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Abstract

Background: Nasopharyngeal carcinoma, the most common neoplasm to arise in the nasopharynx, is a
locally aggressive tumor with a high incidence of cervical nodal metastases. This study aimed to
investigate the role of computed tomography in the evaluation of tumor stage (T stage) and nodal stage
(N stage) in patients with nasopharyngeal carcinoma.

Methods: CT scans of 338 newly diagnosed nasopharyngeal carcinoma patients were reviewed. All
patients were restaged according to the 8th edition of the Union for International Cancer Control/
American Joint Committee on Cancer staging system relies on evaluation of the primary tumor (T
category), the draining nodal groups (N category).

Results: The 338 patients included in this analysis comprised 92 men and 246 women with a median age
at diagnosis of 49 years (range, 10-89 years). WHO histopathologic type of non-keratinizing
undifferentiated carcinoma was accounted 281/338 (83.1%), non-keratinizing differentiated carcinoma
was 15.1%, and Kkeratinizing squamous cell carcinoma was 1.8%. With CT scan staging, the proportions
of T1, T2, T3 and T4 were 8.9% (30/338), 17.7% (60/338), 32.8% (111/338) and 40.5% (137/338),
respectively; the proportions of N0, N1, N2 and N3 were 12.7% (43/338), 31.9% (108/338), 45.0%
(152/338), and 10.4% (35/338), respectively.

Conclusion: Computed tomography is essential for detection of early NPC, staging of the primary
tumor, and evaluation of associated local lymphadenopathy.
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Non-Keratinizing ~ Undifferentiated =~ Carcinoma;  NKDC:  Non-Keratinizing  Differentiated  Carcinoma;
KSCC: Keratinizing Squamous Cell Carcinoma; '8F-FDG. PET/CT: [18F] Fluoro-D-Glucose Positron-Emission

Tomography.

Introduction

Nasopharyngeal carcinoma (NPC), the most common
neoplasm to arise in the nasopharynx, is a locally aggressive
tumor with a high incidence of cervical nodal metastases. The
tumor has a propensity towards extensive invasion into
adjacent tissues, particularly laterally into the parapharyngeal
space and superiorly into the skull base. However, spread to
the palate, nasal cavity, and oropharynx have also commonly
reported. Distant metastases can arise within bone, lung, the
mediastinum and, more rarely, the liver [1-3]. Although NPC is
rare in North America and Europe with an incidence of 0.5-2
per 100,000, intermediate incidence rates are seen in Southeast
Asia, the Mediterranean Basin, and the Arctic ranging from 0.5
to 31.5 per 100,000 person-years in males and 0.1 to 11.8
person-years in females [4-6]. In southern China, NPC is
endemic with overall NPC incidence rates reaching 20-30 per
100,000 person-years and 15-20 per 100,000 person-years
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amongst males and females, respectively, in the province of
Guangdong [7,8]. NPC has a male to-female ratio of 2-3:1
[9,10], and is most common among patients 40-60 years old
with bimodal age peaks in the second and sixth decades of life
[11,12].

Early detection, early diagnosis, accurate staging and
evaluation after treatment had been the key to improve the
efficacy of treatment and prolong survival period [13]. CT has
been the most reliable and well-established imaging technique
for staging and assessing the extent of nasopharyngeal
carcinoma. The biggest advantage of CT imaging is that the
surrounding bony destruction by NPC can be clearly visualized
on CT image [13]. Zheng et al. [14] found that radiologists
should pay attention to bony structures invaded by
nasopharyngeal carcinoma on CT images. In addition, CT scan
is very quick and gets abundant information. It is also
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relatively cheaper and still an effective imaging method for
diagnosis and follow-up of nasopharyngeal carcinoma [15,16].

This study aims to investigate the role of computed
tomography (CT) in the evaluation of tumor stage (T stage)
and nodal stage (N stage) in patients with nasopharyngeal
carcinoma.

Material and Methods

From July 2015 to April 2019, a total of 338 consecutive
patients with NPC visited HCMC Oncology Hospital, Vietnam.
All patients with histologically proven NPC newly diagnosed
were enrolled in this study. They completed a pre-treatment
evaluation that included physical examination, nasopharyngeal
fiberoptic endoscopy, CT scan of the nasopharynx and neck,
chest radiography, abdominal sonography.

