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Abstract 

Objective: To determine the associations between dynamic-contrast enhanced (DCE) magnetic 

resonance imaging (MRI) parameters and plasma Epstein-Barr virus (EBV) DNA status and 

nasopharyngeal carcinoma (NPC) stages. 

Methods: We prospectively studied the DCE MRI results of 47 patients with newly diagnosed 

NPC and a known pre-treatment plasma EBV DNA level. Regions of interest (RO Is) were drawn 

at primary tumors, and DCE MRI parameters, including mean and max values of Ktrans, Kep, 

Ve, and Vp, were recorded. Spearman's rank correlation was used to identify significant 

associations between DCE MRI parameters and plasma EBV DNA level and NPC stages. Mann­

Whitney U tests and unpaired t-test were performed to compare DCE MRI parameters among 

groups and to find optimal cut-off values using receiver operating characteristic curves. 

Results: DCE MRI parameters were correlated with plasma EBV DNA levels and NPC stages. 

Positive plasma EBV DNA was correlated with lower KePmean (optimal cut-off value, 2.1 min"
1
;

area under the curve [AUC], 0.714) and higher Vemax (optimal cut-off value, 0.675; AUC, 

0.706). Vemax higher than 0.765 (AUC, 0.678) was correlated with plasma EBV DNA(� 2,300 

copies mr
1
). Higher Ktransmax (cut-off value, 1.495 min-1; AUC, 0.767) was correlated with high 

T stage, and higher VPmean (cut-off value, 0.125; AUC, 0.739) was correlated with positive 

lymph nodes. Ktransmax higher than 1.495 min"1 (AUC, 0.711) was correlated with the high stage 

group. 

Conclusions: DCE MRI is correlated with the plasma EBV DNA status and NPC stages. 

Therefore, DCE MRI findings may be used as imaging biomarkers for NPC patients. 

Keywords: DCE MRI, Plasma EBV DNA, staging, nasopharyngeal carcinoma 
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Introduction 

Nasopharyngeal carcinoma (NPC) is the most common primary malignancy arising from 

the nasopharynx. Its incidence varies based on the geographic location, but is more pronounced 

in Asian countries, especially in Southern China and Southeast Asia, including Thailand, which 

is known to be an endemic area. Age-standardized incidences are up to 25.0 per 100,000 males 

and 9.0 per 100,000 females in Southern China, whereas they are up to 5.4 per 100,000 males 

and 1.6 per 100,000 females in Thailand. 1 According to the World Health Organization, NPC can

be categorized into three types: 1) keratinizing squamous cell carcinoma, 2) nonkeratinizing 

carcinoma (differentiated and undifferentiated), and 3) basaloid squamous cell carcinoma.2

Nonkeratinizing undifferentiated carcinoma is the most common type ofNPC in endemic areas 

and has a very strong association with Epstein-Barr virus (EBV) infection.3' 
4

EBV is a double-stranded DNA virus that can establish two modes of a life cycle in the 

host: lytic and latent. The underlying mechanism ofNPC caused by EBV remains unclear; 

however, the latent mode of EBV infection is considered to play a major role in the pathogenesis 

ofNPC.5 EBV can be detected in various specimens, including plasma, peripheral blood cells, 

and biopsy tissue. Of these, plasma EBV DNA is more widely accepted in clinical settings of 

NPC because it serves as a reliable biomarker for detection, monitoring, and prognosis.3-
6 It has

been reported that pre-treatment plasma EBV DNA(� 2,300 copies mr 1) could predict the 

overall survival, progression-free survival, and distant metastatic-free survival rates of patients 

with NPC.7

Dynamic contrast-enhanced (DCE) magnetic resonance imaging (MRI) is an MR 

perfusion technique that uses rapid sequential image acquisitions from an area of interest before, 

during, and after bolus administration of contrast media.8 This technique can be used as a
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noninvasive method for the evaluation of blood flow, blood volume, and wash-in/washout 

properties, as well as capillary endothelial permeability in the tumor. 8• 
9 One of the hallmark

features of cancer is angiogenesis, which provides blood flow and oxygen for the growth of 

cancer cells. However, these new abnormal vessels are tortuous and leaky, leading to increased 

vascular permeability, which can be detected by DCE MRI. 

