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Abstract: Nasopharyngeal carcinoma is one of the most common malignant tumors in the head and
neck region. The carcinogenesis is a complex process stimulated by many factors. Although the
etiological factors and pathogenic mechanisms are not elucidated, the genetic susceptibility, envi-
ronmental factors, and association with latent infection with Epstein—Barr Virus play an important
role. The aim of this study was to present the main clinical and epidemiological data, as well as the
morphological aspects and the immunohistochemical profile, of patients with nasopharyngeal carci-
noma diagnosed in western Romania. The study was retrospective and included 36 nasopharyngeal
carcinomas. The histopathological diagnosis was completed using immunohistochemical reactions
for the following antibodies: p63, p53 and p16 protein, cytokeratins (CK) AE1/AE3, CK5, CK7, CK20
and 34pE12, epithelial membrane antigen (EMA), Epstein—Barr virus (EBV), leukocyte common
antigen (LCA), CD20, CD4, CD8, CD68, CD117, and CD1a. The squamous malignant component of
nasopharyngeal carcinoma presented with positivity for cytokeratins AE1/AE3, CK5, 343E12, and
p63. Undifferentiated nasopharyngeal carcinoma was positive for EMA in 67% of cases, and 28%
of cases showed an immunoreaction for CD117 in the malignant epithelial component. Also, the
P53 protein was positive in all the cases. One case of undifferentiated nasopharyngeal carcinoma
was plé-positive, and two cases were positive for EBV. A peri- and intratumor cellular infiltrate
rich in lymphocytes, with a predominance of CD20-positive B lymphocytes, interspersed with T
lymphocytes, was observed. The T cells were CD4- and CD8-positive, predominantly intratumoral,
and the CD4:CD8 ratio was 1:1 for 75% of the undifferentiated subtype and 89% for differentiated
non-keratinized squamous cell carcinoma. All subtypes of nasopharyngeal carcinoma presented with
an inflammatory infiltrate with numerous plasma cells, eosinophils, and dendritic cells, presenting as
antigen CD1a- and CD68-positive, as well as in CD117-positive mast cells.

Keywords: head and neck; nasopharyngeal carcinoma; undifferentiated carcinoma; squamous cell
carcinoma; immunohistochemistry; combination approaches
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1. Introduction

Nasopharyngeal carcinoma is an epithelial carcinoma occurring from the nasopharyn-
geal mucosa [1]. The pharyngeal recess (fossa of Rosenmuller) is the most common affected
site, followed by the superior posterior wall of the nasopharynx [2]. Although it accounts
for only 0.7% of all malignant tumors, it represents one of the most common malignancies
in the head and neck region [3]. The rate of incidence increases from ages 20 to around
50 [4]. It occurs more often in men, with the incidence being 2.5 times higher in men than
in women [5].

Nasopharyngeal carcinoma is highly associated with latent infection with Epstein-Barr
virus. It has a characterized geographical distribution, and it is endemic in a few areas,
including Southeast Asia, Southern China, North Africa, and the Artic. In Southern China,
it represents a major cause of morbidity and mortality [6].

The underlying mechanisms behind this geographic distribution have not been elu-
cidated. Although Epstein—Barr virus infection has been suggested as a necessary cause
of undifferentiated nasopharyngeal carcinoma, the virus itself is not sufficient to cause
this malignancy; other co-factors, such as environmental and genetic factors, may interact
with Epstein—Barr virus to play a role in the pathogenesis of this tumor. Environmental
exposures, such as the high consumption of salt-preserved fish, tobacco smoking, lack of
fresh fruit and vegetable intake, formaldehyde, and wood dust, are factors involved in the
carcinogenesis of nasopharyngeal carcinoma [7].

Most patients present with a locoregionally advanced stage, due to its deep location
and lack of obvious clinical signs at an early stage. The clinical presentation relates to
the presence of a mass in the nasopharynx area (epistaxis, obstruction, and blood-stained
postnasal drip), also affecting the Eustachian tube (hearing impairment, serous otitis media,
and tinnitus), skull base involvement with cranial nerve impairment (headache, diplopia,
facial pain, numbness, or paresthesia), and a painless neck mass due to metastasis of the
regional lymph nodes; 5% of cases show distant metastasis at the initial presentation, while
10% of patients are asymptomatic [8].

No laboratory blood test provides high sensitivity or specificity for the diagnosis of
nasopharyngeal carcinoma. Magnetic resonance imaging of the nasopharynx and cervical
region is the imaging modality of choice to assess the extent of disease and the pres-
ence of intracranial extension. Nasopharyngeal endoscopy accompanied by biopsy and
a microscopic exam of suspected tissues remains the gold standard for the diagnosis of
nasopharyngeal carcinoma [9].

The World Health Organization has classified nasopharyngeal carcinoma into three
histological types: keratinizing squamous cell carcinoma, non-keratinizing squamous cell
carcinoma, and basaloid squamous cell carcinoma, based on the tumor cell appearance
under the light microscope. The non-keratinizing type is subdivided into differentiated
non-keratinizing carcinoma and undifferentiated carcinoma and is predominantly Epstein—
Barr-virus-related [10].

Based on a microscopic examination, the keratinizing squamous cell carcinoma shows
squamous differentiation at the light-microscopic level, with intercellular bridges and /or
various degrees of keratinization. The undifferentiated non-keratinizing squamous cell
carcinoma is characterized by large tumor cells with a syncytial appearance, round-to-oval
vesicular nuclei, and large central nucleoli. The differentiated subtype of non-keratinizing
squamous cell carcinoma exhibits cellular stratification, often with a plexiform pattern,
and the neoplastic cells are slightly smaller, with a lower nuclear—cytoplasmic ratio, more
chromatin-rich nuclei, and less prominent nucleoli. Focally, intercellular bridges may be
present. The irregular islands and sheets of malignant cells are intimately intermingled with
variable numbers of lymphocytes and plasma cells. The basaloid squamous cell carcinoma
is the rarest subtype and consists of islands of small oval cells, with scant cytoplasm and
hyperchromatic nuclei [10].

Differentiated keratinizing carcinoma accounts for less than 20% of all cases world-
wide. The association of Epstein—Barr virus with this type has been found particularly
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in the geographical regions with a high incidence of undifferentiated nasopharyngeal
carcinoma. The virus exists in a latent state, exclusively in the tumor cells and absent from
the surrounding lymphoid infiltrate. The interaction between the lymphoid stroma found
in undifferentiated nasopharyngeal carcinoma and adjacent malignant cells appears to be
crucial for the continued growth of the tumor [6].

The most important prognostic factor is the stage at presentation [11]. Thus, the
10-year survival rate for patients with nasopharyngeal carcinoma can reach 98% for stage I
and 60% for stage II. In contrast, the median survival is 3 years for patients in the advanced
stages of the disease [12].

An increasing tumor volume represents a negative factor, with an estimated 1%
increase in risk of local failure per 1 cm® increase in volume. Other unfavorable prognostic
factors are fixation of the neck nodes, male sex, age over 40 years, and cranial nerve
palsy. The histological subtype is also a prognostic factor. Thus, keratinized carcinomas
had worse prognoses than non-keratinizing carcinomas, show a greater propensity for
locally advanced tumors, have a lower propensity for lymph node metastasis, and are less
responsive to radiation therapy [13].

Radiotherapy is the primary treatment modality for nasopharyngeal carcinoma. Effec-
tive curative treatment requires optimal radiotherapy planning, with precise beam delivery
that maximizes locoregional control and reduces treatment-related side effects [14]. Al-
though radiation therapy remains the mainstay treatment, types 2 and 3 of nasopharyngeal
carcinoma have been shown to be chemosensitive in all stages of the disease [2].

2. Aim of the Study

The aim of this study was to present the clinical, epidemiological, morphological,
and immunohistochemical aspects of patients with nasopharyngeal carcinoma diagnosed
within a period of four years, in the Service of Pathology of the Emergency City Hospital,
Timisoara, Romania.

