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MRI	
  of	
  the	
  Breast	
  (30	
  years!)	
  
•  Detection of breast cancer (BC): MRI of the breast 

highest sensitivity (89-100%) 

 

•  Specificity (81-97%) - comparable to mammography 

•  Independent of breast density 

•  Ability to detect non-invasive BC 

•  Most accurate imaging modality for lesion extent 

 

Kaiser et al., MRI 1994 
Berg et al., Radiology 2004 
Kuhl et al., Radiology I and II 2007 
Benndorf et al., Acta Radiol 2010 

Kuhl et al., Eur Radiol 2000 
Stoutjesdijk et al., MRI 2001 
Warner, J Clin Onc 2001 
Warner et al., JAMA 2004 
Kuhl et al., Radiology 2005 

Berg et al., Radiology 2004 
Boetes et al., Radiology 1995 
Echevarria et al., JCAT 2006 
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MRI	
  of	
  the	
  Breast:	
  IndicaIons	
  
•  Staging  

–  Lesion extent “tip of the iceberg“ 

–  Uni-, multifocal/ - centric, bilateral? 
•  Scar vs. recurrence 

•  Neoadjuvant therapy-monitoring 
•  Implants 
•  Screening in high-risk patients 

•  Problem solving 
 

IDC	
  G3,	
  TN-­‐	
  complete	
  response	
  

Unifocal 

Multifocal 
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  8 Studies   4,982 Pt    11,116 Exams           218 BCA 
 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  	
  Sensitivity             Specificity 
  

          MG  35 % (25-59%)        96 % (93-99.8%) 
 

          US    40 % (25-43%)        93 % (90-97%) 
 

          MRI  83 % (71-100%)      89 % (81-97%) 

 
              47% BCA detected only with MRI 

               17% BCA not detected with MRI 
       10% with MG  
               2.5% with US 
        5% Interval Cancer 

JAMA	
  	
  2004	
  	
  	
  NEJM	
  2004	
  	
  	
  Lancet	
  2005	
  	
  	
  Cancer	
  2005	
  	
  	
  	
  	
  JCO	
  2005	
  	
  	
  Radiology	
  2007	
  	
  CCR	
  2007	
  	
  	
  	
  JCO	
  2010	
  

	
  

MRI	
  of	
  the	
  Breast:	
  High-­‐risk	
  screening	
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MRI	
  of	
  the	
  Breast	
  for	
  Screening	
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MRI	
  of	
  the	
  Breast	
  for	
  Screening	
  

-  MRI: 3 min (1 pre, 1 post)  
-  Reading time: < 30 sec (MIP!) 
-  NPV: 99.8%,  

-  Add. cancer yield 18.2 per 1000 
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•  Tumor morphology 
-  Focus 
-  Mass 
-  Shape 

-  Margin 

-  Internal enhancement characteristics 
 

 

-  Non mass Enhancement 
-  Distribution 
-  Internal enhancement pattern 

MRI	
  of	
  the	
  Breast	
  for	
  Screening	
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MR guided Breast Biopsy 
only 20-30/100 BX are BCA!!!!! 
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Goal 

molecular	
  imaging	
  
cellular,	
  molecular	
  level	
  

convenIonal	
  radiology	
  
macroscopic-­‐anatomical	
  level	
  

1x109 

-  Detect BCA earlier 
-  Reduce overdiagnosis 
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Hallmarks	
  of	
  Cancer	
  
Self-sufficiency in growth signals 

Evading 
apoptosis 

Insensitivity to  
sub-growth signals 

Sustained 
angiogenesis 

Tissue invasion & 
metastasis 

Limitless replicative potential 
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Metastasis 

[18F]FDG PET 

DWIBS 

Bone Scan 

CT/MRI 

Angiogenesis 
[18F]FDG PET 

DWIBS 

Bone Scan 

CT/MRI 
Proliferation 

[18F]FLT PET, MRSI, Diffusion MRI 

Cell Death 

Annexin 

Diffusion MRI 

Hyperpolarized MRI 

Altered 
Metabolism  

[18F]FDG PET 

MRSI 

Hyperpolarized MRI 

[18F] MISO PET 

BOLD MRI 

Hanahan D. et al.  
Cell 2011;144:646-74. 

HALLMARKS	
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DCE-­‐MRI	
  

MIP,	
  (3T,	
  3D	
  TWIST,	
  voxel:	
  1.x	
  1	
  x	
  1mm,	
  temp.	
  res.:	
  14	
  sec.)	
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Beyond	
  the	
  breast	
  -­‐	
  Prognos,c	
  informa,on	
  

Ki-­‐67	
  staining	
   Enhancement	
  quanIficaIon	
  by	
  MRI	
  

PharmakokineIcs	
  

Survival	
  predicIon	
  Aggressive	
  Cancer	
  

Non	
  aggressive	
  Ca	
  

Baltzer	
  et	
  al.	
  2012,	
  Dietzel	
  et	
  al.	
  2013,	
  Li	
  et	
  al.	
  2013	
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Enhancement kinetics 

ReducIons	
  in	
  enhancement	
  correlate	
  
with	
  response	
  to	
  treatment	
  

McLaughlin	
  et	
  al,	
  NMR	
  in	
  biomedicine	
  2011	
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Fast dynamic CE-MRI 

Changes	
  can	
  predict	
  survival	
  in	
  paIents	
  with	
  NAC	
  

§  High	
  post	
  treatment	
  	
  Ktrans	
  /	
  larger	
  post	
  treatment	
  TU	
  size	
  	
  

§  Worse	
  overall	
  survival,	
  worse	
  disease-­‐free	
  survival	
  
	
  

Responder NON Responder 

Li	
  et	
  al;	
  	
  Radiology	
  	
  2011	
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Diffusion Weighted Imaging (DWI)  

Benign: 
 
 Diffusion 

ADC 

Cancer: 
 
 

Diffusion 

ADC 
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Results: 
r  ADC value in benign tissue higher 

than in carcinomas  (p=0.001)  
r  ADC allows differentiation of benign 

and malignant breast tumor  
r  Sens: 0.93   Spec: 0.88 

Guo et al JMRI 2002  
Woodhams et al JCAT 2005 

DWI of the breast (ADC) 
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•  large	
  variaIons	
  in	
  reported	
  ADC	
  values	
  (Kuroki	
  et	
  al.	
  2004;	
  

Hatakenaka	
  et	
  al.	
  2008;	
  Woodhams	
  et	
  al.	
  2005;	
  Wenkel	
  et	
  al.	
  2007)	
  

•  large	
  variaIons	
  in	
  diffusion	
  parameters	
  (max,	
  min,	
  

no.	
  of	
  b-­‐values)	
  (Matsuka	
  et	
  al.	
  2008)	
  

•  systemaIc	
  evaluaIon	
  of	
  diffusion	
  protocols?	
  

DWI of the breast 
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