Chapter 4
MRI and Preoperative Staging in Women
Newly Diagnosed with Breast Cancer

Su-Ju Lee and Mary C. Mahoney

Abstract Breast magnetic resonance imaging (MRI) is well established as the
most sensitive and accurate imaging modality for local-regional staging of breast
cancer. It is superior to clinical examination, mammography and ultrasound, alone
or combined, in delineation of size and extent of tumor, additional sites of disease,
pectoralis muscle and chest wall invasion, nipple and skin involvement, as well as
lymph node metastasis. However, the use of MRI for staging of newly diagnosed
breast cancer has been a subject of intense debate, because the expected clinical
benefits of improved staging by MRI have been called into question. The clinical
outcome literature on the benefits of preoperative MRI shows conflicting results
regarding re-excision rates and local recurrence rates, and the data do not support
a benefit on long-term survival. There are also concerns that preoperative MRI
causes delayed definitive therapy and increased mastectomy rates. This chapter
details the advantages of MRI staging of newly diagnosed breast cancer, discusses
the benefit of MRI staging for a subset of patients and certain clinical scenarios,
and reviews the current literature with respect to the pros and cons of MRI
staging.
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Abbreviations

ADC Apparent diffusion coefficient
AJCC  American Joint Committee on Cancer
ALND  Axillary lymph node dissection

BCT Breast conservation therapy

BPE Background parenchymal enhancement
DCIS  Ductal carcinoma in situ

EIC Extensive intraductal component

ER Estrogen receptor

Her2 Human epidermal growth factor receptor 2
IBC Inflammatory breast cancer

ILC Invasive lobular cancer

M Internal mammary

MIP Maximal-intensity projection

MLO  Mediolateral oblique

MRI Magnetic resonance imaging

NAC Nipple-areolar complex
NME Nonmass enhancement
NSM Nipple sparing mastectomy
PBI Partial breast irradiation
PR Progesterone receptor
SLNB  Sentinel lymph noe biopsy

4.1 Introduction

The TNM system developed by American Joint Committee on Cancer (AJCC) is
routinely used for determination of prognosis and treatment options for breast can-
cer (see Tables 4.1, 4.2, 4.3, and 4.4) [1]. The TNM system categorizes the stage of
disease based on data from the primary tumor (T), regional lymph nodes (N), and
distant metastases (M). Prior to the advent of breast magnetic resonance imaging
(MRY), clinical staging and treatment planning for newly diagnosed breast cancer
were based on clinical examination, mammography, and ultrasound. This is then
replaced by pathologic staging after resection of the primary tumor and lymph node
sampling. Breast cancer biologic markers, including estrogen receptor (ER), pro-
gesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2)
also play a role in treatment planning.

Breast MRI is the most sensitive and accurate imaging modality for local-
regional staging of breast cancer [2-7]. It is superior to clinical examination,
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Table 4.1 The American Joint Committee on Cancer staging system: breast primary tumor (T)

X Primary tumor cannot be assessed
TO No evidence of primary tumor
Tis Carcinoma in situ

Tis (DCIS) | Ductal carcinoma in situ

Tis (LCIS) | Lobular carcinoma in situ

Tis Paget’s disease of the nipple not associated with invasive carcinoma or
(Paget’s) carcinoma in situ (DCIS and/or LCIS) in the underlying breast parenchyma
Tl Tumor <20 mm in greatest dimension

Tlmi Tumor <1 mm in greatest dimension

Tla Tumor >1 mm but <5 mm in greatest dimension

T1b Tumor >5 mm but <10 mm in greatest dimension

Tlc Tumor >10 mm but <20 mm in greatest dimension
T2 Tumor >20 mm but <50 mm in greatest dimension
T3 Tumor >50 mm in greatest dimension
T4 Tumor of any size with direct extension to the chest wall and/or to the skin

(ulceration or skin nodules)
Note: Invasion of the dermis alone does not qualify as T4

T4a Extension to the chest wall, not including only pectoralis muscle adherence/
invasion
T4b Ulceration and/or ipsilateral satellite nodules and/or edema (including peau

d’orange) of the skin, which do not meet the criteria for inflammatory carcinoma
T4c Both T4a and T4b
T4d Inflammatory carcinoma

Source: Edge et al. [1] (Used with the permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois)

mammography and ultrasound, alone or combined, in delineation of the size and
extent of tumor, additional sites of disease, pectoralis muscle and chest wall inva-
sion, nipple and skin involvement, as well as lymph node metastasis. The ability
of MRI to assess the size and extent of the index tumor and to identify additional,
otherwise occult disease of the index and contralateral breasts has added sensitiv-
ity and complexity to clinical staging and surgical planning.

