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In the past two decades, there has been a shift in the clinical management of breast cancer to greater
use of pre-operative or neoadjuvant chemotherapy (NACT). In clinical trials, while the administration of
NACT showed no difference in disease-free or overall survival compared to traditional post-operative or
adjuvant chemotherapy [1, 2], NACT not only enabled tumor downgrade for breast conservation
surgery, it also provided means to evaluate the effectiveness of chemotherapy in patients. In the NACT
setting, intact primary breast cancers treated with systemic therapy can be monitored by imaging.
Breast cancer NACT presents a valuable opportunity to apply and refine imaging techniques to
accelerate new drug development for breast cancer.

MRI of the breast is a sensitive method for assessing both tumor morphology and physiology. The most
common MRI technique for functional assessment of breast tissue is based on DCE-MRI and involves
serial acquisition of MR images before, and at multiple time points following intravenous injection of
gadolinium contrast agent. DCE-MRI is the technique used today as the clinical standard for breast MRI.
Clinical interpretation of breast MRI is primarily based on visual interpretation according to the
American College of Radiology (ACR) Breast Imaging Reporting and Data System (BI-RADS) system for
MRI[3]. For more quantitative assessment, DCE-MRI data can be fit to an appropriate pharmacokinetic
model, allowing in vivo measurement of physiological parameters related to tissue perfusion,
microvascular permeability, and extracellular/extravascular volume fraction. These measurements can
be used to characterize tumor neovascularization and can detect changes in tumor vascular properties
resulting from treatment. Numerous studies using DCE-MRI have found that changes in kinetic
parameters measured early in treatment are associated with response[4-6]. Most of these studies were
done in small cohorts of patients using approaches that differed in imaging acquisition protocol,
variables measured, timing of early response measurement relative to treatment, and response
endpoints. Together they suggest that DCE-MRI may offer a sensitive and quantitative method for
assessing response to treatment.

Diffusion-weighted imaging (DWI) is an alternative MRI technique that can be used to measure the
mobility of water molecules in vivo. DWI is sensitive to tissue characteristics such as cell density,
membrane permeability, and microstructure. As such, DWI provides different but complementary
biologic information about tumors and their response to treatment in comparison to DCE-MRI. With
DWI, the MRI signal is sensitized to water diffusion using varying levels of a magnetic field gradient. DWI
studies of the breast have shown decreased diffusivity in malignant breast lesions relative to normal
breast tissue, primarily attributed to the increased cell density associated with solid tumors, including
breast tumors[7-9]. DWI has also been used to evaluate response to treatment. Separate studies have
found that the apparent diffusion coefficient (ADC) in tumors measured from DW images, increases in
response to treatment earlier than detectable changes in tumor size or vascularity measured by DCE-
MRI [10-13]. The increase in ADC is thought to be due to cell death and necrosis, and may be a valuable
early indicator of treatment efficacy that can precede measurable changes in tumor size. Indeed, a
growing number of studies have found ADC measures to be predictive of breast cancer treatment
outcome[12, 14-20]. DWI has the attractive feature of being a non-contrast technique that can be added
to the MRI exam with little time or cost penalty, while providing information distinct from DCE-MRI.
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This talk will discuss the emerging applications of functional MRI techniques for assessing breast tumor
response to neoadjuvant treatment and the application of MRI metrics as biomarkers of response and
risk-of-recurrence. Current findings from the I-SPY (ACRIN 6657/CALGB 150007) trial, a multi-center
study integrating biomarkers and imaging to maximize effectiveness of neoadjuvant treatment for
patients with locally-advanced breast cancer will be presented. The experience implementing
standardized MRI protocols in the multi-center setting will be discussed. This course is intended for
imaging scientists and clinical researchers involved in the diagnosis and treatment of breast cancer. Itis
expected that the audience will gain knowledge leading to the appropriate application of breast MRI
techniques in the neoadjuvant treatment setting.

Learning Objectives:

e Evaluate and compare functional MRI techniques for evaluating breast cancer

e Apply quantitative MRI approaches to measure breast tumor response to neoadjuvant
treatment

e C(ritically assess the role of breast MRI for measuring neoadjuvant treatment response and its
potential as a predictive biomarker

REFERENCES:

1. Fisher B, Bryant J, Wolmark N, Mamounas E, Brown A, Fisher ER, Wickerham DL, Begovic M,
DeCillis A, Robidoux A et al: Effect of preoperative chemotherapy on the outcome of women
with operable breast cancer. J Clin Oncol 1998, 16(8):2672-2685.

2. Wolmark N, Wang J, Mamounas E, Bryant J, Fisher B: Preoperative chemotherapy in patients
with operable breast cancer: nine-year results from National Surgical Adjuvant Breast and
Bowel Project B-18. J Nat/ Cancer Inst Monogr 2001(30):96-102.

3. Breast Imaging Reporting and Data System: ACR BI-RADS-MRI, 5th Edition, Reston, VA,
American College of Radiology, 2013. 2013.
4, Ah-See ML, Makris A, Taylor NJ, Harrison M, Richman PI, Burcombe RJ, Stirling JJ, d'Arcy JA,

Collins DJ, Pittam MR et al: Early changes in functional dynamic magnetic resonance imaging
predict for pathologic response to neoadjuvant chemotherapy in primary breast cancer. Clin
Cancer Res 2008, 14(20):6580-6589.

