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Abstract

Background: Epstein–Barr virus (EBV) DNA quantification in nasopharyngeal cancer 
(NPC) is an indicator of the tumour burden, stage and survival. Although EBV dynamics in 
endemic regions has been extensively studied and reported, the data from non-endemic 
regions is sparse. This study attempts to investigate the EBV dynamics in NPC patients 
from a non-endemic region and also to identify the factors impacting the outcomes.

Materials and methods: This was a prospective observational study conducted at a ter-
tiary care centre in South India and enrolled patients with non-metastatic, biopsy proven 
NPC, who were suitable for radical chemo-radiotherapy with or without induction che-
motherapy. Two blood samples, one prior to initiation of any anticancer treatment, and 
second at 6 weeks post treatment, were collected to quantify EBV DNA using real-time 
quantitative polymerase chain reaction. Antibodies against EBV viral capsid antigen (EBV 
VCA IgM), EBV Early Antigen (EBV EA IgG) and EBV Nuclear Antigen (EBV EBNA IgG) 
were also measured in the sample. The impact of EBV dynamics on the outcomes was 
then analysed.

Results: The study included a total of 35 patients. Thirty-three had identifiable EBV DNA 
(94.3%) and a histological diagnosis of non-keratinising undifferentiated type of squa-
mous cell carcinoma. There was no correlation between the EBV DNA and anti-EBV anti-
bodies. There was a significant association between composite stage and pre-treatment 
DNA titre (p = 0.030). The mean EBV DNA titre was lower for patients with no clinically 
demonstrable disease at last follow-up and the reduction in EBV DNA titres was signifi-
cant (p = 0.020) for those patients who remained disease free.

Conclusion: Plasma EBV DNA is an accurate and reliable biomarker for NPC for WHO 
type 2 and 3 tumours even in non-endemic regions.

Keywords: nasopharyngeal cancer, non-endemic region, EBV DNA dynamics, EBV serology, 
factors affecting treatment outcomes
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Background

Nasopharyngeal cancers (NPCs) differ from other head and neck squamous cell carcinomas in unbalanced geographical distribution [1], mul-
tifactorial origin, association with Epstein–Barr virus (EBV) as well as clinical behaviour. The association of EBV with NPC is well established 
in the endemic regions where the EBV dynamics has been extensively studied and reported. EBV is known for its dual tropism for human 
B-cells and nasopharyngeal epithelial cells, where they can establish latent infection and subsequently integrate with the host genome. 
Expression of various EBV-encoded latent genes can lead to growth and progression of EBV infected pre-malignant cells to undifferentiated 
cancers. This is potentiated by presence of cofactors such as an inflammatory micro-environment, alterations in cell-cycle regulatory mecha-
nisms like inactivation of p16 and over expression of cyclin-D1 [2, 3].

Various viral markers and antibodies against viral components have been used for detection of EBV infection, as a marker for assessing 
tumour burden and as a tool for monitoring treatment response. EBV DNA quantification, which is a direct reflection of the viral load, is an 
indicator of the tumour load, stage and survival for NPC patients [4–7]. This can be done using quantitative polymerase chain reaction (PCR) 
on tumour tissue or body fluids like the plasma and saliva [8, 9]. Evidence, however, suggests that salivary assays may not be very accu-
rate [10] when compared to plasma assays. The role of EBV DNA in prognostication and subsequent treatment modification is an ongoing 
research avenue with many promising leads published so far. Multiple EBV specific antibodies like immunoglobulin A (IgA), antibody against 
viral capsid antigen (VCA-IgA) have been demonstrated in patients with EBV associated NPC [11–14]. Investigations to prove the potential 
use of these antibody assays as a cheap and easier surrogate for the cumbersome DNA study have been mostly futile [15].

This study attempts to investigate the EBV dynamics in NPC patients, by the absolute quantification of EBNA-1 gene in EBV genome, from a 
non-endemic region and also identify the factors impacting the outcomes. A previous study undertaken at the institute has reported an EBV 
DNA prevalence of 63% [16] among NPC patients.

Methods

This was a prospective observational study conducted at a tertiary care centre in South India. The study was conducted after obtaining the 
necessary institutional regulatory approvals (Scientific committee functioning in the institution sanction – IRB no 12/2015/09 and Human 
Ethics Committee – HEC no: 02/2016).

The study enrolled patients with non-metastatic, biopsy proven NPC, who were treated at the institute between February 2016 and June 
2017 and willing to give an informed consent. Only those evaluated and found suitable for radical chemo-radiotherapy were included. All 
patients uniformly underwent endoscopic evaluation, radiological evaluation for staging and metastatic workup [computed tomography 
(CT), magnetic resonance imaging (MRI) or positron emission tomography (PET)-CT] pre-radiotherapy assessments and the baseline blood 
workup. Staging was done as per American Joint Committee on Cancer (AJCC) 7th edition criteria. Patients with bulky nodal disease or locally 
advanced disease in close proximity to critical structures were given neo-adjuvant chemotherapy (PF regimen) for disease down-staging prior 
to radiotherapy (RT). RT was delivered using RapidArc intensity modulated radiotherapy technique (IMRT) technique using 6 MV photon and 
simultaneous integrated boost schedule [66, 60 and 54 Gy in 30 fractions to planning target volume (PTV) 1 2 and 3, respectively] along with 
concurrent 3 weekly cisplatin or carboplatin.

