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Abstract  In multiple myeloma, imaging is 
required to determine the stage of disease and to 
anticipate impending bone fractures. Whereas 
the traditionally used Durie and Salmon staging 
system includes lytic bone lesions in plain films 
as criteria, modern systems include MRI findings. 
MRI is most sensitive to both diffuse bone mar-
row involvement as well as solid plasma cell 
tumors. Whole-body low-dose CT (WBCT) may 
replace plain films in the near future, since it is 
quicker, more sensitive, and is better tolerated by 
patients. Intramedullary lesions are well seen as 
long as they are located in long bones where they 
are surrounded by fat. Diffuse bone marrow infil-
tration as well as intravertebral lesions, however, 
are difficult to detect with WBCT in the absence 
of frank destruction of cancellous bone. PET or 
PET-CT with 18-fluoro-deoxyglucose (FDG) are 
insensitive to diffuse bone marrow infiltration, 
but may help to assess treatment response in soli-
tary or multiple solid plasma cell tumors which 
have a high FDG uptake before treatment.

7.1   
�Introduction

Multiple myeloma is a low-grade non-Hodgkin’s 
B-cell lymphoma which is characterized by a pro-
liferation of monoclonal, malignant plasma cells. 
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7 It is a disease which usually originates in the bone 
marrow, and eventually extends into soft tissue or 
spreads into the peripheral blood (plasma cell leu-
kemia). The main effects and causes of pain and 
disability are replacement of hematopoietic bone 
marrow (leading to anemia, leucopenia, and 
thrombocytopenia, and their sequelae), osteopo-
rosis and bone destruction (leading to fractures 
and pain), renal damage by paraproteins, and sys-
temic amyloidosis. The treatment consists of che-
motherapy (often high-dose with stem cell 
rescue), thalidomide and its derivates, proteasome 
inhibitors, and bisphosphonates. Radiotherapy is 
used for local manifestations which are particu-
larly painful, or where complications are immi-
nent. Surgical stabilizations also have an important 
role for local disease. Vertebroplasty or kyphop-
lasty are used to prevent progressive vertebral 
collapse, and to treat pain. To date, however, 
there is no definite cure.

The term “plasmacytoma” denotes solitary 
plasma cell tumors without evidence of systemic 
spread – which has to be excluded by serum and 
bone marrow samples as well as imaging studies. 
They may also primarily arise outside the bone 
and are then termed “extraosseous soft-tissue 
myeloma.” As a rule, soft-tissue involvement – 
either primary or secondary (by extension from a 
bone lesion) – indicates a dismal prognosis.

Monoclonal gammopathy of unclear signif-
icance (MGUS) has to be discriminated to 
overt multiple myeloma. Its criteria are a 
M-protein in serum <30  g/l, bone marrow 
plasma cells <10%, no evidence of any other 
B-cell proliferative disorders and no related 
organ or tissue impairment, such as renal dam-
age or bone lesions (International myeloma 
working group 2003).

Multiple myeloma causes a wide variety of 
symptoms and complications, fractures and 
destruction of bones being the most painful and 
disabling ones. In osteoporotic bones, typically 
in the spine, fractures may occur with minimal 
trauma – or at least trauma insufficient to cause 
fracture in a normal bone. Fractures of tubular 

bones, whose stability relies mainly on cortical, 
not cancellous bone, are most commonly caused 
by focal solid myeloma nodules which erode 
the cortex from inside outward. Therefore, the 
radiologist is required to anticipate impending 
fractures and initiate referral for surgical stabili-
zation or vertebroplasty. Furthermore, the pres-
ence or absence of focal destructions is an 
important criterion for initial staging (e.g., using 
the Durie and Salmon staging system) and for 
follow-up. Until today, the x-ray skeletal survey 
is standard for screening the skeleton for osteo-
porosis and bone destruction. Not surprisingly, 
whole-body CT is superior to plain x-ray films 
for finding focal bone destructions (Mahnken 
et  al. 2002), and MRI is even more sensitive 
(Baur-Melnyk et  al. 2008), particularly in the 
vertebral bone marrow, to show diffuse or focal 
involvement which has not or not yet caused 
destruction of mineralized bone.