The CT scans were obtained with a GE Optima CT660, in axial
plane and coronal, sagittal recontruction after the injection of
contrast medium (Ultravist 370, Schering, Berlin, Germany)
using 3 mm section thickness; 50 mL of Ultravist was
administered by intravenous. All the images were reviewed
and assessed by two of the authors independently. Cases with
variable interpretation or disagreement in staging between the
observers were reevaluated side by side, and the differences
were confirmed to reach a final consensus.

Medical records and imaging studies were analyzed, and all
patients were restaged according to the 8th edition of the Union
for International Cancer Control/American Joint Committee on
Cancer staging system [17] relies on evaluation of the primary
tumor (T category), the draining nodal groups (N category).
Histopathologic evaluation was according to the 2003 World
Health Organization classification: non-keratinizing
undifferentiated  carcinoma (NKUC), non-keratinizing
differentiated carcinoma (NKDC), keratinizing squamous cell
carcinoma (KSCC).
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SPSS version 20.0 (IBM, Armonk, NY) was used for all
statistical analyses.

Results

The 338 patients included in this analysis comprised 92 men
and 246 women with a median age at diagnosis of 49 years
(range, 10-89 years). WHO histopathologic type of NKUC was
acounted 281/338 (83.1%), NKDC was 15.1%, KSCC was
1.8%. According to the eighth edition UICC/AJCC staging
standards, the proportions of T1, T2, T3 and T4 were 8.9%
(30/338), 17.7% (60/338), 32.8% (111/338) and 40.5%
(137/338), respectively; the proportions of NO, N1, N2 and N3
were 12.7% (43/338), 31.9% (108/338), 45.0% (152/338), and
10.4% (35/338) respectively (Table 1). Figures 1-4 are the
enhanced CT images of patients in the study.

Table 1. Clinical and histopathologic characteristics of the study
patients.

Variables Number %
Age (year)
<50 176 52.1
250 162 47.9
Sex
Male 92 27.2
Female 246 72.8
WHO histopathologic type

NKUC 281 83.1
NKDC 51 15.1
KSCC 6 1.8

Figure 1. Enhanced CT image: (a) Nasopharyngeal carcinoma with posterior nasal cavity and right cavernous sinus infiltration; (b) both side

lymph node metastasis at level II, I1I, IV.
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Figure 2. Enhanced CT image of tumor invasion into the sphenoid sinus and bone destruction in patient with NPC (a); and both side lymph node

metastasis at level II, 111 (b).

Figure 3. (a) Enhanced CT image of NPC and (b) Lymph node metastasis at level II, Il with inside necrosis.

Discussion

Nasopharyngeal carcinoma is a unique disease with clinical
behavior, epidemiology, and histopathology that is different
from that of squamous cell carcinomas of the head and neck.
NPC accounts for 0.25% of all malignancies in the United
States and 15-18% of malignancies in southern China. It also
accounts for 10-20% of childhood malignancies in Africa. The
male to-female ratio is 3:1. It is the most common among
patients 40—60 years old, and bimodal age peaks occur in the
second and sixth decades of life [18-22]. NPC is caused by the
interaction of genetic susceptibility, environmental factors
(e.g., exposure to chemical carcinogens), and infection with
Epstein-Barr virus. High antibody titers to Epstein-Barr virus
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antigens are useful diagnostic markers, and there are many
tests to detect both IgG and IgA titers. In China, dietary factors
for NPC include nitrosamine-rich salted food [19-22]. Patients
often present with local symptoms, such as epistaxis and a
blocked nose, but may also present with hearing loss, otalgia,
headache, or cranial nerve involvement. However, the
nasopharynx is a relatively clinically silent area. The first
presentation may be with cervical nodal or distant metastasis
[19-23]. Our results of patient demographics were consistent
with the findings of previous researches with the median age at
diagnosis of 49 years (range 10-89 years) and male/femal ratio
was 1/2.67.
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Figure 4. Enhanced CT image of NPC: (a) Fossa of Rosenmuller was narrowed due to the tumor invasion; (b) Retropharyngeal lymph node

metastases.