4.2 Size and Extent of Index Tumor

All published studies show that breast MRI is the most accurate imaging tool for
evaluation of the size and extent of breast tumor [2—7]. Lesion size as determined by
MRI correlates best with the pathologic size assessment among all imaging modali-
ties (Fig. 4.1), although overestimation and underestimation do occur. MRI may
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Table 4.2 The American Joint Committee on Cancer staging system: breast regional lymph nodes

MN)

Clinical

NX Regional lymph nodes cannot be assessed (e.g. previously removed)

NO No regional lymph node metastases

NI Metastases to movable ipsilateral level I, IT axillary lymph node(s)

N2 Metastases in ipsilateral level I, IT axillary lymph nodes that are clinically fixed or

matted; or in clinically detected® ipsilateral internal mammary nodes in the absence of
clinically evident axillary lymph node metastases

N2a | Metastases in ipsilateral level I, IT axillary lymph nodes fixed to one another (matted) or
to other structures

N2b | Metastases only in clinically detected® ipsilateral internal mammary nodes and in the
absence of clinically evident level I, II axillary lymph node metastases

N3 Metastases in ipsilateral infraclavicular (level III axillary) lymph node(s) with or
without level I, I axillary lymph node involvement;

Or in clinically detected® ipsilateral internal mammary lymph node(s) with clinically
evident level I, IT axillary lymph node metastases;

Or metastases in ipsilateral supraclavicular lymph node(s) with or without axillary or
internal mammary lymph node involvement

N3a | Metastases in ipsilateral infraclavicular lymph node(s)

N3b | Metastases in ipsilateral internal mammary lymph node(s) and axillary lymph node(s)

N3c | Metastases in ipsilateral supraclavicular lymph node(s)

Source: Edge et al. [1] (Used with the permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois)

AClinically detected is defined as detected by imaging studies (excluding lymphoscintigraphy) or
by clinical examination and having characteristics highly suspicious for malignancy or a presumed
pathologic macrometastasis based on fine needle aspiration biopsy with cytologic examination

Table 4.3 The American Joint Committee on Cancer staging system: breast distant metastases (M)

Mo No clinical or radiographic evidence of distant metastases

c¢MO(@+) | No clinical or radiographic evidence of distant metastases, but deposits of
molecularly or microscopically detected tumor cells in circulating blood, bone
marrow, or other nonregional nodal tissue that are no larger than 0.2 mm in a patient
without symptoms or signs of metastases

Ml Distant detectable metastases as determined by classic clinical and radiographic
means and/or histologically proven larger than 0.2 mm

Source: Edge et al. [1] (Used with the permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois)

overestimate tumor size (by greater than 5 mm) in up to 35 % of cases and underes-
timate size in 13 % of cases [5, 6]. The causes of over- or under-estimation have yet
to be defined. Some studies suggest that MRI tumor size correlates better with
pathologic measurement with high-grade invasive tumor and high-grade ductal car-
cinoma in-situ (DCIS), and tends to underestimate size in low-grade tumors [8, 9].
However, a recent report showed high-grade tumor and DCIS to be the strongest
negative factors resulting in overestimation of tumor size on MRI [10]. There is a
greater tendency for tumor size overestimation when tumors are larger than 2 cm in
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Table 4.4 The American Joint Committee on Cancer staging system: breast anatomic stage/
prognostic groups

Stage Tumor Node Metastasis
0 Tis NO MO
1A T1® NO MO
1B TO Nlmi MO
T1® Nlmi MO
1A TO N1° MO
T1? N1® MO
T2 NO MO
1IB T2 N1 MO
T3 NO MO
1A TO N2 MO
T1? N2 MO
T2 N2 MO
T3 N1 MO
T3 N2 MO
1B T4 NO MO
T4 N1 MO
T4 N2 MO
Ic Any T N3 MO
v Any T Any N M1

Source: Edge et al. [1] (Used with the permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois)

“T1 includes T1mi

"T0 and T1 tumors with nodal micrometastases only are excluded from Stage ITA and are classified
as Stage IB disease

size [6, 10]. The MRI sequence on which the tumors are measured may also be a
factor. A recent report suggests that index tumor size is best measured on T2
weighted images, whereas the whole extent of disease is best estimated on early-
subtracted dynamic contrast enhanced T1 weighted images [11].