DCE MRI has a potential role in the evaluation of tumors, particularly in breast and 

prostate cancer. In head and neck tumors, DCE MRI can be used as an additional tool and may 

help clinicians to predict and evaluate treatment response, assess cervical nodal metastasis, 

differentiate post-treatment changes, and identify residual/recurrent tumors, as well as different 

types of head and neck cancers. 10-
12 Only a few studies have determined the correlation between

DCE MRI parameters with NPC stages, but no previous study has explored the existence of any 

association between DCE MRI parameters and the plasma EBV DNA status. Therefore, the 

primary objective of this study was to identify any association between DCE MRI parameters 

and plasma EBV DNA status, whereas the secondary objective was to verify the correlation 

between DCE MRI parameters and NPC stages, to determine whether DCE MRI may be used as 

an adjunct tool for patients with NPC to predict clinical outcomes. 

Patients and methods 

Subjects 

This study was approved by the Institutional Review Board (IRB Number 689/60), and 

all study participants provided written informed consent. The inclusion criteria were as follows: 

1) recent diagnosis (January 2018-2019) ofNPC; 2) application of pre-treatment DCE MRI; and

3) evaluation of the pre-treatment plasma EBV DNA level. Exclusion criteria included: 1)

5 



history of head or neck radiation or previous chemotherapy, and 2) degraded image quality or 

significant motion artifact(s). A total of 48 patients were recruited; one was excluded due to 

motion artifacts on the images. Data pertaining to sex, age, tumor pathology, American Joint 

Committee on Cancer (AJCC) Tumor, Node, and Metastasis (TNM) stages, stage groups, pre­

treatment plasma EBV DNA levels, and values of DCE MRI parameters were recorded. 

MR imaging protocol 

Every patient underwent MRI simulation and pre-treatment DCE MRI within two weeks 

after evaluating the pre-treatment plasma EBV DNA level, using the same MRI scanner (1.5T 

GE Signa HDxt MRI; General Electric, Milwaukee, WI, USA) with a six Channel Flex phased­

array coil and the same parameters. Standard imaging sequences included the axial fast spin-echo 

(FSE) Tl-weighted image (TR 640 ms, TE 10 ms, NEX 1, FOV 24 X 24 cm, matrix size 

256 X 384, slice thickness [ST]/slice spacing [SP] 3/3.3 mm], axial FSE T2-weighted image with 

fat suppression (TR 4860 ms, TE 81.37 ms, NEX 1, FOV 24 X 24 cm, matrix size 256 X 384, 

ST/SP 3/3.3 mm), DCE MRI, and post-gadolinium axial FSE Tl-weighted image with fat 

suppression image (TR 640 ms, TE 10 ms, NEX 1, FOV 24 x 24 cm, matrix size 256 x 384, 

ST/SP 3/3.3 mm). 

DCE MRI imaging was performed in 28 phases per examination using fast spoiled 

gradient recalled echo (FSPGR) (NEX 0.84, TR 8.42 ms, TE 3.49 ms, FOV 24 x 24 cm, matrix 

size 160 x 256, ST/SP 5/2.5 mm) with a total scan time of approximately 5 min. The first three 

phases were performed before Gadolinium administration. After the third phase, 0.2 ml kg"1 (0.1

mmol kg" 1
) Gadoterate meglumine (DOTAREM®) was administered at a rate of 5 ml sec· 1 and
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flushed with 50 ml of normal saline. The post-gadolinium axial FSE Tl-weighted image with fat 

suppression image was subsequently scanned after DCE MRI acquisition completion. 

DCE MRI analyses 

The DCE MRI data were post-processed using Olea Sphere 3.0 (Olea Medical, La Ciotat, 

France). Inversion time (TI) of tissue was 1,200 ms. Regions of interest (ROI) were drawn at the 

primary tumor independently by a neuroradiologist with nine years of experience and a second­

year neuroradiology fellow; both were blinded to plasma EBV status and the NPC stages. The 

axial slice of the post-gadolinium 3D-FSPGR image that showed the maximum area of the tumor 

was selected (Fig lA, 2A). We only used the axial image because it was more suitable in clinical 

practice than the whole tumor volume analysis. ROis were drawn just inside the edge of the 

tumor, avoiding areas of necrosis and hemorrhage, to prevent subtle motion artifacts and air or 

normal soft tissue from the partial volume averaging effect. The neuroradiologist and 

neuroradiology fellow reached a consensus on the final selected RO Is. The mean and maximum 

values of DCE MRI parameters, including Ktrans, Kep, Ve, and Vp according to the extended 

Tofts model, were recorded. 13 Definitions of all parameters are provided in Table 1. 

