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Purpose

The prognosis of nasopharyngeal carcinoma (NPC) patients with parotid lymph node (PLN)

metastasis remains unclear. This study was performed to investigate the prognostic signif-

icance and optimal staging category of PLN metastasis and develop a nomogram for esti-

mating individual risk.    

Materials and Methods

Clinical data of 7,084 non-metastatic NPC patients were retrospectively reviewed. Overall

survival (OS) was the primary endpoint. A nomogram was established based on the Cox pro-

portional hazards regression model. The accuracy and calibration ability of this nomogram

was evaluated by C-index and calibration curves with bootstrap validation.

Results

Totally, 164/7,084 NPC patients (2.3%) presented with PLNs. Multivariate analyses showed

that PLN metastasis was a negative prognostic factor for OS, progression-free survival (PFS),

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

Patients with PLN metastasis had a worse prognosis than N3 disease. Five independent

prognostic factors were included in the nomogram, which showed a C-index of 0.743. The

calibration curves for probability of 3- and 5-year OS indicated satisfactory agreement bet-

ween nomogram-based prediction and actual observation. All results were confirmed in the

validation cohort.

Conclusion

NPC patient with PLN metastasis had poorer survival outcome (OS, PFS, DMFS, and LRFS)

than N3 disease. We developed a nomogram to provide individual prediction of OS for pati-

ents with PLN metastasis.
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Introduction

Nasopharyngeal carcinoma (NPC) is an endemic malig-

nancy prevailing in Southern and Southeast China [1,2]. Dif-

ferent from other head and neck cancers, NPC has a high

predilection for regional lymph node metastasis as up to 85%

of cases present with lymphadenopathy at diagnosis [3].

However, parotid lymph node (PLN) metastasis, which was

classified as level VIII in the latest International Consensus

Guidelines for nodal levels, is rare, with an incidence rate of

only 1%-3.4% [4-7]. 

Nowadays, intensity-modulated radiotherapy (IMRT) has

replaced two-dimensional conventional radiotherapy as the

main radiation technique for NPC. With the advent of IMRT,

which improved radiation doses to the primary tumor and

offered better protection for the adjacent normal tissues, the

parotid gland area receives rather low radiation doses to 

reduce the xerostomia and further improve the quality of life

of NPC patients [8,9]. However, many studies have found

that overprotection of the parotid gland increased recurrence

rate of PLN after IMRT treatment of NPC compared to con-

ventional radiotherapy [10-12]. Therefore, it is necessary to

emphasize the prognostic value and standardize the treat-

ment of PLN metastasis in clinical practice in IMRT era.

Based on the criteria of the 8th edition of International Union

Against Cancer/American Joint Committee on Cancer (UICC/

AJCC) staging system, the classification of T4 has been

changed from the invasion of the inferior temporal fossa and

masticatory muscle space into extensive soft tissue involve-

ment (beyond the lateral surface of the lateral pterygoid mus-

cle, parotid gland) [13]. However, PLN metastasis is not

included in the current UICC/AJCC staging system for NPC

[14], which leads to different classifications and treatment

strategies for PLN metastasis from center to center. Addition-

ally, due to the low incidence of PLN involvement, there was

a paucity of data addressing the prognostic significance and

clinical staging reference for PLN metastasis [15,16]. There-

fore, we retrospectively reviewed the clinical charts of 7,084

NPC patients including 164 patients with PLN metastasis,

and further combined both PLN metastasis and clinical vari-

ables to generate a nomogram model with accurate predic-

tion, which could be useful for guiding individualized

treatment. 

Materials and Methods

1. Patients

Newly diagnosed, non-distant metastatic, histologically-

proven NPC treated with IMRT in Sun Yat-sen Cancer Cen-

ter from 2008 to 2014 were identified. The inclusion criteria

were as follows: (1) age ! 18 years, (2) Karnofsky perform-

ance score > 70, (3) hematological and Epstein-Barr virus

(EBV) serology results were available, (4) received radical 

radiation treatment with or without chemotherapy, (5) com-

plete follow-up data. After the screening procedure, 7,084 

individuals including 164 patients with PLN metastasis were

involved in the analysis. According to computer software-

generated random numbers, 6,920 patients without PLN

metastasis and 164 patients with PLN metastasis were ran-

domly allocated in equal proportions into the training cohort

and the validation cohort, separately. All patients were resta-

ged according to the 8th UICC/AJCC staging system and

equally divided into the training group and the validation

group. The flow chart for patient inclusion was shown in 

Fig. 1. All patients were assessed by a complete physical exa-

mination, fiberoptic nasopharyngoscopy, magnetic reso-

nance imaging (MRI) of the nasopharynx and neck, chest

radiography, bone scan or whole-body fluorodeoxyglucose

positron emission tomography (PET)/computed tomogra-

phy (CT), complete blood count, renal and liver function

tests, and plasma EBV DNA test. 

