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Abstract

Medical imaging is of crucial importance for diagnosis
and initial staging as well as for differentiation of mul-
tiple myeloma (MM) from other monoclonal plasma
cell diseases. Conventional radiography represents the
reference standard for diagnosis of MM due to its wide
availability and low costs despite its known limitations
such as low sensitivity, limited specificity and its inabil-
ity to detect extraosseous lesions. Besides conventional
radiography, newer cross-sectional imaging modalities
such as whole-body low-dose computed tomography
(CT), whole-body magnetic resonance imaging (MRI)
and '®F-fluorodeoxyglucose (FDG) positron emission
tomography (PET)/CT are available for the diagnosis
of osseous and extraosseous manifestations of MM.
Whole-body low-dose CT is used increasingly, replacing
conventional radiography at selected centers, due to its
higher sensitivity for the detection of osseous lesions
and its ability to diagnose extraosseous lesions. The
highest sensitivity for both detection of bone marrow
disease and extraosseous lesions can be achieved with
whole-body MRI and "*F-FDG PET/CT. According to cur-
rent evidence, MRI is the most sensitive method for ini-
tial staging while **F-FDG PET/CT allows monitoring of
treatment of MM. There is an evolving role for assess-
ment of treatment response using newer MR imaging
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techniques. Future studies are needed to further define
the exact role of the different imaging modalities for
individual risk stratification and therapy monitoring.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: A comprehensive review about state-of-the-
art imaging of multiple myeloma with a focus on whole-
body imaging techniques including computed tomog-
raphy (CT), magnetic resonance imaging and positron
emission tomography/CT which are increasingly used
for detection and visualization of both osseous and ex-
traosseous myeloma manifestations.

Derlin T, Bannas P. Imaging of multiple myeloma: Current con-
cepts. World J Orthop 2014; 5(3): 272-282 Available from: URL:
http://www.wjgnet.com/2218-5836/full/v5/i3/272.htm DOI:
http://dx.doi.org/10.5312/wjo.v5.i3.272

INTRODUCTION

Multiple myeloma (MM) is the second most common
(10%-15% of all) hematological malignancies and rep-
resents 1% of all malignant diseases”. Tt is responsible
for 15%-20% of deaths from hematological malighancies
and about 2% of all deaths from cancer”. The disease

is characterized by clonal proliferation of plasma cells

which may produce excessive amounts of monoclonal
immunoglobulins that can be detected in serum and
urine®™. The proliferating plasma cells infiltrate the bone
marrow leading to replacement of the normal myelo-
poiesis. Characteristic clinical symptoms include anemia

and infections due to the progressive cytopenia, renal
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Table 1 Monoclonal plasma cell disorders

Plasma cell disorder

Diagnostic criteria

Monoclonal gammopathy of undetermined significance

Monoclonal serum paraprotein < 3 g/dL and plasma cell infiltration of bone marrow <

10% and no end organ damage'

Asymptomatic smoldering multiple myeloma

Monoclonal serum paraprotein = 3 g/dL and/or plasma cell infiltration of bone marrow =

10% and no end organ damage'

Symptomatic multiple myeloma

Monoclonal paraprotein in serum or urine and/or plasma cell infiltration of bone marrow =

10% and end organ damage'

"End organ damage: Anemia, hypercalcaemia, renal insufficiency, or bone lesions.

insufficiency due the excessive monoclonal light chains
in the blood, and hypercalcaemia due to activation of os-
teoclasts with consecutive demineralization of the bones
and pathologic fractures'”. Moreover, there are extraosse-
ous manifestations of MM, which may affect soft tissues
and organs in 10%-16% of patients that can be detected
using various imaging methods'™.

Treatment of MM consists of conventional chemo-
therapy or high dose chemotherapy and subsequent al-
logeneic or autologous stem cell transplantation'”. The
introduction of novel agents, such as immunomodulatory
drugs thalidomide and lenalidomide and proteasome in-
hibitor bortezomib, combined with conventional chemo-
therapy has radically changed the treatment paradigm of
elderly patients and improved outcome"’. Due to these
new and partly more aggressive treatments the progres-
sion free survival time has dramatically increased and the
10-year survival rate may reach up to 30%-40%",