NPC staging and plasma EBV DNA detection 

NPC was staged according to the eighth edition of the AJCC cancer staging criteria2

following a consensus between a radiation oncologist and a radiologist. Patients were further 

divided into three major groups: 1) low- and high-T stages (Tl-T2 and T3-T4, respectively); 2) 

N negative (NO) and N positive (Nl-3); and 3) low- and high-stage groups (I-II and III-IV, 

respectively). 
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Blood samples were collected from every patient after the diagnosis of NPC and sent to a 

standard laboratory for the evaluation of the plasma EBV DNA level. EBV nucleic acids were 

purified from the plasma using the QIAsymphony SP and QIAsymphony DSP Virus/Pathogen 

Midi Kit (QIAGEN, Germany), according to the manufacturer's protocol. Eluates were 

transferred to 96-microwell plates for assembly using the artus EBV QS RGQ kit (QIAGEN), 

and aliquoted reactions were performed in a Rotor-Gene Q. PCR amplification conditions were 

as follows: 95°C for 10 min, followed by 45 cycles at 95°C for 15 sec, 65°C for 30 sec, and 72°C 

for 20 sec. The quantification ofEBV DNA was carried out by using an RTQ-PCR system, 

targeting the BamHI-W fragment region of the EBV genome. A plasma EBV DNA 

concentration less than 316 copies mr I was defined as an undetectable level. Based on the 

concentration, plasma EBV DNA was categorized into two major groups: 1) negative or positive 

plasma EBV DNA ( < 316 copies mr 1 and 2:_ 316 copies mr 1
, respectively), and 2) plasma EBV 

DNA(< and 2:_ 2,300 copies ml"1); the optimal cut-off value was as described previously.7 

Statistical analysis 

Speatman's rank correlation was applied to find any significant associations between 

DCE parameters and plasma EBV DNA levels, as well as AJCC T stages, N stages, and AJCC 

stage groups. The Shapiro-Wilk test was used to test if the DCE MRI data were normally 

distributed. The Mann-Whitney U test (for non-normally distributed data) and unpaired t-test (for 

normally distributed data) were performed to compare DCE MRI parameters between negative 

and positive plasma EBV DNA, plasma EBV DNA(< and 2:. 2,300 copies mr 1), low and high T 

stages, N negative and positive, as well as low and high stage groups. Significant DCE MRI 

parameters were used to create receiver operating characteristic (ROC) curves for evaluating the 
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area under the curve (AUC) and identifying the optimal cut-off value that maximized both 

sensitivity and specificity. Positive and negative likelihood ratios (PLR and NLR) were also 

calculated. Statistical analyses were performed using the Statistical Package for the Social 

Sciences (SPSS) version 22 (IBM, Armonk, NY, USA). Differences were defined as statistically 

significant at p < 0.05. The interobserver reliability for DCE MRI measurement of the tumors 

was defined by calculating the intraclass correlation coefficients using SPSS version 22. 

Intraclass correlation coefficients below 0.50, between 0.50 and 0.75, between 0.75 and 0.90, 

and above 0.90 were defined as poor, moderate, good, and excellent, respectively. 

Results 

Demographic data of the 47 patients with NPC are presented in Tables 2 and 3. F01iy 

patients (85.1 %) were male. The mean age at diagnosis was 45.8 years (range, 17-83 years). 

Thhiy-two patients ( 68.1 % ) were positive for pre-treatment plasma EBV DNA, with a median 

pre-treatment plasma EBV DNA level of approximately 1,296 copies mr 1 , and an interquaiiile 

range of approximately 12,363. The mean primary tumor size was 459.6 mm
2 

(range, 76.3-

1261.2 mm2). The number of patients in the AJCC stage groups I, II, III, and IV were three 

(6.4%), nine (19.1 %), 13 (27.7%), and 22 (46.8%), respectively; in Tl, T2, T3, and T4 stages the 

numbers were 12 (25.5%), six (12.8%), 10 (21.3%), and 19 (40.4%), respectively; whereas in 

