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ABSTRACT

The purpose of this article is to provide a comprehensive review of the imaging features of osseous involvement in

haematological malignancies. Osseous involvement can be seen in various haematological malignancies including

lymphomas, plasma cell neoplasms, leukaemias and myeloproliferative neoplasms. Imaging plays a crucial role in initial

diagnosis, staging and in the assessment of treatment response in these patients.

INTRODUCTION
Haematological malignancies can be broadly divided into
the lymphomas, plasma cell neoplasms, leukaemias, mye-
loproliferative neoplasms, histiocytic and dendritic cell
neoplasms.1 Osseous involvement in haematological neo-
plasms may be confined to the bone marrow or involve the
cortical and cancellous bone. Various imaging modalities
including conventional radiography, CT, bone scintigraphy,
PET/CT and MRI are useful in initial diagnosis and treat-
ment response assessment of osseous involvement in var-
ious haematological malignancies. In this article, we
present a comprehensive review of the spectrum of imaging
findings of osseous involvement in common haemato-
logical malignancies.

ROLE OF IMAGING
Conventional radiography is the first-order diagnostic
study and most cost-effective means for the assessment of
the cortical and trabecular bone; however, it is not suitable
for evaluation of the bone marrow, which is the primary
site of involvement in haematological malignancies.
Moreover, a change of 30–50% in mineral density is
needed before a bone lesion becomes apparent on radio-
graphs. CT has higher sensitivity than plain radiography in
detecting small lytic lesions and identifying subtle fractures.
CT is also useful for displaying cortical disruption, peri-
osteal reaction and soft tissue involvement. Limitations of
CT include relatively high radiation exposure and relative
insensitivity in detecting subtle marrow changes. Bone

scintigraphy is highly sensitive method of detecting oste-
oblastic response seen in various osseous pathologies.2

Technetium-99m-labelled methylene diphosphonate bone
scintigraphy is useful in confirming the presence of disease
and demonstrating the distribution of disease in the skel-
eton. The major limitations of bone scintigraphy are the
lack of specificity and relative insensitivity in detecting lytic
osseous lesions, such as in multiple myeloma. Fluorine-18
fludeoxyglucose positron emission tomography (18F-FDG
PET)/CT is a functional imaging technique which is useful
in diagnosing focal osseous lesions as well as in detecting
diffuse bone marrow involvement. PET/CT is useful as
a one-stop shop modality, providing a whole-body (WB)
evaluation in one session and its utility in evaluating
treatment response.

MRI is the modality of choice for non-invasive evaluation
of various marrow disorders because of its superior con-
trast resolution and ability to differentiate haematopoietic
and fatty marrow. High-sensitivity, WB imaging capability
and lack of ionizing radiation make MRI the preferred
modality for bone marrow imaging. Commonly used MRI
sequences for bone and marrow imaging include T1
weighted (T1W), T2 weighted (T2W), proton density and
diffusion-weighted imaging (DWI) sequences and, when
indicated, T1W images after intravenous application of
contrast agent (gadolinium). T2W images are usually
combined with a fat saturation technique such as short tau
inversion recovery (STIR). T1W images provide excellent
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anatomical detail with high specificity for abnormalities of the
bone marrow. T2W images are usually combined with a fat
saturation technique to demonstrate increased water content
within the bone marrow and soft tissues. STIR is generally
used with larger fields of view and is highly sensitive for the
detection of marrow oedema. DWI is also helpful in evalua-
tion of various marrow infiltrative disorders. DWI is a func-
tional MRI technique that depicts differences in the mobility
of water in tissues. The corresponding apparent diffusion
coefficient quantifies the mobility of water protons in tissues.
Neoplasms exhibit more restricted water diffusion than nor-
mal tissues, which is reflected as high signal intensity on DWI.

