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Abstract: Few studies were conducted to explore the prognostic

factors for nonendemic nasopharyngeal carcinoma (NPC) in the era

of 3-dimensional conformal radiation therapy (3DCRT)/intensity-

modulated radiation therapy (IMRT). The aim of this study was to

evaluate the potential prognostic factors for nonendemic NPC.

Between January 2004 and December 2011, a total of 393 nonendemic

NPC patients receiving 3DCRT/IMRT were reviewed according to the

inclusion and exclusion criteria. The prognostic factors we analyzed

included age, T stage, N stage, lymph node diameter, primary tumor

volume, WHO histology types, and cranial nerve related symptoms. All

patients were staged according to the 7th edition of the American Joint

Committee on Cancer (AJCC) system. The factors found to be associated

with the endpoints by univariate analyses were then entered into multi-

variate Cox proportional hazards regression analysis.

The median follow-up time was 61.4 months (range: 4–130 months).

The 5-year local recurrent-free survival (LRFS), nodal relapse-free

survival (NRFS), distant metastasis free survival (DMFS), and dis-

ease-specific survival (DSS) for all patients were 89.3%, 96.4%,

73.5%, and 74.3%, respectively. Multivariate analysis indicated that N

stage (N2–3), WHO pathologic type II, and primary tumor volume

(>23 mL) were 3 independent prognostic factors for DSS and DMFS.

According to the number of prognostic factors, patients were divided into

3 risk groups: low-risk group (patients without any risk factors); inter-

mediate-risk group (patients with only 1 risk factor); and high-risk group

(patients with more than 2 risk factors). The 5-year DSS for low,

intermediate, and high-risk groups were 91.5%, 75.2%, and 49.3%,

respectively (P< 0.001). The 5-year DMFS for low, intermediate,

and high-risk groups were 89.4%, 77.9%, and 49.4%, respectively

(P< 0.001).
MD, Jian-Hua Wa u, MD,
hcock, MD, and Mei Shi, MD

(Medicine 95(21):e3794)

Abbreviations: 3DCRT = 3-Dimensional Conformal Radiation

Therapy, CTV = clinical target volume, DMFS = distant metastasis

free survival, DSS = disease-specific survival, GTV = gross tumor

volume, IMRT = Intensity-Modulated Radiation Therapy, LRFS =

local recurrent-free survival, NPC = nasopharyngeal carcinoma,

NRFS = nodal relapse-free survival, PTV = planning target volume.

INTRODUCTION

N asopharyngeal carcinoma (NPC) is typically endemic in
southern China and Southeast Asia where undifferentiated

NPCs occur more frequently.1 In the era of 3-dimensional
conformal radiation therapy (3DCRT)/intensity-modulated
radiation therapy (IMRT) combined with chemotherapy, the
NPC patients’ survivals have improved significantly. Especially
for the patients from endemic area, the 5-year overall survival
(OS), local recurrent-free survival (LRFS), and distant metas-
tasis free survival (DMFS) have achieved approximately 84%,
92%, and 84%, respectively.1,2 However, the survival outcomes
are slightly lower for nonendemic area NPC patients receiving
3DCRT/IMRT, and the 5-year OS, LRFS, and DMFS are
approximate 72%, 83%, and 73%, respectively.3–6 The reasons
of survival difference between endemic and nonendemic NPC
remain unknown. May be there are potential tumor intrinsic
prognostic factors that impact on slightly inferior survival
outcomes for nonendemic NPC patients.

Besides TNM stages, which is the most common index to
predict the NPC patients’ prognosis, there are also some poten-
tial prognostic factors evaluated by many studies, such as
primary tumor volume, tumor diameter, WHO histological
types, C-reaction protein, serum lactic dehydrogenase, body
mass index, and serum Epstein-Barr virus (EBV) DNA.2,7–12

The problem is that most of these studies are from endemic NPC
areas; it is unknown whether these prognostic factors from
endemic studies could directly apply to nonendemic NPC
patients. Until now, few studies were conducted to explore
for nonendemic NPC because the inci-

dence of this disease is lower. The aim of this study was to
explore the specific prognostic factors for nonendemic NPC.

