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Plasma Epstein-Barr virus DNA analysis for personalised
management of nasopharyngeal carcinoma—current opportunities
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Abstract: Plasma Epstein-Barr virus (EBV) DNA is a well-established tumour biomarker of nasopharyngeal
carcinoma (NPC). There is ample evidence to support the clinical utility of plasma EBV DNA analysis for
screening, prognostication and monitoring of recurrence of NPC. To fully realise its potential, researchers
have been actively exploring the utility for guidance of personalised NPC treatment. There are ongoing
studies to define high-risk group based on plasma EBV DNA results for subsequent escalation of treatment
and the clinical outcome including survival would then be evaluated. In this review, we would summarise
the current clinical indications of plasma EBV DNA analysis for NPC management. In particular, we would
discuss the potentials and current challenges of using plasma EBV DNA to guide treatment for NPC. In
addition, the molecular characteristics of plasma EBV DNA (quantitative, size and methylation profiles)
from NPC samples have been recently revealed. In screening, some subjects harbour EBV DNA in plasma
but do not have NPC. There are distinct molecular profiles of plasma EBV DNA between NPC and non-
NPC subjects. Such knowledge has formed the basis of newer generation of plasma EBV DNA-based test,
compared to conventional polymerase chain reaction-based assay, with enhanced diagnostic performance for

the purpose of screening.
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Introduction cancer management, from screening to prognostication

. . and monitoring of recurrence. In this review, we would
In endemic nasopharyngeal carcinoma (NPC), the & ’

close association with Epstein-Barr virus (EBV) (1,2)
has led to the development of the various virus-related
biomarkers. Among which, plasma EBV DNA is the most

summarise the clinical utility of plasma EBV DNA analysis
for NPC management and discuss its potential to guide

personalised treatment. In addition, we would review

established biomarker of NPC (3). Plasma EBV DNA is
well proven to be highly sensitive and specific for NPC
and has demonstrated its clinical utility in all stages of
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our recent knowledge of the molecular characteristics of
plasma EBV DNA from NPC samples and the diagnostic

implications.
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Plasma EBV DNA as a tumour biomarker

The development of the real-time quantitative polymerase-
chain-reaction (qPCR) assay for detection of EBV DNA was
first described by our group in 1999 (3). Using the qPCR
assay, we have shown that EBV DNA was present at high
concentrations in the plasma of NPC patients. Importantly,
as a tumour biomarker, plasma EBV DNA exhibited a
positive linear correlation with tumour burden. In human
patients, plasma EBV DNA concentration correlates with
both clinical tumour stage (3-5) and anatomical tumour
volume (including primary tumour and regional lymph
nodes) measured by MRI volumetric analysis (6). In the
mouse model, again, a positive relationship was observed
between the NPC tumour xenograft mass and plasma EBV
DNA concentrations (7).

The concentration of EBV DNA in the circulation
is determined by its release from NPC cancer cells and
the in vivo clearance. The release of EBV DNA is in turn
determined by the cancer cell population and its turnover.
Regarding the iz vivo clearance, we have previously studied
the clearance kinetics of plasma EBV DNA in the surgical
treatment model (i.e., patients with recurrent NPC
receiving nasopharyngectomy) (8). It was shown that the
clearance followed a first-order decay kinetics with a short
median half-life of about 2 hours. Given the rapid clearance
of plasma EBV DNA (or circulating DNA in general), its
quantitative level indeed reflects the tumour burden in an
almost real-time manner. Therefore, plasma EBV DNA
measured at the different time points with reference to the
treatment regime have different biological implications.
All the pre-, mid- and post-treatment levels of EBV DNA
were shown to carry prognostic values for NPC. In a recent
systematic review, Lee e a/. (9) has summarized the timing
of measurements of plasma EBV DNA as an NPC tumour
biomarker in the different studies reported.

