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Prospective comparison of conventional radiography, low-dose computed 
tomography and magnetic resonance imaging in monoclonal gammopathies

Jiri Minarika, Petra Krhovskaa, Jan Hrbekb, Tomas Pikaa, Jaroslav Bacovskya, Miroslav Hermanb, Vlastimil Scudlaa

Aims. We carried out a prospective study in order to identify the best imaging approach for patients with newly diag-
nosed multiple myeloma (MM) and monoclonal gammopathy of undetermined significance (MGUS). 
Methods. We assessed the extent of myeloma bone disease (MBD) in 112 individuals – 84 patients with MM and 28 
individuals with MGUS. For the detection of osteolytic involvement we used whole-body magnetic resonance imaging 
(WB-MRI), low-dose computed tomography (LD-CT) and conventional radiography (CR). Each method assessed the 
presence of osteolytic involvement, compressive fractures and extramedullary involvement in the following regions: 
skull, spine and chest, pelvis and humerus and femur. We compared the difference in the number and extent of osteo-
lytic involvement, especially the findings in CR negative patients.
Results. Conventional radiography showed no superiority in any of the evaluated regions, and failed in the detection 
of extramedullary massess and spine involvement. WB-MRI was best at imaging the spine including extramedullary 
involvement, however, detection of osteolytic lesions of the skull was limited in comparison with both CR and LD-CT. 
Both WB-MRI and LD-CT were comparable in imaging of lesions of pelvis, humerus, femur and the presence of extramed-
ullary masses. LD-CT showed superiority in detection of skull lesions but lower sensitivity in spine compared to WB-MRI.
Conclusions. Our results confirm that relying solely on CR in the diagnostics of MM is insufficient. We suggest that the 
most suitable method for primary assessment of osteolytic involvement in monoclonal gammopathies should include 
either whole-body MRI together with CR of the skull or, with an equivalent sensitivity, whole body LD-CT.
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INTRODUCTION

Multiple myeloma (MM) is a hematological malig-
nancy characterized by proliferation of neoplastically 
transformed plasma cells with production of monoclonal 
immunoglobulin (M-protein) detectable in serum and/
or urine of patients. Most patients with newly diagnosed 
MM present with various extent of bone involvement in 
the form of myeloma bone disease (MBD). MBD is pres-
ent in 80-90% of MM patients, and it is a major cause of 
morbidity and mortality1. Assessment of MBD is crucial 
for the diagnosis of multiple myeloma requiring therapy, 
and for prognosis and risk assessment1-5.

Although there are many new imaging techniques such 
as computed tomography (CT), magnetic resonance im-
aging (MRI) or positron emission tomography (PET), 
conventional radiography (CR) has been for long consid-
ered to be the "gold standard" in majority of individuals 
with newly diagnosed monoclonal gammopathies. Several 
papers reported on its limited sensitivity and the need for 
more sophisticated imaging6-10. Until 2014, the guidelines 
of the International Myeloma Working Group (IMWG) 
acknowledged the benefit of modern imaging, especially 
of MRI but recommended it only in specific situations 

such as in “MM patients with normal conventional radi-
ography and in all patients with apparently solitary plas-
mocytoma of bone”, and as an urgent procedure in the 
suspicion of cord compression1.

In 2014, new IMWG guidelines for the diagnosis and 
treatment of multiple myeloma were published, moving 
the diagnostics of active MM to earlier phases11. Three 
new myeloma related events (MRE) have been stated that 
indicate high risk of organ involvement and the need for 
immediate treatment even before the development of end-
organ damage. These three MREs are the bone marrow 
clonal plasma cell infiltration of ≥ 60%, ratio of involved/
uninvolved free light chains ≥ 100, and presence of > 1 
osteolytic lesion (more than 5 mm) using MRI (ref.11). 
The guidelines indirectly exclude CR as the gold standard 
in MM and emphasize the utility of MRI imaging.