3. Patients, Materials, and Methods

The study was retrospective, with a chronological extension over four years, and
included cases of nasopharyngeal carcinoma diagnosed in the Service of Pathology of
Timisoara’s Emergency City Hospital. The cases were biopsied in the Department of Ear,
Nose and Throat Clinic between 1 January 2015 and 21 December 2018.

The cases were identified using the specimen’s reception registers of the Service of
Pathology and were integrated in the clinical context using the computer database of
Timisoara’s Emergency City Hospital.

The inclusion criteria were as follows: age at onset over 18 years, nasopharyngeal carci-
noma with a definite histopathological diagnosis, nasopharyngeal squamous cell carcinoma,
nasopharyngeal differentiated keratinized squamous cell carcinoma, nasopharyngeal dif-
ferentiated non-keratinized squamous cell carcinoma, undifferentiated nasopharyngeal
carcinoma, primary nasopharyngeal tumor, specimens resulting from incisional biopsy of
the nasopharyngeal tumor mass or excisional nodal biopsy, tumors with a complete im-
munohistochemical profile, absence of recurrence, absence of radio- or/and chemotherapy
in the head and neck area.

The exclusion criteria from the study were as follows: age at onset under 18 years,
secondary carcinoma in the nasopharyngeal area, other histopathological subtypes (mes-
enchymal tumor, neuroendocrine, or lymphoid tumor), uncertain or incomplete histopatho-
logical result, incomplete immunohistochemical profile, recurrent tumor, radio- or/and
chemotherapy in the head and neck area.

In order to make this study possible in accordance with the ethical norms imposed
by the Declaration of Helsinki, elaborated in 1975 and rectified in 2000, as well as the
legislation enforced in Romania, the opinion of the ethics commission of the hospital was
obtained. Also, for each case included in the study, we checked the presence of the annex
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that accompanies the biological samples, which certifies the presence of informed patient
consent for the use of histological processed pieces for diagnostic and scientific purposes.

All histopathological slides were processed according to the international protocol
adapted to the requirements of the department, in accordance with the recommendations
enforced by the Ministry of Health.

Thus, the harvested fragments were fixed in 4% v/v buffered formaldehyde and
processed with the usual histological technique. Four-micrometer-thick sections were cut
using a semi-automated Leica RM2235 rotary microtome (Leica Biosystems, Nussloch,
Germany), displayed on SuperFrost™ microscope (St. Louis, MO, USA) slides. The slides
were stained with a Hematoxylin-Eosin technique in order to obtain the morphological
diagnosis. The histopathological diagnosis was completed using immunohistochemical
reactions for the following antibodies: anti-cytokeratins AE1/AE3, CK5, CK7, CK20 and
CK 343E12, anti-p63, anti-p53, anti-p16 protein, anti-EMA, anti-LCA, anti-CD20, anti-CD4,
anti-CD8, anti-CD68, anti-CD1a, anti-CD117 and anti-EBV (Table 1). All the antibodies and
reagents for immunohistochemical reactions were purchased from Leica Biosystems, New
Castle, UK.

Table 1. Data related to the antibodies used for immunohistochemical reactions.

Antibody Substrate Clone Dilution
CK AE1/AE31 Mouse, Monoclonal AE1/AE3 1:100
CK52 Mouse, Monoclonal XM26 1:100
p63 Mouse, Monoclonal 7JUL 1:25
CK73 Mouse, Monoclonal 307M-94 1:100
CK20 4 Mouse, Monoclonal L26 1:150
34BE12° Mouse, Monoclonal 343E12 RTU ©
EMA 7 Mouse, Monoclonal GP1.4 1:300
p53 Mouse, Monoclonal DO-7 1:800
plé Mouse, Monoclonal Cs1 1:150
EBV 8 Mouse, Monoclonal CS1-4 RTU ©
LCA?® Mouse, Monoclonal X16/99 1:40
CD20 10 Mouse, Monoclonal L26 1:250
CD4 11 Mouse, Monoclonal 4B12 1:100
CDs 12 Mouse, Monoclonal 4B11 1:50
CD68 13 Mouse, Monoclonal 514H12 1:100
CD1la 4 Mouse, Monoclonal MTB1 RTU ©
CD117 15 Mouse, Monoclonal T595 1:20

1 CK AE1/AE3 (pan cytokeratin AE1/AE3); 2 CK5 (cytokeratin 5); 3 CK7 (cytokeratin 7); 4 CK20 (cytokeratin 20);
5 34BE12 (high-molecular-weight cytokeratin); ® RTU (ready-to-use); ” EMA (epithelial membrane antigen); ® EBV
(Epstein—Barr virus); 9 LCA (leucocyte common antigen); 10 CD20 (cluster of differentiation 20); 1! CD4 (cluster of
differentiation 4); 12 CD8 (cluster of differentiation 8); 13 CD68 (cluster of differentiation 68); 1* CD1a (cluster of
differentiation 1a); 1> CD117 (cluster of differentiation 117).

4. Results
4.1. Clinical-Epidemiological Findings

The 36 patients were between 23 and 81 years of age, with an average age of 54 years,
and the peak incidence was in the 4th and 5th decade for males (25% respectively 16.6%),
and in the 6th decade for female (16.6%). We noticed a predominance of the male sex
(63.8%), with a male/female ratio of 1.7 (Figure 1).
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mmale mfemale

Figure 1. Gender distribution of nasopharyngeal carcinoma according to age, with peak incidence in
the 4th decade for males and in the 6th decade for females.

Regarding environmental factors, we observed an increased rate of smoking patients
(66.6%), while alcohol consumption associated with smoking was present in only five
patients (13.8%) (Figure 2).

tabaco use

alcohol use

yes Mno

Figure 2. Distribution of patients according to tobacco and alcohol consumption.

Most patients presented with onset signs and symptoms related to the presence of the
tumor mass in the nasopharynx (75%). Thus, approximately 70% of the patients presented
with nasal obstruction, unilateral (27%) or bilateral (41%). Ten of these patients (27%)
also associated oral breathing, while nine patients (25%) did not present with symptoms
determined by the presence of the tumor mass in the nasopharynx. It was also observed that
39% of patients had signs and symptoms determined based on Eustachian tube dysfunction,
and a third of them presented unilateral or bilateral hearing loss. Skull base and cranial
nerve involvement was presented in 30% of patients, with headache (25%), diplopia (2.7%),
and numbness and paresthesia (2.7%). One patient (2.7%) had nerve II paresis with
deviation of the right eyeball (Table 2).
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Table 2. Signs and symptoms related to the presence of a tumor mass in the nasopharynx, Eustachian

tube dysfunction and skull base and cranial nerve involvement.

Symptoms Due to the Presence of

Eustachian Tube Dysfunction

Skull Base and Cranial Nerves

Nasopharynx Mass Involvement
Left nasal obstruction, oral respiration Left mixed hearing loss No
Bilateral nas}aIl obstrgction, (?ral respiration, Sensorineural bilateral hearing loss Headache
yposmia, snoring
Left nasal obstruction Left conductive hearing loss, tinnitus No
Left nasal obstruction, epistaxis Left sensorineural hearing loss No
No No No
Left nasal obstruction Left sensorineural hearing loss No
Left nasal obstruction No No
No Right conductive hearing loss No
Bilateral nasal obstruction No No
No No No
Bilateral nasal obstruction, oral respiration No Headache
Bilateral nasal obstruction Left sensorineural hearing loss Headache, diplopia
No No No
No No No
Bilateral nasal obstruction, oral respiration Serous otitis media No
Left nasal obstruction Left mixed hearing loss Headache
Right epistaxis No No
Bilateral ;1;:;}1311)3’;1:1::1110;}1{ snoring, No No
Right epistaxis No No
Left nasal obstruction, oral respiration left conductive hearing loss, tinnitus Headache
No No Headache
Bilateral nasal obstruction Right conductive hearing loss No
Left nasal obstru(citiis(zr}:ar%icopurulent nasal No Headache
Bilateral nasal obstruction, epistaxis No No
Bilateral nasal obstruction Right conductive hearing loss No

Bilateral nasal obstruction No Numbness, paresthesia
No Left otalgia No
Bilateral nasal obstruction, epistaxis No No
Left nasal obstruction, oral respiration No No
Bilateral nasal obstruction, oral respiration No No
No No No
Bilateral nasal obstructior.l, oral respiration, No Nerve II paresis, deviation of the right
dysphonia eyeball

Left nasal obstruction, oral respiration No Headache
No No No
Bilateral nasal obstruction, oral respiration Right otalgiz:iiagtegﬁ;onductive No

Bilateral nasal obstruction, epistaxis No Headache
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Here, 66.6% of patients had cervical adenopathy, and in 25% of cases, this was the
initial symptom of onset. It was observed that half of the patients had involvement of the
supraclavicular nodes, corresponding to level V, and 38% had the involvement of level II,
respectively, the superior jugular nodes (Figure 3).

level 1+11+V
4%

level 1+V
8%

level Il H level Il
38% M level V
level 1+V
level I+1+V

level V
50%

Figure 3. Distribution of cervical lymph node metastasis in nasopharyngeal carcinoma.

