Received: 14 March 2019

Revised: 26 July 2019

Accepted: 27 July 2019

DOI: 10.1002/cam4.2481

ORIGINAL RESEARCH

Cancer Medicine _ WILEY

Combining pretreatment plasma Epstein-Barr virus DNA level
and cervical node necrosis improves prognostic stratification in
patients with nasopharyngeal carcinoma: A cohort study

Yu-Yun Du'? | Dong-Hua Luo'? | Xue-Song Sun'? | Lin-Quan Tang'? |

Hai-Qiang Mai'”

| Qiu-Yan Chen'? | Jing-Hua Zhong3 | Dong-Mei Mail? |

Wan-Ru Zhangl’2 | Wen-Hui Chen'* | Hao-Yuan Mo"?

'Sun Yat-sen University Cancer Center, State Key Laboratory of Oncology in South China, Collaborative Innovation Center for Cancer Medicine,

Guangzhou, P. R. China

2Depzlrtment of Nasopharyngeal Carcinoma, Sun Yat-sen University Cancer Center, Guangzhou, P. R. China

*Department of Oncology, The First Affiliated Hospital of Gannan Medical University, Ganzhou, P. R. China

4Department of Oncology, The First Affiliated Hospital, Jinan University, Guangzhou, China

Correspondence

Wen-Hui Chen, Department of Oncology,
The First Affiliated Hospital, Jinan
University, Guangzhou, China.

Email: chenwenhui221 @jnu.edu.cn

Hao-Yuan Mo, Department of
Nasopharyngeal Carcinoma, Sun Yat-sen
University Cancer Center, 651 Dongfeng

Road East, Guangzhou 510060, P. R. China.

Email: mohy @sysucc.org.cn

Funding information

National Key R&D Program of China,
Grant/Award Number: 2017YFC1309003
and 2017YFC0908500; National Natural
Science Foundation of China, Grant/
Award Number: 81425018, 81672868
and 81602371; Sci-Tech Project
Foundation of Guangzhou City, Grant/
Award Number: 201707020039; Sun
Yat-sen University Clinical Research
5010 Program, the Special Support Plan
of Guangdong Province, Grant/Award
Number: 2014TX01R145; Natural Science
Foundation of Guangdong Province,
Grant/Award Number: 2017A030312003
and 2018A0303131004; Natural Science

Abstract

This study aimed to evaluate the prognostic value of combining pretreatment Epstein-
Barr virus (EBV) DNA level and cervical node necrosis (CNN) for patients with na-
sopharyngeal carcinoma (NPC) receiving intensity-modulated radiotherapy (IMRT).
A total of 607 incident nonmetastatic NPC patients treated with IMRT + chemo-
therapy were reviewed. Patients were divided into four groups based on EBV DNA
level and CNN status. The primary endpoint was progression-free survival (PES).
Kaplan-Meier curves with log-rank test were applied to compare survival outcomes
and the Cox proportional model was used to identify independent prognostic fac-
tors. Pretreatment EBV DNA level and CNN status were independent prognostic fac-
tors. Patients in the low-level EBV DNA group or non-CNN group had significantly
better 5-year PFS. Multivariate analyses demonstrated that CNN was an independ-
ent prognostic factor for overall survival (OS) (HR = 1.927, 95% CI: 1.129-3.290,
P =.016), PFS (HR = 1.492, 95% CI: 1.005-2.214, P = .047), distant metastasis-free
survival (DMFS) (HR = 1.661, 95% CI: 1.044-2.644, P = .032), but not locoregional
relapse-free survival. EBV DNA levels correlated significantly with CNN with a cor-
relation coefficient of .324 (P < .001). Compared with low-level EBV DNA and
non-CNN grouping, high-level EBV DNA and CNN grouping had poor PFS. The
combined classification was an independent prognostic factor for OS (P < .001),
PES (P = .001), and DMES (P = .018). Pretreatment plasma EBV DNA level and
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1 | INTRODUCTION
Nasopharyngeal carcinoma (NPC), a group of malignant epithe-
lial tumors with different etiopathogenesis and a broad range of
clinical symptoms, are endemic in southern China and southeast
Asia. On account of the concealed anatomical location of the na-
sopharynx, this cancer tends to be diagnosed at an advanced stage
of the disease at a patient's first visit, and up to 85% of patients
have regional lymph node metastasis at the time of diagnosis.”
Regarding treatment, concurrent chemoradiotherapy with or with-
out adjuvant chemotherapy is considered the standard modality.
In addition to IMRT, survival outcome has greatly improved in
NPC patients. However, approximately 20%-30% of logically ad-
vanced NPC patients experience distant metastases.”* If high-risk
patients can be selected before therapy and treated with intensive
treatment, more person-specific therapy can be provided.
Numerous efforts have been made to study tumor-related
prognostic factors for NPC patients in recent years. One of the
most significant factors is pretreatment plasma Epstein-Barr
virus (EBV) DNA, which is clinically employed for the diag-
nosis, risk classification, dynamic monitoring, and prognosis
of NPC.> Pretreatment plasma EBV DNA level is an adverse
independent prognostic factor for NPC patients.7 Chan et al
demonstrated that one of the origins of EBV DNA was derived
from tumor cell death.'®"! Tumor cell necrosis may predict
tumor hypoxia, and both of these factors, in addition to resis-
tance to radiation are closely correlated with tumor volume.'*"
As Ma et al demonstrated, total tumor volume, including pri-
mary tumor and regional nodes were significantly associated
with pretreatment levels of EBV DNA in NPC."* Lan et al also
demonstrated that cervical node necrosis (CNN) is a negative
prognostic factor for NPC.'® Based on these findings, we aimed
to examine the association between EBV DNA level and CNN
outcomes. High EBV DNA levels were hypothesized to be