Differentiation of MM from other monoclonal
plasma cell diseases, such as the monoclonal gammopa-
thy of undetermined significance (MGUS) and the so-
called smoldering multiple myeloma (SMM) (Table 1), is
of significant importance"'”. MGUS is also character-
ized by monoclonal plasma cells in the bone marrow and
monoclonal immunoglobulins in serum/urine, but to a
lower extent as compared to MM, In addition, MGUS
is characterized by an obligatory lack of end organ dam-
age (no hypercalcaemia, no renal insufficiency, no anemia,
and no bone lesions). SMM is regarded as a precursor
and intermediate stage of MM and is also characterized
by a lack of end organ damage”. MGUS and SMM have
different risks for progression to MM: MGUS has a risk
of 1% per year and SMM has a risk of 10% per year' .
Currently, neither MGUS nor SMM represent an indica-
tion for therapy. The solitary plasmacytoma, which is a
localized plasma cell tumor, has to be differentiated from
these systemic plasma cell diseases. Plasmocytoma may
be treated curatively in some cases with local treatments
such as radiation therapy.

Role of imaging in multiple myeloma

Diagnosis of symptomatic and hence treatment requiring
MM, as a differential diagnosis of MGUS and SMM, is
based on the detection of osseous lesions as defined by
osteolysis, a diffuse severe osteopenia or pathologic frac-
tures'™”. The consensus statement of the International
Myeloma Working Group (IMWG) still recommends
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conventional projection radiography for the majority
of patients". According to the Durie-Salmon-Staging
system, the presence and number of osseous lesions con-
tribute directly to the staging of the disease and thereby
to the risk stratification of MM,

The use of more sophisticated imaging techniques,
such as computed tomography (CT), magnetic resonance
imaging (MRI) and positron emission tomography (PET)
may help to better define osteolytic lesions allowing for
carlier detection of the disease™"”. Whole body low-
dose CT has replaced conventional radiography at many
centers. Newer staging systems like the Durie-Salmon-
PLUS staging system take into account results from more
sensitive methods such as whole body MRI or "*F-fluoro-
deoxyglucose (FDG) PET/ ct. Two patterns of osse-
ous involvement have to differentiated in MM"": On one
hand, there are focal lesions with confirmed circumscrip-
tive plasma cell infiltration of the bone marrow which
may lead to destruction of the inner cortical bone (scal-
loping). On the other hand, there is diffuse bone marrow
infiltration which leads to a mixture of monoclonal cells
and physiologic hematopoietic cells while the spongiosa
of the bone remains primarily intact.

These two involvement patterns of MM may occur
isolated, synchronous or metachronous. Moreover, soft
tissue and/or organ involvement can be observed, which
may originate from primarily extraosseous lesions or arise
secondarily from osseous lesions after destruction of
the cortical bone. Therefore, the main role of imaging in
MM is the reliable detection of osseous and extraosseous
lesions, enabling exact staging and risk stratification of
individual patients.

ROLE OF DIFFERENT IMAGING
MODALITIES FOR MM

While the primary aim of this review is to provide a
guideline-based overview of the currently recommended
imaging modalities and their specific advantages and
disadvantages (in the sometimes confusing context of
numerous original studies, case reports and reviews), a
number of other reviews with a different focus have re-
cently been published including reviews addressing the
specific role of imaging in the context of non-secretory
myeloma'"! and the potential influence of newer imag-
ing modalities on patient management“g"zo]. In addition,
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Table 2 Conventional radiographic status in multiple myeloma

Region

Skull in 2 views

Spine (cervical/thoracic/lumbar) in 2 views
Chest AP

Pelvis AP

Long proximal bones AP

AP: Anterior-posterior view.

other more pictorial reviews provide a good description
of imaging features of both osseous and extraosseous

[21-23]
myeloma™ .

Conventional projection radiography

Conventional projection radiography still represents the
standard method for detection of bone lesions for initial
staging and monitoring of MM. Lytic lesions in the plate
bone of the skull and pelvis are typically characterized by
stamped out lesions without a sclerotic rim (Figure 1). In
the long bone various appearances may be detected: thin-
ning of the inner cortical bone (scalloping), discrete small
Iytic lesions up to 1 cm, “moth-eaten” patterns deriving
from multiple small lesions or large destructing osteolytic
lesions'. All these lesions represent replacement of the
physiological bone marrow by clonally expanding plasma
cells with consecutive destruction of the bone™. Accord-
ing to the IMWG, a complete conventional radiographic
status is recommended for each newly diagnosed patient
with MM (Table 2)". Nearly 80% of all newly diagnosed
cases of MM reveal detectable changes using convention-
al radiography. The following sites are most commonly
affected: vertebrae in 65% of patients, ribs in 45%, skull
in 40%, shoulders in 40%, pelvis in 30% and long bones
in 25%"*. The detection of Iytic bone lesions represents
a criterion defining a symptomatic and treatment-requit-
ing MM even in the absence of clinical symptomsH’Z(’J.
The advantage of conventional radiography is its wide
availability, low costs and coverage of almost the entire
skeletal system.