The first post treatment clinical evaluation was done at 2 months. Endoscopy and imaging for response assessment, as per the Response 
Evaluation Criteria in Solid Tumors v1.1, were done at 3 months. Overall survival (OS) and disease free survival (DFS) were calculated from 
the date of diagnosis. All patients were followed up at 3 monthly intervals for 2 years and 6 monthly intervals thereafter until December 
2021.

EBV estimation

Blood samples were collected just prior to initiation of any anticancer treatment, either neo-adjuvant chemotherapy or chemo-radiotherapy, 
and at 6 weeks post RT. The first sample was separated into serum and plasma for antibody assay and DNA quantification studies and only 
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DNA studies were done on the second sample. The plasma sample was subjected to a two-step enzyme immune assay for detecting antibod-
ies against EBV viral capsid antigen (EBV VCA IgM), EBV Early Antigen (EBV EA IgG) and EBV Nuclear Antigen (EBV EBNA IgG).

Plasma DNA was extracted using a QIAamp DNA Blood Mini-Kit (Qiagen, Hilden, Germany) and EBV copy number was quantitated using 
the RealStar EBV PCR Kit 1.0 (Altona Diagnostics GmbH, Hamburg, Germany) based on real-time PCR (RT-PCR) approach. The RealStar EBV 
PCR Kit 1.0 is a CE-marked diagnostic kit according to the European in vitro diagnostic directive 98/79/EC. The kit contains primer-probes 
specific to the EBNA-1 gene in the EBV genome, master mix and four quantification standards to create the standard curve to quantitate 
the EBV load in the plasma samples. These Quantification Standards were calibrated against the 1st World Health Organization International 
Standard for Epstein–Barr Virus for Nucleic Acid Amplification Techniques [National Institute for Biological Standards and Control (NIBSC) 
code: 09/260]. Probes specific for EBV DNA are labelled with the fluorophore FAM™. The assay was done as per the protocol provided 
by the kit manufacturer. The EBV load is expressed in IU/μL units. The lower and upper limits of concentration of EBV specific DNA in the 
samples analysed were set as 0 and 5,000 IU/mL, respectively. Since we measured the EBV load by real-time quantitative polymerase chain 
reaction (qRT-PCR) using absolute quantification approach, we expressed the EBV load in International Units per microlitre (IU/μL). We have 
dichotomised the patients based on the EBV load with a cut of point 500 IU as </=500 and >500.

Statistical analysis

The prevalence of EBV in the study population was reported using descriptive statistics. Statistical analysis was done using SPSS software 
and all reported p values are two-sided. Statistical significance was set at p value < 0.05.

Correlation between Anti-EBV antibody titres and pre-treatment DNA was assessed using Pearson’s correlation. Paired t test was used to 
assess the difference in pre and post treatment EBV DNA titres using a cutoff value of 500 IU/mL. Patients were divided into two groups 
based on their pre-treatment values (</=500 IU/mL and >500 IU/mL) and were divided into three groups based on their post treatment val-
ues (undetectable values after 40 cycles of qRT-PCR; up to 500 IU/mL and up to 5,000 IU/mL).Chi2/Fisher’s exact test was used to analyse 
the association between EBV DNA load (pre-treatment and post treatment) and various clinical parameters like composite stage. The associa-
tion between dynamics of EBV DNA with disease status at 3 months, status at 12 months and end of follow-up was assessed using Mann–
Whitney U test. Kaplan–Meier method was used to assess the cumulative OS probability and DFS probability. The survival outcomes with 
respect to DNA titres were analysed using log rank tests after stratifying patients into two groups – with EBV titre cutoff at 1,000 IU/mL.

Results

The study included a total of 35 patients with non-metastatic, biopsy proven NPC who were followed up till December 2021, with a median 
follow-up of 42.6 months (range: 3.6–48.7). Sixty percentage of the patients presented with locally advanced disease and more than 90% 
(94.3%) had histological diagnosis of non-keratinising undifferentiated type of squamous cell carcinoma. Induction chemotherapy was used 
in 27 (77.1%) and 37 patients (97.1%) received concurrent chemotherapy. 88.6% of patients completed RT without any interruptions and 
71.4% received two cycles of concurrent chemotherapy. Two patients were given concurrent carboplatin due to cardiac disease and diabetic 
nephropathy. Two patients discontinued treatment after the first cycle of concurrent chemotherapy due to unknown reasons. Concurrent 
chemotherapy had to be deferred by 1 week in one patient who developed grade 3 mucositis, dermatitis and grade 4 neutropenia (Table1).

