
Prognostic value of serum Epstein–Barr virus
antibodies in patients with nasopharyngeal
carcinoma and undetectable pretreatment
Epstein–Barr virus DNA
Ji-Jin Yao,1,2,5 Li Lin,1,5 Ya-Nan Jin,3,5 Si-Yang Wang,2 Wang-Jian Zhang,4 Fan Zhang,2 Guan-Qun Zhou,1

Zhi-Bin Cheng,2 Zhen-Yu Qi1 and Ying Sun1

1Department of Radiation Oncology, State Key Laboratory of Oncology in South China, Collaborative Innovation Center for Cancer Medicine, Sun Yat-sen
University Cancer Center, Guangzhou; 2Department of Radiation Oncology, The Fifth Affiliated Hospital of Sun Yat-sen University, Zhuhai; 3Department of
Nasopharyngeal Carcinoma, State Key Laboratory of Oncology in South China, Collaborative Innovation Center for Cancer Medicine, Sun Yat-sen University
Cancer Center; 4Department of Medical Statistics and Epidemiology, Health Information Research Center, Guangdong Key Laboratory of Medicine, School
of Public Health, Sun Yat-sen University, Guangzhou, China

Key words

Early antigen, Epstein–Barr virus antibodies, nasopharyn-
geal carcinoma, prognostic value, viral capsid antigen

Correspondence

Ying Sun and Zhen-Yu Qi, Department of Radiation
Oncology, Sun Yat-sen University Cancer Center, State
Key Laboratory of Oncology in South China, Collaborative
Innovation Center for Cancer Medicine, Guangzhou
510060, Guangdong Province, China.
Tel: +86-20-87343816 (Y.S.) / +86-20-87342590 (Z.-Y.Q.);
Fax: +86-20-87343295 (Y.S.) / +86-20-87342590 (Z.-Y.Q.);
E-mails: sunying@sysucc.org.cn and qizhy@sysucc.org.cn

5These authors contributed equally to this work.

Funding Information
National Natural Science Foundation of China;
Sun Yat-sen University

Received April 1, 2017; Revised June 2, 2017; Accepted
June 5, 2017

Cancer Sci 108 (2017) 1640–1647

doi: 10.1111/cas.13296

Epstein–Barr virus (EBV) is closely associated with nasopharyngeal carcinoma

(NPC). Serum IgA antibodies against early antigen (EA-IgA) and viral capsid anti-

gen (VCA-IgA) are the most commonly used to screen for NPC in endemic areas.

However, the prognostic value of serum EA-IgA and VCA-IgA in patients with

NPC is less clear. We hypothesize that serum EA-IgA and VCA-IgA levels have

prognostic impact for survival outcomes in NPC patients with undetectable pre-

treatment EBV (pEBV) DNA. In this series, 334 patients with non-metastatic NPC

and undetectable pEBV DNA were included. Serum EA-IgA and VCA-IgA were

determined by ELISA. After analysis, serum EA-IgA and VCA-IgA loads correlated

positively with T, N, and overall stage (all P < 0.05). Serum EA-IgA was not associ-

ated with survival outcome in univariable analyses. But patients with serum VCA-

IgA >1:120 had significantly inferior 5-year progression-free survival (80.4% vs

89.6%, P = 0.025), distant metastasis-free survival (88.4% vs 94.8%, P = 0.050),

and locoregional relapse-free survival (88.4% vs 95.6%, P = 0.023; log–rank test).

Multivariable analyses revealed that N stage was the only independent prognos-

tic factor (all P < 0.05), but the VCA-IgA became insignificant. Further analyses

revealed that serum VCA-IgA was not an independent prognostic factor in early

N (N0–1) or advanced N (N2–3) stage NPC. In summary, although both EA-IgA and

VCA-IgA correlate strongly with TNM stage, our analyses do not suggest that

these antibodies are prognostic biomarkers in patients with NPC and unde-

tectable pEBV DNA.