7.2   
�Imaging Methods

7.2.1   
�Morphologic Imaging

We term plain x-ray, CT, and MRI “morphologi-
cal” imaging techniques, as opposed to func-
tional ones which measure microcirculation, 
diffusion, or metabolic processes. A plain x-ray 
skeletal survey is standard for staging and fol-
low-up of bone involvement by multiple 
myeloma, and consists of a frontal and lateral 
view of the skull, the cervical, thoracic, and 
lumbar spine, a coned-down frontal image of the 
dens axis, as well as frontal views of the rib 
cage, humeri, femora, knees, and pelvis. The 
hallmark of neoplastic bone involvement is 
osteoporosis or focal destruction. CT, or whole-
body CT (which requires state-of-the-art multi-
detector scanners) is reasonable alternative to 
x-ray films, for many reasons. Since the intrinsic 
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contrast is high, the tube current can be low-
ered significantly (i.e., to 50–100 mAs, depend-
ing on the weight of the patient), resulting in an 
effective equivalent dose in the same range as 
that of a skeletal survey (4–5 mSv). The entire 
examination takes around 1 or 2 min, the patient 
lying comfortably on his or her back. Note that 
the varied positions required for x-ray films are 
painful and tiring for patients who are often 
elderly and disabled due to previous fractures. 
Iodine-containing contrast agents are contrain-
dicated for patients with Bence-Jones proteinu-
ria because of the risk of cast nephropathy and 
renal failure, and actually they are not needed 
for skeletal CT. Focal bone destruction is more 
easily seen than on plain films, and also easier to 
discriminate from normal sparing in trabecular 
bone, which will have fat and not soft-tissue 
density. Diffuse bone marrow involvement within 
preserved spongious bone, however, is difficult 
to detect with CT and better seen with MRI.

MRI of the spine, or whole-body MRI, is to 
date the most sensitive method for detecting 
diffuse and focal multiple myeloma in the spine 
as well as the extra-axial skeleton. Sequences 
commonly used are unenhanced and contrast-
enhanced T1-weighted spin-echo sequences 
and T2-weighted sequences with fat suppres-
sion, either by spectral pre-saturation, or using 
STIR (short tau inversion recovery) techniques. 
If scanners with whole-body capabilities are 
available, the examination should include the 
entire skeleton, since most patients have axial 
as well as extra-axial bone lesions. If not, at 
least the spine should be scanned with MRI, 
because of the insensitivity of CT and plain 
x-ray films to intravertebral myeloma.

7.2.2   
�Functional Imaging

All of the above methods show the extent of 
tumor (or more specifically its damage to min-
eralized bone) but not its activity or viability, 

and have limitations when assessing treatment 
response or early progression. Patients with 
monoclonal gammopathy of unclear signifi-
cance constitute a particular problem, because 
they have no measurable lesion at all which 
could be followed over time to anticipate pro-
gression. Functional imaging methods therefore 
measure microcirculation, diffusion of intersti-
tial water molecules or glucose uptake as sur-
rogates for tumor viability, and aggressiveness.

7.2.2.1   
�Dynamic Contrast-Enhanced MRI (DCE MRI)

The term DCE MRI denotes repeat scanning 
with high temporal resolution before, during, 
and after intravenous infusion of a Gadolinium-
containing contrast agent, using fast T1-weighted 
sequences. The change in signal intensity (which 
depends on the concentration of contrast agent) 
over time in a given region is a function of local 
perfusion, relative blood volume, capillary sur-
face exchange area, vessel permeability, and 
systemic elimination. To quantitatively describe 
such time-concentration curves, pharmacoki-
netic models are used, but the interpretation of 
parameters derived in this way with respect to 
pathophysiological processes has to be made 
with great caution. The parameter which is easi-
est to interpret is the maximal relative rise in 
intensity, since this is chiefly determined by the 
local, regional blood volume.