Prevalence of EBV

Pre-treatment EBV DNA titres were available for all 35 patients. The post treatment reports were however available only in 31 patients, after 
excluding two patients who discontinued treatment and one patient who did not turn up for the scheduled follow-up. Among the 35 samples 
tested for EBV DNA at diagnosis, 33 had identifiable EBV DNA (94.3%). One patient with undetectable EBV DNA had undifferentiated car-
cinoma and the histology for the second patient was well differentiated keratinising squamous cell carcinoma.
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EBV DNA and anti-EBV antibodies

Antibody titres (EBV VCA IgM, EBV EA IgG and EBV NA IgG) were estimated in the sera of 34 patients. It was not done in one patient due to 
sample inadequacy. There was no significant correlation between the EBV DNA and anti-EBV antibodies (Table 2).

Association between pre-treatment DNA titre and variables like sex, tumour (T) status, nodal (N) status, composite stage, residual disease, 
recurrence, disease status at 6 and 12 months post treatment was assessed. There was significant association between composite stage and 
pre-treatment DNA titre (Table 3). Those patients with locally advanced disease had titres of >500 IU/mL and all five patients who were stage 
II had titres < 500 IU/mL.

There was no statistically significant correlation between the post treatment DNA titre and the treatment response at 3 months (p = 0.085), 
even though the mean EBV DNA titre was lower for patients with no clinically demonstrable disease at 6, 12 months and at last follow-up 
(Table 4).

Patients were stratified into three based on the end of treatment DNA titres and the association with disease status at various follow-up time 
points was evaluated. None of the patients with undetectable DNA titre after treatment had disease recurrence (Table 5).

The change in EBV DNA titres after treatment was analysed separately for patients who were disease free at last follow-up and those who 
had recurrence/died due to disease. The reduction in EBV DNA titres was significant (p = 0.020) for those patients who remained disease 
free (Table 6).

Survival outcomes

The cumulative 2 year OS was estimated to be 88.2% [standard error (SE): 0.055] and DFS was 82.4% (SE: 0.065). The survival was stratified 
according to the pre and post treatment EBV DNA values and patients with pre and post treatment titre more than 1,000 IU/mL had poor 
OS and DFS although only the impact of the post treatment titres was statistically significant (Table 7).

Patients who recorded an increase in the DNA titres over the course of follow-up had inferior OS and DFS. Even though the differences were 
pronounced, they did not attain statistical significance (Figures 1 and 2).

Discussion

The daunting issue with NPC is that the majority of patients present in locally advanced stages and there is a paucity of recommendations for 
tailoring treatment according to specific biomarkers. Identification of sensitive and accurate biomarkers could pave way for prognostication, 
optimising treatment outcomes and in follow-up, for early detection and radical treatment of relapses.

Even though earlier studies tested the role of EBV related serology, this has been largely abandoned in favour of plasma EBV DNA studies 
following the discovery that the viral genome is released into the host circulation in EBV associated NPC [8, 17–20]. Thereafter, many studies 
were undertaken to evaluate the role of plasma EBV DNA in screening, prognostication and individualising treatment. The screening studies 
were almost entirely limited to the endemic regions [21–25].

The association between EBV related NPC and histological diagnosis of WHO type 2/3 cancers is well established and subsequently these 
subtypes predominate the case pool found in the endemic regions [26]. The limited information on the EBV dynamics from non-endemic 
regions suggests that EBV prevalence in NPC is high in these areas and points to the predictive role of the viral load at diagnosis to the stage 
and treatment outcomes [10, 27]. An EBV prevalence of more than 60% in NPC patients has been reported from the Institute previously 
[16] and correspondingly more than 90% of the patients in this study had a histological diagnosis of non-keratinising undifferentiated type 
of squamous cell carcinoma.
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Table 1. Demographics and treatment details.

Sex

Male 29

Female 6

Stage

II 5

III 9

IV-A 12

IV-b 9

Histology

Non-keratinising undifferentiated 33

Keratinising SCC 1

Non-keratinising SCC 1

Chemotherapy

Induction 27

Concurrent 34

Table 2. Co-relation between pre-treatment DNA and EBV antibodies.

Pre-treatment DNA EBV NA_IgG EA-IgG VCA-IgM

Pearson correlation 0.140 0.010 −0.067

Sig. (2-tailed) 0.429 0.954 0.709

Table 3. Pre-treatment EBV DNA and disease stage. 

Stage
Pre-treatment DNA levels

N = 35 p value
<500 IU/mL >500 IU/mL

II 5 5

0.030*

III 3 6 9

IVA 3 9 12

IVB 3 6 9

N = 35 14 21 35

Table 4. Mean DNA titre and disease status at follow-up. 

Time of follow-
up/disease status

Mean DNA titre in IU/mL (standard deviation) p value

NED Disease+

6 months 438.5 (1193.8) 2,886.0 (2426.4) 0.002**

12 months 483.6 (1236.8) 3090.3 (2399.9) 0.005**

Last follow-up 432.4 (1194.8) 2598.2 (2270.4) 0.002**

NED: no evidence of disease
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Table 5. Disease status according to post-treatment DNA stratification. 