MATERIALS AND METHODS

Patients’ Selection
Between January 2004 and December 2011, a total of

423 patients with nonmetastatic and histologically proven NPC

athological slices were reviewed by 3
sts. The inclusion criteria were as fol-
nfirmed nasopharyngeal squamous cell

www.md-journal.com | 1

http://dx.doi.org/10.1097/MD.0000000000003794


adiation therapy and adjuvant chemotherapy, 97 patients
(24.7%) received chemoradiation therapy, and 47 patients
(12%) received radiation therapy alone (Table 1).

TABLE 1. Patients’ Characteristics

Characteristics of Patients N (%)

Gender
Male 276 (70.2)
Female 117 (29.8)

Age, y
�50 246 (62.6)
>50 147 (37.4)

Tumor volume, mL
Median 33.16
Range 2.4–169.3

Lymph nodes size, cm
Median 1.7
Range 0.34–8.9

T stage
T1 36 (9.2)
T2 137 (34.9)
T3 29 (7.4)
T4 191 (48.6)

N stage
N0 82 (20.9)
N1 96 (24.4)
N2 176 (44.8)
N3 39 (9.9)

AJCC stage
I 17 (4.3)
II 65 (16.5)
III 98 (29.4)
IVA-B 213 (54.2)

Pathology
Histological WHO II 107 (27.2)
Histological WHO III 286 (72.8)

Radiation technique
3DCRT 80 (20.4)
IMRT 313 (79.6)

Treatment
Neochemotherapy and CCRT 201 (51.1)
CCRT and adjuvant chemotherapy 48 (12.2)
CCRT alone 97 (24.7)
Radiotherapy alone 47 (12)
carcinoma by biopsy; AJCC stage I-IVB without distant metas-
tasis; no previous treatment for NPC; no history of previous
head neck malignant disease; patients’ primary residences
limited to the northwest of China, which is a nonendemic area
for NPC; receiving 3DCRT/IMRT as initial treatment; the
Karnofsky performance score �70. The exclusion criteria
included nonsquamous cell carcinoma; long-term resident
history in endemic area; and received 2-dimension radiation
therapy. Of 30 patients excluded in this study, 15 patients had
nonsquamous cell carcinoma or nonundifferentiated carcinoma,
11 patients had long-term living history in endemic area, and
4 patients received 2-dimension radiation therapy. This study
has been approved by ethnic committee.

Clinical Staging
All patients had complete history and physical examin-

ations, blood work, imaged by computed tomography (CT) and
magnetic resonance imaging (MRI) of head and neck, and chest
images, abdominal sonography, and whole body bone scan. The
positron emission tomography (PET)-CT was performed on 54
of 393 patients (13.7%). Patients were staged according to the
7th edition of the American Joint Committee on Cancer (AJCC)
system. Two radiologists reviewed all the imaging records and
disagreements were resolved by consensus.

Treatment Methods

Radiation Therapy
All patients were immobilized in the supine position with

head, neck, and shoulder thermoplastic mask. A contrasting CT
image was obtained from the simulator for treatment planning.
All patients were scanned with serial 3 mm slices from vertex to
5 cm below clavicles. MRI was the most common image
to accurately delineate the target for most of patients. Of
54 patients who received PET/CT, 47 of their images were
fused into the treatment planning system for target delineation.

The treatment planning approaches have been described by
previous studies.7,13 The gross tumor volume (GTV) includes
the nasopharyngeal GTV (GTVnx) and involved lymph nodes
volume (GTVnd) as demonstrated by imaging and physical
examinations. The high-risk clinical tumor volume of nasophar-
ynx (CTVnx) included GTVnx and 5 mm margin and encom-
passes the entire nasopharyngeal mucosa. The CTV1 included
CTVnx and the area with high-risk tumor invasion and lym-
phatic levels. The CTV2 covered the lower lymphatic levels.
The planning target volume (PTV) was created on the basis of
the CTVs and 3 mm margin. The prescribed radiation dose was
defined as follows: a total dose of 72.6 Gy in 33 fractions at
2.2 Gy/fraction to the PTV of GTVnx, 66 to 72.6 Gy to positive
lymph nodes, 66 Gy to PTV of CTVnx, 60 to 63 Gy to PTV of
CTV1, and 50.4 to 56 Gy to PTV of CTV2. All patients were
treated with 1 fraction daily for 5 days per week. The dose
received by each organ at risk (OAR) should be no more than its
tolerance.14

Chemotherapy
During the study period, chemotherapy was not recom-

mended to the patients with stage I and contraindications for
its use. A total of 346 patients received chemotherapy com-
bined with radiation therapy. The neoadjuvant chemotherapy