NO, Nl, N2, and N3 stages the numbers were seven (14.9%), 25 (53.2%), 10 (21.3%), and five 

(10.6% ), respectively. Only one patient had distant metastasis to the ribs (Ml). There was good 

to excellent interobserver reliability in the measurement of DCE MRI parameters between the 

two readers with an intraclass correlation coefficients between 0.874 and 0.998 (p < 0.001). 
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Correlation betvveen DCE MRI parameters and plasma EBV DNA levels 

The correlations between DCE MRI parameters and plasma EBV DNA levels are 

summarized in Table 4. Kepmean was significantly negatively correlated with plasma EBV DNA 

levels (Spearman's rho, -0.328; p = 0.024), whereas Vemax was significantly positively correlated 

with plasma EBV DNA levels (Spearman's rho, 0.341;p = 0.019). 

Kep111ean and Vemax were significantly different between patients with negative and 

positive plasma EBV DNA (p = 0.019 and 0.021, respectively). In addition, Vemax was 

significantly different between patients with< 2,300 and� 2,300 copies mr 1 of plasma EBV 

DNA (p = 0.024) (Fig 1). The ROC curve analysis, cut-off values, sensitivity, specificity, PLR, 

and NLR values are summarized in Table 5. 

Lower Kep111ean and higher Vemax were correlated with positive plasma EBV DNA. The 

optimal cut-off value of Kep111ean was 2.1 min·1 (AUC, 0.714), whereas that ofVemax was 0.675

(AUC, 0.706) (Figs ID, IE, 2D, 2E); however, the latter showed better sensitivity and specificity 

for determining the plasma EBV DNA status. Vemax higher than the optimal cut-off value of 

0.765 (AUC, 0.678) was also correlated with plasma EBV DNA(� 2,300 copies mr 1
).

Correlation betvveen DCE MRI parameters and NPC stages 

Significant correlations were found between DCE MRI parameters and AJCC T stages, N 

stages, and stage groups (Table 4). Significant correlations between T stages and Ktransmax, 

Kep111ax, Vemean, and Vemax were found (Table 4). Of these, the highest correlation coefficient was 

identified between the T stages and Ktransmax (Spearman's rho, 0.503;p < 0.001). Ktransmax was 

significantly different between the low and high T stages (Fig 3). Higher Ktransmax was 
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cases, MRI perfusion can be used as an adjunct tool for better evaluation. Our study revealed a 

positive correlation between YPmean of the primary tumor and the N stage (Spearman's rho, 

0.306; p < 0.05). Higher YPmean was able to fairly accurately differentiate N positive patients 

from N negative patients (AUC, 0.739). It is known that the primary tumor has a high 

intravascular plasma volume or high micro-vessel density that may facilitate cell transfer into the 

circulatory system and lymph nodes as seen in breast cancer with nodal metastasis. 17 Previous 

studies showed the effectiveness of DCE MRI for determining nodal metastasis, mostly in breast 

cancer.18
-
20 Information on the association between DCE MRI of primary NPC and the nodal

status is still limited and controversial.21
-
23 Therefore, more research is needed using larger

sample sizes. 

The present study found significant correlations between DCE MRI parameters and the 

plasma EBY DNA status and NPC AJCC stages. A previous study also suggested that 

integrating pre-treatment plasma EBY DNA into the 8th.edition of AJCC staging can improve 

survival prediction in patients with NPC.24 Therefore, DCE MRI findings may be another 

possible biomarker for predicting the clinical outcomes of patients with NPC. 

The present study had a few limitations. First, any associations between the area of 

abnormal perfusion on MRI and the corresponding tumor histopathology were not studied, since 

NPC is primarily treated with chemoradiation, and entire nasopharyngeal tumor resection is 

complicated. Second, ROis were drawn with the axial image, which may not have represented 

the properties of whole tumors due to tumor heterogeneity. Yoxel of interest (YOI) analysis 

covering the entire tumor may provide more accurate DCE MRI values in a future study. Third, 

the sample size was small; thus, a prospective study with a larger sample size is considered to be 

necessary to confirm the rep01ied correlations. 
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Conclusions 

In conclusion, we found that DCE MRI parameters were correlated with the plasma EBV 

DNA status. A Ve111ax cut-off value of 0.675 was able to predict patients with positive plasma 

EBV DNA (sensitivity, 62.5%; specificity, 86.7%), and a Ve111ax cut-off value of 0.765 could 

predict patients with plasma EBV DNA (?::. 2,300 copies mr 1 ; sensitivity 42.1 %, specificity 

89.3%). DCE MRI parameters were also con-elated with NPC AJCC stages, especially the T 

stages. Therefore, DCE MRI may be useful as an imaging biomarker for patients with NPC. 
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Tables 

Table 1 

Definitions and units of dynamic contrast enhanced (DCE) magnetic resonance imaging (MRI) 
parameters according to the extended Tofts model. 

