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Introduction Normal blood contains a mixture of immunoglobulins
) _ _ (IgM, 1gG, IgA, IgD, IgE). After protein separation
Multiple myeloma is the third most common form of(glectrophoresis) these show up as various bands or
haematological malignancy after non-Hodgkin's lymspikes. \When most or all of the immunoglobulin present
phoma and leukaemia. .There are approximately 146%0 of one type this will produce a single band on
new cases per annum in the USA and almost 3500 {aparation. The presence of such a band is called a
the UK['-8]. Certain chemical exposures are reported #donoclonal spike or M band.
increase the risk and an increased incidence is seen i'ﬁ)hemotherapy is indicated for management of symp-
agricultural worker¥1. The condition is rare in Asians tomatic myeloma. Autologous transplantation is the
but roughly twice as common in Afro-Caribbean ethnigeaiment of choice for patients aged under 60 years.
groups compared with Caucasians. Median survival with conventional therapy is about
Multiple myeloma is characterised by uncontrolled years \whilst stem-cell transplant can achieve a median
proliferation of a clone of plasma cells within the bongival of more than 5 yeald. Overall, the prognosis
marrow and should not be confused with the conditiog poor with the most recent statistics from the USA
known as monoclonal gammopathy of undetermined Sighowing a relative 5-year survival of 298 Death

nifica_nce (MGUS_). In this_ disease the serum paraproteiggits from bacterial infection, renal insufficiency and
level is <3 g/dl with no evidence of myeloma or a relateq, .o mboembolism.

disorder. The risk of MGUS progressing to myeloma or
a related condition is low: 16% at 10 years, 33% at 20
years and 40% at 25 yedts A detailed breakdown of
the presenting features is given in Table 1.

Diagnosis is based on laboratory and radiographic

findings and depends on three abnormal resullts: The staging system devised by Durie and Salmon is the
o most widely usef! (Table 2). This is based on the serum
e Bone marrow containing more than 15% plasma cellg,ncentration of haemoglobin, calcium and paraprotein,
(normally no more than 4% of the cells in the bonginary Bence—Jones protein excretion and the number of
marrow are plasma cells). skeletal lesions seen on plain radiographs. However, other
groups have proposed new systems to more accurately
e Generalised osteopaenia and/or lytic bone deposits giid simply stage and/or classify myeloma patients into
plain film radiography. prognostic categories. Whilst none has gained universal
acceptance two are under active consideration both of
e Blood serum and/or urine containing an abnormathich recognise the serug» microglobulin level as the
protein. core measuremelitll.

Staging
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Radiology this subtype which should not be confused with non-
myelomatous osteoporosis which occurs in many older
atients. Normal bone surveys are noted in 10% of
)%Ioma patients though this has not always been
sociated with improved survivat!.

Radiology plays an important role in staging, monitorin
treatment response, detection of relapse and asses
complications. The various imaging techniques employ
and their associated findings are described more fully
below.

Radionuclide imaging

In multiple myeloma the osteoblastic response to bone
destruction is negligible. The bone scan is often
therefore normal or may show areas of decreased uptake
(photopaenia). Most studies have shown that the sen-
sitivity of skeletal scintigraphy for detecting individual
deposits ranges from 40 to 66%1°1. However, skeletal
scintigraphy may be helpful in evaluating areas not well
visualised on plain film radiographs such as the ribs and
the sternum.
Figure 1  Plain radiograph of skull (lateral view)  99MTechnetium methoxyisobutylisonitrile 94Tc-
demonstrating multiple lytic deposits. MIBI) has been shown to be superior to plain film
radiography and skeletal scintigraphy in detecting bone
and bone marrow involvemeff-19l Different patterns
Plain film radiography of 99MTc-MIBI uptake have been described with multiple
myeloma (negative, diffuse, focal, combined focal and