The World Health Organization classification of NPC
recognizes three histologic types. Keratinizing squamous cell
carcinoma (type 1) is found more often in nonendemic areas
and has the worst prognosis. It is analogous to squamous cell
carcinoma elsewhere in the pharynx and is associated with
cigarette and alcohol use. Nonkeratinizing carcinoma (type 2)
behaves in a fashion similar to type 3. Both types are
radiosensitive and have a much better prognosis.
Undifferentiated carcinoma (type 3) was previously called B
lymphoepithelioma because of the mix of undifferentiated
epithelial and nonmalignant T lymphocytes. In North America,
around 25% of patients with NPC have type 1, 12% have type
2, and 63% have type 3. The histologic distribution in southern
China is 2%, 3%, and 95%, respectively [20-23]. In our study,
NKUC was counted for 281/338 (83.1%), NKDC was 15.1%,
KSCC was 1.8%.

CT has long been used for staging NPC, especially for the
detection of skull base tumor involvement with lytic or
sclerotic lesions [23,24], but it has now largely been replaced
by MRI for primary and nodal staging. However, CT is still
used for radiotherapy planning and, in some centers, is used
together with PET using '8F-FDG. PET/CT has been shown to
be of value in NPC staging, where the main advantage is for
the detection of distant metastasis [25]. It is also used for
monitoring patients after therapy and detecting NPC
recurrence.

Staging of NPC according to the seventh edition of the
American Joint Committee on Cancer's TNM staging system
[17] relies on evaluation of the primary tumor (T category), the
draining nodal groups (N category) and evidence or absence of
metastatic disease (M category).

Category T1 NPC

Tumor confined to the nasopharynx was found in only 30/338
of patients (8.9%) (Table 2). Mucosal spread of NPC tends to
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involve the superior portion of the nasopharynx. Deep

infiltrating tumors may be found even when the
nasopharyngeal component is small [18,26].
Table 2. T stage and N stage.
Variables Number %
T stage
T 30 8.9
T2 60 17.7
T3 111 328
T4 137 405
N stage
NO 43 12.7
N1 108 31.9
N2 152 45
N3 35 10.4

The nasal cavity is commonly involved by NPC. Minimal
invasion of tumor to the margin of the choanal orifice is
common, whereas more bulky disease extending into the main
body of the nasal cavity is encountered less frequently. NPC at
the roof may spread centrally along the septum [20,26].

Inferior superficial extension down to the mucosa of the
oropharynx is uncommon. Invasion of the oropharynx rarely
occurs as an isolated event and therefore is not usually an early
sign of disease [18,26].

Category T2 NPC

Parapharyngeal spread occurs when tumor spreads
posterolaterally and usually involves lateral penetration
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through the levator palatini muscle and pharyngobasilar fascia
to involve the tensor palatini muscle and parapharyngeal fat
space. Invasion of the parapharyngeal space is associated with
an increased risk of distant metastases and tumor recurrence. It
can lead to compression of the eustachian tube with middle ear
and mastoid effusion. Further posterolateral spread may also
involve the carotid space and encase the carotid artery [25].

Retropharyngeal spread occurs when tumor spreads posteriorly
to involve longus capitis muscles and prevertebral space. This
region contains lymphatics and a venous plexus, and so
invasion of the prevertebral space is associated with an
increased risk of distant metastases. In some patients, this
posterior extension is the preferred pattern of tumor spread,
with bulky disease continuing down to the foramen magnum
and upper cervical spine [27].

Category T3 NPC

NPC has a propensity to invade the skull base at diagnosis. The
clivus, pterygoid bones, body of the sphenoid, and apices of
the petrous temporal bones are most commonly invaded. Axial
T1-weighted imaging provides a good overview of the extent
of skull base invasion [18,20]. CT reveals permeative or
erosive bone changes of the skull base or spread along
foraminal pathways. Also, sclerosis of the pterygoid process
with increased attenuation of medullary cavity or thickening of
cortical bone may be detected [28]. Tumor frequently invades
the skull base foramina (foramen rotundum, oval, and lacerum
and vidian canal) and fissures (pterygomaxillary and
petroclival). Tumor extended into the pterygopalatine fossa
provides a route of spread to the orbit, infratemporal fossa,
nasal cavity, and middle cranial fossa. Invasion of hypoglossal
nerve canal and jugular foramen is less common [18,29].