2.  Image assessment and diagnostic criteria
   

All patients were examined by a 1.5-T superconducting

MRI system with scanning performed from the suprasellar

cistern to the inferior margin at the sternal end of the clavicle

as the previous study described [15]. All MRI scans were 

independently reviewed by two experts in head and neck 

radiology. No disagreement was remained after discussion.

PLNs including the superficial and deep intraparotid nodes,

subcutaneous pre-auricular nodes, and subparotid nodes

were assessed [17]. All parotid nodules with a diameter ! 5

mm were recorded [18,19]. The diagnostic criteria for NPC

with PLN metastasis in our study were as follows: (1) PLN

metastasis confirmed by fine-needle aspiration cytology

(FNAC) prior to treatment of NPC; (2) lymph nodes achieved

a partial response or complete response according to the 

Response Evaluation Criteria in Solid Tumors (RECIST) 1.1

criteria [20] 3 months after completion of radiotherapy, or

achieved stable disease but the node was enlarged on the

subsequent follow-up MRI.
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3. Treatment

All patients involved in this study underwent IMRT with
or without chemotherapy in Sun Yat-sen Cancer Center. Five
daily fractions of a total dose of 68-70 Gy at about 2 Gy per
fraction were prescribed per week. Among 164 patients with
PLN metastasis, the PLN lesions of 128 patients were delin-
eated as gross tumor volume or clinical target volume receiv-
ing a radical prescribe dose more than 54 Gy. However, the
other patients (n=36) with PLN involvement received
parotid-sparing radiotherapy and the average mean dose 
delivered to ipsilateral parotid gland was 37.06 Gy (range,
28.77 to 42.05 Gy). Other details of the IMRT plan were in
line with the principles described in previous studies [21-23].
The type of chemotherapy included neoadjuvant chemother-
apy, concurrent chemoradiotherapy, and adjuvant chemo-
therapy. Salvage treatments (intracavitary brachytherapy,
surgery, or chemotherapy) were provided when relapse or
persistent disease occurred. 

4. Follow-up and statistical analysis

After treatment, patients were examined every 3 months

in the first 3 years and every 6 months thereafter or until
death. The state of recurrence or metastasis was confirmed
by pathological results or imaging tests. The primary end-
point measured overall survival (OS), which referred to the
interval from the first day of hospitalization to death from
any cause. The second endpoint measured progression-free
survival (PFS; the interval from the first day of hospitaliza-
tion to disease progression or death from any cause), locore-
gional relapse-free survival (LRFS), and distant metasta-
sis-free survival (DMFS), which accordingly corresponded
to the interval to first recurrence and distant metastasis.

All computations were performed with SPSS ver. 24.0
(IBM Corp., Armonk, NY) or R 3.5.3 (R project, http://www.
R-project.org/). Categorical variables were compared by chi-
square test or Fisher exact test. Survival parameters were cal-
culated using Kaplan-Meier actuarial analysis, and the diffe-
rences were compared by log-rank test. Multivariate analyses
were calculated using the Cox proportional hazards regres-
sion model. A nomogram based on the Cox regression model
was used to predict the 3-year and 5-year OS. The C-index
was calculated to measure the predictive accuracy and the
discriminative ability of this nomogram. Calibration curves
were generated to estimate the performance of the nomo-
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Did not meet other inclusion criteria
described in the manuscript (n=166)

Randomly assigned
with the ratio of 1:1

NPC patients treated in SYSUCC from 2008 to 2014 (n=8,176)

NPC patients treated with adequate information (n=7,250)

NPC patients involved in study (n=7,084)

Accessed by Harrel C index and calibration curve

Stage I-IVa NPC patients treated in SYSUCC (n=8,009)

NPC patients with complete treatment information (n=7,587)

Developed distant lesions at diagnosis (n=167)

Unknown treatment information (n=422)

Inadequate follow-up information (n=337)

Training cohort (n=3,542) Validation cohort (n=3,542)

Nomograms establishment Nomograms validation

Fig. 1. Flow chart for patient inclusion. NPC, nasopharyngeal carcinoma; SYSUCC, Sun Yat-sen University Cancer Center.
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gram along with bootstrap validation. A two-sided p-value

of < 0.05 was considered significant. 

