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Abstract

Bone disease is a serious problem for many patients, often causing pathological
bone fractures. A spinal collapse is a condition that affects the quality of life. It is the
most frequent feature of multiple myeloma (MM), used in establishing the diagnosis
and the need to start treatment. Because of these complications, imaging plays a
vital role in the diagnosis and workup of myeloma patients.
For many years, conventional radiography has been considered the gold standard
for detecting bone lesions. The main reasons are the wide availability, low cost, the
relatively low radiation dose and the ability of this imaging method to cover the
entire bone system. Because of its incapacity to evaluate the response to therapy,
more sophisticated techniques such as whole-body low-dose computed tomography
(WBLDCT), whole-body magnetic resonance imaging, and 18F-fluorodeoxyglucose–
positron emission tomography/computed tomography (PET/CT) are used. In this
review, some of the advantages, indications and applications of the three techniques
in managing patients with MM will be discussed. The European Myeloma Network
guidelines have recommended WBLDCT as the imaging modality of choice for the
initial assessment of MM-related lytic bone lesions. Magnetic resonance imaging is
the gold-standard imaging modality for the detection of bone marrow involvement.
One of the modern imaging methods and PET/CT can provide valuable prognostic
data and is the preferred technique for assessing response to therapy.
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Multiple myeloma (MM) is
a malignant hematologic disorder
characterized by clonal expansion
of malignant plasma cells that
accumulate in the marrow leading
to anemia and associated cytopenia,
hypogammaglobulinemia,
osteolytic
bone disease, hypercalcemia, and renal
dysfunction [1-4].
MM is the second most frequent
malignancy of the blood, which accounts
for ~1% of neoplastic diseases and 13%
of hematologic cancers. During the last
decades, MM has caused an increasing
number of deaths globally [5].
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Myeloma diagnostic criteria must
evidence either 10% or more of clonal
bone marrow plasma cell of biopsy-proven
bony or extramedullary plasmacytoma
and the presence of one or more myeloma
defining events, the CRAB criteria:
hypercalcemia, renal failure, anemia,
lytic bone lesions, and three specific
biomarkers of malignancy: clonal bone
marrow plasma cell either 60% or more,
the serum-free light chain of 100 or higher,
and at least one focal lesion on MRI scans
[2]. One of the criteria of active myeloma
is represented by bone lesions, which can
often lead to osteopenia to bone fractures
in the pathological bone [2,6,7].

Hematology
In multiple myeloma (MM), the patient’s quality
of response to treatment, particularly the achievement
of durable complete response, is related to improved
progression-free survival and overall survival [8,9]. The
introduction of new treatment strategies owing to the
approval of several molecules in the last decade enabled a
significant increase in survival of patients with MM [9,10].
In this context, imaging presents a vital role in the diagnosis
and workup of myeloma patients. The detection of lytic/
focal bone disease is part of the criteria for starting therapy
and carries prognostic significance. Imaging may be the
only way of assessing the extent of disease, response to
therapy, or disease relapse [11]. Early detection of myeloma
complications such as osteoporosis and compression
fractures is valuable to help improve morbidity in myeloma
patients [12].

Skeletal X-ray

The guidelines of the International Working Group
on Myeloma (IMWG) highlight the presence of skeletal
lytic lesions on skeletal X-rays as one of the criteria for
classifying the symptomatic patient with multiple myeloma
[13,14]. In treating patients with MM, whole-body planar
radiography has long been considered the gold standard for
detecting bone damage [9,15]. Skeletal radiographs have
been widely used due to their availability, having the ability
to highlight lytic lesions and pathological fractures present
in MM [16].
Skeletal lesions can be seen in the spine (Figure
1), pelvis, ribs, sternum, skull, and proximal appendicular
skeleton. Although rare, the more distal appendicular skeleton
may be affected. Skeletal radiography could be described:
solitary lesion (plasmacytoma), diffuse skeletal damage
(myelomatosis), diffuse skeletal osteopenia, and sclerosing
myeloma [17,18]. Bone lesions in myeloma patients usually
appear in the flat bones of the skull and pelvis, as perforated
ovoid lytic areas without sclerosis of the surrounding bone.
Almost 80% of myeloma patients have skeletal involvement,
which most commonly affects the following sites: 65%
vertebrae, 45% ribs, 40% skull, 40% shoulders, 30% pelvis,
and 25% long bones. Detectable radiographic lesions are
rare in the elbows and knees [19-22].
According to IMWG guidelines, X-ray should
include a posteroanterior view of the chest, anteroposterior
and lateral view of the spine, humerus, femur, skull, and
anteroposterior view the pelvis [19]. X-ray is the imaging
method used to detect lytic bone disease because it is widely
available, easy to perform and report, it has a low cost,
relatively low radiation dose, and can cover almost the entire
bone system [11,23]. Although conventional radiography
has historically been the standard imaging technique for
many years, it has limited sensitivity and very low accuracy
rates [11]. Detection of lytic bone disease is demonstrated
only when 30-50% of the trabecular bone is lost [11,24].