Regardless of the new guideliness, we concurrently 
carried out a prospective study in patients with monoclo-
nal gammopathies to confirm that relying on CR is not 
only insufficient but may even underestimate the pres-
ence of MBD leading to imprecise diagnosis and delay of 
proper treatment. We compared the outcomes of three 
imaging techniques – conventional radiography (CR), 
low-dose computed tomography (LD-CT) and whole-body 
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magnetic resonance imaging (WB-MRI) in a prospectively 
designed study evaluating sensitivity, availability and cost 
effectiveness of each method, and to answer whether con-
ventional radiography should still be a part of the assess-
ment of MBD.

PATIENTS AND METHODS 

We designed a prospective study aimed at imaging 
techniques in patients with monoclonal gammopathies. 
The study was approved by local as well as government 
authorities and by the local Ethics Committee. Patients 
with newly diagnosed monoclonal gammopathies or pa-
tients with relapse/progression of MM were included 
in the study following their written informed consent. 
The patients were examined using imaging techniques 
– conventional radiography, LD-CT and WB-MRI. All 
patients were also assessed by densitometry which will 
be discussed elsewhere. Imaging using PET/CT was not 
included in this study as it would not be ethical to expose 
patients to further imaging method with significant ra-
diation exposure, and as it is usually not accessible for 
routine practice.

Between June 2013 and December 2014 we assessed 
a cohort of 112 individuals with monoclonal gammop-
athies – 83 patients with MM and 28 individuals with 
MGUS. The patients were diagnosed according to stan-
dard IMWG criteria and signed an informed consent with 
the participation in the study. All subjects were 18 years or 
older with measurable serum or urine levels of M-protein. 
The baseline characteristics of the group correspond to 
standard representation of monoclonal gammopathies in 
Caucasian populations. The M/F ratio was 1.1:1 with a 
median age 69 years (36-88 years), with common repre-
sentation of immunohistochemical types as well as kappa 
: lambda ratio and International Staging System (ISS) 
staging. 

We assessed the presence of MBD using CR, LD-CT 
and WB-MRI. Conventional radiography included chest, 
skull, pelvis, humerus and femur projections, two pro-
jections of cervical, thoracic, lumbar and sacral spine. 
Whole-body LD-CT was performed using a standard CT 
machine with lower radiation dose achieved by a manual 
reduction of voltage (50 mA and 120 kV); the total dose 
delivered to each patient was ~4 mSv. Whole-body MRI 
was performed using a 1.5-T system (Siemens Magnetom 
Avanto, Erlangen, Germany). No IV contrast material was 
administered. In order to maintain invariable conditions 
and to avoid description bias based on knowledge of the 
other whole-body technique, the LD-CT method was as-
sessed in all patients by one designated radiologist, and 
MRI was assessed by a different radiologist. In the case 
of differing description, the imaging techniques were re-
assessed and directly compared by one radiologist.

In all CR, LD-CT and WB-MRI we evaluated the pres-
ence of none, one, two, three, or more than three osteo-
lytic lesions, the presence of pathological fractures, and 
the presence of extramedullary masses. The regions for 

comparison were the skull, spine and chest, pelvis, and 
“long bones” (humerus and femur). Separately we com-
pared the concordance of the presence of pathological 
fractures and extramedullary masses. We compared the 
difference in the number and extent of osteolytic involve-
ment, and especially the finding in CR negative patients.

RESULTS

Direct comparison of all three methods (CR, LD-CT 
and WB-MRI) was possible in 43 patients. In the remain-
ing 69 we performed CR with either WB-MRI or LD-CT. 
When assessing the skull the findings of CR and LD-CT 
were in concordance in 78%. LD-CT was slightly more 
sensitive than CR (showing more osteolytic lesions), more-
over, it showed even osteolytic involvement of the jaws 
which was not distinguishable on CR (Fig. 1). There were 
no patients with positive finding on CR and negative LD-
CT, however, there were 16% of patients with presence of 
osteolytic lesions on LD-CT with negative CR findings. 
When comparing LD-CT and WB-MRI the findings were 
identical in 59% of the cases. LD-CT was more sensitive 
than WB-MRI – in 27% of cases LD-CT displayed the 
presence of osteolytic lesions despite WB-MRI negativity. 
Surprisingly, CR showed more skull lesions than WB-MRI.

