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Imaging and Breast Cancer:  
Patient Care Cycle 

•	 20th Century 
–– Importance of early detection through screening recognized

–– Shift in treatment from rad mx to BCS with rad

–– Genetic mutations related to breast cancer risk

–– New approaches to identifying women at high risk

•	 21st Century
–– Limitations of mammography screening

–– Focus on biology of disease and more targeted, less 
aggressive treatment methods

–– Debate regarding importance of early detection of any 
cancer vs. efforts to avoid “Bad Outcomes”

Screening 
Detection of first cancer 
Detection of recurrent ca 

Diagnosis 
B9 vs MG 
Staging 

Therapy 
Prediction of response 

Assessing response at early time point 
Assessing residual disease 
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Imaging and Breast Cancer:  
Patient Care Cycle 

•	 Screening

–– Improve utlilization of MRI in high risk women

–– Rapid, less expensive technology for CE imaging

•	 Diagnosis

–– Apply MRI to avoid unnecessary surgeries and unnecessary 
biopsies 

•	 Treatment

–– Apply MRI to reduce overtreatment and provide patients 
with more targeted therapy options that maintain excellent 
outcomes, but with associated lower morbidity
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Sensitivities by Modality

Study Sensitivity 

Mammo US MRI 

Tilanus, 2000 0% (0/3)* -- 100% (3/3) 

Podo, 2002 12.5% (1/8) 12.5% (1/8) 100% (8/8) 

Morris, 2003 0% (0/14)* -- 100% (14/14) 

Kriege, 2004 40.0% (18/45) -- 71.1% (32/45) 

Warner, 2004 36.4% (8/22) 33.3% (7/21) 77.3% (17/22) 

Kuhl, 2005 32.6% (14/43) 39.5% (17/43) 90.7% (39/43) 

Lehman, 2005 25.0% (1/4) -- 100% (4/4) 

Leach, 2005 40.0% (14/35) -- 77.1% (27/35) 

Lehman, 2007 33.3% (2/6) 16.7% (1/6) 100 (6/6) 

Sardanelli, 2007 58.8% (10/17) 64.7% (11/17) 93.8% (15/16) 

Weinstein et al, 2009            55% (11/20) 15% (3/20) 60% (12/20) 

Elmore et al, 2010                50% (2/4) -- 100% (4/4) 

Kuhl et al, 2010   33.3% (9/27) 37% (10/27) 92.6% (25/27) 

Sardanelli et al, 2011  50% (25/50) 52% (26/50) 91.3% (42/46) 

Total 38.6% 
(115/298) 

39.6% 
(76/192) 

84.6% 
 (248/293) 

* To be included, subjects had to have negative mammogram. 
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MRI Alone for Screening High Risk 
Populations?

Kuhl et al, 2010 JCO
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ACRIN 6666---Single MRI performed after multiple 
rounds of screening ultrasound…. 

From: Detection of Breast Cancer With Addition of Annual Screening Ultrasound or a Single Screening 
MRI to Mammography in Women With Elevated Breast Cancer Risk 
JAMA. 2012;307(13):1394-1404. doi:10.1001/jama.2012.388.  ACRIN 6666: Berg 
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Myth of Poor Specificity

Study Cancer Yield from 
MRI Alone 

Biopsies 
Recommended Based 

on MRI 

PPV of Biopsies 
performed 

Tilanus Linthorst, 2000 2.8% (3/109) 4.6% (5/109) 60.0% 

Podo, 2002 6.7% (7/105) 8.6% (9/105) 88.9% 

Morris, 2003 3.8% (14/367) 16.1% (59/367) 23.7% 

Kriege, 2004 1.2% (22/1909) 2.9% (56/1909) 57.1% 

Warner, 2004 3.0% (7/236) 15.7% (37/236) 46.0% 

Kuhl, 2005 3.6% (19/529) 14.7% (78/529) 50.0% 

Lehman, IBMC 2005 0.8% (3/367) 6.3% (23/367) 17.4% 

Leach, 2005 2.9% (19/649) -- 25.0% 

Lehman, IBMC 2007 2.3% (4/171) 8.2% (14/171) 42.9% 

Sardanelli, 2007 2.2% (6/278) 9.0% (25/278) 60.0% 

Weinstein, 2009            1.3% (8) 7.9% (48/609) 25.0% 

Elmore, 2010                1% (2) 10.5% (21/200) 19.1% 

Kuhl, EVA TRIAL 2010   2.1% (14) 7.6% (52/687) 48.1% 

Sardanelli, HBCRI1  2011  3.2% (16) 15.0% (75/501) 56.0% 
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American Cancer Society 2007 
“Based on the evidence from studies of MR screening high risk 
women, and the limitations of mammography and CBE alone, 

the American Cancer Society recommends annual MR screening 
in conjunction with mammography in women at significantly 

increased risk of breast cancer.”