Follow-up
Undetectable 0 to </=500 IU/mL >500 to 5,000 IU/mL

p value
NED (n) Disease + (n) NED (n) Disease + (n) NED (n) Disease + (n)

6 months 16 0 6 2 3 4 0.003**

12 months 13 0 6 1 4 2 0.103

LFU 16 0 5 2 3 4 0.011*

NED: no evidence of disease; LFU: last follow-up

Table 6. Change in titre and status at last follow-up. 

Status at last follow-up Pre-treatment DNA IU/
mL (mean)

Post-treatment DNA 
IU/mL (mean) p value

NED - n (SD) 1,717.04 (2004.9) 453.9 (1,214.0) 0.020*

Disease +- n (SD) 3,210.5 (1,394.3) 2,395.7 (2,401.8) 0.486

NED: no evidence of disease

Table 7. Pre and post-treatment DNA and survival. 

Pre-treatment EBV DNA titre IU/mL

Value OS % (SE) p value DFS% (SE) p value

<=1,000 94.1 (0.057) 0.341 88.2 (0.078) 0.188

>1,000 82.4 (0.092) 76.5 (0.103)

Post-treatment EBV DNA titre IU/mL

<=1,000 100.0 <0.001* 92.0 0.002*

>1,000 33.3 (0.192) 33.3 (0.192)

Multiple EBV associated antibodies have been demonstrated in the sera of NPC patients and these were tested for use in screening and early 
detection [13, 28]. Considering the relative ease of performing an antibody assay, we tested for any correlation between the EBV associated 
antibodies and DNA titres and in concordance with most other studies we could not demonstrate any correlation.

Although several studies and meta-analysis have been equivocal on the prognostic role of EBV DNA in predicting the stage and outcome of 
these patients [29–31], there is little consensus on the cut-off values for EBV DNA as a prognostic factor. Lin et al [32] and Wang et al [33] 
observed that <1,500 copies/mL EBV DNA before treatment were predictive of better OS. A similar cut off value of 2,000 copies /mL has 
been reported by Guo et al [34]. A much higher limit of 8,000 copies/mL was used by Chai et al [35], whereas an intermediate cutoff of 4,000 
copies/mL was proven to be predictive of outcome by Hou et al [18]. Lai et al [36] performed a meta-analysis and reported that patients with 
pre-treatment EBV DNA load of more than 4,000 copies/mL had better OS with the addition of induction chemotherapy. In a study reported 
from Morocco, patients with a high pretreatment EBV DNA levels (≥ 2,000 IU/mL or ≥ 4,000 IU/mL) had significantly lower OS at 3 years (p 
< 0.05) [28]. They also found that patients with EBV DNA levels less than 1,500 IU/mL had inferior outcomes although the difference was 
not statistically significant (OS at 3 years: 84% versus 61%; p = 0.08)

We have reported the DNA assay in IU/mL and the conversion factor of 0.62 may be used for converting to copy numbers/mL [37].A smaller 
cut off value of 500 IU/mL (746.26 copies/mL) was found to be predictive of the stage of disease in this study and all the patients with stage 
II disease in the cohort had a DNA titre < 500 IU/mL. A higher pre-treatment cutoff value of 1,000 IU/mL was found to be predictors of 
survival outcomes.
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Figure 1. Kaplan–Meir curve showing the impact of change in DNA titre on OS (p = 0.091*).

Figure 2. Kaplan–Meir curve showing impact of change in DNA titre on DFS (p = 0.267).
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The clearance of EBV DNA is postulated to be a reliable predictor of outcomes after RT [38] and early responders after induction chemo-
therapy who also showed a rapid fall in the EBV DNA concentrations fared better than the late responders [39]. Even though more than 70% 
of patients were given induction chemotherapy in this study, interim DNA studies were not included in the protocol and hence the rate of fall 
of DNA titres could not be estimated. However, the patients who remained disease free at last follow-up was found to have a significantly 
higher mean fall in EBV DNA titre compared to those who had active disease. On the other hand, the patients who had an increase in the 
DNA titre had inferior DFS and OS.

The predictive role of detectable post treatment EBV DNA is also well proven [40–42] and this has paved way for biomarker guided, risk 
adapted treatment protocols. Even though the study by Chan et al [43] failed to show benefit for risk adapted treatment for patients with 
elevated plasma EBV DNA levels at 6–8 weeks post RT, there are several ongoing trials like the NCT04072107 study which may usher in new 
paradigms in risk adapted management. The ideal time for post treatment evaluation remains unknown, with several investigators choosing 
6–8 weeks post treatment, for EBV testing. Lee et al [41] found that patients with elevated EBV DNA levels at 8 weeks after treatment had 
complete clearance on further follow-up. We have done a single post treatment evaluation of the EBV titres at 6 weeks following comple-
tion of RT and found that patients with post treatment titres < 1,000 IU/mL had a significantly better OS and DFS and all the patients who 
remained disease free till the last follow-up had undetectable post treatment titres. This further highlights the fact that adjuvant treatment 
may be safely omitted in good responders and opens avenues to test the potential for using post treatment titres for tailoring treatment, 
especially in considering adjuvant systemic treatment.

These finding support the prognostic importance of EBV DNA in staging and outcome prediction even in the non-endemic population.