Almost 80% of patients with multiple myeloma will have . . o :
. . : ) diffuse) and semiquantitative evaluation of these patterns
radiological evidence of skeletal involvement and the

skeletal survey remains the best method of identifyinsgh;\’éegf ?h:'g?slfe'gz?gﬁ C:r:\:'a;'t?vneV;’ggncilgn:alaztear:ﬁva? d
lytic deposits within bone (see Table 8}l The 9 ' 9 P

most common sites include the vertebrae (66% nI]uItipIe myeloma indicates early stage disease or post-

patients), ribs (45%), skull (40%), pelvis (30%) Wherea%eatment remission while the presence of focal uptake

; . . . and/or intense diffuse bone marrow uptake suggests an
involvement of the distal bones is unusual (Fig. 1). ) .
advanced stage of active disease. A subsequent follow-

up study involving 22 patients showed a significant

Table 1 Presenting featurd® correlation between the scintigraphic findings and
clinical status post chemotherdp}.

Thallium-201 has also been described in multiple

240 years old 98 myeloma, but due to limitations of the isotope its use has

Presenting feature %

Proteinuria . 88 not been widespread nor has it been shown to be superior
Monoclonal heavy chain on serum 99 [22,23]
immunoelectrophoresis g3 o mTC'MIBI _’ o ]
Skeletal radiographic abnormalities 79 Positron emission tomography using the glucose
SP!::e on serum PTIOte'” ELECUOPhOTeS'S 7€analogue fluorine-18 fluorodeoxyglucose (FDG-PET)
oblke ggi# rinary electrophoresis ¢ “has also proved useful. In one series comprising 28
Anaemia 62 patients, PET was true positive in almost 93% of
Men 61 the radiographically documented osteolytic deposits and
ge”a' '”JSUﬁ'C'e”C%/_ _ 529 demonstrated a greater extent of disease than plain film
ence—-Jones proteinuria . . 0 . ] .
Hypercalcaemia 30 radiography in 61 A)_of_patl_en[@. Other studies have
Hepatomegaly 21 demonstrated its reliability in detecting active myeloma

both within bone and at extramedullary sites and its
Myeloma lesions are sharply defined, small Mi@bility to differentiate between new active disease and

areas (average size 20 mm) of bone destruction wiffactive (treated) .Sité%‘s_zn- Interestingly, a study just
no reactive bone formation. Although myeloma arise%Ub|'§hed comparing M|B|W|th PET indicated that MIBI
within the medulla, disease progression may produédentified more disease sites than F@T No study
infiltration of the cortex, invasion of the periosteum an§f@S been published to date using integrated PET-CT
large extraosseous soft tissue masses. The pattern(G@mputed tomography) imaging.
destruction may be geographic, moth eaten or permeated.
Pathological fractures are qomn{éﬁ. Cross-sectional imaging

Generalised osteopaenia may be the only bone
manifestation of myeloma in up to 15% of patientsA wide range of findings have been described in CT of
Vertebral body collapse is the usual manifestation afyeloma. These include sharp, lytic foci of small and
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Table2  Durie—Salmon staging systeth

Stage  Criteria

Cell mass

| All of the following:
Haemoglobin> 10 g/100 ml

Normal serum calciumx 12 mg/100 ml
Normal bone structure or solitary bone lesion only on radiography
Low M component production rates

19G < 5 g/100 ml
IgA < 3 g/100 ml

Urine light chain M component on electrophoresigl g/24 h

1l Fitting neither stage | nor stage I

1] One or more of the following:
Haemoglobin< 8.5 g/100 ml

Low
<0.6 x 102 cells/mm?

Intermediate

High
>1.2 x 1012 cells/mn?

Serum calcium> 12 mg/100 ml
Advanced lytic bone lesion
High M component production rates
19G > 7 g/100 ml
IgA > 5 g/100 ml
Urine light chain M component on electrophoresid 2 g/24 h

Subclassifications: A= relatively normal renal function (serum creatinine valu®0 mg/100 ml [175 mmoll]); B = abnormal renal function
(serum creatinine value 20 mg/100 ml [175 mmoll]).

relatively homogeneous size with no sclerotic rim, diffuse Magnetic resonance imaging

faint osteolysis, an angioma-like appearance due to the

presence of thickened vertical trabeculae and expanﬁ@?e deposits have been shown by MRI in about
deposit&239, CT can accurately depict the extent oP°7° of asymptomatic myeloma patients with normal