7.2.2.2   
�Diffusion-Weighted Imaging (DWI)

The freedom of interstitial water molecules to 
move depends on many factors, but cell density 
or the presence of organized structures (e.g., 
fibers) are of high influence. Studies, e.g., in 
brain tumors have shown that the diffusion is 
impaired within tumors, and that a decrease 
of  diffusion may herald progression. Effective 
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7 treatment may cause a transient decrease in diffu-
sion, owing to toxic cell swelling, but thereafter, 
as the cellular load is reduced, diffusion increases 
significantly. DWI uses opposing phase gradients 
switched shortly after each other, which causes 
rephasing and thereby regain of signal in station-
ary water, but a signal loss in moving molecules. 
Within a certain range, such signal loss can be 
mainly attributed to diffusion rather than blood 
flow, and using varying gradient strengths and 
durations, the apparent diffusion coefficient 
(ADC) can be calculated. The experiences with 
multiple myeloma are still limited, and due to the 
presence of trabeculae, the conditions are more 
difficult than in the brain. However, it can be 
shown that a low ADC in fractured vertebrae 
indicates local tumor infiltration as a cause rather 
than osteoporosis. It is still unclear whether DWI 
may serve as a tool to monitor treatment or pro-
gression. Bone marrow in myeloma patients con-
tains several components which may influence 
diffusion processes separately, such as hema
topoietic cells, fatty marrow, and plasmacellular 
infiltrates, and it is unclear how changes in 
its  composition will influence diffusion. Solid 
myeloma nodules will probably be more easily 
assessed since they lack hematopoietic and fatty 
components (Mulkern and Schwartz 2003).

7.2.2.3   
�Bone Scintigraphy and Positron Emission  
Tomography (PET)

Bone scintigraphy, using 99 m Tc-labeled bispho-
sphonates, is insensitive to diffuse or focal 
myeloma because there is no increased osteoblas-
tic activity – unlike bone metastases from most 
other solid tumors. PET with 18-F-deoxyglucose 
(FDG) detects tumors according to their glu
cose demand, the glucose transport molecules 
expressed in the cell membrane, the local cell 
density, and the metabolic activity of the sur-
rounding tissue. As a rule, multiple myeloma has 
a rather low metabolic activity, and is hardly 

detected when only a diffuse bone marrow 
involvement is present – simply because the local 
cell density is too low. Whenever myeloma is 
detected on PET scans – this is often the case in 
solid myeloma nodules – the standardized uptake 
value is a good parameter to monitor response, 
since after chemotherapy, the drop in glucose 
uptake clearly precedes the morphologically 
measurable response.

7.3   
�Radiological–Pathological Correlation

Three patterns of spread of multiple myeloma 
are relevant for imaging: diffuse bone marrow 
involvement, focal bone destructions by solid 
tumor nodules, and extraosseous manifesta-
tions. In diffuse bone marrow involvement, 
generalized or partial, hematopoietic and fatty 
marrow and plasmacellular infiltrates are found 
besides each other. In the beginning fat cell con-
tent might be even increased and hematopoiesis 
is still normal. As malignant plasma cells 
increase in number, they gradually replace 
normal marrow. Thus, there is a shift with an 
increase of cellular, and a decrease of fatty com-
ponents. This process takes place within a pre-
served cancellous bone, which only gradually 
becomes eroded. Very typically, osteoporosis 
triggered by multiple myeloma progresses more 
rapidly than other forms, particularly senile or 
postmenopausal ones. Degradation of bone is 
mediated via osteoclast-activating factors (typi-
cally RANK-Ligand, Interleukin-2 and TNF) 
and amounts to frank focal destructions, where 
solid tumor nodules are present which contain 
almost no bony remnants. Such nodules contain 
malignant plasma cells and some tumor stroma, 
but neither hematopoietic fatty nor osseous 
components, and behave like any destructively 
growing solid tumor. Obviously, the loss of 
stability is much more severe than with diffuse 
bone marrow infiltration where the cancellous 
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bone is at least partly preserved. Any destruc-
tion of cortical bone is by definition due to solid 
myeloma nodules.

