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Abstract

Introduction: To identify the subset of patients with de novo nasopharyngeal carcinoma (NPC) for whom ['8F]
fluorodeoxyglucose positron emission tomography and computed tomography ('®F-FDG PET/CT) should be recom-
mended, and to determine whether PET/CT is a cost-effective decision for precise M staging in endemic areas.

Materials and methods: Retrospective analysis of data of 4469 patients diagnosed with de novo NPC between
January 2014 and December 2019. The detection rate of distant metastasis was compared between different groups.
Univariate and multiple logistic regression analysis was applied to identify the risk factors for distant metastasis. The
cost-effectiveness of the diagnostic strategies was assessed.

Results: The detection rate of distant metastasis in the whole cohort was 5.46%. In multivariate analysis, male sex,
T3-4 stage, N2-3 stage, and high plasma Epstein-Barr virus (EBV) DNA (> 14,650 copies/mL) were risk factors for
distant metastases. NPC patients with T3-4 stage combined with N2-3 stage, high EBV DNA combined with male sex,
or N2-3 stage combined with high EBV DNA were defined as recommended group with relatively higher tendency

for metastasis. Distant metastasis incidence in recommended group and unrecommended group were 10.25% and
1.75%, respectively (P<0.001). In the recommended group, PET/CT significantly improved the detection rate of distant
metastasis (13.25% vs 9.02%, P=0.005). Cost-effectiveness analysis revealed that additional cost for every one percent
increase in distant metastasis detection rate was $22,785.58 in the recommended group (< Willingness-to-pay (WTP)
threshold of $32,700.00) and $310,912.90 in the unrecommended group.

Conclusions: In patients with de novo NPC, the tendency for metastasis can be predicted based on clinical param-
eters. '8F-FDG PET/CT should be selectively recommended for the subset of patients with a relatively higher tendency
for metastasis.

Keywords: Nasopharyngeal carcinoma, ['®F] Fluorodeoxyglucose positron emission tomography, Metastasis,
Economic evaluation, Cost-effectiveness analysis
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Introduction

Nasopharyngeal carcinoma (NPC) is a highly aggressive
*Correspondence: feizhaodong@fmu.edu.cn malignant tumor prevalent in South China and South-
*C.huanben Chen, Ting Xu and Xiufang Qiu have contributed equally to east Asia [1]. According to the Global Cancer Statistics,
gthsegsrrtkmem of Radiation Oncology, Fujian Medical University Cancer an estimated 133,000 new cases of NPC were diagnOSEd
Hospital, Fujian Cancer Hospital, Fujian Medical University, Fuma Road, in 2020 worldwide [2]. Approximately 4-10% patients
Fuzhou 350014, Fujian, People’s Republic of China with NPC have distant metastasis at the time of diagnosis
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[3-7]. NPC commonly metastasizes to bone, lung, and
liver. However, the difficulty of obtaining pathological
biopsy limits the diagnostic accuracy for distant metasta-
sis. Conventional work-up (CWU) with chest computed
tomography (CT), abdominal ultrasonography, and skel-
etal scintigraphy are widely used to detect metastasis in
patients with NPC because of their low cost and wider
accessibility [8]. Nevertheless, ultrasonography is rela-
tively operator-dependent and has poor sensitivity for
differentiating between benign and metastatic tumors.
Skeletal scintigraphy seems to have low sensitivity for
detection of early bone or bone marrow metastasis [9].

In recent years, ['®F] fluorodeoxyglucose positron
emission tomography and computed tomography (‘®F-
FDG PET/CT) has become popular due to its unique
capability to image metabolically active lesions. The
combination of a dedicated PET scanner and helical
CT enables high-resolution morphologic imaging and
integrated functional imaging. Conventional imaging
modalities such as ultrasound and CT allow detection of
lesions based on morphologic alterations, whereas PET
enables quantitative assessment of biochemical, physi-
ological, and metabolic alterations in vivo, and these
alterations usually precede the anatomical changes [10,
11]. Many studies have demonstrated excellent sensitivity
and specificity of PET/CT for N and M classification in
newly diagnosed NPC and for the diagnosis of residual or
recurrent NPC [9, 12—-14].