. - 2 . -
associated soft tissue masses and can direct needle bioggy; r;(lj_logr?phg’ L Nlo_r1etfr_1leless(,j_despltﬁ the m_creased
for histological diagnosis. Myelomatous marrow ofter vailability of MRI, plain film radiography retains an

shows an abnormally high attenuation value comparémportant role in myeloma and remains on the list of

with normal marrow. Discrete interruption of the Corticarecom.mended !nvestlgatlo[t?ﬂs. ,
Sagittal studies of the spine enable screening of a

contour may be seen. iah " fh tonoieli d detecti
Recent advances in X-ray tube technology with higﬂIg proportion ot haeématopol€tic marrow and detection
fGany potential threat to the spinal cord. Additional

heat storage capacities enable examination of the whél I fth Vi q imal f bl
spine to be undertaken in less than 1 min. A recefif’ONa IMages orthe pelvis and proximal témora enable

study using multidetector CT (MDCT) in patients Withevaluation of about an extra one-third of red marrow in
stage Il myeloma provided more detailed informatio n adult. These images may enable detection of deposits

on the risk of vertebral fractures compared with plai otentially at risk of fracture. The clinical benefit of total

film radiography and magnetic resonance imaging (MRI ody MRI has not yet been fully evaluated in myeloma.

Upward stage migration occurred in 17% of patiétis cI;shse'f'tlan;?slnr?orrr)r?:le;gialln dﬂugflgn?yzlrgemi}gaafl? be
It is likely that there will be an increasing role for thisc, 2> » Tocal, diu variegated

. . : . Normal marrow is present on MRI at diagnosis in 50—
technique in patients who are severely disabled or Wh,%% of patients with earl treated (st | |
are unable to undergo MRI examination. orp 'y untreate (stage 1) myeloma
and in about 20% of patients with advanced and treated
(stage IlI) disease.
The focal pattern consists of localised areas of
decreased signal intensity on TIl-weighted images
Table 3  Multiple myeloma vs. bone metastases and increased signal intensity on T2-weighted images
(Fig. 2). Myelomatous deposits are generally sharply

Radiological Multiple Bone .
feamresg myel?)ma metastases demarcated on a background of an otherwise normal
appearing bone marrow. Homogeneous enhancement

Involvement of intervertebral discs Yes No  occurs on T1-weighted images following intravenous
:”"O:Veme”: OI mat“db'b"f " YES '\\'(0 contrast injection.
nvolvement ot vertepral pedicies [0} es . . . .

: . pec The diffuse pattern is characterised by a diffuse and
Associated paraspinal soft tissue mass Yes No hom n decr in marrow sianal intensity which
Isotope bone scan Frequently Frequently omogeneous decrease arrow signa ensity c

negative positive becomes identical to or lower than that of adjacent
inter-vertebral discs on a T1-weighted image and on a
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T2-weighted image by a diffuse or patchy increase ito patients with multiple myeloma as normal signal
signal intensity. Marked enhancement is usually seen amensity within a compressed vertebral body on spinal
T1-weighted images following intravenous contl®t MR images does not preclude the diagnosis of multiple
myeloma. In a study of 224 vertebral fractures in patients
with known multiple myeloma, Lecouvedt al. found
that 67% appeared benign on MRI and 38% of their 37
patients had benign fractures only at diagn8ls

In patients with osteoporotic or post-traumatic verte-
bral compression of recent onset, MRI will usually show
signal alteration that parallels one of the end plates,
involves less than half of the vertebral body, does not
extend to the pedicles and enhances homogeneously
following intravenous contrast. Diffusion-weighted MRI
may also prove to be a useful method to apply to the
differential diagnosis of compression fractuf8s