Diffuse and focal bone involvement are com-
monly seen besides each other. Focal nodules 
may eventually extend beyond the confines of the 
bone and invade adjacent tissue, where they can 
cause symptoms like any other solid malignant 
tumor. Although the commonest cause of soft-
tissue involvement is the extension of a primary 
bone lesion into adjacent tissue but primary soft-
tissue lesions are also observed. Their pattern of 

spread does not usually follow the pathways 
commonly seen in carcinomas, but is often rather 
“atypical”, like in melanoma or non-epithelial 
neoplasms (Zechmann et al. 2007).

By their nature, x-ray films only show the 
effects of myeloma on mineralized bone, namely, 
osteoporosis (Fig. 7.1a, b) and focal destructions 
(Fig.  7.2). The criteria of osteoporosis are the 
same as those used for postmenopausal or idio-
pathic forms, and it is the axial skeleton which is 
mainly involved. Rapid progression and an 
inhomogeneous, coarse and streaky appearance 

a b c

Fig.  7.1  Lateral (a) and frontal (b) lumbar spine 
x-ray films in a patient with multiple myeloma. 
Corresponding sagittal reconstruction from whole-
body low-dose computed CT (WBCT) (c), sagittal 
T1-weighted (d) and fat-suppressed T2-weighted 
(e) MRI slices. Signs of osteoporosis are visible on 
the plain films as well as the reconstructed WBCT 
slices. There is a focal destruction in the third 
lumbar vertebra (arrows) which is visible on WBCT 
(c), and which corresponds to an area of low signal 
intensity in T1-weighted (d), and a slightly elevated 

signal intensity on fat-suppressed T2-weighted 
images (e). Without fat suppression, this area 
appears hypointense, due to the relatively high 
signal intensity of the surrounding. On the plain 
films, however (a, b), the corresponding region 
(arrows) appears innocent, and is also difficult to 
assess due to superimposition of bowel gas. The 
T1-weighted MRI also shows signs of diffuse bone 
marrow involvement, with a “salt-and-pepper” 
appearance in the not fat-suppressed T1- and 
T2-weighted images (d)
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a b

Fig. 7.2  Frontal (a) and lateral (b) x-ray of the femur showing multiple erosions (arrows) of the cortical 
bone, arising from the medullary space (“scalloping”)

Fig. 7.1  (continued) d e



1397  Imaging in Multiple Myeloma	

of the vertebral spongiosa are signs which may 
raise suspicion of a neoplastic cause in patients 
with osteoporosis, and so will osteoporosis in 
the young and in males. Otherwise only focal 
destructions will point more specifically at the 
true underlying cause. Notably, the presence of 
osteoporosis in patients with known plasma 
cell disorders does not prove a causal relation-
ship. Due to its severity and rapid progression, 
osteoporosis due to myeloma frequently causes 
vertebral compression fractures, which are most 
often diagnosed on radiographs, but whose 
impact on stability should be assessed on CT.

Focal areas of destruction are by definition 
always due to solid myeloma nodules, which 
arise in the cancellous bone but then erode the 
cortical bone from the inside, causing the typical 
“scalloped” appearance (Fig. 7.2). In the skull, 
this occurs early, resulting in multiple, sharply 
delineated osteolytic lesions. As a rule, areas of 
focal, lytic bone destruction are more easily seen 
in cortical than in cancellous bone, because of 
the contrast between the defect and its surround-
ing. Areas of destruction inside the spongiosa of 
the vertebral bodies are almost invisible on 
radiographs (Fig. 7.1a, b), and the superimposi-
tion of soft tissue, air, or ribs makes the assess-
ment even more difficult. In one study, half of 
the cases proven to have vertebral involvement 
on MRI were negative on x-ray films (Baur et al. 
1996). Locations where trabeculae are “physio-
logically” rarefied, e.g., in the femoral neck, and 
which are common in the elderly, may be mis-
taken for lytic lesions. CT showing fatty density 
and MRI can rule out infiltration by myeloma.