Limitations of the study

The main limitation of the study is the small sample size. The findings of this study may be considered as a stepping stone for further research 
in this direction in non-endemic regions.

Conclusion

This study has demonstrated a positive association of EBV DNA in diagnosis and prognostication of NPC, especially WHO type2 and 3 
tumours, in a non-endemic region. There was no correlation found between EBV DNA and EBV associated antibodies. Pretreatment DNA 
titres were predictive of the tumour burden and post-treatment titres were reflective of the treatment response and outcomes.

Conflicts of interest

None.

Funding

There are no financial conflicts of interest to disclose in the conduct of the study by any of the authors.

References

 1. Torre LA, Bray F, and Siegel RL, et al (2015) Global cancer statistics, 2012 CA Cancer J Clin 65 87–108 https://doi.org/10.3322/caac.21262 
PMID: 25651787

 2. Tsao SW, Tsang CM, and Lo KW (2017) Epstein-Barr virus infection and nasopharyngeal carcinoma Philos Trans R Soc Lond B Biol Sci 
372(1732) 20160270 https://doi.org/10.1098/rstb.2016.0270 PMID: 28893937 PMCID: 5597737

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2022.1479
https://doi.org/10.3322/caac.21262
http://www.ncbi.nlm.nih.gov/pubmed/25651787
https://doi.org/10.1098/rstb.2016.0270
http://www.ncbi.nlm.nih.gov/pubmed/28893937
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5597737


Re
se

ar
ch

ecancer 2022, 16:1479; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2022.1479 9

 3. Tsang CM and Tsao SW (2015) The role of Epstein-Barr virus infection in the pathogenesis of nasopharyngeal carcinoma Virol Sin 30(2) 
107–121 https://doi.org/10.1007/s12250-015-3592-5 PMID: 25910483 PMCID: 8200872

 4. Leung SF, Chan KC, and Ma BB, et al (2014) Plasma Epstein-Barr viral DNA load at midpoint of radiotherapy course predicts outcome 
in advanced-stage nasopharyngeal carcinoma Ann Oncol 25 1204–1208 https://doi.org/10.1093/annonc/mdu117 PMID: 24638904

 5. Lo YM, Chan AT, and Chan LY, et al (2000) Molecular prognostication of nasopharyngeal carcinoma by quantitative analysis of circulat-
ing Epstein-Barr virus DNA Cancer Res 60(24) 6878–6881

 6. Ma BB, King A, and Lo YM, et al (2006) Relationship between pretreatment level of plasma Epstein-Barr virus DNA, tumor burden, 
and metabolic activity in advanced nasopharyngeal carcinoma Int J Radiat Oncol Biol Phys 66 714–720 https://doi.org/10.1016/j.
ijrobp.2006.05.064 PMID: 17011447

 7. Xie X, Ren Y, and Wang K, et al (2019) Molecular prognostic value of circulating Epstein-Barr viral DNA in nasopharyngeal carcinoma: a 
meta-analysis of 27,235 cases in the endemic area of Southeast Asia Genet Test Mol Biomarkers 23(7) 448–459 https://doi.org/10.1089/
gtmb.2018.0304 PMID: 31199710

 8. Lo YM, Chan LY, and Lo KW, et al (1999) Quantitative analysis of cell-free Epstein-Barr virus DNA in plasma of patients with nasopha-
ryngeal carcinoma Cancer Res 59(6) 1188–1191 PMID: 10096545

 9. Lin JC, Chen KY, and Wang WY, et al (2001) Detection of Epstein-Barr virus DNA in the peripheral-blood cells of patients with 
nasopharyngeal carcinoma: relationship to distant metastasis and survival J Clin Oncol 19(10) 2607–2615 https://doi.org/10.1200/
JCO.2001.19.10.2607 PMID: 11352952

 10. Midoen YH, Suryandari DA, and Yunaini L, et al (2021) Epstein-Barr virus nuclear antigen-1 is useful as therapeutic efficacy marker in 
serum but not in saliva of nasopharyngeal cancer patients who underwent radiotherapy Ecancermedicalscience 15 1254 https://doi.
org/10.3332/ecancer.2021.1254 PMID: 34267810 PMCID: 8241448

 11. Henle G and Henle W (1976) Epstein-Barr virus-specific IgA serum antibodies as an outstanding feature of nasopharyngeal carcinoma 
Int J Cancer 17 1–7 https://doi.org/10.1002/ijc.2910170102 PMID: 175020

 12. Ho HC, Ng MH, and Kwan HC, et al (1976) Epstein-Barr virus-specific IgA and IgG serum antibodies in nasopharyngeal carcinoma Br J 
Cancer 34 655–660 https://doi.org/10.1038/bjc.1976.228 PMID: 188437 PMCID: 2025221

 13. Liu MY, Chang YL, and Ma J, et al (1997) Evaluation of multiple antibodies to Epstein-Barr virus as markers for detecting patients 
with nasopharyngeal carcinoma J Med Virol 52 262–269 https://doi.org/10.1002/(SICI)1096-9071(199707)52:3<262::AID-
JMV5>3.0.CO;2-0 PMID: 9210034

