Dynamic contrast enhanced MR imaging of the breast is increasingly used in addition to the conventional breast imaging methods, mammography and ultrasound, to improve
the detection and characterization of primary and recurrent breast cancer, and to evaluate response to therapy. The sensitivity of MRI for detection of breast cancer is very high,
reported over 90% in most studies [1-2] and approaching 100% in invasive tumors. However, in ductal carcinoma in situ (DCIS) the sensitivity varies between 40% and 100%
[3]. False negative exams can occur with DCIS and also with invasive ductal and lobular malignancies. The specificity of breast MRI was reported between 37% and 100%, in
most studies varied from 50% to 70% [1]. The relatively low specificity of breast MRI is a disadvantage, and rigorous criteria for the interpretation of breast MRI findings have
been proposed [4], as well as new imaging techniques based on molecular and cellular properties of tissues have been investigated [5-6].

Highly predictive of benign find-
ing, NPV for malignancy 96% [7]. Rarely non-enhancing tumors may include DCIS [3]
and invasive carcinomas [7].

Many benign

breast lesions can enhance, non-proliferative lesions (mild hyperplasia, fibroadeno-
mas), proliferative lesions without atypia (sclerosing adenosis, radial and complexing
sclerosing lesions, moderate hyperplasia, intraductal papillomas), and atypical lobular A B. C D. E.
and ductal hyperplasia.
Typical benign features for masses: smooth margins NPV 95%, dark internal septa-
tions NPV 98% [7]. If mass is lobulated and shows no or minimal enhancement, it is
likely benign NPV 100% |[7]. If mass is lobulated and shows moderate to marked en-
hancement NPV is 67%. Correlation between the enhancing portion of the lesion and
T2-weighted signal is helpful [8] (see T27). In non-mass regional enhancement, the
mild degree of enhancement is suggestive of benign etiology, NPV 92%.

Irregular
or spiculated margins PPV 84%-91% [7], rim-enhancement PPV 40-86% [1], ductal
distribution of enhancement, linear and/or branching PPV 24-85% [1], heterogeneous
internal enhancement, and enhancing internal septations are features associated with
malignancy. The moderate to marked degree of enhancement in non-mass regional en-
hancement has PPV 59% |7]. Regional enhancement with micronodular (stippled) pat-
tern has been reported in both benign (fibrocystic disease) and malignant (DCIS) ab-
normalities [7].

Type I: progressive enhancement curve — continuously increasing enhancement at each
scan post contrast. It is usually associated with benign disease, 83% benign and 9%
malignant [10], sensitivity and specificity to indicate a benign lesion is 52.2% and 71%
[2].

Type 1I: plateau enhancement curve — initial increase and subsequent flattening of en-
hancement curve, has sensitivity 42.6%, and specificity 75% [2] as an indicator of ma-
lignancy.

Type 111: washout enhancement curve — initial rise and subsequent decrease of en- B
hancement. It is usually absent in patients with benign disease, specificity 90.4 % but
has sensitivity of only 20.5% [2].

Both type 11 and III curves should be considered as suspicious for malignancy. The
specificity of breast MRI is improved when both morphological and Kinetic features
are used in the interpretation [11]. Due to the overlap between different enhancement
Kinetics, it Is not recommended to use the Kinetics assessment alone.
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Some coils are equipped with the compression plate, advantage of compression - mini-
mization of patient motion, decrease in the thickness of the breast and shorter imaging time. Too excessive compres-
sion can compromise enhancement of breast tumor leading to false negative resulit.

Most tumors can be visualized only after intravenous contrast administration, usual dose 0.1
mmol/kg injected as a bolus often followed with 10-20 cc saline flush (hand or power injector). High-resolution T1-
weighted images without or with fat saturation, thin slice thickness and no gap are performed for optimal sensitivity,
best obtained with 3D gradient echo sequences in less than 2 minutes: allows for acquisition of several post-contrast
sequences and both lesion morphology and enhancement Kinetics can be analyzed. Morphological features are best
evaluated with high spatial resolution imaging, thus imaging with higher matrix and smaller field of view is recom-
mended [14]. Architectural feature analysis can be performed at any point during the first 4 minutes and 30 seconds
following contrast injection [15].

By increasing the spatial resolution (512 imaging matrix), at the
expense of temporal resolution, the assessment of subtle morphologic details of breast lesions improves significantly
and leads to the increase in diagnostic accuracy. There is loss of some Kinetic information regarding enhancement
rates (wash in rate within the first 2 minutes), but it was shown that the enhancement rate is a relatively weak diag-
nostic criterion with broad overlap between benign and malignant lesions. However, the kinetic information regard-
ing time enhancement course pattern is preserved with acquisition times of up to 2 minutes [14].

Post contrast scan time > 2 mins - the washout may no longer be appreciated when the first post contrast images are
obtained too late after peak enhancement while documenting the descending part of the signal time curve.

Kinetics ROI too large or in suboptimal location - optimal ROI should be adjusted to the size of lesion 2-10 mm and
should be placed in the region of strongest enhancement on the first post-contrast scan, best appreciated on the maxi-
mum slope of enhancement color maps (Figure 5.).

