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Abstract

Traditionally, the skeletal survey has been the standard modality for the detection of osteolytic
bone disease in multiple myeloma. In addition to its poor sensitivity for the detection of osteolytic
lesions, this modality is not able to identify extramedullary lesions and focal bone marrow
involvement, nor measure response to therapy. The application of novel imaging techniques such
as computed tomography (CT), magnetic resonance imaging (MRI), and molecular imaging such
as fluorine-18 fluorodeoxyglucose positron emission tomography CT (:8F-FDG PET/CT) and
fluorine-18 sodium fluoride positron emission tomography CT (18F-NaF PET/CT) has the
potential to overcome these limitations as well as provide prognostic information in precursor
states and multiple myeloma. Also promising is the use of dynamic contrast enhanced magnetic
resonance imaging (DCE MRI) to measure vascular permeability, an important feature of
myelomagenesis. This review summarizes the current status and possible future role of novel
imaging modalities in multiple myeloma and its precursor states.
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Case report

The patient is a previously healthy 54-year-old Caucasian male who experienced severe left

arm pain while lifting a heavy bag at an airport. Plain radiographs revealed a left humeral
fracture (Figure 1). The patient was then placed in a sling for 4 weeks. During this time, he
developed numbness and tingling of his right arm, prompting further imaging.
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Magnetic resonance imaging (MRI) of his spine revealed a T1 destructive lesion with
epidural extension from C7 to T1 (Figure 2). Further laboratory evaluation revealed an
immunoglobulin G (IgG) x monoclonal protein of 1.6 g/dL on serum protein electrophoresis
(SPEP), hemoglobin of 10 g/dL, creatinine of 0.99 mg/dL, albumin of 3.2 g/dL, calcium of
2.25 mmol/L, and a B,-microglobulin of 2.7 mg/L. His serum free light chain (FLC) ratio
was also abnormal at 32 (x =61 mg/dL; A =1.88 mg/dL).

He later underwent a left humeral internal fixation. Biopsies obtained from both the T1
lesion and the left proximal humerus were consistent with a plasma cell neoplasm, as
determined by CD138-positive kappa restricted plasma cells. His bone marrow biopsy
demonstrated 5-10% CD138 plasma cells with aberrant expression of CD56. In addition, a
fluorine-18 fluorodeoxyglucose positron emission tomography/computed tomgraphy (18F-
FDG PET/CT) scan revealed additional bone marrow lesions at the left transverse process of
T10, the body of L3, left posterior scapula, left inferior sacrum, and the left femur (Figure
3), not previously seen on a skeletal survey.

The constellation of imaging findings, pathology reports, and laboratory values led to the
diagnosis of multiple myeloma with an International Staging System (ISS) score of 2. The
patient received radiation therapy to the T1 lesion, left humerus, and left sacrum with
improvement of his pain and neurologic symptoms. He is currently on systemic therapy with
lenalidomide, bortezomib, and low dose dexamethasone.

Introduction

Multiple myeloma is a malignant plasma cell disorder and is the second most common
hematologic malignancy in the United States, with about 20 000 patients diagnosed annually
[1]. According to current diagnostic criteria, multiple myeloma is diagnosed in the presence
of a monoclonal protein detectable in the blood or urine, light chain restricted plasma cells
in the bone marrow, and myeloma-related end-organ damage [2]. The features of end-organ
damage are defined as follows: hypercalcemia, renal insufficiency, anemia, and/or bone
disease manifested by osteolytic lesions or osteoporosis. Osteolytic lesions are most
commonly found in the axial skeleton, skull, shoulder girdle, proximal humeri, ribs, and
proximal femurs [3]. Additionally, patients may present with multiple extramedullary
plasmacytomas at diverse sites, including the nasopharynx, larynx, and upper respiratory
tract [4].

The above case report illustrates the limitations of current imaging techniques in multiple
myeloma, based predominantly on the findings of skeletal survey. The use of more sensitive
imaging modalities, in this case MRI and PET, were able to render a diagnosis and alter
clinical management even though the patient had low monoclonal protein levels and a low
plasma cell burden in his bone marrow. This highlights the complementary role these
additional imaging modalities have in the management of multiple myeloma.

