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ABSTRACT 

Background: In Multiple Myeloma (MM) the individuation of bone lesions at baseline is mandatory because the detec- 
tion of cortical damage reflects prognostic implications. Conventional Radiography (CR) shows osteolytic bone lesions 
only when the cortical bone damage is more than 30%. Whole-body 64-slice multidetector computed tomography 
(MDCT) has recently been employed for detecting early osteolytic disease. Patients and Methods: Twenty-height pa- 
tients with Asymptomatic MM according to IMWG criteria underwent a 64 MDCT. Results: In our experience MDCT 
revealed osteolysis in 14/28 patients with normal skeletal survey and in 6 patients with normal Magnetic Resonance 
Imaging (MRI). Patients with radiological evidence of bone disease on MDCT were at high risk of progression with a 
median time to progression of 5 months (range 1 - 26 months) in comparison with patients without radiological evi- 
dence of bone disease who, conversely, showed a median time to progression of 20 months (range 8 - 40 months) (P = 
0.0001). Conclusions: MDCT is able to identify MM patients with a high risk of progression, who might benefit from 
early therapy.  
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1. Introduction 

Multiple Myeloma (MM) is an incurable malignancy 
characterized mainly by osteolytic bone destruction. 
Based on the currently available evidence compiled by 
the International Myeloma Working Group (IMWG) [1], 
Conventional Radiography (CR) still represents the “gold 
standard” of the staging procedure of newly diagnosed 
and relapsed MM patients, however, the sensitivity is not 
sufficient to detect early osteolytic lesions (CR shows 
osteolytic bone lesions only when the cortical bone 
damage is more than 30% - 50%). Since early myeloma 
may reveal no abnormalities on CR, Durie et al. intro- 
duced an update of their original system; the new system, 
named Durie and Salmon Plus staging system and pub- 
lished in 2005, integrates Magnetic Resonance Imaging 
(MRI) of the spine and whole body positron emission 
tomography into anatomic and functional system [2].  

The lytic bone lesions as well as elevated levels of 
paraprotein, the presence of an immunoglobulin A iso- 
type, and Bence-Jones protein have been proposed to 
distinguish between asymptomatic MM patients who are 

likely to remain stable without therapy for a long period 
and patients at high risk for a various complication who 
might benefit from early treatment [3].  

The ability to detect both very small lytic lesions (<5 
mm) and extramedullary involvement in a single exami- 
nation, the short acquisition time (8 seconds), the 3D 
reconstruction algorithms permitting to explore particular 
and difficult anatomic regions (skull, clavicle, ribs), and 
the absence of contrast material make Whole-body 64- 
slice multidetector computed tomography (MDCT) an 
attractive diagnostic tool. The incapacity to detected os- 
teolysis, essential criteria to treat patients, together with 
the incomplete field of view including only spine and 
pelvis, which account for only part of the bone involve- 
ment in MM patients, the long acquisition time, the se- 
vere claustrophobia, the presence of metallic prostheses, 
and, finally, the incapacity to distinguish easily between 
viable neoplastic tumours and treated bone marrow le- 
sions represent the main limitations of conventional 
MRI.  

It is not yet clear whether MDCT is equal to conven- 
tional MRI for the assessment of bony metastases. Ac- 
cording to Lecouvet MDCT identifies bone destruction in *Corresponding author. 
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cases where conventional MRI is negative [4]. Con- 
versely, Baur-Melnyk had demonstrated that sensitivity 
of conventional MRI is superior to MDCT [5]. Accord- 
ing to Horger, in analogy to conventional MRI, whole- 
body low-dose MDCT permits simultaneously the detec- 
tion of all 3 categories of myeloma manifestations: bone 
marrow involvement, extramedullary manifestations and 
lytic bone destruction [6]. 

In our study, we have used the MDCT to rule out the 
diagnosis of active myeloma and to try to definitively 
diagnose asymptomatic MM. In addition, we have com- 
pared MDCT with conventional MRI of the spine and 
pelvis to assess which of these imaging modalities would 
be more suitable for detecting the presence of focal bone 
lesions that were not recognized on CR.  