Like x-ray films, computed tomography (CT) 
mainly shows alterations to mineralized bone, 
but there are no problems with superimposition. 
Pure bone marrow infiltrates may also be seen if 
they lie within fatty marrow, but are hardly vis-
ible in vertebral bodies (Fig. 7.3e), unless they 
are very osteoporotic. Furthermore, osteolytic 
areas in cancellous bone, which are occult to 

plain films, are easily detected. CT is the gold 
standard to assess the stability of bone and 
should be performed prior to vertebroplasty to 
ensure that the cortex is intact and the vertebral 
body will retain the injected material.

In magnetic resonance imaging (MRI), the 
signal intensity of the spinal bone marrow on 
both T1- and T2-weighted images depends on 
the relation of fatty and cellular components, 
cellular ones being either hematopoietic marrow 
or plasmacellular infiltrates. In adults in the axial 
skeleton hematopoietic “red” marrow is present. 
In the periphery “yellow” fatty marrow is pres-
ent. With age the fatty components within 
red marrow (usually 40–50%) increases. Typi
cally, the vertebral bodies are T1-hyperintense 
(i.e.,  brighter than the intervertebral disk) and 
hypointense on fat-suppressed T2-weighted 
images (darker than normal disks). An increase 
in the cellular and decrease of the fatty compo-
nent in the bone marrow will cause a decrease in 
T1 and an increase in signal on STIR images 
(Wasser et  al. 2005). The best combination of 
sequences for imaging myeloma is a combina-
tion of T1-w SE and fat-suppressed sequences, 
e.g., STIR (Baur et al. 1998).

On T1- and T2-weighted images without fat 
suppression, one may also see a “salt-and-pep-
per” pattern, which is a mixture of small hypoin-
tense and hyperintense spots (Fig.  7.1d). This 
reflects an inhomogeneous composition of bone 
marrow with fatty islands and low-grade inter-
stitial infiltration by myeloma cells. Those 
patients are usually stage I disease and do not 
require any treatment. Beware of pitfalls like 
young individuals with a high amount of 
hematopoiesis (thus low signal on T1-w SE 
images), or patients pre-treated with chemother-
apy and possibly growth factors, in whom bone 
marrow reconversion may cause grossly mis-
leading findings on MRI.

Since multiple myeloma is angiogenic, 
involved bone marrow shows enhancement on 
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Fig.  7.3  Coronal reconstructions in WBCT over the 
long bones (a, b), frontal (c) and lateral (d) cervical 
x-ray films, sagittal WBCT reconstruction over the 
spine (e), and sagittal T2-weighted, fat-suppressed 
MRI (f) of the cervical spine in a patient with multiple 
myeloma. The long bones show no focal destructions. 
Note the low density in the CT of the medullary 
spaces of the long bones where any solid, intra
medullary nodule would be frankly visible. The plain 
films of the cervical spine appear normal, and the 

sagittal reconstruction of WBCT shows osteoporosis, 
a fracture of the ninth thoracic vertebra, but no focal 
areas of destruction inside the vertebral bodies. The 
cervical MRI, however shows focal T2 hyperintense 
areas in the fourth and fifth cervical vertebra, along 
with disseminated tiny areas of signal elevation in 
all other vertebral bodies and spinous processes, 
typical of myeloma infiltration, and invisible with 
both plain x-rays and CT
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fat-suppressed, contrast-enhanced T1-weighted 
images. The strength of enhancement has been 
histologically proven to depend on the degree of 
infiltration by myeloma cells, and also on vessel 
density (Baur et  al. 2004; Nosas-Garcia 2004; 
Nosas-Garcia et al. 2005). Therefore, contrast-
enhanced MRI may be used whenever unen-
hanced T1w or STIR images are inconclusive. 
Again, there is some age-dependence, but as a 
rule a signal increase by 40% or more is deemed 
pathological (Baur et al. 2004). Dynamic con-
trast-enhanced MRI may be used to better assess 
the kinetics of contrast enhancement (Fig. 7.4).

