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Introduction and Etiopathogenesis

Nasopharyngeal carcinoma (NPC) is an epithelial carcinoma
originating from the mucosal lining of the nasopharynx. The
tumor occursmore commonly inmales than females (two- to
threefold) and occurswith a bimodal incidence in second and

sixth decades of life.1 Epidemiological trends have shown a
gradual decline in incidence of the disease with reduction in
mortality reflecting lifestyle and environmental changes.
NPC usually originates at the fossa of Rosenmuller (pharyn-
geal recess) which is located posterosuperior to the Eusta-
chian tube opening, fromwhere it spreads to adjacent areas.2
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Abstract Nasopharyngeal carcinoma (NPC) is an epithelial carcinoma originating from lining of
the nasopharyngeal mucosa usually at the fossa of Rosenmuller (pharyngeal recess). An
early detection on endoscopy can be rewarding, however, often difficult as the tumor at
the pharyngeal recess is hidden from the endoscopic view. Magnetic resonance
imaging and positron emission tomography–computed tomography form the back-
bone of detection and spread of the carcinoma into local and distant regions. These
modalities help further characterize the precise locoregional infiltration and lymph
nodal involvement which aids in the planning of the surgery/chemoradiotherapy. They
also help in the follow-up evaluation and further management strategies. Many
research and treatment groups namely American Joint Committee on Cancer, National
Comprehensive Cancer Network, American Society of Clinical Oncology, American
College of Radiology, Radiological Society of North America, European Society of
Radiology (iGuide), Indian Radiological & Imaging Association/Indian College of
Radiology and Imaging, National Cancer Grid, etc. have devised guidelines for the
optimal assessment and treatment of NPC. The present document aims at providing a
comprehensive review of the clinicoradiological recommendations for the diagnosis
and management of NPC based on these guidelines as well as personalized experience
of the contributors.
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NPC is multifactorial disease with strong genetic basis
among first-degree relatives.3 Other major risk factors in-
clude Epstein–Barr virus (EBV) infection,4 smoking, and
exposure to salt-cured preserved foods.5 Usage of certain
Chinese medical herbs, smoking, and nitrosamines present
in preserved foods act by causing a reactivation of EBV in
nasal mucosa causing NPC. Genetic polymorphisms in
CYP2A6 and certain HLA haplotypes have also been studied
in detail as causations in NPC.6 NPC has three distinct
histopathological subtypes—keratinizing squamous cell
(World Health Organization [WHO] type I, sporadic form
contributing to less than 20% cases globally), nonkeratinizing
(WHO types II and III, contributing tomore than 95% cases in
endemic areas), and least commonly, the basaloid squamous
cell type. The nonkeratinizing type is strongly associated
with EBV infection and has more favorable prognosis than
the other histological subtypes.7,8

Epidemiology

NPC accounts for 0.7% of all newly diagnosed cancer cases
worldwide with more than 130,000 new reported cases and
80,000 deaths in global cancer registry. More than 70% new
cases are reported from Southeast China, with remainder
being accounted predominantly in Southeast Asia and
Northeast Africa regions. India accounts for 4% of total new
NPC cases with a high-ethnic incidence in Nagas community
with more than 16 per 100,000 person-years incidence.5

Clinical Profile and Diagnostic Workup

Patient presentation is varied and the tumor may go unde-
tected from unawareness about the symptoms of the disease
and relatively “clinically occult” site of origin of the carcino-
ma at nasopharynx. In the early stages of cancer, patients are
asymptomatic or have mild symptoms such as nasal stuffi-
ness. Local symptoms such as epistaxis, headache, hearing
defects, otalgia, or neuropathies may occur from involve-
ment of adjacent cranial nerves. Overall, the patients usually