T he highest incidence of NPC reportedly occurs in southern
China, with the yearly incidence rate varying between 15

and 50 cases per 100 000 population.(1) Despite improvements
in the locoregional control rate due to the development of
more precise imaging, radiotherapy technology, and eradica-
tion of potential metastasis by chemotherapy, the survival of
patients with advanced NPC remains unsatisfactory.(2) There-
fore, the identification of new prognostic factors is of great
importance to recognize patients at high risk.
Southern China has one of the highest incidences of EBV

infection, and more than 95% of adults in southern China are
infected with EBV(3) Therefore, it is reasonable to speculate
that EBV infection plays an important role in the etiology. In
recent times, several studies(4–6) have reported on the associa-
tion of elevated pEBV DNA with adverse prognoses in
patients with NPC. However, the prognostic value of IgA

antibodies against early antigen (EA-IgA) and viral capsid
antigen (VCA-IgA) are less clear. There have only been two
studies on the prognostic impact of EBV antibodies in NPC,
and they failed to detect an association between EBV anti-
bodies and survival outcomes.(7,8) The relative risks seem
highly heterogeneous, comprising patients harboring localized
and metastatic disease in these studies. Therefore, the prog-
nostic impact of serum EBV antibodies needs to be investi-
gated in patients with non-metastatic NPC and undetectable
pEBV DNA.
On the basis of this premise, we undertook the current study

to gain insight into the correlation between serum EBV anti-
bodies and TNM stage from a prospectively created database,
and evaluate the prognostic value of serum EBV antibodies for
survival outcomes in patients with NPC and undetectable
pEBV DNA.
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Materials and Methods

Patient selection. This study was approved by the Institu-
tional Review Board of Sun Yat-sen University Cancer Center
(Guangzhou, China). All NPC patients were identified from a
prospectively created database from November 2009 and
February 2012. The eligibility criteria were: (i) histologically
confirmed NPC; (ii) no evidence of distant metastases; (iii)
treated by radiotherapy with curative intent; (iv) undetectable
(0 copies per mL) pEBV DNA; and (v) absence of secondary
malignancy or pregnancy. Finally, a total of 334 patients were
included in this study.
All patients underwent a pretreatment evaluation including a

complete physical examination, MRI of the nasopharynx and
neck, chest radiograph, abdominal sonography, electrocardiog-
raphy, bone scan, and complete blood sampling (cell counts,
biochemical profile, and EBV serology). Positron emission
tomography/computed tomography (CT) was undertaken in 93
patients (27.8%). Patients were restaged by two radiation
oncologists specializing in head and neck cancer according to
the 2009 7th edition of the AJCC staging system,(9) with dis-
agreements resolved by consensus.

Radiotherapy. All patients received intensity-modulated
radiotherapy as a primary treatment, while immobilized in the
supine position using a thermoplastic head and shoulder mask.
Contrast-enhanced planning CT (3-mm slice thickness) images
from the superior border of the frontal sinus to 2 cm below
the sternoclavicular joint were obtained and transferred to
the Monaco treatment planning system (version 3.02; Elekta
Instrument AB, Stockholm, Sweden).
Target volumes and organs at risk were delineated on each

slice of the CT images, as previously described,(10) in agree-
ment with International Commission on Radiation Units and
Measurements Reports 62(11) and 83.(12) The GTV including
GTVp and GTVnd was delineated on the basis of clinical,
endoscopic, and MRI findings. Gross disease at primary site
together with enlarged retropharyngeal lymph nodes was desig-
nated GTVp; clinically involved cervical lymph nodes was
designated GTVnd. Two CTVs were delineated according to
the GTV: CTV1, high-risk regions encompassing GTVp plus
5–10 mm, including entire nasopharyngeal mucosa and 5 mm
submucosal region; and CTV2, low-risk regions containing
CTV1 plus 5–10 mm, encompassing sites of microscopic
extension and lymphatic regions. The PTVs, termed PTVp,
PTV1, PTV2, and PTVnd, were constructed by expanding the
GTVp, CTV1, CTV2, and CTVnd, respectively, by 3 mm; a
3-mm margin was added to the brainstem and spinal cord to
generate planning organ at risk volume.
The prescribed doses to PTVp, PTVnd, PTV1, and PTV2

were 66–72, 64–70, 60–63, and 54–56 Gy, respectively, in
28–33 fractions (66–70 Gy to PTVp for T1 NPC, 68–72 Gy
for T2–4 NPC; 68–70 Gy to nodes >1 cm, 64–68 Gy to
clinically involved nodes ≤1 cm).(13) The dose constraints for
organs at risk and planning organ at risk volumes were as
described for the RTOG-0225 trial.(14) All patients were trea-
ted following a routine schedule (one fraction daily, 5 days
per week).

