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Abstract

There is limited information regarding the clinical significance of Epstein-Barr virus (EBV) markers for nasopharyngeal
carcinoma (NPC) diagnoses and monitoring in non-endemic areas. Low NPC incidence in non-endemic countries made it
difficult to form a representative group of patients for research this issue. Moreover, NPC cases are often characterized into
morphologically different tumor types based upon the geographic and ethnic variability. Since viral and serological markers
reflect the different biological events accompanying the development of NPC, it is important to compare their clinical value in
the context of different disease manifestations. The implementation of such a study in a non-endemic region is of particular
interest, allowing the investigation of the potential impact of differences in the genetic and ethnic characteristics of the
population, versus those in populations from endemic regions.

In present study, we analyzed clinical significance of two EBV markers (serological and molecular) in large group (96 cases)
of undifferentiated non-keratinizing carcinoma of nasopharyngeal type (UNPC) Russian patients. It has been shown that IgA/
VCA antibody titers elevated on patient's admission and being valuable markers for primary UNPC diagnosis do not allow to
adequately assessing patients’ state after the treatment. In contrast to EBV serology, the plasma EBV DNA load was found to
be valuable marker for clinical evaluation of UNPC patient’s state, such as remission and relapse. It was also shown that the
concentration of viral DNA correlated with the UNPC patients' overall survival.

The proposed study, conducted on UNPC patients from a non-endemic region, for the first time revealed a direct correlation
between IgG/IgA antibody titers to EBV virus capsid antigen (VCA) and the levels of plasma EBV DNA load, and the absence
of such correlation between plasma EBV DNA burden and serological responses to EBV. It has also been demonstrated that
the combined assessment of plasma EBV DNA load and EBV-specific antibody titers provides a reliable approach to UNPC
diagnosis, disease monitoring, and therapeutic response assessment.

Keywords: Undifferentiated Carcinoma of Nasopharyngeal Type (UNPC); Epstein-Barr Virus (EBV); IgG/IgA Antibody
Titers; Plasma EBV DNA Load; Remission; Relapse
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Introduction

Nasopharyngeal carcinoma (NPC) 1is diagnosed
worldwide, but with different frequencies since the incidence
of this tumor is characterized by geographical and ethnic
variability [1]. NPC is most common disease in the endemic
regions-the southern provinces of China and the countries of
Southeast Asia (25-30 cases per 100000), and also prevalent
in the Arabs of North Africa and the indigenous people of
Greenland and Alaska. In Russia and the Western European
countries, NPC is a rather rare neoplasm, occurring in less
than 1 in 100 000 cases (In: “The state of cancer care for
the population of Russia in 2017” edited by A.D. Kaprin, V.V.
Starinsky, G.V. Petrova, Moscow 2018. Russian Center for
Information Technologies and epidemiological research in
the field of oncology, Moscow, Russia). The uneven spread
of NPC worldwide suggests an influence of different genetic
and environmental factors on the development of this
pathology [2,3]. The recent discovery of the Asian Epstein-
Barr virus (EBV, Herpesviridae, Lymphocryptovirus, and HHV-
4 ) variants with polymorphisms in the BALF2 and EBER2
gene loci, which are associated with a high risk of NPC, may
be attributed to many environmental factors [4,5]. Whole
genome sequencing of EBV DNA from plasma samples of
NPC patients and healthy virus carriers revealed the profiles
of single nucleotide variants (SNV) of the EBV genome,
characteristic of EBV linked to NPCs [6].

NPC cases in endemicregions, as arule, are characterized
by an undifferentiated non-keratinizing variant of the tumor
(UNPC), associated with EBV and are found in patients
regardless of their geographical origins and ethnicities [7].
In contrast, in non-endemic regions, variants of keratinizing
squamous cell carcinoma that are not associated with EBV are
predominant [8,9]. At the same time, in the endemic regions,
both the non-keratinizing and keratinizing squamous cell
UNPC variants are often associated with the virus [10].

