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ABSTRACT

Introduction: Nasopharyngeal carcinoma (NPC) is a common malignancy in Viet Nam, and its
pathogenesis is closely associated with Epstein—Barr virus (EBV) infection. However, the relation-
ship between EBV infection and clinicopathological characteristics related to NPC prognosis in Viet-
namese patients remains poorly understood. This study aimed to investigate the association be-
tween EBV infection and various clinical parameters in Vietnamese patients with NPC. Methods:
We collected clinical data from 31 patients with histologically confirmed NPC and evaluated their
samples for EBV-encoded RNA (EBER) expression using the chromosomal in situ hybridization (CISH)
technique. We examined the relationship between EBER expression and several clinical parame-
ters, including age, sex, lymph node metastasis, tissue invasion and metastasis, clinical stage, and
histological NPC type. Results : The patients' ages ranged from 19 to 74 years, with 80.64% aged
>40 years and 87.1% male. In addition, 80.65% had lymph node metastasis, and 38.71% had tis-
sue invasion and distant metastasis. Most patients (67.74%) were diagnosed at a late stage (lll or
IV), with the most common histological type being type Il (48.39%), followed by type | (29.03%)
and Il (22.58%). EBER expression was observed in 48.39% of the patients and was significantly as-
sociated with younger age (<40, p = 0.0362) and undifferentiated carcinoma (type Ill, p = 0.0007).
However, EBER expression was not significantly associated with sex, lymph node metastasis, tissue
invasion and metastasis, or clinical stage. Conclusions: Our study suggests that EBV infection may
contribute to NPC pathogenesis. It also shows significant associations between EBV infection and
younger age and undifferentiated carcinoma type. The CISH technique could help screen asymp-
tomatic high-risk individuals, managing and predicting the NPC prognosis. The small sample size

and single-center design limit the generalizability of our findings.
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INTRODUCTION

Nasopharyngeal carcinoma (NPC) is a rare cancer
worldwide but is more common in the Southern
provinces of China, Southeast Asia, and Vietnam .
The Global Cancer Observatory (GLOBCAN) 2020
estimates of cancer incidence and mortality indi-
cate that NPC is the ninth most common cancer
in Vietnam, with an average incidence of 16.63 per
100,000 population?. The World Health Organiza-
tion (WHO) classification divides NPC into two main
histological groups: keratinizing squamous cell car-
cinoma (type I) and non-keratinizing squamous cell
carcinoma (types II and III). The non-keratinizing
group is further divided into two subgroups: differ-
entiated non-keratinizing carcinoma (type IT) and un-

differentiated carcinoma (type IIT) 3

Nasopharyngeal carcinoma, clinicopathological parameters, Epstein-Barr virus,

The etiologies and risk factors for NPC vary geograph-
ically. The primary risk factor for NPC in high en-
demic areas is Epstein-Barr virus (EBV) infection,
followed by genetic factors and lifestyle habits%. In
particular, EBV plays a significant role in NPC patho-
genesis >,

Various techniques are available to identify EBV
infection, including immunohistochemical (IHC)
staining, chromosomal in situ hybridization (CISH),
and polymerase chain reaction (PCR). CISH is op-
timal for detecting EBV infection in formalin-fixed
paraffin-embedded tissue due to its higher sensitiv-
ity and specificity than THC”. Furthermore, EBV-
encoded RNA (EBER) detection by CISH is consid-
ered the gold standard for verifying the presence of
EBV in the nuclei of tumor cells, which cannot be
determined using PCR because it does not indicate
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the origin of the infected cell. In addition, the CISH
method amplifies the EBER expression signal, making
it somewhat more sensitive than the PCR for detect-
ing EBV in samples with low EBER expression®.

The importance of clinical and histological character-
istics of EBV infection in the NPC prognosis remains
controversial. In addition, limited data are available
on the prevalence of EBV infection in Vietnamese pa-
tients with NPC and its relationship with specific clin-
ical and histological characteristics. Therefore, this
study examined patients with NPC at Military Hos-
pital 103 in Vietnam to clarify these issues.