Due to the signs and symptoms, the patients underwent posterior rhinoscopy and
nasal endoscopy, and a presumptive diagnosis of a nasopharyngeal tumor mass was
performed. The most common site of origin of nasopharyngeal carcinoma was the posterior
wall of the nasopharynx (50%), followed by the Rosenmuller fossa (33%) and the lateral
wall of the nasopharynx (11%). In one case, the tumor, localized in the posterior wall of the
nasopharynx, presented with extension to the base of the skull, and in another case, the
tumor localized in the lateral wall had extension in the retroauricular area (Figure 4).

Rosenmuller fossa
posterior wall

M lateral wall

M posterior wall and skull
extension

M |ateral wall and extension in
tube of Eustachio

Figure 4. Distribution of patients according to the tumor site.

Also, the patients underwent computer tomography or magnetic resonance imaging
of the head and neck to evaluate the locoregional tumor extension and for clinical staging.
Incisional biopsy of the nasopharynx tumor mass was performed for 33 patients (92%). In
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two cases (5.5%), only lymph node enlargement was noted at presentation; therefore, the
enlarged mass was excised in order to establish the diagnosis. In one patient, both tumor
incisional biopsy and lymph node excision were performed (Figure 5).

12
10
8
6
4
2
0
2015 2016 2017 2018
M both tumor fand lymph node 0 1 0 0
biopsy
B lymph node biopsy 1 1 0 0
W tumor biopsy 8 8 6 11

Figure 5. Distribution of biopsy samples by year.

4.2. Histopathological Findings

The microscopic examination revealed, for most cases, an undifferentiated carcinoma
of the nasopharynx (72%), while differentiated non-keratinized squamous cell carcinoma
was present in 25% of cases. A single case presented with differentiated keratinized
squamous cell carcinoma (2.7%) (Figure 6).

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

2015 2016 2017 2018
B undifferentiated 6 8 5 7
m differentiated non-keratinized 3 2 0 4
differentiated keratinized 0 0 1 0

Figure 6. Main histopathological subtype of nasopharyngeal carcinoma.

The cases diagnosed with undifferentiated nasopharyngeal carcinoma had a male
predominance, with a peak incidence in the 4th decade (17%), following by the 5th decade
(11%), while the 3rd, 6th, and 7th decades had a rate of 8% each (Figure 7). Unlike undiffer-
entiated carcinoma, the differentiated subtype of non-keratinized squamous cell carcinoma
showed an increased incidence in females, with a peak in the 6th decade (Figure 8).
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80-89 YEARS

70-79 YEARS

60-69 YEARS

50-59 YEARS

40-49 YEARS

30-39 YEARS

20-29 YEARS

0 1 2 3 4 5 6 7

20-29 years|30-39 years|40-49 years|50-59 years|60-69 years|70—79 years|80—-89 years
m female 1 0 3 2 1 0 0

m male 0 3 6 4 3 3 0

Figure 7. Distribution of undifferentiated nasopharyngeal carcinoma according to decades and
gender, with a male predominance and a peak incidence in the 4th decade.

80—-89 YEARS
70-79 YEARS
60-69 YEARS
50-59 YEARS

40-49 YEARS

30-39 YEARS

20-29 YEARS ‘ ’ l } ‘

0 0.5 1 1.5 2 2.5 3 3.5

20-29 years|30-39 years|40-49 years|50-59 years|60—69 years|70—79 years|80-89 years
m female 0 0 0 0 3 0 1

W male 0 0 2 2 1 1 1

Figure 8. Distribution of the differentiated subtype of non-keratinized squamous cell carcinoma
according to decades and gender, with a peak incidence of female in the 6th decade.

The undifferentiated nasopharyngeal carcinoma showed large tumor cells with a
syncytial growth pattern, scant amphophilic or eosinophilic cytoplasm, round-to-oval
vesicular nuclei, and large nucleoli. The malignant cells were intermingled with an in-
creased amount of inflammatory infiltrate. The peri- and intratumor inflammatory infiltrate
was predominantly composed of lymphocytes, with a variable amount of plasma cells,
macrophages, neutrophil granulocytes, and eosinophils. One case was associated with
extensive epithelioid necrotizing granuloma, highly suggestive of a mycobacterial etiology.

Keratinizing and non-keratinizing differentiated squamous cell carcinoma showed
islands of tumor cells, slightly smaller than those observed in the undifferentiated nasopha-
ryngeal group, with obvious squamous differentiation, intercellular bridges, and various
degrees of keratinization, associated with desmoplastic stroma. Unlike undifferentiated
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carcinoma, in differentiated squamous cell carcinomas, chronic inflammatory infiltrates
were absent or reduced (Figure 9).
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Figure 9. Morphological aspects of the nasopharyngeal carcinoma, hematoxylin—eosin staining:
(a,b) differentiated keratinized squamous cell carcinomas; (c-e) differentiated non-keratinized squa-
mous cell carcinoma; (f,g) undifferentiated nasopharyngeal carcinoma.

The histopathological diagnosis was completed using immunohistochemical markers
for epithelial /squamous differentiation, for peri- and intratumor immune cellular infiltrates,
and for pathogenic and prognostic markers.

Undifferentiated nasopharyngeal carcinoma showed positivity for cytokeratin AE1/AE3,
CKS5, p63, and high-molecular-weight cytokeratin, with strong reactions in 80-100% of tumor
cells. Membrane epithelial antigen was diffusely positive, with moderate/strong reactions
in most cases (67%), while two cases were negative. Ten cases (28%) of undifferentiated
nasopharyngeal carcinoma showed immunoreactions for CD117 in the malignant epithelial
component. Also, the p53 protein was positive in all the cases, with moderate-to-strong
immunostaining.

The positive reaction for p16 was identified in a single case of undifferentiated na-
sopharyngeal carcinoma, being associated with the positive reaction for Epstein-Barr virus.
In total, two Epstein—Barr-virus-positive cases were identified.

The immune tumor microenvironment revealed the presence of a peri- and intra-
tumor cellular infiltrate rich in lymphocytes, with a predominance of B lymphocytes,
CD20-positive (70-80% of the inflammatory infiltrate), interspersed with T lymphocytes
(10-20%). The T cells were CD4-positive T helper lymphocytes, with a peri- and intratumor
distribution, and CD8-positive T cytotoxic lymphocytes, predominantly intratumoral. The
CD4:CDS8 ratio was 1:1 in most cases (75%), respectively, and 2:1 in 25% of cases.

The inflammatory infiltrate had eosinophils, plasma cells, macrophages, antigen-
presenting cells, and CD117-positive mast cells. Thus, all cases of undifferentiated nasopha-
ryngeal carcinoma had up to 5% eosinophils, plasma cells, and mast cells. The positive
CD1a and CDé68 antigen-presenting cells were observed in most cases of undifferentiated
nasopharyngeal carcinoma (88%), being between 5 and 15% of the peri- and intratumor
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inflammatory infiltrate, with an intratumor predominance. In these cases, the association
with macrophages was also observed, with these being up to 1%. It was also noted that
three cases (12%) had numerous antigen-presenting cells, predominantly intratumoral,
with a percentage between 20 and 30%. The complete immunohistochemical profile of
the 26 nasopharyngeal undifferentiated carcinomas can be found in Table 3, and the main
immunostaining aspects are detailed in Figures 10 and 11.

