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MRI of the Breast (30 years!)

Detection of breast cancer (BC): MRI of the breast
highest sensitivity (89-100%) Kaiser et al., MRI 1994

Berg et al., Radiology 2004
Kuhl et al., Radiology | and Il 2007
Benndorf et al., Acta Radiol 2010

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

Kuhl et al., Eur Radiol 2000

» Independent of breast density Stoutjesdijk et al., MRI 2001
Warner, J Clin Onc 2001

-y . : Warner et al., JAMA 2004
* Ability to detect non-invasive BC | A8 2 ooy 2005

 Most accurate imaging modality for lesion extent

Berg et al., Radiology 2004
Boetes et al., Radiology 1995
Echevarria et al., JCAT 2006

DEPARTMENT OF BIOMEDICAL IMAGING AND IMAGE-GUIDED THERAPY C




MRI of the Breast: Indications

Unifocal

e Staging -
— Lesion extent “tip of the iceberg”  ufecal
— Uni-, multifocal/ - centric, bilateral?

e Scar vs. recurrence

* Neoadjuvant therapy-monitoring
e Implants

e Screening in high-risk patients

* Problem solving (i?
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MRI of the Breast: High-risk screening
1 = EmEm ] = =

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

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
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MRI of the Breast for Screening

Al auhor: Meacal Ureversiy of
Viarna, Vienra, Austria; and Chasio-
pher C. Rod| Mamoarial Skoan Kattanng

Cancer Contar, Now York, NY.

Publ=hed oniing shoad of print at
www jco.org on Fabrusry 23, 2015,

Triple-Modality Screening Trial for Familial Breast Cancer
Underlines the Importance of Magnetic Resonance Imaging
and Questions the Role of Mammography and Ultrasound
Regardless of Patient Mutation Status, Age, and

Breast Density

Christopher C. Riedl, Nikolaus Luft, Clemens Bernhart, Michael Weber, Maria Bernathova,
Muy-Kheng M. Tea, Margaretha Rudas, Christian F. Singer, and Thomas H. Helbich

A B §S TRATCT

0se
To evaluate tha breast cancer screening efficacy of mammography, ultrasound, and magnatic
resonance imaging (MRI) in a high-risk population and in various population subgroups.

Table 3. Déagnostic Performance
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Table 1. Mutation Characteristics of 559 Women Under Surveillance
Because of a High Risk for Breast Cancer
Patients Age (ygars)
Mutation Status No. % Range Median Mean
Total 559 2283 42 50
BRCA1/2 positive 156 28 2280 39 41
BRCA1 115 21 2280 38 41
BRCA2 41 7 2376 40 42
No BRCA mutation 297 53 2383 42 43
Unclassified variant 184 33 2367 42 43
Wild type 113 20 2383 43 44
Incomplete genetic records 106 19 2374 42 42

Scraening Modality Sensitivity® Pt
us
Notatat No. 1540 < .00%
Rate, % 3716
95% ClI 24.20 530
MG
No./totat No. 1540 .0
Rate, % aie
85% ClI 242t 530
MAI
No total No. 36/40
Rate, % 80.0
85% ClI 7691880
US + MG
No./total No. 20/40
Aste, % 50.0
5% Cl aB.21we48
us + MRl
Nototal No. 36M40 1.000
Rate, % 80.0
5% Cl JEB t085.0
MG + MHAI
No.total No. 38140
Rate, % 850
%6% CI £2510886
US + MG + MAI
No.totad No. 38440 148
Rate, % 85.0
95% CI B35 B86




MRI of the Breast for Screening

VOLUME 32 PUMSES 22 ALGURT ¢ Jole

Abbreviated Breast Magnetic Resonance Imaging
(MRI}: First Postcontrast Subtracted Images and
Maximum-Intensity Projection—A Novel Approach to
Breast Cancer Screening With MR

Chrachoe £, Sull Yoeser Schradny, Kcrm Nirobed, Mo 2L Schald, Kalf Dveer Mipors,
ared Merdnt K. Reolng

A Novel Approach to Contrast-Enhanced Breast
Magnetic Resonance Imaging for Screening

High-Resolution Ultrafast Dynamic Imaging

Nico Karssemeijer, PhD,*i and Bram Platel, PhD*

Ritse M. Mann, MD, PhD,* Roel D. Mus, MD,* Jan van Zelst, MD,* Christian Geppert, PhD,}

Abbreviated protocol for breast MRI: Are multiple sequences needed (
for cancer detection?

Victoria L. Mango-"-*, Elizabeth A. Morris®', D. David Dershaw®:!, Andrea Abramson?,
Charles Fry "¢, Chaya S. Moskowitz ?, Mary Hughes?, Jennifer Kaplan?,
Maxine S. Jochelson®

* Columbta University Medical Center, Herbert Irving Pavilton, 161 Fort Washtngton Avenue, 10th Floor, New York, NY 10032, United States
b Memortal Sloan-Kettering Cancer Center, Breast and Imaging Center, 300 East 66th Street, New York, NY 10065, United States
£ New York Medical College, 40 Sunshine Cottage Rd, Valhalla, NY 10595, United States
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MRI of the Breast for Screening

oo [T — MRI: 3 min (1 pre, 1 post)

- Reading time: < 30 sec (MIP!)

