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Abstract

Objectives: Extranodal NK/T-cell lymphoma is reportedly a rare but emerging type of lympho-

ma in adolescents. The present study was performed to specify its imaging characteristics.

Methods: Our hospital’s picture archiving and communication systems were searched from

January 2009 to December 2016. We identified 13 patients aged <18 years with pathologically

confirmed extranodal NK/T-cell lymphoma in the head and neck region. The computed tomog-

raphy and magnetic resonance images were reviewed to summarize the imaging characteristics of

extranodal NK/T-cell lymphoma in adolescents.

Results: The mean age at onset was 15.2� 1.46 years (range, 12–17 years) with a male:female

ratio of 1.17:1.00. Most of the patients (n¼ 10) displayed nasal cavity and/or paranasal involve-

ment. The tumor was homogeneous in both computed tomography and magnetic resonance

images and showed slight enhancement. No calcification or liquefactive necrosis was observed.

Adjacent structures were usually involved.

Conclusion: Suggestive imaging characteristics could acquaint specialists with extranodal NK/T-

cell lymphoma in adolescents, facilitating improved early recognition of the diagnosis and helping

to improve the patient’s outcome.
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Introduction

Extranodal NK/T-cell lymphoma
(ENKTL) is an aggressive and rare tumor
that is sporadic worldwide but more fre-
quent in East Asia, Central, and South
America.1–6 Most affected patients are
men in their 40s and 50s.7–14 However,
recent reports have indicated that among
all patients with ENKTL, there is a small
peak in the incidence at adolescence.
ENKTL in adolescents is distinct from its
counterpart in patients of advanced age in
terms of its potentially closer association
with aggressive NK-cell leukemia and
chronic active Epstein–Barr virus (EBV)
infection or other T/NK lymphoprolifera-
tive disorders.15–18 However, little is
known about ENKTL in adolescents.

Multiple imaging modalities have been
widely used as effective screening tools
for head and neck diseases. However,
the radiological findings of ENKTL in
adults are only occasionally reported, and
to the best of our knowledge, no reports
have focused on the imaging findings
of ENKTL in adolescent patients.19–24

The differences in the imaging features
between ENKTL in adolescents and
adults remain unclear. Furthermore, it is
important for radiologists to understand
this lymphoma type to enhance their differ-
ential diagnoses, especially given the large
difference in the disease spectrum between
aging adults and adolescents. Such knowl-
edge could also help otolaryngologists,
maxillofacial surgeons, and other specialists
to avoid misdiagnosis. Therefore, in this

consecutive 7-year case series, we summa-

rized the computed tomography (CT)

and magnetic resonance (MR) imaging

findings of patients with ENKTL to reveal

the imaging characteristics of ENKTL in

adolescents.

Methods

Patients

Our hospital’s picture archiving and com-

munication systems were searched from

January 2009 to December 2016.

Consecutive patients aged <18 years who

had pathologically confirmed ENKTL

(based on the World Health Organization

tumor classification) were included, and

their clinical records were reviewed.

Patients were excluded if their records

did not include images of the primary

lesions, CT or MR images, images

before chemotherapy or radiotherapy, or

lesions in the head and neck region.

Basic patient information such as sex, age,

symptoms, hemoglobin level, platelet count,

lactate dehydrogenase (LDH) level in

peripheral blood, and therapeutic regimens

were extracted from the clinical records.

Because this was a retrospective study

and only limited information was

disclosed, ethics approval was not necessary

after consulting with the Ethics

Committee of West China Hospital.

Written informed consent was collected

from all patients.
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Imaging techniques and
radiological analysis

CT scans were performed by one of the fol-
lowing scanners: Siemens SENSATION 16
(Siemens, Erlangen, Germany), Philips
BRILLIANCE 64 (Philips Healthcare,
Amsterdam, the Netherlands), Siemens
SOMATOM Definition (Siemens),
Siemens SOMATOM Definition AS
(Siemens), or Siemens SOMATOM
Definition FLASH (Siemens). Different
protocols were applied according to the
various disease sites and clinical practices.
The scan ranges varied across different
sites. MR imaging scans were performed
by one of the following scanners:
TOSHIBA EXCELART VANTAGE
(1.5T) (Toshiba, Tokyo, Japan), Siemens
Trio Tim (3.0T) (Siemens), or Siemens
Sonata (1.5T) (Siemens). T1-weighted
images (T1WI) and T2-weighted images
(T2WI) were generated by two-
dimensional sequences based on spin echo
or fast/turbo spin echo sequences. At least
two of three views (axial, sagittal, or coro-
nal) were scanned. Fat saturation or fluid-
attenuated inversion recovery was also
applied to several selective sequences.
Contrast-enhanced fat-suppressed images
were obtained after intravenous injection
of gadolinium-based agents.

