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Expert, up-to-date coverage of bone pathology

This expert volume in the Diagnostic Pathology series is an excellent point-of-care
resource for practitioners at all levels of experience and training.
Covering all areas of bone pathology, it incorporates the most recent clinical,
pathological, and molecular knowledge in the field to provide a comprehensive
overview of all key issues relevant to today’s practice.
Includes a wide range of nonneoplastic and neoplastic entities in bone pathology that
enhance diagnostic accuracy and provide the biological basis for optimal treatment of
patients with bone tumors and nonneoplastic conditions
Reflects updates from the 5th Edition of the WHO Classification of Tumors of Soft
Tissue and Bone
Brings you fully up to date with recent advances in nonneoplastic orthopaedic
specimens, including osteoarthrosis, osteonecrosis, pathology of intervertebral discs
and menisci, non-infectious inflammatory arthritis, crystal deposition diseases, and
common metabolic disorders
Features new chapters covering growth and development, radiologic approach to
bone tumors, and synovial tumors
Contains thousands of extensively annotated images, including gross pathology
photographs, histopathology photomicrographs, immunohistochemistry, FISH,
correlative radiologic imaging, and full-color illustrations
Features a templated, highly formatted design; concise, bulleted text; diagnostic
pearls, key facts in each chapter; and an extensive index for easy reference
Provides an excellent resource at the point of care for physicians in pathology,
radiology, and orthopaedics, as well as medical and radiation oncologists who treat
bone tumors
Richly illustrated and easy to use, Diagnostic Pathology: Bone is a one-stop reference
for accurate, complete surgical pathology reports, ideal as a day-to-day reference or
as a reliable training resource.

Hematopoietic Tumors

Primary Lymphoma
KEY FACTS

TERMINOLOGY
• Primary lymphoma of bone is defined as lymphoma
originating in bone ± extension into adjacent soft tissues

ETIOLOGY/PATHOGENESIS
• Most primary bone lymphomas are sporadic and of
unknown etiology

CLINICAL ISSUES

MICROSCOPIC
• Diffuse large B-cell lymphoma is most common type by far
in both adults and children
• Lymphoblastic lymphoma is 2nd most common type to
arise in children (40% of cases); uncommon in adults
• Anaplastic large cell lymphoma is rare but most common
primary T-cell lymphoma of bone

ANCILLARY TESTS
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• Usually adults; ~ 50% > 40 years of age
• Femur is most common location followed by pelvis,
vertebrae, and humerus
• ~ 10-40% of cases are multifocal/polyostotic; several lesions
in 1 bone or multiple bones involved concurrently
• Produces pain, erythema, swelling
• Treatment with radiation and chemotherapy of large B-cell
lymphoma has 75% 10-year survival

• In some cases, tumor may elicit extensive medullary
sclerosis

• Immunoprofile varies according to type

TOP DIFFERENTIAL DIAGNOSES

• Osteomyelitis, Langerhans cell histiocytosis, Ewing
sarcoma, metastatic small cell carcinoma, neuroblastoma,
rhabdomyosarcoma, and other round cell malignancies

IMAGING

• Large, lytic, and destructive

Subtle Lytic Lesion

Permeative Mass

Large Cells in Sheets

Touch Prep of Large B-Cell Lymphoma

(Left) Large B-cell lymphoma
presents as a subtle, poorly
defined radiolucency involving
the femoral head, neck, and
greater trochanter. There is no
periosteal reaction. (Right)
Large B-cell lymphoma
permeates the marrow space
as a tan-yellow lesion. It
transgresses the cortex
inferior to the greater
trochanter and infiltrates the
skeletal muscle.