directly present when there is cervical lymph node enlarge-
ment (in more than 70–90% cases at initial presentation) or
from symptoms at sites where distant metastasis (bones,
liver, lungs, and distant nodes) has already occurred.1 A
clinical triad of nasal obstruction with epistaxis, neck
mass, and serous otitis media occurs infrequently. With
high clinical suspicion and genetic/environmental history,
an early detection on endoscopy can be rewarding, however,
often difficult as the tumor at the pharyngeal recess is hidden
from the endoscopic view. This could also be hindered by the
presence of a coexisting benign hyperplasia. Endoscopic
biopsy plays a significant role in definitive diagnosis of the
disease. Patient’s initial diagnostic workup should also in-
clude a pretreatment EBVDNA levelswhich havebeen shown
to influence survival outcomes, besides investigations such
as blood counts, liver function tests, cross-sectional imaging,
and chest radiographs.8,9 The role of EBV DNA levels is also
evidenced by its incorporation in the American Joint Com-
mittee on Cancer TNM staging (►Table 1). It is important to
note that incisional neck biopsies or nodal dissections should
be avoided as these procedures negatively impact subse-
quent treatment.

Imaging Referral Guidelines

American College of Radiology10 has recommended imaging
using magnetic resonance imaging (MRI) of nasopharynx,
skull base, and neck for the assessment of locoregional
extent of the disease. In addition, it is advocated to image
the upper mediastinum if there are low neck nodal metasta-
sis. MRI scores over CT in detecting nasopharyngeal mass
lesions due to its superiority at detecting the extent of
osseous, cranial nerve, and intracranial involvement. This
is especially important as these lesions have the propensity
for skull base invasion and intracranial spread. Additional
imaging of metastasis using positron emission tomography
(PET) scan may be done, and if the same is not available,
combination of a bone scan and a computed tomography (CT)
of the chest and abdomen may be helpful.11 The National

Table 1 AJCC/UICC staging system for NPC, eighth edition9

Primary tumor (T) TX—Primary tumor cannot be assessed; T0—EBV-positive cervical node(s), no tumor identified; Tis—tumor in
situ; T1—nasopharynx, nasal cavity, oropharynx without parapharyngeal extension; T2—parapharyngeal extension, adjacent
soft tissue involvement (prevertebral muscles, medial pterygoid, lateral pterygoid); T3–Bony structures (skull base, pterygoid,
cervical vertebra) with or without paranasal sinuses involvement; T4—cranial nerves, intracranial extension, orbit, hypopharynx,
extensive, soft tissue involvement beyond lateral surface of lateral pterygoid

Regional lymph nodes (N)NX—regional nodes cannot be assessed; N0—no regional nodal metastasis; N1—unilateral (U/L) cervical,
U/L or bilateral (B/L) retropharyngeal lymph nodes � 6 cm; N2—B/L metastasis in lymph nodes, � 6 cm in greatest dimension,
above the caudal border of the cricoid cartilage; N3—> 6 cm and/or extension below the caudal border of the cricoid cartilage

Distant metastasis (M) M0—no distant metastasis, M1—distant metastasis

Stage group classification
I—T1N0M0
II—T2N0–1M0, T0 1N1M0
III—T3N0–2M0, T0 2N2M0
IVA—T4 or N3M0
IVB—Any T, any N, M1

Abbreviations: AJCC, American Joint Committee on Cancer; EBV, Epstein–Barr virus; NPC, nasopharyngeal carcinoma.
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Cancer Grid guidelines advocate use of CT scan of head, neck,
and chest and bone scan for staging of the disease and biopsy
of mass or cervical lymph nodes. MRI of the head and neck,
fluorodeoxyglucose (FDG), and pure tone audiometry are
optimal recommendations. For patient follow-up,
PET-CT/MRI is used for response evaluation with examina-
tion of nasopharynx and neck, cranial nerve function, and
evaluation of systemic complaints.12 For T3 and T4 tumors,
PET-CT/MRI is used yearly for at least 5 years and thyroid
function tests are done at 1, 2, and 5 years.

American Society of Clinical Oncology13 recommends
intensity-modulated radiotherapy (IMRT) with daily image
guidance for all NPC patients. It is important to carefully
delineate the gross tumor volume. Apart from the consensus
guidelines that should be followed for target delineation,
advanced technical parameters such as image fusion should
be explored. MRI fusion with CT for target delineation is
mandatory. This aids in the appreciation of potential tumor
extension at the skull base and helps evaluate the presence of
cranial nerve involvement and/or intracranial extension, if
present.