2. Patients and Methods  

We study 28 patients (12 males and 16 females; mean 
age 60.5 years, range 33 - 81) with Asymptomatic MM 
according to standardized criteria (IMWG criteria), who 
were referred to our Haematology Unit. All patients in 
our study had unequivocal MM based on marrow plas- 
macytosis and sufficiently high levels of myeloma pro- 
tein that excluded patients with Monoclonal Gammopa- 
thy of Uncertain Significance (MGUS). The term “As- 
ymptomatic MM” is used to describe a stage of disease 
in which there are no symptoms or organ damages re- 
lated-MM; CR was the “only” method employed for ra- 
diological screening at diagnosis, as requested to current 
evidence by IMWG. All patients underwent a 64 MDCT 
(Brilliance 64, Philips Medical Systems, Germany) 
without contrast from the skull to the pelvis, at the end- 
inspiration breath-old in the cranial-caudal direction. 
Technical parameters were as follows: 120 kV; 210 mAs; 
tube rotation time 0.5; pitch 0.923; reconstruction width 
1.5 mm; all images were evaluated using three different 
window/level settings: one specific for bone (3000; 1000 
HU), and, to evaluation collateral report, one for medi- 
astinum/abdomen (350; 50 HU), one for pulmonary pa- 
renchyma (1600; −600 HU). MDCT evaluation also in- 
cluded the skull, thigh-bone and shoulders. All radio- 
logical examinations were performed at least within 2 - 3 
months. Our experience was performed with the in- 
formed consent of patients. 

Exclusion criteria were patients with MM who had ad- 
ditional malignancies. A small number of patients with 
MGUS (7 patients) and symptomatic MM (11 patients) 
represented the control group to verify sensitivity and 
specificity of MDCT for detecting the presence of focal 
bone lesions. Symptomatic MM was defined by appear- 
ance of lytic bone lesions on CR, occurrence of hyper- 
calcaemia, renal disease or progressive anaemia. 

Experienced radiologists were blinded with respect to 

the clinical features of the disease and value of hema- 
tologic data. Radiological results were related to conven- 
tional biological markers for burden tumor myeloma 
(2-microglobulin [β2m] and erythrocyte sedimentation 
rate [ESR]), therefore, the validation was achieved by the 
combined evaluation both laboratory data and radiologi- 
cal features. Statistical calculations were performed with 
MedCalc 9.2.0.1 (MedCalc software Maria Kerke, Bel- 
gium). The distribution of times to progression was esti- 
mated using the Kaplan-Meyer method and compared 
with the log-rank test. Currently the follow-up is between 
1 and 40 months starting from the first MDCT.  

3. Results  

“Control group”. Seven patients with MGUS and 11 pa- 
tients with symptomatic MM represented the control 
group to verify sensitivity and specificity of MDCT for 
detecting the presence of focal bone lesions. The 7 pa- 
tients with MGUS (Table 1) presented completely nega- 
tive both radiographic techniques (MDCT, conventional 
MRI); therefore, the CR was concordant with the results 
of MDCT and conventional MRI in all cases (100%). 
MDCT was positive in all patients with symptomatic 
MM (11/11) (Table 1), demonstrating in 5 patients a 
more extensive involvement in comparison with conven- 
tional MRI; conventional MRI was positive in 8/11 (73%) 
patients with symptomatic MM; therefore, in 3 patients 
with symptomatic MM (27%), MDCT detected osteolytic 
bone lesions that were not recognized on conventional 
MRI. 

“Study group”. Regarding to 28 asymptomatic MM pa- 
tients (Table 1), MDCT revealed lytic bone lesions in 14 
patients (50%) that were not recognized on CR and in 6 
patients that were not recognized on conventional MRI. 
In 8 patients with MDCT and conventional MRI positive, 
MDCT demonstrated a more extensive involvement in 
comparison with conventional MRI. In 4 patients con- 
ventional MRI showed bone lesions that were not recog- 
nized on MDCT. MDCT and conventional MRI com- 
pletely were negative in 10/28 patients (36%). Patients 
with radiological evidence of bone disease on MDCT 
were at high risk of disease progression with a median 
time to progression of five months (range 1 - 26 months) 
in comparison with patients without radiological evi- 
dence of bone disease who, conversely, showed a median 
time to progression of twenty months (range 8 - 40 
months). The times to progression for each risk category 
are depicted in Figure 1 and the differences were statis- 
tically significant (P = 0.0001).  

In our study the results of MDCT correlated with 
biological markers related to tumour burden and dis- 
ease activity (Table 2). Higher serum levels of β2m and 
ESR were recognized in pat ents in whom the MDCT  i 
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Table 1. Radiological results: conventional radiography, MDCT and conventional MRI. 