MR APPEARANCE OF NORMAL BONE MARROW
AND HOW TO DIFFERENTIATE BETWEEN
INFILTRATIVE PATHOLOGY FROM NORMAL
HAEMATOPOIETIC MARROW
The medullary cavity of bones contains three components: red
(haematopoietic) marrow, yellow (non-haematopoietic) marrow
and trabecular bone in different proportions according to the
type of bone and the age of the person. The bone marrow is
a dynamic organ that changes composition throughout life. At
birth, the bone marrow is predominantly composed of haema-
topoietically active cells. As the individual ages, there is pre-
dictable conversion of haematopoietic to fatty marrow. The
marrow conversion process begins in the appendicular skeleton
and progresses to the axial skeleton.3 In long bones, marrow
conversion starts in the mid diaphysis and epiphysis, then pro-
gresses to distal metaphysis and finally to proximal metaphysis.
In adults, the red marrow is distributed in the axial skeleton and
the proximal aspects of the limbs. Generally, the distribution of
marrow infiltrative disease is dependent on the distribution of
the red marrow because of its rich blood supply as compared
with fatty marrow.

The MRI appearance of the bone marrow depends on the
presence and relative proportions of water, fat and trabecular
bone.4 Owing to short T1 relaxation time of fat protons, the
yellow marrow displays high signal intensity on T1W
sequences, nearly similar to that of subcutaneous fat. In adults,
long bones typically show high T1 signal intensity owing to
predominantly fatty marrow. T1 signal intensity of the red

marrow is lower than that of the yellow marrow owing to its
higher cellularity and low fat content, however showing higher
signal intensity than that of the muscles. Using skeletal muscle
as an internal standard, it is possible to differentiate between
infiltrative pathology (isointense or hypointense to muscle)
from normal haematopoietic marrow (hyperintense compared
with muscles) on T1W spin-echo MRI. For evaluation of the
spine, the intervertebral disc may serve as the internal standard
for differentiating infiltrative pathology from normal haema-
topoietic marrow, with the latter being hyperintense compared
with the disc on T1W images.5

On T2W spin-echo sequences, the fatty marrow has higher
signal intensity than the muscle. On fat-saturated or STIR
images, haematopoietic marrow shows intermediate signal
intensity, similar to that of muscles, whereas the fatty marrow
shows more hypointense signal.3,4 Most of the neoplasms
and pathological marrow infiltrative disorders are typically
hyperintense to red or yellow marrow on STIR images owing
to the high water content of the neoplastic cells. After
gadolinium administration, normal marrow enhancement
in healthy persons can vary greatly and is dependent on age,
however is significantly lower than pathological marrow
infiltration.6

PLASMA CELL NEOPLASMS
Plasma cell neoplasms arise from mature B lymphocytes and
include multiple myeloma, plasmacytoma and Waldenström
macroglobulinaemia (WM). Monoclonal gammopathy of un-
known significance (MGUS) and smouldering multiple mye-
loma are asymptomatic plasma cell dyscrasias, which can

Table 1. Staging systems for multiple myeloma

Stage Durie-Salmon staging system International staging system

I

• Haemoglobin value .10 g dl21

• Normal serum calcium

• Bone radiography: normal bone structure or solitary bone
plasmacytoma only

• Low levels of M protein in the blood or urine

• Serum b2-microglobulin ,3.5mg l21

• Serum albumin $3.5 g dl21

II Not Stage I or III Not Stage I or III

III

One or more of the following:

• Haemoglobin value ,8.5 g dl21

• Serum calcium .12mg dl21

• Advanced lytic bone lesions

• High M-component production rate

Serum b2-microglobulin $5.5mg l21

Table 2. Durie-Salmon plus staging system

Classification MRI and/or 18F-FDG PET findings

I ,5 focal lesions; mild diffuse disease

II 5–20 focal lesions; moderate diffuse disease

III .20 focal lesions; severe diffuse disease

18F-FDG, fluorine-18 fludeoxyglucose; PET, positron emission
tomography.
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progress to multiple myeloma. MGUS is the most common
asymptomatic plasma cell dyscrasia with prevalence of .3% in
populations more than 50 years of age and has an average
multiple myeloma progression risk of 1% per year.7 Smoulder-
ing myeloma is a heterogeneous clinical entity that mimics
MGUS and has more indolent course of disease than multiple
myeloma. It is defined as either serum M-protein $3 g l21 or
$10% monoclonal plasma cells in the bone marrow with no
myeloma-related organ or tissue impairment.8