Ambiguity of imaging findings - i.e. post-surgical changes, physiologic breast changes

e During first half of the menstrual cycle (days 3 -14) [12] to minimize false positive results due to the enhancement
of normal breast parenchyma.

o 28 days or later after surgery [13] to assess for residual disease. MRI may not be able to exclude small foci of re-
sidual tumor, but it may be helpful in identifying gross residual disease or unsuspected multifocal-multicentric tumor.
Findings suggestive of residual tumor: thick > Smm, irregular or nodular enhancing rim around the resection cavity.
Postoperative site can enhance up to 6 months without XRT and up to 18-24 months after XRT [1].

e high risk of breast cancer (BRCA1/2 mutation carriers)

e strong family history of breast cancer, especially when conventional breast imaging limited due to conditions that
may impair interpretation, such as silicone and non-silicone augmentation or radiographically dense breasts

e contralateral screening in a patient newly diagnosed with breast cancer

e search for occult primary in women with axillary metastases

e previous biopsy-proved atypia or lobular carcinoma in situ

problematic mammogram, one view abnormality, other modalities in-conclusive

determination of local extent of malignancy, chest wall involvement, preoperative staging

postoperative assessment - postlumpectomy for residual disease, especially when positive margins

treatment response in neoadjuvant chemotherapy

invasive lobular carcinoma histology, evaluation of extent, multifocality, and multicentricity

infiltrating ductal carcinoma histology , determination of the extent of disease, particularly in breast conservation
candidates

e recurrence of breast cancer — suspicion of recurrence when clinical and/or mammographic findings are inconclu-
sive and postoperative tissue reconstruction with tissue transfer flaps

o differentiation between scar and tumor

T2 hyperintensity within
the viable (enhancing) portion of the lesion is highly suggestive of benign histology
[8]. However, T2 signal intensity is not reliable predictor of benignity in irregular or
spiculated masses. Colloid carcinoma can present as smooth T2 bright and non-
enhancing mass [7]. On T2-weighted images, breast cancers are more likely (87%)
iso- or hypointense with respect to breast parenchyma (Figures 4-5) [9]. Dark inter-
nal septations on T2-weighted images are typical for benign fibroadenomas (Figure
1.). Rarely, adenoid cystic carcinoma may show internal dark septations that do not
enhance [7]. T2-weighted signal intensity of breast lesion is used as a secondary crite-
rion to confirm the diagnosis of benignity established by the primary morphologic
features not to rule out breast cancer.

The novel imaging
methods that have the potential to improve specificity for the identification of breast
malignancy are focusing on the multiparametric MRI, proton magnetic resonance
spectroscopic imaging (MRSI), and 23Na sodium MRI. When used in combination,
these techniques provide a comprehensive data set with potential to diagnose breast
disease with higher accuracy than any single measure alone. A combination of MRI,
MRSI, and 23Na sodium MR parameters may be examined in a single MR study
[5-6].

1. Lee CH. Problem solving MR imaging of the breast. Radiol Clin N Am 2004;42:919-934.

2. Bluemke DA, Gatsonis CA, Chen MH, et al. Magnetic resonance imaging of the breast prior to biopsy. JAMA
2004:292:2735-2742.

3. Ikeda DM, Birdwell RL, Daniel BL. Potential role of magnetic resonance imaging and other modalities in ductal carcinoma
in situ detection. MRI Clin North Am 2001;9:345-356.

4. American College of Radiology. Breast imaging reporting and data system (BI-RADS). 4th edition. Reston (VA): American
College of Radiology; 2003.

5. Jacobs MA, Ouwerkerk R, Wolff AC, et al. Multiparametric and multinuclear magnetic resonance imaging of human
breast cancer: current applications. Technol Cancer Res Treat 2004;3:543-550.

6. Jacobs MA, Barker PB, Argani P, Ouwerkerk R, Bhujwalla ZM, Bluemke DA. Combined dynamic contrast enhanced
breast MR and proton spectroscopic imaging: a feasibility study. J Magn Reson Imaging 2005;21:23-8.

7. Nunes LW, Schnall MD, Orel SG. Update of breast MR imaging architectural interpretation model. Radiology
20015219:484-94.

8. Malich A, Fischer DR, Wurdinger S, Boettcher J, Marx C, Facius M, Kaiser WA. Potential MRI interpretation model: dif-
ferentiation of benign from malignant breast masses. AJR Am J Roentgenol 2005;185:964-70.

9. Kuhl CK, Klaschik S, Mielcarek P, Gieseke J, Wardelmann E, Schild HH. Do T2-weighted pulse sequences help with the
differential diagnosis of enhancing lesions in dynamic breast MRI? J Magn Reson Imaging 1999;9:187-196.

10. Kuhl CK, Mielcareck P, Klaschik S, Leutner C, Wardelmann E, Gieseke J, Schild HH. Dynamic breast MR imaging: are
signal intensity time course data useful for differential diagnosis of enhancing lesions? Radiology 1999;211:101-110.

11. Schnall MD, Rosen S, Englander S, Orel SG, Nunes LW. A combined architectural and Kinetic interpretation model for
breast MR images. Acad Radiol 2001;8:591-597.

12. Delille JP, Slanetz PJ, Yeh ED, Kopans DB, Garrido L. Physiologic changes in breast magnetic resonance imaging during
the menstrual cycle: perfusion imaging, signal enhancement, and influence of the T1 relaxation time of breast tissue. Breast
J. 2005;11(4):236-241.

13. Frei KA, Kinkel K, Bonel HM, Lu Y, Esserman LJ, Hylton NM. MR imaging of the breast in patients with positive mar-
gins after lumpectomy: influence of the time interval between lumpectomy and MR imaging. AJR Am J Roentgenol.
2000;175:1577-1584.

14. Kuhl CK, Schild HH, Morakkabati N. Dynamic bilateral contrast-enhanced MR imaging of the breast: trade-off between
spatial and temporal resolution. Radiology 2005;236:789-800.

15. Nunes LW, Englander SA, Charafeddine R, Schnall MD. Optimal post-contrast timing of breast MR image acquisition for
architectural feature analysis. JMRI 2002;16:42-50.