Limitations of the skeletal survey in multiple myeloma

Traditionally, the skeletal survey has been the gold standard imaging modality to detect
osteolytic lesions [5]. The skeletal survey is a series of plain films that include the chest,
skull, humeri, femora, and pelvis as well as anteroposterior and lateral images of the whole
spine. Information regarding the presence of lytic bone lesions was incorporated into the
Durie-Salmon staging system, which was developed over 30 years ago [6]. However, the
skeletal survey is insensitive for the detection of osteolytic lesions as it requires at least 30%
cortical bone destruction [7]. Because the skeletal survey requires 20 separate films, the
patient typically spends a lengthy period of time on the radiographic table. This may be an
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important issue for those patients with severe pain as they are rotated and positioned for
multiple radiographic images [5].

It is also difficult to quantify (including linear measurements) plain radiographs due to
magnification changes. Furthermore, the skeletal survey cannot be used to assess response,
as osteolytic lesions may not change radiographically following therapy. Because of the
multiple limitations of the skeletal survey, there is increasing interest in improving imaging
techniques in multiple myeloma. Features of an optimal imaging technique include high
sensitivity for detecting lytic bone lesions as well as infiltrative focal lesions in the bone
marrow, reliable detection of extramedullary disease, and being able to assess response to
treatment (Table I).

Improved detection of osteolytic lesions in multiple myeloma

Multidetector computed tomography (MDCT) has been used in the detection of osteolytic
lesions in multiple myeloma because it allows for whole body imaging and excellent
anatomic detail. Mahnken et a/. studied the utility of MDCT in 18 patients with Durie—
Salmon stage 11l multiple myeloma and compared the findings with those of the skeletal
survey [8]. In the 18 patients, a total of 325 vertebrae were examined. Their findings showed
that the skeletal survey detected bone lesions in 207 vertebrae, compared to 231 vertebral
lesions detected by MDCT. Importantly, MDCT detected twice as many lesions at risk of
fracture, compared to the skeletal survey (12 vs. 6), defined as lytic lesions with >50%
volume loss.

A major disadvantage of MDCT, however, is high radiation doses (>35 mSv). An alternative
approach is the use of low dose CT (LDCT) where the average dose is about 3.3 mSv.
Gleeson and colleagues tested LDCT’s feasibility in diagnosing and staging patients with
multiple myeloma [9]. In their study, 34 patients with biopsy-confirmed multiple myeloma
and five with monoclonal gammopathy of undetermined significance (MGUS) or
smoldering multiple myeloma (SMM) were enrolled. All patients underwent LDCT and a
skeletal survey. LDCT was found to detect more osteolytic lesions, allowing the restaging of
25 cases (20 cases were upstaged) using the Durie-Salmon PLUS staging system. One
patient was also found to have a clinically important lesion in the vertebral body with
erosion into the spinal canal, detected by LDCT but not the skeletal survey. This patient
subsequently required urgent radiation therapy.

These two studies show that computed tomography (whether high dose or low dose) appears
to be superior to the skeletal survey for the detection of osteolytic lesions. Detection of these
additional lesions has the potential to alter clinical management.

Another area of great interest is the fusion of anatomic imaging (CT) with functional
imaging (PET). Functional imaging using 18F-FDG PET allows the detection of malignant
plasma cells because 18F-FDG is trapped in the cells after being taken up via GLUT1
glucose transporters, since it is not recognized by the hexose monophosphatases and
therefore not further metabolized [10]. When PET scan results are combined with imaging
obtained from low dose CT (18F-FDG PET/CT), the presence of osteolytic lesions, focal
lesions in the bone marrow, and extramedullary disease can be detected [11].

When 18F-FDG PET/CT was compared to the skeletal survey, Nanni et a/. found a higher
number of lesions in 16 out of 28 patients with newly diagnosed symptomatic myeloma
[12]. In nine of the 16 patients, the skeletal survey was completely normal, while 18F-FDG
PET/CT detected one or more lytic bone lesions. They also found that 18F-FDG PET/CT
detected a second bone lesion in a patient who was originally thought to have a solitary
plasmacytoma, changing the diagnosis to multiple myeloma. Other studies have calculated a
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sensitivity range of 80-90% and a specificity range of 80-100% of 18F-FDG PET/CT in
detecting osteolytic lesions in multiple myeloma [13,14].