Clinical utility

For prognostication in patients with an established
diagnosis of NPC

Pre-treatment plasma EBV DNA

Pre-treatment level could provide a molecular indication of
the tumour load, in addition to the conventional anatomy-
based tumour-node-metastasis (TINM) staging system.
Importantly, pretreatment level was also shown to be a
prognostic factor independent of cancer stage for survival
on multivariate analysis (10-12) and a predictive factor of
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local recurrence and distant metastasis (10). Remarkably,
this independent prognostic value exists for both
early- and advanced-stage NPC. For advanced-stage NPC
patients (11), worse prognosis was reported in those with
higher pretreatment levels and they had more inferior
overall and relapse-free survival. Similarly, for early-
stage (stage I and II) NPC patients, those with higher
EBV DNA levels had a poorer survival similar to that of
stage III disease, and those with lower levels had a better
survival similar to that of stage I disease (12). With all
the evidence, it has been proposed to incorporate this
molecular biomarker into the current anatomy-based TNM
staging system. To illustrate, two recent studies (13,14)
have demonstrated the additional value of better risk
stratification power by combining plasma EBV DNA and
TNM staging analysis in a recursive-partitioning analysis

(RPA) model.

Post-treatment plasma EBV DNA

After completion of treatment of curative intent, plasma
EBV DNA is expected to drop below a detectable level.
Any detectable levels of plasma EBV DNA detected after
treatment may imply failure of complete tumour eradication
and residual disease. We have previously analysed 170
NPC patients in a prospective study and have shown that
a high post-treatment EBV DNA level was predictive of
a higher risk of recurrence and associated with a poorer
prognosis (both progression-free and overall survival) (15).
Furthermore, we have recently demonstrated improved risk
stratification and better survival prediction by integrating
the post-treatment EBV DNA level and TNM stage using
the recursive-partitioning analysis in multiple sample
cohorts (16).

Mid-treatment plasma EBV DNA

During the standard fractionated radiotherapy treatment
course, mid-treatment level could reflect the tumour burden
at the corresponding time-point and could therefore be
used to imply the interim response to treatment and tumour
radiosensitivity. We have previously studied the kinetics of
plasma EBV DNA in NPC patients during radiotherapy
through serial blood sampling (17). An initial rise in
plasma EBV DNA was noted as a result of treatment-
related cancer cell death, which was then followed by
a decline in the level to reflect the tumour shrinkage.
Subsequently, we have evaluated the prognostic value of a
single measurement of mid-treatment plasma EBV DNA
(at 4 weeks of chemoradiotherapy/radiotherapy) in a
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prospective study (18). Patients with detectable mid-
treatment plasma EBV DNA had a poorer prognosis (higher
risk of distant failure and worse progression-free and overall
survival). It is important to note that, on multivariate
analysis, mid-treatment EBV DNA was the only significant
prognostic factor while neither pre-treatment EBV DNA
nor tumour stage was significant.

To further extend the concept, Lv er al. (19) analysed
plasma EBV DNA at multiple time-points during treatment
in a group of patients with locally advanced NPC receiving
induction chemotherapy (in addition to the concurrent
chemoradiotherapy regime). Based on the serial change
in the biomarker (i.e., molecular response), they devised a
model to classify patients into 4 subgroups, namely, early,
intermediate and late responders and treatment-resistant
groups. Better risk prediction and prognostication were
demonstrated using the proposed classification system
compared to the plasma EBV DNA measurement at any
single time-point.

For surveillance of recurrence

Plasma EBV DNA could be used as a blood-based
surveillance tool for detection of recurrent NPC, in
adjunct to endoscopy and magnetic resonance imaging
(20-22). One benefit of a regular plasma EBV DNA testing
for surveillance is that that the rise in the level could be
detected prior to a symptomatic presentation by weeks to
months (23). However, it is worth noting that plasma EBV
DNA is more effective in picking up distant metastatic
relapse than local recurrence. As reported in our case-
control study (24), the sensitivity for detection of stage I-11
tumour recurrence was 42% only and that for stage III-IV
recurrence was 83 %.

For screening among asymptomatic individuals

To prove that plasma EBV DNA is an effective screening
biomarker of NPC, it is crucial to show that NPC could
be readily identified at the pre-symptomatic stage through
plasma EBV DNA testing. Therefore, in our prospective
territory-wide study (25), we have recruited more than
20,000 asymptomatic Chinese middle-aged men who were
then subject to PCR-based plasma EBV DNA testing. In
this study, about 70% of screen-detected NPC were early-
stage disease (stage I-II), in contrast to the only 20% among
symptomatic cases according to the local cancer registry (26).
The early cancer detection was also shown to be associated
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with a survival benefit. These screen-detected NPC patients
enjoyed a more superior 3-year progression-free survival
compared to symptomatic patients from a historical cohort.
All these findings supported the utility of plasma EBV DNA
for screening NPC.