CNN status both closely correlated with prognosis of NPC patients in the IMRT era.
Combined EBV DNA level and CNN status improves risk stratification and prognos-

cervical node necrosis, cohort, EBV, nasopharyngeal carcinoma

related to CNN and poor survival outcome. Consequently, pre-
treatment plasma EBV DNA levels correlate with CNN status
and could become new prognostic tools in refining the current
evaluation system. Here, we conducted a cohort study to assess
whether a combination of plasma EBV DNA level and CNN
status improved prognostic stratification in patients with NPC.

2 | MATERIALS AND METHODS
2.1 | Patient characteristics and
pretreatment evaluation

A total of 607 incident, histologically confirmed, nonmetastatic
NPC patients were enrolled in this study between December
2006 and December 2012. Patients were aged between 18
and 79 years (the median age was 44 years). Our retrospec-
tive study was approved by the ethics committee of Sun-Yet
Sen University, China. All patients underwent a pretreatment
workup, which included complete medical history and hospital
experience. Clinical examination include magnetic resonance
imaging (MRI) of the nasopharynx and cervical regional,
plasma EBV DNA assessment, pathologic biopsy or consul-
tation, computed tomography (CT) or chest film, abdominal
sonography, whole body bone scan or positron emission to-
mography-computed tomography. These details were included
in the cancer center hospital record. Furthermore, all patients
had lymph node metastases, which included retropharyngeal
lymph nodes or cervical nodes, without distant metastases.

The male to female (n = 439) ratio was 2.6:1. Patients
had histologically confirmed, nonkeratinizing NPC, which
included WHO type II (24 of 607; 4%) and III (583 of 607,
96%), respectively. These patients had no other serious illness
or cancer-associated disease, although 14.5% (88 of 607) had
family history of NPC or other cancer type.
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All patients were restaged according to the seventh edition
of the Union for International Cancer Control/American Joint
Committee on Cancer system.17 T-stage, N-stage, and other
clinical characteristics of the patients are listed in Table 1.