Immunological studies have shown that UNPC is
accompanied by high titers of EBV-specific antibodies; the
immunoglobulin G (IgG) and in particular immunoglobulin A
(IgA) antibody titers againstthe viral capsid antigen (VCA) can
be characteristic for UNPC patients. However, upon further
study, it became clear that this serological response could
be also detected in patients with some other malignancies
and even in healthy individuals, although temporarily and in
not high titers. It means that the EBV-specific antibody titers
could not be an independent marker of UNPC. However,
they are a very useful addition to the traditional diagnostic
methods of UNPC [9,11].

After the detection of EBV in the histological samples
and high titers of EBV-specific antibodies in the blood of
the UNPC patients a polymerase chain reaction (PCR) was
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developed to allow a real-time quantitative determination
of the concentration of the cell-free EBV DNA in the serum/
plasma samples [12-16]. Using this method, most of the
UNPC patients in the endemic regions were found to have
high levels of circulating viral DNA in their blood plasma [17].
In several studies, nonetheless, it was informed, that 15-25%
of EBER confirmed UNPC cases had low, undetectable EBV
DNA in plasma even in endemic regions [18,19].

The studies of Lo et al. have shown that the concentration
of the viral DNA in the blood plasma of the UNPC patients
is a marker of tumor load and can be successfully used for
diagnosis, prognosis, and assessment of the effectiveness of
therapy [14-16,20]. Indeed, further it has been confirmed
that the concentration of the plasma EBV DNA in the UNPC
patients significantly correlates with the tumor size response
to chemo radiation therapy and relapse and remission of the
disease [21-25]. The detection of IgA anti-VCA antibody is
associated with an increased risk of UNPC and the patients
with high titers of these antibodies usually have a poor
prognosis [26-28]. However, both these markers quite often
do not equally and simultaneously respond to the changing
state of the tumor processes, and this is most likely due to a
different nature of origin.

Since viral and serological markers reflect the different
biological events accompanying the development of UNPC,
it is undoubtedly important to compare their clinical value
in the context of different disease manifestations. Moreover,
the implementation of such a study in a non-endemic region
is of particular interest, allowing the investigation of the
potential impact of differences in the genetic and ethnic
characteristics of the population, versus those in populations
from endemic regions. Further, our approach may also allow
the elucidation of the impact of different environmental
factors on non-endemic versus endemic populations, and
consequently, on the specific nature of viral replication and
immune responses. A limited number of studies conducted
in non-endemic regions have generally confirmed the clinical
significance of plasma EBV DNA loads in UNPC patients from
these regions [29,30]. However, the combined assessment
of both IgA/VCA antibody titers and plasma EBV DNA load,
which is of great value for the diagnosis and monitoring of
non-endemic UNPC patients, has been analyzed only in a few
studies [31,32]. In this investigation, which is a continuation
at a representative level of a previously conducted study in
a non-endemic region, Russia, IgA and IgG antibody titers to
VCA and plasma viral DNA load were assessed as EBV viral
and molecular markers in patients with a confirmed diagnosis
of UNPC [33,34]. It was important to find out whether the
clinical significance of the above markers in these patients
at different stages of the disease differs from those observed
in NPC patients from endemic regions. The data obtained
showed that the plasma EBV DNA load in Russian UNPC
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patients, as in NPC patients from endemic areas, can be
successfully used to track disease manifestations, remission
and relapse, and IgA/VCA antibody levels are a useful factor
for primary NPC diagnosis. However, the combined use of
molecular and viral markers represents the most reliable tool
for the diagnosis and monitoring of UNPC in non-endemic
regions such as Russia.