Because of the lack of osteoblastic response to lytic lesions, bone scintigraphy has a limited
role in the staging of patients with multiple myeloma. Its sensitivity in detecting multiple
myeloma bone disease was found to range between 40 and 60% [15]. When Ludwig et al.
compared bone scintigraphy to the skeletal survey in multiple myeloma, they found that
radionuclide imaging was inferior to conventional X-rays in the detection of bone lesions
[15]. This is in contrast to 18F-NaF PET/CT, which was found to be sensitive to both
osteoblastic as well as osteolytic lesions [16]. Increased 18F-fluoride uptake was found at the
periphery of these lytic lesions [16]. When combined with LDCT, the specificity of 18F-NaF
PET increases, allowing it to distinguish benign lesions from malignant ones. Further studies
are required to investigate the utility of 18F-NaF PET/CT in the detection of myelomatous
bone disease.

Techniques to improve detection of infiltrative focal bone marrow disease

Although whole body magnetic resonance imaging (WB-MRI) is inferior to MDCT when it
comes to detecting bony lesions, its strength lies in its ability to image the bone marrow
directly and to detect the pattern and extent of bone marrow infiltration in the absence of
osteolytic lesions [17]. Unlike conventional MRI, WB-MRI enables an expanded field of
view, encompassing all or nearly all of the body. WB-MRI works by obtaining imaging of
multiple sections of the body and ‘stitching’ them together electronically. Dinter et al.
studied WB-MRI and its role in detecting focal and diffuse infiltrative bone marrow lesions
[18]. In 60 patients with multiple myeloma, the entire axial skeletal was imaged with both
WB-MRI and conventional radiography. They also looked at the influence of WB-MRI on
therapeutic decisions. They found that WB-MRI revealed additional areas of abnormalities,
and the most significant area of discordance between the two studies was the detection of
diffuse disease infiltration on the WB-MRI, which was not detectable on the skeletal survey.
Thus, 41 out of 60 (68%) patients had their disease stage upgraded using the Durie-Salmon
PLUS staging system by the WB-MRI. When they looked at the group of patients requiring
further therapy (24 out of 60 patients), the WB-MRI was the most important factor in 10 out
of the 24 patients in prompting the initiation of further therapy because it detected
extramedullary lesions in six of the 10 patients and impending fractures in three patients.

Moreover, Walker ef a/. conducted a prospective study in 668 patients with multiple
myeloma using pre- and post-treatment imaging evaluations with both a skeletal survey and
an MRI of the axial bone marrow [19]. They found that MRI detected focal lesions in 139
patients who had normal skeletal surveys. CT-guided fine needle aspiration (FNA) of the
MRI focal lesions confirmed focal osteolysis in 97% of these patients. They also found that
MRI had a higher sensitivity in the spine, sternum, and pelvis. Their data led them to
conclude that MRI should be used to complement the skeletal survey in assessing patients
with multiple myeloma because it allows the detection of bone marrow focal lesions before
osteolytic lesions are seen on the skeletal survey [19].

Another technique that has been used to detect focal infiltrative bone marrow lesions is
technetium-99-m labeled hexakis-2-methoxy-isobutyl-isonitrite (99mTc-sestamibi). This
tracer was initially introduced as a myocardial perfusion agent, where it is still commonly
used [20,21]. Because of its propensity to accumulate in tissues with high cell density and
mitochondrial activation, 99mTc-sestamibi has also been used to study malignant tumors
[22]. Various studies have also reported uptake of this tracer by myeloma cells [23-25]. One
such study was conducted by Pace et al., where 39 patients with multiple myeloma (29 with
active disease and 10 in remission) underwent 99mTc-sestamibi scans [23]. Each scan was
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classified as normal, diffuse uptake, focal uptake, or diffuse and focal uptake. The scans
with diffuse uptake were further characterized in terms of the intensity of the uptake. In the
results, they found 32 abnormal scans and seven normal scans. All the normal scans were
found in patients in remission after chemotherapy, while 91% of the abnormal scans were in
patients with active disease. They also found that patients with low-burden disease had scans
with low-intensity diffuse uptake, while those with a higher-stage disease had focal uptake
or high-intensity diffuse uptake. The authors concluded that 99mTc-sestamibi was a
potentially useful technique in the detection of myeloma in the bone marrow, and that the
type and intensity of uptake correlated with disease severity.