Two radiologists analyzed the images
independently before agreeing on a collec-
tive interpretation of the data together. The
imaging parameters were the tumor posi-
tion, necrosis, calcification, attenuation,
degree of enhancement, enhancement pat-
tern, local tumor invasion, lymphadenopa-
thy, and metastasis. The enhancement
pattern of the tumor was evaluated as
homogeneous or heterogeneous. Local
tumor invasion was defined as extension
of the lesion into adjacent structures.
Lymphadenopathy was assessed when at
least one of the following features was
present: enlargement (axial diameter of

>10mm in cervical and mesenteric areas),
enhancement ring or irregular enhance-

ment, and middle or irregular necrosis.
Information on metastasis was mostly gath-
ered from the clinical records except in

cases of metastasis to organs within the
scan areas and in cases in which CT or

MR scans of other sites were performed at
the same time. For MR images, T1WI,
T2WI, and fluid-attenuated inversion

recovery (FLAIR) signals were analyzed
as augmentations. All signals were com-

pared with normal skeletal muscles or as
specifically mentioned below.

Pathological confirmation

All patients were diagnosed with ENKTL
from samples obtained at biopsy.
Pathological specimens were observed by

hematoxylin–eosin staining and immuno-
histochemical staining. Standard immuno-

histochemical studies were performed
using the following antibodies: CD20
(L26; Dako, Carpinteria, CA, USA), CD3

polyclonal (Polyclonal; Dako), CD5 (4C7;
NeoMarkers, Fremont, CA, USA), CD56
(123C3; Zhongshan Bio-Tech, Zhongshan,

China), Ki-67 (MIB-1; Dako), CD4
(1F6; Novocastra, Newcastle upon

Tyne, UK), CD8 (C8; Dako), granzyme B
(GZB01; NeoMarkers), and TIA-1
(2G910F5; Zhongshan Bio-Tech). EBV-

encoded small RNA in situ hybridization
(EBER-ISH) (No. Y520001; Dako) was

performed to demonstrate the presence
of EBV.

Results

Patients and clinical findings

Thirteen adolescents with ENKTL
were included in this study (Table 1).

Their mean age at onset was 15.2� 1.46
years (range, 12–17 years) with a male:
female ratio of 1.17:1.00. More than half
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of the patients (n¼ 7) had nasal obstruc-

tions, while three patients had purulent

nasal discharge. Three patients had facial

edema, two patients had pars orbitalis

edema, and three patients had fevers. Each

patient had only head and neck involvement,

even those with advanced-stage cancer (stage

III/IV). With respect to the laboratory find-

ings, three patients were diagnosed with

anemia, three patients were diagnosed with

thrombocytopenia, and two patients had an

elevated LDH level. Most of the patients

(n¼ 9) received chemotherapy with an

L-asparaginase-based regimen. The detailed

information regarding the clinical findings

are summarized in the supplementary data

provided in Table S1.

Radiological findings

Among the 13 adolescents with ENKTL, 12
underwent CT scans, 3 underwent MR
imaging, and only 2 underwent both MR
imaging and CT scans. Five patients under-
went contrast-enhanced scans (CT, n¼ 3;
MR imaging, n¼ 3). The slice thickness of
the CT scans was <3 mm in 11 of the
patients and multiplanar-reconstructed in
three views. The slice thickness of the one
other patient’s images was 9 mm for screen-
ing of intracranial abnormities because his
chief complaint was a 17-day history of fail-
ing eyesight in the left eye. Later, MR imag-
ing was performed and used to evaluate the
lesion in the nose region.

The tumor sites and characteristics of
local tumor invasion among all 13 patients
were as follows. Ten patients showed nasal
cavity and/or paranasal involvement, and
three patients mainly showed nasopharynx
involvement. Lymphadenopathy was seen
in most of the patients (n¼ 9); however,
because of the limited images, no systematic
investigation was performed. On the basis
of the medical records and imaging materi-
als, one patient had a mediastinal mass that
was considered to be metastasis.