Materials and Methods

Patient Information and Sample Collection

Between 2006 and 2018, 140 patients with suspected
nasopharyngeal lesions were admitted to the N. N. Blokhin
Cancer Research Center, Moscow, Russia (N.N. Blokhin
RCRC). In 96 patients, a diagnosis of UNPC (World Health
Organization, type III) was proven based on fiber optic
nasopharyngoscopy and histological examination carried
out according to standard criteria; high, typical for UNPC
IgG and IgA antibody titers, detected at patient admission
have also been taken into consideration [35-37]. The ethnic
backgrounds of 96 EBV-positive patients were as follows: 47
were representatives of the Slavic population (Christians),
39 were representatives of the North Caucasus (Muslims),
and 10 others were Russian citizens but representatives of
independent states of the former Soviet Union. The ratio of
women to men in patients under investigation was 1:2.8,
and the average age was 48.4 years. After UNPC diagnosis,
most patients (with the exception of those with a particularly
severe form of the disease) were sent, with the recommended
treatment, to oncological dispensaries at their place of
residence, and for this reason, only some patients enrolled
in this study were available for monitoring. As a control
group, 30 patients with other tumors of the oral cavity
(OTOC) (represented by cancers of the lower jaw and palate,
the tongue, floor of the mouth, cheek, and retro molar area,
among other sites) and 154 healthy donors from the Blood
Transfusion Center of the N.N. Blokhin RCRC, matched by sex
and age, were evaluated. EDTA was used to obtain the plasma
from blood samples of patients and blood donors. Plasma
samples were centrifuged at 1800 g for 10 min, and plasma
supernatants were stored at -20 °C until use. The study
participants were chosen after a random sampling. Both the
cancer patients and healthy individuals gave their consent,
and the study was approved by the Ethics Committee at
the N. N. Blokhin Russian Cancer Research Center, Moscow,
Russia [38,39].

Serological Tests for Antibodies against EBV

The IgG and IgA antibody titers against the VCA EBV were
determined in the blood plasma of the patients and healthy
individuals using the so called “gold standard” of serological
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testing - an indirect method of immunofluorescence. The
technical conditions for the implementation of this method
and the analysis of the results have been described by us
earlier [40]. The antibody titers values were presented as
their geometric mean values (GMV).

Quantification of the Plasma EBV DNA

The number of copies of EBV DNA in the blood plasma
samples from the patients was determined using PCR which
has been described by Lo, et al. [20].

Statistical Analyses

The contents of viral DNA in the blood plasma of the
patients belonging to different groups were compared using
a nonparametric test (Mann-Whitney U-test). Depending
on the type of distribution obtained, the results were
presented as a median with an interquartile range (25" and
75% percentiles). The exact P values were calculated and
the differences were considered statistically significant at P
< 0.05. The statistical significance of the differences in the
frequencies of the studied features was assessed using the
X? test. For the smaller samples, the Fisher’s exact test was
calculated. The linear relationship was assessed using the
Spearman’s rank correlation coefficient. The Kaplan-Meier
curves were plotted for determining overall survival in
patients. All calculations were carried out using the statistical
package “Statistica” for Windows 6.0, SPSS and GraphPad
Prism 8.4.3 (GraphPad Software, San Diego, CA, USA).

Results

The aim of this work was to assess the clinical
significance of IgG and IgA antibody titers to VCA EBV and
plasma viral DNA concentration in order to understand
whether each of these markers (or their combination) can
be used as a diagnostic tool for diagnosing and monitoring
of UNPC patients in a non-endemic region, Russia, and how
these EBV markers differ from those in their meanings from
those in NPC patients from endemic regions.

Relationship between the IgG/VCA and IgA/VCA
Antibody Titers and Plasma EBV DNA Load

A preliminary study demonstrated that there was a
direct correlation between the levels of IgG and IgA antibody
titers against VCA and the plasma EBV DNA load in the UNPC
patients (Figure 1). In particular, in the group of patients
with IgG/VCA antibody titers 1:2560-1:640 the median of
the plasma EBV DNA copy numbers/mL was higher than that
in the group of patients with IgG/VCA antibody titers 1:320-
1:80 (10770 and 1816, respectively; p<0.007).
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Figure 1: Positive correlation in UNPC patients between
median of EBV DNA copy numbers/mL and IgG/VCA and

IgA/VCA antibody titers.