Although it is used mainly in the study of brain tumors, investigators have also found that
increased 11C-methionine uptake may represent abnormal myeloma cells that are producing
immunoglobulins. In a prospective study, Dankerl ef a/. imaged 19 patients with active
multiple myeloma (13 were untreated) versus 10 controls with 11C-methionine PET/CT
[26]. In their study, they found that all the control patients had low 11C-methionine bone
marrow uptake in the bone marrow space of T11 (maximum mean standard uptake value
[SUVax] = 1.8 £0.3) as compared to visually normal bone marrow of patients with multiple
myeloma (treated: mean SUV s« = 4.3 £2; untreated: mean SUV ¢ = 4.6 £2.9). All 13 of
the untreated patients with multiple myeloma were found to have multiple focal bone
marrow lesions. While some of these lesions corresponded to findings on the LDCT, others
were without any structural changes. From their findings, the authors speculated that 11C-
methionine PET/CT has the potential to play a role in detecting early bone changes,
estimating tumor burden, as well as complementing the stage classification of multiple
myeloma [26].

Imaging to assess treatment response in multiple myeloma

Response to treatment in multiple myeloma is currently measured by laboratory parameters,
which include serum protein electrophoresis, urine protein electrophoresis, bone marrow
evaluation, and serum free light chains [27]. Because conventional radiographs do not allow
the assessment of extramedullary disease or focal bone marrow disease, radiographic
response assessment looking at these two characteristics of the disease is limited. Myeloma-
induced bone lesions also seldom heal, even with therapy, as bisphosphonates and
immunomodulatory agents do not affect the activity of the osteoblasts [28]. Therefore, the
skeletal survey is not able to assess for treatment response in patients with multiple
myeloma.

Recently, however, the Arkansas group has reported the largest and most comprehensive
study on the impact of imaging in treatment response in multiple myeloma when undergoing
the Total Therapy 3 therapeutic program (an intensive multiagent induction chemotherapy
and tandem autologous stem cell transplant regimen followed by maintenance therapy for 3
years) [29]. All patients had a skeletal survey, MRI, and 18F-FDG PET/CT at baseline and at
specified points in their protocol. Complete 18F-FDG suppression in both focal lesions and
extramedullary lesions in PET before transplant conferred superior overall and event-free
survival at 30 months. Other studies have also shown that post-treatment declines of 18F-
FDG PET/CT activity have been associated with clinical improvement, as well as a positive
response to treatment [30,31].

99mTc-sestamibi is another imaging method that may be used in the follow-up of patients
with multiple myeloma. Mele et a/. sought not only to compare it with the skeletal survey in
the staging of patients with multiple myeloma but also to evaluate its usefulness post-
treatment [32]. In their study, 229 scans were obtained at baseline while 168 were obtained
at follow-up. The majority of the patients who had follow-up scans had multiple myeloma
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(91%), while the rest had solitary plasmacytoma. In their results, they found that 86% of
their patients who had a complete response to treatment had negative scans, while 73% of
those who had minimal response had positive scans. All patients with no response to
treatment had positive scans. In this study, they also found a positive correlation between the
scans and clinical and biological parameters that indicated tumor burden and disease
activity.

Imaging with dynamic contrast enhanced MRI (DCE MRI) can also be used to assess
response to treatment in multiple myeloma. DCE MRI is a non-invasive technique that can
detect vascular permeability in malignant tissues [33]. It involves the serial acquisition of
MR images of a tissue of interest before, during, and after the injection of a gadolinium
chelate. After the signal is converted into gadolinium concentration, the signal intensity
curve can be fitted to a two-compartment pharmacokinetic model from which parameters
such as the rate constants, Kzns and Kep, can be derived. These parameters have complex
physiologic meaning but can be used to serially assess response to angiogenic inhibitors
[34].