When assessing the spine, concordance of CR and 
LD-CT was seen in 27%, all the corresponding cases being 
"negative". There were 64% patients with more lesions on 
LD-CT compared to CR and in 24% of the assessed pa-
tients there was osteolytic involvement on LD-CT which 
was not seen on CR. WB-MRI found osteolytic involve-
ment despite CR negativity in 59% of patients. Comparing 

Fig. 1. The presence of osteolytic lesions in the jawbone in 
a patient with multiple myeloma using low-dose computed to-
mography.
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of LD-CT and WB-MRI in the spine showed higher sen-
sitivity of WB-MRI. In 59% the findings were identical, 
in 35% cases WB-MRI showed more osteolytic lesions, 
and in 6% LD-CT showed more lesions. There were no 
patients with LD-CT positivity and WB-MRI negativity, 
however, 4 patients (23%) with WB-MRI positivity had 
negative LD-CT scan. In one patient, the use of WB-MRI 
and LD-CT changed the diagnosis of monoclonal gam-
mopathy of undetermined significance (MGUS) into ac-
tive multiple myeloma with extramedullary involvement 
despite negative CR finding12.

In the chest, pelvis, humeri and femori, all three meth-
ods gave similar results with high concordance. In 15% of 
patients LD-CT and WB-MRI showed osteolytic involve-
ment despite negative CR findings. 

We found pathological fractures in 38% of the patients. 
The fractures were confirmed by all, conventional radi-
ography, LD-CT and WB-MRI. Extramedullary masses 
were detected in 24% of patients. CR revealed one case 
only, which was also palpable on a thickened rib. LD-CT 
found all masses except one – where there was an extra-
medullary mass in the spinal canal which did not disrupt 
corticalis of the vertebral column, and it was therefore 
not visible using LD-CT (Fig. 2). WB-MRI also found all 
masses except for one which was out of the assessed field. 
In one case there was an extramedullary mass described 
on WB-MRI which turned out to be a false positive due to 
not very clear finding at the rim of the assessed section.

In patients with monoclonal gammopathy of undeter-
mined significance (N = 29) we expected no osteolytic 
involvement. However, in one patient (3%) we found os-
teolytic lesions with extramedullary involvement changing 
the diagnosis into active MM (ref.12). In 3 patients (10%) 

on CR and in 4 patients (14%) on LD-CT we found os-
teolytic lesions despite these patients were diagnosed with 
MGUS. All the lesions were present either in the skull or 
pelvis. More than 1 lesion was present in 3 individuals 
(10%). Within the 2-year follow-up, none of these indi-
viduals developed MM but all of them are being carefully 
observed.

DISCUSSION

Myeloma bone disease (MBD) is one of the most 
frequent manifestations of MM. Based on radiological 
studies, it is present in up to 80% of patients with newly 
diagnosed MM (ref.1,2,4,13-16). The other symptoms of MM 
are found less frequently – approximately 20% of patients 
develop hypercalcemia and 20–25% have renal impair-
ment, anemia is present usually in ∼60% of patients and 
might be attributable to conditions other than myeloma. 
Therefore, MBD is the leading symptom of MM and 
should be carefully addressed with regard to the principal 
decision to treat or not to treat. Typical osteolytic lesions 
lead to pain, eventually to the involvement of vertebrae 
with pathological fractures and spinal cord compression. 
Clinical impact of MBD significantly influences both 
overall survival and the quality of life of patients with 
MM (ref.17). Patients with pathological fractures have 
more than 20% higher risk of death compared to patients 
without fractures18. 