Solid myeloma nodules are homogeneously 
T1-hypointense and hyperintense on fat-sup-
pressed images and show a strong enhancement 
on post-contrast images (Fig. 7.5). A breech of 
the cortical bone is easy to see, as the signal-free 
bone contour is interrupted, and the tumor 

extends beyond it. The distinction between dif-
fuse and micronodular patterns is not sharp, and 
thus such discrimination is somewhat academic. 
In every area of bone destruction caused by 
myeloma a corresponding myeloma nodule 
should be found on MRI. A possible exception 
is the case of collapsed vertebrae in which com-
pressed bone and reactive changes may cause 
the diagnosis to be difficult.

In positron emission tomography (PET or PET/
CT, respectively), solid myeloma nodules have an 
increased uptake of 18  F-deoxyglucose (FDG), 
but their conspicuousness depends on the uptake 
of the surrounding tissue. The sensitivity of 
FDG-PET in vertebral bone marrow depends on 
the infiltration degree: in 30% of cases positive 
on MRI, PET was false negative, most fre-
quently in diffuse infiltration patterns (Zamagni 
et al. 2007). It is more sensitive than the x-ray 
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Fig.  7.4  Parameter maps from dynamic contrast-
enhanced MRI (DCE MRI) (a) in a patient with 
multiple myeloma, showing diffuse and rather 
homogeneous contrast enhancement. A time-intensity 

curve obtained from these vertebrae (b) shows an 
early but nevertheless gradual rise in intensity during 
the first two minutes, followed by a “wash-out”
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skeletal survey (Zamagni et al. 2007), but less 
sensitive than multidetector-CT (Hur et  al. 
2007). However, PET-CT is better, since new 
MDCT scanners allow for high resolution of 
bone in addition to FDG uptake as a marker for 
avid tumor tissue. Thereby PET-CT may play 
an increasing role for evaluation of success of 
therapy (Bredella et al. 2005).

Nevertheless, PET for staging and risk assess-
ment is favored over MRI in the Anglo-American 
world, the rationale being that those myeloma 
foci which are clinically and prognostically rel-
evant will also be positive on PET (Durie 2006; 
Durie et al. 2002). In Germany, conversely, PET 
is hardly used for multiple myeloma, since it has 
been almost generally excluded from reimburse-
ment by the legal insurers.

7.4   
�Differential Diagnosis

Metastases due to solid tumors are far more 
common than is multiple myeloma, and they 
may be difficult to discriminate (Ooi et al. 2006). 
Features in favor of multiple myeloma are:

Osteolytic lesions in the convexity of the •	
skull and the diaphysis of long bones
Nonreactive, sharply delineated, lytic lesions•	
Scalloping (half-moon shaped erosions of •	
cortical bone from its inward surface)
Marked osteoporosis•	
Negative bone scan or “cold lesions”•	
No primary tumor as a possible cause of •	
bone metastases
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Fig.  7.5  Parameter maps from dynamic contrast-
enhanced MRI (DCE MRI) (a) in a patient with 
multiple myeloma, showing markedly inhomogeneous 
enhancement and “hot spots” in the third and fourth 
vertebra, which on static images corresponded to 
solid plasma cell tumors. The time-intensity curve 

obtained from these areas (b) shows a marked and 
sharp rise with a maximum at one minute after 
injection, followed by a wash-out. Note the distinct 
difference between the curves in 7.4b (diffuse pattern) 
and 7.5b (focal pattern)
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Osteosclerotic lesions are unlikely to be mye
loma, although rare forms of sclerosing mye
loma have been described.

Multiple myeloma affects mostly patients 
aged 50 or more – an age group in which osteo-
porosis is common and usually not caused by 
malignant disease. To tell whether osteoporosis 
in a given patient with known myeloma is inde-
pendent of or rather caused by the disease can 
be difficult or impossible in x-rays or CT. 
However, in MRI diffuse infiltration can be 
depicted as the underlying cause.