Median of EBV DNA copy numbers/mL for patients with
IgG/VCA antibody titers ranging from 640-2560 (n = 33) and
80-320 (n=62) was 1816 and 10770, respectively (p<0.007).

Median of EBV DNA copy numbers/mL for patients with
IgA/VCA antibody titers ranging from 80-320 (n = 31) and
10-40 (n = 25) was 32254 and 1816, respectively (p<0.001).

Similarly, the group of patients with IgA/VCA antibody
titers 1:320-1:80 had higher median of plasma viral DNA
copy numbers/mL than that in the group of patients with
IgA/VCA antibody titers 1:40-1:10 (32 254 and 15 848,
respectively; p<0.0001). However, unexpectedly, plasma EBV
DNAloads in the UNPC patients didn’t correlate with the IgG/
VCA and IgA/VCA antibody titers (not shown). In the NPC of
patients with high (> 10000) and low (<500) EBV DNA copy
numbers/mL, the GMVs of IgG/VCA antibodies titers were
425 and 324, respectively with p<0.05, and the GMVs of IgA/
VCA antibodies titers were 106 and 73, respectively (p<0.05).

A study of control groups found both low levels of
serological response and concentrations of plasma viral DNA.
In particular, the GMVs of IgG/VCA and IgA/VCA antibody
titers in OTOC patients (n=30) and blood donors (n=154)
were 52 and 33; and 1 and 2, respectively; in other words,
these values were an order of magnitude lower than those in
UNPC patients (425 for IgG/VCA antibody titers and 324 for
IgA/VCA antibody titers). The number of plasma EBV DNA
copies/mL in both control groups was negligible and their
medians were 1 and 1, respectively (not shown).

Clinical Significance of the EBV Markers in
Patients before and After Treatment

To clarify the clinical significance of the EBV markers
in Russian UNPC patients, several studies were carried out.
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Figure 2 shows the levels of EBV-specific antibody titers
and plasma viral DNA loads in patients before and after
treatment, regardless of the clinical effects observed.

Figure 2: EBV markers in UNPC patients before (n=96)
and after (n=43) treatment.

Geometrical mean value (GMV) of IgG/VCA antibody
titers in patients before and after treatment were 434 and
287, respectively (p<0.0168); Geometrical mean value
(GMV) of IgA/VCA antibody titers in patients before and after
treatment were 101 and 64, respectively (p<0.0428); Median
of the EBV DNA copy numbers/ml in patients before and
after treatment were 1895 and 497, respectively (P>0.05).

The GMV of the IgG/VCA antibody titers was high in
samples obtained from 96 patients before treatment; while,
it was statistically significantly decreased in the samples
obtained from 44 patients after the treatment (434 vs.
278, respectively; p< 0.0168). The statistically significant
difference in the GMVs of titers, before and after treatment,
was also found for the IgA/VCA antibodies (101 vs. 64,
respectively; p<0.0428). The Median plasma EBV DNA copy
numbers/mL in patients after the treatment in relation to
before treatment, also decreased (497 vs. 1895, respectively),
but the difference was not statistically significant (p>0.05),
probably due to a high plasma EBV DNA load in individual
patients who did not respond positively to the therapy.

Relationship between the EBV Markers and
Clinical Manifestations of UNPC (Remission,
Relapse, and Death)

To elucidate the ability of EBV markers to reflect
the various clinical manifestations of UNPC, serological
responses to the virus and plasma viral DNA loads in patients
with remission and relapse were studied (Figure 3). The
analysis showed that IgG/VCA and IgA/VCA antibody titers
in UNPC patients in remission and relapse were equally high,
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with no difference observed between their GMVs (268 and.
239 (p > 0.063) and 70 and 60 (p>0.262), respectively.

Figure 3: EBV markers in UNPC patients in stages of
remission (n=51) and relapse (n=20).