5. Yu HJ, Chen JH, Mehta RS, Nalcioglu O, Su MY: MRI measurements of tumor size and
pharmacokinetic parameters as early predictors of response in breast cancer patients
undergoing neoadjuvant anthracycline chemotherapy. J Magn Reson Imaging 2007, 26(3):615-
623.

6. Martincich L, Montemurro F, De Rosa G, Marra V, Ponzone R, Cirillo S, Gatti M, Biglia N, Sarotto
I, Sismondi P et al: Monitoring response to primary chemotherapy in breast cancer using
dynamic contrast-enhanced magnetic resonance imaging. Breast Cancer Res Treat 2004,

83(1):67-76.

7. Woodhams R, Matsunaga K, Kan S, Hata H, Ozaki M, Iwabuchi K, Kuranami M, Watanabe M,
Hayakawa K: ADC mapping of benign and malignant breast tumors. Magn Reson Med Sci 2005,
4(1):35-42.

8. Sinha S, Lucas-Quesada FA, Sinha U, DeBruhl N, Bassett LW: In vivo diffusion-weighted MRI of

the breast: potential for lesion characterization. J Magn Reson Imaging 2002, 15(6):693-704.

Proc. Intl. Soc. Mag. Reson. Med. 23 (2015)



10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

Guo Y, Cai YQ, Cai ZL, Gao YG, An NY, Ma L, Mahankali S, Gao JH: Differentiation of clinically
benign and malignant breast lesions using diffusion-weighted imaging. J Magn Reson Imaging
2002, 16(2):172-178.

Chenevert TL, Stegman LD, Taylor JM, Robertson PL, Greenberg HS, Rehemtulla A, Ross BD:
Diffusion magnetic resonance imaging: an early surrogate marker of therapeutic efficacy in
brain tumors. J Nat/ Cancer Inst 2000, 92(24):2029-2036.

Pickles MD, Gibbs P, Lowry M, Turnbull LW: Diffusion changes precede size reduction in
neoadjuvant treatment of breast cancer. Magn Reson Imaging 2006, 24(7):843-847.

Sharma U, Danishad KK, Seenu V, Jagannathan NR: Longitudinal study of the assessment by
MRI and diffusion-weighted imaging of tumor response in patients with locally advanced
breast cancer undergoing neoadjuvant chemotherapy. NMR Biomed 2009, 22(1):104-113.
Theilmann RJ, Borders R, Trouard TP, Xia G, Outwater E, Ranger-Moore J, Gillies RJ, Stopeck A:
Changes in water mobility measured by diffusion MRI predict response of metastatic breast
cancer to chemotherapy. Neoplasia 2004, 6(6):831-837.

Park SH, Moon WK, Cho N, Song IC, Chang JM, Park IA, Han W, Noh DY: Diffusion-weighted MR
imaging: pretreatment prediction of response to neoadjuvant chemotherapy in patients with
breast cancer. Radiology 2010, 257(1):56-63.

lacconi C, Giannelli M, Marini C, Cilotti A, Moretti M, Viacava P, Picano E, Michelotti A, Caramella
D: The role of mean diffusivity (MD) as a predictive index of the response to chemotherapy in
locally advanced breast cancer: a preliminary study. Eur Radiol 2010, 20(2):303-308.

Li XR, Cheng LQ, Liu M, Zhang YJ, Wang ID, Zhang AL, Song X, Li J, Zheng YQ, Liu L: DW-MRI ADC
values can predict treatment response in patients with locally advanced breast cancer
undergoing neoadjuvant chemotherapy. Med Oncol 2012, 29(2):425-431.

Fangberget A, Nilsen LB, Hole KH, Holmen MM, Engebraaten O, Naume B, Smith HJ, Olsen DR,
Seierstad T: Neoadjuvant chemotherapy in breast cancer-response evaluation and prediction
of response to treatment using dynamic contrast-enhanced and diffusion-weighted MR
imaging. Eur Radiol 2011, 21(6):1188-1199.

Manton DJ, Chaturvedi A, Hubbard A, Lind MJ, Lowry M, Maraveyas A, Pickles MD, Tozer DJ,
Turnbull LW: Neoadjuvant chemotherapy in breast cancer: early response prediction with
guantitative MR imaging and spectroscopy. Br J Cancer 2006, 94(3):427-435.

Nilsen L, Fangberget A, Geier O, Olsen DR, Seierstad T: Diffusion-weighted magnetic resonance
imaging for pretreatment prediction and monitoring of treatment response of patients with
locally advanced breast cancer undergoing neoadjuvant chemotherapy. Acta oncologica 2010,
49(3):354-360.

Woodhams R, Kakita S, Hata H, Iwabuchi K, Kuranami M, Gautam S, Hatabu H, Kan S, Mountford
C: Identification of residual breast carcinoma following neoadjuvant chemotherapy: diffusion-
weighted imaging--comparison with contrast-enhanced MR imaging and pathologic findings.
Radiology 2010, 254(2):357-366.

Proc. Intl. Soc. Mag. Reson. Med. 23 (2015)