METHODS

Patient cohort and sample size justification

Inclusion criteria

We included patients newly diagnosed with NPC who
presented to the Department of Pathology and Foren-
sic Medicine at Military Hospital 103 between Octo-
ber 2020 and October 2021. Patients were randomly
selected to participate in this study.

Exclusion criteria

Patients were excluded if they had a history of prior
radiation therapy or treatment for NPC, disease re-
currence, or a diagnosis of cancers other than NPC.
Thirty-one patients with NPC met the inclu-
sion/exclusion criteria and were enrolled in this
study.

The sample size was determined based on the available
resources and feasibility of data collection during the
study period while considering the statistical power
required for the analysis. We also consulted previ-
ous studies in the field to ensure that the sample size
was appropriate to address the research questions. All
procedures performed in this study followed the Na-
tional Research Committee’s ethical standards and the
1964 Helsinki Declaration and were approved by The
Ethics Committee of Military Hospital 103 (approval
number: 140/2016/IRB-MH103).

Patient characteristics data

We collected patients” age, sex, lymph node metas-
tasis, tissue invasion, and metastasis. Their clin-
ical NPC stage was determined according to the
eighth edition of the Union for International Can-
cer Control/American Joint Committee on Cancer
(UICC/AJCC) Staging System®. NPC was histolog-

ically classified based on the WHO 2017 guidelines,
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which classify NPC tumors into three groups: kera-
tinizing squamous cell carcinoma (type I), differenti-
ated non-keratinizing carcinoma (type II), and undif-
ferentiated carcinoma (type III) 3,

Tissue specimens and EBER detection by
CISH

The tissue samples were fixed in 10% neutral buffered
formalin, processed, and embedded in paraffin
blocks.
stained with hematoxylin and eosin (H&E) to evaluate

Sections were cut to 5 um thickness and

morphology and histology. EBER expression in the
specimens was determined by CISH using the Zyto-
Fast EBV Probe Kit (Prod. No.: T-1063-40; Zytovi-
sion, Germany). According to the manufacturer, this
kit has an analytical sensitivity of 100% and specificity
of 100% for detecting EBERs. The CISH procedure
was performed according to the manufacturer’s stan-
dardized protocol, including deparaffinization, re-
hydration, pepsin digestion, heat pre-treatment, hy-
bridization with EBER probes, and detection of posi-
tive reactivity for EBER expression using mouse-anti-
DIG, anti-mouse-HRP-polymer, and diaminobenzi-
dine chromogen solutions. A brown dot in the cell
nucleus indicated a positive EBER reaction, while the
absence of a color reaction was considered a negative
EBER reaction.

Statistical analysis

The statistical analyses were performed using SPSS
software (version 22.0; IBM, Inc., NY, USA). Cate-
gorical variables are presented as frequencies and per-
centages. The Chi-square and Fisher’s exact tests were
used to evaluate the relationship between EBER ex-
pression status and clinicopathological characteris-
tics. Graphs were plotted using GraphPad Prism 9
(GraphPad Software, Inc.). A p-value < 0.05 was con-
sidered statistically significant.

RESULTS

Patients’ clinicopathologic characteristics
and EBER expression

To clarify the clinicopathologic characteristics of pa-
tients with NPC, we calculated the percentage of
some clinical features and histology classifications
(Table 1). The patients were aged 19 to 74 years, with
most aged >40 years (80.64%); 45.16% were aged 41—
60 years. More patients were male (87.10%) than fe-
male (12.90%), resulting in a male-to-female ratio of
6.75:1. Therefore, NPC occurs mainly in males and
those of middle age and older. Lymph node metastasis
was detected in 80.65% of patients with NPC. Tissue



Biomedical Research and Therapy 2023, 10(9):5924-5933

>

@( .
f*. -
i(] @“‘,
hk

I
' ',"t‘ﬁ,yg o
CEAl

VI

Figure 1: Histology images according to the WHO classification of NPC. A: Keratinizing squamous cell carci-
noma (type l). B: Differentiated non-keratinizing carcinoma (type Il). C: Undifferentiated carcinoma (type Ill). Hema-
toxylin and eosin (H&E) staining, 400x magnification.
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Table 1: Clinical features of nasopharyngeal carcinoma patients