Imaging Guidelines

Screening
Biomarkers such as circulating cell-free EBV DNA are used to
detect NPC in people at risk of developing early-stage can-
cer.14 Patients with positive plasma biomarkers usually
undergo nasopharyngeal endoscopy with or without biopsy.
Pharyngeal recess (fossa of Rosenmuller) is a hidden area for
the endoscopist.15 Also, early lesions in adenoids and those
beneath the nasopharyngeal mucosa can be easily missed on
endoscopy.15 Lesions in these areas usually appear as mini-
mal submucosal bulge or diffuse lymphoid hyperplasia on
the endoscopic examination.16 MRI can act as an adjunct to
detect these endoscopically occult lesions. Early NPC (T1
lesions) is seen as asymmetry of nasopharyngeal halves, loss
of adenoid septa, discontinuity of deep mucosal line, de-
creased signal on T2-weighted imaging (T2WI), and hetero-
geneity of contrast enhancement.17

Diagnosis and Staging
Imaging is used to localize NPC, to look for the patterns of
spread of the tumor and to assist in clinical staging of NPC in
accordance to TNM classification. Though locoregional
spread can be evaluated by both CT and MRI, contrast-
enhanced MRI is the preferred modality as it has higher
sensitivity to detect skull base invasion, perineural
spread/denervation changes, meningeal invasion, cavernous
sinus involvement, and retropharyngeal lymphadenopa-
thy.18 Bony erosions are best studied on CT.19 TNM classifi-
cation is described in ►Table 1.

Local Extension/T Staging
NPC originates in the fossa of Rosenmuller, also known as
lateral pharyngeal recess (►Fig. 1), and spreads mucosally
submucosally in the nearby spaces. Serous otitis media can
result secondary to obstruction of Eustachian tube opening

at torus tubarius. Anteriorly the lesion may spread to the
nasal cavity and inferiorly into the adjacent oropharynx (T1
disease). The neoplasm extends posterolaterally into the
parapharyngeal fat and infiltrates into pterygoid muscles
(T2 disease) through the sinus ofMorgagni. Loss of normal T1
hyperintense fat signal in parapharyngeal space and tumor
enhancement on postcontrast images is seen in paraphar-
yngeal extension of NPC (►Fig. 2). T3 tumor shows involve-
ment of paranasal sinus and/or bones such as skull base,
cervical vertebrae, or pterygoid plates. Loss of the normal T1
hyperintense fatty marrow signal on MRI and cortical ero-
sion and sclerosis on CT denotes marrow invasion. Sphenoid
sinus and clivus involvement are common. Further spread of
the lesion on posterolateral aspect leads to carotid space
invasion and spread along lower cranial nerves IX to XII.
Hypoglossal nerve involvement may lead to denervation-
related fatty replacement of the affected side of the tongue.
Tumor may show carotid artery infiltration, which is labeled
when there is more than 75% circumferential vascular

Fig. 1 (a) Axial T2W MR image showing hyperintense poorly defined
mass involving the right side of nasopharynx in the fossa of Rose-
nmuller (white arrow) with associated fluid in the mastoid air cells. (b)
Axial postgadolinium T1W MR image showing enhancement of the
lesion (white arrow). MR, magnetic resonance; T2W, T2-weighted.