Geometrical mean value (GMV) of IgG/VCA antibody
titers in patients with remission (+) and relapse (-) were 269
and 239, respectively (p=0.063); Geometrical mean value
(GMV) of IgA/VCA antibody titers in patients with remission
(+) and relapse (-) were 70 and 60, respectively (p=0.262);
Median of EBV DNA copy numbers/mL in patients with
remission (+) and relapse (-) were 17 and 2008, respectively
(p=0.0001).

On the contrary, the difference between the Median
plasma EBV DNA concentrations/mL in patients in remission

Virology & Immunology Journal

(17) and relapse (2008) was highly statistically significant
(P < 0.0001). The data obtained demonstrate that the viral
DNA copies are associated with clinical events occurring in
patients with UNPC, whereas the serological markers are not.

IgA Antibody Titers and Plasma EBV DNA
Load/mL in UNPC Patients with Different
Manifestation of the Disease

The behavior of EBV markers, during various
manifestations of the disease is better observed in individual
patients. In four UNPC patients, who went into remission
after treatment, (Figure 4), the IgA/VCA antibody titers (a
serological marker for UNPC widely used in endemic regions
[33,34]), and the plasma EBV DNA load/mL at different
stages of the disease manifestation were compared. The
figure shows that at the patient presentations in cases A and
C, high plasma EBV DNA concentrations (10929 and 17 680
copies/mL, respectively) and high IgA/VCA antibody titers
(1:80 and 1:320, respectively) were detected. When these
patients were reexamined after the course of therapy, the
plasma EBV DNA load in both patients decreased sharply; in
case A up to 0 copies/mL and in case C up to 444 copies/
mL. However, the IgA/VCA antibody titer in case A remained
at the same level (1:80), whereas in case C it decreased
slightly to 1:160. During subsequent testing, the number
of plasma EBV DNA copies in both patients decreased to
almost background values and remained so till the end of 42
months of observation in case A and 68 months in case C. In
both patients, the antibody titers decreased significantly to

Figure 4: (A-D) EBV markers in NPC patients who responded positively to therapy.
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IgG/VCA and IgA/VCA antibody titers (left ordinate scale);
for demonstration of plasma EBV DNA load in the number
of DNA copies/mL the right ordinate scale was used.
Designations on top of the figures are: patient codes, ages,
tumor parameters according to the (TNM) classification and
the stage of the disease.

1:20. Similar dynamics of plasma EBV DNA load were
observed in case B; although at the patient presentation, the
concentration of the viral DNA (542 copies/mL) was not as
high as in cases A and C. Moreover, the IgA/VCA antibody
titer in this patient changed in a paradoxical manner. At the
time of patient presentation, the IgG/VCA antibody titer was
relatively low (1:40), then with the decrease in the plasma
EBV DNA load because of successful therapy, it increased
up to 1:80; next, at 0 copies/mL plasma viral DNA load, the
antibody titer reached its maximum value to 1:160. Then
antibody titer began to decrease (1:40) but by the final stage

Virology & Immunology Journal

of the patient observation (36 months) the antibody titer
again rose to 1:80, while the plasma EBV DNA concentration
decreased to 0 copies/mL. In case D, a low plasma EBV
DNA concentration (30 copies/mL) and relatively high IgA/
VCA antibody titer (1:160) were detected at the patient
presentation. After the course of therapy, an increase in
plasma viral DNA load to 420 copies/mL and decrease of
the antibody titer to 1:80 were observed. Subsequently, the
decrease in the plasma EBV DNA load to 0 copies/mL was
accompanied by an increase in the antibody titer (1:160);
finally, the antibody titer decreased to 1:40 by the end of 25
months of observation during the patient’s remission state.
Importantly, the serologic response to EBV in each case was
delayed in relation to viral load and often did not correlate
with it; the decrease in antibody titers was uneven and in
many cases did not reflect the clinical state of the disease
(cases A, Cand D).

Figure 5: (E-F) EBV markers in UNPC patients who did not respond to therapy.