ACS, ACR (SBI), NCCN support screening MRI in high risk women

Current ACS Recommendations  
for MRI Screening

•	 Recommend annual screening for particular high risk groups*

–– BRCA mutation

–– First-degree relative of BRCA carrier, but untested

–– Lifetime risk ~20–25% or greater, as defined by BRCAPRO or 
other models that are largely dependent on family history

*Saslow S, et al.  American Cancer Society Guidelines for Breast Screening with 
MRI as an Adjunct to Mammography. CA Cancer J Clin 2007;57:75–89
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Current ACS Recommendations  
for MRI Screening

Current ACS Recommendations  
for MRI Screening

•	 Insufficient evidence to recommend either for or against 
“moderate risk”

–– Lifetime risk 15-20%

–– High risk biopsy:  ADH, ALH, LCIS

–– Heterogeneously or extremely dense breasts on 
mammogram

–– Personal history of breast cancer

•	 Not recommended for average risk

•	 2005-2009 Breast Cancer Surveillance Consortium

•	 1.3 million mammograms, 9,000 breast MRIs
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Current ACS Recommendations  
for MRI Screening

•	 75% of all screening MRIs performed were in women with less 
than 20% lifetime risk

•	 Of women at greater than 20% lifetime risk, less than 2% had 
received an MRI
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Current ACS Recommendations  
for MRI Screening
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Comparison of Abbreviated Breast MRI 
and Digital Breast Tomosynthesis  
in Breast Cancer Screening in Women 
with Dense Breasts 

ECOG-ACRIN AB-MR Working Group 

Christopher Comstock M.D. 

Christiane Kuhl  M.D. 

Gillian Newstead M.D. 
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Future of Breast MRI in  
Era of Precision Medicine  

•	 Screening

–– Improve utlilization of MRI in high risk women

–– Rapid, less expensive technology for CE imaging

•	 Diagnosis

–– Apply MRI to avoid unnecessary surgeries and unnecessary 
biopsies 

•	 Treatment

–– Apply MRI to reduce overtreatment and provide patients 
with more targeted therapy options that maintain excellent 
outcomes, but with associated lower morbidity

–– 1.6 million breast biopsies are performed annually in the 
U.S.

–– 30% of biopsies 2003-2008 are surgical (recommendation is 
less than 10%)

–– 300,000 women have unnecessary breast surgery every year 
in the United States, hundreds of millions of dollars

–– $5,000 for a needle biopsy, $10,000 for surgical biopsy

–– $1000 for a breast MRI?
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Breast MRI provides patients with 
alternatives to surgical excision

–– Excision of benign lesions

–– Excision of high risk lesions

–– Duct “exploration”/excision

–– Multiple re-excisions for clear margins in breast cancer 
patient

–– And provides information about future risk
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FGT and Density 
Characteristic Cancer No Cancer OR (CI) P value 

Mammographic Density	
    	
    	
   1.4 (0.7-3.0)	
   0.4	
  

Almost entirely fat	
   0 (0%)	
   1 (4%)	
    	
    	
  

Scattered densities	
   6 (26%)	
   8 (35%)	
    	
    	
  

Heterogeneously dense	
   12 (52%)	
   10 (44%)	
    	
    	
  

Extremely dense	
   5 (22%)	
   4 (17%)	
    	
    	
  

MRI Amount FGT	
    	
    	
   1.2 (0.7-2.2)	
   0.5	
  

Almost entirely fat	
   1 (4%)	
   2 (9%)	
    	
    	
  

Scattered FGT	
   6 (26%)	
   6 (26%)	
    	
    	
  

Heterogeneous FGT	
   8 (35%)	
   10 (43%)	
    	