Multiple myeloma is the most common primary malignant bone
neoplasm in adults. The majority of patients with multiple
myeloma and plasmacytoma are more than 60 years of age at
presentation with increasing incidence with age. The median age
at diagnosis is 66 years; with a male predominance.9 Multiple
myeloma occurs due to an uncontrolled proliferation of a single
clone of differentiated plasma cells in the bone marrow. It is
characterized by the presence of monoclonal immunoglobulins
in the serum and/or urine, although approximately 3% of
patients have no M-protein in the serum or urine (non-secretory
myeloma). Patients present with a variety of signs and symptoms
(anaemia, bone pain, fatigue, hypercalcaemia, elevated creati-
nine and weight loss) owing to plasma cell infiltration of the
bone or other organs or owing to kidney damage from excess
light chains.9

In patients with multiple myeloma, uncontrolled proliferation
of plasma cells occurs primarily within the marrow space
resulting in skeletal destruction with osteolytic lesions, osteo-
penia and/or pathological fractures. Myeloma lesions closely
follow the red marrow distribution pattern and mostly involve
the axial skeleton (skull, spine, rib cage and pelvis) and
proximal appendicular skeleton. Osseous destruction repre-
sents a major cause of morbidity and mortality in myeloma
patients and manifests as severe bone pain, pathological frac-
tures, spinal cord compression and hypercalcaemia. A plas-
macytoma is a discrete, solitary mass of neoplastic plasma cells
in either the bone or soft tissue. Solitary plasmacytomas most

frequently occur in the bone but can also be found in soft
tissues (extramedullary plasmacytoma). The most common
location of solitary plasmacytoma is within a vertebral body.
The thoracic vertebrae are most commonly involved, followed
by the lumbar, sacral and cervical vertebrae.

Figure 1. A 60-year-old female with multiple myeloma. (a) Plain radiograph of the skull (lateral view) demonstrating multiple lytic

lesions. (b) Axial T1 weighted MR image showing an expansile lesion involving right parietal bone with extraosseous soft-tissue

component (arrow). The lesion shows hypointense signal compared with that of fatty marrow of the diploic cavity.

Figure 2. A 65-year-old female with multiple myeloma.

(a) Sagittal T1 weighted (T1W) MR image of lumbosacral spine

showing bone marrow infiltration characterized by diffuse

marrow hypointensity. (b) Sagittal contrast-enhanced T1W

image showing diffuse heterogeneous marrow enhancement

involving lumbosacral spine.
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The main role of imaging in multiple myeloma is in initial
staging of the disease, detection and characterization of com-
plications and in the evaluation of treatment response.
According to the International Myeloma Working Group in
2009 and International Myeloma Consensus Panels in 2011,
conventional radiography remains the standard method for
imaging screening in patients with multiple myeloma; however,
newer imaging modalities, such as MRI, CT and 18F-FDG PET/
CT, are frequently used for better diagnostic and prognostic
evaluation.10,11 Multiple myeloma is widely staged using the
Durie-Salmon system which divides myeloma into three stages
based on four factors haematocrit, serum calcium, amount of
abnormal monoclonal immunoglobulin in the blood or urine
and the presence and number of bony lesions on radiographs
(Table 1).12 In 2006, the Durie-Salmon PLUS staging system was
proposed to include lesions seen with 18F-FDG PET/CT and
MRI to evaluate the extent and severity of multiple myeloma
(Table 2).13 Alternate staging systems for multiple myeloma
include the International Staging System which defines three risk
groups on the basis of serum b-microglobulin and albumin
levels.14