Fig. 2 Axial T1WI (a) and T2WI and (b) fat sat images showing a large
mass involving the left side of nasopharynx with extension into left
parapharyngeal space and involvement of pterygoid muscles. En-
larged retropharyngeal nodes and left-sided mastoiditis are also seen.
T1WI, T1-weighted imaging; T2WI, T2-weighted imaging.
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encasement. The patient is deemed inoperable with chances
of potential carotid artery blow-out postradiotherapy (post-
RT). Intracranial extension, maxillary sinus or cranial nerve
involvement, hypopharyngeal and orbital invasion is seen in
T4 tumors. MRI shows thickening and irregular enhance-
ment of the involved cranial nerve either as continuous or as
skip lesions. Expansion of the foramen/canal can be seen on
CT. Perineural spread indicates poor prognosis and higher
chances of recurrence. Perineural spread through the fora-
men ovale along the mandibular nerve causes denervation
atrophy of themuscles ofmastication. Intracranial extension
is seen as nodular enhancing meningeal masses or focal
deposits within the middle and/or posterior cranial fossa.
Intracranial spread may extend to involve the Meckel’s cave,
cavernous sinus, and prepontine cistern. Extension of the
mass lesion laterally into the masticator space or infratem-
poral fossa is also staged as T4 disease.

Nodal Involvement
Imaging can detect nodal spread of NPC in 60 to 90% of
cases.20Nodal spread usually starts at retropharyngeal nodes
(RPNs) followed by involvement of nodes at levels II, III, and
IV.21 Skip metastases to lymph nodes at level VI, supra-
clavicular fossa, and distant spread to thoracic and abdomi-
nal nodes can be seen in about 5% cases. However, the
absence of RPN involvement is seen in up to 1/3 of patients.22

Some studies have suggested that level IIb nodes may be the
first echelon nodes.22 Lymphadenopathy is often bilateral in
NPC. On imaging, supraclavicular nodes include levels IV and
Vb nodes and are seen on the axial imaging section with a
portion of the clavicle. Shortest axial diameter is used to
measure the involved nodes. Normal size nodes may also
harbor metastatic disease.23 Loss of normal fatty hilumwith
change in the shape of the node from oval to round leading to
increase in axial dimension and the longest longitudinal to
axial dimension ratio <2 suggests malignant involvement.23

Clustered nodes >3 in the drainage area of primary tumor
suggests metastatic involvement.24 The presence of necrosis,
seen as hyperintense signal on T2WI with peripheral post-
contrast enhancement, is very specific formetastatic disease.
Extranodal spread beyond the capsule can be seen in up to
23% of cases.25 It is seen as contour irregularity of the nodal
margins with stranding in the adjacent fat.

Metastatic Spread
Distant metastases at initial diagnosis can be seen in up to
11% patients.26 Most common sites are bones, chest (pulmo-
nary lesions andmediastinal lymph nodes), liver, and distant
lymph nodes other than in the mediastinum. Hypertrophic
pulmonary osteoarthropathy can be rarely seen in patients
with intrathoracic metastatic disease.26 FDG PET/CT is pre-
ferred modality to evaluate distant metastasis,
mapping/characterizing cervical/distant lymph nodes and
for work up of residual and recurrent disease.27

Imaging for Response Assessment and Follow-up
Follow-up assessment of patients after treatment for NPC
includes evaluation of the nasopharynx and neck, cranial

nerves, and clinical work up/imaging to detect distant
metastasis. A baseline scan within 6 months of completion
of chemoradiotherapy in T3/4-N2/3 NPC is recommended
by National Comprehensive Cancer Network. Comprehen-
sive clinical evaluation/endoscopy guides further imaging
“as indicated based on signs/symptoms.”28 Both MRI or
PET/CT can be used for response assessment.29 CT scans
are considered much inferior to contrast-enhanced MRI in
differentiating residual/recurrent disease from post-RT–
chemotherapy changes. A baseline MRI scan is usually
performed at 3 months posttreatment to detect subclinical
residual lymphadenopathy.29 Due to high soft tissue reso-
lution, it may also serve as a baseline scan to detect future
early recurrences. Diffusion-weighted imaging sequence
with diffusion kurtosis imaging has been recently utilized
to differentiate recurrent neoplasm from posttreatment
changes. Increase in the apparent diffusion coefficient values
after initiation of chemotherapy when compared with pre-
treatment scans indicates favorable response. No residual
enlarged lymph nodes should be seen; otherwise, a neck
dissection is necessary. On MRI, nonenhancing tissue with
dark signal on T2WI represents mature fibrosis. Immature
fibrosis (being cellular with fluid content) is seen as interme-
diate to high signal on T2WI and may sometimes enhance
making it difficult to distinguish it from residual/recurrent
disease.30 Post-RT changes can appear as asymmetry of the
nasopharynxwith lossofnormalcontours.Also,distortionand
partial effacement of the fossa of Rosenmuller (primary site)
due to fibrosis can present difficulties for the radiologist to
distinguish from residual/recurrent disease.