Table 3. The immunohistochemical profile of the nasopharyngeal undifferentiated carcinomas.

. Reaction Malignant Inflammatory Cases/Rate of .
Antibody . Squamous Cellular i Observations
Intensity Positive Cases
Component Component
AE1/AE3 1 100% N/AS 26/100% Diffuse reaction
CK5 +++ 100% N/A 26/100% Diffuse reaction
p63 +++ 80-100% N/A 26/100% Diffuse reaction
34BE12 F+ 2+ 80-100% N/A 25/96% Diffuse reaction
EMA ++ 10-80% N/A 24/92% Focal reaction
CK7 3 0% N/A 0/0% Positive intern
control present
CK20 — 0% N/A 0/0%
p53 ++/ -+ 80-100% N/A 26/100% Diffuse reaction
EBV ++/+++ 80-100% 15% 2/8% Diffuse reaction
Nuclear and cytoplasmic,
plé +++ 100% N/A 1/4% intense, and
diffuse reaction
Heterogeneous reaction,
CD117 +4/ b 60-80% 0% 10/38% in malignant component,
positive internal control
present on mast cells
CD117 +++ 0% 1-15% 20/80%
LCA +++ N/A 60-90% 26/100% Peri- and intratumor
CD20 ++/+++ N/A 70-85% 26/100% Peri- and intratumor
CD4 s N/A 10-20% of 26/100% Preds)mmantly
lymphocytes peritumoral
Predominantly
5-10% of o peritumoral, CD4:CD8=1:1
b8 /e N/a lymphocytes 26/100% in 75% of cases and 2:1 in
25% of cases
CD68 T+ N/A 6-15% 23/88% Ma“"phagcee";‘gd dendritic
Predominantly intratumor
CDla ++ N/A 5-15% 23/88% dendritic cells, also

CD68-positive

1 4 ++ intense reaction; 2 ++ moderate reaction; 3 — negative reaction; 4 + weak reaction; > N/A not applicable.
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Figure 10. Inmunohistochemical aspects of the squamous component of undifferentiated nasopha-
ryngeal carcinoma: (a) CK AE1/AE3; (b) 34BE12; (c) CK5; (d) p63; (e) EMA; (f) pl6; (g) EBV;
(h) CD117; (i) p53.

Ob. 20x

Figure 11. Immunohistochemical aspects of the tumor immune microenvironment of undifferentiated
nasopharyngeal carcinoma: (a) LCA; (b) CD20; (c) CD4; (d) CDS; (e) CD117; (f) CD68; (g) CD1a.

The differentiated subtype of keratinizing and non-keratinizing squamous cell car-
cinoma had no significant differences in the immunohistochemical profile. Thus, they
presented with positivity for cytokeratin AE1/AE3, CK5, p63, and high-molecular-weight
cytokeratin, with a strong reaction in 80-100% of tumor cells, and membrane epithelial
antigen was positive in all cases, with weak-to-moderate immunostaining, while the CD117
reaction were completely negative in the malignant epithelial component. Also, the p53
protein was positive in all the cases, with weak-to-moderate immunostaining. One case
of the non-keratinized subtype showed reactivity for p16, with strong and diffuse nuclear
and cytoplasmic immunostaining in 100% of tumor cells, and Epstein-Barr virus was not
immunohistochemically identified.

The immune tumor microenvironment revealed small amounts of peritumor inflam-
matory infiltrates, rich in lymphocytes, with B cells predominating, positive for CD20
(70-80% of the inflammatory infiltrate), interspersed with T lymphocytes (10-20%). The
T cells were also CD4-positive T helper lymphocytes and CD8-positive T cytotoxic lym-
phocytes. The CD4:CDS8 ratio was 1:1 in most cases (90%), respectively, and 2:1 in one
case (10%).
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Also, the inflammatory infiltrate had plasma cells, eosinophils, positive CD1a and
CD68 antigen-presenting cells, and CD117-positive mast cells. The immunohistochem-
ical profile and the main immunostaining aspects of the 10 cases of the differentiated
keratinizing and non-keratinizing squamous cell carcinoma are presented in Table 4.

Table 4. The immunohistochemical profile of the differentiated keratinizing and non-keratinizing
squamous cell carcinoma.

Malignant Inflammatory Cases/Rate of
Antibody Reaction Intensity Squamous Cellular i Observations
Positive Cases
Component Component
CK AE1/AE3 I, 100% N/A?2 10/100% Diffuse reaction
CK5 +++ 100% N/A 10/100% Diffuse reaction
p63 +++ 90-100% N/A 10/100% Diffuse reaction
34BE12 +3/++4 20-90% N/A 10/100% Focal/diffuse reaction
EMA +/++ 10-70% N/A 10/100% Focal/diffuse reaction
CK7 5 0% N/A 0/0% Positive intern control
present
CK20 - 0% N/A 0/0%
p53 +/++ 30-100% N/A 10/100% Focal/diffuse reaction
EBV - 0% N/A 0/0%

Nuclear and
plé +++ 90% N/A 1/10% cytoplasmic, intense
and diffuse reaction

Negative reaction in
malignant component,

CD117 — 0% 0% 0/0% positive internal
control present on
mast cells
CD117 T+ 0% 1-10% 10,/100% Positive reaction on
mast cells
LCA +++ N/A 80-85% 10/100% Peritumoral
CD20 ++/+++ N/A 70-85% 26/100% Peritumoral
CD4 ++ N/A 10-20% of 10/100% Peritumoral
lymphocytes
1-10% of CD4:CD8=1:1 in 90%
CD8 ++/+++ N/A § 10/100% of cases and 2:1 in 10%
lymphocytes
of cases
CD68 Tt N/A 5-15% 10,/100% Dendritic cells, rare
macrophages
CD1a R N/A 5_15% 10/100% CDé68-positive

dendritic cells

1 4 ++ intense reaction; 2 N/A not applicable; 3 + weak reaction; 4 ++ moderate reaction; ® — negative reaction.

Most patients with nasopharyngeal carcinoma (97%) were under oncological follow-
up and have undergone radiotherapy and/or chemoradiotherapy in accordance with
international treatment guidelines. Only one patient refused the oncological treatment.

5. Discussion

Nasopharyngeal carcinoma is a squamous cell carcinoma of the head and neck region,
with a unique etiopathogenetic mechanism, driven by the interaction of genetic suscep-



Diagnostics 2024, 14, 722

14 of 19

tibility and environmental factors, as well as a strong association with the Epstein—Barr
virus [15].

Epstein—Barr virus infection is related to the development of cancers originating from
both epithelial and lymphoid cells, and 95% of the world’s population has an asymptomatic
lifelong infection with the Epstein—Barr virus. This virus persists in the memory B cells
of healthy and asymptomatic individuals, and a disruption of this interaction resulting in
malignancy. The association of Epstein—Barr virus infection with nasopharyngeal carcinoma
is considered to be caused by the aberrant establishment of virus latency in epithelial cells,
exhibiting premalignant genetic changes. Despite the fact that the Epstein-Barr virus role
in carcinogenesis is poorly known, the identification of the virus in all tumor cells provides
opportunities for the development of new diagnostic and therapeutic approaches [1]. The
role of the Epstein—Barr virus in the tumorigenesis of nasopharyngeal carcinoma continues
to be studied and offers a perspective on the development of targeted therapies for this
type of cancer. Novel therapeutic approaches using virus reactivation, gene therapy, and
therapeutic vaccination are needed. Also, in high-prevalence regions, screening programs
to classify patients with early-stage Epstein-Barr virus-associated carcinoma are already
underway [16,17].