2.2 | Treatment strategies

All patients were treated with 1.8-2.27 Gy per fraction with
five daily fractions per week using IMRT technique, for a
total of 6-7 weeks. Cumulative radiation doses were 60-75 Gy
to the gross tumor target of the nasopharynx (GTVnx) and
50-70 Gy to the involved neck area (GTVnd). All potential
regions of local target volume and cervical lymphatic nodes

TABLE 1 Patients characteristics (n = 607)
EBYV DNA < 4000

Characteristics

Total 386 221
Gender

Male 277 162

Female 109 59
Age (years)

<44 212 100

>44 174 121
WHO pathology

Type I 14 10

Type 1T 372 211
T category™

Tl 24 13

T2 73 35

T3 229 115

T4 60 58
N category*

N1 190 77

N2 174 123

N3 22 21
Overall stage™

11 52 14

1 259 130

v 75 77
Type of therapy

RT 8 2

CCRT 370 211

NAC+H+RT 1 0

NAC+CCRT 5 7

CCRT+AC 2 1

EBV DNA > 4000

. 6843
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were treated with 50-64 Gy or greater. To improve the thera-
peutic results in our NPC cohort, we adopted a standard treat-
ment regimen, which included concurrent chemoradiotherapy
(CCRT) =+ neoadjuvant/adjuvant chemotherapy. Cisplatin-
based CCRT was the most common treatment method, which
included cisplatin 80-100 mg/m2 every 3 weeks for 2-3 cycles.

2.3 | Quantification of plasma EBV DNA
level and assessment of CNN

Patient plasma EBV DNA concentrations were measured
using a real-time QPCR technique based on a proven sys-
tem at the Department of Molecular Diagnosis, SYSUCC, as

P Non-CNN CNN P

424 183

707 236
313 126
111 57

023 086
219 93
205 90

409 256
14 1
410 173

016 574
27 10
70 38
241 103
86 32

002 <.000

213 54
189 108
2 21

<.000 035
56 10
268 121
100 52

374 565
6 4
407 174
1 0

7

3 0

Abbreviations: AC, Adjuvant chemotherapy; CCRT, Concurrent chemoradiotherapy; CNN, cervical node necrosis; NAC, Neoadjuvant chemotherapy; non-CNN,

noncervical node necrosis; RT, Radiotherapy.
*The 7th AJCC/UICC staging system.
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described in previous studies.”'® The cutoff value for pre-EBV
DNA was set at 4000 copies/mL, which was selected as the
definition low and high EBV DNA levels, as has been pre-
viously established. > All patients underwent MRI with a
1.5- or 3.0-T system (Signa CV/i GE HealthCare) or CT with
a dual-helix CT Imager (Picker MX Marconi Twin flash). In
our cancer center, two or three radiologists who specialized in
head and neck cancer reviewed all MRI scans separately with
no knowledge of patients’ clinical outcomes. The diagnostic
criteria of CNN on MRI was based on T2-weighted images
showing a focal area of high-signal intensity or T1-weighted
images displaying a focal low-signal intensity with or with-
out contrast-enhanced images.*' In this study, we regarded the
parapharyngeal lymph node as CNN (Figure 1). According to
a previous study by Chung et al, the mean size of the greatest
diameter of cervical lymph node, was 27 mm in patients with
head and neck squamous cell carcinoma.?® In our study, we
used 27 mm as the optimal cutoff value of the lymph node size.
In addition, we performed a Spearman correlation analysis be-
tween CNN and the maximum diameter of the lymph node.

In this study, all patients were divided into four subgroups:
high-level EBV DNA and CNN grouping (HLE and CNN)),
high-level EBV DNA and non-CNN grouping (HLE and
non-CNN), low-level EBV DNA and CNN grouping (LLE
and CNN), and low-level EBV DNA and non-CNN grouping
(LLE and non-CNN).

24 |

Follow-up duration of our patients was calculated from the
first day of therapy to the last day of death or examination.

Follow-up

Patients were regularly checked once every 3 months in the
first year, once every 3-6 months, or annually during the sub-
sequent years according to the results of the last checkup, or
the time at which the patients were available for checkup espe-
cially if this had a bearing on outcome. The primary endpoint
was progression-free survival (PFS), and the secondary end-
points include overall survival (OS), locoregional relapse-free
survival (LRFS), and distant metastasis-free survival (DMFS).