However, the high cost of ®F-FDG PET/CT precludes
its use in a vast majority of NPC patients, especially
in China and other endemic areas in southeast Asia,
which account for>70% new cases annually. Given the
current health care economic environment, the aim of
the present study was to identify the risk factors for dis-
tant metastasis in a large cohort of real-world patients
with newly diagnosed NPC and to selectively recom-
mend F-FDG PET/CT to de novo NPC patients with
relatively higher tendency for metastasis.

Material and methods

Patients

This retrospective analysis was approved by the ethics
committee at our center (No. YKT2020-O11-01). A total
of 4469 newly diagnosed NPC patients with a pathologi-
cal diagnosis at our center between January 2014 and
December 2019 were enrolled in the study. The T and N
stage was reclassified according to the 8th edition of the
American Joint Committee on Cancer (AJCC) staging
system.

'8F-FDG PET/CT for distant metastasis
Owing to the high cost of PET/CT, its use depended on
the patient’s willingness, affordability, and the physician’s
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suggestion. Out of 4469 patients, 1171 patients opted to
undergo PET/CT for detection of distant metastases. The
specific methods were detailed in our previous study [15].

Conventional work-up for distant metastasis

A total of 3298 patients in our cohort underwent CWU
for M classification. CWU consisted of chest CT,
abdominal ultrasonography, and whole-body skeletal
scintigraphy.

Detection of distant metastasis

Patients with suspicious distant metastases lesions were
subjected to additional examinations, including CT, mag-
netic resonance imaging (MRI), and/or biopsy. The clini-
cal diagnosis of distant metastases was confirmed by at
least two image examinations if a biopsy of the suspicious
tissue was not available [16, 17]. If additional examina-
tions yielded negative results or were not feasible, suspi-
cious lesions were not considered as distant metastases.

Evaluation of plasma Epstein-Barr virus (EBV) DNA

Plasma EBV DNA was routinely measured by quantita-
tive polymerase chain reaction (q-PCR) before treatment.
Receiver operating characteristic (ROC) curve analyses
were performed to evaluate the ability of plasma EBV
DNA to predict distant metastases by choosing the opti-
mal cut-off value that showed the best trade-off between
sensitivity and specificity.

Economic evaluation

For the assessment of economic benefit, we performed a
cost-effectiveness analysis from the perspective of tradi-
tional payers. In this study, direct costs of PET/CT and
CWWU for primary staging were calculated as total costs,
irrespective of the kind of payment (insurance or no
insurance). The cost of plasma EBV-DNA and additional
evaluations for clarifying a positive test or investigations
performed during the follow-up were not included in the
economic analysis. For PET/CT and CWU, the charges
notified by the Medical Insurance Administration Bureau
of Fujian, China in 2019 were used. The detection rates
for distant metastases in de novo NPC by PET/CT and
CWU were considered as measures of effectiveness. The
reference of cost-effectiveness analysis was incremental
cost-effectiveness ratio (ICER). The ICER was calculated
by dividing the total cost difference between the PET/
CT group and the CWU group by the difference in effec-
tiveness between the two groups. All costs are expressed
in U.S. Dollars (USD) based on the currency exchange
rate in December 2019 [1 USD equals 6.98 China Yuan
(CNY)]. Discounting was not applied for detection rates
as the staging evaluation were assumed to occur within
a single time period. Willingness-to-pay (WTP) is the
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predetermined threshold employed in economic evalu-
ations which helps determine the greatest amount that
should be paid for every additional unit of effectiveness
gained from a new intervention [18]. Cost-effectiveness
acceptability analysis was conducted to evaluate optimal
strategies at given WTP thresholds [19, 20]. The WTP
threshold was set as three times the Gross Domestic
Product (GDP) per capita in 2019, which was $32,700.00
in China.

Statistical analysis

Age, sex, plasma EBV DNA level, T stage, and N stage
were analyzed to identify the risk factors for distant
metastasis. The optimal cut-off value of EBV DNA level
was determined using ROC curve analysis. The rates
were compared using the Chi-squared test. Univariate
and multiple logistic regression analyses were applied
to analyze the association between the risk factors and
distant metastasis; the odds ratios (ORs) and 95% con-
fidence intervals (Cls) were calculated to identify the
major risk factors. All statistical analyses were performed
using the SPSS 22.0 (IBM Corporation, Chicago, IL,
USA) and GraphPad Prism 7.0. Two-sided P values <0.05
were considered indicative of statistical significance.