The disadvantage of conventional radiography is its
low sensitivity, which is explained by the fact that lytic le-
sions are only detectable if more than 30% of the trabec-
ular bone is destroyedm. Hence, up to 20% of patients
with normal skeletal status have non-detected osteolytic
lesions'””. In addition, conventional radiography can nei-
ther detect nor quantify a diffuse bone marrow infiltra-
tion not extraosseous lesions. Another limitation of con-
ventional radiography is the fact that it cannot be used
for therapy monitoring, since lytic lesions rarely show
radiographically detectable changes despite the presence
of a therapy responselzsj. Moreover, conventional radiog-
raphy fails to differentiate benign reasons for focal lucent
bone lesions, has a relatively high interobserver variability
and certain regions can not be depicted free from su-
perposition. Due to the aforementioned reasons, more
sophisticated cross-sectional imaging methods are being
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Figure 1 X-ray of an osseous myeloma lesion. Conventional X-ray of the
right femoral bone showing an osteolytic lesion (arrows) representing an osse-
ous myeloma manifestation.

established for diagnosis of MM,

CcT
CT allows for detection of smaller osseous lesions that
are not detectable by conventional radiography™. Early
changes can be detected more reliably with CT. Another
advantage of CT as compared to conventional radiog-
raphy is its higher sensitivity, particularly in regions that
are superimposed on conventional radiographs such as
scapulae, ribs and sternum". Importantly, potential in-
stabilities and risk of fractures can be estimated better
using cross-sectional CT' (Figures 2 and 3)***". Another
advantage of CT is short imaging times with modern
multi-detector CT and complication free examinations
of patients in the supine position without the need of
repeated relocation, which might be of importance in
anguished patients. Moreover, CT allows for detection of
extraosseous manifestations of MM and the acquired 3D
data sets can be used for radiation therapy if needed. In
symptomatic patients with inconspicuous conventional
radiographic imaging studies, a CT should be considered.
A known disadvantage of CT is its high radiation
dose, which had led to the implementation of so called
low-dose CT protocols, which are still highly specific for
the detection of osteolytic bone lesions™"'. The dose of
CT may be reduced even further in the future with newly
developed iterative reconstruction techniques™”,
However, CT has limited sensitivity for detection of
diffuse bone marrow infiltration, bone marrow lesions
without lytic reaction and extraosseous lesions.

MRI

The use of MRI for imaging of MM has dramatically
increased within the last decade!®”. MRI is clearly more
sensitive than conventional radiography. Up to 50% of
patients with inconspicuous conventional radiographic
imaging reveal focal lesions detectable on a MRI (Figure
"3 n particular, MRI offers improved detection of
lesions in the spine, pelvis, sternum, skull and scapulae.
Other advantages as compared to both conventional radi-
ography and CT ate the excellent depiction of the spinal
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Figure 2 Computed tomography of an osseous myeloma lesion. Comput-
ed tomography in coronal (A) and transversal views (B) showing an osteolytic
lesion in the left iliac bone (arrows) representing an osseous myeloma manifes-
tation.

Figure 3 Computed tomography of an osseous myeloma lesion. Com-
puted tomography in sagittal view showing an osteolytic lesion in L4 with asso-
ciated pathologic fracture.

cord and nerve roots, detection of soft tissue manifesta-
tions and the ability to differentiate between physiological
and myeloma-infiltrated bone marrow® ™, The involve-
ment of the bone marrow is classified in three different
patterns[g’%’}g]: focal lesions, homogenous diffuse bone
marrow infiltration and mixed “salt-and-peppet” pattern
with remaining islets of fatty bone marrow. An excellent
review containing a large number of imaging examples
for the different involvement patterns before and after
treatment has recently been published™.