Zang et al
consisted of 2 to 3 cycles of TP regimen (docetaxel 75 mg/m2

intravenous injection in d1, cisplatin 30 mg/m2/d IV for 3
days) or PF regimen (cisplatin 30 mg/m2/d IV for 3 days, 5-FU
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800–1000 mg/m2/d IV in d1–d5) or GP regimen (gemcitabine
1000 mg/m2/d1, 8 IV, cisplatin 30 mg/m2/d IV for 3 days) at a
2 weeks’ interval before the initial radiotherapy. Concurrent
chemotherapy was only consisted of cisplatin (100 mg/m2

every 3 weeks or 40 mg/m2 weekly). If adjuvant chemotherapy
was performed, the chemotherapy would be administrated at a
3 weeks interval after the initial radiotherapy. The regimens of
adjuvant chemotherapy consisted of 2 to 3 cycles of TP or PF
or GP, which dosages were same as the neoadjuvant che-
motherapy above mentioned. For all patients, 201 patients
(51.1%) received neoadjuvant chemotherapy and chemoradia-
tion therapy, 48 patients (12.2%) patients received chemor-

Medicine � Volume 95, Number 21, May 2016
3DCRT¼ 3-dimension conformal radiation therapy, CCRT¼
combined chemoradiation therapy, IMRT¼ intensity-modulated
radiation therapy.
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Statistical Analysis
Disease-specific survival (DSS) was measured from the

date of diagnosis to death or at the last follow-up. LRFS and
nodal relapse-free survival (NRFS) were measured from the
date of diagnosis to the date of the first observation of local and
nodal recurrence. DMFS was measured from the date of diag-
nosis to the date of the first observation of distant metastasis.
The Kaplan-Meier method was used to calculate the accurate
rate of these endpoints. The prognostic factors included in
analysis were age, gender, T stage, N stage, lymph node
diameter, primary tumor volume, WHO histology types, and
cranial nerve involvement. T stage and N stage were verified
according to MRI by 2 radiologists. Lymph node diameter was
defined as the largest diameter of lymph node according to MRI.
Two pathologists who specialized in NPC verified the WHO
histological types according to the following criteria: undiffer-
entiated subtype was defined as syncytial sheets of large tumor
cell without distinct border, vesicular nuclei, and large central
nucleoli; differentiate subtype was defined as cellular stratifica-
tion, pavementing, and well-defined cell distinct (Figure 1).
Primary tumor volume was contoured on the planning system
according to MRI by 1 radiation oncologist, and then verified by
another radiation oncologist. The cut-off value of primary tumor
volume was identified by receiver operating characteristic
(ROC) curves and then analyzed. Factors were found to be
associated with the endpoints by univariate analyses and then
entered into multivariate Cox proportional hazards regression
analysis. The hazard ratio (HR) and its 95% confidence interval
(95% CI) were used to indicate the prognostic value of risk

Medicine � Volume 95, Number 21, May 2016
factors. A 2-sided P value of less than 0.05 was considered

significant. The statistical package for social science, version
16.0 (SPSS, Chicago, IL) was used for the statistical analysis.

RESULTS

Patients’ Characteristics
Patients’ characteristics are presented in Table 1. The

male/female ratio was 2.4:1. The median age was 48 years
(range, 13–78). According to the cut-off point of primary tumor
volume by ROC analysis, all patients were divided into high
primary tumor volume group (>23 mL) or low primary tumor
volume group (�23 mL). The median of lymph nodes size was

1.7 cm in the longest diameter. AJCC stage III-IV (83.6%) was
the most common stage in this study. The most common
histological type was WHO III (72.8%), whereas 27.2%

FIGURE 1. Microscopy morphology of nasopharyngeal nonkeratinizi
showing cellular stratification (black arrow), pavementing, and well-defi
showing syncytial sheets of large tumor cell without distinct border,

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
had WHO II disease. Most patients received IMRT (79.6%),
and radiotherapy combined with chemotherapy was the most
common treatment modality in this study.

Treatment Outcomes
With a median follow-up of 61.4 months (range, 4–169), a

total of 42 of 393 (10.7%) patients developed local recurrence,
14 of 393 (3.6%) had nodal relapse, 104 of 393 (26.5%)
developed distant metastasis, and 101 of 393 (25.7%) patients
developed cancer-specific death. LRFS, NRFS, DMFS,
and DSS at 5-year were 89.3%, 96.4%, 73.5%, and 74.3%,
respectively.

