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ABSTRACT

Burkitt lymphoma is an aggressive and rapidly growing tumor that is curable and highly sensi-
tive to chemotherapy. It can affect almost every tissue in the body, producing various clinical
presentations and imaging appearances, according to the predilection of the different sub-
types for certain sites. Awareness of its diagnostically specific imaging appearances plays an
important role in rapid detection and treatment. In this pictorial review, we aimed to identify
the most common imaging features of Burkitt lymphoma in pediatric patients.

urkitt lymphoma (BL) is an aggressive subtype of non-Hodgkin lymphoma (NHL) with

a doubling time of 24-48 h. Even with its aggressive character, BL is curable and high-

ly sensitive to chemotherapy. Thus, early diagnosis and treatment are critical before
life-threatening complications, such as airway compromise or spinal cord compression, set
in. Knowledge about the imaging appearances assists in rapid detection and treatment. In
this pictorial review, we illustrated the most common imaging features of BL.

In 1958, Denis Burkitt first described BL in Uganda, after encountering many children with
rapidly growing jaw tumors. In 1964, some viral particles, termed Epstein-Barr virus (EBV), were
identified in the tumor (1, 2). Since then, BL has been classified into three main clinical variants:
endemic, sporadic, and immunodeficiency-associated. The endemic variant is linked to EBV in-
fection and is observed particularly in Africa, where malaria is also endemic. The sporadic variant
is the most common form in the rest of the world, where malaria in not endemic. The immuno-
deficiency-related type is observed after organ transplantation and in patients with human im-
munodeficiency virus infection or congenital immunodeficiency diseases, including Wiskott-Al-
drich syndrome, ataxia telangiectasia, and X-linked lymphoproliferative disease (1-5).

The least common type of lymphoma in all age groups is generally BL with an incidence
of 1%. During childhood, it is the most frequent subtype of NHL with an incidence of 40%.
As BL can involve various sites of the body, the clinical presentation and radiologic appear-
ances differ; it may be localized or disseminated and can affect a wide variety of locations.
In the endemic variant, head and neck involvement is more common; however abdominal
involvement is more commonly observed in the sporadic form (1, 6).

Head and neck involvement

In the head and neck region, the predilection of BL for certain sites varies among different
subtypes. In the endemic form, jaw and other facial bones are commonly affected by osteo-
lytic lesions. On the other hand, Waldeyer ring (palatine and lingual tonsils, nasopharyngeal
adenoids) and nodal involvement are commonly observed in the sporadic form (Fig. 1). The
clinical presentation may differ as per the site involved. The clinical features of endemic BL
involving the jaws include acute swelling in or around the jaws or orbit, severely mobile
teeth, displaced teeth, generalized lymphadenopathy and anesthesia or paresthesia when
adjacent nerves are involved; pain is not a prominent feature. On the other hand, in Waldey-
er ring involvement, airway compression may cause symptoms such as dysphagia, dyspnea,
wheezing, and airway obstruction, which may be potentially life threatening (Figs. 2, 3) (2).

Ultrasonography (US) may be the initial modality for enlarged lymph nodes in the neck. On
the other hand, computed tomography (CT) or magnetic resonance imaging (MRI) not only
identifies a possible Waldeyer ring involvement or bone destruction according to the sub-
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type, but also enables a precise definition
of the radiologic extent of the disease for
staging (Figs. 4, 5). CT is widely available and
inexpensive with a short examination time
and no need for sedation. CT is superior for
the imaging of bone destruction; however,
it has poor soft tissue contrast and potential
hazard of radiation. In contrast, MRI pro-
vides very detailed diagnostic pictures of
most important sites in the neck, with supe-
rior soft tissue contrast that could demon-
strate tumor extension. MRI does not use
ionizing radiation, and is therefore, suitable
for use in children. In addition, MRl is supe-
rior in showing the signal characteristics of
the bone marrow. For highly cellular BL, dif-
fusion-weighted MRI is a powerful tool that
demonstrates restricted diffusion (Fig. 4c).
However, the disadvantages of MRI over CT
are the cost, longer scan time and require-
ment for sedation in a child, which is not
preferred if airway obstruction is present.