Among the 10 patients with nasal and/or
paranasal involvement (Figure 1), 8 patients
had lesions on both sides of the nasal
cavity. Among these eight patients, one
patient’s tumor was dominant in the left
nasal cavity with asymmetrical thickening
and destruction of the nasal septum; it
also occupied the inferior nasal meatus.
The other seven patients had obvious
lesions on both sides of the nasal cavity.
These eight patients’ lesions were also
found in the maxillary sinus (left, n¼ 3;
right, n¼ 1; bilateral, n¼ 2), the anterior
ethmoid sinus (bilateral, n¼ 6), the frontal
sinus (left, n¼ 1; right, n¼ 2; bilateral,
n¼ 1), the posterior ethmoid sinus (left,
n¼ 1; right, n¼ 1; bilateral, n¼ 4), the
sphenoid sinus (right, n¼ 2; bilateral,

Table 1. Clinical characteristics of 13 patients.

Variables

Number of

patients (%)

Age, years 15.2� 1.46 (12–17)

Sex

Male 7 (53.8)

Female 6 (46.2)

Symptoms

Nasal obstruction 8 (61.5)

Fever 5 (38.5)

Par orbitalis edema 3 (23.1)

Facial edema 3 (23.1)

Purulent nasal discharge 3 (23.1)

Anemia

Yes 3 (23.1)

No 10 (76.9)

Thrombocytopenia

Yes 3 (23.1)

No 10 (76.9)

Elevated LDH

Yes 4 (30.8)

No 9 (69.2)

Treatment

Chemotherapy 6 (66.7)

Chemotherapyþ radiotherapy 1 (11.1)

ChemotherapyþHSCT 1 (11.1)

No treatment 1 (11.1)

Age is presented as mean� standard deviation (range).

LDH, lactate dehydrogenase; chemotherapy, all chemo-

therapeutic regimens were L-asparaginase-based regi-

mens; HSCT, hematopoietic stem cell transplantation.
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n¼ 2), the extraconal orbital space (left,

n¼ 2; right, n¼ 1), the intraconal orbital

space (left, n¼ 1; right, n¼ 1), the soft

palate (n¼ 4), the hard palate (n¼ 3), the

nasopharynx (n¼ 2), the nasal septum

(n¼ 7), the nasal ala (n¼ 4), and the facial

skin and subcutaneous tissue (n¼ 3). The

remaining 2 of the 13 patients, whose

major involvement was in the facial soft

tissue (unilateral, n¼ 1; bilateral, n¼ 1),

had lesions in the nasal septa and/or turbi-

nates (Figure 2).
All three patients with nasopharyngeal

involvement (Figure 3) showed large exo-

phytic nasopharyngeal masses occupying a

majority of the airway and invading the sur-

rounding fascial spaces and tissues. In all

three patients, the tumors invaded the choa-

nae, stretching along with the turbinates

and involving the prevertebral spaces, the

parapharyngeal spaces of both sides, and

the soft and hard palates; they then extend-

ed to the oropharynx and involved

Waldeyer’s ring. Among these three

patients, two had tumors that invaded the

left pterygopalatine fossa and the posterior

ethmoid sinus, one of whom also had

lesions in the maxillary sinuses. The other

patient’s tumor invaded the posterior eth-

moid sinus and the sphenoid sinus of the

right side.
At all sites, the tumors ranged from an

infiltrative pattern to a mass-forming pat-

tern. In the CT images, the lesions in the

nasal or nasopharyngeal areas were homo-

geneous (similar to normal muscles) in most

cases (10 of 12 cases; 2 cases were slightly

heterogeneous). Among these 12 tumors,

Figure 1. A 15-year-old male patient presented with a 17-day history of failing eyesight in the left eye.
(a) Computed tomography images of the nasal lesion. (b, d, e, f) Magnetic resonance images of the nasal
lesion (b, T2-weighted imaging; d, T1-weighted imaging; e, fluid-attenuated inversion recovery; f, contrast
enhancement). (c) T2-weighted imaging shows edema of the left eyelid, enlargement of the right medial
rectus muscle, and displacement and compression of the optic nerve.
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most were isodense compared with the
normal skeletal muscles (n¼ 9); some also
had small patches that were isodense to
gray matter (n¼ 3). In the nasal cavities,
slightly hypodense or isodense areas (com-
pared with the white matter) could usually
be found on the verge of a hyperdense
lesion, which may reflect inflammation
around the tumor (8 of 10 cases).