(Left) The tumor is composed
of sheets of noncohesive large
cells with an increased
nuclear:cytoplasmic ratio,
nuclei that range from round
to irregular, and small
amounts of eosinophilic
cytoplasm.
Immunohistochemistry shows
that the large cells are B cells.
(Right) In this touch
preparation of large B-cell
lymphoma, the tumor cells can
be seen to have large,
hyperlobated, and elongate
nuclei. Scattered small
lymphocytes are seen in the
background.
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Primary Lymphoma

Synonyms
• Reticulum cell sarcoma (outdated)

Definitions
• Malignant lymphoid neoplasm producing at least 1 mass
within bone without involvement of extraregional lymph
nodes and extranodal sites
○ No extraosseous distant disease should be identified
within 4-6 months of initial diagnosis

Etiology

• Sporadic and of unknown etiology
• Rarely reported in patients with HIV, longstanding
osteomyelitis, or Paget disease of bone

CLINICAL ISSUES
Epidemiology

• Incidence
○ Rare; accounts for 5% of primary malignant bone tumors
and 5% of extranodal lymphomas
– < 1% of all lymphomas arise in bone; incidence in
children is 2-9%
• Age
○ Usually adults (5th-6th decades); 50% > 40 years;
minority in children and adolescents
• Sex
○ M:F = 1.6:1

Site

MR Findings
• Signal intensity similar to muscle on T1 and heterogeneous
on T2 imaging
○ Best to demonstrate soft tissue component

CT Findings
• Lytic or sclerotic mass

MACROSCOPIC
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ETIOLOGY/PATHOGENESIS

• Findings may be minimal on radiograph with changes only
seen on bone scan, CT, or MR

Hematopoietic Tumors

TERMINOLOGY

General Features

• Replaces medullary cavity, erodes cortex, involves soft
tissue
• Moderately firm, gray-white, fleshy with necrosis

MICROSCOPIC

Histologic Features

• Morphology same as nodal lymphoma
• Diffuse large B-cell lymphoma most common in adults and
children
○ Lymphoblastic lymphoma 2nd most common in children
(40% of cases)
• Anaplastic large cell lymphoma rare; most common T-cell
lymphoma of bone
• Other lymphomas rarely arise in bone
• Lymphomas frequently contain scattered nonneoplastic
small lymphocytes
• Extensive necrosis or crush artifact common

ANCILLARY TESTS

• Located in femur followed by pelvis, vertebrae, and
humerus
• Usually arises in metadiaphyseal region
• Multifocal (polyostotic) in 10-40% of cases; several lesions
in 1 bone or involving multiple bones concurrently

Presentation

• Pain, erythema, swelling, pathological fracture
• Tumors of axial skeleton may cause neurological symptoms
• 10% of patients have constitutional symptoms: Fever,
anemia, fatigue
○ More common with polyostotic disease

Treatment

• Radiation and chemotherapy; surgery for fracture

Prognosis
• 10-year survival for large B-cell lymphoma: 75%
• Follicular center tumors have better prognosis
• Outcome for anaplastic large cell lymphoma is poor

IMAGING

Immunohistochemistry

• Immunoprofile varies according to type
• Large B-cell lymphomas express B-cell markers
• Anaplastic large cell lymphoma positive or negative for ALK
and positive for CD30
○ ALK(+) tumors mainly affect children, whereas ALK(-)
tumors affect adults
• Lymphoblastic lymphoma may be LCA(-) and CD99(+)

DIFFERENTIAL DIAGNOSIS

Round Cell Lesions

• Osteomyelitis, Langerhans cell histiocytosis, Ewing
sarcoma, metastatic small cell carcinoma, neuroblastoma,
rhabdomyosarcoma, other round cell malignancies
• Immunohistochemistry and cytogenetics may be necessary

DIAGNOSTIC CHECKLIST
Pathologic Interpretation Pearls
• Think lymphoma if malignant round cell tumor with
extensive necrosis or crush artifact

Radiographic Findings
• Large, lytic, destructive; moth-eaten or permeative margins
• Erodes cortex, soft tissue mass, and periosteal reaction
○ Soft tissue mass tends to be concentric around bone
• May elicit extensive medullary sclerosis

SELECTED REFERENCES
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NOT FOR PRINTING
No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