An inconspicuous MRI indicates very low tumor
burden, while diffuse involvement and contrast enhance-

ment correspond to high tumor burden"*”

I Several
studies have shown that asymptomatic patients with
detectable lesions on MRI have a higher probability to
become symptomatic earlier than patients without such
lesions!""**"* Future studies are needed to evaluate
whether detectable lesions on MRI have to be included
in the definition of symptomatic MM. However, MRI
of the spine and pelvis is indicated when there is suspi-
cion of solitary plasmacytoma to rule out additional le-
sions!""*. Also in patients with suspicion of spinal chord

or nerve root compression MRI is indicated, as well
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Figure 4 Whole-body magnetic resonance imaging of an osseous my-
eloma lesion. Whole-body magnetic resonance imaging: short-tau-inversion-
recovery sequence (A), T1-weighted image (B) and T1-weighted image with fat
suppression after contrast administration (C) showing an osseous lesion in L4
(arrows) representing an osseous myeloma manifestation.

as in patients with painful myeloma manifestations for
evaluation of the extent of potential soft tissue masses.
Moreover there is an indication for MRI in patients with
non-secretory myeloma for initial staging as well as for
monitoring of treatment!>*,

MRI has several disadvantages: relatively high costs,
relatively long scanning time which may be difficult in
ill patients, and the risk of development of nephrogenic
systemic fibrosis after intravenous administration of
gadolinium-based contrast agents, particulatly in patients
suffering from renal insufficiency.

Besides the morphological MR imaging, there are
newer functional MR techniques such as diffusion-
weighted imaging (DWI) and dynamic contrast-enhanced
(DCE) MR imaging. However, published data particularly
for DWI in the context of initial staging are very lim-
ited. A recent study has shown that diffusion-weighted
imaging does not only allow for detection of myeloma
manifestations, but also that the apparent diffusion coef-
ficients significantly differ before and after initiation of
therapy™. Concerning DCE imaging, data has been lim-
ited to several mainly small studies. In one such study on
24 patients with myeloma, DCI MRI reflected the degree
of infiltration and vessel density in corresponding bone
marrow biopsy specimens'*’. In another study, Hillengass
et al®™ could demonstrate a prognostic significance of
DCE-derived parameters for event-free survival (P = 0.02)
in myeloma patients. DCE MRI may identify a subgroup
of patients with asymptomatic monoclonal plasma cell
disease and pathologic microcirculation. These patients
show a significantly higher bone marrow plasmocytosis
compared with patients with a low microcirculation pat-
tern. However, the clinical significance of that finding is
currently unclear™. Another study evaluating DCE MRI
findings in patients with myeloma and metastases from
non-haematological cancer has shown that characteristic
DCE parameters, including the peak signal enhancement
percentage (SE%), the steepest wash-in SE% during the
ascending phase and the wash-out SE% may indicate
if an unclear spinal lesion is of myelomatous origin or
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Figure 5 Positron emission tomography/computed tomography of an osseous myeloma lesion. Transversal computed tomography (CT) (A), "®F-fluorodeox-
yglucose positron emission tomography (PET) (B) and fused PET/CT (C) showing an osteolytic lesion in the left iliac bone with cortical destruction representing an
osseous myeloma manifestation.

Figure 6 Positron emission tomography/computed tomography of extraosseous myeloma lesions. Transversal computed tomography (CT) (A), *F-fluorode-
oxyglucose positron emission tomography (PET) (B) and fused PET/CT (C) showing extraosseous myeloma manifestations (arrows).

not'"’. In short, both DCE MRI and DWT are promising the osseous substance as well as for detection of extraos-
techniques particularly for response monitoring, but fur- seous manifestations (Figures 5 and 6)"*'****I. Moreover,
ther prospective studies ate needed to define their exact PET/CT allows for initial staging and treatment moni-
role. toring of non-secretory myelomall’54]. In contrast to MM,
The applied MR imaging protocols vary widely be- the MGUS is typically PET negative"'**.