Asymptomatic MM patients CR MRI MDCT 

Patient 1 Negative Negative Positive (C1, C6, D1, sacrum, pelvis) 

Patient 2 Negative Negative Negative 

Patient 3 (*) Negative Positive (pelvis) Positive (L4, sacrum, pelvis) 

Patient 4 (*) Negative Positive (D11, L4, femur) Positive (multiple lesions) 

Patient 5 Negative Positive (D12, femur) Negative 

Patient 6 (*) Negative Positive (D1, D5, D6, D8, D9, D10, L1, L2) Positive (multiple lesions) 

Patient 7 Negative Negative Positive (D12, L1, L2, sacrum, pelvis) 

Patient 8 (*) Negative Positive (pelvis, femur) Positive (rib, L4, L5, pelvis) 

Patient 9 Negative Negative Negative 

Patient 10 Negative Positive (C6, D1, D6, D7, femur) Negative 

Patient 11 Negative Negative Negative 

Patient 12 Negative Negative Negative 

Patient 13 Negative Negative Negative 

Patient 14 Negative Negative Negative 

Patient 15 Negative Positive (C4, D8) Negative 

Patient 16 (*) Negative Positive (sacrum) Positive (multiple lesions) 

Patient 17 Negative Negative Negative 

Patient 18 Negative Negative Negative 

Patient 19 Negative Negative Negative 

Patient 20 (*) Negative Positive (sacrum, pelvis) Positive (multiple lesions) 

Patient 21 Negative Negative Negative 

Patient 22 Negative Positive (D7) Negative 

Patient 23 Negative Negative Positive (vertebrae, pelvis) 

Patient 24 Negative Negative 
Positive (C2, sternum, D9, D11, 

sacrum, pelvis) 

Patient 25 (*) Negative Positive (pevis) Positive (multiple lesions) 

Patient 26 Negative Negative Positive (sternum, rib, vertebrae, pelvis) 

Patient 27 Negative Negative Positive (skull, sternum) 

Patient 28 (*) Negative Positive (C3, L1) Positive (sternum, L1, pelvis, femur) 

MGUS patients CR MRI MDCT 

Patient 1 Negative Negative Negative 

Patient 2 Negative Negative Negative 

Patient 3 Negative Negative Negative 

Patient 4 Negative Negative Negative 

Patient 5 Negative Negative Negative 

Patient 6 Negative Negative Negative 

Patient 7 Negative Negative Negative 
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Continued  

Symptomatic MM patients CR MRI MDCT 

Patient 1 (*) Positive Positive (C1, C3, C4, D12, L2,) 
Positive (C2, C3, D2, D3, D4, D5, D6, 

D7, D8, D9, D11, D12, L2) 

Patient 2 (*) Positive Positive (vertebrae) Positive (vertebrae, pelvis) 

Patient 3 (*) Positive 
Positive (D1, D4, D9, D10, D11,  

L2, L4, S1, pelvis) 
Positive (vertebrae, pelvis) 

Patient 4 Positive Negative Positive (multiple lesions) 

Patient 5 (*) Positive 
Positive (D6, D7, D8, D9, D11, D12,  

L1, L2, L3, L4, L5, sacrum) 
Positive (vertebrae, pelvis) 

Patient 6 Positive Positive (vertebrae, pelvis) 
Positive (vertebrae, pelvis, humerus,  

clavicles, rib, sternum, femur) 

Patient 7 Positive Negative 
Positive (skull, sternum, clavicles, scapula, 

C2, C3, C4, C5, rib, pelvis) 

Patient 8 Positive Negative Positive (rib, pelvis, femur) 

Patient 9 Positive Positive (vertebrae, pelvis) Positive (multiple lesions) 

Patient 10 (*) Positive Positive (vertebrae) Positive (vertebrae, pelvis) 

Patient 11 Positive Negative Positive (multiple lesions) 

() In these patients MDCT demonstrates a more extensive involvement in comparison with MRI. 

 
Table 2. Conventional biological markers related to disease activity. 

 
erythrocyte sedimentation rate 

(normal value 1˚ h 0 - 10) 
2-microglobulin  

(normal value 0.8 - 2.5 mg/dl) 

MGUS according to CR and MDCT 7 (3 - 10) 1 (0.8 - 1.8) 

Asymptomatic MM according to CR and MDCT 41 (8 - 78) 2.44 (1.91 - 4.24) 

Symptomatic MM according to MDCT 83 (49 - 122) 3.27 (2.51 - 7.6) 

Symptomatic MM according to CR and MDCT 102 (40 - 138) 4.64 (2.6 - 18.8) 

 

 

Figure 1. Patients (n. 14) with radiological evidence of bone 
disease on MDCT were at high risk of disease progression 
with a median time to progression of five months (range 1 - 
26 months) in comparison with patients (n. 10) without ra- 
diological evidence of bone disease who, conversely, showed 
a median time to progression of twenty months (range 8 - 40 
months). 