Results

Patient characteristics

The baseline demographic and clinical characteristics
of the study population are presented in Table 1. The
median age of patients was 49 years (range 5-87), and the
male-to-female ratio was 2.72:1.

Detection of metastasis by PET/CT and CWU

The detection rate of distant metastasis in the whole
cohort was 5.46%. The rate of detection of distant metas-
tases in PET/CT group was 7.43%, and in CWU group
was 4.76%.

EBV DNA cut-off level for predicting distant metastasis
ROC curve analysis was used to determine the opti-
mal pre-treatment cut-off plasma EBV DNA level for
predicting distant metastasis. The optimal cut-off EBV
DNA level was 14,650 copies/mL (area under curve
[AUC]=0.708, sensitivity=0.513, specificity=0.811).
We observed a significant difference in distant metas-
tasis rates between patients with high EBV DNA level
(> 14,650 copies/mL) and low EBV DNA levels (< 14,650
copies/mL). Distant metastasis rate was significantly
higher in high EBV DNA group compared to low EBV
DNA group (12.77% vs. 3.57%, P<0.001).

Page 3 of 9

Table 1 Baseline characteristics of 4469 NPC patients at primary
diagnosis

Characteristic Total PET/CT group CWU group
N=4469 (%) N=1171 (%) N=3298 (%)

Gender

Male 3269 (73.15) 871 (74.38) 2398 (72.71)

Female 1200 (26.85) 300 (25.62) 900 (27.29)
Age

>50 2122 (47.48) 535 (45.69) 1587 (48.12)

<50 2347 (52.52) 636 (54.31) 1711 (51.88)
T stage

T 820 (18.35) 227 (19.39) 593 (17.98)

T2 793 (17.74) 212 (18.10) 581(17.62)

T3 1627 (36.41) 468 (39 97) 59 (35.14)

T4 1229 (27.50) 264 (22.54) 965 (29.26)
N stage

NO 375(8.39) 95(8.11) 280 (8.49)

N1 1593 (35.65) 351(29.97) 1242 (37.66)

N2 1569 (35.11) 425 (36.29) 1144 (34.69)

N3 932 (20.85) 300 (25.62) 632 (19.16)
M stage

MO 4225 (94.54) 1084 (92.57) 3141 (95.24)

M1 244 (5.46) 87 (7.43) 157 (4.76)
Plasma EBV DNA

Low* 3553 (79.50) 859 (73.36) 2694 (81.69)

High** 916 (20.50) 312 (26.64) 604 (18.31)

EBV, Epstein-Barr virus
*Low EBV DNA level of < 14,650 copies/ml
**High EBV DNA level of > 14,650 copies/ml

Risk factors for distant metastasis

Univariate and multiple logistic regression analyses
were performed to analyze the risk factors related to
distant metastasis. The results of univariate analysis are
displayed in Table 2. Sex, T stage, N stage, plasma EBV
DNA level, and detection method showed a significant
correlation with distant metastasis (P<0.05 for all). The
incidence of distant metastasis increased with increasing
T and N stage (P<0.001 for both) and distant metasta-
sis rate was much higher in T4 and N3 patients (8.95%
and 12.77%, respectively), as well as in T3-4 and N2-3
patients (6.69% and 8.52%, respectively). In multivariate
analysis, female sex (OR=0.581, 95% CI 0.404-0.836),
T3 stage (OR=1.743, 95% CI 1.090-2.786), T4 stage
(OR=3.250, 95% CI 2.049-5.154), N2 stage (OR=2.942,
95% CI 1.268-6.826), N3 stage (OR=6.622, 95% CI
2.846-15.409), and high plasma EBV DNA (OR=2.313,
95% CI 1.748-3.061) were independent predictors of dis-
tant metastasis (P <0.05 for all) (Fig. 1). Specifically, male
sex, T3-4 stage, N2-3 stage, and high plasma EBV DNA
level were identified as risk factors for distant metastases
in patients with de novo NPC.
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Table 2 Univariate analysis of the risk factors related to distant
metastasis in de novo NPC patients

DM positive DM negative OR (95%Cl) P

N=244(%) N=4225(%)

Gender 0.000
Male 206 (84.43) 3063 (7250) 1 -
Female 38(15.57) 1162 (27.50)  0.486 (0.342- -

0.692)

Age 0.062
<50 130 (53.28) 1992 (47.15) 1 -
>50 114 (46.72) 2233(52.85)  1.278(0.987- -