Chemotherapy. During the study period, we followed our
institutional guidelines, which recommended radiotherapy
alone for stage I, concurrent chemoradiotherapy for stage II,
and concurrent chemoradiotherapy +/– neoadjuvant/adjuvant
chemotherapy for stage III to IVB NPC, as defined by the 7th
edition of the AJCC staging system. In patients with stage III
to IVB disease, neoadjuvant chemotherapy was given when

the waiting time for radiotherapy was considered to be longer
than acceptable, or when it was considered advantageous to
reduce bulky tumors. Neoadjuvant or adjuvant chemotherapy
were cisplatin (80 mg/m2) with 5-fluorouracil (800 mg/m2/day
over 120 h), or cisplatin (80 mg/m2) with taxanes (80 mg/m2)
given at 3-week intervals for two or three cycles. Concurrent
chemotherapy consisted of cisplatin (80 or 100 mg/m2) given
in weeks 1, 4, and 7 of radiotherapy, or cisplatin (40 mg/m2)
given weekly during radiotherapy, beginning on the first day
of radiotherapy.

Quantification of plasma EBV DNA. Before treatment, periph-
eral venous blood (3 mL) was collected from each patient
into EDTA-containing tubes and centrifuged at 3000 g for
5 min. Total plasma DNA was extracted using a QIAamp
DNA Blood Mini Kit (Qiagen, Hilden, Germany). Fluores-
cence PCR was carried out using an EBV PCR quantitative
diagnostic kit (Da-An Genetic Diagnostic Center, Guangzhou,
China) targeting the BamHI-W region of the EBV genome.
Data were analyzed using Applied Biosystems 7300 SDS soft-
ware (Beijing, China). Undetectable EBV DNA was defined
as 0 copies/mL.

Enzyme-linked immunosorbent assay. The concentrations of
serum EA-IgA and VCA-IgA in all samples were determined
in duplicate using commercial ELISA kits (3400638; Berer
Bioengineering, Beijing, China), as previously described,(15)

following the manufacturer’s instructions. Briefly, negative
control samples, positive control samples, and each serum
sample diluted 1:10 were added to the plates. After washing,
100 lL HRP-conjugated anti-human IgA was added to each
well. Color development and absorbance measurements were
undertaken as described previously.(16)

Statistical analysis. The primary end-point was PFS, and the
secondary end-points included OS, DMFS, and LRFS. Receiver
operating characteristic curves were used to evaluate different
cut-off points for the EBV antibodies. Patients were stratified
according to the cut-off points. The AUC was used to assess
the prognostic value of each serum EBV antibody. Patient
demographic and disease data were compared using Pearson’s
v2-test (or Fisher’s exact test, if indicated). Cumulative survival
rates were estimated using the Kaplan–Meier method and the
differences between survival curves were examined using the
log–rank test. Multivariate analysis using a Cox proportional
hazards model was used to test independent significance by
backward elimination of insignificant explanatory variables. All
statistical tests were two-sided; P-values <0.05 were considered
significant. Statistical analysis was performed using R 3.1.2
(https://mirrors.tuna.tsinghua.edu.cn/CRAN/).

Results

Clinicopathological characteristics. The clinicopathological
characteristics of the 334 patients, including 251 (75.1%) men
and 83 (24.9%) women, are presented in Table 1. The median
age at diagnosis was 45 years (range, 17–75 years). Based on
the WHO criteria, 94% of patients had type III disease and 6%
had type II disease. The TNM stage distribution based on the
7th AJCC staging system was stage I for 23 patients (6.9%), II
for 69 (20.7%), III for 170 (50.9%), and IVA/B for 35
(21.6%). Eighty-six percent of the patients (287/334) received
chemotherapy. Of the patients receiving chemotherapy, 49%
(142/287) received neoadjuvant chemotherapy, 13% (38/287)
received adjuvant chemotherapy, and 100% (287/287) received
concurrent chemotherapy.
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Correlation between EBV antibodies and clinicopathological

characteristics. In the study, ROC curve was used to evaluate
different cut-off points for the EBV antibodies. The cut-off of
EA-IgA for PFS was 1:15 (sensitivity 0.528, specificity 0.580;
AUC = 0.545), and 1:120 of VCA-IgA for PFS (sensitivity
0.736, specificity 0.431; AUC = 0.604). The correlations
between the serum levels of these antibodies and various clini-
copathological features were examined. Patients with age
≥50 years, advanced T stage (T3/4), advanced N stage (N2/3),
and advanced clinical stage (stage III–IV) were more likely to
present high EA-IgA (>1:15) and high VCA-IgA (>1:120) (all
P < 0.05; Tables 2,3). But there was no significant difference
in sex, histology, smoking, or chemotherapy between patients
with high and low EA-IgA or high and low VCA-IgA (all
P > 0.05).