Patients being treated for multiple myeloma may suffer
acute back pain secondary to vertebral body collapse
even after effective chemotherapy due to resolution of
the tumour mass that was supporting the bony cortex.
) ) _ Thirty-five new vertebral compression fractures were
Figure 2 (a) Sagittal T1-weighted and (b) short giscovered on post-treatment MR images of 29 patients
inversion time !nversion recovery (STIR)_ MR images \yith multiple myeloma in remissidf®l. In another
of lower thoracic and lumbar spine showing focal and  g1,dy, 131 vertebral compression fractures appeared in
diffuse myelomatous infiltration affecting multiple 37 patients with multiple myeloma after the onset of
vertebrae with marked compression affecting T12. therapy®l. Conversely, progression of disease may also

The variegated pattern is characterised by the preserkPé'ereSpons'ble for a new compression fracture and MRI
of multiple foci of low signal intensity on T1-weighted M@y be useful in differentiating between these two
images, intermediate to high signal intensity on TZXlinical settings.
weighted images and enhancement following intravenous
contrast T1-weighted images. This pattern is seen almost
exclusively in an early disealél.

These patterns of marrow involvement do not seem toAssessment of response to treatment
correlate with the interstitial, nodular and diffuse patterns

of marrow infiltration seen at microscopy. However,

they show a positive correlation with some laboratoryhe role of radiology in the assessment of treatment

parameters. Patients with the normal and variegaté®sponse is limited, and sequential quantification of

patterns tend to have a lower tumour burden than thoBiglogical markers of disease (monoclonal protein levels

with the focal and diffuse marrow involvement patterngdnd bone marrow plasmacytosis) are sufficient to assess

Higher cellularity, higher plasmacytosis and more sevef@sponse to chemotherapy.

signs of bone failure are usually found in patients with

the diffuse patterf3’].

The lack of specificity of the MRI patterns should be

noted. The focal and diffuse patterns may be observed Plain film radiography and scintigraphy

in both metastatic disease from primary solid tumours

and in other haematological malignancies, especially

lymphoma and leukaemia. Differentiation between re@n plain film radiography, shrinking or sclerosing

marrow hyperplasia secondary to anaemia, infectiodeposits indicate a response to therapy. Persistence

malignant or treated marrow infiltration can be extremelgf radiological abnormalities should not be considered

difficult. evidence of active disease, since they may represent
residual osteolysis in the absence of plasma cell prolif-
eration. Although conventional skeletal scintigraphy is

Compression fractures in multiple not routinely performed, the presence of abnormal uptake
myeloma has been shown to indicate residual actiit}; A more

recent study demonstrated conversion from a positive to

Several criteria exist for differentiating benign fromnegative isotope scan usif§™c-MIBI in successfully

malignant vertebral body compression fractureseated patients?]. FDG-PET can also differentiate

(Table 4). However, these should be applied with cautidretween active and treated sites of dis&&ke
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Table 4  MRI criteria for the differential diagnosis of benign vs. malignant vertebral fractuf&s

Osteoporotic fractures Malignant fractures

Marrow signal Normal on all sequences (old fracture) Diffusely low on T1-weighted images
Band like low Sl adjacent to fracture (acute) High or heterogeneous on T2-weighted images
Normal S| preserved opposite the fractured end plate Round or irregular foci of marrow replacement

Posterior elements involved
Soft tissues/epidural involvement

Contrast enhancement Homogeneous ‘return to normal’ Sl after injection High or heterogeneous
Vertebral contours Retropulsion of a posterior bone fragment (often postero-superior) Convex posterior cortex
Computed tomography skeletal radiography is associated with a lower stage and

) . improved survival, Smitret al. found that only 11% of
Disappearance of soft tissue masses and reappeargfig€e patients were alive at 3 yela?k

of a continuous cortical contour and of a fatty marrow |, early asymptomatic stages of the disease with no
content may be observed in treated lytic lesions. or only one lytic deposit on plain film radiographs,
patients with relevant abnormalities at MR imaging
have a significantly shorter time lag before the onset
of more aggressive disease than those with normal-