tween different institutions, and may include standard The higher sensitivity of "E.FDG PET/CT for detec-
non-enhanced T1- and T2-weighted imaging, STIR se- tion of focal osseous lesions as compated to conventional
quences and contrast-enhanced T1-weighted fat-saturated radiography has been shown in several prospective stud-
imaging™™”. The usefulness of contrast-enhanced MR ies. PET/CT detects more osseous myeloma manifesta-
imaging for the initial evaluation of multiple myeloma tions in 40%-60% of cases as compared to conventional
is debatable because it does not usually allow the iden- radiography and detects lesions in patients with false
tification of additional focal lesions compared to non- negative conventional radiography results”™ ", Several
enhanced imaging protocolsl49]. In addition, gadolinium- studies have shown that in up to 40% of patients with
based contrast agents may cause nephrogenic systemic initially solitary plasmacytoma, additional and so far un-
fibrosis, particulatly in patients with impaired renal func- known lesions may be detected by PET/CT leading to an
tion. upstaging and change of therapeutic management”’m’m].
Based on our experience, we recommend a whole- When compared to MRI, the sensitivity for detection of
body MRI protocol containing a T1-weighted sequence focal osseous lesions seems to be comparable. However,
without fat suppression, a STIR sequence and a contrast- MRI has a higher sensitivity for detection of diffuse bone
enhanced T1-weighted sequence with fat suppression marrow infiltration, which may remain particularly un-
in all patients without contraindications to gadolinium- detected by PET/CT in cases of low degtee plasma cell
based contrast agents, particulatly because contrast-en- infiltration'>****. However, some newer studies have
hanced imaging has been shown to predict diffuse bone demonstrated a high sensitivity of PET also for detection
marrow infiltration”">”. of diffuse bone marrow infiltration. In a study by Sager 7
4l bone marrow involvement on FDG PET/CT of pa-

PET/CT tients with MM was compared with bone marrow biopsy.
Combined PET/CT using "F-FDG as radiotracer allows ~ In that study, the sensitivity of FDG PET in detecting
for the simultaneous acquisition of several morphological bone marrow involvement at initial diagnosis was 90%.
and function parameters relevant to MM. The excellent ~ There was a significant correlation between SUVumax values,
depiction of osseous structutres and lesions by CT is sup- bone marrow biopsy cellularity and plasma cell ratios (r =
plemented with the high sensitivity of PET for detection 0.54 and r = 0.74, P < 0.01). Another study by Ak ez o/
of isolated focal medullary lesions without destruction of also found a statistically significant positive correlation be-
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tween the percentage of CD38/CD138 expressing plasma
cells in bone marrow and both mean qualitative (»= 0.6106)
and semiquantitative (» = 0.755) FDG uptake.

PET imaging allows estimation of the standard-
ized uptake value (SUV), which represents a quantita-
tive measurement of 18F—ﬂuorodeoxyglucose uptake
and metabolic activity of a given lesion. Several studies
have shown that a high SUV of lesions in MM patients
correlates with faster disease progression and therefore
with a worse prognosis”’@’“]. A prospective study on 239
patients has shown that the presence of more than 3
PET-positive lesions represented the major independent
parameter for predicting progression-free survival and
overall survival®™®. In a study assessing the prognostic
implications of serial FDG PET in 2 consecutive Total
Therapy 3 trials for newly diagnosed myeloma, multivari-
ate analysis showed that more than 3 focal lesions on day
7 of induction therapy imparted inferior overall survival
and progression-free survival. Thus, the presence of > 3
focal lesions on day 7 PET follow-up may be exploited
toward early therapy change[()sl. In a study by Nanni ez
al*, 107 patients had FDG PET 3 mo after therapy (au-
tologous stem cell transplantation) and every 6 to 12 mo
during the follow-up. In that series of patients, a negative
posttherapy PET was predictive for nonrelapse or a long
disease-free survival. In a study by Zamagni ef al™ 192
patients with newly diagnosed myeloma underwent FDG
PET/CT at baseline and after autologous stem cell trans-
plantation. In a multivariate analysis, both extramedullary
disease detected by PET and SUV > 4.2 at baseline and
persistence of FDG uptake after stem cell transplan-
tation were independent variables adversely affecting
progression-free survival. In addition to the parameters
described above, the metabolic tumor volume, represent-
ing the metabolically active malignant tissue throughout
the body has been shown to be useful for prediction of
progression-free and overall survival in myeloma pa-
tients””. Future studies are required to further define the
role of FDG PET/CT for individual risk stratification
and therapy monitoring,

