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Abstract: Nasopharyngeal carcinoma (NPC) is one of the commonest cancers in Southern China. The

carcinogenesis is closely associated with Epstein-Barr virus (EBV) infection. In endemic regions with high

incidence of NPC, EBV genome can be detected in virtually all NPC tumor tissues. Over the last decade,
circulating cell-free EBV DNA has been developed as a tumor marker for NPC. Plasma EBV DNA analysis

using real-time PCR has been shown to be useful for early detection, prognostication and monitoring

of treatment response of NPC. In this review, the clinical applications of EBV DNA analysis in the

management of NPC would be discussed.
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Introduction

Nasopharyngeal carcinoma (NPC) is prevalent in Southern
China and Southeast Asia. The annual incidence rate of
NPC is 20-30 per 100,000 persons in Southern China
compared with the world average of less than 1 per 100,000
persons (1). The incidence peaks at the age of 50 years and is
two to three times more common in male than in females (2).
Epstein-Barr virus (EBV) infection plays an important
role in the pathogenesis of NPC (3). EBV genome can be
detected in virtually all WHO Type III non-keratinizing,
undifferentiated NPC tumors, the predominant subtype, in
endemic areas (4).

Because of the close relationship between EBV and
NPC, the possibility of using circulating EBV DNA as a
tumor marker for NPC has been explored. Using PCR
amplification followed by gel electrophoresis, Mutirangura
et al. demonstrated that EBV DNA could be detected in
the serum of 13 (31%) of 42 NPC patients but none of the
82 healthy subjects (5). This low detection rate in healthy
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subjects is remarkable given that over 95% of healthy adults
have subclinical infections and EBV genome would reside
in latently infected B lymphocytes (6). This finding suggests
that the cell-associated EBV genome would not lead to
false-positive results when cell-free plasma is analyzed (7).
However, this method was not directly translated into
clinical application because of the low sensitivity in
detecting NPC patients. Circulating EBV DNA analysis has
become clinically useful when Lo et a/. demonstrated that
EBV DNA could be detected in the plasma of 96% of NPC
patients using real-time PCR analysis with a false-positive
rate of about 7% (8). In this review, the clinical utilities
of plasma EBV DNA for the detection, monitoring and
prognostication of NPC will be discussed (Figure I).

Detection of circulating Epstein-Barr virus
(EBV) DNA in nasopharyngeal carcinoma (NPC)
patients

With the high sensitivity and specificity of plasma EBV
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Staging
Plasma EBV DNA level at diagnosis

is predictive of treatment outcomes

independent of clinical stages Screening

Detection

Sensitivity 95%
Specificity 93-97%

Plasma EBV DNA analysis
is useful for detecting early
asymptomatic NPC cases

Post-treatment prognostication
Plasma EBV DNA level after
curative-intent treatments is strongly
predictive of the presence of
residual disease

Post-treatment monitoring

Plasma EBV DNA analysis
correlates with clinical status and
can predict subclinical relapse

Figure 1 Clinical applications of plasma EBV DNA analysis for the management of NPC patients. EBV, Epstein-Barr virus; NPC,

nasopharyngeal carcinoma.

DNA analysis for NPC demonstrated by Lo et 4/. (8), this
method have been further validated by different groups
around the world. These validation studies varied in assay
design, choice of sample type (serum wvs. plasma), extraction
volume and criteria for study subjects. The results of the
representative studies are summarized in Table 1. The
reported sensitivities ranged from 53% to 96% and the
specificities ranged from 88% to 100%. Among four of the
six studies reporting sensitivities of less than 90%, DNA was
extracted from only 200 pL. of serum/plasma (14-19). This
relatively small extraction volume would limit the amount
of extracted EBV DNA used for PCR analysis and adversely
affect the detection rate. In addition, all the six studies
showing low sensitivities involved assays targeting a single
copy gene of the EBV genome (14-19). Those studies with
reported sensitivities of greater than 90% involved assays
targeting the BamHI-W fragments which has approximately
ten repeats in an EBV genome (8,10-13). These results
suggest that assays targeting a repeat region may potentially
yield higher sensitivities. However, the two studies directly
comparing the use of two assays each targeting a single
copy gene and the BamHI-W fragment on the same patient
cohort failed to confirm the superiority of the BamHI-W
assay (9,16). This is likely due to the relatively small number
of patients in those studies with only 19 and 23 patients
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were analyzed for the comparison (9,16). Moreover, only a
few patients in the two cohorts were of early stage disease.
The difference in sensitivities between these two types
of assays should be more prominent when NPC patients
with small tumor and low level of EBV DNA in plasma are
studied.