Interpretation of post-treatment MRI changes can Ppearing marrow at MR imagifitf- 36471 Patients with
difficult as there is a wide spectrum of possible treatmerf}€ normal and variegated patterns tend to have a lower
induced changes on MRI depending on the pattern Bfmour burden than those with the focal and diffuse
bone marrow infiltration. There has also been little longharrow involvement patterns. Higher cellularity, higher
term follow-up of these patients. The lack of lesiop!asmacytosis and more severe signs of bone failure are
enhancement or only a peripheral rim enhancement sé&syially found in patients with the diffuse patt€.
after treatment can be indicative of responsive deposit8. patients with advanced disease stages treated with
Focal marrow lesions may remain identical or decrea§@nventional chemotherapy, patients with normal MR
in sizel42-44] Local radiation therapy of focal Comp|exﬁndings at diagnosis have better response to treatment
deposits induces a rapid decrease in the soft tissgad & longer survival than those with focal or diffuse
extension and appearance of necrotic central areas witHRgTow abnormalities at MR imagifg).
the deposit followed by a decrease in lesion &4e In patients with a solitary bone plasmacytoma magnetic
In diffuse marrow abnormalities, increased marroesonance screening of the spine and pelvis will usually
signal is usually observed on post-treatment T1-weightégveal radiographically unsuspected deposits in up to
images due to reappearance of fat cells within mo®0% of patients, thus suggesting true myeloma from the
hydrated cellular components. Conversion of a diffuse f/tset. This finding is associated with a poor response
a focal or variegated pattern is also frequét to localised radiotherapy and an earlier development of
After bone marrow transplantation, bone marrow ger§ystemic disease than in patients with a negative MRI
erally has a high signal on T1-weighted images but focaHrveysl.
residual deposits are frequéfl. The prognostic signifi-  High levels of serump, microglobulin correlate with
cance of these abnormalities is uncertain as patients whP0Or prognosis and remain the single most powerful
these residual abnormalities did not have a poorer odeterminant of outconté’). No correlation between
come than those with normal post-transplantation MAis finding and appearances on MRI has yet been
scanl. Increased marrow cellularity due to marrowdeémonstrated.
stimulating factors and decreased signal due to marrow
haemosiderosis resulting from repeated transfusions may o
also be present on post-transplantation MR images. Complications

Magnetic resonance imaging

The complications of multiple myeloma can be sum-

. . . marised as
Relationship of radiology to laboratory

values and prognosis e spinal cord compression
pathological fractures

- . . . . .
Plain film radiographs retain a key role for staging secondary amyloidosis

patients with newly diagnosed myeloma. Patients with . .
at least two Iytic foci are classified in advance@ renalimpairment

disease subgroups and aggressive systemic treatmeni igpredilection for recurrent pneumonia due to leucopae-
usually indicated. Although absence of lytic deposits on nia
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o thromoboembolism.

A pathological fracture affects about 50% of patients g
at some time with many of the fractures affecting

the vertebral bodies. Spinal cord compression resulting

from vertebral body fracture may occur in up to 25%
of patients and has been described as the presentipg,
feature in 12% of patient®-52 Magnetic resonance

is the imaging investigation of choice. Fractures of
the tubular bones heal readily with normal amount$t!]
of callus but extensive fractures may require insertion
of intramedullary nails. Patients with myeloma have gi2]

predilection for recurrent pneumonia due to associated
leucopaenia. These patients can be assessed using plafh

chest radiography and thin-section CT.

(14]

Uncommon variants of myeloma

Clinical manifestations of extraosseous myeloma are

rare, occurring in less than 5% of patients with multiple[
myeloma. Primary sclerotic manifestations are rare an

occur only in 3% of patients. It may take the form of
diffuse osteosclerosis, patchy sclerotic areas througholi’]
the skeleton or very small numbers of focal sclerotic
lesiond®3l.

Several differential points help to distinguish (a) lytic
deposits of multiple myeloma from bone metastases

and

(15]

o

(18]

Summary

(b) benign from malignant vertebral compression

[19

]

fractures. Multidetector CT is a realistic alternative forl20]
spinal imaging in severely disabled patients or those
unable to have an MRI scan. Several different patterng,
of marrow infiltration appear on MRI which are not

specific and do not correlate with microscopic patterns

of infiltration. The role of radiology in the assessme
of treatment response is limited; sequential analysis

biological markers is preferred.

(1]
[2
(3]
(4]

(5]
(6]
(71
8

g

(23]
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