Identification of Primary Tumor Volume
The primary tumor volume cut-off points for DSS and

DMFS were 23.4 mL [sensitivity 80.2%, specificity 34.9%;
AUC (area under the ROC curve) 0.62; P< 0.001] and
23.1 mL (sensitivity 81.7%, specificity 33.6%; AUC 0.64;
P< 0.001). Therefore, 23 mL was considered as the cut-off
point for the primary tumor volume. The cut-off point of lymph
node for OS could not be identified because the AUC failed to
achieve a significant difference. The lymph node cut-off point
for DMFS was 1.25 cm (sensitivity 80%, specificity 36.7%;
AUC 0.61; P¼ 0.001). Therefore, 1.25 cm was considered as
the cut-off point for lymph node size.

Univariate Analysis of Potential Prognostic
Factors

Tables 2 and 3 show the outcomes of univariate analyses
for death and distant metastases. On univariate analysis, T stage
(T2–3), N stage (N2–3), lymph node size (�1.25 cm), cranial
nerve involvement, histological WHO types (WHO type II), and
primary tumor volume (>23 mL) were associated with unfa-
vorable DSS and DMFS, with significant differences (all
P< 0.05). Patients with cranial nerve involvement had lower
local regional control rate than patients without cranial nerve
involvement (5-year LRFS, 81.6% vs. 91.2%, P¼ 0.009, data
were not shown). There were no significant differences between
2 radiation techniques for every endpoint (all P> 0.05, data
were not shown). Gender was also not associated with any
endpoints on this study (all P> 0.05). Elder patients (�50
years) had significantly worse DSS (5-year DSS for age groups

Prognostic Model for Nonendemic NPC
�50 vs. <50, 63.7% vs. 76.8%, P¼ 0.033). However, there
were no significant differences regarding the 5-year DMFS and
LRFS between the 2 age groups (all P> 0.05).

ng carcinoma was shown here. (A) Differentiated subtype (40�)
ned cell distinct (white arrow). (B) Undifferentiated subtype (40�)

vesicular nuclei, and large central nucleoli.
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TABLE 2. Prognostic Factors for Distant Metastasis

Factors

Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P

Gender (male vs. female) 1.374 (0.92–2.053) 0.121 — —

Age (�50 vs. >50 y) 1.233 (0.833–1.825) 0.296 — —

T stage (T1–2 vs. T3–4) 1.962 (1.299–2.965) 0.001 0.984 (0.551–1.758) 0.958
N stage (N0–1 vs. N2–3) 3.14 (2.018–4.884) <0.001 3.302 (2.119–5.145) <0.001
Lymph node size (<1.25 vs. �1.25 cm) 1.99 (1.251–3.165) 0.004 1.137 (0.677–1.909) 0.628
Cranial nerve paralysis (no vs. yes) 1.734 (1.144–2.627) 0.009 1.412 (0.877–2.273) 0.156
Tumor volume (�23 vs.>23 mL) 2.2 (1.336–3.622) 0.002 2.283 (1.38–3.779) 0.001
Histology (WHO II vs. WHO III) 1.793 (1.205–2.67) 0.004 1.584 (1.061–2.366) 0.025

Zang et al Medicine � Volume 95, Number 21, May 2016
Independent Prognostic Factors for DSS and
DMFS

The backward method of Cox regression model was used to
identify the independent prognostic factors for DSS and DMFS
(Tables 2 and 3). The independent prognostic factors for death
included N stage (N2–3), histological WHO type II, tumor
volume (>23 mL), and age (�50 years), with significant differ-
ences (all P< 0.05). For distant metastases, the independent
prognostic factors included N stage (N2–3), histological WHO
type II, and tumor volume (>23 mL), with significant differences
(all P< 0.05). Therefore, the crossover-independent prognostic
factors for death and distant metastases included N stage (N2–3),
histological WHO type II, and tumor volume (>23 mL).

Prognostic Model
As the N stage (N2–3), histological WHO type II, and

tumor volume (>23 mL) were independent prognostic risk
factors for DSS and DMFS, a prognostic model for nonendemic
NPC in China was constructed: low-risk group (patients without
any risk factors); intermediate-risk group (patients with only 1
risk factor); and high-risk group (patients with more than 2 risk
factors).