Another important factor that affects the detection rate
is the clinical stage at diagnosis. Leung er 4/. showed that
the detection rate of plasma EBV DNA was 90% and 98%
for patients with early and late stage NPC respectively (11).
The corresponding detection rates of viral capsid antigen
(VCA) IgA were 72% and 85%. The superior sensitivity
of EBV DNA over EBV IgA serology for the detection of
NPC was later confirmed by other studies (14,20).

The histological subtypes of tumor is an another factor
that would affect the detection rate of plasma EBV DNA in
NPC patients. In endemic areas, most of the NPC are non-
keratinizing and undifferentiated (WHO type III) and these
tumors typically harbor the EBV genome (4). On the other
hand, a significant proportion of type I NPCs (keratinizing
squamous cell carcinoma) in non-endemic regions do
not harbor EBV (21). In this regard, Pratesi et 4. showed
that the detection rate of plasma EBV DNA was lower
in patients with squamous NPC compared to those with
undifferentiated NPC (17).
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Prognostication

In the first quantitative plasma EBV DNA study with 57
NPC patients by Lo et al. (8), the median concentrations
of plasma EBV DNA was shown to be eight folds higher in
patients with advanced stage (stages III and IV) compared
with those with early stage disease (stages I and II) (8).
This finding suggested that concentration of plasma EBV
DNA would be able to reflect the tumor load in NPC
patients. This hypothesis was confirmed by Ma et 4. who
demonstrated a positive relationship between plasma
EBV DNA concentration at diagnosis and NPC tumor
volume on magnetic resonance imaging in 57 patients with
advanced stage NPC (22). The mathematical relationship
between NPC tumor load and plasma EBV DNA level was
further established using a mouse model (23). Chan et al.
demonstrated a linear relationship between plasma EBV
DNA concentration and tumor mass in nude mice engrafted
with human NPC xenografts (23).

Because of the direct relationship between tumor
load and plasma EBV DNA concentration, it is logical
to deduce that plasma EBV DNA would be useful to
predict the treatment outcomes of NPC patients. Lo
et al. demonstrated that patients who developed local
recurrence or distant metastasis within 1 year of curative-
intent treatment had significantly higher pretreatment
plasma EBV DNA concentrations than the group without
recurrence or metastasis. Furthermore, they showed that
the risk of disease-related mortality would be 1.6 folds for
each 10-fold increase in pretreatment plasma EBV DNA
concentration (24). Subsequent studies further showed
the more powerful prognostic value of plasma EBV DNA
in predicting overall survival than clinical staging of
patients according to the Union for International Cancer
Control (UICC) staging system (10,25,26). Leung et al.
demonstrated that for NPC patients with stage I/II disease,
those with high plasma EBV DNA at diagnosis had overall
survival similar to stage III patients, whereas those with
low plasma EBV DNA had overall survival approaching to
that of stage I patients (10). In addition, Lin er 4. showed
that patients with high plasma EBV DNA were more likely
to develop distant metastasis rather than locoregional
recurrence (10). These results suggested that plasma EBV
DNA analysis could be usefully incorporated into the
staging system of NPC.

However, one practical challenge for incorporating EBV
DNA into the staging system is the lack of standardization
of assays for the measurement of the plasma EBV DNA
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concentration. While difference in assay design and
extraction protocol would lead to difference in sensitivity
and quantitative readouts, Le et a/. further showed
that solely adopting the same assay design could not
eliminate the difference in the performance of the same
assay in different laboratories. They demonstrated that
the performance of different laboratories could only be
harmonized with the standardization of all procedures
involving sample collection, processing and result reporting,
as well as the use of calibrators and qualitative assurance
materials prepared from a single laboratory (27).

Detection of residual disease after treatment

Following treatment, cancer-derived EBV DNA would
be rapidly cleared from the plasma of NPC patients. To
et al. analyzed 21 patients with persistent or locoregional
recurrent NPC who were treated with surgical resection of
the tumor (28). They demonstrated that plasma EBV DNA
was rapidly cleared from the circulation with a median
half-life of only 139 minutes following the resection of the
tumor (28). Renal excretion has been proposed to be one
possible mechanism for the clearance as short EBV DNA
fragments can be detected in the urine of NPC patients (29).
The rapid clearance kinetics suggests that a huge amount
of EBV DNA would be released from the tumor cells so as
to maintain a high equilibrium level of plasma EBV DNA.
For example, to maintain a plasma EBV DNA level of
5,000 copies/mL, which is the median level for patients
with early NPC, over 100 million copies of EBV DNA
would need to be released into the circulation every day (30).
This raised the question on whether active viral replication
is involved in the generation of this large amount of EBV
DNA. In this regard, Chan er 2/. demonstrated that the EBV
DNA in the circulation were mostly short fragments of less
than 200 bp and were degradable with DNase digestion (31).
These results suggest that the tumor-derived EBV DNA is
only naked DNA fragments instead of associating with viral
particles (31).