5. Ethical statement

The study was approved by the Sun Yat-sen University

Cancer Center Research Ethics Committee (308-2018-02-01).

Patients were required to provide written informed consent

before enrolling in the study.

Results

1. Clinical characteristic and survival

From January 2008 to December 2014, 7,084 non-metastatic

NPC were enrolled in this study. Finally, 211 positive PLNs

(PLN (+)) were found in 164 patients. All identified PLNs

were separated from the primary lesion, including 153 

Cancer Res Treat. 2020;52(3):855-866

Table 1.  Patient characteristics in PLN(–) and PLN(+)

Values are presented as number (%). Rare neck areas containing level Ia/b, level Vc, and level VI involvement. p-value was

calculated using Pearson chi-square test or T test. PLN, parotid lymph node; EBV, Epstein-Barr virus; MAD, minimal axial

diameter; LN, lymph node; ECS, extracapsular spread; RT, radiotherapy; CCRT, concurrent chemoradiotherapy; IC, induction

chemotherapy. a)According to the 8th edition of International Union Against Cancer/American Joint Committee on Cancer

staging system, b)Rare neck areas containing level Ia/b, level Vc, and level VI involvement.

Characteristic Total PLN(–) PLN(+) p-value
Total 7,084 ( 6,920 ( 164 (

Age (yr)
! 46 3,555 (50.2) 3,471 (50.2) 84 (51.2) 0.813

> 46 3,529 (49.8) 3,449 (49.8) 80 (48.8)

Sex
Female 1,843 (26.0) 1,818 (26.3) 25 (15.2) 0.001

Male 5,241 (74.0) 5,102 (73.7) 139 (84.8)

T categorya)

T1 597 (8.4) 591 (8.5) 6 (3.7) < 0.001

T2 1,502 (21.2) 1,476 (21.3) 26 (15.9)

T3 3,390 (47.9) 3,316 (47.9) 74 (45.1)

T4 1,595 (22.5) 1,537 (22.2) 58 (35.4)

N categorya)

N0 1,315 (18.6) 1,313 (19.0) 2 (1.2) < 0.001

N1 2,535 (35.8) 2,518 (36.4) 17 (10.4)

N2 2,601 (36.7) 2,519 (36.4) 82 (50.0)

N3 633 (8.9) 570 (8.2) 63 (38.4)

EBV DNA level (copy/mL)
< 1,000 2,800 (40.2) 2,776 (40.1) 24 (14.6) < 0.001

1,000-9,999 1,865 (26.1) 1,821 (26.3) 44 (26.8)

10,000-99,999 1,471 (21.0) 1,404 (20.3) 67 (40.9)

100,000-999,999 743 (9.9) 721 (10.4) 22 (13.4)

" 1,000,000 205 (2.8) 198 (2.9) 7 (4.3)

MAD of level II. LN (mm)
Median (range) 13 (3-61) 12 (3-61) 18 (7-41) < 0.001

Level II. LN necrosis 1,671 (23.6) 1,581 (22.8) 90 (54.9) < 0.001

ECS of LN 1,992 (28.1) 1,850 (26.7) 142 (86.6) < 0.001

Rare neck involvementb) 816 (11.5) 741 (10.7) 75 (45.7) < 0.001

Treatment group
RT alone 1,238 (17.5) 1,233 (17.8) 5 (3.0) < 0.001

CCRT 2,438 (34.4) 2,403 (34.7) 35 (21.3)

IC+RT 1,459 (20.6) 1,439 (20.8) 20 (12.2)

IC+CCRT 1,745 (24.6) 1,659 (24.0) 86 (52.4)

Others 204 (2.9) 186 (2.7) 18 (11.0)
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superficial nodes and 58 deep intraparotid nodes. The 

median shortest and largest axial diameter of the positive

PLNs were 8.8 mm (range, 5.3 to 21.2 mm) and 11.4 mm

(range, 5.8 to 32.5 mm), respectively. Meanwhile, 28 and 33

metastatic PLNs were observed to have extracapsular spread

and necrosis, respectively. 

