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Diffusion Whole Body (DWB)



1905

Albert Einstein

PhD thesis dissertation

Explained the Brownian motion 
(first described in 1827 by Brown)
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Hyper-cellular tissueNormal tissue

Diffusion

“Free” diffusion
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1985

Denis Le Bihan

First who showed that water 
diffusion could be imaged in the 
human brain through MRI



2004

Taro Takahara

First who applied diffusion to the 
Whole body, using STIR 
suppression, free breathing and 
high resolution 3D display



Honolulu - 2008

Prof. Dow-Mu Koh, Royal Marsden Hospital, London (UK)



1,98 cm

• February 2009

• 1° DWB - melanoma



London - 2012

Prof. Anwar Padhani, Mount Vernon Cancer Centre, London (UK)



DWB at IEO (TOT. = 4367 examinations*)

*last update 31/12/2018
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WB-MRI is established for cancer

• Recommended in guidelines for

– Multiple myeloma1-3

– Prostate  cancer4-5

– Melanoma6-7

– Cancer in pregnant women8

• Key uses

– Breast9-10

– Lymphoma11

1. Dimopoulos MA, et al., J Clin Oncol. 2015 Feb 
20;33(6):657-64.

2. Chantry A, et al. Br J Haematol. 2017 Jul 5.

3. Messiou C, et al. Radiology. 2019 Apr;291(1):5-13.

4. EAU guidelines 2017

5. Padhani AR, et al. Eur Urol. 2017 Jan;71(1):81-92.

6. Pflugfelder A et al., J Dtsch Dermatol Ges. 2013 Aug;11 
Suppl 6:1-116, 1-126

7. Dummer R et al. Swiss Med Wkly. 2016 Feb 
22;146:w14279. 

8. Peccatori FA. et al., Breast. 2017 Oct;35:177-181.

9. Zugni F, et al. PLoS One. 2018 Oct 12;13(10):e0205251..

10. Kosmin M, et al. Eur J Cancer. 2017 May;77:109-116.

11. Mayerhoefer ME, et al. Clin Cancer Res. 2015 Jun 
1;21(11):2506-13.



mCRPC. Rx Enzalutamide. 2°resistance

Screening
PSA 45.5

Week 13
PSA 0.6

Week 25
PSA 0.3

Retroperitoneal nodes. 
WB-MRI - no bone metastases

BS = no lesions

Retroperitoneal nodes improved. 
WB-MRI = 1 new bone metastasis

BS = no lesions

Retroperitoneal nodes improved. 
WB-MRI = no lesions

BS = no lesions

WB-DWI BS



mCRPC. Rx Enzalutamide. Oligo-progression

Week 25; PSA 0.3 ng/ml

b900

STIR

B900
MIP

T1W

T1Wb900



Week 25

PSA 0.3

Week 37

PSA 0.4

Week 49

PSA 1.5

Retroperitoneal nodes improved. 
WB-MRI = 1 new bone metastasis

BS = no lesions

Retroperitoneal nodes 
progressing.  New lymphoedema.

WB-MRI = 7 bone lesions
BS = 7 lesions (1 on posterior 

projection)

mCRPC. Rx Enzalutamide. 2° resistance

Retroperitoneal nodes worse. 
WB-MRI = 5 bone lesions

BS = 2 lesions (outside flare 
period; needs confirmation)

Actual date of
Oligo-progression

Poly-metastatic progression 
confirmed using PCWG 

WB-DWI BS

The need to wait to confirm polymetastatic BS lesions (PCWG) before declaring 

progression impedes precision oncology usefulness

PCWG = Prostate cancer working group criteria (v3)





Quiz 



22May2017 7Sept201722May2017 7Sept2017

Capecitabine
Vinorelbine



22May2017 7Sept2017

DeadDyingAlive

94% 67%



2 3

TP1

TP3

TP2

45 yo Female. Metastatic bone disease 4 years from operated breast Ca. 
Exemestane - PD after 3yrs, switch to fulvestrant, PD after 3 months (left), 
switch to xeloda+ vinorelbine, widespread response at 3 months (center) 

then reactivation and new lesions at 6 months (right) .

94% 67% 95%

Total Tumor Load, Siemens Healthineers



• Response heterogeneity

– Response PSA

– Response bone

– Progression bone

PSA = 1029 ng/mL PSA = 167 ng/mL

10Mar15 20Jul15

response

progression

baseline Post Radium 223

Enable recording of the presence, location & extent of discordant 
responses

Eur Urol Focus. 2016 Jul 15. pii: S2405-4569(16)30097-9.



Radiomics
(shape based features, 1°, 2°, 3° order statistics)

C
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Genomics
(IHC, Microarray, DNA sequencing, NGS technologies)

Radiogenomics

Risk stratification

Early diagnosis

Treatment 
selection

Treatment 
response

Accurate 
prognosis

Integrative analysis AI Precision oncology



Pazienti “vulnerabili”



Case - Breast ca (cT2N1), pregnant (31w)



Now she is doing well1-2

15/10/2012 13/02/2013 03/09/2013

1. Montagna E. et al., Breast. 2014 Jun;23(3):295-6.
2. Peccatori FA. et al., Breast. 2017 Oct;35:177-181.

08/10/2014

Epirubicin x 12



Case 

22yo, F

HL, IV B bulky

Relapse after therapy
(multiple*)