The tumorigenesis of nasopharyngeal carcinoma is a complex process associated with
numerous factors. Epstein—Barr virus is a causative factor of nasopharyngeal carcinoma and
is most likely involved in multistage and multifactorial carcinogenesis. Epstein-Barr-virus-
encoded genes have been shown to be involved in immune evasion and the regulation
of various cell signaling cascades [4]. Mechanisms underlying carcinogenesis include
epigenetic changes, the mutation of genetic codes, chromosome stability, DNA repair, and
the process of cell growth. The dysregulation of oncogenes and tumor suppressor genes
driven by genetics and epigenetics is considered a driving force in cancer growth and
progression. Thus, overexpression of the oncoprotein c-Myc plays a role in the malfunction
of several important cellular processes, including the control of cell growth, proliferation,
apoptosis, and cell metabolism. Also, p53 protein dysfunction promotes cell proliferation
with severe DNA damage and is implicated in the disruption of p53-dependent cell cycle
arrest or apoptosis. Epstein—Barr virus expresses viral oncogenes that can determine
epigenetic changes and genetic mutations, leading to tumorigenesis, as well as cancer
progression [8].

Although the mechanisms of carcinogenesis are less understood, Young and Dawson
propose a model in which the loss of heterozygosity occurs early in the pathogenesis of
nasopharyngeal carcinoma, probably as a result of relationships with environmental factors,
such as dietary factors. It results in preinvasive lesions that, after additional genetic and
epigenetic events, become susceptible to stable Epstein—Barr virus infection. Once cells
have been infected, latent Epstein-Barr virus genes provide growth and survival benefits,
leading to the development of malignancy. Also, additional genetic and epigenetic changes
can occur after virus infection [6].

The association with the Epstein—Barr virus and the proximity of tumor cells to the
lymphoid structures of the nasopharynx leads to a characteristic tumor immune microenvi-
ronment consisting of T lymphocytes, B lymphocytes, macrophages, and dendritic cells [18].

The tumor microenvironment has a dominant role in the progress and invasiveness of
the tumor and includes immune and stromal cells, blood vessels, and extracellular matrix,
some of them being the target of individualized therapies [19,20].

The tumor immune microenvironment is an important component of the large tumor
microenvironment and plays an important role in supporting tumor growth and progres-
sion. It has two functional categories of cells: immune-stimulating cells, which facilitate the
anti-cancer immune response and include tumor-infiltrating lymphocytes, natural killer
cells, and eosinophils, and immunosuppressive cells, which inhibit the anti-cancer immune
response to promote tumor progression and include mast cells, regulatory T cells, and
macrophages [21]. The balance of immune-stimulating and immunosuppressive cells can
prevent or promote tumor progression [22].
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The recruitment of immune cells is mediated by the increased expression of chemokines
by tumor cells, macrophages, and dendritic cells [23,24]. Therefore, the increased secre-
tion of chemokines from tumor cells facilitates the recruitment of immune cells, and
macrophages co-express anti-inflammatory M1 and pro-inflammatory M2 gene signatures,
forming an intermediate phenotype that secretes a high level of chemokines and recruits
immune cells [18,25]. Also, the macrophages can differentiate from monocytes and se-
crete chemokines to recruit immune cells. Dendritic cells express programmed death
ligand 1 and the ligand for cytotoxic T-lymphocyte-associated protein 4, inducing to down-
regulation of antigen processing and inhibition of the effector function of tumor-infiltrating
lymphocytes [23].

Sobti et al. found high levels of protein markers associated with B cells, natural killer
cells, macrophages, and regulatory T cells in cancer cells, opposed to the surrounding stroma.
Likewise, they observed that biomarkers associated with suppressive populations of myeloid
cells and exhausted T cells were numerous in peritumoral leukocytes, compared to in tumor
cells [24]. Thus, therapeutic strategies have been proposed to target the tumor microenviron-
ment by reactivating the antiviral immune response and subverting the immunosuppressive
microenvironment [25-27]. For patients, immune checkpoint inhibitors, T cell therapy, and
therapeutic Epstein—Barr Virus vaccines may be beneficial [28,29].

The rate of the immune cells dynamically changes with tumor progression, and
the tumor-infiltrating lymphocyte levels reflect the treatment outcomes of the patients.
Yoshizaki suggested that abundant intratumoral and stromal tumor-infiltrating lympho-
cytes are a predictive marker of favorable outcomes in patients with nasopharyngeal
carcinoma [30].

Wang et al. evaluated the density and distribution of tumor-infiltrating lymphocytes
in two independent cohorts and found that high tumor-infiltrating lymphocytes in the
training set were significantly associated with favorable disease-free survival, overall
survival, distant metastasis-free survival, and local-regional recurrent free survival [31].

Other cohort studies, as well as some large meta-analysis studies, indicate that tumor-
infiltrating lymphocytes reflect the immunological heterogeneity of nasopharyngeal carci-
noma and may represent a new prognostic biomarker [31-35]. Nasopharyngeal carcinomas
with low levels of tumor-infiltrating lymphocytes are associated with poor overall sur-
vival and also poor disease-specific survival [32-34]. Moreover, an increased level of
CD4-positive T cell infiltration was correlated with favorable overall survival, but the
overall survival associated with CD3- and CD8-positive lymphocytes was not statistically
significant [33]. In contrast, another meta-analysis study showed that tumor infiltration
by CD3- and CD8-positive T cells is correlated positively with overall survival [35]. These
results suggested that the role of tumor-infiltrating lymphocytes in mediating the antitumor
immune response could be exploited in the treatment of patients with nasopharyngeal
carcinoma [33,35].

There is no significant correlation between survival and tumor infiltration by CD68-
positive or CD163-positive macrophages [35].

Nilsson et al. preformed a retrospective study and identified three specific immune
phenotypes based on the presence and distribution of CD8-positive T cells: “inflamed”,
“excluded”, and “deserted”, which carried important prognostic information and sug-
gested that there was a difference in disease-free survival in favor of the “inflamed” over
“excluded” type. The CD8-positive cells were identified in tumor cells, as well as in the sur-
rounding stroma, and the antigen-presenting dendritic cells were observed largely in cancer
cell areas. The dendritic cells have potential to facilitate the antigen cross-presentation
necessary to execute cytotoxic T lymphocyte responses and therefore can be used for
immunotherapy [36].

Furthermore, Sobti et al. found that in the “inflamed” phenotype, markers associated
with B cells, natural killer cells, macrophages, and myeloid cells were highly expressed,
while in the “excluded” phenotype, markers associated with suppressive populations of
myeloid cells and T cells were more numerous in comparison to in the “inflamed” and
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“deserted” categories. The “desert” group had a higher level of granulocyte and immune
regulatory markers. The study emphasizes the cellular composition of the nasopharyngeal
carcinoma and could aid in stratifying patients for treatment based on their immune
microenvironment [24].

CD45, CD4, CD8, CD20, and CD68 expression was also identified and quantified
via immunofluorescence microscopy. CD4 was increased in the surrounding stromal
leukocyte regions, and CD45, CD20, and CD68 were higher in immune-rich cancer cell islet
regions [24].

Lu et al. identified, in the tumor microenvironment of nasopharyngeal carcinoma, nine
types of inflammatory cells, including CD3-positive T lymphocytes, CD8 positive cytotoxic
T lymphocytes, CD20 positive B lymphocytes, CD56 positive natural killer cells, FOXP3
positive regulatory T lymphocytes, CDl1a-positive immature dendritic cells, CD83-positive
mature dendritic cells, elastase-positive neutrophils and tryptase-positive mast cells. They
found that the patients with a low density of tumor-infiltrating FOXP3 and CD8-positive T
lymphocytes, neutrophils, and mast cells and the patients with a high density of natural
killer cells showed a significantly longer overall survival and progression-free survival. It
is suggested that the density of natural killer and mast cells could be used as biomarkers
for predicting distant metastasis and recurrence in patients with nasopharyngeal carci-
noma [37].