Evaluation of the presence of osteolytic involvement 
is therefore one of the crucial steps in the assessment of 
monoclonal gammopathies, and it is the cornerstone of 
MM diagnostics and prognostication. Until now, there 

Fig. 2. Extramedullary lesion in the spinal column of a patient with multiple myeloma – comparison of low-dose computed to-
mography and magnetic resonance imaging.
Magnetic resonance imaging (left) showing in the STIR sequece a large extramedullary lesion (white arrow) in the spinal column 
of a patient with multiple myeloma. 
Low-dose computed tomography (right) of the same region showed more osteolytic lesions of vertebrae, however, it did not show 
the extramedullary lesion as it did not disrupt the cortical bone.
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have been only a few papers prospectively comparing 
the role of imaging methods in MM (ref.8-10). Most of 
the data come from retrospective analyses or from stud-
ies aimed at one imaging method only. Modern imaging 
methods (such as MRI, CT, PET/CT) are significantly 
more sensitive and specific than CR. Still, there is no 
clear recommendation that would extricate the diagnos-
tics of MM from the rather outdated CR. While the 2003 
IMWG guidelines emphasized WB-MRI, still, they only 
recommended it for specific situations, such as solitary 
plasmocytoma or MM without the presence of osteolytic 
lesions on conventional radiography1. This approach is 
cost-saving, however, it may result in underestimation of 
the extent of MBD, or even missing the correct diagno-
sis altogether, as seen in our previous observation12. On 
the other hand, asymptomatic skeletal lesions detected 
only by MRI, CT or PET were not considered as routine 
indications for therapy in the recommendations for MM 
diagnosis by Kyle and Rajkumar in 2009 (ref.19).

Based on current knowledge, conventional radiog-
raphy might have up to 30-70% false negative findings 
rate in the spine which is the most frequent localization 
of pain2. Our findings support this observation – in our 
study, CR did not show superiority in any of the assessed 
regions, ie. skull, pelvis, chest, humeri and femori; and 
in spine it failed, having 27% negative findings in com-
parison with LD-CT and up to 59% negative findings in 
comparison with WB-MRI. Similarly, CR failed to detect 
extramedullary lesions, which were found on both, LD-CT 
and WB-MRI. These results suggest that relying solely on 
CR would lead to misdiagnosis of active MM requiring 
treatment in substantial portion of patients, and about 
quarter of patients would have unrecognized extramedul-
lary plasmocytoma. 

Current IMWG criteria for the diagnosis of multiple 
myeloma from 2014 significantly shifted the diagnosis and 
treatment of MM to early phases of the disease11. Three 
new biomarkers of malignancy were added defining pa-
tients requiring therapy despite the lack of "traditional" 
end organ involvement criteria such as hypercalcemia, 
renal failure, anemia or bone lesions on CR. These three 
new parameters include ≥ 60% bone marrow clonal plas-
ma cells, involved : uninvolved serum free light chain ratio 
≥ 100, and > 1 focal lesion (over 5 mm) on MRI studies11. 
These patients are at high risk of progression to active 
MM within 2 years and should be therefore indicated for 
immediate therapy. The presence of > 1 focal lesion on 
MRI unambiguously documents the need for better imag-
ing than CR in the diagnosis of MM. 

The question is whether MRI should be obligatory in 
newly diagnosed monoclonal gammopathies or whether 
it might be substituted with other imaging techniques. 
Some studies comparing WB-MRI and PET/CT showed 
that whole body MRI has higher sensitivity and specific-
ity over PET/CT, which is more sensitive in the detection 
of extramedullary plasmocytoma1,3,4,20,21. MRI is able to 
distinguish tumorous and benign structural changes, and 
even to differentiate incipient MBD in the form of "pep-
per and salt" involvement from osteoporosis. Its advantage 
is also in the precise detection of extramedullary process-

es including potential spinal cord compression. Our study 
confirmed the superiority of WB-MRI in the spine, and it 
had similar findings as CR and LD-CT in the chest, pelvis, 
humeri and femori. In the skull, however, MRI did not 
show up to 27% of osteolytic lesions clearly detected by 
LD-CT. The reason is probably due to the skull structure 
which differs from other bones, and also due to limited 
sensitivity of MRI in osseous material.