25 |

The Statistical Package for the Social Sciences, version
23.0(SPSS) was used for data analysis. The relationship be-
tween the plasma EBV DNA level and CNN was evaluated
using the X2 test. Kaplan-Meier methods were used to ana-
lyze the OS, PFS, LRFS, and DMFS, while the log-rank test
was used to compare the differences between survival curves.
Univariate and multivariate analysis employed the Cox pro-
portional hazards model to determine significant prognostic
factors, which included: gender, age, WHO histological type,
smoking, NPC family history, T category, N category, and
other relevant factors. Two-tailed P-values < .05 were con-
sidered statistically significant.

Statistical analysis

3 | RESULTS
3.1 | Patients characteristics and survival
outcomes

Six hundred and seven patients were prospectively enrolled
between December 2006 and December 2012, and patient

FIGURE 1

Lymph node status in four patient groups with nasopharyngeal carcinoma (NPC) by magnetic resonance images (MRI). (A) Axial

T2-weighted and (B) contrast-enhanced T1-weighted MRI in a 31-y-old man with pretreatment EBV DNA level of 6150 copies/mL and CNN;
(C) Axial T2-weighted and (D) contrast-enhanced T1-weighted MRI in a 42-y-old man with pretreatment EBV DNA level of 67 700 copies/mL
and non-CNN; (E) Axial T2-weighted and (F) contrast-enhanced T1-weighted MRI in a 50-y-old woman with pretreatment EBV DNA level of
1460 copies/mL and CNN; (G) Axial T2-weighted and (H) contrast-enhanced T1-weighted MRI in a 31-y-old man with pretreatment EBV DNA

level of 1120 copies/mL and non-CNN
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characteristics are listed in Table 1. The median follow-up
duration was 88 months (range, 1.0-137.0 months); 54 of 607
patients (8.9%) were lost to follow-up. By the last follow-up
examination, 19.6% (n = 119) of patients experienced dis-
ease progress, 10.4% (n = 63) of patients died, while 7.1%
and 12.7% developed local regional recurrence and distant
metastases, respectively. Distant metastasis was the main
reason for treatment failure. For all NPC patients, the 5-year
OS, PFS, LRFS, and DMFS rates were 92.6%, 85.0%, 95.4%,
and 90.1%, respectively.

3.2 | EBYV DNA assessment and
clinical outcome

Of the 607 eligible patients, we chose a cutoff level of
4000 copies/mL to define low and high EBV DNA lev-
els. The percentage of patients in the low-level EBV DNA
group and high-level EBV DNA group was 63.6% (386 of
607) and 36.4% (221 of 607), respectively. The incidence
of low-level EBV DNA and high-level EBV DNA in clini-
cal stages II, III, and IV was 78.1% and 21.9%, 66.8% and
33.2%, 49.3%, and 50.7%, respectively (Figure 2). Patients
in the low-level EBV DNA group had significantly bet-
ter 5-year OS (96.8% vs 85.3%, P < .000), PFS (89.6% vs
76.2%, P = .001), and DMFS (93.5% vs 83.9%, P = .001)
than patients in the high-level EBV DNA group. However,
there was no difference in the 5-year LRFS between the
low-level EBV DNA and high-level EBV DNA groups
(P = .986). Kaplan-Meier survival curves for the four
groups are shown in Figure 3.

In the multivariate analysis, the pretreatment high EBV
DNA level was demonstrated to be an independent prognostic
factor for OS (HR = 2.166, 95% CI: 1.258-3.26, P = .005),
PFS (HR = 1.619, 95% CI: 1.100-2.382, P = .015), and
DMES (HR = 1.795, 95% CI: 1.107-2.910, P = .018), but it
was not statistically significant for LRFS.