1.656)
T stage 0.000
T1 25(10.25) 795(1882) 1 0.000
T2 28(11.48) 765(1811)  1.164 (0.673- 0.587
2.014)

T3 81(33.20) 1546 (36.59)  1.666 (1.055- 0.028
2.630)

T4 110 (45.08) 1119 (2648)  3.126 (2.006- 0.000
4.872)
N stage 0.000
NO 6 (2.46) 369 (8.73) 1 0.000
N1 25(10.25) 1568 (37.11)  0.981 (0.399- 0.966
2.407)

N2 94 (38.52) 1475(34.91)  3.919(1.704- 0.001
0.017)

N3 119 (48.77) 813(19.24)  9.002 (3.928- 0.000
20.629)

Plasma EBV 0.000

DNA
Low* 127 (52.05) 3426 (81.09) 1 -
High** 117 (47.95) 799 (1891)  3.950(3.038- -

5.137)

Group 0.001
cwu 157 (64.34) 3141 (7434) 1 -
PET 87 (35.66) 1084 (25.66)  1.606 (1.225- -

2.1.5)

DM, distant metastasis
*Low EBV DNA level of < 14,650 copies/ml
**High EBV DNA level of > 14,650 copies/ml

Risk of distant metastasis

Based on the four risk factors identified in multivariate
analysis, 16 situations were categorized based on com-
binations of these risk factors and the distant metas-
tasis rates were calculated (Fig. 2). Patients with more
risk factors showed a higher incidence of distant metas-
tasis. The incidence of distant metastasis was 19.78% in
subgroup of T3-4 stage, N2-3 stage, and male patients
with high EBV DNA level, while it was merely 0.98% in
subgroup of T1-2 stage, NO-1 stage, and female patients
with low EBV DNA level. In probability theory, gener-
ally the small probability events close to zero (below
5%) is called a small probability event, it is essentially
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impossible to distinguish events [21]. According to the
risk factors and incidence of distant metastasis, we sub-
divided all patients into two subgroups: patients with
distant metastasis incidence above 5% were defined
as recommended group and patients with distant
metastasis incidence below 5% were defined as unrec-
ommended group. Distant metastasis incidence was
significantly different between the two groups (10.25%
vs 1.75%, P<0.001; Fig. 3a). The recommended group
include: T3-4 stage and N2-3 stage patients regardless
of the sex and high EBV DNA level; NO-1 stage and
male patients with high EBV DNA level regardless of
the T stage; T1-2 stage, N2-3 stage, and high EBV DNA
patients regardless of the sex. In the recommended
group, PET/CT significantly improved the detection
rate of distant metastasis (13.25% vs 9.02%, P=0.005;
Fig. 3b). On multiple logistic regression, in the recom-
mended group, PET (OR=1.409, 95% CI 1.032-1.923)
showed a significant correlation with distant metastasis
(Fig. 4). To summarize, the following subset of patients
with de novo NPC were found to particularly benefit
from PET/CT for detection of distant metastases: T3-4
stage combined with N2-3 stage, high EBV DNA level
combined with male sex, and N2-3 stage combined
with high EBV DNA level.

Cost-effectiveness analysis

In Fujian province, China, the cost of whole-body 18p._
EDG PET/CT and CWU is $ 1202.06 (8400-yuan RMB)
and $ 238.23 (1664.73-yuan RMB), respectively. In the
entire cohort, the ICER was $ 36,098.50 (252,258.05-
yuan RMB) and at the WTP threshold of $32,700.00
(228,507.6-yuan RMB), PET/CT is not cost-effective.
Comfortingly, in the recommended group, the ICER was
$22,785.58 (159,043.34-yuan RMB), which implies that
additional cost for every one percent increase in distant
metastasis detection rate was $22,785.58 by PET/CT.
However, in the unrecommended group, the ICER for
PET/CT was $310,912.90 (2,172,674.19-yuan RMB).

Discussion

The present study was a retrospective analysis of a large
cohort of real-world patients. We found that PET/
CT significantly improved the detection rate of distant
metastasis in de novo NPC patients wtih high-risk fac-
tors compared to CWU. Despite the high cost, PET/CT
was found to be cost-effective for high-risk patients in the
recommended group.