In addition to demonstrating the rapid clearance of
plasma EBV DNA after NPC tumor resection, the clearance
rate of EBV DNA from the plasma of NPC patients
following radiotherapy was also studied (32). In patients
receiving radiotherapy, the changes in plasma EBV DNA
level would reflect the reduced production of EBV DNA
from the tumor cells. Interestingly, a surge of plasma EBV
DNA concentration was observed in every NPC patient
immediately following the radiotherapy treatment (32).
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This rapid surge is due to the rapid release of EBV DNA
from the dying NPC cells. After the surge, plasma EBV
DNA concentration would reduce with a median half-life
of 3.8 days (32). The rate of decline in plasma EBV DNA
was later shown to be predictive of treatment outcomes.
Patients with more rapid reduction were shown to have
better survival than those with slower decline in plasma
EBV DNA level (33-35). This observation suggests that
the decline rate of plasma EBV DNA may reflect the radio-
sensitivity of the tumor cells.

As EBV DNA is directly derived from the NPC tumor
cells, the successful elimination of all tumor cells by curative
treatment is expected to lead to the complete clearance of
circulating EBV DNA. On the other hand, the persistence
of EBV DNA in plasma after curative-intent treatment
would suggest the presence of residual tumor cells in the
body. In this regard, Chan er 4/. showed that the level of
post-treatment EBV DNA was strongly predictive of overall
and disease-free survival. Its predictive effect dominates
the staging of the patients and the pretreatment plasma
EBV DNA level (36). The relative risk for NPC recurrence
was 11.9 for patients with post-treatment EBV DNA
>500 copies/mL compared with those with undetectable
level (36). These results were confirmed by studies with
patient cohorts with different ethnic origins and clinical
stages (10,37,38). Leung et al. further demonstrated that
detectable plasma EBV DNA level at midpoint of the
course of radiotherapy/chemoradiotherapy was associated
with subsequent development of distant metastasis, worse
overall and disease free survival compared with patients
with undetectable level (35). Early identification of patients
with high risk of disease recurrence by plasma EBV DNA
analysis opens up the possibility of salvaging these patients
with intensified chemotherapy whereas patients with
undetectable plasma EBV DNA could be spared from
further treatment to avoid treatment-associated side effects.

Screening for early disease

The most important parameter affecting the treatment
outcome of NPC patients is the disease stage at diagnosis.
The S-year survival rate for patients with localized
disease is up to 90% and the figure drops to below 50%
for patients with metastatic disease (39). Unfortunately,
more than three-quarters of NPC patients present late
and have developed locally advanced or metastatic disease
at presentation (25,39). Therefore, screening for early
asymptomatic NPC may potentially improve the overall
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treatment outcome of these patients. In a proof-of-principle
study, Chan et a/. screened over 1,300 asymptomatic
individuals of age 40-60 years for NPC using plasma EBV
DNA analysis and EBV IgA serology (40). Subjects with
positive results for either test were further investigated with
nasal endoscopy examination. Three patients with early
stage NPC (1 stage I and 2 stage II) were detected. All of
them were positive for plasma EBV DNA but only one
was positive for the EBV VCA IgA. These results suggest
that plasma EBV DNA was more sensitive than EBV IgA
serology in the NPC screening context (40). Interestingly,
approximately 0.2% of subjects in the cohort had
persistently positive plasma EBV DNA results but negative
for NPC on endoscopy. A long-term follow up of these
patients would be useful to clarify the clinical significance of
persistently positive plasma EBV DNA results. In a previous
study, subjects with positive EBV IgA serology were found
to have a relative risk of 4 to 10 folds for developing
NPC (41). It is possible that patients with persistently
positive plasma EBV DNA may have increased risk of
NPC development in the future. In addition to NPC, EBV
DNA can be detected in other EBV-associated conditions,
include infectious mononucleosis (42), Hodgkin disease (43)
and Natural Killer/T-cell lymphoma (44) and post-
transplant lymphoproliferative disorder (45). Therefore,
these conditions need to be considered when plasma EBV
DNA analysis is used as a tool for NPC screening.

Conclusions

Studies of plasma EBV DNA in NPC patients have
highlighted the potential applications of the analysis cancer-
derived DNA in the management of cancer patients,
ranging from early cancer screening to the detection of
residual disease after treatment. Over the last few years,
other cancer-associated aberrations, including copy number
alterations (46,47), single nucleotide mutations (48,49),
translocations (50), methylation changes (51) and alteration
of the size of circulating DNA (52,53), have been detected
in patients with different types of cancers. It is expected that
these new molecular markers will become important tools
for patient management as in the model of EBV DNA in
the management of NPC patients.
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