Typical appearance of myeloma on radiography is punched-
out lesions without reactive surrounding sclerosis in the skull,
spine and pelvic bones (Figure 1a). Generalized osteopenia
may be the only osseous manifestation of myeloma in up to
15% of patients. Other patterns of skeletal involvement are
described in the literature and include solitary plasmacytoma
or rarely osteosclerosing myeloma.15,16 Thinning of the inner
cortical bone (scalloping) and multiple small lesions pro-
ducing a “moth-eaten” appearance can also be seen. In the
skull, diffuse lytic lesions of myeloma give rise to the classic
“pepper pot skull”. A major disadvantage of conventional ra-
diography in diagnosis and staging of patients with myeloma
is limited sensitivity, as radiographs reveal lytic disease only
when .30% of the trabecular bone has been lost.17 CT has
higher sensitivity than conventional radiography in detecting
small lytic bony lesions. CT is also helpful for evaluation of

extraosseous lesions and for image-guided biopsy.18 Bone
scintigraphy is of limited value in multiple myeloma owing to
the lack of osteoblastic activity.

Figure 3. A 43-year-old female with multiple myeloma. (a, b) Pre-treament sagittal T1 weighted (T1W) (a) and T2 weighted (T2W) (b)

MR images of the cervical spine showing marrow involvement of the C5 vertebra with pre-vertebral (arrows) and anterior epidural

(arrowhead) soft-tissue components (b). Post-treatment sagittal post-contrast T1W (c) and T2W (d) MR images showing

hypointense marrow signal of the affected C5 vertebra (arrows) with resolution of soft-tissue component.

Figure 4. A 68-year-old female with multiple myeloma. Coronal

short tau inversion recovery whole-body MR image showing

compression fractures involving the L3 and L5 vertebrae

(arrows) with hyperintense marrow signal suggestive of

oedema.
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MRI is particularly useful in evaluation of extraskeletal soft-
tissue masses adjacent to the bone and better visualization of
marrow involvement. MRI has higher sensitivity than radio-
graphs, CT and bone scintigraphy. MRI has the advantage of
sensitivity for the presence of disease and superior soft tissue
contrast resolution; however, its specificity is limited. Typical
myeloma lesions involve the bone marrow and have low signal
intensity on T1W images (Figure 1B) and high signal intensity
on T2W and STIR sequences. MR patterns of bone marrow
involvement are classified as homogeneous diffuse bone marrow
infiltration, focal lesions, mixed pattern with focal lesions on the
background of diffuse abnormality and normal appearance of
the bone marrow with microscopic plasma cell infiltration
(Figure 2).19,20 According to a study of 28 patients with extra-
medullary myeloma, the majority of the lesions are hypointense
to isointense on T1W images and isointense to hyperintense on
T2W images compared with the skeletal muscles.21 The post-
treatment appearance of marrow lesions varies in MRI and
includes resolution of marrow abnormality or persistent ab-
normality without enhancement or with peripheral rim en-
hancement.22 Replacement of infiltrated marrow by fat may
manifest as hyperintense signal on T1W images, whereas scle-
rotic healing response manifests as reduction in T1 and T2 signal
intensities (Figure 3). WB MRI is increasingly used for the initial
assessment of myeloma.23 According to a study of 24 patients
with bone marrow biopsy-proven multiple myeloma, WB MRI
had a higher sensitivity and specificity than PET in the assess-
ment of disease activity24 (Figure 4). MRI is also useful in pre-
dicting the prognosis in patients with multiple myeloma.
According to a study of 113 patients with newly diagnosed

multiple myeloma, spine MRI at the time of diagnosis was found
useful in detecting malignancy-associated compression fractures
and extramedullary myeloma, including epidural extension of
the tumour.25 Furthermore, extramedullary plasmacytoma was
associated with poor overall survival.