Paranasal sinus involvement occurs as a result of direct
extension. Maxillary sinus involvement occurs after nasal or
infratemporal maxillary wall erosion (6%). Sphenoid sinus
extension is common because it lies above the roof of the
nasopharynx. The ethmoid and sphenoid are less commonly
involved. Sinus involvement is recognized by the loss of
contiguity of the sinus walls. Intrasinus extension of tumor
may be seen. Tumor can be differentiated from reactive
mucosal thickening on MRI, where inflammatory mucosal
thickening is seen as uniform T2-weighted signal greater than
that of tumor, also enhancing to a greater degree than tumor
[18,26].

Category T4 NPC

Meningeal involvement appears as nodular enhancement, often
along the floor of middle cranial fossa or posterior to the
clivus. Direct invasion of the brain is rare. Invasion of
cavernous sinus can lead to multiple cranial palsies. NPC may
spread into the cavernous sinus from tumor surrounding the
horizontal portion of the internal carotid artery, foramen ovale,
orbital fissures, or directly through the skull base [18,23,26].
NPC has a propensity to spread to nodes and in 87.3% (Table
1) is found by imaging to have a tendency for bilateral neck
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spread. Nodal metastases are diagnosed if the shortest nodal
axial diameter reaches 5 mm or greater in the lateral
retropharyngeal region, 11 mm in the jugulodigastric region, or
10 mm in other non-retropharyngeal nodes of the neck; if there
is a group of three or more nodes that are borderline in size; or
if the nodes display necrosis or extracapsular spread.
Extracapsular spread has also been shown to be an independent
prognostic factor [25,30].

The diagnosis of enlarged retropharyngeal lymph nodes in
patients with NPC can only be made by imaging and MRI has
an advantage over CT in being better able to separate the
lateral retropharyngeal nodes from the primary tumor in the
adjacent posterolateral nasopharynx. Lateral retropharyngeal
nodes are among the most common sites of nodal spread from
NPC and have been considered the first echelon of metastatic
spread [26]. However, nodal spread may bypass these nodes
and spread to other nodes of the upper neck. Metastatic lateral
retropharyngeal nodes can be identified from the skull base to
the level of C3. Retropharyngeal node involvement is now
classified as category N1, whether unilateral or bilateral
[18,31]. PET/CT reveals increased FDG uptake in metastatic
cervical lymph nodes, but MRI appears to be superior to
PET/CT for the assessment of retropharyngeal nodal metastasis
because of the better discrimination of nodes from the adjacent
primary tumor [32].

Metastatic nodes posterior to the jugular vein in the upper neck
are the most common sites for nonretropharyngeal nodes [30]
and are designated as high internal jugular nodes, although at
this site, the internal jugular and spinal accessory nodal chains
converge. Nodes then usually spread in an orderly sequence
down the neck. Nodes in the submandibular and parotid or
periparotid region are far less common at diagnosis. Nodal
metastases at supraclavicular fossa increase the incidence of
distant metastases [18].

NPC shows a high frequency of distant metastases (5-41%).
The most common sites of metastases include bone (20%),
lung (13%), and liver (9%). Patients with supraclavicular
lymphadenopathy or tumors extension into the parapharyngeal
and retropharyngeal space have a significantly higher risk of
distant metastases. PET/CT is sensitive to detect bony and soft-
tissue metastatic deposits [25]. Whole-body MRI shows a
diagnostic capacity similar to that of FDG PET/CT in assessing
distant-site status in patients with untreated NPC; in one
reported study, the combined interpretation of whole-body
MRI and FDG PET/CT showed no significant benefit over
either technique alone [32]. The frequency of distant
metastases in our study was 19.2% which was consistent with
previous reports. Our data did not contain distant metastases
because of CT only scan neck area with or without head area.
This is one of the limitations of our study.

Conclusion

In conclusion, computed tomography is essential for detection
of early NPC, staging of the primary tumor, and evaluation of
associated local lymphadenopathy. Further studies are needed
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to detect tumor recurrence and radiation-associated changes in
the soft tissue and bone after therapy.
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