IgG/VCA and IgA/VCA antibody titers (left ordinate
scale); for demonstration of plasma EBV DNA load in the
number of DNA copies/mL the right ordinate scale was used.
Designations on top of the figures are: patient codes, ages,
tumor parameters according to the TNM classification and
the stage of the disease.
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In an unfavorable course of the disease, such as relapse
or death (Figure 5), the plasma EBV DNA load reflected the
dynamics of the tumor process more accurately than the
IgA/VCA antibody titers. In particular, the concentrations
of the circulating viral DNA were high (cases E and G) or
low (cases F and H) at patient’s admission; after the first
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or second course of the therapy, the plasma viral DNA load
significantly decreased, and in fact, reached 0 copies/mL in
some cases (F and G). In the terminal stage of the disease, the
number of plasma EBV DNA copies/mL reached significant
values: 5000, 322177, and 75 492 in cases E, F, and G,
respectively. At the same time, the titers of the virus-specific
antibodies behaved differently. High IgA/VCA antibody titers
(1:80 and 1:320) were observed in cases G and H at the
patient presentations; after the first or second courses of the
therapy, the antibody titers significantly decreased (in both
cases to 1:40). Meanwhile, in two other patients (cases E and
F) after the first or second courses of the therapy the titers
insignificantly increased from 1:80 and 1:20 at the patient
presentation to 1:160 and 1:40, respectively. In the terminal
stage high plasma EBV DNA loads in E, F, and G cases were
also accompanied by rose to relatively high IgA/VCA antibody
titers: 1:40, 1:160, and 1:160, respectively.

In the case of a relapse (case H), the plasma EBV DNA
load upon admission (637 copies/mL) decreased after two
courses of therapy (up to 16 and 40 copies/mL, respectively).
However, despite the therapy, the concentration of EBV DNA
in plasma significantly increased (up to 10 660 and 37 511
copies/mL), which coincided with the onset of relapse.

Virology & Immunology Journal

Then, after an additional course of therapy, the plasma
viral load to the end of 38 months of observation, dropped
sharply to relatively low values (to 266 and 583 copies/ml,
respectively). The IgA/VCA antibody titer in this patient at
the patient presentation was high (1:320); however, it did
notincrease during the recurrence of the disease, but slightly
decreased to 1:160. After the therapy, in contrast to the sharp
drop in plasma EBV DNA copies number (from 37 511 to
266 copies/mL), the antibody titer rose sharply to a value
of 1:640; this was apparently in response to the release of
the viral proteins by a large number of destroyed tumor cells.

Relationship between the EBV Markers and
Tumor Manifestation

In UNPC patients, the correlation between EBV markers
and disease manifestations according to the classification
of malignant tumors (TNM) was also studied. From Figure
6 one could see that the plasma EBV DNA load in the UNPC
patients did not correlate with any of the tumor process.
Moreover, in patients with NO-N1, the Median of plasma EBV
DNA concentration was even higher than that in the patients
with N2-N3 (5944 copies/mL vs. 2575 copies/mL), but
difference not statistically significant.

nodes (N) according to TNM system.

Figure 6: Correlation of EBV markers in UNPC patients, depending on the presence and size of tumors (T) and regional lymph

Geometrical mean values (GMV) of IgG/VCA antibody titers
in patients with T1-T2 (n=37) vs T3-T4 (n=43) were 512 and
336, respectively (P<0.0168);

Geometrical mean values (GMV) of IgA/VCA antibody titers
in patients with T1-T2 (n=37) vs T3-T4 (n=43) were 125 and
64, respectively (P<0.0428).

Median of EBV DNA copy numbers/mL in patients with
T1-T2 (n-37) vs T3-T4 (n=43) were 1764 and 4729,

Gurtsevitch V, et al. EBV Serology and Plasma EBV DNA Load as a Combined Tool for Nasopharyngeal

respectively (p>0.05).