3.3 | Incidence of CNN and
survival outcome

Among the entire cohort of 607 patients with positive lymph
node metastases, the incidence of CNN was 183 (30.1%);
age, gender, WHO pathology, T stage, N stage, overall stage,
and type of treatment according to lymph node status is listed

B CNN

FIGURE 2 The percentage of CNN 1
status(left) and EBV DNA level(right) in
different clinical stages. *II, clinical stage

Percentage

1I; 111, clinical stage III; TV, clinical stage

= Non-CNN
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in Table 1. The incidence of CNN in N1, N2, and N3 stage
was 20.2% (54 of 267), 36.4% (108 of 297), and 48.8% (21 of
43), respectively (P < .001). The rates of non-CNN and CNN
in clinical stages II, 111, and IV were 85.9% and 14.1%, 68.8%
and 31.2%, and 65.8% and 34.2%, respectively (Figure 2).
There was no significant difference in the distribution of gen-
der (P =.236), age (P = .860), WHO pathology (P = .256), T
category (P = .574), or type of therapy (P = .565) while sig-
nificant differences were observed for N category (P < .001)
and overall stage (P = .035) when the patients were stratified
by CNN.

In our study, all NPC patients with positive lymph node
metastasis. We measured the maximum diameter of lymph
node. Among them, 17.6% (107/607) individuals had a max-
imum diameter in excess 27 mm. Of the 183 CNN patients,
there were 62.6% (67/183) patients who reached the maxi-
mum diameter of the lymph node exceeding 27 mm. In the
424 non-CNN patients, only 40 (9.4%) patients exceeded
27 mm for the maximum diameter of lymph node. However,
in the CNN group, 67 (62.6%) patients achieved or exceeded
that size. Furthermore, CNN was significantly related to the
maximum diameter of lymph node, with a correlation coeffi-
cient of .327 (P < .001).

In the CNN group, 16.9% (31/183) of patients died,
while 16/183 (8.7%) and 31/183 (16.9%) developed local
regional recurrence and distant metastases, respectively.
In contrast, in the non-CNN group, only 6.4% (27/424)
and 10.8% (46/424) developed local regional recurrence
and distant metastases, respectively, while 7.5% (32/424)
patients died. Similarly, patients in the CNN group had
shorter OS, PFS, and DMFS compared with those in the
non-CNN group. The 5-year OS, PES, and DMEFES for the
non-CNN group and CNN group were 95.0% vs 86.9%,
88.0% vs 77.8%, and 92.5% vs 84.2%, with corresponding
P-values of .000, .003, and .020, respectively. However,
there was no significant difference in the 5-year LRFS be-
tween the CNN and non-CNN group (P = .181). Kaplan-
Meier survival curves for the four groups are shown in
Figure 4.

When entered into multivariate analysis, gender, T stage,
N stage, EBV DNA level, and CNN were significant inde-
pendent negative prognostic factors for survival. Multivariate
analyses also demonstrated that CNN was an independent
prognostic factor for OS (HR = 1.927, 95% CI: 1.129-3.290,

W High level EBV DNA  ® Low level EBV DNA

Percentage
(=]

0
IV; *non-CNN, non cervical node necrosis;

CNN, cervical node necrosis

P2

Clinical stage

(=]

prr

I
Clinical stage
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FIGURE 3
outcomes for the 607 NPC patients stratified by EBV DNA level

P =.016), PFS (HR =1.492,95% CI: 1.100-2.328, P = .014),
and DMFS (HR = 1.661, 95% CI: 1.044-2.644, P = .016).
However, LRFS was not a significant prognostic factor for
OS.

34 | Association of EBV DNA
level and CNN

Using Spearman correlation analysis, we found that the EBV
DNA level correlated significantly with CNN, with a correla-
tion coefficient of .324 (P < .001) (Table 2). We also found
that the correlation analysis indicated that N classification
correlated significantly with CNN, with a correlation coef-
ficient of .203 (P < .001). The relationship between CNN

Nunber of risk Time (months)
<4000 386 378 363 352 342 333 299 245 150 75 12 2
>4000 221 205 193 184 170 165 150 123 74 33 15 2

o

100 A

(o]
o
i

[2]
o
!

N
o
'

Log-rank P value = .001

Distant metastasis free survival (%)
S

0

0 12 24 36 48 60 72 84 96 108 120 132
Nunber of risk Time (months)

<4000 386 378 368 360 354 346 314 255 155 77 13 2
>4000 221 205 192 187 176 172 158 127 76 34 15 2

Kaplan-Meier curves of overall (A), Progression-free (B), Locoregional relapse-free (C), and Distant metastasis-free (D) survival

and the maximum diameter of lymph node is closed, with a
correlation coefficient of .327 (P < .001).