Due to its unique anatomical position and tendency for
occult dissemination, NPC is associated with one of the
highest incidences of distant metastasis among all head-
and-neck squamous cell carcinomas [13]. In the present
study, the incidence of distant metastasis in a large cohort
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Odds ratio
Variable . P
Gender Male u Reference
Female Bl 0.581 (0.404-0.836) 0.003
Age <50 n Reference
250 (=] 1.278 (0.975-1.676) 0.076
T stage T1 [ ] Reference
T2 HEH 0.978 (0.558-1.713) 0.938
T3 B 1.743 (1.090-2.786) 0.020
T4 Ve 3.250 (2.049-5.154) 0.000
N stage N1 u Reference
N2 HE— 0.824 (0.324-2.033) 0.674
N3 N = i 2.942 (1.268-6.826) 0.012
N4 ' [ = 6.622 (2.846-15.409) 0.000
EBV-DNA Low » Reference
High Lo 2.313 (1.748-3.061) 0.000
Workup cwu f Reference
PET HEH 1.390 (1.044-1.852) 0.024
01 5 10 5 20
Fig. 1 Multiple logistic regression analysis of the risk factors related to distant metastasis in the whole cohort of de novo NPC patients
Male 0.23% 1/426
T1-2NO-1EB(-) FemabL 0.98% 2/204
Male 8.33% 2/24
T1-2NO-1EB(+) Fomalo- 0.00% o/11
Male I 4.00% 21/529
T1-2N2-3EB(-) Female 1.60% 3/183
Male- ] 11.67% 21/180
T1-2N2-3EB(+) Fern 5.36% 3/56
1.40% 11/787
T3-4NO- 1EB(-) 1.70% 6/341
6.47% 91/139
0.00% 0/36
8.41% 69/820
5.32% 14/263
] 19.78% 72/364
9.43% 10/106
0 5% 10% 15% 20% 25%
Fig. 2 16 subgroup situations by the combinations of 4 risk factors and its distant metastasis rates

in endemic areas was 5.46%. The previous studies demon-
strated that the superior diagnostic sensitivity of PET/CT
compared to CWU. However, more than 70% new NPC
cases occur in developing countries with low per capita
incomes and poor health infrastructure. In such settings,
it is not cost effective to use PET/CT to screen NPC cases
to identify metastasis. The European Society of Medical
Oncology (ESMO) briefly recommended PET/CT for
locally advanced NPC in its latest ESMO-EURACAN

clinical practice guidelines [22]. However, the guidelines
do not adequately identify the population at risk, since
patients with locally advanced NPC account for more
than 70% of newly diagnosed cases. Therefore, identifica-
tion of clinical risk factors for distant metastasis is a key
imperative to selectively recommend PET/CT to patients
with relatively higher tendency for metastasis.

In most previous studies about distant metastasis
of NPC, N stage and EBV DNA level were found to be
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a
Recommended Group 10.25% 200/1952
P<0.001
Unrecommended Group 1.75% 44/2517
(I) 5:% 10I% 15I%
b 13.25% 9.02% 1.98% 1.67%
75/566 125/1386 12/605 32/1912
15% P=0.005 P=0.612
10%
5%
0" T T - T
PET CWU PET CWU
Recommended group Unrecommended group
Fig. 3 a Distant metastasis incidence in recommended group versus unrecommended group. b Distant metastasis incidence of PET/CT group
versus CWU group in recommended patients and unrecommended patients, respectively