Figure 1. Osteolytic lesion of the spine T2-T3 – anterior view.
Medical Radiology-Imaging department of the “Prof. Dr. Ion
Chiricuta” Oncological Institute archive.

X-rays show low specificity, especially in
anatomically complex areas, such as the axial skeleton and
thoracic cage, or patients with low bone mineral density
[16]. Detection of lytic lesions, especially in the axial
skeleton, is difficult due to overlapping structures. Falsepositive results may occur in the pelvis due to overlapping
bowel loops that mimic the disease. Thus, 30% -70% of the
results are false negative [16,24]. Limitations of radiography
include prolonged study time, difficulty assessing certain
areas, such as the pelvis and spine, difficulty distinguishing
vertebral fractures secondary to benign osteoporosis from
those present in MM, or lack of ability to assess response
to treatment [11,17,25]. The long time spent by the patient
on the examination table and the poor tolerance of elderly
patients with severe pain and lytic bone disease is another
common disadvantage. These conditions make it difficult
to place these patients in the proper position [24].
The limitations of conventional radiography have
led to an increase in the use of more advanced imaging
methods. For these reasons, after the publication of the
ESMO Clinical Practice Guidelines in 2017, conventional
radiography is used to diagnose and stage multiple myeloma
only if CT scanning is not available [19].
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Whole-body low dose CT (WBLDCT)

WBLDCT is often used, replacing conventional
radiography, due to its greater sensitivity for detecting bone
lesions and diagnosing extraosseous lesions [23,26]. The
European Myeloma Network (EMN) and the European
Society’s Guide to Medical Oncology (ESMO) has
recommended whole-body low dose CT (WBLDCT) as the
imaging method of choice for the initial assessment of MMrelated lytic bone damage [27].

features of myeloma: lytic bone destruction of the entire
skeleton, diffuse involvement of the bone marrow, especially
in the appendicular skeleton, as osteopenia and osteoporosis,
and extraosseous localization [30]. The inclusion of
osteolytic lesions found only on CT was the result of several
studies showing that CT has increased sensitivity compared
to CSS to detect bone lesions in multiple myeloma (Figure
2) [31,32].
WBLDCT has significant advantages as a first-line
imaging modality for the evaluation of bone disease in
patients with MM. It is more sensitive than the conventional
skeletal study for the detection of osteolysis, and the lytic
lesions detected by WBLDCT justify the initiation of
treatment in asymptomatic patients [24,31,33]. Moreover,
it highlights concomitant extraosseous lesions, thus helping
to define assessment algorithms for myeloma patients in
various clinical conditions such as staging, follow-up, and
assessment of spinal stability [30,34].
It is widely available, relatively inexpensive, easy to
perform, with a scan time of less than one minute, superior
image quality without the need to use contrast agents due
to the intrinsic contrast of the bone [31,35]. For a good
diagnosis and qualitative images, the selection of optimal
imaging parameters and the correct positioning of the patient
is mandatory while maintaining a low but effective radiation
dose administered to the patient [24].
WBLDCT should be performed with a multidetector
CT scanner with at least 16 rows of detectors, with a visual
field from the skull to the proximal tibial metaphysis. It is not
necessary to prepare the patient before the examination and
the administration of contrast agents. The correct position
of the patient is horizontal, on the table, with the arms
positioned so as to include the shoulders in the field of view,
without producing changes that could significantly degrade
the image quality in the clinically relevant anatomical
regions [31].

Positron emission tomography with computed
tomography 18F‐deoxy-fluoro glucose (FDG‐PET/
CT)
Figure 2. Osteolytic lesion located in the sternal body. MedicalImaging Radiology department of the ”Prof. Dr. Ion Chiricuta”
Oncological Institutearchive.