3.5 | Combination of EBV DNA level and
CNN status improved prognostic stratification

According to the aforementioned analysis, both EBV
DNA level and CNN were independent prognostic fac-
tors for OS, PFS, and DMFS (Table 3). Therefore, we
stratified the entire population into four groups using the
two prognostic factors of pretreatment EBV DNA level
and CNN: low-level EBV DNA and non-CNN group
(LLE and non-CNN), low-level EBV DNA and CNN
group (LLE and non-CNN), high-level EBV DNA and
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outcomes for the 607 NPC patients stratified by CNN status

TABLE 2 The relationship between

EBV DNA < 4000 EBV DNA > 4000 Total P
CNN and EBV DNA level
Non-CNN 313 111 424
CNN 73 110 183
Total 386 221 607 <.001

Abbreviation: CNN, cervical node necrosis.

non-CNN group (HLE and CNN), and high-level EBV
DNA and CNN group (HLE and CNN). Among those
patients, the proportion of LLE and non-CNN, LLE
and CNN, HLE and non-CNN, and HLE and CNN were
51.4% (313 of 607), 12.0% (73 of 607), 18.5% (111 of
607), 18.1% (110 of 607), respectively. In these four
groups, the S5-year OS was 97.4%, 93.3%, 88.1%, and
81.9% (Pyena < -001); S5-year PFS was 90.5%, 85.0%,
80.7%, 72.1% (P\enq = -001); and the 5-year DMFS was

94.1%, 90.1%, 87.9%, and 79.3% (P = .005), respec-
tively. Kaplan-Meier survival curves for the four groups
are shown in Figure 5.

From the Figure 5, the high-level EBV DNA and CNN
group had the poorest survival outcomes, while the low-level
EBV DNA and non-CNN group had the best survival out-
comes. Compared with the low-level EBV DNA and non-
CNN group, the high-level EBV DNA and CNN group had
poor OS, PES, and DMFS.
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TABLE 3 Prognostic value of EBV

Endpoint Variable HR (95% CD* P DNA and CNN for OS, PFS, LRFS, and
(O] Gender 3.009 (1.289, 7.024) 011 DMES in the 607 NPC patients
Age 1.154 (0.691, 1.926) .585
WHO pathology 0.917 (0.283,2.972) .886
Smoking 1.200 (0.902, 1.596) 210
NPC family history 1.089 (0.533, 2.225) 814
T category 1.314 (0.670, 2.577) 426
N category 2.467 (1.176, 5.179) 017
EBV DNA 2.157 (1.254, 3.710) .005
CNN(yes vs no) 1.927 (1.129, 3.289) 016
PFS Gender 1.357 (0.851, 2.163) .200
Age 1.096 (0.769, 1.561) 612
WHO pathology 1.220 (0.495, 3.004) .666
Smoking 1.136 (0.922, 1.398) 231
NPC family history 0.843 (0.498, 1.427) 525
T category 1.174 (0.753, 1.828) 479
N category 1.787 (1.005, 3.176) .048
EBV DNA 1.620 (1.120, 2.345) 010
CNN(yes vs no) 1.492 (1.100, 2.328) 014
LRFS Gender 0.865 (0.400, 1.871) 713
Age 1.476 (0.800, 2.724) 213
WHO pathology 0.953 (0.227, 4.001) 948
Smoking 1.315(0.913, 1.893) 141
NPC family history 0.933 (0.392,2.219) .875
T category 0.796 (0.396, 1.601) 522
N category 0.643 (0.152,2.717) .548
EBV DNA 0.878 (0.456, 1.691) .697
CNN(yes vs no) 1.671 (0.874, 3.193) 120
DMES Gender 1.543 (0.848, 2.808) .156
Age 0.872 (0.562, 1.354) 542
WHO pathology 0.914 (0.331, 2.524) .862
Smoking 1.144 (0.885, 1.478) 304
NPC family history 0.947 (0.500, 1.794) .868
T category 1.712 (0.931, 3.147) .084
N category 2.724 (1.438, 5.159) .002
EBV DNA 1.857 (1.169, 2.948) 009
CNN(yes vs no) 1.661 (1.044, 2.644) 032

Abbreviations: CI, confidence interval; DMFS, distant metastasis-free survival; HR, hazard ratio; LRFS, lo-
coregional relapse-free survival; NPC, nasopharyngeal carcinoma; OS, overall survival; PFS, progression-free
survival.