CR in >80%

Brentuximab
ESHAP + 

Auto PBSCT 
PD

*ABVDx6, IGEVx2, BEACOPPx2, Auto PBSCT

FDG-PET/CT
03/07/2013

FDG-PET/CT
11/01/2014



Case 

22yo, F

HL, IV B bulky

Relapse after therapy
(multiple*)

CR in >80%

Brentuximab
ESHAP + 

Auto PBSCT 
PD

WB-MRI
04/07/2013

WB-MRI
09/01/2014

*ABVDx6, IGEVx2, BEACOPPx2, Auto PBSCT



WB-MRI is established for cancer screening

• High-risk populations

– Recommended in guidelines

• Li Fraumeni syndrome1

• Hereditary Paraganglioma-
Pheocromocytoma syndromes2

• Neurofibromatosis 13

• Von Hippel Lindau syndrome4

• Constitutional mismatch repair 
deficiency syndrome

1. National Comprehensive Cancer Network. Retrieved 
March 03, 2018, from https://www.nccn.org/

2. Else T, et al. GeneReviews® [Internet]. Seattle (WA): 
University of Washington, Seattle; 1993-2018. 
Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK1548/

3. Widemann BC, et al. Neurology 2013 81:S41–44. 

4. Kim JJ, et al. Von Hippel Lindau Syndrome. Adv Exp 
Med Biol 2010, 228–249.



Subjects Malignancies %

Ballinger ML et al.
(2017)

578 39 6.74 %

Mai PL et al.
(2017)

116 5 4.3 %

Villani A et al.
(2016)

59 19 32 %

Bojadzieva J et al.
(2018)

53 8 15.1 %

Saya S et al.
(2017)

44 6 13.6 %

WB-MRI efficacy in LFS – overall survival impacts

*surveillance protocol included physical examination and frequent 
biochemical and imaging studies (WB-MRI, brain MRI, breast MRI, 
mammography, abdominal and pelvic ultrasound, and colonoscopy)

Villani A et al., Lancet Oncol. 2016 Sep;17(9):1295-305.



histotype N° of 
pts

Rule out metastasis Rule in metastasis

SE NPV -LR SP PPV +LR

Bone M+ 
(Prostate)1

402 MRI 95% / / 96% / /

1012 PET 87% / / 97% / /

Bone & soft 
tissue M+ 
(any cancer)2

1070 MRI 86% / 0.15 97% / 32.3

1070 PET 85% / 0.16 96% / 22.7

All cancers
(primary & 
mets)3

1067 MRI 90% 96% 0.12 95% 89% 11.8

PET 89% / 0.07 97% / 26.8

DWB → False positive rate → 4.6%
DWB → False negative rate → 10.2%

1. Shen G, et al. Skeletal Radiol. 2014 Nov;43(11):1503-13.
2. Xu GZ, et al. Ann Oncol. 2013 Jan;24(1):96-101.
3. Li B, et al. Eur J Radiol. 2014 Feb;83(2):338-44 



WB-MRI is increasingly used for cancer screening

• General asymptomatic
population1-10

– In addition to standard 
screening

• Mammography, Pap-test, FOBT

– Offered in «health checks»

• Reasonable examination times

• No radiation & injections

1. Bamberg F, et al. Radiology. 2015; 277: 206-20

2. Goehde SC, et al. Am J Roentgenol, 2005; 184: 598–
611

3. Baumgart D, et al. Herz, 2007; 32: 387–94

4. Cieszanowski A, et al. PLoS One. 2014 Sep 26;9(9)

5. Lo GG, et al. Hong Kong Med J, 2008; 14: 90–96

6. Hegenscheid K, et al.. Eur Radiol, 2013; 23: 816–26

7. Tarnoki DL, et al. Radiol Oncol, 2015; 49(1): 10–16

8. Ulus S, et al. Pol J Radiol. 2016 Aug 30;81:407-14

9. Petralia G, et al. Magn Reson Imaging Clin N Am. 
2018 Nov;26(4):495-507.

10. Petralia G, et al. Radiol Med. 2018 Nov 14.



Evidence for WB-MRI in general population

• Cancer → about 2%

– Incidental findings→ up to 98%

• Only in safe hands

– Magic window

Subjects Malignancies %

Bamberg F et al. (2015) 30,000 Ongoing Ongoing

Hegenscheid K et al. (2013) 2,500 62 5,9%*

Baumgart D et al. (2007) 1007 4 0.44 %

Cieszanowski A et al. (2014) 666 7 1.05 %

Goede SC et al. (2005) 298 1 0.33 %

Lee SY et al. (2018) 229 2 0.8%

Lo GG et al. (2008) 132 2 1.5 %

Ulus S et al. (2016) 118 2 1.7 %

Tarnoki DL et al. (2014) 22 1 4.5 %

* No histological confirmation



Interpretation
– Requires expertise in multi-

organ evaluations

Bladder cancer Haemangioma



Preliminary observations at Advanced Screening Centers (Italy)

• From Jan 2017 to Jul 2018

– 1195 subjects

• No abnormality in 39 (3%)

• Findings in 1158 (97%)
– Likert 2 = 855 (72%) → 0

– Likert 3 = 256 (21%)    → 3 (1%)

– Likert 4 = 26 (2%)      → 6 (23%)

– Likert 5 = 16 (1%)    → 13 (81%)

malignant cancer in 22 subjects (1.84%)
Dr. Giuseppe Petralia & Prof. Anwar Padhani



9th February 1974 - The New York Times

Raymond Damadian → first «whole body MR»



6th June 2010 – Corriere della sera





RCC, pT1a G1

F, 40yo

• Kidney




