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Imaging techniques: Multiple Myeloma

• Whole body X-ray (WBXR)
• WB CT
• WB MR or MR of the spine
• PET/CT



Whole body X-ray (WBXR)
• Osteolytic bone lesions  “punched out” 
• Endosteal scalloping “break out” 
• Mass “plasmacytoma”



WBCT (low dose) replace WBRX



WBCT (low dose)
Hillengas et al. Blood Cancer J 2017: IMWG

WBCT vs XR 212 cases with MM and SM

212 WBCT + WBCT -

XR + 43 / 20% 12 / 5%

XR - 54 / 25% 103 / 48%
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WBLDCT > XR bone disease assesment in patients with SM and MM



PET without AC      Low dose CT        PET with AC        Fusion PET/TC

PET/TC replace XR or CT 
18F- FDG



X-Ray CT MR PET/CT

Available X

Cost X

Radiation exposure X

Field of view X X

Acquisition time (min) 15 5 60 25

Renal failure X Iodine Gd X

Prognostic value X

Treatment response X

Sensitivity X

Diagnostic imaging comparison



PET sensitivity  - compared XR and MR

• Systematic review: van Lammeren-Venema D et al, 
Cancer 2012;15:1971-81 

– PET vs XR: PET > 46 – 63% (Lytic lesions XR > 30% bone mineral 
density)

– PET vs MR: MR > PET
• Diffuse bone marrow involvement
• Spine:  small size lesions MRI > PET 30% 
• PET > FOV of MR 30%



134 patients (trial IFM/DFCI 2009): 
– PET and MR spine and pelvis

• Staging
• Interim: 3 RVD
• EoT (before maintenance)

Staging MR PET

Pat. n % Pat. n %

Normal 7 5 12 9

Focal lesions 46 34 44 33

Diffuse infiltration 41 31 12 9

Diffuse with FL (mixed) 25 26 66 49

Total 127 95 122 91 (P=0,33)

PET = RM



X-Ray CT MR PET/CT

Skull X

Spine/axial skeleton X

Bone marrow plasma cell infiltration XX X

Diffuse bone marrow involvement X

Osteoporosis X

Risk  of vertebral fracture X X

Spinal cord/nerve compression X

Extramedullary/soft tissue X X XX

Guide for focal needle biopsy X X

Planning  radiotherapy X

Diagnostic imaging comparison: Elective imaging technique



Indications of PET/CT in MM

• Staging: 
– Smoldering Myeloma
– Solitary Plasmacytoma

• Multiple myeloma
– Extramedullary disease
– Prognostic value
– Treatment response assessment



Smoldering Myeloma
Absence of bone lesions

Diagnosis criteria consensus of IMWG ; Lancet Oncology 2014;15:38-48
•WBTC
•WBMR or MR spine 
•PET/TC 

RM:
Hillengas et al, J Clin Oncol 2010;28:1606-1610
149 patients with SM with WBMR
• Focal lesions in 42 patients (28%)
• More than one focal lesion in 23 patients (15%) – Higher risk of progression to MM

PET:
No well evaluated.



Smoldering MM- PET
Zamagni E, Leukemia 2016;30:417-422
Prospective study
PET : 120 patients with SMM
Without bone lytic lesions

PET - PET + 
2 years Time to 
Progression (y) 4,5 1,1

Probability of 
Progression (%) 33 58

Risk of progression to MM



Smoldering Myeloma
early stage



Solitary Plasmacytoma

• PET: 
– Absence of other lesions

• Second plasmacytoma
• Lytic lesions – FDG uptake

– Up-staging disease to MM
– Change in prognostic and treatment

• Fouquet G, Clin Cancer Res 2014;20:3254-60

– PET 43 patients with solitary plasmacytoma
– ≥ 2 Focal lesions in 33% cases 
– ≥ 2 FL > risk of progression to MM (23 vs 71 months) 



A 39 year-old male, with solitary plasmacytoma in left iliac crest

Baseline PET



Extramedullary disease in MM

• PET: 
coexistence of additional hidden lesions:

– Plasmacytoma not detected by X-Ray 
– Progression into MM with bone lytic lesions



Women with a 
recurrent 
extramedullary 
plasmacytoma in 
the back



A 61 year-old male, with EMP in left submandibular lymph node, surgically removed,  
negative X-Ray

PET after chemotherapy



Prognostic value – PET/CT
Baseline PET:

Bartel et al, 239 patients
Blood 2009;114:2068-76
•Number of active lesions
≤ 3 FL
>3 FL

Zamagni et al, 192 patients
Blood 2011;118:5968-95
•Degree of FDG uptake
SUV ≤ 4.2
SUV > 4.2
•Extramedullary disease



Prognostic value – PET/CT
Treatment response assessment

Bartel et al, Blood 2009
•PET 10 days from starting the first 
induction cycle of VDT-PACE

Zamagni et al Blood 2011
•PET 3 mounts post-ASCT
•Patients achieve CR with conventional 
criteria; 23% persistent PET/CT  positive