The patients had severe swelling when the
tumor involved the facial skin and subcuta-
neous tissue (3 of 3 cases). No calcification
was observed in any of these cases. In the
MR images, the tumors showed homoge-
neous isointensity in T1WI and slight
hyperintensity in T2WI (3 of 3 cases).
FLAIR images could distinguish between
the tumor and inflammatory mucosa.

Figure 2. A 16-year-old male patient presented with a 1-month history of right facial edema.
(a, b) Computed tomography images of the mass beneath the skin.

Figure 3. A 14-year-old female patient presented with a 7-day history of bilateral nasal obstruction and
pharyngalgia and a 3-day history of fever. (a, b) Computed tomography images of the pharyngeal lesion
(b, contrast-enhanced scan).
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No liquefactive necrosis was found. The
tumor exhibited slight homogeneous
enhancement, although to a lesser degree
than that of the mucosa.

Pathological findings

In most patients, the tumors showed exten-
sive necrosis with an angiocentric pattern.
The tumor cells were positive for CD3 poly-
clonal, CD56, and granzyme B or TIA-1
and negative for CD20, CD5, CD4, and
CD8. The result of EBER-ISH was positive
for all cases. The rate of Ki-67 positivity
ranged from 30% to 90%.

Discussion

Theoretically, people of all ages could be
susceptible to ENKTL, but the literature
regarding ENKTL in adolescents is very
sparse.15–18 No reports provide imaging
characteristics regarding ENKTL in adoles-
cents. To the best of our knowledge, this is
the first empirical record of the imaging
findings of ENKTL in this patient popula-
tion. We have provided a systematic
descriptive analysis of the imaging features.
No clear differences in the imaging findings
were found between ENTKL in adolescents
and adults. However, this empirical record
provides evidence that this disease should
be considered as a differential diagnosis.
When ENKTL occurs in adolescents, it
usually progresses rapidly, similar to
aggressive NK-cell leukemia. However,
early-stage ENKTL in adolescents may
respond well to radiotherapy.25 Therefore,
it is important for radiologists to be aware
of the indicative characteristics of ENKTL
to recognize patients with probable
ENKTL and recommend an endoscopic
biopsy to avoid treatment delay.

From a clinical standpoint, symptoms
related to the upper aerodigestive tract,
especially the nasal cavities, are common
among both adults and adolescents with

ENKTL.26 In the present study, 80% of
the patients with ENKTL had nasal
involvement in the form of nasal obstruc-
tion and rhinorrhea, similar to prior studies
of adults with ENKTL.27,28 Moreover, the
proportion of adolescent patients with
ENKTL who had orbital symptoms was
significantly higher than that of adult
patients with ENKTL (p¼ 0.041); this
may have been due to the patients’ undevel-
oped bone structures and immune system.29

Additionally, adolescent patients are more
likely to present with facial edema
(p¼ 0.001) but are less likely to have epi-
staxis (p¼ 0.011) compared with adult
patients (supplementary data, Table S2).
With respect to laboratory testing, both
adult and adolescent patients with
ENKTL shared similar changes in routine
blood tests, with only a minority of patients
(<30%) exhibiting anemia and/or throm-
bocytopenia. However, fewer adolescent
than adult patients with ENKTL had an
elevated LDH level.27 This finding indicates
that clinicians should not neglect adolescent
patients with upper aerodigestive tract
symptoms and a normal LDH level.

The nasal and/or paranasal areas are the
most common sites of ENKTL in adoles-
cents. The imaging features are not specific
for ENKTL, but they are suggestive. The
lesions are always on both sides of the
nasal cavity with involvement of the septa,
turbinates, and drainage pathways of the
paranasal sinus (most often the ethmoid
sinus and maxillary sinus). Obstructed
drainage pathways may be associated with
the development of acute inflammation or
retention cysts around the tumor.
Involvement of the facial soft tissues is
less common and is always characterized
by severe facial edema. The tumor is homo-
geneous in both CT and MR images and
shows slight enhancement. No liquefactive
necrosis or calcification was observed in the
present study. Clinical features such as B
symptoms and an elevated LDH level

1216 Journal of International Medical Research 47(3)



must also be taken into consideration.
Therefore, an endoscopic biopsy is recom-
mended when some of these characteristics
are present in adolescent patients.

