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Abstract
Bone scan of an 18-year-old male who initially presented with chronic left knee pain showed increased radiotracer
uptake in the left knee indicative of osteoarthritis. For the incidental finding of diffusely intense uptake involving
the left hemipelvis, Paget’s disease was favored over osteosarcoma and Ewing’s sarcoma. CT scan without IV
contrast showed cortical and trabecular thickening of the hemipelvis. However, it was not until the MRI study that
showed findings inconsistent with Paget’s disease and suspected primary bone lymphoma because of the
extensive T1 signal loss due to bone marrow replacement with contrast enhancing soft tissue in the absence of
cortical bone destruction, with histopathology revealing extranodal diffuse large B-cell lymphoma. We present a
rare case of Non-Hodgkin’s lymphoma occurred in a young patient and illustrate the diagnostic difficulty of
primary bone lymphoma as well as emphasize the importance of multi-modality correlation for the differential
diagnosis of Paget’s disease vs. primary bone lymphoma.
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Introduction
Primary bone lymphoma is encountered in
approximately 3-7% of primary bone tumors. The
majority of the cases represent limited disease with an
age predilection of 20-50 years (1-3). Rare cases may
be seen in children with a mean age of 12 years (4).
Primary bone lymphoma may be difficult to diagnose
unless there is a high level of suspicion. Multi-modality
imaging may be warranted for proper diagnosis.
Case report
An 18-year-old male presented with
intermittent left knee pain. His knee x-ray was
unremarkable, and because he was very active
working out in the gym and playing sports, he felt that

he had an injury secondary to his sports activities. He
participated in physical therapy for one month, but his
pain did not subside. A whole-body bone scan with Tc99m methyl diphosphonate was then performed six
months after his initial presentation, which showed a
small focus of mild radiotracer uptake in the left
femoral-patellar joint indicative of osteoarthritis
(Figure 1). For the incidental finding of diffusely
intense tracer uptake involving the left hemipelvis,
Paget’s disease was favored, although osteosarcoma
and Ewing’s sarcoma were also considered. Upon
further questioning, the patient endorsed the more
recent development of pain in the left groin and thigh.
He had B symptoms with night sweats without fever
and 20 lbs weight loss within the last 6 months.
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Figure 1. An 18-year-old male underwent bone scan for a six-month history of left knee pain. Anterior and
posterior whole-body (a, b), anterior and posterior pelvis (c, d) bone scan images were obtained three
hours after the IV administration of 27.5 mCi of Tc-99m methyl diphosphonate.

Subsequent computed tomography (CT) scan without
intravenous contrast showed diffuse cortical and
trabecular thickening of the hemipelvis, but the typical
trabecular coarsening seen in Paget’s disease was not
present (Figure 2). Further evaluation with magnetic
resonance imaging (MRI) scan with intravenous
contrast media showed extensive T1 bone marrow
signal loss throughout the left ilium extending onto the
left ischium and acetabulum with associated
gadolinium contrast enhancement, which indicated
bone marrow replacement by a malignant
lymphoproliferative process. The cortex was intact,
and there was a circumferential layer of abnormal
enhancing soft tissue surrounding the cortex (Figure
3). MRI findings raised the suspicion for primary bone

lymphoma which prompted a core biopsy revealing
diffuse large B-cell lymphoma, germinal center
subtype, which appeared to involve the bone with
prominent intra-trabecular fibrosis and focal areas of
necrosis. The tumor was positive for CD20, Ki-67
(>50%) and negative for BCL2, BCL6, and c-MYC. CT
abdomen and pelvis demonstrated mild splenomegaly
without focal lesions and no evidence of abdominal
and pelvic lymphadenopathy; no FDG PET scanning
was however obtained prior to therapy. The patient
was found to have stage IVE disease according to the
International Extranodal Lymphoma Study Group
(IELSG), with extensive bone marrow lesions involving
the left hemipelvis (3). His Revised International
Prognostic Index (R-IPI) score was 2, with elevated LDH
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Figure 2. CT scan following bone scan in this patient shows diffuse cortical and trabecular thickening of the
hemipelvis supporting the diagnosis of Paget’s disease.