The median age was 46 years old and the male-to-female

ratio was 2.8:1. As shown in Table 1, patients with PLN(+)

were inclined to have more advanced T category (p < 0.001)

and N category (p < 0.001). The percentages of concomitant

T4 and N3 grades in PLN(+) group were 35.4% and 38.4% 

respectively, compared with 22.2% and 8.2% in PLN(–)

group (p < 0.001). Similarly, the median minimal axial diam-

eter of positive lymph node at level II in PLN (+) group was

18 mm (range, 7 to 41 mm) and 12 mm (range, 3 to 61 mm)

in PLN(–) group (p < 0.001). PLN(+) patients were more

likely to present with rare neck involvement including level

Ia/b, Vc, and VI (45.7% vs. 10.7%, p < 0.001). Additionally,

PLN metastasis was significantly affiliated with level II cer-

vical lymph nodes necrosis, extracapsular spread as well as

A
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Fig. 2. Kaplan-Meier survival curves of overall survival (OS) (A), progression-free survival (PFS) (B), locoregional relapse-

free survival (LRFS) (C), and distant metastasis-free survival (DMFS) (D) for comparing 164 patients with parotid lymph

nodes (PLN) involvement and 6,920 patients without PLN involvement classified by N classification.
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EBV DNA level (lactate dehydrogenase) level (p < 0.001).

The median follow-up was 46.5 months (interquartile

range, 33.3 to 64.2 months) among the whole cohort. The OS

was 91.8% (95% confidence interval [CI], 91.2 to 92.4) at 

3-year and 85.2% (95% CI, 84.2 to 86.2) at 5-year follow-up.

2. Comparison of staging categories for PLN metastasis 

To investigate the prognostic value of PLN metastasis com-

pared with N category based on the 8th UICC/AJCC staging

system, we divided all 7,084 patients into five groups. Pati-

ents without PLN metastasis were grouped by N category

from grade 0 to 3 while patients with PLN metastasis were

assigned to another group. The survival curves of each group

were shown in Fig. 2. Obviously, patients with N0 achieved

the best OS, followed by N1, N2, N3, and patients with PLN

metastasis had the worst prognosis. The 5-year OS rates were

92.9%, 88.4%, 82.6%, 71.1%, and 57.3%, respectively (Fig. 2A).

The same survival trend could be also observed in terms of

PFS and DMFS while patients in N0-3 group showed similar

LRFS (Fig. 2B-D). Noticeably, even though patients in N0-3

group showed similar LRFS (Fig. 2B-D), patients with PLN

metastasis suffered from worse LRFS compared to the other

four groups with statistically significant difference (p <

0.001).

3. The establishment nomogram model for OS involving

PLN metastasis

As the PLN metastasis showed an important prognostic

Cancer Res Treat. 2020;52(3):855-866

Table 2.  Patient characteristics in training cohort and validation cohort 

Values are presented as number (%). Pearson chi-square test was used to calculate the p-value. PLN, parotid lymph node;

EBV, Epstein-Barr virus; RT, radiotherapy; CCRT, concurrent chemoradiotherapy; IC, induction chemotherapy. a)According

to the 8th edition of International Union Against Cancer/American Joint Committee on Cancer staging system. 

Characteristic Training cohort  (n=3,542) Validation cohort (n=3,542) p-value

Age (yr)

! 46 1,801 (50.8) 1,754 (49.5) 0.274

> 46 1,741 (49.2) 1,788 (50.5)

Sex

Female 914 (25.8) 929 (26.2) 0.705

Male 2,628 (74.2) 2,613 (73.8)

T categorya)

T1 296 (8.4) 301 (8.5) 0.759

T2 769 (21.7) 733 (20.7)

T3 1,689 (47.7) 1,701 (48.0)

T4 788 (22.2) 807 (22.8)

N categorya)

N0 666 (18.8) 647 (18.3) 0.959

N1 1,258 (35.5) 1,260 (35.6)

N2 1,247 (35.2) 1,272 (35.9)

N3 289 (8.2) 281 (7.9)

PLN(+) 82 (2.3) 82 (2.3)

EBV DNA level (copy/mL)

< 1,000 1,409 (39.8) 1,391 (39.3) 0.129

1,000-9,999 952 (26.9) 913 (25.8)

10,000-99,999 728 (20.6) 743 (21.0)

100,000-999,999 368 (10.4) 375 (10.6)

" 1,000,000 85 (2.4) 120 (3.4)