Bold indicates P < .05

*The Cox proportional hazards model multivariate analysis includes the following variable: gender (male or
female), age (<44 vs >44 y), WHO pathology (type II vs type III), Smoking or nonsmoking, NPC family his-
tory, T category (T1-2 vs T3-4), N category (N1 vs N2-3), EBV DNA levels (<4000 vs >4000 copies), CNN
status (non-CNN vs CNN).

**P values were calculated by using the log-rank test.

Subgroup analyses of combined EBV DNA level and disease and high-level EBV DNA and CNN were substan-
CNN according to the clinical stage are presented in Table tially poor than those patients in clinical stage II or III, with
4. The survival outcomes for these with clinical stage IV or without CNN and high-level EBV DNA. However, the
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FIGURE 5 Kaplan-Meier curves of overall (A), Progression-free (B), Locoregional relapse-free (C) and Distant metastasis-free (D) survival
outcomes for the 607 NPC patients stratified by EBV DNA level and CNN. *LLE and non-CNN, low-level EBV DNA and non-CNN; LLE and
CNN, low-level EBV DNA and CNN; HLE and non-CNN, high-level EBV DNA and non-CNN; HLE and CNN, high-level EBV DNA and CNN

combination of EBV DNA and CNN did not substantially
affect the local-regional recurrence in all clinical stage III
patients.

In multivariate analysis, the combined classification was
demonstrated to be an independent prognostic factor for OS
(P < .001), PES (P = .001), and DMFS (P = .018). In the
high-level EBV DNA and CNN group, NPC patients had a
high rist for OS (HR, 4526; 95% CI: 2.319, 8.835), for PFS
(HR, 2.473; 95% CI: 1.572,3.890), and for DMFS (HR,
2.473;95% CI: 1.572, 4.286).

4 | DISCUSSION

To the best of our knowledge, our study is the first retrospec-
tive study that combined pretreatment plasma EBV DNA
level and CNN status to assess the prognosis of NPC patients.
We observed a significant association between plasma EBV
DNA level and CNN status in the IMRT era, which we be-
lieve has important clinical relevance. In a previous study,
Lan et al demonstrated that cervical nodal necrosis was an
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TABLE 4 Subgroup analysis of combined EBV DNA and CNN groups in different clinical stages
LLE and HLE and
Endpoint Subgroup non-CNN" LLE and CNN" non-CNN" HLE and CNN* Py
oS Clinical stage II+III 97.9 96.1 85.3 87.7 <.001
v 93.9 74.3 89.1 71.5 .008
PFS Clinical stage II+III 92.0 87.5 71.3 78.5 .010
v 83.5 65.5 86.2 55.4 .003
LRFS Clinical stage IT+III 96.3 91.2 94.8 95.1 .605
v 96.8 85.3 90.9 89.9 .839
DMFS Clinical stage IT+III 95.6 91.9 84.8 87.5 .006
v 87.2 69.1 89.9 62.7 .003

Abbreviations: HLE and CNN, high-level EBV DNA and CNN group; HLE and non-CNN, high-level EBV DNA and non-CNN group; LLE and CNN, low-level EBV

DNA and CNN group; LLE and non-CNN, low-level EBV DNA and non-CNN group.