Prognostic value of EBV antibodies in patients with NPC. The
results of univariable analyses are shown in Table 4. In the
log–rank test, high EA-IgA was not associated with inferior
PFS (HR, 1.47; 95% CI, 0.86–2.53; P = 0.157), OS (HR, 1.15;
95% CI, 0.54–2.45; P = 0.714), DMFS (HR, 1.14; 95%
CI, 0.56–2.34; P = 0.716), and LRFS (HR, 1.89; 95% CI,
0.90–3.95; P = 0.087; Fig. 1). Likewise, we did not observe

any difference in OS between patients with high VCA-IgA and
low VCA-IgA (90.5% vs 92.1%, P = 0.282; Fig. 2). However,
patients with high VCA-IgA had a significantly inferior prog-
nosis in terms of PFS (80.4% vs 89.6%, P = 0.025; Fig. 2a),
DMFS (88.4% vs 94.8%, P = 0.050; Fig. 2c), and LRFS
(88.4% vs 95.6%, P = 0.023; Fig. 2d) than patients with low
VCA-IgA. Thus, VCA-IgA may be a better predictor compared
to VCA-IgA for patients with undetectable pEBV DNA. After
adjusting for the TNM classification and EBV antibodies, the
N stage was the only significant prognostic factor for PFS
(HR, 2.18; 95% CI, 1.22–3.89; P = 0.008), OS (HR, 2.90;
95% CI, 1.36–6.20; P = 0.006) and DMFS (HR, 2.16; 95%
CI, 1.31–4.67; P = 0.031), but VCA-IgA became insignificant
for predicting PFS (HR, 1.52; 95% CI, 0.80–2.89; P = 0.205),
DMFS (HR, 1.77; 95% CI, 0.73–4.31; P = 0.208), and LRFS
(HR, 2.45; 95% CI, 0.78–7.68; P = 0.125) (Table 5).

Prognostic value of VCA-IgA in NPC patients with early or

advanced N stage. Finally, we further analyzed the prognostic
value of VCA-IgA in the subgroups of NPC patients with early
and advanced N stage. In the early N stage (N0–1) subgroup,
there was no significant difference survival between patients
with high VCA-IgA and low VCA-IgA in terms of
PFS (85.3% vs 90.2%; P = 0.217), OS (93.4% vs 95.1%;
P = 0.627), DMFS (91.2% vs 95.1%; P = 0.220), or LRFS

Table 1. Clinicopathological features of 334 patients

Characteristic No. of patients %

Age, years

<50 237 71.0

≥50 97 29.0

Sex

Male 251 75.1

Female 83 24.9

Histology

WHO II 20 6.0

WHO III 314 94.0

History of smoking

No 224 67.1

Yes 110 32.9

T stage†

T1 62 18.6

T2 49 14.7

T3 167 50.0

T4 56 16.8

N stage†

N0 66 19.8

N1 193 57.8

N2 56 16.8

N3 19 5.7

Clinical stage†

I 23 6.9

II 69 20.7

III 170 50.9

IVA/B 72 21.6

Chemotherapy

CCRT alone 107 32.0

NACT + CCRT 142 42.5

CCRT + AC 38 11.4

No chemotherapy 47 14.1

†According to the 7th edition of the Union for International Cancer
Control/American Joint Committee on Cancer staging system. AC,
adjuvant chemotherapy; CCRT, concurrent chemoradiotherapy; NACT,
neoadjuvant chemotherapy.