 14. Neel HB, Pearson GR, and Taylor WF (1984) Antibodies to Epstein- Barr virus in patients with nasopharyngeal carcinoma and in com-
parison groups Ann Otol Rhinol Laryngol 93 477–482. https://doi.org/10.1177/000348948409300513 PMID: 6093669

 15. Twu CW, Wang WY, and Liang WM, et al (2007) Comparison of the prognostic impact of serum anti-EBV antibody and plasma EBV 
DNA assays in nasopharyngeal carcinoma Int J Radiat Oncol Biol Phys 67(1) 130–137 https://doi.org/10.1016/j.ijrobp.2006.07.012

 16. Krishna SM, James S, Sreelekha TT, et al. Primary nasopharyngeal cancer of Indian origin and the viral link - a preliminary study Aust 
Asian J Cancer 5(4) 241–252 

 17. Lin JC, Wang WY, and Chen KY, et al (2004) Quantification of plasma Epstein-Barr virus DNA in patients with advanced nasopharyngeal 
carcinoma N Engl J Med 350 2461e70 https://doi.org/10.1056/NEJMoa032260

 18. Hou X, Zhao C, and Guo Y, et al (2011) Different clinical significance of pre- and post-treatment plasma Epstein- Barr virus DNA load 
in nasopharyngeal carcinoma treated with radiotherapy Clin Oncol 23 128e33 https://doi.org/10.1016/j.clon.2010.09.001

 19. Leung SF, Zee B, and Ma BB, et al (2006) Plasma Epstein-Barr viral deoxyribonucleic acid quantitation complements tumor-node-metas-
tasis staging prognostication in nasopharyngeal carcinoma J Clin Oncol 24(34) 5414–5418 https://doi.org/10.1200/JCO.2006.07.7982 
PMID: 17135642 

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2022.1479
https://doi.org/10.1007/s12250-015-3592-5
http://www.ncbi.nlm.nih.gov/pubmed/25910483
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8200872
https://doi.org/10.1093/annonc/mdu117
http://www.ncbi.nlm.nih.gov/pubmed/24638904
https://doi.org/10.1016/j.ijrobp.2006.05.064
https://doi.org/10.1016/j.ijrobp.2006.05.064
http://www.ncbi.nlm.nih.gov/pubmed/17011447
https://doi.org/10.1089/gtmb.2018.0304
https://doi.org/10.1089/gtmb.2018.0304
http://www.ncbi.nlm.nih.gov/pubmed/31199710
http://www.ncbi.nlm.nih.gov/pubmed/10096545
https://doi.org/10.1200/JCO.2001.19.10.2607
https://doi.org/10.1200/JCO.2001.19.10.2607
http://www.ncbi.nlm.nih.gov/pubmed/11352952
https://doi.org/10.3332/ecancer.2021.1254
https://doi.org/10.3332/ecancer.2021.1254
http://www.ncbi.nlm.nih.gov/pubmed/34267810
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8241448
https://doi.org/10.1002/ijc.2910170102
http://www.ncbi.nlm.nih.gov/pubmed/175020
https://doi.org/10.1038/bjc.1976.228
http://www.ncbi.nlm.nih.gov/pubmed/188437
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2025221
https://doi.org/10.1002/(SICI)1096-9071(199707)52:3<262::AID-JMV5>3.0.CO;2-0
https://doi.org/10.1002/(SICI)1096-9071(199707)52:3<262::AID-JMV5>3.0.CO;2-0
http://www.ncbi.nlm.nih.gov/pubmed/9210034
https://doi.org/10.1177/000348948409300513
http://www.ncbi.nlm.nih.gov/pubmed/6093669
https://doi.org/10.1016/j.ijrobp.2006.07.012
https://doi.org/10.1056/NEJMoa032260
https://doi.org/10.1016/j.clon.2010.09.001
https://doi.org/10.1200/JCO.2006.07.7982
http://www.ncbi.nlm.nih.gov/pubmed/17135642


Re
se

ar
ch

ecancer 2022, 16:1479; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2022.1479 10

 20. To EW, Chan KC, and Leung SF, et al (2003) Rapid clearance of plasma Epstein-Barr virus DNA after surgical treatment of nasopharyn-
geal carcinoma Clin Canc Res 9 3254e9

 21. Shao JY, Li YH, and Gao HY, et al (2004) Comparison of plasma EpsteineBarr virus (EBV) DNA levels and serum EBV immunoglobu-
lin A/virus capsid antigen antibody titers in patients with nasopharyngeal carcinoma Cancer 100 1162e70 https://doi.org/10.1002/
cncr.20099

 22. Leung SF, Tam JS, and Chan TC, et al (2004) Improved accuracy of detection of nasopharyngeal carcinoma by combined applica-
tion of circulating Epstein-Barr virus DNA and anti-Epstein-Barr viral capsid antigen IgA antibody Clin Chem 50 339e45 https://doi.
org/10.1373/clinchem.2003.022426