HR¼ hazard ratio.
Of 101 patients who died from cancer during follow-up
time, 7 of 87 (8%) were in low-risk group, 35 of 167 (21%) in
intermediate-risk group, and 59 of 139 (42.4%) in high-risk

TABLE 3. Prognostic Factors for Overall Survival

Factors

Univariate

HR (95%CI)

Gender (male vs. female) 1.237 (0.816–1.875)
Age (�50 vs. >50 y) 1.526 (1.03–2.26)
T stage (T1–2 vs. T3–4) 1.735 (1.154–2.609)
N stage (N0–1 vs. N2–3) 2.527 (1.649–3.872)
Lymph node size (<1.25 vs. �1.25 cm) 1.475 (0.952–2.284)
Cranial nerve paralysis (no vs. yes) 1.791 (1.178–2.74)
Tumor volume (�23 vs. >23 mL) 2.051 (1.256–3.35)
Histology (WHO II vs. WHO III) 2.025 (1.358–3.02)

HR¼ hazard ratio.

4 | www.md-journal.com
group. The 5-year DSS for 3 risk groups were 91.5%, 75.2%,
and 49.3%, respectively (P< 0.001). The HRs of intermediate
and high-risk groups were 3.372 and 8.591 for DSS when
compared with low-risk group, respectively (P< 0.05). Of
104 patients who developed distant metastasis, 9 of 87
(10.3%) patients were in in low-risk group, 32 of 167
(19.2%) in intermediate-risk group, and 63 of 139 (45.3%) in
high-risk group. The 5-year DMFS for 3 risk groups were
89.4%, 77.9%, and 49.4%, respectively (P¼ 0.000). The HRs
of intermediate and high-risk group were 2.253 and 6.786 for
DMFS when compared with low-risk group, respectively
(P< 0.05) (Figure 2).

Model Predictions in Advanced Stage Patients
Subgroup analyses were conducted to evaluate the prog-

nostic model for patients with stage III-IV NPC. The low,
intermediate, and high-risk groups DSS at 5 years were 96%,
74.8%, and 49.5%, respectively (P¼ 0.000). The HRs of inter-
mediate and high-risk group were 7.377 and 18.255 for DSS
when compared with low-risk group, respectively (P< 0.05).
The 5-year DMFS of low, intermediate, and high-risk groups
were 88.6%, 75.7%, and 49.2%, respectively (P¼ 0.000).

Compared with low and intermediate groups, patients in
high-risk group had a high probability to develop distant
metastasis (P< 0.05). However, the prognostic model failed

Analysis Multivariate Analysis

P HR (95%CI) P

0.317 — —

0.035 1.553 (1.044–2.312) 0.03
0.008 0.891 (0.5–1.586) 0.694

<0.001 2.696 (1.75–4.153) <0.001
0.082 — —

0.006 1.377 (0.834–2.273) 0.211
0.004 2.051 (1.108–3.798) 0.022
0.001 1.78 (1.178–2.691) 0.006

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. Survival curves of OS and DMFS according to the prog
OS ¼ overall survival.
to detect a significant difference between low-risk group and
intermediate-risk group for DMFS (P¼ 0.164) (Figure 3).

DISSCUSSION
To our knowledge, this is the first study to detect the

potential prognostic factors and establish a prognostic model for
death and distant metastasis for nonendemic NPC patients who
were treated with 3DCRT/IMRT with systemic chemotherapy.
Our data showed that AJCC stage N2 to 3, histological WHO
type II, and tumor volume >23 mL were independent prog-
nostic factors for DSS and DMFS in nonendemic NPC patients.
The specific prognostic model, which was established accord-
ing to the number of risk factors, predicts the risks of death and
distant metastasis in nonendemic NPC patients. According to
the model, the more are the numbers of prognostic factors, the
higher is the incidence of death and distant metastasis. Patients

in low-risk group had low incidence of death (5-year DSS,
91.5%) and distant metastasis (5-year DMFS, 89.4%) than
intermediate and high-risk group. Therefore, this model may

FIGURE 3. Survival curves of OS and DMFS according to the progno
survival, OS ¼ overall survival.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
be helpful to predict patients’ prognoses that therefore could
stratify patients and design an individualized treatment regimen
to avoid either over or under the treatment. Further study needs
to be designed to estimate the prognostic role of model.