    	
  

Extreme FGT	
   8 (35%)	
   5 (22%)	
    	
    	
  
UW Dontchos, Rahbar et al 
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BPE 
Characteristic Cancer No Cancer OR (CI) P value 

BPE 2.3 (1.0-5.4)	
   0.02	
  

Minimal 5 (22%)	
   13 (57%)	
    	
    	
  

Mild 9 (39%)	
   6 (26%)	
    	
    	
  

Moderate 5 (22%)	
   3 (13%)	
    	
    	
  

Marked 4 (17%)	
   1 (4%)	
    	
    	
  

BPE (dichotomous)  	
    	
   9.0 (1.1-71.0)	
   0.007	
  

Minimal 5 (22%)	
   13 (57%)	
  

Mild, moderate, or 
marked 

18 (78%)	
   10 (43%)	
  

BPE pattern 0.6 (0.1-2.5)	
   0.5	
  

Peripheral 8 (35%)	
   10 (43.5%)	
  

Central 15 (65%)	
   13 (56.5%)	
   UW Dontchos, Rahbar et al 
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Clinical Relevance

Future of Breast MRI in  
Era of Precision Medicine  

•	 BPE, not density, is more likely to aid in refining risk 
assessments in women already at elevated risk 

–– Supplemental screening strategies

•	 MRI eligibility, frequency of screening

–– Prevention strategies

•	 Chemoprevention selection and monitoring

•	 Prophylactic mastectomy decision-making

•	 Screening

–– Improve utlilization of MRI in high risk women

–– Rapid, less expensive technology for CE imaging

•	 Diagnosis

–– Apply MRI to avoid unnecessary surgeries and unnecessary 
biopsies 

•	 Treatment

–– Apply MRI to reduce overtreatment and provide patients 
with more targeted therapy options that maintain excellent 
outcomes, but with associated lower morbidity
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Future of Breast MRI in  
Era of Precision Medicine  

ACR Support use of breast MRI in pre-operative setting 
Acknowledgement of sparse quality data on long term outcomes 

SBI Support use of breast MRI in pre-operative setting 
Acknowledgement of sparse quality data on long term outcomes 
 

EUSOBI Support use of breast MRI in pre-operative setting 
Acknowledgement of sparse quality data on long term outcomes 

NCCN Support consideration of breast MRI in pre-operative setting 
Acknowledgement of sparse quality data on long term outcomes 

SSMO Imaging including mammography and MR as pre treatment work 
up 

SIGN Imaging including MR where indicated to diagnose. Use for 
surveillance to detect relapse. 
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Breast MRI Prior to Breast-Conserving 
Treatment Does Not Improve Outcome 

Mastectomy Rates Have Risen Recently, as has Breast MRI
May 21, 2008 — More women with early breast cancer are 

opting for mastectomies than they were a few years ago and, at 
the same, the use of breast magnetic resonance imaging (MRI) 
has increased. Mayo Clinic researchers reporting the 2 trends 

speculate that they are related. 

Precision Diagnostics/Sloppy 
Therapeutics   

Positive margins/Re-excision rates vary widely 

•	 10% to 80% without MRI

•	 Multiple other factors impact re-excision rates

–– Selection of patients by size and location of tumor

–– Surgical technique used

•	 Mastectomy rates vary widely

–– Multiple factors impact physician-patient decision (age, 
family history, extent of disease, patient desire, interest in 
reconstruction, anxiety regarding continued surveillance
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Can MRI support a future of more targeted, less aggressive, 
treatment paradigms in select patients?
•	 Surgical oncology

–– Decrease mastectomies 

•	 Offer reassurance of unifocal disease in patient with 
dense breast tissue

•	 Offer lumpectomies to patients with small tumors in 
more than one quadrant

Can MRI support a future of more targeted, less aggressive, 
treatment paradigms in select patients?
•	 Radiation oncology

–– Decrease need for full breast radiation 

–– Support success of partial breast radiation treatments

Can MRI support a future of more targeted, less aggressive, 
treatment paradigms in select patients?
•	 Medical oncology

–– Enhance information re risk for recurrence 

–– Reduce need for chemotherapy

–– Guide targeted treatments
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Breast MRI Prior to Breast-Conserving 
Treatment Does Not Improve Outcome 
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ECOG-ACRIN DCIS 4112: 
MRI and OncoType in BrCa 
Treatment Decision Making 

Constance Lehman, M.D., Ph.D. 