417

Ill-Defined Area of Sclerosis

Subtle Lytic Lesion

(Left) Radiograph shows
lymphoma of bone
manifesting as an ill-defined
zone of medullary sclerosis .
The cortex is intact with no
identifiable periosteal
reaction. (Right) Radiograph
shows lymphoma of the
proximal tibial metaphysis
appearing as a poorly defined
lytic lesion with endosteal
resorption anteriorly and
posteriorly . The distal
component is indistinct with
an area of sclerosis . The
cortex and periosteum are
intact, and there is no soft
tissue component.
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Hematopoietic Tumors

Primary Lymphoma

Marrow Replacing Tumor

Intramedullary Tumor

Poorly Defined Lesion

Extension Into Soft Tissues

(Left) Coronal FS MR shows
that the bone lymphoma
replaces the marrow of the
proximal tibial diaphysis. The
small, hyperintense soft tissue
component with intactappearing cortex is a
manifestation of the
permeative nature of the
lesion . (Right) Axial T1 MR
shows lymphoma that has a
hypointense signal within the
medullary cavity of the tibia
ﬅ. The tumor appears to be
confined to the bone, and the
cortex seems to be intact.

(Left) Lymphoma of bone
presents as an ill-defined,
permeative lesion in the tibia.
The tumor produces subtle
lytic change  and has
indistinct margins. Note the
circumferential periosteal
reaction that produces cortical
thickening ﬅ. (Right) Coronal
T2 FS MR shows lymphoma of
the tibia that extends into the
soft tissues with a
heterogeneous signal
intensity. Most of the tumor is
hyperintense , and it has a
well-demarcated proximal
margin ﬅ.
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Primary Lymphoma

Soft Tissue Extension
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(Left) Axial CT shows
lymphoma of the proximal
tibia appearing as a mixed
lucent and sclerotic lesion that
involves the cortex and elicits
periosteal new bone
formation. A soft tissue mass
is seen anteromedially ﬅ.
(Right) Axial T1 C+ FS MR
shows a minimally enhancing
lesion replacing the marrow
that has a soft tissue mass
anteromedially and
posterolaterally ﬅ. The mass
is hyperintense in comparison
to the muscles.

Hematopoietic Tumors

Erosion of Bone

Subtle Lysis of Bone

Geographic Marrow Involvement

(Left) Radiograph shows an illdefined area of destruction ﬅ
caused by lymphoma in the
femur. It is most evident
laterally where there is
cortical penetration ﬆ and
fullness of the lateral soft
tissues. (Right) Axial T1 C+ FS
MR shows a heterogeneously
enhancing lymphoma . The
scattered nonenhancing areas
ﬅ likely represent tumor
necrosis. Note the
nonenhancing joint effusion
anteriorly ﬆ with enhancing
synovial rim.

Medullary Area of Lysis

Marrow Replacement

(Left) Radiograph shows an
intramedullary lytic
lymphoblastic lymphoma ﬅ
producing endosteal
resorption in the distal
humeral diaphysis. The
margins of the tumor are
indistinct, and the outer cortex
appears intact with no
periosteal reaction or soft
tissue extension. (Right)
Sagittal T2 FS MR of
lymphoblastic lymphoma
shows that the tumor is
hypointense ﬅ and involves
most of the distal 1/2 of the
humerus. The adjacent
marrow is hyperintense ﬆ.
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Mixed Lytic and Sclerotic Lesion

Extension Into Soft Tissue

(Left) Radiograph of
lymphoma of the L5 vertebra
shows a mixed lucent  and
sclerotic lesion. The tumor is
confined to the bone, and
there is no cortical destruction
or periosteal reaction. (Right)
Sagittal T1 MR shows a
primary bone lymphoma that
replaces the marrow of the L5
vertebral body and the spinous
process and adjacent soft
tissues ﬆ. The tumor causes
mild endplate and disc
compression posteriorly and
extends into the spinal canal
, compressing the cord.
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Hematopoietic Tumors

Primary Lymphoma

Destructive Mass

Tumor Filling Sinus

Areas of Dense Sclerosis

Replacement of Marrow Fat

(Left) Axial CT shows a diffuse
large B-cell lymphoma of the
maxilla and ethmoid bones 
causing permeative lytic and
sclerotic destruction of the
left orbital floor and
extending into the adjacent
sinuses. The tumor focally
destroys the cortex anteriorly
. (Right) Coronal T1 MR of a
large B-cell lymphoma of the
maxilla and ethmoid shows a
hypointense signal intensity
mass ﬅ in the left maxillary
sinus. The superior and
inferolateral walls of the sinus
are destroyed.