Lin et al. performed DCE MRI pre- and post-treatment in 30 patients with multiple myeloma
[35]. Twenty patients received induction therapy followed by high dose therapy and an
autologous stem cell transplant, while 30 received only induction therapy. Parameters
assessed included MR pattern of bone marrow infiltration, size of focal lesions, bone
marrow enhancement percentage based on time-signal intensity curves, and focal lesion
enhancement percentage. Post-treatment changes in these parameters were compared with
clinical response to treatment. Patients were labeled as good responders if they achieved a
complete response (CR) or a very good partial response (VGPR) defined by laboratory
criteria, and poor responders if they achieved a partial response, had stable disease, or had
progressive disease. Their results show that the good responders had significantly less
percent bone marrow enhancement compared with the pre-treatment bone marrow. These
patients also had a change in the timing of focal lesion enhancement. Before treatment, the
focal lesions showed early enhancement, but after induction chemotherapy, good responders
showed a delay in the peak enhancement. Lin et a/. concluded that DCE MRI can be used to
assess response in patients who have received systemic chemotherapy as well as early
detection of disease progression after high dose therapy. They also noted that DCE MRI
could potentially be used to assess response in patients with oligo- or non-secretory
myeloma.

Imaging to improve prognostic assessment in multiple myeloma

The ISS stating system, the Durie-Salmon staging system, and the Durie—Salmon PLUS
staging system are three systems for assessing prognosis in multiple myeloma [6,36-38].
These systems rely largely on clinical and laboratory findings and not anatomic details from
imaging studies. The Durie—Salmon PLUS staging system, although not in wide use, has
incorporated novel imaging techniques. In this system, poor-risk patients have greater than
20 lesions and/or extramedullary lesions found on MRI or 18F-FDG PET/CT. In addition,
prognosis in multiple myeloma can be assessed though the use of molecular features that
confer high risk, such as fluorescence /n situ hybridization (FISH) for t(4;14), t(14;16),
t(14,20), and del17p, aneuploidy, and deletion 13 on metaphase cytogenetics [39].

Kusumoto et al. presented one of the earliest studies that showed that abnormal MRI
patterns (diffuse or nodular) correlated to inferior survival [40]. In their prospective study,
61 patients with multiple myeloma had MRI studies along with baseline laboratory
parameters. These patients were then followed for 1-73 months. The majority of the patients
(n=53) received treatment with melphalan and prednisolone, VAD (vincristine, adriamycin,
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and dexamethasone), or VCAP (vincristine, cyclophosphamide, adriamycin, and
prednisone). Patients with a normal MRI pattern had a significantly longer 5-year survival
rate of 80%, compared to 30% in those with an abnormal pattern. The patients with nodular
and diffuse MRI pattern were also found to have the worst survival among those with
abnormal MRI patterns.

Moulopoulos et al. also showed that patients with diffuse marrow replacement on MRI had a
poorer prognosis [41]. In their study, 142 patients with multiple myeloma obtained pre-
treatment imaging with an MRI of the thoracic and lumbar spine. In their group of patients,
50% were found to have focal marrow lesions, 28% had a diffuse pattern, 14% had a
variegated pattern, and 8% were normal. All patients then proceeded to receive treatment
with vincristine/doxorubicin/dexamethasone, melphalan/dexamethasone, VAD bolus, or
VAD with liposomal doxorubicin, and the hyper-CVAD (hyperfractionated
cyclophosphamide/vincristine/doxorubicin/dexamethasone) regimen. High dose therapy
with autologous stem cell transplant was administered to 61 patients. Survival was
calculated from the start of treatment to death or the last follow-up visit. They found that
patients with a pre-treatment diffuse pattern on their MRI of the bone marrow had a median
survival of 24 months, compared to 56 months in those with a normal pattern (p <0.001).

In a more recent study, Castellani er a/. performed 18F-FDG PET in 18 patients with a recent
diagnosis of multiple myeloma prior to treatment [42]. All patients underwent standard
chemotherapy at the time of diagnosis. Mean follow-up was 43 months. Patients were then
divided into two groups based on their outcome: group A had patients with rapid
progression of multiple myeloma and group B had patients with less aggressive disease.
When they looked at the mean SUV of two regions of interest positioned on both femora
whose bone marrow was visible on coronal slices, they found higher values in patients with
the more aggressive disease (group A). A univariate regression analysis showed that the
mean SUV was also linearly related to survival in their patients.