PET/CT is considered helpful in such cases and has a high
negative predictive value of 95% when done after 12 weeks
posttherapy.29 Recurrent/residual tumor has bulging con-
tours with enhancement that can be detected with certainty
on PET/CT as an FDG avid lesion. Regression of abnormal
tissue on follow-up scans may indicate post-RT changes, but
unchanged or growing lesions may suggest recurrent dis-
ease. Progressing masses or the appearance of a new node
suggest recurrence. Clinical assessment, endoscopy, and EBV
DNA levels can be helpful guide for initial evaluation, which
can be followed by either PET/CT or MRI in positive cases to
detect recurrence of NPC.14 Isolatedmeningeal thickening in
the posterior fossa at the jugular foramen or foramen mag-
num without any visible nasopharyngeal component can be
seen in recurrent cases.31

Principles of Management

Management, as in any other cancer, is directed toward
providing the best chance of cure/remission with good
long-term outcomes and minimal adverse effects. The treat-
ment is multidisciplinary with RT forming the mainstay for
patients with early and locoregionally advanced NPC
(►Supplementary Table S1). Concurrent chemoradiotherapy
is preferred in patients beyond Stage II disease. Induction
chemotherapy with cisplatin and gemcitabine has been
shown to provide benefit in Stages III and IVA disease, which
is followed by concurrent chemoradiation. Bilateral neck
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dissection is often performed in all patients due to early
involvement of lymph nodes in the disease. Patients with
advanced stage disease are less responsive to therapy and
also have higher chances of recurrence.

Follow-up Imaging and Management of Recurrent
Disease
Follow-up MRI of the neck including the skull base and
whole-body PET-CT is usually recommended after 3 to
4 months of treatment completion. An earlier imaging may
create problems in distinguishing residual tumor from post-
therapychanges. Posttreatment surveillancewith endoscopy
and a general clinical examination is recommended at 3
monthly intervals for the first 2 years followed by 6 monthly
for the next 3 to 4 years. Imaging is performed in cases of
clinical suspicion of recurrence.

Recurrent disease following treatment is difficult to man-
age. However, chemotherapy with cisplatin and gemcitabine
has been shown to be of some benefit than other agents.
Targeted therapy including vascular endothelial growth fac-
tor receptor and epidermal growth factor receptor inhibitors
has not shown to be much useful. Reirradiation strategies
using IMRT and immunotherapy are being used for treat-
ment of a subset of recurrent NPC patients and have shown
some promise; however, a lot still needs to be done for the
management of this patient cohort.

Summary of Recommendations

1. Endoscopic nasopharyngeal biopsy is recommended in all
clinically suspected cases of NPC, as evidenced by swelling
in the nasopharynx, combined with EBV-encoded small
RNAs in situ hybridization examination.

2. For assessment of the locoregional extent of the disease,
imaging using MRI of nasopharynx, skull base, and neck
until uppermediastinum is suggested. CTscan can be used
alternatively; however, it is inferior to MRI in detecting
the extent of cranial nerve, osseous, and intracranial
involvement.

3. Additional imaging of metastasis using PET scan may be
done, and if the same is not available, combinationof a bone
scanandaCTof thechestandabdomenmaybehelpful. Pure
tone audiometry are optimal recommendations.

4. For patient follow-up, PET-CT/MRI is used for response
evaluation with examination of nasopharynx and neck,
cranial nerve function, and evaluation of systemic com-
plaints. For T3 and T4 tumors, PET-CT/MRI is used yearly
for at least 5 years and thyroid function tests are recom-
mended at 1, 2, and 5 years.

Synoptic Reporting Format is given in ►Supplementary

Table S2.
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