Odds ratio
Variable , P
Gender Male [ ] Reference
Female H8— | 0.521 (0.340-0.799) 0.003
Age <50 L] Reference
250 I-E—E—l 1.216 (0.902-1.638) 0.200
T stage T1-2 f Reference
13-4 B 1776 (1.111-2.841)  0.016
N stage N1-2 = Reference
N3-4 ! = 12948 (1.530-5.678) 0.001
Plasma EB-DNA  Low ] Reference
High H —a— 2.368 (1.701-3.297)  0.000
Workup CWU L] Reference
PET —e— 1409 (1.032-1.923)  0.031
0 1 2 4 6
Fig. 4 Multiple logistic regression analysis of the risk factors related to distant metastasis in the recommended group of de novo NPC patients
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significant risk factors. Higher N stage and plasma EBV
DNA level were independent predictors of distant metas-
tasis and poor survival outcomes [17, 23-25]. How-
ever, there is no clear consensus on the correlation of T
stage, sex, and age with distant metastasis. Some stud-
ies suggested that these are not risk factors for distant
metastasis. On the contrary, in the study by Xie et al.
[26], T stage, age-group, and EBV level were found to
be independent risk factors for distant metastasis. In a
propensity-matched analysis of 5929 Chinese patients
with NPC, sex was found to significantly affect distant
metastasis-free survival and females showed significant
advantage over males in this respect [27]. It is a reason-
able strategy to screen for these risk factors and increase
the diagnosis efficiency. In our study, sex, T stage, N
stage, and pretreatment plasma EBV DNA level showed
a strong association with distant metastasis. In multivari-
ate analysis, male sex, T3-4 stage, N2-3 stage, and high
plasma EBV DNA (> 14,650 copies/mL) were independ-
ent predictors of distant metastasis. Based on the find-
ings, the following three combinations of risk factors
showed a greater propensity for metastases: T3-4 stage
combined with N2-3 stage, high EBV DNA level com-
bined with male sex, and N2-3 stage combined with high
EBV DNA level. Thus, patients with these combinations
of risk factors seem suitable candidates for PET/CT to
allow for precise M staging. In high-risk patients of the
recommended group, the detection rate of distant metas-
tasis with PET/CT (13.25%) was significantly higher than
that with CWU (9.02%).

The reported overall survival period for patients with
de novo metastatic NPC varies from months to years
[28]. Thus further studies are required to investigate the
optimal treatment pattern in patients with de novo met-
astatic NPC. Based on the available data from clinical
studies, the committee of NPC of the Chinese Anti-Can-
cer Association (CACA) reached a preliminary consen-
sus on the treatment strategy for metastatic NPC [6]. In
a phase 3 randomized clinical trial, You et al. reported
the first level 1 evidence to support the use of sequential
locoregional radiotherapy for patients with metastatic
NPC; the results helped improve the standard treatment
for metastatic NPC [29, 30]. Early diagnosis of metasta-
sis can help prolong the life span by up to a few years in
some patients. Expensive test with high-end equipment
can help identify metastasis patients at a early stage.

Bearing in mind that health care costs are a key deter-
minant of clinical decision-making, it is crucial to strike
the best balance between costs and effectiveness. The
diagnostic value of PET/CT has been verified in the con-
text of NPC, cancer of unknown primary in head and
neck, non-small cell lung cancer, and other tumors [31—
33]. However, PET is not universally available because of
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the high capital and operating costs. Thus, it is important
to identify patients with a relatively higher tendency for
metastasis who are more likely to benefit from PET/CT.
In the present study, we merely considered the detection
rates of distant metastasis as a measure of effectiveness to
determine the ICER. At a WTP threshold of $32,700.00
(228,507.6-yuan RMB), the ICER for the whole cohort
was $ 36,098.50 (252,258.05-yuan RMB), which means
that PET/CT was not cost-effective compared to CWU
within the patient population as a whole. However, based
on the high-risk factors, the ICER in the recommended
group was $22,785.58 (159,043.34-yuan RMB), and
$310,912.90 (2,172,674.19-yuan RMB) in the unrecom-
mended group. The additional cost for every one percent
increase in distant metastasis detection rate was mere
$22,785.58 in recommended patients. Thus, use of PET/
CT seems to be cost-effective in de novo NPC patients
who have a higher tendency for metastasis in endemic
areas.

Some limitations of our study should be considered
while interpreting the results. First, as a retrospective
research, we could not conduct cross validation between
PET/CT group and CWU group; in addition, metastases
occurring during treatment were not considered in the
analysis. Thus, we could not identify false-positive results
and only assessed the pre-treatment status. Second, due
to the inherent limitations of a retrospective study, our
cost-effectiveness analysis did not include a decision
tree analysis and estimation of quality-adjusted life years
(QALY). Further prospective trials are required to pro-
vide more robust evidence of the diagnostic value of PET
in patients with NPC.

Conclusion

Despite its effectiveness, wide application of PET/CT at
the time of initial diagnosis may not be cost-effective.
Compared to conventional work-up, PET/CT signifi-
cantly improves the detection rates of distant metasta-
ses in the subset of NPC patients at high-risk in endemic
areas. To be specific, PET is a cost-effective strategy for
patients with the following combinations of high-risk
factors: T3-4 stage combined with N2-3 stage, high EBV
DNA (> 14,650 copies/mL) combined with male sex, and
N2-3 stage combined with high EBV DNA level.
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