To obtain a correct diagnosis of lesions
in the nasal cavity and nasopharyngeal
region, the site and the morphology need
to be carefully analyzed. Other radiological
characteristics such as the signal intensity,
attenuation, enhancement characteristics,
clinical features, and endoscopy findings
should also be taken into consideration.30,31

Some tumors and tumor-like lesions of the
nasal cavity, paranasal sinus, and nasopha-
ryngeal region have classic locations and
morphological characteristics, such as juve-
nile nasal angiofibroma, mucocele, antro-
choanal polyp, fungal infection, and many
congenital and developmental abnormali-
ties.30 Inflammation may be observed, but
the diagnostic clues for tumors must be
carefully investigated (such as different
attenuation and enhancement patterns) to
avoid inaccurate diagnoses.

Differential diagnoses are often extreme-
ly difficult to make.32 The differential diag-
nosis between reactive lymphoid
hyperplasia and lymphoma is very difficult
because these two conditions share many
histological similarities. Some studies sug-
gest that enhanced MR imaging may
better distinguish reactive lymphoid hyper-
plasia.33,34 To identify various types of lym-
phoma, the biological characteristics of
lymphoma (indolent, aggressive, or highly
aggressive), primary site (nodal or extrano-
dal, anatomical regions), systemic involve-
ment (hepatosplenomegaly, multiple
lymphadenopathy, leukemic appearance,
cutaneous involvement, or bone marrow
invasion), and endemicity (e.g., Burkitt
lymphoma is endemic in Africa and is char-
acterized by a jaw mass, while gastrointes-
tinal tract lymphoma is endemic in China)
could be helpful for obtaining an imaging
diagnosis; however, a biopsy is still required
for confirmation. Other difficult differential

diagnoses are granulomatous diseases, such
as tuberculosis. Although nasal tuberculosis
is rare, it is quite difficult to distinguish
ENKTL from tuberculosis through radio-
logical features if no calcification occurs,
even by hematoxylin–eosin staining.35

Other rare diseases that can occur in this
area in children and adolescents include
rhabdomyosarcoma,36 Langerhans cell his-
tiocytosis,37 Rosai–Dorfman disease,38,39

central giant cell granuloma,40 sinonasal
carcinoma,41 fibrosarcoma, synovial sarco-
ma, osteosarcoma,42 and nasopharyngeal
carcinoma.43 Pathologists often have diffi-
culty diagnosing these diseases. Thus, the
role of radiologists is to recognize the
possible diagnostic spectrum on an
individual-patient basis, ensure consistency
with imaging findings, and recommend a
biopsy when necessary.

Several studies have investigated the
prognostic value of imaging findings.
Primary tumor invasion in both MR imag-
ing and CT has been demonstrated to be a
risk factor.20,24 Additionally, detection of a
mass-forming pattern and cervical lymph-
adenopathy in CT images indicates worse
overall survival of patients with early-
stage (stage I/II) ENKTL.20 More work
should be done to evaluate the prognostic
value of imaging findings of adolescent
patients with ENKTL in comparison with
adults with ENKTL.

This retrospective study was based on
inpatient cases in our hospital. The major
limitation is that we could not apply quan-
tifiable methods and obtain more homoge-
neous multimodality-imaging information.
To some extent, this reflects the poor under-
standing of this rare type of lymphoma. CT
is helpful for evaluating bones and planning
partial turbinate resection to relieve symp-
toms. MR imaging, especially enhanced
MR imaging, is essential not only for eval-
uating the mass itself but also for measuring
the surrounding structures. In addition,
MR imaging is a better choice than CT

Guan et al. 1217



for children and adolescents considering the
dangers of ionizing radiation. New technol-
ogies such as diffusion-based MR imaging,
perfusion-based MR imaging, MR finger-
prints, quantitative MR imaging, MR spec-
troscopy, and molecular imaging need to be
further studied to help diagnose and under-
stand these diseases more thoroughly.

Conclusions

The radiological features of ENKTL in
adolescents are not specific. The suggestive
features include location, local involvement,
signal intensity or attenuation, and
enhancement. No calcification or liquefac-
tive necrosis should be present. If classic
radiological features are observed, especial-
ly alongside clinical symptoms and anoma-
lies in laboratory testing, a biopsy should be
recommended to avoid delays in treatment
and to improve the patient’s outcome.
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