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Diagnosing myeloma bone involvement 
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Low dose WBCT - an alternative to SS?  

M. Horger et al. / European Journal of Radiology 54 (2005) 289–297 295

Fig. 7. A 44-year-old MM patient, weighting 63 kg. Sagittal reformatted

scan (50 mAs), shows only sufficient image quality, due to reduced bone

density following diffuse bone infiltration by multiple myeloma (Laroche

III). Note the poorer resolution of the trabecular contours and lytic lesions

in the lumbar spine (white arrow), in comparison to that on images 6a–d.

Evaluation of fracture and misalignment, however, is still possible.

product of 40 mAs and than extrapolated for the other three

tube current time levels with aid of a WinDose program,

resulted in a cumulative value of 4.1 mSv (ICRP26) and

4.3 mSv (ICRP60) for a tube current of 40 mAs, respec-

tively 5.1 mSv (ICRP26) and 5.4 mSv (ICRP60) for 50 mAs,

6.2 mSv (ICRP26) and 6.5 mSv (ICRP60) for 60 mAs and

7.2 mSv (ICRP26) and 7.5 mSv (ICRP60) for 70 mAs, com-

pared to a mean radiation dose of 2.4 mSv for a mail patient,

by conventional X-ray [10–12].

Fig. 8. A 64-year-old patient with stage III multiple myeloma. Axial

CT-image at the level of the middle thoracic spine shows typical scalloping

in the cortex of both humera due to myeloma manifestations in the

medullary canal (white arrows). Note also osteolysis of the vertebral body

and the transverse process (white arrow).

4. Discussion

Since the introduction of the multiple myeloma classifica-

tion system by Durie and Salmon, conventional radiographs

are considered state-of-the-art in the diagnosis of multi-

ple myeloma bone lesions. It is, however, known that the

whole-body radiographic survey is inadequate for depiction

of small lytic bone lesions, particularly in the axial skeleton,

and therefore, inaccurate for staging this patient category.

Underestimation of bone lesions by conventional radiog-

raphy could lead to misclassification of multiple myeloma

patients into one of the two main risk groups, which have to-

tally different treatment approaches. Particularly, in patients

with reduced bone density, depiction of bone involvement

in anatomically complex regions like the axial skeleton,

thoracic cage, and pelvis can be difficult, delivering in many

cases inaccurate diagnosis. Therefore, intensive search for

alternatives to the conventional X-ray survey in staging

multiple myeloma has been done in the last two decades.

One alternative approach consists of a combination of an

MR-examination of the spine and pelvis and a radiographic

assessment limited to the peripheral skeleton, which has

been proposed by some authors [13–18]. MRI has proven

superior to conventional radiographs and CT in the diag-

nosis of medullar infiltration, but medullar infiltration will

in most cases be diagnosed by bone marrow biopsy, which

is indispensable for the primary diagnosis. Results of com-

bined X-ray/MR studies showed, however, an understaging

of the patients by MRI alone versus conventional X-ray or

CT [19]. Also, assessment of fracture risk and instability

proved superior by means of CT [20]. Patient’s acceptance

for investigational protocols with a very short acquisition

time (30 s), as in the case of MDCT, could also play an im-

portant role in choosing the adequate diagnostic method.

An alternative imaging approach in multiple myeloma

patients could represent a low-dose whole-body CT-survey.

Horger EJR 2005 
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Figure  7.  a:  small  left  frontal  lytic  image  in the spongy  bone but discretely  eroding  the external  layer;  b:  small  punched  out frontal

lacunae.

Figure  8.  a:  multiple  costal  lacunae  eroding  the cortical  bone and  image  of  intracortical  resorption  of the left  humerus;  b: images  of

endosteal  resorption  of the cortical  bone  of the humerus;  c:  costal  punched  out lacunae.

Figure  9.  a: left  iliac  wing  lacunae  with  rupture  of the cortical  bone; b:  left  iliac  wing with  punched  out lacunae.

Duvauferrier. Diag & Interv Imag 2013 

Lytic lesions Endosteal scalloping 

 

IMWG: “realistic alternative for patients with painful symptoms or  

symptomatic patients with no evidence of osteolysis on SS.” 