To our knowledge, the first systematic study looking at prognosis using DCE MRI and
multiple myeloma was conducted by Hillengass et al. [43]. In their study, 60 patients with
progressive or relapsed multiple myeloma and five newly diagnosed patients had a DCE
MRI prior to further therapy with a thalidomide based therapy. They then followed these
patients for a median of 56 months. During follow-up, 47 patients had progressive disease.
The median overall survival was 49.5 months. Using a multivariate Cox model, DCE MRI
parameters along with other factors (B8,-microglobulin [B2M], albumin, lactate
dehydrogenase [LDH]) were investigated. They found that one MRI parameter, amplitude
A, a measure of vascular permeability, and B2M were independent prognostic factors for
event-free survival, with B2M being the sole predictor of overall survival. The authors
concluded that abnormal amplitude A likely reflects an increase in micro-circulation, which
correlates to disease activity. They also mentioned that DCE MRI may play an important
role in the future in identifying patients who could benefit most from anti-angiogenic drugs.

Imaging to improve prognostic assessment in patients with monoclonal
gammopathy of undetermined significance and smoldering multiple

myeloma

Multiple myeloma is consistently preceded by a pre-malignant state, MGUS or SMM
[44,45]. In MGUS, patients have a monoclonal protein spike less than 3 g/dL, and per
definition they have less than 10% plasmacytosis in the bone marrow and no end-organ
damage [2]. SMM is defined by 3 g/dL or greater of monoclonal protein in the blood and/or
10% or greater plasmacytosis in the bone marrow, in the absence of end-organ damage [2].
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The average risk of progression to multiple myeloma is approximately 1% per year for
patients with MGUS and 10% per year for patients with SMM [46,47]. However, the actual
risk of multiple myeloma progression for individual patients with MGUS/SMM varies
greatly [48].

Currently, we lack biological predictors for the progression from MGUS/SMM to multiple
myeloma. One proposed hypothesis to explain the transition from pre-malignant to
malignant states is the presence of an ‘angiogenic switch,” resulting in the imbalance of pro-
and anti-angiogenic factors, creating a pro-angiogenic environment that supports tumor
growth [49]. Rajkumar et al. evaluated angiogenesis in 400 patients with MGUS, SMM,
multiple myeloma, and AL amyloidosis [50]. Using CD34 immunohistochemical staining to
detect bone marrow microvessels, high grade microvessel density was seen in 1% of patients
with MGUS, 3% of patients with SMM, 29% of patients with newly diagnosed multiple
myeloma, and 42% of patients with relapsed multiple myeloma. Several studies have also
shown that increased angiogenesis is an adverse prognostic marker for patients with multiple
myeloma [51-54]. However, determination of angiogenic grade from biopsy samples is
limited by the invasiveness of the procedure, because it is anatomic and not physiologic, and
because it provides only a small sample of one part of the bone marrow.

Moulopoulos et al. obtained MRI of the thoracic and lumbosacral spine in 38 patients with
newly diagnosed SMM [55]. In 19 of these patients, the MRI studies were found to be
normal, while the others had variegated, diffuse, or focal patterns. These patients were then
followed every 2 months. Moulopoulos et a/. found that the median time to progression to
multiple myeloma for all patients was 29 months. However, when the groups were divided
into normal and abnormal MRI studies, they found that the median time to progression was
far longer in the patients with normal MRIs versus abnormal MRIs (43 months vs. 16
months). Therefore, the authors concluded that abnormal MRI patterns in patients with
SMM may provide the justification to start treatment. When 24 patients with MGUS
underwent MRI of the thoracolumbar spine, Bellaiche et a/. found that all patients had
normal scans, compared to only 86% of patients with SMM [56].

One of the first studies to report the utility of 18F-FDG PET in patients with MGUS was
reported by Durie et al. [57]. In this retrospective study of patients imaged between 1996
and 2000, all patients with active multiple myeloma had an abnormal PET scan despite 25%
with negative skeletal survey. All patients with MGUS, however, who were followed
between 3 and 43 months, had negative scans.

Hillengass et al. evaluated DCE MRI of the lumbar spine in 222 patients with MGUS,
SMM, and multiple myeloma and 22 healthy controls [58]. They found statistically
significant abnormal rate constants between normal controls and those with SMM and
between normal controls and those with multiple myeloma, with a higher difference in value
between the normal controls and those with multiple myeloma. They also found a
correlation between the DCE MRI peak intensity and bone marrow plasmacytosis. Although
their study did not allow for complete patient follow-up, one of their asymptomatic patients
with a diffuse variant (a pattern of increased microcirculation) DCE MRI developed
multiple myeloma 6 months after the study [58]. The authors proposed that DCE MRI can
be used to recognize patients at higher risk for progression and that these patients should be
considered for the initiation of early therapy.