Recent developments
To guide personalised NPC treatment

The treatment for NPC is an evolving paradigm (27).
The current treatment backbone is radiotherapy, while
concurrent chemoradiotherapy is considered in non-
metastatic stage II-IV NPC (anatomic staging) with
evidence supported by the Meta-Analysis of Chemotherapy
in Nasopharynx Carcinoma (MAC-NPC) collaborative
group (28). To further improve the survival outcome,
different research groups have investigated treatment
intensification, for example, through addition of induction
or adjuvant chemotherapy (29). However, even patients
with the same tumour stage are heterogenous and would
have diverse clinical outcome. To illustrate, over 50%
of patients with stage III or IV disease did not have
recurrence even without adjuvant chemotherapy (30) and
therefore treatment intensification in any form may seem
unnecessary for these patients. At the same time, about
20% of patients with stage II disease would recur under
the current treatment recommendation without adjuvant
chemotherapy (30). Therefore, researchers are exploring
the use of plasma EBV DNA for escalation (or de-
escalation) of treatment on the basis that plasma EBV DNA
is an independent prognosticator for disease recurrence and
survival as discussed above. It was hoped that plasma EBV
DNA could better stratify patients within the same tumour
stage into the high-risk group for treatment intensification
and low-risk group for sparing of additional treatment.
Chan et al. have recently reported the result of the first
biomarker-driven randomized controlled trial (NPC0502)
that was aimed to evaluate the use of post-treatment plasma
EBV DNA analysis for risk stratification and guiding
adjuvant chemotherapy (31). However, among patients with
detectable post-treatment EBV DNA which was regarded
as the high-risk group, there was no statistically significant
difference in relapse-free survival between the treatment
arm (use of adjuvant cisplatin and gemcitabine) versus the
observation arm. There are several hypotheses for the
negative finding proposed by the research group, including
the choice of the same chemotherapeutic agent (therefore
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ineffective to an already resistant clone) and the compliance
to adjuvant treatment.

There are other ongoing studies that continues to
explore the use of plasma EBV DNA for treatment
guidance. The NRG-HNO001 study (NCT02135042) would
investigate the utility of post-treatment plasma EBV DNA
to guide adjuvant chemotherapy after addressing the issues
identified in the NPC0502 trial mentioned above. In the
EP-STAR study (NCT04072107), the research group
would use the classification proposed by Lv et al. (19) based
on mid-treatment EBV DNA clearance to guide the use of
additional chemotherapy or immune checkpoint inhibitor.

To fully realize the potential of plasma EBV DNA analysis
for treatment guidance, it is important to understand and
evaluate the performance parameters (32) of the PCR
assay being adopted, including limit of detection, limit of
quantification, linearity of the assay across the measuring
range, precision and reproducibility. These parameters
have to be interpreted in the clinical context of how the
biomarker is used. For example, when it is measured
at a post-treatment time-point to infer the presence of
subclinical residual disease, the limit of detection of the
assay will affect the sensitivity for detection. In contrast, if a
quantitative threshold is used for risk stratification, the limit
of quantification, linearity of the assay across the measuring
range, precision and reproducibility needs to be adequately
evaluated.

As reported in an international collaborative
project (33) involving us and other laboratories, there is
a low interlaboratory concordance of EBV DNA results
by different assays. There are a number of factors that
could lead to variability in EBV DNA quantitation by
different assays, including biological source, extraction
and purification methods of EBV DNA (or plasma
DNA in general), PCR reagents, technique and design
(amplicon length, target gene and target sequence). In
the collaborative study, we have specifically identified that
the assay calibrator is one major factor that contributes to
interlaboratory variation in the EBV DNA results. Assay
harmonization is necessary to improve the interlaboratory
concordance. Such work will allow direct comparison
of quantitative levels from different assays and facilitate
multi-centered trials for patient recruitment and result
generalizability (34). In addition, assay harmonization across
different laboratories would promote formulation of clinical
practice guidelines (35) for wider clinical utility.
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To enbance NPC screening performance

The conventional real-time qPCR assay yields quantitative
readouts of EBV DNA (larger than the amplicon size)
in a sample. Recently, we have revealed the molecular
characteristics of plasma EBV DNA in NPC patients with
diagnostic implications for the screening utility (Figure I).