Geometrical mean of IgG/VCA antibody titers (GMT) in
patients with NO-N1 (n=40) vs L2-L3 (n=40) were 4152 and
387, respectively (P>0.05);

Geometrical mean of IgA/VCA antibody titers (GMT) in
patients with NO-N1 (n=40) vs N2-N3 (n=40) were 94 and
11, respectively (P>0.05).

Median of EBV DNA copy numbers/mL in patients with NO-
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N1 (n=40) vs N2-N2 (n=40) were 5944 and 2574, respectively
(p<0.05).

The antibody response to EBV did not also show a
clear correlation with the signs of the disease. Surprisingly,
GMVs of IgG/VCA and IgA/VCA antibody titers were higher
in patients with T1-T2 than in T3-T4, and differences were
statistically significant (512 vs 336, p=0.0168 and 125 vs
64, p=0.0428, respectively). In patients with NO-N1 the GMV
of IgA/VCA antibody titers was, nevertheless, lower than in
patients with N2-N3 (11 vs 94, respectively), although the
difference was not significant (P>0.05). The data obtained
indicate an absence of correlation between the EBV markers
and TNM signs in the Russian UNPC patients; this contradicts
the results of a number of studies from endemic regions [35].
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Relationship between the EBV Markers and
Patient Survival

As it was mentioned earlier the goal of our investigation
was to compare EBV serologic and molecular markers
in order to understand if any of them would be clinically
relevant. To study the overall survival rates and their
relationship with IgA/VCA antibody titers, and plasma EBV
DNA concentration, we followed-up 21 UNPC patients, with
both serologic and viral load results available for comparison.
The median follow-up period was 10 months (range 3-68
months). As follows from Figures 7A & B, the differences
between the overall survival rates in patients with high
(21:160) and low (<1:160) IgA/VCA antibody titers in the
groups of patients either before or after the treatment were
statistically insignificant.

IgAVCA
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160 (n=13))

[=="<160 (n=8))

Probability of Overall Survival

P=0.4553

T T T 1
o 20 40 60 80
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—Ig A antibody titers 21:160; Plasma EBV DNA concentration 21000 copies/mL
~IgA antibody titers <1:160; Plasma EBV DNA concentration <1000 copies/mL
Figure 7: Kaplan-Meier curves depicting overall survival rate in NPC patients.
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Analyzing the overall survival rate depending on plasma
EBV DNA load (Figure 7) it was found, that in patients with
<1000 copies/mL before and after the treatment the overall
survival was significantly higher than in patients with a
viral DNA concentration >1000 copies/mL; the difference
was statistically significant (p=0.0403 and p = 0.0024,
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respectively). Thus, the results obtained showed that an
increased plasma EBV DNA levels reflects a tendency towards
disease progression and a decrease in overall survival,
while IgA/VCA titers do not. Therefore viral DNA load can
be considered a useful EBV marker for monitoring UNPC
patients not only in endemic but also non-endemic regions.
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Discussion

The importance of EBV markers for the diagnosis and
monitoring of UNPC patients in non-endemic regions is still
not fully understood and requires further investigation.
Low UNPC incidence in non-endemic countries made it
difficult to form a representative group of patients for
research that explains small number of publications
devoted to UNPC studies in these countries. In present
work, we analyzed clinical significance of two EBV markers
(serological and molecular) in 96 Russian UNPC patients. It
has been shown that IgA/VCA antibody titers are elevated
in patients on admission, but respond differently to therapy
and subsequent disease manifestations. Unfortunately,
antibody response to EBV lags behind the clinical events
of the disease in UNPC patients and thus do not allow to
adequately assessing patients’ state after the treatment.
The inability of EBV-specific antibodies to clearly respond
to the various manifestations of UNPC has been confirmed
by studies primarily from the non-endemic countries. In one
study, serological response to EBV in UNPC patients did not
correlate with the state of remission and relapse [36]. In
another study, IgA antibody titers, unlike plasma EBV DNA
concentrations, did not correlate with tumor size, volume
of affected lymph nodes, degree of metastasis, and disease
stages [37].