In recent years, 18F-FDG PET/CT has emerged as a powerful
diagnostic tool for evaluation of patients with myeloma;
18F-FDG PET/CT is used as initial imaging to identify the
presence of additional osseous and extraosseous lesions in
patients with solitary plasmacytoma of bone. PET/CT and MRI
are particularly useful in the detection of extraosseous mani-
festations of multiple myeloma, which can affect various organ
systems including the lymph nodes, central nervous system,
skeletal muscles, lungs, liver, pancreas, adrenal and sub-
cutaneous tissues.21 PET/CT is also valuable in assessing
prognosis and therapeutic response in patients with myeloma.
According to a single-centre study of 239 untreated patients,
the presence of more than three 18F-FDG -avid focal lesions is
positively linked to high levels of beta-2-microglobulin, C-
reactive protein and lactate dehydrogenase and is associated
with inferior overall and event-free survival.26 PET/CT has
higher specificity for evaluation of therapeutic response than
MRI, on which signal abnormalities persist years after treat-
ment.27 Response criteria specific to osseous metastases have been
developed at the University of Texas MD Anderson Cancer
Center.28 On radiographs and CT, response may be indicated by
the appearance of a sclerotic rim around the lytic osseous lesions
(Figure 5). On MRI, peripheral T1 hyperintensity around a pre-
viously hypointense lesion can suggest treatment response.

Figure 5. A 62-year-old female with multiple myeloma. (a) Anteroposterior radiograph of the right humerus demonstrates a lytic

diaphyseal lesion (arrow). (b) Follow-up radiograph 1 year after stem cell transplantation shows appearance of peripheral sclerosis

around the lytic lesion (arrow).
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Waldenström macroglobulinaemia
WM, also known as lymphoplasmacytic lymphoma, is a distinct
lymphoproliferative disorder of B-cell origin characterized by
immunoglobulin M monoclonal gammopathy in the blood and
lymphoplasmacytic cells in the bone marrow. Patients with WM
usually present with cytopenias, hyperviscosity, neuropathy,
hepatosplenomegaly and lymphadenopathy.29 Focal osseous
lesions are rarely seen on conventional radiographs in patients
with WM. MRI and 18F-FDG PET/CT are useful imaging mo-
dalities to assess bone marrow involvement in patients with
WM. According to a single-centre study of 23 consecutive
patients, MRI identified marrow abnormalities in 90% of
patients with WM.30 Two types of imaging patterns were clas-
sified. The diffuse pattern manifests as isointense or hypointense
marrow signal compared with the adjacent muscle on T1W
images. The other pattern with variegated involvement shows
innumerable tiny foci of marrow replacement scattered
throughout the marrow.30 18F-FDG PET/CT has sensitivity of
.80% in detecting disease involvement, including bone marrow
involvement in patients with WM compared with CT alone
(43% vs 8%).31 Also in the same study, 18F-FDG PET/CT was
found to be more sensitive in treatment response assessment
than CT (Figure 6).

Lymphoma
The lymphoproliferative disorders are classified into Hodgkin’s
lymphoma (HL) and non-HL (NHL). Osseous involvement in
lymphoma can be primary (without any supraregional lymph
node involvement or other extranodal lesion) or secondary.32

Secondary osseous involvement in lymphoma may occur as
a part of disseminated disease or in relapsed disease with in-
volvement of the bone. Secondary osseous lymphoma is in-
distinguishable from primary lymphoma of the bone (PLB) on
immunocytological analysis, and imaging findings in primary
and secondary lymphoma of the bone are similar.

Primary lymphoma of the bone
PLB is a rare manifestation of HL and NHL, accounting for
,5% of bone tumours and ,2% of lymphomas.33 The majority
of them are usually large B-cell-type NHL, with diffuse large
B-cell lymphoma being the most common histological sub-
type.32 Rarely, indolent lymphomas (follicular lymphoma,
marginal zone lymphoma and small lymphocytic lymphoma)
may present as PLB. Highly aggressive lymphoma subtypes, such
as Burkitt lymphoma, anaplastic large-cell lymphoma and
lymphoblastic lymphoma can also have osseous involvement.
HL accounts for,10% of PLB.34 Although PLB can occur at any
age, .50% of cases occur in patients over the age of 60 years,
with slight male predominance.35 PLB occurs more commonly
in the axial skeleton than in the appendicular skeleton.