The benefits of NPC screening with PCR-based
testing of plasma EBV DNA have been demonstrated in
our prospective screening study (25). Within a screening
population, about 5% of the people do not have NPC and
yet they have detectable levels of plasma EBV DNA by
PCR-based testing (36). We therefore adopted a two time-
point testing protocol, that is, subjects were defined as
screen-positive if they were positive for plasma EBV DNA
both at recruitment and at re-test (4 weeks later). Such
arrangement was based on the hypothesis that these non-
NPC subjects harbour detectable levels of EBV DNA as
a result of viral reactivation (37) and would have cleared
the viral DNA on re-testing. This testing arrangement was
shown to reduce the number of subjects with false positive
results and therefore improve the specificity (25).

We have subsequently studied the molecular
characteristics of plasma EBV DNA between NPC
and non-NPC subjects by next-generation sequencing
and discovered the differentiating quantitative and size
profiles (38). NPC patients were found to have higher
quantitative levels of plasma EBV DNA reads on
sequencing. Regarding the size, plasma EBV DNA from
NPC samples was shown to exhibit the characteristic
nucleosome-associated size profile, with a modal peak at
166bp (that corresponds to mononucleosomal size) (39).
In contrast, plasma EBV DNA from non-NPC samples
did not have such nucleosomal size profile. Such difference
was exploited to develop the size-based analysis of plasma
EBV DNA for differentiating NPC and non-NPC subjects.
Indeed, the size feature is one of the ‘fragmentomics’
markers of circulating DNA that we recently
advocate (40). Fragmentomics refers to the study of non-
random fragmentation process of circulating DNA and
analysis of these fragmentomics markers (40-44) could yield
important biological and diagnostic information.

In addition, we have recognized the differential
methylation profiles of plasma EBV DNA between NPC
and non-NPC subjects (45). Integrating the quantitative,
size and methylation analysis of plasma EBV DNA was
shown to substantially improve the diagnostic performance
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Figure 1 Molecular analysis of plasma EBV DNA for NPC diagnostics. NPC, nasopharyngeal carcinoma; EBV, Epstein-Barr virus.

for NPC detection in screening. The combined analysis
was shown to yield a modelled positive predictive value
(i.e., 35.1%) which is three times of that by PCR-based
two time-point testing protocol (i.e., 11.0%). Also, the
combined molecular analysis of plasma EBV DNA allows
a single time-point testing to achieve the high PPV.
Such improvement in the diagnostic performance would
reduce the number of screening participants for further
confirmatory investigations.

Separately, we have recently reported the feasibility
of EBV genotypic analysis through sequencing analysis
of plasma DNA samples (46). A NPC risk score model
for cancer prediction was developed based on the EBV
genome-wide single nucleotide variant (SNV) profile.
With the recent reports on the recognition of high-risk
NPC-associated EBV variants (47,48), our NPC risk score
analysis could be of potential use for stratifying screening
subjects into different risk groups based on the viral variant
profile. Different screening strategies may be adopted for
the different risk groups. As an example, more frequent
screening would be recommended for those with a high-risk
score.

Conclusions

We have previously reviewed the biological properties
of plasma EBV DNA and suggested that it could serve
as an archetypal model to understand the biology of
circulating tumour DNA (ctDNA) in general (49). The
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clinical applications of plasma EBV DNA analysis in
NPC could indeed provide a good model to realise the
full clinical potential of ctDNA analysis for other types of
cancer also. Similar to plasma EBV DNA, ctDNA is now
actively investigated for its clinical utility in screening,
prognostication and surveillance of recurrence. We would
envision that the plasma EBV DNA model could provide
insights into solving the challenges associated with ctDNA
analysis.
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