Information on antigen-presenting dendritic cells is limited. In a small series of un-
treated nasopharyngeal carcinomas, Nilsson identified, via multicolor flow cytometry, the
main types of dendritic cells in the tumor immune microenvironment. A high frequency of
CDl1c-positive myeloid dendritic cells was observed and also the subset-specific expression
of the C-type lectin receptor [38]. Another distinctive dendritic cell subtype marked by
lysosome-associated membrane glycoprotein 3 has also been described in nasopharyngeal
carcinoma. These dendritic cells lead to the downregulation of antigen processing and
cause apoptosis suggesting that antigen-presenting dendritic cells can be also targeted for
therapeutic purposes to facilitate the cross-presentation of antigens and aid in cell-mediated
antitumor effects [22]. Dendritic-cell-based cancer therapy is a promising adjuvant ther-
apy. It has been reported that there are increases i CD8- and CD4-positive T cells and the
progression-free survival rate in dendritic cell immunotherapy patients compared to in the
radiochemotherapy-treated patients [39,40].

Mast cells have an increased ratio and anti-tumor capacity in nasopharyngeal carci-
noma, whereas in other malignant tumors, they have pro-tumorigenic potential. Hence,
mast cells are correlated with a survival advantage in nasopharyngeal carcinoma [37,41].

Recurrent nasopharyngeal carcinoma has similar characteristics to primary carcinoma,
although to a greater extent. The increased enrichment of immunosuppressive cells, par-
ticularly regulatory T cells, dendritic cells, and M2 polarized macrophages, and an even
stronger effector exhaustion signal for tumor-infiltrating lymphocytes indicate a strong im-
munosuppressive microenvironment in both the primary and recurrent carcinoma [42,43].

Differences in certain characteristics of the tumor immune microenvironment were
observed between Epstein—Barr-virus-positive and negative tumors. In Epstein—Barr-
virus-positive tumors, genome sequencing revealed constitutive nuclear factor kappa beta
activation, led by the viral expression of latent membrane protein 1 or somatic mutations.
Downstream signaling persuades the increased secretion level of immunomodulatory
molecules, such as interleukin-6, interleukin-8, and leukemic inhibitory factor, which eases
the recruitment of immune cells to establish a chronic inflammatory environment [44,45].
Also, Jin et al. find high levels of the pro-inflammatory cytokine interferon gamma, which
is produced in response to viral infection [43].

Epstein-Barr-virus-negative tumors show a tumor immune microenvironment with high
levels of B lymphocytes, fewer regulatory T lymphocytes, and frequent M2 macrophages [46].
Epstein—Barr-virus-negative tumors also show increased intratumor heterogeneity, as seen by
a higher level of cells and increased diversity within the tumor cells themselves [47].
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6. Conclusions

The most common histopathological subtype of the nasopharynx is undifferentiated
carcinoma, followed by the differentiated non-keratinized squamous cell carcinoma. Undif-
ferentiated nasopharyngeal carcinoma had a male predominance, with a peak incidence in
the 4th decade, while the differentiated subtype of non-keratinized squamous cell carci-
noma had a peak incidence in females in the 6th decade.

For the epithelial malignant component, the immunohistochemical profile is relatively
similar in the two histopathological subtypes. In the inflammatory cellular component,
overlapping results were also observed; the CD20-positive B lymphocytes predominate,
and the ratio of CD4:CD8-positive T cells was 1:1 in both subtypes, with cytotoxic T
lymphocytes being more numerous intratumorally.

The tumor immune microenvironment is an important component of the large tumor
microenvironment and plays a significant role in supporting tumor growth and progression.
The knowledge of immune cellular components, as well as the understanding of the
etiopathogenetic mechanisms intrinsic to the tumor process, represent a starting point for
possible targeted therapies for nasopharyngeal carcinoma in the future.

Author Contributions: Conceptualization, M.A.M.; methodology, R.-M.C. and F.B.; software, M.R.
and A.N.; validation, M.P. and E.B.; formal analysis, M.A.M., R-M.C. and A.M.; investigation,
M.AM., R-M.C. and A.M.; resources, R.-M.C., M.P. and EB.; data curation, R.-M.C. and A.N.;
writing—original draft preparation, M.A.M.; writing—review and editing, R.-M.C. and EB.; visual-
ization, M.R. and A.N.; supervision, F.B.; project administration, R.-M.C. and M.M. All authors have
read and agreed to the published version of the manuscript.

Funding: The costs of this research was supported by Victor Babes University of Medicine and
Pharmacy Timisoara, Romania.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the ethical committee of the institution (CECS No. E665/1 February 2024).

Informed Consent Statement: Informed consent was obtained from the subjects involved in the study.

Data Availability Statement: The data that support the fundings of this study are available from the
corresponding author upon reasonable request.

Acknowledgments: We acknowledge the help of all of our colleagues. We acknowledge Victor Babes
University of Medicine and Pharmacy Timisoara, Romania for their support in covering the costs of
publication for this research paper.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Chen, Y,; Chan, AT.C; Le, Q.-T.; Blanchard, P; Sun, Y.; Ma, J. Nasopharyngeal carcinoma. Lancet 2019, 394, 64-80. [CrossRef]

2. Spano, J.-P; Busson, P,; Atlan, D.; Bourhis, J.; Pignon, J.-P; Esteban, C.; Armand, J.-P. Nasopharyngeal carcinomas: An update.
Eur. J. Cancer 2003, 39, 2121-2135. [CrossRef] [PubMed]

3.  Bray, E,; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer |. Clin. 2018, 68, 394-424. [CrossRef]

4. Cho, W.C. Nasopharyngeal carcinoma: Molecular biomarker discovery and progress. Mol. Cancer 2007, 6, 1. [CrossRef] [PubMed]

5. Chen, W,; Zheng, R; Baade, PD.; Zhang, S.; Zeng, H.; Bray, F.; Jemal, A.; Yu, X.Q.; He, J. Cancer statistics in China, 2015. CA
Cancer ]. Clin. 2016, 66, 115-132. [CrossRef] [PubMed]

6.  Young, L.S.; Dawson, C.W. Epstein-Barr virus and nasopharyngeal carcinoma. Chin. J. Cancer. 2014, 33, 581-590. [CrossRef]

7. Wu, L;Li, C; Pan, L. Nasopharyngeal carcinoma: A review of current updates. Exp. Ther. Med. 2018, 15, 3687-3692. [CrossRef]
[PubMed]

8. Ear, EIN.S; Irekeola, A.A.; Yean Yean, C. Diagnostic and Prognostic Indications of Nasopharyngeal Carcinoma. Diagnostics 2020,
10, 611. [CrossRef] [PubMed]

9. Wang, K.H.; Austin, S.A.; Chen, S.H.; Sonne, D.C.; Gurushanthaiah, D. Nasopharyngeal Carcinoma Diagnostic Challenge in a
Nonendemic Setting: Our Experience with 101 Patients. Perm. J. 2017, 21, 16-180. [CrossRef] [PubMed]

10. WHO Classification of Tumours Editorial Board. Head and Neck Tumours, 5th ed.; International Agency for Research on Cancer:

Lyon, France, 2022.


https://doi.org/10.1016/S0140-6736(19)30956-0
https://doi.org/10.1016/S0959-8049(03)00367-8
https://www.ncbi.nlm.nih.gov/pubmed/14522369
https://doi.org/10.3322/caac.21492
https://doi.org/10.1186/1476-4598-6-1
https://www.ncbi.nlm.nih.gov/pubmed/17199893
https://doi.org/10.3322/caac.21338
https://www.ncbi.nlm.nih.gov/pubmed/26808342
https://doi.org/10.5732/cjc.014.10197
https://doi.org/10.3892/etm.2018.5878
https://www.ncbi.nlm.nih.gov/pubmed/29556258
https://doi.org/10.3390/diagnostics10090611
https://www.ncbi.nlm.nih.gov/pubmed/32825179
https://doi.org/10.7812/TPP/16-180
https://www.ncbi.nlm.nih.gov/pubmed/28609261