Abbreviated Breast Magnetic Resonance Imaging

(MR1): First Postcontrast Subtracted Images and - N PV: 99 . 8%
Madimum- Intensity Projection-—A Nove Approach to !
Breast Cancer Screening With MRI

ke e e — Add. cancer yield 18.2 per 1000
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MRI of the Breast for Screening
Tumor morphology

FOCUS round oval irregular
Mass O M zé
- Shape Ve

— Margin circumscribed rregular spiculated
— Internal enhancement characteristics Q o @

Non
homogeneous heterogeneous Rim EH enhancing

septa

Non mass Enhancement

— Distribution Q (\

- Internal enhancement pattern

Linear, segmental, focal, regional, diffuse
Homogeneous, heterogeneous, clumped, clustered ring
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MR guided Breast Biopsy




Goal

— Detect BCA eatrlier
— Reduce overdiagnosis

logy molecular imaging
mical level cellular, molecular level
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Hallmarks of Cancer

Evading
apoptosis

Sustained
angiogenesis
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Altered
Metabolism

[*F]FDG PET
MRSI
Hyperpolarized MRI
[*8F] MISO PET
BOLD MRI

Angiogenesis

[*8F]FDG PET
DWIBS

Bone Scan
CT/MRI

EGFR Cyclin-dependent
inhibitors kinase inhibitors

Proapoptotic
BH3 mimetics

x . Sustaining
Aerobic glycolysis proliferative
inhibitors signaling
Deregulating

cellular

PARP
inhibitors

Inducing
anglogenesis

Evading
growth
SUPPIesSsSors

Activatng
mvasion &
metastasis

Immune activating
anti-CTLA4 mAb

Enabling

Tumor-
promoting
Inflammation

ropicative Telomerase
immortaity Inhibitors

®,

Selective anti-
inflammatory drugs

Inhibitors of Inhibitors of
VEGF signaling HGF/c-Met

Proliferation

['8F]FLT PET, MRSI, Diffusion MRI

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

Metastasis

[8F]FDG PET
DWIBS

Bone Scan
CT/MRI

Cell Death

Annexin
Diffusion MRI
Hyperpolarized MRI

©




PID:12.11.04-11:26:18-STD-1.3.12.2.1107.5.2
03.10.1947

F 065Y

MIP, (3T, 3D TWIST, voxel: 1.x 1 x Imm, temp. res.: 14 sec.)
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Beyond the breast - Prognostic information
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Survival prediction
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Enhancement quantification by MRI



Enhancement kinetics

Contrast Enhancement
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Reductions 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 patients with NAC

= High post treatment Ktrans / larger post treatment TU size

=  Worse overall survival, worse disease-free survival
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Li et al; Radiology 2011
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Cumrasative OS probability
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Diffusion Weighted Imaging (DWTI)




DWI of the breast (ADC)

Results:

[ ADC value in benign tissue higher
than in carcinomas (p=0.001)

[ ADC allows differentiation of benign
and malignant breast tumor

[ Sens: 0.93 Spec: 0.88

Guo et al IMRI 2002
Woodhams et al JCAT 2005
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DWI of the breast

large variations in reported ADC values (kuroki etal. 2004;

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

large variations in diffusion parameters (max, min,

no. of b-ValueS) (Matsuka et aI.2008)

e systematic evaluation of diffusion protocols?

DEPARTMENT OF BIOMEDICAL IMAGING AND IMAGE-GUIDED THERAPY




Diffusion-weighted MR for

Differentiation of Breast Lesions

at 3.0 T: How Does Selection of
Diffusion Protocols Affect Diagnosis?’

Wolfgang Bogner, MSc —— : . : e 5
Purpose: To compare the diagnostic quality of diffusion-weighted

Stephan Gruber, PhD ~ o . . IR an

Katia Pinker. MD (DW) imaging schemes with regard to apparent diffusion
At e, coefficient (ADC) accuracy, ADC precision, and DW imag-

Gllnther Grabner, MSc ing contrast-to-noise ratio (CNR) for different types of

Andreas Stadlbauer, PhD lesions and breast tissue.

Michael Weber, PhD

Ewald Moser, PhD Materials and  Institutional review board approval and written, informed
Thomas H. Helbich, PhD Methods:  consent were obtained. Fifty-one patients with histopatho-
Siegfried Trattnig, PhD logic correlation or follow-up performed with a 3.0-T MR

imager were included in this studv. There were 112 re-

Radiology: Volume 253: Number 2—November 2009 = radiology.rsnajnis.org
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