The Association of Radiological Manifestations (by Both
X-Ray and MRI) with the Clinical Presentation of Multiple
Myeloma

Waseem F. Al Tameemi, *' Ahmed S. Al Zubaydi, ? Ibrahim Kh. Al
Shammary®

Abstract

Background: Multiple myeloma (MM) is a neoplastic plasma cell disorder that arises within the bone
marrow. Bone destruction is an integral part of MM. With radiological tests, about 75% of patients show
punched-out lytic lesions, osteoporosis or fractures on conventional radiography. However with more
sensitive tests, like computerized tomography (CT) and magnetic resonance imaging (MRI), nearly all
patients show evidence of bone destruction. These more sensitive tests can be applied to define bone
marrow abnormalities in MM with greater sensitivity than other imaging modalities.

Patients and Methods: Forty-one patients, newly diagnosed with multiple myeloma, were enrolled in
this study. In addition to a clinical examination, both X-rays and spine MRI images were studied in
relation to the main clinical and laboratory features like anemia, renal impairment or hypercalcemia as
well as the bone marrow plasma cell degree of infiltration. The X-ray radiological abnormalities were
described as normal, punched-out lytic lesions, osteoporosis or pathological fracture or any combination
of these while MRI patterns were seen as normal, focal lesions or diffuse involvement.

Results: It appeared that the more advanced X-ray radiological features would indicate more plasma cell
infiltration in the bone marrow specimen (p=0.047) and the higher risk of renal impairment as a
complication (p=0.05) while the more diffuse pattern of MRI findings would indicate higher bone
destruction and more calcium mobilization to circulation (p=0.05).

Conclusion: It is clear that almost all MM patients had been referred to the hematology clinic in an
advanced symptomatic stage as they had the worst manifestations of the illness (anemia and impaired
renal function) as well as advanced radiological features that give no significant superiority to the MRI
over the conventional X-ray screen, unlike what has been proven by other studies. A special MRI
protocol for MM patients may be required to yield better results in assessing the degree of plasma cell
infiltration in bone marrow; allowing it to be applied in follow-ups for those patients.
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Background

Multiple myeloma (MM) is a neoplastic plasma
cell disorder. It forms 1% of all types of cancers.
This malignant disease arises in the bone marrow
and results in anemia, immunoparesis and
skeletal destruction in addition to abnormal
paraprotein production as monoclonal
immunoglobulin in serum and/or urine. The
median age at diagnosis is 70 years. -2

Bone destruction is an integral part of MM and is
seen in at least 70% of patients. When more
sensitive imaging tests are used, nearly all
patients show evidence of bone destruction and
its complications. ® Bone disease in MM most
frequently involves the spine as well as the
extremities. It is a major source of morbidity and
presents as bone pain in around two-thirds of
affected patients.

On conventional radiographic examination,
around 75% of patients may have punched-out
Iytic lesions, osteoporosis or pathological
fractures. The vertebrae, skull, ribs, sternum and
proximal bones are most frequently affected. * A
small subset may have de novo osteosclerotic
lesions, which may also occur after therapy as a
marker of healing. °

Computerized tomography (CT) and magnetic
resonance imaging (MRI) are more sensitive than
conventional radiography and they may reveal
specific lesions in 90% of stage 1 MM patients. °
MRI is a non-invasive technique which can
sample a large volume of bone marrow and can
be applied to define bone marrow abnormalities
in MM with greater sensitivity than other
imaging modalities. © Among asymptomatic MM
patients who have normal radiography, 50% may
demonstrate abnormal MRIs. ®  Thus, the latter
may be useful to distinguish patients at high risk
or low risk for progression. ° The three MRI
patterns in MM are described as normal, focal
lesions or diffuse inhomogeneous (variegated)
infiltrations, '° and they may provide value as
predictors in newly diagnosed patients or those
who have received chemotherapy. *°
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Many centers today are using sophisticated tests
to assess the disease stage; like FDG-PET/CT
(fluorodeoxy-D-glucose positron emission
technique). These may be able to detect more
Iytic lesions, which are out of the field of view of
the MRI. %

Objectives

Assessment of the association between clinical
presentation and radiological manifestation in
multiple myeloma patients.

Patients and Methods

Forty-one patients, newly diagnosed with
multiple myeloma, were enrolled in this study,
performed between Jan 2007 and April 2010 at
Al Kadhimiya teaching hospital in Baghdad, Irag.
For each patient, a full medical history and
examination were performed. The diagnosis was
settled upon with the aid of clinical presentation
as well as laboratory investigations including
CBC (complete blood count), BM (bone marrow)
aspiration and biopsy, SPE (serum protein
electrophoresis) and urine screening for light
chain excretion.