 



 

 

 

 

Assessing treatment response /restaging  

Plain film/CT 

Bone defects can stay stable for years despite changes in 

 disease activity 

Fixed 

bone 

defect 

Plain film / CT cheap, readily available first line 

screen for bone involvement. 

 

Limited sensitivity: marrow not visualized 

Limited restaging: fixed bone defects 

 



IMWG: Patients with negative skeletal survey and no 

other criteria for active disease require MRI spine 

   Plain film/CT detect cortical  

destruction 

   MRI detects marrow  

disease 

MRI spine shows disease in 30-50% of patients with normal SS 

 

 

 



 

 
 

Asymptomatic Patients 

Asymptomatic patients with positive MRI or diffuse disease have 

a shorter time to progression than those with normal MRI 
Hillengass 2010, Moulopoulos  1995, Kastritis 2013... 

 

Patients with high risk SMM randomised between lenalidomide + 

low dose Dex vs observation, treatment gave a sig OS advantage 
(Mateos 2013)  

Burden and pattern of disease demonstrated on 

MRI is linked with outcomes  

Symptomatic Patients 

Number of lesions and diffuse pattern correlate with   survival 
Moulopoulos 2005, Lecouvet 1998, Moulopoulos 2012……. 

 



 

 

 

 1 in 10 patients with new myeloma diagnosis have lesions 

limited to the extra axial skeleton. 

 

? Need for whole body imaging. 

Whole body MRI in Myeloma 

T1W STIR DW MRI 



 Advantages of WB DW-MRI in bone marrow 
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DW-MRI is quantitative 
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Messiou C et al. Eur Rad 2011 

Significant differences between ADC of all groups of marrow disease 

(ANOVA F<0.001).  

n=238 



 

 

 b1400 

ADC cut off 655x10-6mm2s-1 

separates normal from abnormal 

marrow with sensitivity of 90% 

and specificity of 93%.  

Messiou et al Eu Rad 2011 
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DW-MRI 
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n=85 

Significant Differences (F<0.001) 

MGUS vs Active (diffuse/focal) 

Remisson vs Active 

 

 

No Sig Difference 

MGUS vs Normal age matched 

 

 

1)Messiou C et al. Eur Rad 2011 

2)Messiou C et al. Eur Rad 2011 

Significant difference in ADC of MGUS vs multiple myeloma confirmed by 

Dutoit et al and also showed no sig difference between ADC of MGUS and SMM. Eur Rad 2014 



 

 

 

 
Quantifying treatment response on DWI 

Acellular bone defect Normal Tumour 

Pre Post 

Messiou C et al 

Cancer Biomarkers 

2010 & ISMRM 2010. 

Pre Post 



 
WB DWI   
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b900 

ADC 
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WB DWI + Anatomical Images + Patient Prep = 40 mins scanner time 

 

  

Functional DWI: 20 mins Anatomical imaging 



 

 

 

DW-MRI – increased sensitivity 

T1W STIR b800 DWI 

Lesion conspicuity DWI>STIR or T1W MRI 
 Pearce et al. BJR 2012  



Skeletal Survey vs WB-DWI 
20 patients. Observer scores higher on DWI than SS (p<0.05) 

b900 

Giles et al ISMRM 2014 

Rib fracture 

CXR DWI 

Scores assigned to Skeletal Survey (SS)
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46 year old man. ? Asymptomatic myeloma 

 
Case 1 - Detection 

FDG PET/CT 
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FDG PET vs MRI 

  DWI FDG PET 

Studies comparing FDG PET/CT and conventional MRI have 

shown that FDG is inferior for detection of diffuse and small 

volume disease. 
Zamagni Haematologica 2007, Shorrt AJR 2009, Dimopoulos Leukemia 2009 

 

 

 

 

T1W MRI 

Sen 68%, Spec 83% 

 

FDG PET 

Sen 59%, Spec 75% 



T1W MRI b900 MIP DWI 

B900 DWI 

 
Case 2 - Detection 

72 year old woman. Poor trephine ? Solitary site ? Radiotherapy 



 
Case 3 - Restaging 

63 year old. Hx of myeloma. Rising paraproteins. 