Characteristics n (%)
Age
<20 1(3.23)
20 - 40 5(16.13)
41 - 60 14 (45.16)
> 60 11 (35.48)
Sex
Male 27 (87.10)
Female 4(12.9)
Lymph node metastasis
Positive 25 (80.65)
Negative 6 (19.35)
Tissue Invasion and Metastasis
Positive 12 (38.71)
Negative 19 (61.29)
Clinical tage
LI 10 (32.26)
III-1vV 21 (67.74)
Pathology type/WHO classification
Type I 9 (29.03)
Type II 7 (22.58)
Type III 15 (48.39)

WHO: World Health Organization; Typel: Keratinizing squamous cell carcinoma; Type II: Differentiatednon-keratinizing carcinoma; Type

IIL: Undifferentiated carcinoma.

invasion and metastasis were detected in 38.71% of
patients with NPC. Moreover, 67.74% of patients with
NPC were in the late stage (IIT or IV). These results
suggest that patients with NPC often present with ad-
vanced disease characterized by lymph node metasta-
sis.

We classified sample histology according to the WHO
2017 classification. The most frequent classification
was undifferentiated carcinoma (type III; 48.39%),
followed by keratinizing squamous cell carcinoma
(type I; 29.03%) and differentiated non-keratinizing
carcinoma (type II; 22.58%). Therefore, type III is the
most common classification in our study population.
The histopathological morphology of the study sam-
ples according to the WHO 2017 classification is illus-
trated in Figure 1.

We used the CISH technique to identify samples from
patients with NPC expressing EBER to determine
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EBV infection. The nuclei of cancer cells but not nor-
mal cells stained positive for EBER (Figure 2), indi-
cating that only cancer cells were infected with EBV.
Among patients, 48.39% stained positive for EBER,
and 51.61% stained negative for EBER (Figure 3).

The relationship between patients’ EBER
expression and clinical features

We compared some clinical features, including his-
tology classification, between EBER-positive and -
negative patients to evaluate their relationship with
EBER expression (Table 2). We found a significant re-
lationship between EBER expression and patient age
(p = 0.0362). While EBV infection occurred at all
ages, it was more common in younger patients, grad-
ually decreasing with age. However, EBER expression
was not significantly associated with other clinical fea-
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Figure 2: Positive expression of EBER using the CISH technique. The brown dot in the cell nucleus indicates
positive reactivity for EBER expression. P: Area of cancer cells with nuclei positive for EBER. N: Area of normal cells
negative for EBER. Chromosomal in situ hybridization (CISH) staining, 400x magnification.
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Figure 3: Percentage of EBER expression in NPC patients. EBER expression was positive in 48.39% of patients

and negative in 51.61% of patients.

tures, such as sex, lymph node metastasis, tissue inva-
sion and metastasis, and cancer stage (p > 0.05).

In addition, EBER expression was significantly as-
sociated with histological classification (p = 0.0007).
EBER expression was most frequent in undiffer-
entiated carcinoma (type III; 80.00%), followed by
differentiated non-keratinizing carcinoma (type II;
42.86%). However, it was not detected in squamous
cell carcinoma (type I, Figure 4). Using the CISH
method, EBER staining was strongly positive in can-
cer cells from type I and III NPC but negative in can-

cer cells from type I NPC (Figure 5), suggesting that
EBER may only be expressed in cancer cells from type
II and type III but not type I NPC.

DISCUSSION

Previous studies have reported that while NPC can
develop at any age, it is most commonly diagnosed
between 30 and 50 years. Most patients with NPC
in our study were aged 41-60 years (45.16%), consis-
tent with previous reports by Wang et al. (45.6 years)
in Taiwan 19, Saikia et al. (51.0%) in Indiall, Lee et

5928
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Figure 4: Percentage of EBER expression by histological classification of NPC according to the WHO. EBER
expression was present in 80% of undifferentiated carcinoma (type Ill), 20% of differentiated non-keratinizing car-
cinoma (type Il), and 0% of keratinizing squamous cell carcinoma (type I).

al. (53 years) in Hong Kong 2, and Zhu et al. (40-59
years) in the United States 13, These data suggest cer-
tain middle age groups are highly vulnerable to risk
factors such as EBV infection, likely due to occupa-
tional and environmental exposures.