In the sporadic form of BL, Waldeyer ring
is the most common site of extranodal dis-
ease. On MRI, soft tissue masses and en-
larged pharyngeal or neck lymph nodes are
commonly observed. The enlarged lymph
nodes and soft tissue masses demonstrate
homogenous enhancement without any
central necrosis. Mass lesions do not have
a tendency to cause skull base erosions in
the sporadic form of BL but a tendency to
fill in the adjacent spaces, such as the na-
sal cavity, nasopharynx, or oropharynx.
On T2-weighted sequences, the signal of a
mass is isointense to hypointense because
of its high cellularity. For the same reason,
diffusion-weighted images show restrict-
ed diffusion. After contrast administration,
the mass and the enlarged lymph nodes

* The predilection of Burkitt lymphoma for
certain sites differs among different subtypes.

* In the endemic variant, head and neck
involvement is more common; whereas
abdominal involvement is commonly
observed in the sporadic form.

* In the head and neck region, jaw and the
other facial bones are commonly involved
in the endemic form. Waldeyer ring (palatine
and lingual tonsils, nasopharyngeal adenoid)
and nodal involvement are commonly seen
in the sporadic form.

* In the abdomen, ileocecal region (the Peyer’s
patches in particular) is the most common
site of involvement, as characterized by
an asymmetric bowel wall thickening and
aneurysmal dilatation of the bowel lumen.

Figure 1. a, b. Nasopharyngeal MRI of a 15-year-old boy shows a left nasopharyngeal mass on the
axial (a) and coronal (b) planes on T1-weighted postcontrast images. Note that the mass lesion is
homogeneously enhanced without any necrosis (asterisk).

Figure 2. a, b. Nasopharyngeal MRI of a six-year-old girl shows a left tonsillar mass (asterisk) causing
airway compromise , on axial plane T2-weighted (a) and coronal STIR (b) images. Note the enlarged
lymph node (white arrow) in the left 2b level (a).

enhance homogeneously. Because necrot-
ic lymph nodes and bone destruction are
prevalent in carcinomas of the head and
neck, their absence supports the diagnosis
of a sporadic form of BL in a child (6).

Unlike the sporadic form of BL, the en-
demic form commonly presents with bone
destruction around the jaws and orbit. CT
shows osteolytic lesions in the maxillofacial
bones, particularly in the maxilla and man-
dible. When the mass grows, it enlarges
into the adjacent areas, erodes the adjacent
bones, and invades the adjacent spaces
(Fig. 6) (2,4, 6).

Brain involvement is rare in BL, particu-
larly in the sporadic form. However, in im-
munodeficiency-related type of BL, involve-
ment of the central nervous system and
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calvarial bone marrow may be observed
(Fig. 7a-7¢) (2, 4).

Abdominal involvement

The abdominal and pelvic region, includ-
ing the gastrointestinal tract, mesentery,
peritoneum, retroperitoneum, and genito-
urinary tract, is commonly affected by BL,
particularly by its sporadic form (7, 8). The
ileocecal region, specifically the Peyer's
patches, is the most common site involved.
The clinical presentation may differ accord-
ing to the site involved. Mainly, obstruction
or compression may cause various symp-
toms, such as palpable mass, abdominal
pain, nausea, vomiting, distension, consti-
pation, or intestinal obstruction (5, 9).
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Figure 3. a, b. Nasopharyngeal MRI of a 10-year-old boy shows a right nasopharyngeal mass (asterisk)

on the axial (a) and coronal (b) T1-weighted postcontrast images. Note that the mass lesion arises from
nasopharyngeal adenoid tissue and is homogeneously enhancing, without any necrosis. Moreover, there
is an enlarged lymph node (white arrow) that has similar signal characteristics with the mass on the right
side of level 2b (b).