Advanced N stage and tumor volume have been identified
as important prognostic factors for NPC patients by many
published data from endemic areas.2,15–21 There is a general
consensus that patients with advanced N stage had a trend to
develop distant metastases and further adversely effect on OS.
In our study, advanced N stage was significantly associated with
death and distant metastasis. This finding is consistent with the
previous studies.22 The primary tumor volume was fund to be a
valuable prognostic factor for nonendemic NPC patients in our
previous study.7 A smaller primary tumor volume (�23 mL)
contributed to better survival and less incidence rate of distant
metastasis. The theory of this could be that a large volume of
tumor might harbor a large number of clonogenic tumor cells,

stic model in all patients. DMFS ¼distant metastasis free survival,
which might express many adverse biological factors, such as
radioresistance and altered levels of intercellular communi-
cation factors.23 Therefore, primary tumor volume should be

stic model in stage III-IVB patients. DMFS ¼distant metastasis free

www.md-journal.com | 5



considered as an important supplementary risk factor to predict
patients’ prognoses.

The predicting value of histological WHO type II remains
unclear in NPC patients because of the low proportion of this
type. The incidence rate of this type is less than 5% in endemic
NPC patients.24–26 However, our study reported a 27.2% of
histological WHO type II, which has a much higher proportion
than endemic areas. Several studies showed that WHO II
histological type might be a special prognostic factor for
nonendemic NPC, but the results were still controversial.7,27

Several studies and our previous data demonstrated that WHO
type II was a poor prognostic factor for survival and local
control in NPC patients.7,25 However, some reports also noted
no differences in survival and distant metastases among histo-
logical types.27,28 In our study, WHO type II was a basic
prognostic factor to predict distant metastasis (HR, 1.584)
and poor DSS (HR, 1.854) for nonendemic NPC patients. This
suggested that besides T and N stage, WHO type II histology
should be considered as one of prognostic factors applying for
systemic chemotherapy; in the meanwhile, the prognostic value
of histological WHO type II should be further investigated by
large cohort studies.

Although IMRT, which has the capacity to provide excel-
lent conformal and precise coverage with sharp dose gradient,
has been accepted as the standard treatment for NPC, treatment
of advanced T stage NPC still remains challenging because of
the proximity of the tumor to the skull base and central nerve
system.29 Especially for the T4 stage NPC, with large GTV and
base of skull extension, it is likely to associate to harbor a large
amount of hypoxia tumor cells. Some reports demonstrated that
patients with T4 stage had a trend to develop distant metastasis
because lymphatics were easily invaded by tumor cells.30,31

This study reported that advanced T stage was associated with
poor survival and distant metastasis. However, multivariate
analysis failed to identify the advanced T stage as an indepen-
dent predicting factor for DSS and DMFS. This may be
explained that the predicting role was compromised by N stage
and tumor volume in this cohort.

Some studies have reported that MRI evidence of
cranial nerve involvement was an unfavorable prognostic
factor in endemic NPC, but the prognostic impact was still
controversial.32–34 The fact is that the MRI findings are not
always consistent with clinical symptoms of cranial paraly-
sis.32 In this study, the cranial nerve involvement was defined
as patients with evidence of nerve paralysis. Although the
cranial nerve impairment was detected to be associated with
DSS and DMFS, we failed to identify it as an independently
prognostic factor for death and distant metastasis. Therefore,
the MRI findings of cranial nerve involvement remain
unclear for a prognostic role in nonendemic NPC, and further
studies are needed for further investigation.

It was reported that nonkeratinizing carcinoma was
always associated with high plasma EBV DNA load that
was related to poor prognosis.35–37 However, we excluded
EBV DNA load as a risk factor from the analysis because we
only had less than 5% patients presenting with significant high
EBV DNA load in this study. Therefore, there was less power to
yield valuable outcomes in this situation. The reason may be
explained as follows: low incidence of elevated EBV DNA
load in nonendemic NPC; and lack of unified standard to detect
the virus DNA.

Zang et al
The limitations of this study included, first, a retrospective
without larger sample size was conducted to detect the prog-
nostic factors and establish a prognostic model, and second,
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other potential prognostic factors were excluded from this
study, such as C-reaction protein, serum lactic dehydrogenase,
body mass index, and serum EBV DNA copies. Therefore,
cohort studies with large sample size and prospective studies
need to be conducted to further explore the potential prognostic
factors and evaluate the prognostic model for nonendemic
NPC patients.

CONCLUSION
Advanced N stage (N2–3), larger primary tumor volume

(>23 mL), and histological WHO type II are independently
prognostic factors for nonendemic NPC patients of China.
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