Most studies have reported a higher NPC incidence
in males than females. Globally, the age-standardized
incidence of NPC is 2.2 in males and 0.8 in fe-
males %13, In our study, 87.10% of the patients with
NPC were male, and 12.90% were female. Saikia et
al. reported that their study sample comprised 70.6%
males and 29.4% females!!, and Peng et al. reported
that their study sample comprised 72.5% males and
27.5% females 16, The sex discrepancy may reflect be-
havioral and occupational variations since males have
higher exposures to risk factors such as smoking, al-
cohol, and industrial carcinogens.

The symptoms of cervical lymph node metastasis
and nosebleeds are the most common reasons pa-
tients with NPC visit the hospital. We found a
high rate (80.65%) of cervical lymph node metasta-
sis in our study sample, consistent with Muchiri et al.
(80.0%) 17 and Lee et al. (76.9%)12. These findings
indicate that lymph node metastasis is a typical symp-
tom of patients with NPC, identifying it as a hallmark
of NPC at diagnosis.

Our study found that 67.74% of the patients had late-
stage (III or IV) NPC, while 32.26% had earlier-stage
(I or IT) NPC according to the TNM classification. Al
Rajhi et al. reported that all their patients were in
stage ITI-TV '8, and Zhu et al. reported that 74.5% of
their patients were in stage ITII-IV (13). The late arrival
of patients at the hospital may be due to their disease
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often progressing silently (asymptomatic) and a lack
of knowledge. Our study also found that type III was
the most common WHO 2017 classification of NPC
(48.39%), consistent with other studies in which type
IT and IIT usually predominated; type II and III ac-
counted for 99.4% of NPCs in Peng et al.1® and 100%
in Saikia et al.!!. In endemic areas such as Southeast
Asia and South China %, type III is the most common
and aggressive type of NPC, characterized by silent
development and late-stage diagnosis with tissue in-
vasion and regional lymph node metastasis, indicat-
ing a poor prognosis. The association of type III with
poor prognosis underscores the urgency of early NPC
identification in high-risk groups.

We used the CISH technique to determine the rate
of EBV infection in patients with NPC, finding that
48.39% of patients with NPC were infected with EBV,
similar to Saikia et al. (59%) 1. However, other stud-
ies have reported a higher EBV infection rate using the
same method, such as Zeng et al. (71.1% of patients
with NPC showed EBER-1 expression)?® and Miki-
tie et al. (81% of patients with NPC showed EBER
expression) 2!, The difference in EBV infection rate
between studies is likely due to geographical, social-
cultural, and environmental factors.

Our study found a significant negative relationship
between EBV infection and age. These results are
consistent with Macmahon et al., who reported that
EBV infection occurs at a young age in most endemic
NPC areas??.
no association between EBV infection and age in pa-
tients with NPC!120, The variation in EBV infection

However, other studies have shown
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Figure 5: Representative images of CISH staining showing EBER expression in NPC patients with different
WHO-classified histology types. A: Keratinizing squamous cell carcinoma (type I), negative for EBER. B: Differ-
entiated non-keratinizing carcinoma (type Il), weakly positive for EBER. C: Undifferentiated carcinoma (type ll),
strongly positive for EBER. The brown dot in the cell nucleus indicates positive reactivity for EBER expression. Chro-
mosomal in situ hybridization (CISH) staining, 400x magnification.
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Table 2: Correlation of EBER expression with clinical characteristic

Characteristic EBER, n (%) P
(+) )

Age

<20 1 (100.00) 0(0) 0.0362

20-40 5(100.00) 0(0)

41 - 60 6 (42.86) 8(57.14)

> 60 3(27.27) 8 (72.73)

Sex

Male 13 (48.15) 14 (51.85) 0.9449

Female 2 (50.00) 2 (50.00)

Lymph node metastasis

Positive 14 (56.00) 11 (44.00) 0.0834

Negative 1(16.67) 5(83.33)

Tissue Invasion and Metastasis

Positive 5 (41.67) 7 (58.33) 0.5518

Negative 10 (52.63) 9 (47.37)