The initial imaging modality for abdom-
inal BL may be US for palpable masses, but
CTis an important modality to evaluate the
severity and spread of the disease for tu-
mor staging. Abdominal CT should be per-
formed with oral and intravenous contrast
agents to evaluate the bowel walls, as well
as solid organs, retroperitoneum, and the
mesenteric region. Recently, positron emis-
sion tomography (PET)/CT has been used
for functional and anatomic assessment
during tumor staging and follow-up after
treatment (10, 11).

Along the gastrointestinal tract, ileum,
cecum, and appendix are common sites of
involvement, because the terminal ileum
has the highest concentration of lymphat-
ic tissue; colonic and gastric involvement

Figure 4. a-c. Nasopharyngeal MRI of a nine-year-old girl shows a midline nasopharyngeal mass (asterisk) filling the entire nasopharyngeal space on axial
postcontrast T1-weighted (a) and T2-weighted images (b). Note that the mass lesion demonstrates restricted diffusion (asterisk) in the ADC map because of

high tumor cellularity (c).

Figure 5. a-c. Contrast-enhanced maxillofacial CT (a) of an eight-year-old boy shows a large mass lesion (asterisk) located in the right infratemporal fossa
causing displacement and narrowing of the airway. Fat-saturated T2-weighted (b) and postcontrast T1-weighted (c) coronal images demonstrate the border
and extension of the mass lesion better than CT. Note the enlarged contralateral level 2a lymph node (white arrow) (c).
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Figure 6. a—c. Maxillofacial CT (a) of a 10-year-old boy shows bilateral lytic and destructive lesions in the maxillary bone (asterisks). Unenhanced axial (b) and
coronal (c) CT scans at the level of the orbit demonstrate a predominantly superior, extraconal mass lesion (asterisk) displacing the globe antero-inferiorly on
the right. Note the extension of the mass lesion to the ethmoid sinus medially (black arrow) and to the anterior cranial fossa superiorly (white arrows).

Figure 7. a-d. Unenhanced head CT (a) of a four-year-old boy, who had liver transplantation three years
ago, demonstrates high-density dural mass lesions in the right frontoparietal region (white arrows),
compatible with high-cellularity. Axial plane T2-weighted brain MRI (b) shows homogeneous, low-signal,
lobulated dural mass lesions (asterisk) displacing the brain parenchyma. Note the restricted diffusion
(black arrow) in the mass lesions corresponding to the higher tumor cellularity on diffusion-weighted
image (c). Abdominal CT (d) of the same patient shows the high-density fluid collection as an exudate,
the mass lesion (asterisk), the air-fluid level (white arrow) and the bowel wall thickening (black arrow).
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is quite rare (Fig. 8). Although BL does not
cause bowel obstruction due to lack of fi-
brosis or desmoplasia unlike that in gastro-
intestinal adenocarcinomas, it may trigger
intussusception and lead to bowel obstruc-
tion (Fig. 9) (12).

Imaging findings on US include asymmet-
ric bowel wall thickening, solid hypoechoic
mass lesion, ascites, or lymphadenopathies.
If intussusception occurs, the pseudo-kid-
ney sign on longitudinal plane and the
target sign on transverse plane appear on
sonogram. On CT, asymmetric bowel wall
thickening and aneurysmal dilatation of
the bowel lumen are observed more clear-
ly. Aneurysmal dilatation is thought to be a
consequence of infiltration of the myenter-
ic plexus (Fig. 8c). In addition to these local
findings, CT may detect ascites, peritoneal
and mesenteric thickening, discrete or con-
glomerated masses, widespread lymphade-
nopathies, and tumor involvement of other
solid organs in the abdomen, which leads
to upstaging of the disease (Fig. 10). In BL,
ascitic fluid can accumulate as an exudate,
which has a slightly higher density on CT,
owing to its high protein content (Fig. 7d)
(5,9-11).