209 U/L (upper normal < 171), ECOG grade 2. Creactive protein was 4.86. Given the negative FISH
markers and molecular studies that did not reveal a
double or triple hit lymphoma, the treatment option
for his stage IVE disease was largely limited to
chemotherapy. He achieved complete remission after
four cycles of R-CHOP (rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisolone) and has
been free from disease for 14 months. No FDG PET
scanning for initial staging was obtained, but an FDG
PET scan after 4 cycles of chemotherapy performed at
an outside facility showed no FDG avid lesions to
suspect residual or recurrent disease; images were not
available for review. Follow-up evaluations included
LDH, CBC and differential blood count as well as CT
scans, all of which were unremarkable.
Discussion
Incidental finding of diffusely increased tracer
uptake involving the left hemipelvis is commonly seen
in Paget’s disease, considering that the pelvis
represents one of the most frequent sites of
involvement besides the spine (30-75% of cases) (5).
The radionuclide uptake at bone scanning is typically
increased in all three phases of Paget’s disease

(osteolytic, mixed, and osteoblastic), and the diffuse
uptake of the hemipelvis is commonly seen in Paget’s
disease. Although bone scan is sensitive for the
detection of hypervascularity and osteoblastic activity
in Paget’s disease, it lacks specificity which may lead to
occasional pitfalls as shown in this case of extranodal
diffuse large B-cell lymphoma. In addition to bone
scanning, x-ray or CT is typically acquired for further
correlation, and radiographic findings of Paget’s
disease are largely identical to CT findings (5). An x-ray
was not performed in this case. The CT scan did not
show significant trabecular coarsening typically seen
in Paget’s disease. Instead, there was diffuse cortical
and trabecular thickening of the left hemipelvis which
might indicate primary bone lymphoma, although CT
findings of primary bone lymphoma are often
nonspecific and a variety of neoplasms may be
considered in the differential diagnosis (6).
Primary lymphoma of bone as a rare type of
lymphoma arising from the bone occurs in
approximately 5% of extranodal non-Hodgin’s
lymphoma. The vast majority of cases is non-Hodgkin’s
lymphoma, and less than 5% is Hodgkin’s lymphoma
(1, 7). Monostotic or polyostotic disease involving the
long bones are typical, with the femur being the most
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Figure 3. Coronal MRI imaging of the pelvis – pre-contrast T2-weighted with fat saturation (a); pre-contrast
T1-weighted image without fat saturation (b); post-contrast (20 ml MultiHance) T1-weighted with fat
saturation (c). The iliac bone demonstrates diffuse hyperintensity on T2 and hypodensity on T1 with
subsequent contrast enhancement on T1. The bone cortex appears intact although there is a layer of contrast
enhancement in the periosteal soft tissue. MRI findings were suspicious for primary bone lymphoma.

common site (29%), but other common sites include
the pelvis and spine (2-4, 8). Compared to the rather
nonspecific CT findings of diffuse cortical and
trabecular thickening, the MRI provides significant
added value because of its high soft tissue contrast
and high sensitivity for bone marrow abnormalities (9,
10). The extensive bone marrow replacement with
contrast-enhancing soft tissue combined with the
intact bone cortex on MRI suggest primary bone
lymphoma, although the differential diagnosis also
includes Ewing’s sarcoma and osteosarcoma
considering the patient’s age (7). Paget’s disease is
unlikely because of the fat signal loss on pre-contrast
T1, which is typically preserved in Paget’s disease (5,
10). Sarcomatous degeneration of Paget’s disease is
unlikely in this patient because of his age and the rare
occurrence (approximately 1%) in older patients with
longstanding Paget’s disease (5). At MRI, primary bone
lymphoma is commonly hypo-intense on T1-weighted
images, but the appearance of T2-weighted images
varies from hyperintense as seen in this case, to
isointense and hypointense (6, 9, 10). Although some

of the decreased signal intensity (hypointense) on T2weighted images may be attributed to the fibrous
content within the tumor, the etiology of the variable
T2 signal intensities is not well characterized (9).
Tumor spread along the long axis of the bone without
frank cortical destruction is common in primary bone
lymphoma. Other imaging features include periosteal
reaction and soft tissue extension as well as pathologic
fracture and cord compression (2, 4, 11). This case
report illustrates the diagnostic difficulty of primary
bone lymphoma and emphasizes the importance of
multi-modality correlation for the differential
diagnosis of Paget’s disease vs. primary bone
lymphoma.
Abbreviations:
Bcl-2, B-cell lymphoma 2
Bcl-6, B-cell lymphoma 6
CBC, complete blood count
CT, computed tomography
LDH, lactate dehydrogenase
MRI, magnetic resonance imaging
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