(Left) Lymphoma of the
posterior calcaneus shows an
ill-defined lytic lesion  with
dense sclerosis  superiorly
and distally. There is slight
cortical thickening of the
plantar cortex ﬅ, and the
subtalar joint is intact. (Right)
Sagittal T2 FS MR of
lymphoma shows a
heterogeneously hyperintense
mass  in the posterior
calcaneus producing
significant hyperintensity in
the superior and distal areas.
An effusion is present in the
subtalar joint ﬅ.
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Primary Lymphoma

Permeative Growth Pattern

N
o
C oth NO
op e T
yr r u F
ig se OR
Al ht s
l r ©2 wi PR
ig 0 th IN
ht 21 ou T
s
I
t
.
re E pe NG
se lse rm
rv vi is
ed er s
.
In ion
c. .

(Left) Diffuse large B-cell
lymphoma involving the
humerus shows an
infiltrative growth pattern,
involving the proximal
portion of the bone and
extending into the diaphysis.
There is a pathologic
fracture . (Right) Diffuse
large B-cell lymphoma of the
humerus involves the
diaphysis  of the bone and
has a permeative growth
pattern typically seen in
lymphomas.

Hematopoietic Tumors

Pathologic Fracture

Lymphoma of Tibia

Lymphoma of Tibia

(Left) Lymphoma involving
the proximal tibia is shown.
There is no evidence of a
malignant neoplasm. (Right)
Corresponding MR
demonstrates an obvious
lesion involving the epiphysis
and metaphysis of the
proximal tibia.
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Epiphyseal Lymphoma

Epiphyseal Lymphoma

(Left) This young patient has a
large cell lymphoma involving
the epiphysis of the distal
femur. On this radiograph, it is
very difficult to identify the
tumor. (Right) Corresponding
MR shows a lesion that is
confined to the epiphysis .
There appears to be
edematous changes adjacent
to the lesion. Clinically, the
diagnosis of a
chondroblastoma was
entertained, but biopsy
showed a diffuse large cell
lymphoma.
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Hematopoietic Tumors

Primary Lymphoma

Large Tan-Yellow Mass

Hemorrhagic Mass With Fracture

Infiltrative Tumor

Necrotic Tumor

(Left) Diffuse large B-cell
lymphoma destroying the
distal femur has caused a
displaced pathologic fracture
ﬅ. The tan-yellow mass
replaces the metaphysis,
epiphysis, and proximal
medullary canal . (Right)
Destructive diffuse large B-cell
lymphoma ﬆ of the femur
has resulted in a pathologic
fracture ﬅ. The hemorrhagic,
tan tumor has caused
resorption of the cortex and
fills the medullary cavity .
The femoral head contains
hematopoietic and fatty
marrow.

(Left) Resected proximal
femur contains a primary highgrade follicular B-cell
lymphoma that is located in
the base of the femoral neck.
The tumor is soft and red and
permeates the marrow spaces
but does not involve the
cortex ﬅ. (Right) Resected
segment of femur harbors a
treated diffuse large B-cell
lymphoma. The tumor is
completely necrotic and fills
the medullary cavity ﬅ of the
diaphysis. The cortex is intact,
and there is no periosteal
reaction.

422

NOT FOR PRINTING
No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

Primary Lymphoma

Treated Tumor
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(Left) Primary nodular
sclerosis type of Hodgkin
disease of the rib presents as a
destructive, tan-yellow mass.
The tumor fills the medullary
cavity and extends into the
soft tissues on both sides of
the bone ﬅ. (Right) Treated
B-cell lymphoblastic
lymphoma of bone is shown
occupying the medullary
cavity of the distal diaphysis of
the humerus. The tan-white
tumor  does not involve the
cortex, and the periosteum
and adjacent skeletal muscle
are intact.