Study Chair 

University of Washington 
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Background 

Group Meeting • Nov 
13-15, 2014 
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Primary question remains 
and must focus on 
identifying subset of 
women with DCIS who 
may be managed less 
aggressively without 
sacrificing excellent 
outcomes 
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NCI Recommendations 

•  Investigate and validate combinations of new and 
existing clinical, radiological, pathological, and 
molecular factors to improve risk stratification of 
DCIS patients and thus to identify the optimal 
therapy for each individual.  

•  Investigate patient preferences and decision 
making concerning the diagnosis and treatment of 
DCIS 

•  Investigate the impact the diagnosis and treatment 
of DCIS has on the quality of life 

Group Meeting • Nov 
13-15, 2014 

33 
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Goals of E4112 

1.  Breast MRI as It Impacts Treatment Decisions:  
To determine how often the results of  
breast MRI change the recommended surgery  
for the treatment of DCIS from lumpectomy  
to mastectomy.  

2.  OncoType DCIS Score as It Impacts Treatment 
Decisions: In women undergoing lumpectomy, 
can radiation therapy be avoided in a subset of 
women based on a low OncoType DCIS Score (a 
test on tumor tissue)? 

Group Meeting • Nov 
13-15, 2014 

34 
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Study Schema 
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Arm B:

Mastectomy (Section 5.2)

R

E

G

I

S

T

E

R

Arm E: Intermediate–High 
DCIS score ≥ 	
  39

Radiation Therapy (Section 5.3)

Endocrine Therapy (Section 5.4)

Send additional specimens to 
ECOG PCO-RL (Section 9.3)

Arm A (Section 5.1):

Bilateral Breast MRI 
within 30 days of 
registration

Perform additional 
imaging and/or biopsies 
if indicated based on MRI

Proceed to Step 2 
(Section 4.2)  and 
surgery after MRI and 
additional imaging and 
biopsies if indicated

R

E

G

I

S

T

E

R

Eligibility (Section 3.0)

·∙ 	
   DCIS  on core biopsy

·∙ 	
   No invasive or micro-
invasive carcinoma

·∙ 	
   Bilateral mammogram 
within 6 months of 
registration

·∙ 	
   No prior breast MRI 
within 6 months of 
registration 

·∙ 	
   Candidate for wide 
local excision

STEP 1

Arm C:

Wide local excision (WLE) 
+/- re-excision (Section 5.2)

STEP 3

At final surgical procedure:

· Mastectomy is final procedure, or

· Margin < 2mm after WLE, or

· Invasive or micro-invasive carcinoma 
present irrespective  of procedure

Study procedures and treatment:

· Do not register on Step 3 but follow for 
clinical outcomes

· Treatment as per NCCN guidelines

· Send tissue to ECOG PCO-RL (2)

STEP 2

1. Oncotype DCIS Score at step 2 (Section 9.1): This will be requested and sent to Genomic Health as part of routine care must meet the final criteria: (a) wide local excision is final 
surgical procedure, (b) negative margin at final excision ≥ 2 mm, (c) no invasive or microinvasive carcinoma. After the DCIS Score is available, patients may register to Step 3 and 

have radiation therapy assigned based on DCIS Score.

2. Specimen shipment to ECOG PCO-RL in step 2 and 3 (Section 9.3): All patients in Step 3 and those in Step 2 not proceeding to Step 3. .

Cross over to arm B if 
mastectomy indicated 

At final surgical procedure:

· WLE is final procedure

· Final margin ≥ 2mm after WLE

· No Invasive/micro-invasive carcinoma 

Study procedures and treatment:

· Send Oncotype DCIS Score to Genomic 
Health (1) (see Section 9.1)

· Register to Step 3 (Section 4.3)  after 
DCIS Score available (Section 9.2)

Oncotype DCIS Score 
result available 
(Section 4.2)

Arm D: Low DCIS score < 39 

No Radiation Therapy

Endocrine Therapy (Section 5.4)

Send additional specimens to 
ECOG POC-RL (Section 9.3)

R

E

G

I

S

T

E

R
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