Conventional skeletal surveys (skull, pelvis and
dorsolumbar spine X-rays) were conducted.
Baseline MRIs for thoracic and lumbar spines
were taken for each patient before any treatment
was given.

The X-ray radiological abnormalities were
described as normal, punched-out lytic lesion,
osteoporosis, pathological fracture or any
combination of these.

On MRI features, patterns were described as one

of the following:

1. Normal: reported in cases with no evidence
of abnormalities.

2. Focal pattern: consisting of localized area of
abnormal marrow that appears on:

e T1-weighted images as darker than yellow
marrow and red marrow

e T2-weighted images as brighter than both
yellow and red marrow.
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e Enhanced T1-weighted images as enhanced
lesions to variable degrees after intravenous
contrast

3. Diffuse: An MRI pattern of abnormal
marrow where the normal marrow is
completely replaced by an abnormal process
and the intervertebral disks will appear
brighter than, or iso-intense with, the
diseased marrow appearing on:

e T1-weighted images, as diffuse decrement in
the signal intensity of the marrow.

e T2-weighted images, as a variable increment
in signal intensity of the abnormal marrow.

e Enhanced T1-weighted images, after
intravenous contrast, the intervertebral disks
appear darker than the enhanced spine.

The review of the initial presenting laboratory
abnormalities were also assessed, hemoglobin
level, serum creatinine and serum calcium, for
the purpose of assessment of disease severity.

The glomerular filtration rate (GFR) was not
calculated as the objective was to assess early
short-term complications rather than long-term
ones.

International Staging System (ISS) scoring
couldnt be applied as the serum B2
microglobulin level wasn't available. SPSS v.10
was used for statistical assessment of this study.

Results

Patients’ Characteristics

Of the forty-one patients included in this study,
22 (53.7%) were female, while the rest were male
(46.3%). The patients' mean age was 61.8+10.49
years. (Table 1)

Table (1): Patient Characteristics.

Character Range Mean +SD
Age (year) 36-81 61.8+10.49
Hb (g/dl) 4-12 7.69+1.91
Plasma cell in BM (%) 40-98 79.95+15.47
Serum creatinine (mg/dl) 0.9-3.0 1.79+0.60
Serum calcium (mmol/I) 1.6-3.0 2.36+ 0.33
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Radiological Features

Gender difference has no statistical significance
with radiological findings in either imaging
group: X-ray and MRI (p= 0.39, p=0.12
respectively). (Table 2)

Application of X-ray Findings with the Patients’
Clinical Manifestations of Multiple Myeloma

It appears that the more advanced X-ray
radiological features indicate greater plasma cell
infiltration percentages in the bone marrow
specimen (p=0.047) and the higher risk for
development of renal impairment as an early
short-term complication (p=0.05) at the time of
clinical presentation, unlike other parameters,
such as the hemoglobin level (p=0.24) or the
serum calcium level (p=0.215). (Table 3)

Application of MRI Findings with Patient
Clinical Manifestations of Multiple Myeloma

The more diffuse pattern of the MRI findings
indicated higher bone destruction and more
calcium mobilization to circulation (p=0.05), but
no clear relationship to the other parameters.
(Table 4)

MRI and X-ray
There was no significant association between the

findings of the MRI and the X-ray (p=0.07).
(Table 5)
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Table (2): Radiological Features.
Conventional X-ray Features MRI Pattern

Pattern No. % Pattern No. %
Normal 9/41 22 Normal 5/41 12
Punched-out lytic lesions 11/41 27
Osteoporosis 10/41 24 Focal 10/41 24
Combination 11/41 27 Diffuse 26/41 63

Table (3): The Association Between X-Ray Radiological Features and Multiple Myeloma Clinical
Manifestations.

Hemoglobin Plasma cell in bone Serum creatinine Serum calcium
X ray features (mean+SD) g/dI marrow (mean+SD)% (mean+SD) g/dI (' mean +SD)mmol/I
Normal 7.9+1.67 74.00+20.38 2.01+0.72 2.27+0.37
Lytic lesion 8.3+2.83 73.67+16.17 1.47+0.38 2.30+0.34
Osteoporosis 7.98+1.35 89.1+7.47 1.70+0.66 2.29+0.34
Combination 6.6+096 82.81+12.05 2.00+0.55 2.56+0.23
P value 0.24 0.047* 0.05* 0.215

Table (4): Relationship between MRI Patterns and Multiple Myeloma Clinical Manifestations.