 23. Ji MF, Huang QH, and Yu X, et al (2014) Evaluation of plasma Epstein-Barr virus DNA load to distinguish nasopharyngeal carcinoma 
patients from healthy high-risk populations in Southern China Cancer 120 1353e60 https://doi.org/10.1002/cncr.28564

 24. Chan KCA, Woo JKS, and King A, et al (2017) Analysis of plasma Epstein-Barr virus DNA to screen for nasopharyngeal cancer N Engl J 
Med 377(6) 513–522 https://doi.org/10.1056/NEJMoa1701717 PMID: 28792880

 25. Miller JA, Le QT, and Pinsky BA, et al (2021) Cost-effectiveness of nasopharyngeal carcinoma screening with Epstein-Barr virus poly-
merase chain reaction or serology in high-incidence populations worldwide J Natl Cancer Inst 113(7) 852–862 https://doi.org/10.1093/
jnci/djaa198

 26. Ramakrishnan Y, Paleri V, and Shah R, et al (2007) Comorbidity in nasopharyngeal carcinoma: a preliminary communication on 
the prevalence, descriptive distribution and impact on outcome Clin Otolaryngol 32(6) 484–488 https://doi.org/10.1111/j.1749-
4486.2007.01543.x PMID: 18076440

 27. Gihbid A, Benzeid R, and Faouzi A, et al (2021) Circulating cell-free epstein-barr virus DNA levels and clinical features in Moroccan 
patients with nasopharyngeal carcinoma Infect Agent Cancer 16(1) 15. Published 2021 Feb 18 https://doi.org/10.1186/s13027-021-
00353-8 PMID: 33602309 PMCID: 7893750

 28. Uen WC, Luka J, and Pearson GR (1988) Development of an enzymelinked immunosorbent assay (ELISA) for detecting IgA antibodies 
to the Epstein-Barr virus Int J Cancer 41 479–482 https://doi.org/10.1002/ijc.2910410402 PMID: 2833449

 29. Zhang W, Chen Y, and Chen L, et al (2015) The clinical utility of plasma Epstein-Barr virus DNA assays in nasopharyngeal carcinoma: 
the dawn of a new era? A systematic review and meta-analysis of 7836 cases Medicine (Baltim) 94(20) e845 https://doi.org/10.1097/
MD.0000000000000845

 30. Zhang J, Shu C, and Song Y, et al (2016) Epstein-Barr virus DNA level a novel prognostic factor in nasopharyngeal carcinoma: a meta-
analysis Medicine (Baltim) 95(40) e5130 https://doi.org/10.1097/MD.0000000000005130

 31. Liu TB, Zheng ZH, and Pan J, et al (2017) Prognostic role of plasma Epstein-Barr virus DNA load for nasopharyngeal carcinoma: a meta-
analysis Clin Invest Med 40(1) E1–E12 Published 2017 Feb 19 https://doi.org/10.25011/cim.v40i1.28049 PMID: 28218577

 32. Lin JC, Wang WY, and Liang WM, et al (2007) Long-term prognostic effects of plasma Epstein-Barr virus DNA by minor groove binder-
probe real-time quantitative PCR on nasopharyngeal carcinoma patients receiving concurrent chemoradiotherapy Int J Radiat Oncol 
Biol Phys 68(5) 1342–1348 https://doi.org/10.1016/j.ijrobp.2007.02.012 PMID: 17449194

 33. Wang WY, Twu CW, and Chen HH, et al (2013) Long-term survival analysis of nasopharyngeal carcinoma by plasma Epstein-Barr virus 
DNA levels Cancer 119(5) 963–970 https://doi.org/10.1002/cncr.27853

 34. Guo R, Tang LL, and Mao YP, et al (2019) Proposed modifications and incorporation of plasma Epstein-Barr virus DNA improve the TNM 
staging system for Epstein-Barr virus-related nasopharyngeal carcinoma Cancer 125(1) 79–89 https://doi.org/10.1002/cncr.31741

 35. Chai SJ, Pua KC, and Saleh A, et al (2012) Clinical significance of plasma Epstein-Barr Virus DNA loads in a large cohort of Malaysian 
patients with nasopharyngeal carcinoma J Clin Virol 55(1) 34–39 https://doi.org/10.1016/j.jcv.2012.05.017 PMID: 22739102

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2022.1479
https://doi.org/10.1002/cncr.20099
https://doi.org/10.1002/cncr.20099
https://doi.org/10.1373/clinchem.2003.022426
https://doi.org/10.1373/clinchem.2003.022426
https://doi.org/10.1002/cncr.28564
https://doi.org/10.1056/NEJMoa1701717
http://www.ncbi.nlm.nih.gov/pubmed/28792880
https://doi.org/10.1093/jnci/djaa198
https://doi.org/10.1093/jnci/djaa198
https://doi.org/10.1111/j.1749-4486.2007.01543.x
https://doi.org/10.1111/j.1749-4486.2007.01543.x
http://www.ncbi.nlm.nih.gov/pubmed/18076440
https://doi.org/10.1186/s13027-021-00353-8
https://doi.org/10.1186/s13027-021-00353-8
http://www.ncbi.nlm.nih.gov/pubmed/33602309
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7893750
https://doi.org/10.1002/ijc.2910410402
http://www.ncbi.nlm.nih.gov/pubmed/2833449
https://doi.org/10.1097/MD.0000000000000845
https://doi.org/10.1097/MD.0000000000000845
https://doi.org/10.1097/MD.0000000000005130
https://doi.org/10.25011/cim.v40i1.28049
http://www.ncbi.nlm.nih.gov/pubmed/28218577
https://doi.org/10.1016/j.ijrobp.2007.02.012
http://www.ncbi.nlm.nih.gov/pubmed/17449194
https://doi.org/10.1002/cncr.27853
https://doi.org/10.1002/cncr.31741
https://doi.org/10.1016/j.jcv.2012.05.017
http://www.ncbi.nlm.nih.gov/pubmed/22739102