Table 2. Baseline characteristics of the patients with nasopharyngeal

carcinoma stratified by low IgA antibodies against early antigen

(EA-IgA) versus high EA-IgA

Characteristic Low EA-IgA High EA-IgA P-value*

Age, years 0.028

<50 124 (66.0) 113 (77.4)

≥50 64 (34.0) 33 (22.6)

Sex 0.799

Male 140 (74.5) 111 (76.0)

Female 48 (25.5) 35 (24.0)

Histology 0.819

WHO II 12 (6.4) 8 (5.5)

WHO III 176 (93.6) 138 (94.5)

History of smoking 0.197

No 132 (70.2) 92 (63.0)

Yes 56 (29.8) 54 (37.0)

T stage† <0.001

T1 51 (27.1) 11 (7.5)

T2 27 (14.4) 22 (15.1)

T3 86 (45.7) 81 (55.5)

T4 24 (12.8) 32 (21.9)

N stage† <0.001

N0 49 (26.1) 17 (11.6)

N1 109 (58.0) 84 (57.5)

N2 21 (11.2) 35 (24.0)

N3 9 (4.8) 10 (6.9)

Clinical stage† <0.001

I 21 (11.2) 2 (1.4)

II 46 (24.5) 23 (15.8)

III 88 (46.8) 82 (56.2)

IVA-B 33 (17.6) 39 (26.7)

Chemotherapy 0.434

No 29 (15.4) 18 (12.3)

Yes 159 (84.6) 128 (87.7)

*P-values were calculated using the v2-test. †According to the 7th edi-
tion of the Union for International Cancer Control/American Joint
Committee on Cancer staging system. High EA-IgA, >1:15; Low EA-IgA,
≤1:15.

© 2017 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
on behalf of Japanese Cancer Association.
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(90.4% vs 95.1%; P = 0.146; Fig. S1). Likewise, VCA-IgA
was not associated with PFS (HR, 1.72; 95% CI, 0.40–7.40;
P = 0.459), OS (HR, 0.84; 95% CI, 0.18–3.84; P = 0.822),
DMFS (HR, 1.94; 95% CI, 0.25–15.07; P = 0.517), or LRFS
(P = 0.146; Fig. S2) in the advanced N stage (N2–3) sub-
group.

Discussion

According to previous studies, the prognosis of patients with
NPC is far from clearly defined.(17) To our knowledge, this is
the first large-scale study to show the impact of serum EBV
antibodies on the prognosis of patients with non-metastatic
NPC from a population with a high prevalence of both EBV
infection and NPC. In endemic areas, previous studies(18,19)

have mainly focused on the impact of EBV DNA in NPC.
However, to the best of our knowledge, few studies have
investigated the influence of serum EBV antibodies on the
prognosis of NPC patients, especially those with undetectable
pEBV DNA. The current study did not indicate any association
between serum EA-IgA, VCA-IgA, and treatment outcomes in
patients with undetectable pEBV DNA.

Necessity of serum EBV antibodies research. It is well recog-
nized that EBV infection is a major risk factor for NPC

progress.(20,21) Previous studies have shown that EBV can
latently infect human nasopharyngeal epithelial cells, and
induce lytic infection by triggering capillary expansion, altered
protein localization, gene activation, DNA damage responses,
and mutations during viral replication.(22) Progression of NPC
may induce EBV to enter the replication phase and express
EA and VCA, stimulating production of transcript-related EBV
antibodies. With recent advances, several high-quality, repeat-
able, and economical ELISA kits have been commercialized
for testing serum EBV antibodies, including VCA-IgA and
EA-IgA. Thus, the quantification of serum EBV antibodies in
patients with NPC may reflect the tumor burden and provide
reliable indexes for clinical TNM staging.(8,23) However, to
date, only two studies have evaluated the prognostic value of
EBV antibodies in NPC.(7,8) Given the lack of studies, the
prognostic value of serum EBV antibodies remains unclear.