Advances in CT technology allow the use of lowdose CT protocols. Introduced by Horger and colleagues,
low-dose CT protocols aim to preserve sensitivity and
imaging details [11]. WBLDCT allows the assessment of
early bone marrow abnormalities in the long bones, which
only become visible belatedly on conventional radiography,
thus excluding false positive or negative results. Bone
marrow myeloma lesions are generally hyperdense in adults,
contrasting with healthy yellow marrow, which is usually
hypodense [19,28,29]. WBLDCT describes the three main

FDG‐PET/CT is a non‐invasive functional imaging
modality of the whole body. It has been included in the
2019 International Myeloma Working Group (IMWG)
recommendations as a feasible imaging strategy for the
initial workup of newly diagnosed MM. FDG‐PET/CT
detects myeloma-related lesions with excellent sensitivity
and specificity with the advantage of carrying out both bone
and extra‐bone exploration in a single examination [36-38].
The most significant advantage of ¹⁸F-FDG PET / CT
is its ability to accurately assess the severity of the disease
and to distinguish between active metabolic lesions and
inactive lesions [39-41]. PET/CT reveals multiple osteolytic
lesions throughout the skeleton (Figure 3) (skull, ribs,
upper limbs, femurs, pelvis and spine), with a short image
acquisition time with 3-D tomographs, important in patients
with fractures or bone pain [42,43].
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Figure 3. Multiple subcutaneous lesions in the left iliac region and multiple metabolically active lytic bone lesions: femur, iliac bone,
skull, spine. Medical Radiology-Imaging department of the “Prof. Dr. Ion Chiricuta” Oncological Institute archive.

The performance of FDG‐PET/CT in detecting
MM is excellent, with a sensitivity of around 90% for the
detection of myeloma lesions, and specificity was varying
from 70 to 100% in several studies, with greater sensitivity
than whole‐body conventional radiography and comparable
sensitivity with pelvic‐spinal MRI. PET/CT detects more
osseous myeloma manifestations in 40%-60% of cases as
compared to conventional radiography and detects lesions
in patients with false-negative conventional radiography
results [23,36,44].
PET/CT is used to evaluate glucose metabolism
activity and yields biochemical and functional information,
in contrast to the solely anatomic data obtained with CT
and MRI conventional sequences. The total duration of the
procedure is approximately 80–90 minutes, and the field
of view should include the region spanning from at least
the skull to the femora, including the upper limbs. PET/
CT, similar to WBLD CT and WB MRI, is a good option
for detecting bone lesions in MM. The results of several
studies have shown the usefulness of PET/CT, with high
sensitivity and specificity reported in the detection of bone
damage and extramedullary involvement [45-49].
In a prospective study designed to compare the
¹⁸F-FDG PET / CT method with whole-body skeletal

X-ray survey (WBXR) and MRI of the spine and pelvis,
¹⁸F-FDG PET / CT was superior to WBXR for detecting
bone lesions, while MRI was more sensitive than ¹⁸F-FDG
PET / CT for the detection of diffuse plasma infiltration of
bone marrow. However, in one third of patients, ¹⁸F-FDG
PET / CT demonstrated bone changes in sites outside the
visual field of MRI. In a further study, ¹⁸F-FDG PET / CT
and MRI of the spine were equally effective in detecting
focal lesions.
A systematic review of 18 studies comparing
¹⁸F-FDG PET / CT with WBXR, or MRI, confirmed that
MRI is the gold standard technique for assessing diffuse
involvement of the bone marrow, while ¹⁸F-FDG PET / CT
is more sensitive than WBXR for bone damage detection
[39,50].
Rasche et al. recently published a study that
examined the FDG-PET/CT false-negative rate within a
cohort of 227 newly diagnosed MM patients and identified
the tumor-intrinsic parameters associated with this pattern.
While 11% of patients were FDG-PET/CT negative, and
this was not linked to the degree of bone marrow plasma
cell infiltration or plasma cell proliferation. They then
showed a statistically significant decrease in hexokinase-2
expression in this subset, an enzyme that catalyzes the first
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phosphorylation step of glycolysis, therefore providing a
mechanistic reason. More recently, Abe et al. investigated
the prognostic impact of low hexokinase-2 expression
associated with false-negative FDG-PET in MM patients.
Ninety patients with newly diagnosed MM were enrolled in
this retrospective study, and the authors confirmed that an
FDG-PET negativity rate of 12% was associated with low
expression of hexokinase 2 [51-54].
The images obtained by PET / CT 18F-FDG can
provide morphological and metabolic findings being a
valuable tool in the differential diagnosis of osteolytic
lesions. However, PET-CT ¹⁸F-FDG is recommended to
differentiate active myeloma from smoky myeloma, if
WBXR is negative and whole body MRI is not available
[52,55-58].

the appearance of lytic changes, thus demonstrating the
superiority over conventional radiography. MRI provides
improved detection of lesions in the spine (Figure 4), pelvis,
sternum, skull and scapulae. MRI is similar to CT and PET
/ CT, but individual studies have shown advantages over
MRI. MRI is more suitable than PET / CT to detect diffuse
bone marrow damage. Another advantage of MRI is the
ability to differentiate uncomplicated osteoporotic fractures
from pathological fractures based on the appearance
of the bone marrow and is well suited for visualizing
extramedullary myeloma [17,33,70-73].

