS, nutritional risk screening; OS, overall survival LDH, lactate

dehydrogenase.
aP-values were calculated using an adjusted Cox proportional-hazards

model with backward elimination and the following parameters: age

(>45 y vs ≤45 y), gender (female vs male), smoking (yes vs no), drinking

(yes vs no), family history of cancer (yes vs no), LDH (>245 vs ≤245 U/

L), T category (T3-4 vs T1-2), N category (N2-3 or N0-1), overall stage

(III-IV vs I-II), induction chemotherapy (yes vs no), cumulative cisplatin

dose (≥200 vs <200 mg/m2) and NRS2002 score (≥3 vs <3).
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NRS2002 scores <3 and ≥3 were comparable. Further analysis

revealed that patients with NRS2002 scores ≤3 achieved signifi-

cantly better outcomes than patients with NRS2002 scores >3, indi-

cating the cut-off values of the conventional NRS2002 scale may

not be directly relevant to NPC. Thus, we proposed and validated a

revised NRS2002 scale for NPC with more powerful risk stratifica-

tion ability than the original or regrouping NRS2002 scale. We also

identified the factors associated with the NRS2002 score in NPC. To

the best of our knowledge, this is the first study to apply the

NRS2002 scale to assess nutritional risk for individual patients with

NPC.

Before conducting our study, we searched the literature and

identified 3 main nutritional risk assessment scales: NRS2002

scale,18,19,26,27 patient-generated subjective global assessment (PG-

SGA) scale28-31 and mini nutritional assessment (MNA) scale.32-34

These 3 scales were proven effective for nutritional assessment for

patients with malignancies. However, some items in the PG-SGA and

MNA scales were not routinely assessed and recorded before or dur-

ing treatment in our center. Consequently, nutritional assessment

using these 2 scales was not available. Therefore, we adopted the

NRS2002 scale.

It should be noted that we did not consider NRS2002 during

IC, as compliance to IC is satisfactory and few patients suffer nutri-

tional impairment during this process. In fact, only 92/1654 (5.6%)

patients who received IC experienced nutritional impairment

(Table S8). Moreover, patients usually returned home after receiving

IC, making it more difficult to assess nutritional status. Hence, we

did not evaluate the NRS2002 score during IC. As age is one of

the criteria in the NRS2002 scale, we did not restrict age when

recruiting participants; therefore, some patients younger than

18 years old were included. According to the guidelines of our hos-

pital, a disease severity score ≥2 was a strong contraindication for

radiotherapy. Therefore, all patients in this study had a disease

severity score of 1.

We found advanced tumor stage, IC and a higher CCD dur-

ing radiotherapy were associated with a significantly higher

NRS2002 score, which is similar to previous findings.12 Obvi-

ously, patients with advanced stage disease received more inten-

sive chemotherapy regimens and, therefore, were more likely to

suffer more severe nutritional impairment. However, insufficient

chemotherapy may also adversely affect prognosis. As both low

and extreme treatment intensities correlate with poorer survival

outcomes, it is important to deliver the optimal treatment inten-

sity to obtain the best prognosis. With regard to IC, more effica-

cious and less toxic regimens should be considered, such as

gemcitabine plus cisplatin.35,36 In addition, the number of cycles

of IC should be optimized; 2 cycles may be sufficient.37 For con-

current chemotherapy, an overdose of cisplatin should be

F IGURE 2 Kaplan–Meier DFS (A), OS (B), DMFS (C) and LRRFS (D) curves for the entire cohort of 3232 patients according to NRS2002
score. DFS, disease-free survival; DMFS, distant metastasis-free survival; LRRFS, locoregional relapse-free survival; NRS, nutritional risk
screening; OS, overall survival
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avoided; 200 mg/m2 may be adequate to provide a survival

advantage.38

In survival analysis, patients with an NRS2002 score >3 had

significantly poorer survival outcomes than those with a

NRS2002 score ≤3. The reasons for this finding may be numer-

ous and complicated. First, malnutrition could lead to radiother-

apy and chemotherapy interruptions, prolong treatment duration

and decrease treatment tolerance, therefore negatively affecting

survival.39 Second, poor nutrition status could weaken a variety

of defence mechanisms, including cellular and humoral immunity,

anatomic barriers and phagocyte function,40-42 thus increasing

the chance of secondary infection and compromising treatment

response. Furthermore, inadequate nutrition may represent an

indicator of the tumor inflammatory response, which promotes

tumor cell proliferation/survival, angiogenesis and metastasis,

and alters responses to hormones and chemotherapeutic

agents.42,43

Given that nutrition has a significant impact on prognosis, it is

essential to identify patients at high risk of nutritional impairment

and to deliver nutritional intervention as early as possible. Based

on our finding that patients with an NRS2002 score of 3 achieved

excellent outcomes, similar to patients with lower scores, it is

reasonable to infer that the original NRS2002 scale may not pro-

vide adequate nutritional risk stratification in NPC. Therefore,

based on previous studies,12,24,25 we made some modifications to

the age and weight loss criteria to establish a revised NRS2002

scale. ROC curve analysis revealed that the revised NRS2002 scale

achieved the best power in risk stratification than the original

NRS2002 and regrouping scales for all end-points. Thus, the

revised NRS2002 scale represents a simple, powerful nutritional

risk screening tool for patients with NPC that could help to

inform clinical decision-making.

Compared to previous studies of nutritional status in NPC,12-15

this is the first application of the NRS2002 scale to consider age

and severity of disease as well as nutritional status. The proposed

revised NRS2002 scale provides more comprehensive understand-

ing of patient and disease status, and may, therefore, have more

significant clinical value than the individual indexes (weight loss or

prognostic nutritional index) investigated in previous studies.12-15

Moreover, this was the largest sample size investigated to date,

which confers greater statistical power to detect significant differ-

ences. Given the unbalanced distribution of some factors between

different NRS2002 score groups, we used the PSM method to

match these factors and reduce potential bias. The limitations of

F IGURE 3 Kaplan–Meier DFS (A), OS (B), DMFS (C) and LRRFS (D) curves for the 1168 pairs of patients stratified as low risk
(NRS2002 ≤ 3) and high risk (NRS2002 > 3) using the NRS2002 scale. DFS, disease-free survival; DMFS, distant metastasis-free survival;
LRRFS, locoregional relapse-free survival; NRS, nutritional risk screening; OS, overall survival
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this study should also be noted. Importantly, data from a single

center was retrospectively assessed. However, we applied PSM

and multivariate analysis to balance various factors and address

the potential limitations of divergent confounders. Moreover, the

effect of IC was not explored in detail and requires further study.

The relationship between radiotherapy interruption and NRS2002

score was not evaluated because many patients did not have this

data.

In summary, tumor stage and chemotherapy intensity are signifi-

cantly associated with NRS2002 score in NPC, and patients with a

NRS2002 score >3 have significantly poorer survival outcomes than

those with a NRS score ≤3 in the IMRT era. Moreover, we proposed

and validated a revised NRS2002 scale that better enables identifica-

tion of patients at high risk of nutritional impairment. The revised

NRS2002 scale needs to be validated in randomized clinical trials.
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