Hemoglobin Plasma cell in bone Serum creatinine Serum calcium

MRI pattern  (meanSD)g/dl  marrow (mean+SD) % (mean+SD) g/dI (mean +SD) mmol/I
Normal 8.6+1.49 74.4+19.34 1.5+0.56 2.14+0.11
Focal 7.73+1.73 79.8+17.48 1.84+0.58 2.34+0.37
Diffuse 7.50+2.04 81.07+19.34 1.82+0.63 2.41+0.34

P value 0.88 0.46 0.72 0.05*

Table (5): Relationship Between X-ray Features and MRI Patterns.

X ray features Total

Normal  Lytic lesions  Osteoporosis  Combinations
MRI Patterns Normal 3 0 2 0 5
Focal 2 5 2 1 10
Diffuse 4 6 6 10 26
Total 9 11 10 11 41
P=0.07
Discussion studies which prove the MRI’s higher sensitivity

Throughout this study, it is clear that almost all
multiple myeloma patients had been referred to
the hematology clinic in an advanced
symptomatic stage as they had the worst
manifestations of the illness (anemia and
impaired renal function) as well as advanced
radiological features.

Surprisingly, this study shows no significant
superiority of MRI over conventional X-ray
imaging (p=0.07). This is in contrast to most
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over X-ray findings. " '° The explanation may be
due to the small patient sample as well as the
advanced clinical presentation of their illness at
the time of study.

It has been shown that early short-term
complications like renal impairment can be
detected by measuring serum creatinine at the
time of presentation. This may draw attention to
the reversible causes (like dehydration, drug
adverse effects, etc.) and save patients from a
more drastic outcome. Considering that high
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serum creatinine has been reported also in those
presenting with normal X-rays (9 patients), it is
still useful to give the statistical significance in
this small sample of patients although it may be
imprecise due to the lack of assessment of
glomerular filtration rate.

The association between X-ray features and high
serum creatinine may not only be explained on
the basis of MM complications; it may be
secondary to bone mineral abnormalities that
complicate any case of chronic renal failure.
Those cases weren’t identified in this study since
MM is one of the diseases that may maintain
normal size kidneys despite a chronic renal
failure state.

Similarly, detection of plasma cell infiltration in
bone marrow has been associated with more
advanced X-ray features unlike the reports of
MRI manifestations. This may be understood if it
is known that there is no special MRI protocol to
study the marrow at the time of examination
(they had been requested by either the
neurosurgeon or rheumatologist prior to patients'
referral to the hematologist) as well as the fact
that only the spine was studied.

An MRI protocol for a MM patient consists of T1
weighted images, fast spin echo T2 weighted
images with fat saturation and contrast enhanced
T1 weighted images. * **> With the aid of these
techniques, the MRI is considered as a qualitative
measure for the degree of marrow infiltration,
similar to a bone marrow biopsy, according to the
degree of hyperintensity. ** ** The T1 weighted
image is the most sensitive test in depicting bone
marrow abnormalities ** ** and is useful in
assessing the relationship between MRI pattern
and bone marrow plasmacytoma. ** ¥ 1 |n
diffuse MRI patterns, the change in signal
intensity may depend on the percentage of
plasma cells in the bone marrow. However, it
may give false negative study if the infiltration is
insufficient. **

MRI reassessment after treatment is encouraged
by Moulopoulos et al. as a confirmation of
resolution of primary marrow abnormality or
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persistent abnormality but, without enhancement,
it may be not considered as complete assessment.
% However, given the expense of an MRI, it
cannot be recommended for routine clinical
follow-ups.

In another study, MRI findings are considered to
be the best independent prognosticators for
survival, as patients with diffuse patterns had
more bone marrow plasma cells as well as high
serum calcium, high B2 microglobulin and low
hemoglobin concentrations. ** ** This is partially
verified in this study.

Abnormal MRI patterns may occur in 30-40% of
patients in early asymptomatic stage MM and
may indicate the increased likelihood of disease
progression within subsequent years. **°

The high serum calcium level that correlated
more with diffuse MRI patterns (P=0.05) is a
good indicator of heavy skeletal damage that may
mobilize calcium from the bone minerals to
circulation. The conventional X-ray did not show
this association since it is less sensitive for
screening the bone density.

The hemoglobin level did not show any
association with any imaging findings. This can
be simply accepted because of the potential for
the effects of abuse, the early decision for a blood
transfusion or the habitual use of tonics used
commonly by most practitioners.

In conclusion, MRI is very useful for assessing
MM severity and it may also be useful to assess
the response to treatment as well as the prognosis,
due to its capacity to determine the marrow
infiltration. It is recommended that it be
determined whether different MRI pattern
presentation may imply different prognostic
capacity or necessitate different protocol therapy.
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