CT-based imaging provides better detection of skel-
etal involvement than both conventional radiography 
and MRI. Like MRI, it is able to detect extramedullary 
processes, and when combined with positron emission 
tomography (as PET/CT) it can assess the activity of the 
process2-4,20. Due to high radiation exposure associated 
with CT scans, effort has focused at reducing it using “low-
dose” schedules7-9,22. The final image of “low-dose” CT is 
not as sensitive for soft tissue visualisation but it retains 
sensitivity for detection of bone involvement. Aiming for 
the most suitable, economical and easily available tech-
nique for routine practice, we chose low-dose computed 
tomography out of the CT-based imaging techniques for 
our study. LD-CT is an easily accessible method (using an 
ordinary CT machine) with similar costs and just slightly 
elevated radiation exposure in comparison with conven-
tional radiography6,7,22. As shown by the present paper, 
LD-CT is more sensitive than WB-MRI on the skull, and it 
has similar sensitivity on pelvis and "long bones" including 
extramedullary involvement. It does not reach the sensitiv-
ity of WB-MRI in the assessment of the spine, however, 
there were only 4 patients (23%) with at least one spinal 
lesions on WB-MRI who had negative LD-CT scan of this 
region. Furthemore, this discrepancy between LD-CT and 
WB-MRI would not have changed disease classification 
in any of these patients. There was one notable pitfall of 
LD-CT imaging – it failed to find one serious extramedul-
lary lesion inside the spinal canal that did not disrupt the 
corticalis of the bone (Fig. 2). On the other hand, LD-CT 
was substantially cheaper than WB-MRI, faster and more 
comfortable for the patients with no need for prolonged 
and painful manipulation, with just slightly increased ra-
diation exposure compared to CR, and it could be used 
also in patients with the presence of metallic implants in 
whom MRI is contraindicated or inaccessible.

Unlike the recent IMWG recommendations, we did 
not exclude lesions under 5 mm (ref.11). The sensitivity of 
each technique is quite different in the assessment of bone 
involvement, and our former criteria in the prospective 
assessment did not include this condition. Based on the 
IMWG recommendations, we plan, however, to expand 
and re-assess the cohort so that the findings correspond to 
current definition of MM in order to define the percent-
age of patients who would be underdiagnosed by each 
technique. Similarly, we plan to expand and follow the 
group of MGUS individuals with the presence of any os-
teolytic involvement. Following re-assessment, only one 
of the MGUS individuals in our cohort had lesions over 5 
mm and no one fulfilled any other criteria of MM suggest-
ing that the described lesions might not be attributable to 
MBD or that they might have some prognostic potential 
for future development of MBD.
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Our paper supports the idea that CR is not sensitive 
enough in the assessment of MBD, and that the assess-
ment of the spine and extramedullary lesions using CR 
is rather poor in comparison with modern imaging meth-
ods1-4,13-16. Still, CR can be used for the detection of osteo-
lytic lesions of the skull, pelvis, ribs and long bones where 
it has acceptable sensitivity. Our recommendations for 
suitable imaging based on the present study are following: 
Apart from urgent procedures which should follow the 
current guidelines, the best choice for MBD assessment 
in newly diagnosed monoclonal gammopathies should be 
whole-body magnetic resonance with CR of the skull, or, 
with an equivalent sensitivity, whole-body LD-CT, which 
should, in the case of diagnostic uncertainty, be supported 
by MRI of the spine.

CONCLUSION

We conclude that conventional radiography should 
no longer be the cornerstone of MBD diagnostics. In ac-
cordance with the IMWG recommendations, whole-body 
MRI should be the preferred method, however, it can be 
substituted with LD-CT. The results of WB-MRI and LD-
CT are similar, and they both reveal the extent of MBD 
and extramedullary involvement.
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