Predictive validity of serum EBV antibodies. Compared with
EA-IgA, VCA-IgA may be better at determining survival out-
comes. Although high VCA-IgA was significantly associated
with inferior PFS, DMFS, and LRFS in the log–rank test, it
became insignificant in multivariable analyses. Moreover, sub-
group analyses revealed that VCA-IgA had no significant prog-
nostic value in patients with early or advanced N stage NPC.
Similar findings were obtained in previous studies. In a critical
analysis of the value of EBV antibodies as prognostic biomark-
ers, Cai et al.(7) failed to detect an association between serum
EBV antibodies and survival outcomes. Recently, Sun et al.(8)

analyzed the prognostic value of serum EA-IgA, VCA-IgA, and
EBV DNA, and found EBV DNA was a more sensitive and
valuable molecular biomarker to enhance the traditional TNM
system in comparison with serum EBV antibodies. While these
study cohorts seem highly heterogeneous comprising of patients
harboring localized and metastatic disease in these studies. One
caveat of comparing our findings with the studies presented
above is the fact that only patients with non-metastatic NPC
and undetectable pEBV DNA were eligible for the current
study, which may reduce interference by EBV DNA on the
prognostic value of EBV antibodies. With respect to this issue,
we have confidence that serum EA-IgA and VCA-IgA have lim-
ited value for adding prognostic value to conventional clinical
indices in identifying patients with NPC.

Correlation between EBV antibodies and clinicopathological

characteristics. The associations between serum EA-IgA, VCA-
IgA, and various clinicopathological features have been
reported before. Sun et al.(8) reported that the pretreatment
serum VCA-IgA and EA-IgA titers increased with disease
stage (2009 AJCC staging system) in 779 NPC patients treated
at a single institution. Additionally, the same authors identified
a positive association between EBV antibodies and histological
subtype. Similarly, a strong, positive association was observed
between EBV antibodies and disease stage in this study; how-
ever, we failed to detect an association between EBV antibod-
ies and histological subtype, which may be due to the
relatively small sample size (334 patients). Consistent with
Baizig et al.,(24) we found that patients with age >50 years at
initial diagnosis were more likely to show high EBV antibody
titers. The potentially longer exposure time to EBV in patients
with age >50 years may partly explain this phenomenon; how-
ever, further investigation is required to fully explain the
mechanism between age and increased EBV antibodies in
patients with NPC.

High levels of pEBV DNA predict inferior survival outcomes in

endemic areas. In the current study, our results suggest that
high titers of EBV antibodies were likely to be present in

Table 3. Baseline characteristics of the patients with nasopharyngeal

carcinoma stratified by low versus high IgA antibodies against viral

capsid antigen (VCA-IgA)

Characteristic Low VCA-IgA High VCA-IgA P-value*

Age, years 0.002

<50 83 (61.5) 154 (77.4)

≥50 52 (38.5) 45 (22.6)

Sex 0.606

Male 99 (73.3) 152 (76.4)

Female 36 (26.7) 47 (23.6)

Histology 0.815

WHO II 9 (6.7) 11 (5.5)

WHO III 126 (93.3) 188 (94.5)

History of smoking 0.154

No 97 (71.9) 127 (63.8)

Yes 38 (28.1) 72 (36.2)

T stage† 0.002

T1 38 (28.1) 24 (12.1)

T2 21 (15.6) 28 (14.1)

T3 57 (42.2) 110 (55.3)

T4 19 (14.1) 37 (18.6)

N stage† <0.001

N0 38 (28.1) 28 (14.1)

N1 85 (63.0) 108 (54.3)

N2 7 (5.2) 49 (24.6)

N3 5 (3.7) 14 (7.0)

Clinical stage† <0.001

I 17 (12.6) 6 (3.0)

II 35 (25.9) 34 (17.1)

III 59 (43.7) 111 (55.8)

IVA-B 24 (17.8) 48 (24.1)

Chemotherapy 0.112

No 24 (17.8) 23 (11.6)

Yes 111 (82.2) 176 (88.4)

*P-values were calculated using the v2-test. †According to the 7th edi-
tion of the Union for International Cancer Control/American Joint
Committee on Cancer staging system. High VCA-IgA, >1:120; Low
VCA-IgA, ≤1:120.
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Table 4. Univariable analyses of prognostic factors for the whole cohort of patients with nasopharyngeal carcinoma (n = 334)

Variable
Progression-free survival Overall survival

Distant metastasis-free

survival

Locoregional relapse-free

survival

HR (95% CI) P-value* HR (95% CI) P-value* HR (95% CI) P-value* HR (95% CI) P-value*

Age, years 0.88 (0.47–1.65) 0.694 1.37 (0.62–3.05) 0.440 0.56 (0.21–1.45) 0.230 0.87 (0.37–2.04) 0.755