Apart from FDG, several other PET radiotracers
have been evaluated for initial staging, In a study compar-
ing FDG and ""C-acetate for initial staging of myeloma,
""C-acetate PET was able to detect diffuse bone marrow
infiltration with a sensitivity of 100%, whereas FDG PET
could establish a diagnosis of diffuse infiltration in only
40% of patients. In addition, the authors observed a posi-
tive correlation between bone marrow uptake values and
percentages of plasma cell infiltrates (r= +0.63, P = 0.01) o
In a different study comparing the value of "C-choline
PET and FDG PET in assessing bone involvement in
patients with multiple myeloma, ''C-Choline PET/CT
scans detected 37 bone lesions, whereas "F.FDG PET/
CT scans detected 22 bone lesions. The authots conclud-
ed that '"C-Choline PET/CT appears to be more sensi-
tive than "*F-FDG PET/CT for the detection of bony
myelomatous lesions'®. In a study by Nakamoto e a/""
assessing the clinical value of ""C-methionine (MET) as
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a radiolabelled amino acid tracer in plasma cell malignan-
cies (which may also be useful because plasma cell malig-
nancies are able to activate protein synthesis), MET PET
revealed an equal or greater number of lesions than FDG
(MET 156 lesions »s FDG 58 lesions) and tended to
demonstrate higher uptake (maximum standardized up-
take value 10.3 £ 5.6) than did FDG (3.4 + 2.7, P < 0.001).
The amino-acid tracer 18F—ztlpha—rnethyltyrosine (FAMT)
was evaluated in a small study including eleven patients
with MM. Although FAMT PET detected all lesions seen
on FDG PET, uptake was significantly higher on FDG
PET (P < 0.05)"". However, these new tracers are not
widely available yet, usually require an on-site cyclotron
for isotope production and an on-site radiochemistry for
tracer synthesis.

IMAGING FOR MONITORING OF
TREATMENT OF MM

According to the IMWG criteria, currently none of the
presented imaging methods are mandatory for monitor-
ing treatment of MM, as long as the response can be
assessed by serum and urine analyses[1’6’34]. Repeated im-
aging is only indicated if ailment is likely induced by osse-

ous lesions or in cases of relapse to exclude extraosseous
[1,6,25,34]

lesions

A characteristic feature of osseous manifestations
of MM is the fact that the lesions regress only slowly or
not at all, even in patients with complete remission™**".,
Hence conventional radiography and CT' cannot be ad-
equately used for treatment monitoring. Typically, suc-
cessfully treated inactive osteolytic lesions may show a
sclerotic rim. A recent study has addressed the value of
MRI for monitoring treatment of MM after stem cell
transplantation, but found no additional benefit as com-
pared to routinely performed hematological and immu-
nological tests”". In contrast, “F-FDG uptake repre-
sents a direct parameter of lesion activity (Figure 7), that
enables detection of active myeloma lesions'™'***. This
allows ""F-FDG PET/CT to detect specific lesions after
stem cell transplantation, albeit with lower sensitivity as
compared to the initial staginglz&m. In a study analyzing
197 whole-body "*F-FDG PET/CT scans performed in
99 patients with myeloma at different time points in the
course of disease after autologous or allogeneic stem cell
transplantation, PET/CT had a sensitivity of 54.6%, a
specificity of 82.1%, a positive predictive value of 82.3%,
a negative predictive value of 54.2% and an overall ac-
curacy of 65.5%. The sensitivity of FDG PET/CT was
shown to depend on the disease category according to
the Uniform Response Criteria for myeloma. The au-
thors concluded that FDG PET/CT may have a lower
sensitivity for restaging after therapy compared to the
pretreatment settingm]. There are small PET studies on
other tracers than FDG. In a recent prospective study, 13
patients underwent "C-acetate PET/CT before and after
treatment. After treatment, the diffuse bone marrow ''C-
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Figure 7 Positron emission tomography for therapy monitoring. Whole-
body maximum-intensity-projection positron emission tomography (PET) im-
ages before and after stem cell transplantation showing extensive osseous and
extraosseous myeloma manifestations before therapy (A) and complete resolu-
tion on PET after therapy (B).

acetate uptake showed a mean SUVmx reduction of 66
% in patients with at least a very good partial response
versus 34 % in those with at most a partial response only
(P = 0.01), indicating a potential role of ""C-acetate PET
for response assessment*”.