Conventional radiographs, CT and MRI are the commonly used
modalities for PLB. 18F-FDG -PET/CT is useful to exclude occult
systemic lymphoma. Lymphoma can involve bone marrow,
cortex and also may have extraosseous soft tissue involvement.
The radiographic features of osseous lymphoma are variable and
the pattern can be normal, predominantly lytic, sclerotic or
mixed lytic–sclerotic.36 The typical imaging appearance of PLB

Figure 6. A 43-year-old female with Waldenström macroglobulinaemia. (a) Coronal-fused fluorine-18 fludeoxyglucose positron

emission tomography (18F-FDG PET)/CT image shows 18F-FDG-avid bilateral axillary lymphadenopathy (black arrows), splenic

involvement (white arrow) and diffuse skeletal uptake (white arrowheads) consistent with bone marrow involvement. (b) Post-

treatment coronal fused 18F-FDG PET/CT image shows significant interval decrease in 18F-FDG-avid disease involving spleen (white

arrow) and bone marrow (white arrowheads).
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on conventional radiographs is that of a lytic (70%) or mixed-
density (28%) lesion with a permeative or moth-eaten pattern
(Figure 7A).34 Diffuse medullary mottling is usually the first
radiographic sign. Relative absence of cortical destruction
favours lymphoma over other bony neoplasms. Associated
lamellated or sunburst periosteal reaction with cortical de-
struction can occur. Sequestra are seen in approximately 10% of
PLB.37 CT is superior to conventional radiography in the de-
tection of cortical and trabecular destruction, periosteal reaction,
sequestrum and extraosseous extension. Approximately half of
the lesions have an associated soft-tissue mass.34 CTand MRI are
more sensitive in identifying soft tissue involvement associated
with PLB than radiographs. On MRI, PLB demonstrates low
signal intensity compared with normal bone marrow on T1W

images (Figure 7B). However, on T2W sequences, PLB has more
heterogeneous appearance with variable signal intensity ranging
from hypointense, isointense or hyperintense relative to fat.38,39

Secondary osseous involvement
Bone marrow infiltration is categorized as an extranodal site in
staging of lymphoma and is associated with a poor prognosis in
newly diagnosed patients with lymphoma. Up to 40% of patients
with NHL have disseminated disease with extranodal in-
volvement at presentation, including bone marrow in-
volvement.40 Secondary osseous involvement occurs in 5–20%
of patients during the course of Hodgkin’s disease (Figure 8).
Most osseous lymphomatous involvement results from contig-
uous nodal or haematogenous spread. Vertebral lesions occur

Figure 7. A 80-year-old female with primary B-cell non-Hodgkin’s lymphoma involving the right distal femur. (a) Lateral radiograph

of the right femur shows ill-defined lytic lesion involving distal femoral metaphysis with cortical destruction (arrow). (b) Coronal T1

weighted MR image shows low signal intensity of the tumour relative to fatty marrow of the epiphysis and periosteal reaction and

soft tissue (arrows).

Figure 8. A 26-year-old male with relapsed Hodgkin’s lymphoma and osseous involvement. (a) Axial CT image of the the pelvis in

bone window settings demonstrates sclerosis of the right acetabulum (arrow) with periosteal reaction (arrowheads). (b) Coronal

short tau inversion recovery MR image shows marrow hyperintensity involving the right iliac bone and acetabulum along with

periosteal reaction (arrow).
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most frequently in the thoracic and lumbar spine. Lytic lesions
are more common but patchy sclerosis and classic “ivory ver-
tebrae” are frequently seen.41 Associated extraosseous soft-tissue
masses and pathological collapse are also common.

MRI is particularly useful in the evaluation of lymphomatous
bone marrow involvement, which can be multifocal or diffuse.
Lymphomatous bone marrow lesions typically have low signal
intensity on T1W images and high signal intensity on fat-
saturated T2W or STIR sequences with moderate to marked
contrast enhancement (Figure 9). One characteristic finding of
lymphoma is restricted diffusion with low apparent diffusion
coefficient values on DWI due to hypercellularity. Extraosseous
extension of tumour without cortical destruction is well dem-
onstrated on MRI (Figure 10). With recent technical advances in
MRI, WB MRI is becoming a promising tool and viable

alternative to PET/CT for the diagnosis and staging of bone
marrow involvement of lymphoma, particularly in paediatric
and pregnant patients, without using ionizing radiation or an
intravenous contrast agent.42 According to recent studies, DWI-
MRI has high sensitivity up to 97% compared with PET/CT for
staging, follow-up and treatment response assessment in patients
with 18F-FDG -avid lymphoma.43,44 WB diffusion-weighted
MRI is usually well tolerated by patients owing to the relatively
shorter acquisition time, which is typically shorter than that for
PET/CT.