Treatment group

RT alone 619 (17.5) 619 (17.5) 0.707

CCRT 1,223 (34.5) 1,215 (34.3)

IC+RT 741 (20.9) 718 (20.3)

IC+CCRT 851 (24.0) 894 (25.2)

Others 108 (3.0) 96 (2.7)
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Table 3.  Multivariable analysis of prognostic factors for OS, PFS, LRFS, and DMFS in training cohort

(Continued to the next page)

Characteristic HR 95% CI p-value
Overall survival

Age 1.736 1.510-1.996 < 0.001 

Sex 1.613 1.349-1.930 < 0.001 

T category 

T2 vs. T1 1.371 0.935-2.012 0.106 

T3 vs. T1 1.768 1.234-2.532 0.002 

T4 vs. T1 2.453 1.702-3.534 < 0.001 

N category 

N1 vs. N0 1.263 0.974-1.638 0.078 

N2 vs. N0 1.751 1.356-2.263 < 0.001 

N3 vs. N0 2.623 1.948-3.531 < 0.001 

PLN(+) vs. N0 3.951 2.807-5.561 < 0.001 

EBV DNA level

1,000-9,999 vs. < 1,000 1.417 1.121-1.792 0.004 

10,000-99,999 vs. < 1,000 2.619 2.102-3.263 < 0.001 

100,000-999,999 vs. < 1,000 3.242 2.556-4.111 < 0.001 

! 1,000,000 vs. < 1,000 5.052 3.777-6.757 < 0.001 

Progression-free survival
Age 1.250 1.123-1.392 < 0.001 

Sex 1.378 1.205-1.575 < 0.001 

T category 

T2 vs. T1 1.602 1.176-2.183 0.003 

T3 vs. T1 1.909 1.424-2.558 < 0.001 

T4 vs. T1 2.362 1.751-3.186 < 0.001 

N category 

N1 vs. N0 1.296 1.062-1.582 0.011 

N2 vs. N0 1.563 1.281-1.907 < 0.001 

N3 vs. N0 1.985 1.564-2.520 < 0.001 

PLN(+) vs. N0 4.225 3.224-5.538 < 0.001 

EBV DNA level

1,000-9,999 vs. < 1,000 1.392 1.168-1.661 < 0.001 

10,000-99,999 vs. < 1,000 2.570 2.174-3.037 < 0.001 

100,000-999,999 vs. < 1,000 3.225 2.681-3.880 < 0.001 

! 1,000,000 vs. < 1,000 5.303 4.191-6.710 < 0.001 

Locoregional relapse-free survival
Age 1.059 0.884-1.268 0.537 

Sex 1.243 0.998-1.548 0.052 

T category 

T2 vs. T1 2.501 1.426-4.387 0.001 

T3 vs. T1 2.382 1.382-4.106 0.002 

T4 vs. T1 2.640 1.513-4.607 0.001 

N category

N1 vs. N0 1.145 0.848-1.546 0.377 

N2 vs. N0 1.090 0.801-1.484 0.583 

N3 vs. N0 0.912 0.595-1.399 0.674 

PLN (+) vs. N0 3.168 2.059-4.875 < 0.001 
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value in non-metastatic NPC, we further established a nomo-
gram model for OS, which considered the PLN metastasis as
a prognostic factor on the basis of the large cohort. The whole
cohort was randomly divided into training cohort and vali-
dation cohort with a ratio of 1:1, and 3,542 patients were in
each group. Patient characteristics were in good balance 
between the two cohorts, which were listed in Table 2.

We carried out the multivariate analyses that included all
potential prognostic factors (age, sex, T category, N category,
and EBV DNA) in training cohort. As shown in Table 3, all
five factors had a significant effect on OS (p < 0.05). A nomo-
gram was further generated to predict the 3-year and 5-year
OS (Fig. 3). By adding up the total score and locating it on
the total point scale, we were easily able to draw a straight
line down to establish the estimated individual probabilities
of OS at the 3-year and 5-year time points. 

4. The accuracy and calibration of the nomogram 

A bootstrap validation method was applied to validate the
nomogram model. In training cohort, the bootstrap-corrected

C-index of this model was 0.743 (95% CI, 0.720 to 0.766),
which exhibited good accuracy for predicting the 3-year and
the 5-year OS. The calibration curves were shown in Fig. 4A
and B. As observed, the calibration plot for the probability
of 3-year and 5-year OS showed satisfactory agreement bet-
ween prediction value and actual value in the training 
cohort. In the validation cohort, the Harrell C index was 0.738
(95% CI, 0.714 to 0.792). The calibration curves for validation
cohort of 3-year and 5-year OS were shown in Fig. 4C and D,
which also showed an agreeable calibration.