Hematopoietic Tumors

Cortical Destruction

Infiltrative Growth

Well Demarcated

(Left) Diffuse large B-cell
lymphoma of bone replaces
the marrow elements and
encases bony trabeculae,
some of which consists of
woven bone. This type of
infiltrative growth pattern is
characteristic of lymphoma.
(Right) Diffuse large B-cell
lymphoma of bone with subtle
sclerotic stroma is shown
abutting a zone of reactive
woven bone with osteoblastic
rimming . An unusual
feature of the growth pattern
is that the tumor is well
demarcated from the adjacent
bone.

Lymphoblastic Lymphoma

Sheets of Round Cells

(Left) Lymphoblastic
lymphoma of bone replaces
the marrow elements and
encases bony trabeculae. On
low power, the tumor cells are
monomorphic, mimicking
other malignant small round
cell tumors such as Ewing
sarcoma. (Right)
Lymphoblastic B-cell
lymphoma replaces the
marrow and is adjacent to a
bony trabecula. The tumor
cells grow in a sheet-like
pattern and are uniform in size
and shape with round nuclei.
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Irregular Nuclear Contours

Prominent Nucleoli

(Left) Diffuse large B-cell
lymphoma fills the marrow
cavity. The dyscohesive tumor
cells have a small to moderate
amount of cytoplasm, and the
nuclei have fine chromatin,
visible nucleoli, and irregular
nuclear contours. Mitoses are
few in number. (Right) Highpower view shows diffuse
large B-cell lymphoma
composed of cells that are
about the size of
macrophages. The tumor cells
have pink cytoplasm and large
vesicular nuclei with
prominent nucleoli. Scattered
apoptotic cells ﬅ are present
throughout the tumor.
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Hematopoietic Tumors

Primary Lymphoma

Reactive Woven Bone

Multilobated Nuclei

Smear Artifact

Ghost Cells

(Left) Diffuse large B-cell
lymphoma is shown replacing
the marrow adjacent to a
woven bone trabecula. This
type of bone can produce the
sclerosis that may be present
on imaging studies of this type
of tumor. (Right) Large cell
lymphoma of bone composed
of pleomorphic cells is shown.
The cells are multilobated and
hyperchromatic with irregular
nuclear contours. Many of the
tumor cells have a moderate
amount of eosinophilic
cytoplasm.

(Left) Large cell lymphoma of
bone demonstrates crush
artifact that can prevent
definitive diagnosis. This type
of change is a common
problem associated with bone
lymphoma biopsies. Other
tumors with this problem
include Ewing sarcoma. (Right)
Diffuse large B-cell lymphoma
shows complete necrosis of
the tumor cells. Extensive
necrosis can be seen in treated
tumors, as in this particular
case, but can also be seen in
biopsies of untreated
lymphomas, making definitive
diagnosis difficult.
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Primary Lymphoma

Membranous Staining
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(Left) Lymphoblastic
lymphoma of bone replaces
the marrow. Nuclei stain
strongly for TdT, which is
expressed in this type of
hematopoietic malignancy.
This type of tumor may not
stain with LCA,but expresses
CD99, which can cause
confusion with Ewing
sarcoma. (Right) Diffuse large
B-cell lymphoma with strong
membranous expression of
CD20 is shown. This
immunoprofile excludes other
malignant round cell tumors.

Hematopoietic Tumors

Strong Nuclear Staining

Reed-Sternberg Cells

Follicular Lymphoma

(Left) Hodgkin lymphoma of
bone contains characteristic
Reed-Sternberg cells ﬅ that
are bilobate and have large,
dark eosinophilic nucleoli. The
accompanying mixed
inflammatory infiltrate is rich
in eosinophils. (Right)
Follicular lymphoma of bone is
shown. The tumor is nodular
and paratrabecular in
location.

Anaplastic Large Cell Lymphoma

Immunohistochemical Stain for CD30

(Left) Rare example of an
anaplastic lymphoma of bone
is shown. The neoplastic cells
have obvious cytologic atypia.
(Right) Anaplastic large cell
lymphoma shows diffuse
staining of the neoplastic cells
for CD30.
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