<50

≥50

Sex 1.11 (0.60–2.04) 0.742 0.52 (0.18–1.50) 0.224 0.91 (0.39–2.13) 0.836 1.42 (0.65–3.12) 0.383

Male

Female

Histology 0.78 (0.28–2.17) 0.639 1.72 (0.23–12.70) 0.596 1.89 (0.26–13.90) 0.531 0.39 (0.13–1.11) 0.078

WHO II

WHO III

Smoking 1.80 (1.05–3.09) 0.033 2.65 (1.24–5.66) 0.012 1.87 (0.91–3.83) 0.087 1.51 (0.72–3.15) 0.278

No

Yes

T stage 1.40 (0.76–2.58) 0.278 1.35 (0.57–3.21) 0.492 1.40 (0.62–3.15) 0.413 1.34 (0.59–3.02) 0.482

T1–2

T3–4

N stage 2.51 (1.45–4.35) 0.001 2.93 (1.37–6.26) 0.006 2.50 (1.20–5.19) 0.014 2.02 (0.94–4.34) 0.072

N0–1

N2–3

Clinical stage 1.47 (0.76–2.86) 0.254 1.61 (0.61–4.26) 0.337 1.58 (0.64–3.85) 0.319 1.23 (0.52–2.87) 0.636

I–II

III–IVA/B

VCA-IgA 1.98 (1.08–3.65) 0.028 1.57 (0.69–3.59) 0.370 2.28 (0.98–5.31) 0.050 2.73 (1.11–6.69) 0.029

<1:120

≥1:120

EA-IgA 1.47 (0.86–2.53) 0.159 1.15 (0.54–2.45) 0.715 1.14 (0.56–2.34) 0.716 1.89 (0.90–3.95) 0.092

<1:15

≥1:15

Chemotherapy 2.88 (0.87–9.61) 0.084 1.04 (0.89–8.97) 0.997 5.30 (0.71–39.80) 0.105 2.15 (0.49–9.45) 0.312

CCRT alone

NACT + CCRT

CCRT + AC

No chemotherapy

Values in bold are significant (P < 0.05). *P-values were calculated using the unadjusted log–rank test. AC, adjuvant chemotherapy; CI, confi-
dence interval; CCRT, concurrent chemoradiotherapy; EA-IgA, IgA antibodies against early antigen; HR, hazard ratio; NACT, neoadjuvant
chemotherapy; VCA-IgA, IgA antibodies against viral capsid antigen.

Fig. 1. Kaplan–Meier curves for 334 patients with
nasopharyngeal carcinoma, stratified by IgA
antibodies against early antigen (EA-IgA) (<1:15 vs
≥1:15). (a) Progression-free survival, (b) overall
survival, (c) distant metastasis-free survival, and (d)
locoregional relapse-free survival. CI, confidence
interval; HR, hazard ratio.
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advanced stage patients. Furthermore, high levels of EBV
DNA are predictive of poor survival outcomes for NPC
patients.(4,19,25,26) However, some articles(27) indicate that EBV
positivity was associated with extended OS, PFS, and LRFS.
The following factors may explain the discrepancies. Patholog-
ically, NPC can be classified according to the WHO system
into keratinizing (WHO type I) and non-keratinizing (WHO
types II and III) subtypes,(28) and EBV infection is closely
associated with the development of nearly all undifferentiated
NPC (WHO types II and III). Because more than 95% of NPC
patients are infected with EBV and presented with WHO types
II and III in endemic areas,(3) in situ hybridization to deter-
mine the status of EBV infection was usually omitted. In daily
clinical practice, serologic testing for EBV DNA load using
PCR analysis has become common, as it is a non-invasive and

convenient method that complements imaging examinations.
Approximately 25% of NPC patients were pathologically clas-
sified as WHO type I in North America,(29) which is associated
with human papillomavirus,(30–32) and EBV status determined
by in situ hybridization was negative for this group of patients.
It is well recognized that the WHO histologic type has been
shown to be an independent prognostic factor, and survival
advantage is chiefly seen for WHO II/III over WHO I.(33)

Therefore, patients infected with EBV tended to have better
survival outcomes relative to those uninfected, which was con-
sistent with the finding suggested by Jiang et al.’s study.(27)