Discussion

In this study, we retrospectively reviewed a large cohort
of 7,084 NPC patients including 164 with PLN metastasis and
found that patients with PLN metastasis were associated
with poorer OS, PFS, DMFS, and LRFS compared with N3
disease based on the 8th UICC/AJCC staging system. Fur-
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Table 3.  Continued

A Cox proportional hazard model was used to conduct multivariate analyses. All variables were transformed into categorical
variables. HRs were calculated for age (> 46 years vs. ! 46 years), sex (male vs. female), T category, N category, and EBV
DNA level. OS, overall survival; PFS, progression-free survival; LRFS, locoregional relapse-free survival; DMFS, distant
metastasis-free survival; HR, hazard ratio; CI, confidence interval; EBV, Epstein-Barr virus; PLN, parotid lymph node.

Characteristic HR 95% CI p-value

EBV DNA level
1,000-9,999 vs. < 1,000 1.365 1.028-1.814 0.032 
10,000-99,999 vs. < 1,000 2.355 1.794-3.092 < 0.001 
100,000-999,999 vs. < 1,000 3.358 2.497-4.518 < 0.001 
" 1,000,000 vs. < 1,000 3.250 2.075-5.091 < 0.001 

Distant metastasis-free survival

Age 1.193 1.046-1.361 0.008 
Sex 1.506 1.271-1.784 < 0.001 
T category 

T2 vs. T1 1.195 0.827-1.727 0.343 
T3 vs. T1 1.638 1.163-2.307 0.005 
T4 vs. T1 1.899 1.337-2.697 < 0.001 

N category 
N1 vs. N0 1.599 1.208-2.116 0.001 
N2 vs. N0 2.062 1.562-2.723 < 0.001 
N3 vs. N0 2.866 2.095-3.920 < 0.001 
PLN (+) vs. N0 6.060 4.305-8.531 < 0.001 

EBV DNA level
1,000-9,999 vs. < 1,000 1.577 1.250-1.991 < 0.001 
10,000-99,999 vs. < 1,000 3.104 2.493-3.863 < 0.001 
100,000-999,999 vs. < 1,000 4.092 3.233-5.180 < 0.001 
" 1,000,000 vs. < 1,000 7.166 5.387-9.532 < 0.001 
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thermore, we built up a nomogram combining both PLN

metastasis and clinical variables for guiding individualized

treatment. The nomogram showed satisfactory predictive

and calibrative ability. To the best of our knowledge, this is

the first survival-prognostic nomogram with PLN metastasis

involved in NPC patients, and also the largest retrospective

study to assess the prognostic value of PLN metastasis.

Initial PLN metastasis is far less common in NPC patients

with an incidence rate of 1%-3.4% in previous studies [4-7]

and 2.3% in our study. Due to the low incidence of PLN 

involvement, there was a paucity of data addressing the

prognostic significance and appropriate clinical classification

methods for PLN metastasis [15,16]. Zhang et et al. [15] ver-

ified that PLN group had a poorer DMFS than N2 disease

but was close to N3 disease. Similarly, Xu et al. [16] con-

firmed that the 5-year DMFS and regional relapse-free sur-

vival (RRFS) rates in case with PLN involvement were

significantly worse than N2 disease but similar to N3 disease.

Meanwhile, the 5-year OS and PFS were consistent with N2

disease. In coincidence with previous studies, our study

showed that PLN metastasis was an independent negative

prognostic factor for OS, PFS, DMFS, and locoregional recur-

rence-free survival. Furthermore, significantly poorer sur-

vival outcomes were observed in PLN group compared to

the N3 group. The possible reasons might be as follows: all

patients in previous studies were staged according to the 7th

edition of UICC/ AJCC staging system, which offered less

diagnostic value compared with the latest version. On the

other hand, the sample sizes of previous studies were rela-

tively small, with 10 and 45 PLN patients recruited respec-

tively, which was insufficient to detect the difference. On

account of the scarity of PLN metastasis, a large sample size

was required to draw conclusive conclusions. Based on our

results, NPC patients with PLN metastasis should be regar-

ded as an independent subgroup which presented with

higher risk than N3 group. More aggressive therapeutic

strategies such as more effective systemic chemotherapy and

immunotherapy should be considered for these patients to

improve their prognosis.