•PET + post - TAPH - - - - -
•PET – post - TAPH ______



134 patients (trial IFM/DFCI 2009): 
– PET and RM spine and pelvis

• Staging
• Interim: 3 RVD
• EoT (before maintenance)

RM
P>0,05

PET
P<0,05

EoT RM PET

Become - 11% 62%

2 y. PFS (-) 73% 94%



Treatment response assessment
• Lytic lesions XR and CT → sclerotic rim after treatment

Residual tissue

XR-CT PET

Size Metabolic activity

Not differentiate from active disease Differentiate from tumor viability

• PET/TC could be useful in the assessment of treatment response:
– Extramedullary disease
– After RDT, after induction, , before and after SCT, after consolidation 
– Metabolic Response: CMR; PMR; Non-MR, PMD

• PET not indicated/validated to evaluate treatment response in MM

Baseline PET

PET after treatment



Next generation flow – Next generatrion sequence

Extramedulladry disease > 10% patients with MM at the time of relapse



Limitation PET/CT treatment response
lack of an standardized level of FDG uptake

Mesguich C. et al, Eur J Radiol 2014; 83:2203-2223 (Mount Sinai, NY)
Recommendations

• Requirement after treatment:
– Baseline PET/TC (before treatment) 
– to compare all focal lesions

• Non active focal lesion at baseline:
– No follow-up with PET

• Active focal lesions at baseline :
– PET remains positive: FDG uptake > liver
– PET becomes negative: FDG uptake ≤ liver

• Validated in clinical trials: French criteria





A 62 year-old female with left humerus plasmacytoma

PET baseline PET after treatment – Non-MR



A 68 year-old male, with recurrence of MM
Diffuse bone marrow infiltration with multiple bone focal lesions and paravertebral plasmacytoma

Baseline PET/CT PET/CT after treatment (KRD) - PMD



A 56 year-old male, with MM with recurrence after ASCT.  
Plasmacytomas in ribs and focal lesions . 

Baseline PET/CT PET after chemo (KRD)  - PMR



A 65 year-old male with left iliac crest plasmacytoma

Baseline PET/CT PET after induction – before SCT - CMR



Non-standardization visual PET criteria
lack of inter-observer reproducibility in 

reporting PET results
Systematic review: van Lammeren-Venema D et al, 

Cancer 2012;15:1971-81 
• 18 studies y 798 patients with MM

Positive PET:
• SUV > 2.5
• Uptake > normal bone marrow
• Uptake > adjacent tissue
• Moderate increase uptake
• Significant increase uptake
• Non reported

Recommendations for 

Image description

Report scheme

Mesguich C. et al, (Mount Sinai)
Eur J Radiol 2014;83:2203-2223



Image description: positive and negative PET lesion

• Diffuse bone marrow uptake:
– Positive > liver
– Negative: ≤ liver

• Focal bone uptake  
– positive: 

• Uptake 
– > normal bone marrow (L4-L5)
– and/or > liver

• With or without corresponding CT finding

Mesguich C. et al, Eur J Radiol 2014; 83:2203-2223



Image description

• Focal bone uptake
– Equivocal: FDG > liver localized:

• Rib fracture
• Bone fracture with sclerotic changes CT

Mesguich C. et al, Eur J Radiol 2014; 83:2203-2223



Image description

• Focal bone uptake
– negative: FDG > liver localized:

• Osteoartritis, osteophites
• Orthopedic devices
• Vertebroplasty
• …

Mesguich C. et al, Eur J Radiol 2014; 83:2203-2223



PET report

FDG uptake patterns: 
Diffuse Focal/Multifocal Mixed

Mesguich C. et al, Eur J Radiol 2014; 83:2203-2223



PET report

• Number, localization and SUV of the focal lesions
– That allows a risk classification: 

• Durie & Salmon Plus
– I < 4 
– II 5-20 
– III > 20

Mesguich C. et al, Eur J Radiol 2014; 83:2203-2223



PET report

• Description of abnormal underlying findings of CT: 
– FL corresponds:

• osteolytic
• osteosclerotic
• osteoblastic

– Lytic or sclerotic lesions on CT
• Without FDG uptake

Mesguich C. et al, Eur J Radiol 2014; 83:2203-2223



PET report

Describe the extramedullary expansion:
– Lytic lesion with cortical disruption
– Cortical disruption and expansion into surrounding soft tissue 

“break out”
– Pure extramedullary soft tissue mass without bone involvement

Mesguich C. et al, Eur J Radiol 2014; 83:2203-2223



PET report

Other bone lesions :
• Osteoartritis
• Fractures
• Osteophites
• Prosthesis
• Osteosyntesis
• Vertebroplasty
• Schmörl node

Mesguich C. et al, Eur J Radiol 2014; 83:2203-2223



Conclusions
Role of PET in multiple myeloma

X-Ray remains a standard method for assessing bone disease
WBCT has replaced X-Ray

• PET:   Allows a whole-body evaluation in a single session
– Solitary Plasmacytoma
– Extramedullary disease
– Smoldering Myeloma 
– Multiple myeloma:

• Accurate stage of active disease 
• Prognostic value
• Treatment response assessment:

– Non validated
– Non standardized
– Role in the future
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