Magnetic resonance imaging (MRI)

Magnetic resonance imaging (MRI) is the gold
standard imaging technique for assessing bone marrow
involvement in myeloma [59,60]. MRI is a sensitive
and specific imaging method for detecting bone marrow
infiltration before the mineralized bone is destroyed.
The presence of more than one focal lesion of at least 5
mm is sufficient to define MM [61], being considered
asymptomatic disease requiring treatment according to
the International Working Group on Myeloma (IMWG)
[59,62-64].
MRI has a higher specificity and sensitivity in
detecting focal lesions in multiple myeloma compared to
plain radiography, computed tomography, and fluorescence
positron emission tomography. Because of its high
sensitivity in revealing bone marrow involvement, MRI is
now used for the discrimination between asymptomatic/
smoldering and symptomatic multiple myeloma. Moreover,
MRI is the modality of choice for differentiating benign
from malignant vertebral fractures, and for assessing
painful complications and bone marrow compression.
MRI is useful because of its superior soft-tissue contrast
resolution [9].
A whole-body MRI is performed when the CT is
negative or inconclusive. It provides prognostic information
because more than one focal lesion is associated with an
increased risk of disease progression. It can detect myeloma
infiltration into the bone marrow before the development
of cortical bone destruction [9,65-67]. A study of 611
patients showed that MRI detected more focal lesions than
plain radiography, which led to an increase in survival.
Comparing WBLDCT and WB-MRI, MRI detected the
highest number of bone lesions [11]. MRI is based on
examining the tissue composition in terms of water and fat
content and has the highest sensitivity in detecting bone
marrow infiltration by myeloma cells without radiation
exposure [27,68,69].
The advantages of MRI are due to the fact that
bone marrow infiltration can be visualized even before

Figure 4. Osteolytic lesion in the lumbar spinal canal, posterior to
the L4 vertebral body. Medical Radiology-Imaging department of
the “Prof. Dr. Ion Chiricuta” Oncological Institute archive.

In addition to the known advantages of MRI, it also
has some disadvantages: limited availability, high costs,
and long examination time (approximately 45-60 minutes).
The application of the method requires an increased
caution in the case of patients with metal implants or at
risk of developing nephrogenic systematic fibrosis. Also,
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in purely morphological sequences, it is often impossible
to distinguish between vital lesions and non-vital scars
because some of the lesions disappear incompletely or only
very slowly [17,23,74]. Not all patients can tolerate MRI,
especially those suffering from pain or claustrophobia, but
with mild sedation and effective analgesia, most patients
can be successfully scanned [11]. Several studies have
shown that MRI, both axially and the whole body, is more
sensitive than WBXR to detect bone involvement in MM,
providing greater diagnostic accuracy [27].
Lecouvet et al. compared axial MRI with WBXR and
found that MRI had a higher detection rate, but that WBXR
was generally higher because it showed more appendicular
lesions. When performing a whole-body examination that
includes at least the proximal appendicular skeleton, MRI
has a higher detection rate than WBXR. The results have
showed that approximately 10% of patients have lesions
exclusively outside the axial skeleton. Baur Melnyk et al.
compared whole-body MRI with whole CT and found that
MRI revealed a more widespread disease in half of the
patients [18,75].

Conclusions

Imaging plays an essential role in diagnosing
patients with multiple myeloma because detection for bone
lesions has prognostic significance and is part of the criteria
for starting therapy.
Conventional radiography has long been considered
the gold standard for detecting bone damage. Because of
the disadvantages of its use, conventional radiography has
been replaced by new imaging methods, which include
Whole-body low dose CT (WBLDCT), Positron emission
tomography with computed tomography 18F‐ deoxy-fluoro
glucose (FDG‐PET/CT), and Magnetic resonance imaging
(MRI).
As a modern imaging technique, WBLDCT offers
superior image quality, is widely available, has high
sensitivity, is relatively inexpensive, and easy to perform
with a short scanning time.
PET / CT has been compared to other imaging
modalities and is superior to WBXR and comparable to
MRI. The sensitivity of PET / CT for detecting focal bone
lesions is similar to MRI.
MRI is more suitable than PET / CT to detect
diffuse bone marrow damage. An advantage of MRI is the
ability to differentiate uncomplicated osteoporotic fractures
from pathological fractures, suitable for visualizing
extramedullary myeloma.
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