There are several mainly small studies demonstrat-
ing changes on DWI or dynamic contrast-enhanced
MRI after therapy, indicating a potential role of newer
MRI techniques for response monitoring, In a study by
Hillengass ¢ a/* on 56 patients with myeloma or mono-
clonal gammopathy of undetermined significance, the
DWI-parameter apparent diffusion coefficient (ADC)
correlated with bone marrow cellularity and micro-vessel
density (P < 0.001). ADC was significantly different in
15 patients which underwent systemic treatment before
and after that therapy (P < 0.001). In a study by Horger
et al™, twelve consecutive patients with myeloma under-
went whole-body DWI both at baseline and 3 wk after
onset of therapy. All involved lesions showed restricted
diffusion at baseline, and ADC quantification yielded
an increase of 63.9% in responders and a decrease of
7.8% in the sole non-responding patient during therapy,
indicating that whole-body DWI with ADC analysis tep-
resents a feasible diagnostic tool for assessment of short-
term treatment response. In a study by Lin ez al™, post-
treatment bone marrow changes at whole-body dynamic
contrast material-enhanced MR imaging were compared
with clinical response in patients with multiple myeloma.
Maximal percentages of bone marrow [BME(max)] and
focal lesion [FLE(max)] enhancement were assessed.
After induction chemotherapy, mean BME(max) differed
between good and poor responders (94.3% vs 138.4%,
respectively, P = 0.02). Mean timing [ze., the number of
post-contrast dynamic acquisitions where FLE(max) was
observed| was significantly delayed in good responders
compared with poor responders (4.7 »5 2.9, P < 0.0001).
The authors concluded that whole-body dynamic
contrast-enhanced MR imaging can be used to assess
treatment response in patients with MM™. In another
study comparing DWI and arterial spin labeling (ASL)
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perfusion in 10 patients, ASL showed a marked decrease
in perfusion from baseline at 3 wk and at 8 wk (P = 0.01).
In contrast, there was an increase in diffusion which was
borderline significant (P = 0.0049). Both methods were
able to correctly classify 9/10 patients as responder or
non-responder. However, temporary changes in signal
intensity between baseline and follow-up examinations
were inconsistent on T1-weighted (w) and T2w images,
indicating that standard MRI protocols may be of limited
usefulness for response assessment!”. This is in line with
a whole-body MRI study on 66 patients after stem cell
transplantation in which only moderate agreement was
observed between MRI and routinely performed labora-
tory tests for the determination of remission™. Another
study comparing "*F-FDG PET/CT and whole-body
MRI for determination of remission status in patients
with multiple myeloma after stem cell transplantation
found that MRI may often be false positive because of
persistent non-viable lesions in the post-treatment set-
ting, indicating that PET/CT might be more suitable
than MRI for determination of remission status' .

As for the initial staging, future studies are needed to
further define the exact value of the presented imaging
techniques for monitoring treatment of MM.

CONCLUSION

Medical imaging is of crucial importance for diagnosis
and initial staging as well as for differentiation of MM
from other monoclonal plasma cell diseases. Despite

the known limitations such as low sensitivity, limited
specificity and inability to detect extraosseous lesions,
conventional radiography still represents the reference
standard for diagnosis of MM due to its wide availability
and low costs. Besides conventional radiography, newer
cross-sectional imaging modalities such as whole-body
low-dose CT, whole-body MRI and “F-FDG PET/CT
are available for diagnosis of osseous and extraosscous
manifestations of MM.

Among the cross-sectional imaging techniques, whole-
body low-dose CT is currently replacing conventional
radiography due to its high sensitivity for osseous lesions
and the possibility to detect extraosseous lesions. Whole-
body MRI and "F-FDG PET/CT feature the highest
sensitivity for osseous lesions, soft tissue lesions and ot-
gan manifestations. For that matter, MRI has the highest
sensitivity for detection of diffuse bone marrow involve-
ment and "F-FDG PET/CT for detection of extraos-
seous lesions. Whole-body MRI should be considered in
all patients with inconspicuous conventional radiography,
all patients with apparently solitary plasmacytoma and
patients with suspicion of spinal cord or nerve root com-
pression.

Based on the results of recent studies and our ex-
perience, we recommend performing whole-body MRI
for initial staging of MM due to its high sensitivity for
detection of osseous and extraosseous lesions without
the need for ionizing radiation. MRI allows for sensitive
detection of both focal and diffuse bone marrow infiltra-
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tion. A complementary CT may be indicated in case of
conspicuous lesions to assess the presence of osteolytic
lesions and to evaluate stability. For restaging of MM and
detection of a possible relapse after initiation of treat-
ment, we recommend performing "F.FDG PET/CT due
to its ability to differentiate between active and inactive

lesions, enabling monitoring of MM treatment. There is

an evolving role for assessment of treatment response

using newer MR imaging techniques.
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