Limitations and future directions of study. A major limitation
of our study is that a single measurement of EBV antibodies
and the data were obtained exclusively at one center, and the
measurement of serum EBV antibodies still needs to be glob-
ally standardized. Another limitation is that we failed to
include data regarding other EBV antibodies including EBV
nuclear antigen 1-IgA and -IgG, Zta-IgA, and Rta-IgG. How-
ever, prior studies have indicated that serum EA-IgA and
VCA-IgA were the most important screening markers of EBV
antibodies.(3,34) The third concern was that we failed to include
data regarding post-treatment EBV antibodies. Future studies
need to continue to evaluate the prognostic value of post-treat-
ment EBV antibodies in NPC patients.
In summary, our study findings did not confirm the role of

EA-IgA and VCA-IgA as prognostic biomarkers among
patients with NPC and undetectable pEBV DNA. However, it
is plausible that EA-IgA and VCA-IgA might enhance patient
stratification by providing an additional layer of information
on disease burden. In support of this suggestion, EA-IgA and
VCA-IgA were positively associated with T stage, N stage,
and clinical stage. Further prospective studies of large cohorts
of patients with NPC that include an analysis of post-treatment
EBV antibodies are warranted.
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Fig. 2. Kaplan–Meier curves for 334 patients with
nasopharyngeal carcinoma stratified by IgA
antibodies against viral capsid antigen (VCA-IgA)
(<1:120 vs ≥1:120). (a) Progression-free survival. (b)
Overall survival. (c) Distant metastasis-free survival.
(d) Locoregional relapse-free survival. CI, confidence
interval; HR, hazard ratio.

Table 5. Multivariate analysis of prognostic factors for the whole

cohort of patients with nasopharyngeal carcinoma (n = 334)

HR (95% CI) P-value*

Progression-free survival

Smoking, no versus yes 1.71 (1.00–2.95) 0.052

N stage, N0–1 vs N2–3 2.18 (1.22–3.89) 0.008

VCA-IgA, <1:120 vs ≥1:120 1.52 (0.80–2.89) 0.205

Overall survival

Smoking, no versus yes 2.62 (1.23–5.61) 0.013

N stage, N0–1 vs N2–3 2.90 (1.36–6.20) 0.006

Distant metastasis-free survival

Smoking, no versus yes 1.77 (0.86–3.64) 0.119

N stage, N0–1 vs N2–3 2.16 (1.31–4.67) 0.031

VCA-IgA, <1:120 vs ≥1:120 1.77 (0.73–4.31) 0.208

Locoregional relapse-free survival

Histology, WHO II vs III 0.37 (0.13–1.08) 0.070

N stage, N0–1 vs N2–3 1.51 (0.68–3.34) 0.309

VCA-IgA, <1:120 vs ≥1:120 2.45 (0.78–7.68) 0.125

EA-IgA, <1:15 vs ≥1:15 1.05 (0.42–2.63) 0.920

*P-values were calculated with an adjusted Cox proportional hazards
model. CI, confidence interval; EA-IgA, IgA antibodies against early
antigen; HR, hazard ratio; VCA-IgA, IgA antibodies against viral capsid
antigen.
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Abbreviations

AJCC American Joint Committee on Cancer
AUC area under the ROC curve
CI confidence interval
CT computed tomography
CTV clinical target volume
DMFS distant metastasis-free survival
EA-IgA IgA antibodies against early antigen
EBV Epstein–Barr virus

GTV gross tumor volume
GTVnd GTV with clinically involved cervical lymph nodes
GTVp GTV of primary nasopharyngeal tumor with enlarged

retropharyngeal lymph nodes
HR hazard ratio
LRFS locoregional relapse-free survival
NPC nasopharyngeal carcinoma
OS overall survival
pEBV pretreatment EBV
PFS progression-free survival
PTV planning target volume
ROC receiver operating characteristic
VCA-IgA IgA antibodies against viral capsid antigen
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Supporting Information

Additional Supporting Information may be found online in the supporting information tab for this article:

Fig. S1. Kaplan–Meier curves for patients with early N category (N0–1) nasopharyngeal carcinoma stratified by IgA antibodies against viral capsid
antigen (VCA-IgA) (<1:120 vs ≥1:120).

Fig. S2. Kaplan–Meier curves for patients with advanced N category (N2–3) nasopharyngeal carcinoma stratified by IgA antibodies against viral
capsid antigen (VCA-IgA) (<1:120 vs ≥1:120).
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