Numerous studies have validated and confirmed the utility of
18F-FDG PET for staging as well as interim and end-of-therapy
treatment response assessment of lymphoma. In recent years,
many studies have shown the usefulness of 18F-FDG PET/CT for
diagnosis of bone/bone marrow lesions in both HL and

Figure 9. A 65-year-old female with diffuse large B-cell lymphoma. (a) Axial T2 weighted (b) MR image showing heterogeneous

expansile lesion involving the clivus (arrow). (b) Axial contrast-enhanced T1 weighted MR image showing heterogeneous

enhancement of the lesion (arrow) with encasement of cavernous segment of internal carotid arteries on both sides (arrowheads).

Figure 10. A 22-year-old male with Burkitt’s lymphoma. (a). Sagittal T1 weighted (T1W) MR image showing T1 hypointensity involving

the frontal bone with associated extradural (arrowheads) and scalp soft-tissue mass (arrow). (b) Coronal T1W MR image shows

hypointense lesion involving the distal end of the femur (arrow).
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NHL.45–47 In a retrospective study of 122 newly diagnosed
biopsy-proven cases of HL, Muzahir et al48 found the sensitivity
of 18F-FDG PET/CT is nearly 100% with the specificity of
76.57% compared with bone marrow biopsy. Similarly in NHL
patients, PET/CT has better diagnostic performance and prog-
nostic stratification than bone marrow biopsy. In a single-
institution retrospective study of 133 patients with newly di-
agnosed diffuse large B-cell lymphoma, 18F-FDG PET/CT had
higher sensitivity (94%), negative-predictive value (98%) and
accuracy (98%) compared with bone marrow sampling (24%,
80%, 81%, respectively).49 18F-FDG PET/CT and bone marrow
biopsy have a high concordance rate (80%) for detecting bone
marrow involvement.50 In evaluation of treatment response in
patients with lymphoma, PET/CT is now widely accepted as one

of the most accurate non-invasive modalities. As functional
changes usually precede morphological changes after treatment,
18F-FDG PET/CT is better for the evaluation of treatment
response, as 18F-FDG uptake decreases before morphologi-
cal changes become evident on conventional radiography,
CT or MRI.

LEUKAEMIA AND MYELOID SARCOMA
Leukaemia refers to a group of haematopoietic neoplasms in-
volving myeloid or lymphoid cell lineage of the bone marrow.
Leukaemia is the most common childhood malignancy, and
musculoskeletal manifestations symptoms can be seen in up to
40% patients with acute leukaemia.51 Various radiographic ab-
normalities in patients with leukaemia include osteoporosis,

Figure 11. A 45-year-old male with chronic myeloid leukaemia and multiple myeloid sarcoma. (a) Anteroposterior radiograph of the

right femur shows no significant abnormality. (b) Coronal T1 weighted MR image shows large T1 hypointense lesions in the distal

femur and proximal tibia (arrows) and numerous other ill-defined smaller lesions.

Figure 12. A 57-year-old male with primary myelofibrosis. (a) Coronal T1 weighted MR image demonstrates diffuse marrow

infiltration involving both distal femurs (arrows). (b) Coronal contrast-enhanced CT image in bone window settings shows

splenomegaly (arrow) with diffuse osteosclerosis.
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pathological fractures, metaphyseal bands, pathological frac-
tures, osteosclerosis and periosteal reaction.51,52 Marrow in-
filtration by leukaemic cells is typically diffuse with replacement
of red or yellow bone marrow cells, resulting in a diffuse de-
crease in marrow signal intensity on T1W MR images.