*Numbers in parentheses are percentages.

independent negative prognostic factor in NPC patients.16
Our study indicated that CNN status and also combination
of pretreatment plasma EBV DNA level and CNN status are
strongly associated with survival outcome in NPC patients.
The detection of tumor-associated DNA, such as plasma
EBV DNA in NPC, has created new possibilities for early
detection of tumor. More than 95% of patients with NPC
can be tested for this plasma marker by quantitative poly-
merase chain reaction, a rapid and sensitive technique.9’23
According to previous studies, pretreatment EBV DNA is
one of the most significant prognostic factor of NPC, and
is clinically employed for the diagnosis, risk classification,
dynamic monitoring, and prognosis of NPC.>*1 As other
group concluded, one of the origins of EBV DNA that is de-
tectable in plasma, is derived from tumor cell death.'™'" In
addition, many clinicians accept that pretreatment plasma
EBV DNA reflects the NPC gross tumor burden, and the
level of plasma EBV DNA is strongly correlated with the
TNM classification and overall stage.lg’%29 Many studies
have demonstrated that pretreatment EBV DNA with a cut-
off value at 4000 copies/mL has a better prognostic value. 19
In our study, we also employed this optimal cut-off, and
found that high-level EBV DNA predicted high risk and
worse survival outcome, while pretreatment plasma EBV
DNA > 4000 copies/mL had a worse 5-year OS, PFS, and
DMES. This result is similar to a previous study.ll’30
Recent evidence indicates CNN is a negative prognostic
factor in NPC.'® Don and colleagues previously reported that
central necrosis is correlated with increasing nodal size,*' and
is a signal for tumor metastases in head and neck squamous
cell carcinoma.***’ In our study, we also found that patients in
the CNN group had a poor survival outcome, compared with
the non-CNN group. As mentioned above, tumor necrosis
may indicate tumor hypoxia and the most important source of
plasma EBV DNA is tumor cell death. Consequently, we pos-
tulated that there may be an association between EBV DNA

level and CNN status. After we performed correlation anal-
ysis, we found that EBV DNA level correlated significantly
with CNN, with a correlation coefficient of .324. Generally,
the larger tumor volume, the more likely it is that there would
be high-level EBV DNA and necrosis.

Although there are many prognostic factors in NPC,
distant metastasis is the main reason for treatment failure.
Consequently, we performed a large retrospective study to
determine the combined prognostic value of EBV DNA level
and CNN status in an attempt to elucidate more effective
treatment regimens. Based on this work, we propose a prog-
nostic model to assess new stratification of individual NPC
patients receiving IMRT treatment into four risk groups. The
low-level EBV DNA and non-CNN group of patients had
better survival outcome than the low-level EBV DNA and
CNN group, the high-level EBV DNA and non-CNN group,
and especially the high-level EBV DNA and CNN group.
Patients with a high-level EBV DNA and CNN status had a
significantly higher 4.5-fold risk of death (HR, 4.526; 95%
CI: 2.319-8.835), significantly higher PFS (HR, 2.473; 95%
CI: 1.572-3.890), and significantly high DMFS (HR, 2.473;
95% CI: 1.572-4.286) than those patients in the low-level
EBV DNA and non-CNN group. The combined stratifica-
tion was an independent and negative factor for OS, PFS, and
DMES. It appears that the combination of factors improved
prognostic ability.

NPC is both a radiosensitive and chemosensitive carci-
noma and clinical outcome tends to be encouraging, com-
pared with other cancer where radio- and chemoresistance
are problematic.3 8 In our study, we demonstrated that in pa-
tients with high-level EBV DNA and CNN status, who were
a high-risk group, had worse survival than other groups.
While the exact mechanism associated with poor survival in
the high-risk group is not clear, it could appear that an in-
crease in the intensity of therapy can be made according to
our classification.
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However, there are some drawbacks to our study. The first
limitation is the assessment of CNN was reached by two or
three radiologists who specialized in head and neck cancer
and they reviewed all MRI scans separately. Furthermore,
they used this diagnostic modality, rather than cervical nodal
biopsy, which is the most informative examination but inva-
sive. The second limitation is that all NPC patients originated
from one single institution. Therefore, more population-based
studies are required to confirm our conclusions.

S | CONCLUSION

The status of cervical lymph nodes and pretreatment plasma
EBV DNA level are negative prognostic factors and both
were closely correlated in NPC patients. During the IMRT
era, a combination of pretreatment EBV DNA level and
CNN status can improve risk stratification and prognostic
value allowing available and noninvasive examinations to be
performed.
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