Clinical tage

I-11 6 (60.00) 4 (40.00) 0.3719

111V 9 (42.86) 12 (57.14)

Pathology type/WHO classification

Type I 0 (0) 9 (100.00) 0.0007

Type Il 3 (42.86) 4(57.14)

Type III 12 (80.00) 3(20.00)

WHO: World Health Organization; Type I: Keratinizing squamous cell carcinoma; Type II: Differentiated non-keratinizing carcinoma; Type
III: Undifferentiated carcinoma; (+): Positive; (-): Negative; p values were determined using the Chi-square test and Fisher’s exact test.

status and age in patients with NPC between stud-
ies could be due to differences in environmental, ge-
ographical, and socioeconomic factors. In develop-
ing countries, EBV infection typically occurs during
childhood and is asymptomatic, whereas in developed
countries, EBV infection typically occurs in adoles-
cence or adulthood!!. The small sample sizes of pa-
tients aged <20 and 20-40 years limit our ability to
draw definitive conclusions about EBV infection rates
in young patients.

Our study found no significant association between
EBER expression status and lymph node metasta-
sis, tissue invasion and metastasis, or clinical stage.
The relationship between EBER expression and clini-
cal NPC manifestations is complex and varies among
Studies have reported that NPC lesions
may or may not depend on the EBV infection (i.e.,

studies.
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EBV-positive or negative status). Our findings are
consistent with Saikia et al.!' and Nilsson et al,
who reported no difference in clinical stages between
EBV-positive and EBV-negative patients?3. Similarly,
Stenmark et al. found no association between vi-
ral infection and tumor stage?*. However, other
studies, such as Ruuskanen et al., demonstrated that
EBV-positive tumors had a lower T-stage than EBV-
negative ones2°. Similarly, Peng et al. reported that
EBV-positive patients had significantly higher pro-
portions of lymph node metastasis, tissue invasion,
and metastasis than EBV-negative patients 6. There-
fore, EBER expression is not a decisive factor in clini-
cal manifestations such as lymph node metastasis, tis-
sue invasion and metastasis, or clinical NPC stage.

We found a significant relationship between EBER ex-
pression and histological HPC subtypes (p = 0.0007).
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In our study, 80% of type III NPCs expressed EBER,
while 42.86% of type II NPCs but no type I NPCs ex-
pressed EBER. Our results are consistent with Tsai et
al., who reported high EBER expression in cancer cells
from type II and III NPCs but low expression in can-
cer cells from type I NPCs26. Similarly, Niedobitek et
al. found a strong association between EBV infection
and non-keratinizing carcinoma (types II and III) 27,
Other studies have also shown that EBV infection is
closely associated with type IT128, especially in South-
ern China and Southeast Asia2®3%. The properties of
undifferentiated cancer cells may provide a favorable
environment for EBV infection. However, inflamma-
tory and cytokine-rich histiocytosis may also be es-
sential for EBV infecting cancer cells.

Our study had some limitations. First, it was con-
ducted in a single facility with a small sample size of 31
patients. Therefore, it may not be representative of the
NPC population in Vietnam. Second, its analytical
evaluation was not comprehensive, potentially limit-
ing the interpretation of our findings. Further studies
with larger sample sizes and more comprehensive an-
alytical evaluations are needed to confirm our results
and explore the relationship between EBV infection
and NPC in more detail.

CONCLUSIONS

Our study provides important insights into the epi-
demiology and clinical characteristics of NPC in Viet-
nam. The age and sex distributions and NPC symp-
toms, clinical stages, and pathological types in our
study were similar to those reported in other regions,
suggesting that certain environmental and behavioral
factors may contribute to NPC development. Our
study also found that EBV infection is a risk factor
for NPC in Vietnam and is significantly associated
with younger patient age and undifferentiated car-
cinoma (type III), the most essential and malignant
NPC type. Therefore, screening for EBV infection in
young, asymptomatic, or high-risk subjects can aid
in early NPC diagnosis, management, and progno-
sis. Overall, our findings contribute to the increasing
knowledge of NPC epidemiology and provide valu-
able information for future research and clinical prac-
tice.
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