Degenerative changes – particularly osteo-
chondrosis with inflammatory bone reaction – 
may cause pain and also signal alterations in 
MRI like T2 hyperintensities and contrast 
uptake. However, there are some typical fea-
tures of benign alterations:

Hemispheric or triangular shape•	
Abutting the upper or lower end plate•	
Symmetric above and below one interverte-•	
bral disk
Loss of height and T2 signal of the adjacent •	
disk
Osteosclerosis in CT•	

Fractured vertebrae may cause significant 
diagnostic problems. The lack of an overt 
destruction does not argue against a destruc-
tion as a cause, because the compression may 
have obscured it. In MRI, the features of frac-
tures caused by either osteoporosis or myeloma 
may be also very similar, especially in severe 
collapse. Low T1 and high T2 signal intensity 
as well as marked contrast enhancement are 
signs in favor of malignant involvement as the 
underlying cause (Cuenod et al. 1996).

Diffusion-weighted MRI of fractured verte-
brae may help in differential diagnosis showing 
a lower apparent diffusion coefficient when 
malignant involvement was the cause rather 
than when the fracture was due to trauma or 
osteoporosis (Raya et al. 2006).

7.5   
�Staging

The most widely used staging system – among 
more than ten systems – is the one proposed by 
Durie and Salmon in 1975, where the stages, 
ranging from one to three, rely on blood tests 
(e.g., hemoglobin, calcium, paraproteins) and 
the results of the x-ray skeletal survey (Durie 
and Salmon 1975). The latter are fallible, and 
their prognostic implications are very insecure 
because many lesions are missed. Most impor-
tant is the discrimination between stage 1 and 2 
without signs of disease progression, needing 
no treatment, and stages 2 or 3, both requiring 
chemotherapy. For current recommendations, 
see (Dispenzieri et al. 2007). A survival analy-
sis demonstrated that the degree of skeletal 
involvement shown on MRI was pivotal for the 
patient’s prognosis. Including MRI findings 
in  a clinical staging system, such as the 
Durie & Salmon system, significantly improved 
the discrimination between the three groups 
concerning survival (Baur et al. 2002). Cross-
section imaging with either MRI (or whole-body 
MRI where available) or CT is progressively 
replacing the skeletal survey. Durie did suggest 
a modified staging system (“Durie & Salmon 
PLUS”) (Durie 2006). From what is known 
today, one would recommend performing 
whole-body MRI as a primary staging exami-
nation, and using x-ray films or CT for assess-
ing bone stability where MRI is abnormal. If no 
scanners with whole-body capabilities are 
accessible, MRI should be performed for the 
entire spine, and the peripheral skeleton assessed 
with x-ray films or whole-body low-dose CT. 
Compared with whole-body MRI, however, 
CT  appears to understage multiple myeloma 
(Baur-Melnyk et  al. 2008). In addition, a 
baseline bone density measurement is always 
recommended.
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�Treatment Effects

MRI is without doubt the method of choice to 
monitor effects of chemotherapy, since it images 
the tumor directly, and not only its effects on 
mineralized bone, which may persist despite 
effective treatment. Chemotherapy will cause a 
reduction in T2 signal intensity and reduced 
contrast uptake in both diffusely involved bone 
marrow and solid nodules (Wasser et al. 2004). 
Although large studies are lacking, early results 
show that PET-CT might be a tool to show early 
effects of chemotherapy (Zamagni et al. 2007). 
In necrotic tumor a strong reduction of FDG 
uptake has been found (Bredella et  al. 2002; 
Fonti et al. 2008).

7.7   
�Prognostic Factors

There are two events which are hard to predict: 
the progression into a stage needing treatment in 
patients with stage 1 multiple myeloma or 
monoclonal gammopathy of unclear signifi-
cance (MGUS), and the occurrence of major 
complications – particularly fractures – in patients 
who already are in an advanced stage. Of patients 
with MGUS, e.g., 1% per year progress into 
myeloma (Kyle et al. 2002). Blood and bone mar-
row tests (albumin, paraproteins, b2-microglobu-
lin, chromosomal and genetic factors) and the 
urine excretion of paraproteins are important  
factors, and so are the initial stage and the pres-
ence or absence of skeletal abnormalities (lytic 
lesions, osteoporosis with compression frac-
tures). According to the criteria of the International 
Myeloma Working Group, the diagnosis of 
absence of bone involvement still relies on plain 
films, and CT or MRI are tools for clarification 
only (International myeloma working group 
2003). However, a considerable proportion of 