The typical mesenteric and retroperito-
neal growth patterns in BL are infiltrative in
nature. The involvement of mesenteric and
retroperitoneal lymph nodes is observed
as single or multiple abdominal or pelvis
masses. Encasement of the major mesen-
teric vessels is a common feature (Fig. 10).
Calcification and necrosis of the mesenter-
ic and retroperitoneal masses may be ob-
served in BL (5).

Although primary involvement of sol-
id organs is rare, secondary involvement
of the liver, spleen, or kidney is not un-
common. Radiologic findings include or-
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Figure 8. a-c. Abdominal US image (a) (9 MHz linear transducer; transverse plane) of a 12-year-old boy shows an asymmetric and hypoechoic
bowel wall thickening at right lower quadrant. Color Doppler US (b) demonstrates vascularity of the thickened bowel wall. Abdominal CT with oral
and intravenous contrast material (c) shows asymmetric bowel wall thickening and aneurysmal dilatation of the lumen at the level of the terminal

ileum (white arrows).

Figure 9. a, b. Abdominal CT (a, b) with oral and intravenous contrast in a seven-year-old girl with
complaints of chronic anemia shows (a) chronic intussusception (white arrow) in the right lower
quadrant. At the subhepatic level (b), note the enlarged lymph nodes located posteriorly, measuring

almost 4 cm (white line).

Figure 10. Abdominal CT with oral and
intravenous contrast in a five-year-old boy
shows a large mesenteric and retroperitoneal
infiltrative mass (asterisk), consistent with
conglomerated lymph nodes. Note the ascites.

ganomegaly and single or multiple focal
hypoechoic (on US) or hypodense (on CT)
masses (Fig. 11). Infiltrating masses in the
periportal area of the liver or in the peri-
hilar area of the kidney may be observed
and cause biliary obstruction or uretero-
pelvic obstruction, respectively (Fig. 10)
(5,8,10).

Testicular and ovarian involvement in BL
has been reported. For testicular involve-
ment, US is the primary imaging modality,
which shows diffuse enlargement, paren-

Figure 11. a, b. Abdominal CT (a) with intravenous contrast in a three-year-old boy with disseminated
disease shows a hypodense mass lesion in the left kidney (asterisk). Chest CT (b) reveals asymmetric
pleural thickening on the left lateral pleural surface (white arrow).

chymal  hypoechogenicity-heterogeneity
or focal hypoechoic mass in the testicular
parenchyma. Ovarian involvement may be
cystic or solid, or mixed, as a focal or large
mass (5, 8).

Aside from abdominopelvic and head-
neck involvement, BL may seldom be lo-
cated primarily in the pleura, breast, soft
tissues, skin, thyroid, pancreas, lung, or spi-
nal extradural area (Fig. 12). In disseminated
disease, these tissues may be secondarily
involved (Fig. 11b).

Conclusion

As an aggressive tumor, BL has to be rap-
idly detected among radiologic abnormal-
ities and diagnosed, so that treatment can
be initiated immediately. Moreover, diag-
nosis of BL requires a thorough radiologic
investigation for accurate staging of the dis-
seminated disease. Awareness of the most
common imaging appearances and sites of
involvement leads to rapid detection and
correct diagnosis.
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Figure 12. a-c. Axial plane T2-weighted lumbar MRI (a) of a nine-year-old boy with complaints of bladder and bowel dysfunction and lower extremity
weakness, shows an epidural mass lesion (asterisk) filling the spinal canal, constricting the thecal sac totally and extending to the bilateral neural foramina.
Sagittal T2-weighted image (b) and STIR sequence (c) demonstrate the mass lesion extending from the level of T12 to the level of S3 (white arrows). Note
that the mass lesion is filling the entire spinal canal and spreads outward to the presacral area.
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