Parameters 

Ktrans 

Kep 

Ve 

Vp 

Definitions Unit 
Rate constant for the transfer of the contrast agent from the mm 
plasma to the extravascular extracellular space (EES) 
Rate constant for the transfer of the contrast agent from the EES min- 1

to the plasma 
Volume ofEES per unit volume of tissue (fractional volume of None 
EES) 
Plasma volume (fractional volume of vascular plasma space) None 
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Table 2 

Patient demographics and plasma Epstein-Barr virus (EBV) DNA levels. 

Data parameters 
Sex 
Male(%) 
Female(%) 
Mean age in years± standard deviation (range) 

Tumor pathology 
Squamous cell carcinoma, nonkeratinizing (%) 
Differentiated (WHO IIA) 
Undifferentiated (WHO IIB) 
Carcinoma, not otherwise specified (%) 
Mean size of the primary tumor in mm

2 ± standard deviation 

(range) 

Pre-treatment plasma median EBV DNA copies mr
1 

(interquartile

range) 

Pre-treatment plasma EBV DNA 
Negative(%) 
Positive (%) 
Pre-treatment plasma EBV DNA level 
< 2,300 copies mr 1 (%) 
> 2,300 copies mr 1 (%)
WHO, World Health Organization

Number of patients (n = 47) 

40 (85.1%) 
7 (14.9%) 
45.8 ± 2.1 (17-83) 

45 (95.7%) 
4 (8.5%) 
41 (87.2%) 
2 (4.3%) 
459.6 ± 298.5 (76.3-1261.2) 

1,296 (0-12,363) 

15 (31.9%) 
32 (68.1%) 

28 (59.6%) 
19 (40.4%) 
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Table 3 

Staging according to the eighth edition of the American Joint Committee on Cancer (AJCC) 
staging criteria. 

Data parameters 
T stage 
Low(%) 
Tl(%) 

T2 (%) 

High(%) 
T3 (%) 

T4 (%) 

N stage 

N negative/NO (%) 
N positive (%) 
NJ(%) 
N2(%) 

NJ(%) 

M stage 

MO(%) 

Ml(%) 

AJCC stage group 

Low-stage group (%) 
I(%) 

II(%) 

High-stage group (%) 
III(%) 

IV(%) 

Number of patients (n = 47) 

18 (38.3%) 
12 (25.5%) 
6 (12.8%) 
29 (61.7%) 
10 (21.3%) 
19 (40.4%) 

7 (14.9%) 
40 (85.1%) 
25 (53.2%) 
10 (21.3%) 
5 (10.6%) 

46 (97.9%) 
1 (2.1 %) 

12 (25.5%) 
3 (6.4%) 
9 (19.1 %) 
35 (74.5%) 
13 (27.7%) 
22 (46.8%) 
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Table 4 

Correlation between dynamic contrast enhanced (DCE) magnetic resonance imaging (MRI) 
parameters and Epstein-Barr virus (EBY) DNA levels, as well as the American Joint Committee 
on Cancer (AJCC) T stages, N stages, and stage groups. 