Diagnostics 2024, 14, 722 18 of 19

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Amin, M.B.; Greene, FL.; Edge, S.B.; Compton, C.C.; Gershenwald, J.E.; Brookland, R K.; Meyer, L.; Gress, D.M.; Byrd, D.R,;
Winchester, D.P. The Eighth Edition AJCC Cancer Staging Manual: Continuing to build a bridge from a population-based to a
more “personalized” approach to cancer staging. CA Cancer |. Clin. 2017, 67, 93-99. [CrossRef]

Chua, D.T.; Sham, ].S.; Kwong, D.L.; Au, G.K. Treatment outcome after radiotherapy alone for patients with Stage I-II nasopha-
ryngeal carcinoma. Cancer 2003, 98, 74-80. [CrossRef] [PubMed]

Islam, K.A.; Chow, L.K.-Y;; Kam, N.W.; Wang, Y.; Chiang, C.L.; Choi, H.C.-W.; Xia, Y.-F; Lee, A.W.-M.; Ng, W.T.; Dai, W. Prognostic
Biomarkers for Survival in Nasopharyngeal Carcinoma: A Systematic Review of the Literature. Cancers 2022, 14, 2122. [CrossRef]
[PubMed]

Ng, W.T.; Chow, ].C.H,; Beitler, ].J.; Corry, J.; Mendenhall, W.; Lee, A\W.M.; Robbins, K.T.; Nuyts, S.; Saba, N.F.; Smee, R.; et al.
Current Radiotherapy Considerations for Nasopharyngeal Carcinoma. Cancers 2022, 14, 5773. [CrossRef]

Wong, K.C.W,; Hui, E.P,; Lo, K-W.; Lam, WK].; Johnson, D.; Li, L.; Tao, Q.; Chan, K.C.A.; To, K.-F; King, A.D.; et al.
Nasopharyngeal carcinoma: An evolving paradigm. Nat. Rev. Clin. Oncol. 2021, 18, 679-695. [CrossRef]

Taylor, G.S.; Jia, H.; Harrington, K.; Lee, L.W,; Turner, J.; Ladell, K; Price, D.A.; Tanday, M.; Matthews, J.; Roberts, C.; et al. A
recombinant modified vaccinia ankara vaccine encoding Epstein-Barr virus (EBV) target antigens: A phase I trial in UK patients
with EBV-positive cancer. Clin. Cancer Res. 2014, 20, 5009-5022. [CrossRef] [PubMed]

Chan, K.C.; Hung, E.C.; Woo, ] K,; Chan, PK.; Leung, S.F,; Lai, EP.; Cheng, A.S.; Yeung, S.W.; Chan, YW.,; Tsui, TK; et al. Early
detection of naso-pharyngeal carcinoma by plasma Epstein-Barr virus DNA analysis in a surveillance program. Cancer 2013, 119,
1838-1844. [CrossRef]

Gong, L.; Kwong, D.L.-W,; Dai, W.; Wu, P; Wang, Y.; Lee, AW.-M.; Guan, X.-Y. The stromal and immune landscape of
nasopharyngeal carcinoma and its implications for precision medicine targeting the tumor microenvironment. Front. Oncol. 2021,
11, 744889. [CrossRef] [PubMed]

Alexa, A.; Baderca, F,; Lighezan, R.; Izvernariu, D. Myofibroblasts reaction in urothelial carcinomas. Rom. J. Morphol. Embryol.
2009, 50, 639-643. [PubMed]

Alexa, A.; Baderca, F.; Zahoi, D.E,; Lighezan, R.; Izvernariu, D.; Raica, M. Clinical significance of Her2/neu overexpression in
urothelial carcinomas. Rom. J. Morphol. Embryol. 2010, 51, 277-282. [PubMed]

Salemme, V.; Centonze, G.; Cavallo, F,; Defilippi, P.; Conti, L. The crosstalk between tumor cells and the immune microenvironment
in breast cancer: Implications for immunotherapy. Front. Oncol. 2021, 11, 610303. [CrossRef] [PubMed]

Forder, A.; Stewart, G.L.; Telkar, N.; Lam, W.L.; Garnis, C. New insights into the tumour immune microenvironment of
nasopharyngeal carcinoma. Curr. Res. Immunol. 2022, 3, 222-227. [CrossRef]

Chen, Y.P; Yin, ].H.; Li, WE; Li, H].; Chen, D.P,; Zhang, CJ.; Lv, JW.; Wang, Y.Q.; Li, XM.; Li, ].Y,; et al. Single-cell transcriptomics
reveals regulators underlying immune cell diversity and immune subtypes associated with prognosis in nasopharyngeal
carcinoma. Cell Res. 2020, 30, 1024-1042. [CrossRef]

Sobti, A.; Sakellariou, C.; Nilsson, J.S.; Askmyr, D.; Greiff, L.; Lindstedt, M. Exploring Spatial Heterogeneity of Immune Cells in
Nasopharyngeal Cancer. Cancers 2023, 15, 2165. [CrossRef] [PubMed]

Pardoll, D.M. The blockade of immune checkpoints in cancer immunotherapy. Nat. Rev. Cancer 2012, 12, 252-264. [CrossRef]
[PubMed]

Masterson, L.; Howard, J.; Gonzalez-Cruz, J.; Jackson, C.; Barnett, C.; Overton, L.; Liu, H.; Ladwa, R.; Simpson, F.; McGrath, M.;
et al. Immune checkpoint inhibitors in advanced nasopharyngeal carcinoma: Beyond an era of chemoradiation? Int. ]. Cancer
2020, 146, 2305-2314. [CrossRef] [PubMed]

Dasari, V.; Sinha, D.; Neller, M.A.; Smith, C.; Khanna, R. Prophylactic and therapeutic strategies for Epstein-Barr virus-associated
diseases: Emerging strategies for clinical development. Expert. Rev. Vaccines 2019, 18, 457-474. [CrossRef] [PubMed]

Cui, X.; Snapper, C.M. Epstein Barr Virus: Development of Vaccines and Immune Cell Therapy for EBV-Associated Diseases.
Front. Immunol. 2021, 12, 734471. [CrossRef] [PubMed]

Renaud, S.; Lefebvre, A.; Mordon, S.; Moraleés, O.; Delhem, N. Novel Therapies Boosting T Cell Immunity in Epstein Barr
Virus-Associated Nasopharyngeal Carcinoma. Int. . Mol. Sci. 2020, 21, 4292. [CrossRef] [PubMed]

Yoshizaki, T.; Kondo, S.; Dochi, H.; Kobayashi, E.; Mizokami, H.; Komura, S.; Endo, K. Immune Microenvironment of Nasopha-
ryngeal Carcinoma and Epstein-Barr Virus. Encyclopedia. Available online: https://encyclopedia.pub/entry/53156 (accessed on
13 March 2024).

Wang, Y.Q.; Chen, Y.P,; Zhang, Y.; Jiang, W.; Liu, N.; Yun, J.P,; Sun, Y.; He, Q.M.; Tang, X.R.; Wen, X.; et al. Prognostic significance
of tumor-infiltrating lymphocytes in nondisseminated nasopharyngeal carcinoma: A large-scale cohort study. Int. J. Cancer 2018,
142, 2558-2566. [PubMed]

Almangush, A.; Ruuskanen, M.; Hagstrom, J.; Hirvikoski, P.; Tommola, S.; Kosma, V.M.; Nieminen, P.; Mdkitie, A.; Leivo, L
Tumor-infiltrating lymphocytes associate with outcome in nonendemic nasopharyngeal carcinoma: A multicenter study. Hum.
Pathol. 2018, 81, 211-219. [CrossRef] [PubMed]

Berele, B.A.; Cai, Y,; Yang, G. Prognostic Value of Tumor Infiltrating Lymphocytes in Nasopharyngeal Carcinoma Patients:
Meta-Analysis. Technol. Cancer Res. Treat. 2021, 20, 15330338211034265. [CrossRef] [PubMed]