Re
se

ar
ch

ecancer 2022, 16:1479; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2022.1479 11

 36. Lai L, Chen X, and Zhang C, et al (2021) Pretreatment plasma EBV-DNA load guides induction chemotherapy followed by concur-
rent chemoradiotherapy in locoregionally advanced nasopharyngeal cancer: a meta-analysis Front Oncol 10 610787 https://doi.
org/10.3389/fonc.2020.610787 PMID: 33665166 PMCID: 7921716

 37. Huh HJ, Park JE, and Kim JY, et al (2017) Performance of the real-Q EBV quantification kit for Epstein-Barr Virus DNA quantification 
in whole blood Ann Lab Med 37(2) 147–150 https://doi.org/10.3343/alm.2017.37.2.147 PMCID: 5203992

 38. Chan SK, Chan SY, and Choi HCW, et al (2020) Prognostication of half-life clearance of plasma EBV DNA in previously untreated non-
metastatic nasopharyngeal carcinoma treated with radical intensitymodulated radiation therapy Front Oncol 10 1417 [doi: 10.3389/
fonc.2020.01417]  https://doi.org/10.3389/fonc.2020.01417

 39. Lv J, Chen Y, and Zhou G, et al (2019) Liquid biopsy tracking during sequential chemo-radiotherapy identifies distinct prognostic pheno-
types in nasopharyngeal carcinoma Nat Commun 10(1) 3941 https://doi.org/10.1038/s41467-019-11853-y PMID: 31477699 PMCID: 
6718666

 40. Lee VHF, Kwong DLW, and Leung TW, et al (2016) Post-radiation plasma Epstein-Barr virus DNA and local clinical remission after 
radical intensity-modulated radiation therapy for nasopharyngeal carcinoma Clin Oncol 28(1) 42–49 https://doi.org/10.1016/j.
clon.2015.09.009

 41. Lee VH, Kwong DL, and Leung TW, et al (2017) Prognostication of serial post-intensity-modulated radiation therapy undetectable 
plasma EBV DNA for nasopharyngeal carcinoma Oncotarget 8(3) 5292–5308 https://doi.org/10.18632/oncotarget.14137 PMCID: 
5354909

 42. Hui EP, Li WF, and Ma BB, et al (2020) Integrating post radiotherapy plasma Epstein-Barr virus DNA and TNM stage for risk stratifica-
tion of nasopharyngeal carcinoma to adjuvant therapy Ann Oncol 31(6) 769–779 https://doi.org/10.1016/j.annonc.2020.03.289 PMID: 
32217076

 43. Chan ATC, Hui EP, and Ngan RKC, et al (2018) Analysis of plasma Epstein-Barr virus DNA in nasopharyngeal cancer after chemoradia-
tion to identify high-risk patients for adjuvant chemotherapy: a randomized controlled trial J Clin Oncol 36(31) 3091–3100 https://doi.
org/10.1200/JCO.2018.77.7847

 44. Prayongrat A, Chakkabat C, and Kannarunimit D, et al (2017) Prevalence and significance of plasma Epstein-Barr virus DNA level in 
nasopharyngeal carcinoma J Radiat Res 58(4) 509–516 https://doi.org/10.1093/jrr/rrw128 PMID: 28204596 PMCID: 5570077

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2022.1479
https://doi.org/10.3389/fonc.2020.610787
https://doi.org/10.3389/fonc.2020.610787
http://www.ncbi.nlm.nih.gov/pubmed/33665166
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7921716
https://doi.org/10.3343/alm.2017.37.2.147
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5203992
https://doi.org/10.3389/fonc.2020.01417
https://doi.org/10.1038/s41467-019-11853-y
http://www.ncbi.nlm.nih.gov/pubmed/31477699
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6718666
https://doi.org/10.1016/j.clon.2015.09.009
https://doi.org/10.1016/j.clon.2015.09.009
https://doi.org/10.18632/oncotarget.14137
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5354909
https://doi.org/10.1016/j.annonc.2020.03.289
http://www.ncbi.nlm.nih.gov/pubmed/32217076
https://doi.org/10.1200/JCO.2018.77.7847
https://doi.org/10.1200/JCO.2018.77.7847
https://doi.org/10.1093/jrr/rrw128
http://www.ncbi.nlm.nih.gov/pubmed/28204596
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5570077