It is noteworthy that traditional TNM system was mainly

based on anatomical disease extension and did not take the

non-anatomic prognostic factor into account, which may 

account for the varied survival outcomes in patients with

same stage [24]. Nomogram, as a predictive tool, has been

proved to provide higher prediction accuracy than the tradi-

tional TNM classification [25,26]. Therefore, we established

a nomogram incorporating TNM stage, PLN metastasis and

other risk factors to predict 3-year OS and 5-year OS. Pre-
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Fig. 3. Prognostic nomogram for 3- and 5-year overall survival (OS) based on the training cohort. EBV DNA, Epstein-Barr

virus DNA. As an example, locate the patient's sex and draw a line straight up to the “Points” axis to determine the 

associated score. Add the scores achieved for each covariate, and locate this sum on the “Total Points” axis. Draw a line

straight down to determine the likelihood of 3- or 5-year OS. As a calculation parameter, “Linear Predictor” is not directly

applied to the calculation of the survival rate.
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treatment plasma EBV DNA load has been reported as a con-
siderable biomarker for NPC patients [27]. Several studies
have verified its prognostic value for both non-metastatic
and metastatic patients [28-30]. However, there was little
data evaluating the value of plasma EBV DNA in PLN meta-
static patients. Our study firstly showed that PLN(+) patients
exhibited with much higher pretreatment EBV DNA level
than other non-metastatic patients, and the median EBV level
amont them was 22,600 copies/mL. This can serve as another
evidence to explain the strong correlation between PLN mes-
tastasis and poor survival outcomes. As all patients in this
study had available pretreatment plasma EBV DNA results,
which was proved as a prognosticator for survival, we inclu-
ded this factor in our model. Other important factors includ-
ing sex and age were also incorporated in the final model as
they also showed predictive capacity in both previous study
[24] and our study. 

The current nomogram showed good accuracy for the pre-
diction of OS, with the C-index of 0.743 and 0.738 in training
and validation cohort. PLN was found to make the largest

prognostic contribution in this nomogram. When patients
with suspicious PLN get high score based on this nomogram,
the lymph node in parotid should be verified by FNAC and/
or PET-CT, more aggressive treatment regimen and more fre-
quent follow-up is recommended, whereas parotid-sparing
IMRT may be not appropriate under this situation. More-
over, EBV DNA was closely related to PLN metastasis and
was also a powerful prognostic factor in our model. It is
strongly recommended that EBV DNA be monitored rou-
tinely if the condition allows. The model revealed the risk of
PLN metastasis and provided physicians a more precise and
easy-to-use tool for decision-making. 

However, the result of this study should be cautiously 
interpreted due to its limitations. Firstly, false-negative and
false-positive diagnoses of PLN metastasis might exist in this
study for the lack of pathological evidence. Secondly, this
was a retrospective study with patients from one center. EBV
DNA level was not routinely detected in some medical cen-
ters on account of the technical difficulty in its measurement.
Thirdly, the treatment modalities for PLN involvement var-
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Fig. 4. The calibration plots for predicting overall survival (OS) in training cohort at 3-year (A) and 5-year (B) OS and in val-
idation cohort at 3-year (C) and 5-year (D) OS. Actual OS is plotted on the y-axis; nomogram-predicted probability of OS is
plotted on the x-axis. 
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ied a lot, which made it inappropriate to evaluate the sur-
vival impact of treatment on patient with PLN metastasis. 
Finally, although on the whole, the calibration plot for the
probability of 3-year OS showed satisfactory agreement 
between prediction value and actual value, the CIs of highest
OS in prediction value did not include the actual probability
both in training and validation cohorts. Thus, the practical
applicability of our model might be influenced to some 
extent. In short, there is a need for a lager, multicenter, and
prospective study to further investigate the prognostic value
of PLN metastasis in NPC patients.

In conclusion, our study verified that PLN metastasis was
coincidence with N category and higher serum EBV DNA
level. As an adverse prognostic factor for survival endpoint
(OS, PFS, DMFS, and RRFS), NPC patient with PLN metas-
tasis suffered poorer prognosis than N3 disease. We built up
a nomogram involving PLN metastasis and EBV DNA for
guiding individual treatment. 
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