Liu, W,; Chen, G.; Zhang, C.; Liao, X; Xie, J.; Liang, T.; Liao, W.; Song, L.; Zhang, X. Prognostic significance of tumor-infiltrating
lymphocytes and macrophages in nasopharyngeal carcinoma: A systematic review and meta-analysis. Eur. Arch. Otorhinolaryngol.
2022, 279, 25-35. [CrossRef]


https://doi.org/10.3322/caac.21388
https://doi.org/10.1002/cncr.11485
https://www.ncbi.nlm.nih.gov/pubmed/12833458
https://doi.org/10.3390/cancers14092122
https://www.ncbi.nlm.nih.gov/pubmed/35565251
https://doi.org/10.3390/cancers14235773
https://doi.org/10.1038/s41571-021-00524-x
https://doi.org/10.1158/1078-0432.CCR-14-1122-T
https://www.ncbi.nlm.nih.gov/pubmed/25124688
https://doi.org/10.1002/cncr.28001
https://doi.org/10.3389/fonc.2021.744889
https://www.ncbi.nlm.nih.gov/pubmed/34568077
https://www.ncbi.nlm.nih.gov/pubmed/19942959
https://www.ncbi.nlm.nih.gov/pubmed/20495743
https://doi.org/10.3389/fonc.2021.610303
https://www.ncbi.nlm.nih.gov/pubmed/33777750
https://doi.org/10.1016/j.crimmu.2022.08.009
https://doi.org/10.1038/s41422-020-0374-x
https://doi.org/10.3390/cancers15072165
https://www.ncbi.nlm.nih.gov/pubmed/37046826
https://doi.org/10.1038/nrc3239
https://www.ncbi.nlm.nih.gov/pubmed/22437870
https://doi.org/10.1002/ijc.32869
https://www.ncbi.nlm.nih.gov/pubmed/31950498
https://doi.org/10.1080/14760584.2019.1605906
https://www.ncbi.nlm.nih.gov/pubmed/30987475
https://doi.org/10.3389/fimmu.2021.734471
https://www.ncbi.nlm.nih.gov/pubmed/34691042
https://doi.org/10.3390/ijms21124292
https://www.ncbi.nlm.nih.gov/pubmed/32560253
https://encyclopedia.pub/entry/53156
https://www.ncbi.nlm.nih.gov/pubmed/29377121
https://doi.org/10.1016/j.humpath.2018.07.009
https://www.ncbi.nlm.nih.gov/pubmed/30030117
https://doi.org/10.1177/15330338211034265
https://www.ncbi.nlm.nih.gov/pubmed/34323154
https://doi.org/10.1007/s00405-021-06879-2

Diagnostics 2024, 14, 722 19 of 19

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

Zheng, X.; Huang, Y.; Li, K.; Luo, R.; Cai, M,; Yun, J. Inmunosuppressive Tumor Microenvironment and Immunotherapy of
Epstein-Barr Virus-Associated Malignancies. Viruses 2022, 14, 1017. [CrossRef] [PubMed]

Nilsson, J.S.; Sobti, A.; Swoboda, S.; Erjefilt, J.S.; Forslund, O.; Lindstedt, M.; Greiff, L. Inmune Phenotypes of Nasopharyngeal
Cancer. Cancers 2020, 12, 3428. [CrossRef]

Lu, J.; Chen, X.M.; Huang, H.R.; Zhao, EP.,; Wang, F.; Liu, X,; Li, X.P. Detailed analysis of inflammatory cell infiltration and the
prognostic impact on nasopharyngeal carcinoma. Head. Neck. 2018, 40, 1245-1253. [CrossRef]

Nilsson, J.S.; Abolhalaj, M.; Lundberg, K.; Lindstedt, M.; Greiff, L. Dendritic cell subpopulations in nasopharyngeal cancer. Oncol.
Lett. 2019, 17, 2557-2561. [CrossRef] [PubMed]

Sabado, R.L.; Balan, S.; Bhardwaj, N. Dendritic cell-based immunotherapy. Cell Res. 2017, 27, 74-95. [CrossRef] [PubMed]
Sulistya, A.B.; Haifa, R.; Facicilia, G.; Marbun, K.T.; Kirana, M.N.; Dewi, Y.A; Sartika, C.R.; Wijaya, A.; Dandan, K.L. Dendritic
Cell as Potential Immunotherapy for Nasopharyngeal Cancer: A Review. Indones. Biomed. ]. 2023, 15, 269-277. [CrossRef]

Su, Z.Y.; Siak, PY; Leong, C.O.; Cheah, S.C. Nasopharyngeal Carcinoma and Its Microenvironment: Past, Current, and Future
Perspectives. Front. Oncol. 2022, 12, 840467. [CrossRef] [PubMed]

Jiang, J.; Ying, H. Revealing the crosstalk between nasopharyngeal carcinoma and immune cells in the tumor microenvironment.
J. Exp. Clin. Cancer Res. 2022, 41, 244. [CrossRef]

Jin, S; Li, R;; Chen, M.-Y,; Yu, C,; Tang, L.-Q.; Liu, Y.-M.; Li, ].-P; Liu, Y.-N.; Luo, Y.-L.; Zhao, Y.; et al. Single-cell transcriptomic
analysis defines the interplay between tumor cells, viral infection, and the microenvironment in nasopharyngeal carcinoma. Cell
Res. 2020, 30, 950-965. [CrossRef] [PubMed]

Bruce, J.P.; To, K.-E; Lui, VW.Y,; Chung, G.T.Y.; Chan, Y.-Y,; Tsang, C.M.; Yip, K.Y.; Ma, B.B.Y.; Woo, ] K.S.; Hui, E.P; et al.
Whole-genome profiling of nasopharyngeal carcinoma reveals viral-host co-operation in inflammatory NF-«B activation and
immune escape. Nat. Commun. 2021, 12, 4193. [CrossRef] [PubMed]

Lo, AK,; Dawson, C.W.; Lung, H.L.; Wong, K.L.; Young, L.S. The role of EBV-encoded LMP1 in the NPC tumor microenvironment:
From function to therapy. Front. Oncol. 2021, 11, 640207. [CrossRef]

Ooft, M.L.; van Ipenburg, ].A.; Sanders, M.E.; Kranendonk, M.; Hofland, I.; de Bree, R.; Koljenovi¢, S.; Willems, S.M. Prognostic
role of tumour-associated macrophages and regulatory T cells in EBV-positive and EBV-negative nasopharyngeal carcinoma.
J. Clin. Pathol. 2018, 71, 267-274. [CrossRef] [PubMed]

Zhao, J.; Guo, C.; Xiong, F; Yu, J.; Ge, J.; Wang, H.; Liao, Q.; Zhou, Y.; Gong, Q.; Xiang, B.; et al. Single cell RNA-seq reveals
the landscape of tumor and infiltrating immune cells in nasopharyngeal carcinoma. Cancer Lett. 2020, 477, 131-143. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/v14051017
https://www.ncbi.nlm.nih.gov/pubmed/35632758
https://doi.org/10.3390/cancers12113428
https://doi.org/10.1002/hed.25104
https://doi.org/10.3892/ol.2018.9835
https://www.ncbi.nlm.nih.gov/pubmed/30719121
https://doi.org/10.1038/cr.2016.157
https://www.ncbi.nlm.nih.gov/pubmed/28025976
https://doi.org/10.18585/inabj.v15i5.2389
https://doi.org/10.3389/fonc.2022.840467
https://www.ncbi.nlm.nih.gov/pubmed/35311066
https://doi.org/10.1186/s13046-022-02457-4
https://doi.org/10.1038/s41422-020-00402-8
https://www.ncbi.nlm.nih.gov/pubmed/32901110
https://doi.org/10.1038/s41467-021-24348-6
https://www.ncbi.nlm.nih.gov/pubmed/34234122
https://doi.org/10.3389/fonc.2021.640207
https://doi.org/10.1136/jclinpath-2017-204664
https://www.ncbi.nlm.nih.gov/pubmed/28877959
https://doi.org/10.1016/j.canlet.2020.02.010
https://www.ncbi.nlm.nih.gov/pubmed/32061950

	Introduction 
	Aim of the Study 
	Patients, Materials, and Methods 
	Results 
	Clinical–Epidemiological Findings 
	Histopathological Findings 

	Discussion 
	Conclusions 
	References