The differences in the serological response to EBV in
UNPC patients from endemic and non-endemic regions can
also be explained by the different genotypes of the studied
populations responsible for formation of immune response to
the virus. The external and internal environment factors can
also play an important role in the formation of the immune
response. In representatives of the same ethnic groups,
but inhabiting different climatic and geographic regions,
the response to an EBV infection may differ significantly.
This assumption is supported by the fact that populations
of healthy Chinese living in different parts of China are
characterized by a different serological response to EBV
[38,39]. In our previous studies it has been also shown that
the levels of IgG and IgA antibodies to VCA in NPC patients in
Cuba were 2.5 times higher than those in NPC patients in the
USSR [40].

Moreover, recent studies have shown that the peculiarity
of the immune response in groups of individuals or entire
ethnic groups can also be determined by the levels of
magnesium circulating in the body, which are controlled by
their corresponding genes. For instance, in NPC patients with
NIPAL1 gene variants, the levels of the circulating magnesium
are lower in familial and sporadic NPC cases. In addition,
MAGT1, a gene for magnesium transport, abolishes the flow
of magnesium in natural killer and CD8-T cells; consequently,
this promotes an uncontrolled EBV replication [41,42].
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These studies suggest that the genes regulating magnesium
transport may be important determinants of the risk of NPC.
Thus, this warrants further studies since these genes might
also determine the ability of the host to create an effective
immune response against EBV and may be closely related
to the occurrence of the tumor, thereby providing more
effective targets for determining the diagnosis and prognosis
in NPC patients [42].

In contrast to EBV specific antibodies, the plasma EBV
DNA load in our investigation was found to be valuable
marker for diagnosis and clinical state evaluation of UNPC,
such as remission and relapse. It was also shown, that the
concentration of viral DNA, when using EBV DNA cutoff of
1000 gene copies per mL, correlated with the UNPC patients’
overall survival. Similar correlation of viral DNA load with
survival rate and clinical states was also observed in NPC
patients from other countries [43-45]. In our study clinical
significance of the viral DNA load is become clearly evident
during dynamic follow up of individual UNPC patients.
Similar correlation of EBV DNA load with disease relapse
and remission in UNPC patients from endemic regions was
clearly shown by Lo, et al. [14] and many other investigators
[46,47].

Thus, the study carried out showed thatin anon-endemic
region, Russia, both EBV markers, serological and molecular,
can be effectively used for UNPC diagnosis in primary UNPC
patients and that plasma EBV DNA load clearly correlates
with overall survival of patients and its clinical state -
remission and relapse.

Conclusion

In conclusion, it should be noted that the mechanism of
development of neoplasms associated with EBV, including
nasopharyngeal carcinoma (NPC), has not been sufficiently
studied. The virus is equally widespread among the world’s
population; however, there are countries and regions in
which NPC is known to be endemic and non-endemic, as well
as those with an intermediate level of the disease. The main
difference between NPC cases in endemic and non-endemic
countries is the different histological structure of tumors
found in these countries. While more than 95% of NPC cases
from endemic regions are undifferentiated non-keratinizing
carcinomas associated with EBV infection, in non-endemic
regions about 50% of cases are differentiated/keratinizing
carcinomas, usually not associated with EBV. Until now, there
is no clear answer for this unequal geographical distribution
of histological NPC variants and their association with the
virus. This could be due to a genetic predisposition to NPC in
certain ethnic groups within a population (as was proven in
China); alternatively, in non-endemic countries other factors,
such as environmental pollution, exposure to carcinogenic

Copyright© Gurtsevitch V, et al.

Carcinoma (NPC) Diagnosis and Monitoring in Non-Endemic Regions. Virol Immunol J 2021, 5(1):

000266.


https://medwinpublishers.com/VIJ

agents, bad habits, culinary preferences etc., may have a
significant impact on the process of carcinogenesis. This
problem needs further study, and data from non-endemic
regions are likely to contribute to its understanding.
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