Myeloid sarcoma, also known as chloroma and granulocytic sar-
coma, is a solid extramedullary neoplasm composed of primitive
myeloid cells, which occur in patients with myeloproliferative dis-
orders, especially in acute myeloid leukaemia.53 Myeloid sarcoma
may occur in patients with acute myeloid leukaemia, myelodys-
plastic syndrome, myeloproliferative neoplasm, essential thrombo-
cythaemia and polycythaemia vera. It can occur as the initial
symptom of the underlying haematologic malignancy or be the first
sign of relapse in patients previously treated for primary or sec-
ondary acute leukaemia. Myeloid sarcoma presents during remission
of underlying haematologic disorder in up to 80% of patients.54

Myeloid sarcoma may be the first manifestation of blastic trans-
formation in patients with myelodysplastic syndrome or myelo-
proliferative neoplasm. Occasionally, myeloid sarcoma may occur de
novo in healthy persons in the absence of underlying haematologic
malignancy or precede the systemic malignancy by months or years.

Osseous involvement is seen in approximately 50% of patients
with myeloid sarcoma, and the spine, pelvis and lower extremity
bones are commonly involved.54 Imaging characteristics of osseous
myeloid sarcoma is similar to that of other marrow neoplastic
disorders, typically hypointense on T1W images and mildly hy-
perintense on T2W images compared with skeletal muscles and
usually shows homogeneous enhancement greater than that of
muscle on contrast-enhanced T1W images (Figure 11). 18F-FDG
PET/CT is useful in detection of additional clinically occult disease
sites, staging and monitoring the response to treatment.55

Myelofibrosis
Myelofibrosis is often primary but may be secondary to a number
of malignant and non-malignant conditions. Primary myelofi-
brosis (PMF) is a chronic myeloproliferative neoplasm of un-
known origin characterized by progressive bone marrow fibrosis.
PMF is a clonal proliferation of a pluripotent haemopoietic stem
cell causing production of cytokines such as fibroblast growth

factor leading to replacement of the haematopoietic bone marrow
by collagen fibers.56 PMF usually affects elderly patients with
a peak incidence between 50 and 70 years of age.57 Patients present
with anaemia, malaise, weight loss, fever or symptoms due to
splenic enlargement.56 Marked splenomegaly is a frequent mani-
festation of myelofibrosis (Figure 12).58

Myelofibrosis is characterized by a number of radiological
changes as a result of marrow fibrosis and extramedullary hae-
matopoiesis. The primary osseous imaging finding in patients
with myelofibrosis is diffuse osteosclerosis involving the axial
skeleton, ribs and proximal humerus and femur (Figure 10).
Purely osteolytic lesions are extremely rare.59 Also, periostitis
occurs in few patients with myelofibrosis, seen on radiographs as
periosteal new bone formation in extremities.60 Other imaging
manifestations in patients with myelofibrosis include hep-
atosplenomegaly, lymphadenopathy and extramedullary hae-
matopoiesis in other organ systems.61 In the spine, two different
patterns of osteosclerosis can be seen: a diffuse homogeneous
pattern or involvement of the superior and inferior margins of
the vertebral body (sandwich vertebrae).62

On MRI, bone marrow in patients with myelofibrosis shows low
intensity on both T1W and T2W images (Figure 12).62 On
18F-FDG PET/CT, myelofibrosis is characterized by diffusely
increased uptake throughout the bone marrow.63 Owing to in-
creased cortical blood flow in myelofibrosis, bone scintigraphy
demonstrates diffusely increased activity in all bones resulting in
a “superscan” phenomenon.64

CONCLUSION
Osseous involvement can be seen in various haematological
malignancies including lymphoma, plasma cell neoplasms, leu-
kaemia and myeloproliferative neoplasms. Imaging plays a cru-
cial role in the initial diagnosis and staging of the disease in these
patients. Knowledge about normal physiological marrow con-
version and difference in signal intensity on T1W MRI helps in
differentiation between infiltrative pathology from normal hae-
matopoietic marrow. 18F-FDG PET/CT, being a functional im-
aging modality, is particularly important in predicting prognosis
and detecting early treatment response.
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