Brief comment on costs of novel imaging modalities

Without any doubt, novel imaging modalities have a significantly higher sensitivity than
conventional X-rays. Based on the Medicare reimbursement rate in the United States, the
cost of a skeletal survey is approximately $US100, compared to the cost of CT of the chest,
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abdomen, and pelvis of about $US1000 [59]. When combined with PET, the cost of PET/CT
can run anywhere from $US1000 to $US4000, depending on the tracer and the body part
that is being imaged. As for MRI of the L spine, reimbursement rates are estimated around
$US500. If a patient were to receive PET/CT and MRI of the L spine, the total cost could
come to approximately $US1500-$US4500. At the same time, however, the cost of
induction therapy with novel agents such as lenalidomide and bortezomib has been
estimated at $US10 000 per cycle. Since most therapy with multiple myeloma will require at
least four cycles, the total cost for induction therapy is at least $US40 000.

Clinical management based on current knowledge regarding novel imaging

modalities

At this time, clinical guidelines do not mandate the use of novel imaging modalities in
patients with MGUS, SMM, and multiple myeloma. We also do not know to what extent
these techniques will improve or change existing clinical practice and/or therapeutic
decisions. It is possible that abnormal imaging findings may prompt a clinician to initiate
therapy sooner rather than later, or to decrease the surveillance interval of such patients. At
our institution, we are currently investigating the feasibility of these techniques in patients
with MGUS, SMM, and multiple myeloma. Our results so far have been promising. For
example, we have upgraded some patients with high-risk SMM to multiple myeloma
because 18F-FDG PET/CT detected lytic lesions not identified in the skeletal survey. Our
preliminary results show that patients with MGUS have no clinically significant
abnormalities detectable by 18F-FDG PET/CT, 18F-NaF PET/CT, and DCE MRI of the
lumbar spine.

We will need further studies to determine what role these new imaging techniques will play
in the detection of residual disease and the current response criteria in multiple myeloma. It
would be interesting to compare response via laboratory parameters such as flow cytometry
and free light chain ratio to the response seen on these novel imaging modalities.

Summary and conclusions

It is now generally acknowledged that the current gold standard imaging modality in
multiple myeloma, the skeletal survey, has limited sensitivity and specificity for detecting
myeloma-related osteolytic lesions. Since the diagnosis of multiple myeloma is dependent
on the diagnosis of end-organ damage, better, more sensitive techniques are needed to
replace the skeletal survey. Clearly, the introduction of novel imaging techniques such as
CT, PET/CT, and MRI has improved the detection of myeloma lesions (Table Il). These
techniques may also play an important role in the assessment of treatment response as well
as give important prognostic information.

Prior studies have also suggested that angiogenesis plays a role in the progression of pre-
myeloma conditions to overt multiple myeloma [49,53]. Since DCE MRI is a novel
technique that can assess angiogenesis in the bone marrow, future studies are needed to
investigate whether it can reliably predict progression to multiple myeloma as well as
response to treatment.
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Figure 1.
Plain radiograph of left proximal humerus fracture.
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Figure2.
MRI scan demonstrates hyperintense signal on T2 weighted MR image in the upper aspect
of a thoracic vertebra, consistent with myeloma involvement.
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Figure 3.

18F_FDG PET/CT scan demonstrates intense hypermetabolic 18F-FDG activity in multiple
foci, in the left clavicula, left humerus, upper thoracic and lumbar vertebrae, and the
proximal aspect of the left femur (bottom row). Combined PET/CT fusion (top row)
visualizes both functional and morphologic changes of the multiple bone myeloma
involvement.
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Table |

Features of an optimal imaging modality in multiple myeloma.

Widely available

Whole body imaging in one test

Patient comfort

High inter-observer reliability

High sensitivity for the detection of lytic lesions

Ability to detect infiltrative bone marrow focal lesion and extramedullary disease
Ability to assess treatment response

Ability to give prognostic information
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