MGUS patients do have abnormal findings at 
MRI – most frequently diffuse ones (T1 hypoin-
tensity, salt-and-pepper appearance), occasion-
ally also focal lesions. Very probably, their 
classification as having MGUS rather than mul-
tiple myeloma is false, owing to the limited sensi-
tivity of plain films, but there is no consensus as 
yet, when and how they should be “upstaged.” In 
the new staging system of Durie & Salmon PLUS 
(Durie 2006), in patients with MGUS, whole-
body MRI or PET-CT are required to exclude 
myeloma involvement (Table 7.1).

In patients, stage I disease according to the 
old staging system, abnormalities (focal or 
diffuse) in the skeletal MRI imply a signifi-
cantly worse prognosis (time to progression, 
10–16  months) than if the MRI were normal 
(32–43  months) (Baur-Melnyk et  al. 2005; 
Moulopoulos et  al. 1995; Vande Berg et  al. 
1996; Walker et al. 2007).

In stage 2 or 3, the relevant parameter is 
the time until the diseases progresses clini-
cally, particularly until complications like 
fractures occur. Here also, besides serum 
markers, a pathological MRI is an indepen-
dent bad prognostic sign, in particular the 
intensity of contrast agent uptake (Hillengass 
et al. 2007).

Classification Whole-body MRI and/ 
or FDG-PET

MGUS All negative
Stage IA Normal skeletal survey or 

single lesion (smoldering)
Stage IB <5 focal lesions or mild 

diffuse disease
Stage IIA/B 5–20 focal lesions or 

moderate diffuse disease
Stage IIIA/B >20 focal lesions or severe 

diffuse disease

Table 7.1  Diagnostic criteria in the Durie & Salmon 
PLUS staging system (according to (Durie 2006))

Subclassification in stages II and III: A normal renal 
function/B abnormal renal function
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7.8   
�The Radiologist’s Tasks

Diagnosis and treatment monitoring rely on 
bone marrow histology and serum and urine 
tests, such as monoclonal immunoglobins, activ-
ity markers (e.g., b-microglobulin), enzymes, 
blood film, electrolytes, etc. Non-secreting 
myeloma may be difficult to monitor; here imag-
ing plays an even more crucial role. Generally, 
imaging serves to:

Verify the extent of skeletal and extraskeletal •	
involvement
Supply the information required by com-•	
monly used staging systems (e.g., Durie & 
Salmon (PLUS))
Assess stability of involved bones•	
Assess treatment response•	

The x-ray skeletal survey, until now standard 
for staging, will probably not remain for a lon-
ger period of time, given the higher sensitivities 
of both CT and MRI, and the additional infor-
mation they provide on marrow infiltration, 
local bone stability, and soft-tissue extension. 
By using MDCT and/or MRI, 30–40% of patients 
will be upstaged. Some modified staging sys-
tems (Durie and Salmon PLUS) which include 
whole-body MRI and/or PET-CT have been 
suggested.

In long bones, x-ray films are usually suffi-
cient to assess their stability, but in vertebrae and 
the pelvis this is best done with CT, at least in 
doubtful cases. CT is also best before vertebro-
plasty to ensure that the posterior cortex is intact.

For treatment monitoring and follow-up, 
MRI is clearly superior to x-ray films, for good 
reasons. Areas of destruction to mineralized 
bone, as seen on films, are simply the tip of the 
iceberg, the underlying tumor being invisible, 
and they usually show no reaction or sclerosis 
though the tumor itself does respond. To some 
extent, the same limitations also apply to CT, 
although CT is capable of demonstrating solid 

nodules (Horger et al. 2007). In vertebrae, how-
ever, it is clearly inferior to MRI.
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