DCE MRI Spearman's rho correlation coefficients 
arameters 

Plasma p T stage p N stage p Stage p 

EBV DNA value value value group value 
Ktrans Mean -0.232 0.117 0.282 0.054 -0.071 0.637 0.136 0.361 

Max -0.105 0.480 0.503* 0.000 0.050 0.739 0.348* 0.017 
Kep Mean -0.328* 0.024 0.085 0.571 -0.056 0.708 -0.032 0.831 

Max -0.207 0.162 0.376* 0.009 0.006 0.966 0.284 0.053 
Ve Mean 0.062 0.678 0.447* 0.002 0.043 0.775 0.352* 0.015 

Max 0.341 * 0.019 0.294* 0.045 0.221 0.136 0.238 0.106 
Vp Mean 0.206 0.166 0.122 0.415 0.306* 0.037 0.240 0.105 

Max 0.235 0.111 0.124 0.405 0.287 0.050 0.255 0.084 
*Significant at p < 0.05
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Table 5 

Comparison of significant dynamic contrast enhanced (DCE) magnetic resonance imaging (MRI) 
parameters with optimal cut-off values between negative and positive plasma Epstein-Barr virus 
(EBV) DNA, plasma EBV DNA (<and?: 2,300 copies ml" 1

), low and high T stages, N negative 
and positive, and low and high stage groups. 

Groups DCE AUC of Cut- Sensitivit Specificit PL NLR pvalue 
MRI ROC curve off y y R 
parameter (95% CI) value 
s 

Negative vs. positive KePmean 0.714 2.1 53.3% 75% 2.1 0.6 0.019* 
plasma EBV DNA (0.565-

0.862) 
Vemax 0.706 0.675 62.5% 86.7% 4.7 0.4 0.021 ** 

(0.555-
0.857) 

Plasma EBV DNA Vemax 0.678 0.765 42.1% 89.3% 3.9 0.6 0.024** 

< vs. ::'.: 2,300 copies (0.514-
mr 1 0.841) 

Low vs. high T stages Ktransmax 0.767 1.495 65.5% 88.9% 5.9 0.4 0.002** 

(0.63-0.904) 

N negative vs. positive VPmean 0.739 0.125 50% 85.7% 3.5 0.6 0.045** 

(0.573-
0.906) 

Low vs. high stage Ktransmax 0.711 1.495 54.3% 83.3% 3.3 0.5 0.035** 

groups 
(0.546-
0.875) 

ROC, receiver operating characteristic AUC, area under the curve; CI, confidence interval; PLR, 
positive likelihood ratio; NLR, negative likelihood ratio. 
*p values calculated using Mann-Whitney U tests; **p values calculated using unpaired t-tests.
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Figures 

Figure 1 A 47-year-old male with nasopharyngeal carcinoma (NPC) stage group IV (T4NlM0; 

based on the American Joint Committee on Cancer staging criteria) and a pre-treatment plasma 

Epstein-Barr virus (EBY) DNA level of2,580 copies m1-1• (A) An axial contrast-enhanced Tl­

weighted image showing an enhanced tumor predominantly involved with the left-sided 

nasopharynx, left parapharyngeal space, and left pre-vertebral muscle (region of interest shown 

in red) with intracranial extension to the left cavernous sinus (not shown). (B) Axial contrast­

enhanced Tl-weighted image shows an enhanced matted left level II lymph node (arrow). (C) 

Ktrans, (D) Kep, (E) Ve, and (F) Vp maps with Ktransmax, 1.82 min- 1
; Kepmean, 1.34 min- 1

; Vemax, 
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0.84; and Vpmean, 0.08. 
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Figure 2 A 45-year-old male with nasopharyngeal carcinoma (NPC) stage group I (TlN0M0; 

based on the American Joint Committee on Cancer staging criteria) and a pre-treatment plasma 

Epstein-Barr virus (EBY) DNA level of< 316 copies ml-1• (A) Axial contrast-enhanced Tl­

weighted image shows an enhanced tumor involving both sides of the nasopharynx (region of 

interest shown in red). (B) Axial contrast-enhanced Tl-weighted image shows no metastatic 

lymph node. (C) Ktrans, (D) Kep, (E) Ve, and (F) Vp maps with Ktransmax, 1.47 min-1; Kepmean,

7.29 min-1; Vemax, 0.64; and Vpmean, 0.01.
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Figure 3 Box plots showing significantly different dynamic contrast enhanced (DCE) magnetic 

resonance imaging (MRI) parameters in subgroup analysis (p < 0.05). (A) Kepmean and (B) Vemax 

of plasma Epstein-Barr virus (EBV) DNA negative and positive, (C) Vemax of plasma EBV DNA 

(< and 2'._ 2,300 copies ml-1), (D) Ktransmax of low and high T stages, (E) Vpmean ofN negative and

N positive, and (F) Ktransmax of low and high American Joint Committee on Cancer stages. 
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