demonstrated a more extensive and manifest involvement. 
Particularly, in MGUS patients, the median value of β2m 
and ESR was respectively 1 mg/dl (0.8 - 1.8) and 7 (3 - 
10); in patients with Asymptomatic MM according to CR 
and MDCT, the median value of β2m and ESR was re-
spectively 2.44 mg/dl (1.92 - 4.24) and 41 (8 - 78); in pa- 
tients with Symptomatic MM according to MDCT, the 
median value of β2m and ESR was respectively 3.27 
mg/dl (2.51 - 7.6) and 83 (49 - 122); in patients with 
Symptomatic MM according to CR and MDCT, the me- 
dian value of β2m and ESR was respectively 4.64 mg/dl 
(2.8 - 9) and 102 (70 - 138). 

In two patients, MDCT demonstrated unsuspected 
second non-haematologic malignancies involving the 
lung.   

4. Discussion  

New imaging techniques have been proposed both for 
MM staging and for monitoring response to chemother- 
apy; unfortunately, none of these modern technologies 
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has been proven entirely reliable in this regard. In fact, 
basing on the currently available evidence compiled by 
the IMWG [1], CR remains the standard method to detect 
osteolytic bone lesions, although the false-negative rate 
is relatively high (30% - 70%) [5]; MRI or CT remain the 
diagnostic procedures of choice to assess suspected cord 
compression [1]. 

The individuation of bone lesions is mandatory both 
for the staging of monoclonal gammophaties and because 
it reflects pivotal prognostic implications. Patients who 
are clinically asymptomatic but have radiological evi- 
dence of bone disease are at high risk of progression with 
a median time to progression of 8 months [7]. Asympto- 
matic MM often presents with a multifocal cortical 
damage unfortunately not detectable by CR imaging be- 
cause CR shows osteolytic bone lesions only when the 
cortical bone damage is more than 50% [8]. 

Conventional MRI is an appropriate tool for detecting 
bone marrow involvement and soft tissue disease but not 
skeletal destruction, which represents the major reason to 
treat patients with MM. MDCT is an appropriate tool for 
detect both early osteolysis (<5 mm) especially in the 
spine and associated soft tissue disease in a single ex- 
amination. In addition, MDCT provides complementary 
information in comparison to that obtained with conven-
tional MRI. In fact, a further significant advantage of 
MDCT, is its ability of demonstrating other unsuspected 
pathological processes—additional malignancies, espe-
cially those involving the lungs. In the context of a 
higher incidence of second malignancies associated with 
use of lenalidomide [9], the ability of detecting 2 unsus-
pected non-hematologic malignancies is very interesting. 
The mayor limitation of MDCT is the radiation dose de-
livered to patients.  

On our initial experience, positive MDCT identified 
high-risk myeloma; patients with abnormal MDCT had 
significantly earlier disease progression (median 5 months) 
than patients with a normal pattern (median 20 months) 
(P = 0.0001) (Figure 1). Conversely, negative MDCT 
was a positive prognostic factor. In some selected cases, 
MDCT was superior to conventional MRI. The false- 
negatives on MDCT might be due to early bone marrow 
replacement before any destruction of trabecular and 
cortical bone. The false-negatives on conventional MRI 
might be explained by the fact that very small lytic le- 
sions can be visualized on MDCT before significant bone 
marrow disease.  

In conclusion, MDCT is an excellent imaging instru- 
ment for early detection of skeletal destruction on high 
early disease. According to our opinion, 1) in patients 
without radiologically detectable osteolysis but with a 
reasonable suspicion of myeloma requiring therapy (ele- 
vated levels of paraprotein, extensive bone marrow 
plasmacytosis) we recommend the use of MDCT; 2) in 

the initial staging of MM, MDCT and conventional MRI 
are complementary imaging techniques; due to the direct 
visualization of the bone marrow, conventional MRI is 
appropriate for detecting early bone marrow involve- 
ments in absence of osteolysis, while MDCT is superior 
in detecting very small lytic lesions in absence of evident 
bone marrow disease, particularly in the long bones and 
in the difficult anatomic regions (skull, clavicle, ribs). 
Whole-body low-dose CT techniques (32 or 16-slice 
scanners) are being developed as very attractive and re- 
alistic alternative to conventional X-ray imaging [6]; 
radiation dose with a low-dose protocol is only slightly 
more than the radiation dose of CR [5]. Therefore, in the 
era of new imaging techniques that offer advanced diag- 
nostic accuracy, CR represents an obsolete and out of use 
diagnostic procedure. Our experience can be criticized 
since our patients were retrieved from a single institution, 
and cohort is very small. A big number of patients that 
confirm the results of our study is necessary.   
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