Low Dose WB CT WB - DWI 
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T1W MRI 

 
Case 4 - Restaging 

54 year old woman. Hx of solitary rib 
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Case 5 - Surveillance 

53 year old man. Non secretory myeloma. On surveillance 

Jan 2014 

T1W MRI 

Aug 2014 

T1W MRI 

Jan 2014 

DW MRI 

Aug 2014 

DW MRI 
95% Atypical Plasma Cells 

Rectal 
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WB DW-MRI - Incidentalomas 

 

 

 

b0 

? Renal lesion 

b900 ADC 

Renal cyst 

WB DW-MRI 100 prostate cancer patients. 

 

25 incidentalomas:  

 

9 hepatic haemangiomas, 9 cystic renal lesions, 3 solid renal 

masses, 3 adrenal tumours, 4 aneurysms, 2 thyroid enlargement. 
Lecouvet et al. European Urology 2012 



 
Assessing treatment response 

 
Case 6 and 7 – Assessing Response 

Pre WB-DWI Post WB-DWI Pre WB-DWI Post WB-DWI 

Case 7 Case 8 



 

 

 

 

 

 

 
Quantifying treatment response on WB-DWI 

Prospective study 

 

26 patients (21 responders, 5 non responders)  

 

2 Observers 

 

WB-DWI baseline and 13 weeks after treatment 

 

Semi quantitative vs quantitative assessment of response. 

 

Gold standard – IMWG response criteria 

 

 Giles et al. Radiology 2014 



 

 

 

 
Quantifying treatment response on WB-DWI 

Reproducibility of WB-DWI ADC measurements 

 

Normal volunteers : 3.8% cv 

 

Patients : 2.8% cv 

Giles et al Radiology 2014. 



 

 

 

 
Quantifying treatment response on WB DWI 

Semi-quantitative assessment vs quantitative 

Semi-quantitative 

 

Sensitivity 86% 

Specificity 80% 

 
No significant difference 

between observer scores 

 

Complete agreement 

Quantitative ADC histogram 

 

Sensitivity 90% 

Specificity 100% 

 

Giles et al Radiology 2014.  



Pre and Post Autograft Imaging 

 

• Pre autograft PET-FL identified an inferior                                          

prognosis group defined as low risk by GEP. 

   

 

 

 

 

• Persistent uptake after autotransplantation also 

a reliable predictor of poor prognosis. 

 

• 23% of patients in clinical CR had persistent 

FDG-FL. 

Zamagni et al. Blood 2011,118: 5989-5995. 

Bartel et al. Blood 2009,114: 2068-2076. 



 

 

 

 
Post autograft WB DW-MRI 
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Case 8 – Pre and post autograft 

b900 



 

 

 

 
Post autograft WB DW-MRI 
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Why does T1 signal remain stable? 

Histology courtesy of Dr S O’Connor 



 

 

 

 
Post autograft WB DW-MRI 
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    The significance of post autograft abnormal signal ? 
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Post autograft WB DW-MRI 
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Case 9 –Post autograft 
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Case 10 –Post autograft 



iTIMM 

 

Image Guided Theranostics in Multiple Myeloma 

Prospective Observational Study 

  

To compare the relationship of WB-DWI prior to induction, 

post induction, 3 months post autograft and outcomes. 

 

WB-DWI vs FDG PET/CT at baseline 
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No ionising radiation, No iv contrast, No sampling errors 

Guide Bx 
Is trephine representative? 



 

 

 

 

WB DW-MRI : A new gold standard? 

But does it help us and at what cost? 

 

 

 

 

 

 

 

The Future of WB DW-MRI 

WB DW-MRI vs FDG PET/CT as a prognostic and predictive biomarker 

 

Clinical trials incorporating imaging as a decision making tool 

 

 

 



 

 

 

Acknowledgements 
 

 

 

 

 

 

Sharon Giles (Research Radiographer) 

Prof Faith Davies, Prof Gareth Morgan, Dr Martin Kaiser 

Prof de Souza 

Sharon West (myeloma CNS) 

David Collins (physics) 

CRUK and EPSRC Cancer Imaging Centre in association 

with the MRC and Department of Health (England) 

grant C1060/A10334 and also NHS funding to the NIHR 

Biomedical Research Centre. 