MRI is more accurate than mammography or ultrasound for detection of an intra-
ductal component of an invasive cancer (Figs 4.2 and 4.3). However, it may overes-
timate this finding in 11-28 % and underestimate it in 17-28 % of cases [12—14].
Overestimation may be due to enhancement of normal glandular tissue, other coex-
isting benign entities, or lymphovascular invasion [15]. Since extensive intraductal
component (EIC) is a contributing factor for positive surgical margins at breast
conserving surgery, preoperative delineation of the extent of EIC is essential.

Contrary to early reports, MRI has been shown to be more sensitive in detection
of DCIS than mammography and ultrasound (Fig. 4.4). This is largely attributable
to a greater emphasis on high spatial resolution over high temporal resolution in
MRI technique [16]. Reported MRI sensitivity for DCIS in the more recent litera-
ture is 79-97 %, compared with only 52-56 % by mammography. The sensitivity
reaches 98 % in high-grade or comedo type DCIS [16, 17]. Several recent studies
investigated the utility of MRI in the detection of invasive component in DCIS diag-
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Left Ereast 8:00 3 cm from nipple radial

Fig. 4.1 Clinical stage ITA, T2NOMO tumor in a 52-year-old with a palpable mass in the left breast
and discordant tumor size between breast examination, mammography, and ultrasound. (a) Left
mediolateral oblique view (MLO) mammogram reveals a small group of microcalcifications (black
arrow). Biopsy revealed invasive lobular carcinoma. (b) Ultrasound of the left breast at the biopsy
site shows two adjacent irregular hypoechoic masses, measuring 2.7 x 1.5 cm in aggregate. (c)
Sagittal post contrast T1-weighted maximal-intensity projection (MIP) MR image reveals an irreg-
ular enhancing mass, 3.7 x 2.5 x 2.0 cm in size (between arrows). Arrowhead denotes focal sus-
ceptibility artifact caused by a tissue marker at the site of microcalcifications. Histopathology
confirmed the large tumor size
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Fig. 4.2 Clinical stage IITIA, T3ANIMO tumor in a 72-year-old with extensive intraductal compo-
nent (EIC) and unsuspected nipple involvement. (a) Left MLO view mammogram shows hetero-
geneously dense breast tissue with a triangular marker (white arrow) indicating a palpable mass.
The mass is not visible on mammography. An abnormal high-density axillary lymph node is visi-
ble (black arrow). (b) Ultrasound of the palpable mass reveals a 2.7 cm irregular mass. Ultrasound
guided biopsy confirmed invasive ductal carcinoma. Fine needle aspiration of the suspicious
lymph node was positive for metastasis. (¢) Sagittal post contrast T1 MIP MR image demonstrates
an irregular enhancing mass corresponding to the known invasive cancer, with nonmass enhance-
ment (long arrows) extending from the mass both anteriorly and posteriorly, consistent with
EIC. The maximal anteroposterior extent of the tumor is 12 cm. Note the metastatic node with loss
of fatty hilum (arrowhead). (d) Axial post contrast fat-saturated T1 MR image reveals nonmass
enhancement in a ductal distribution (short arrows) extending to the nipple, with enhancement of
the nipple-areolar complex (NAC) (arrowhead) consistent with tumor invasion
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Fig. 4.3 Clinical stage IIIA, T3NIMO tumor in a 42-year-old woman with multicentric right
breast cancer, EIC, and nipple involvement. (a) Sagittal post contrast subtraction T1 MIP MR
image of the right breast shows a small known invasive tumor (arrowhead) and extensive nonmass
enhancement consistent with EIC, involving the upper outer and upper inner quadrants (between
arrows). There is a metastatic lymph node in the axilla. (b) Bilateral axial post contrast fat-
saturated T1 MR image demonstrates nodular enhancement in the right nipple (arrow), compared
to non-enhancement of the left nipple. The focal signal abnormality in the left nipple (arrowhead)
is an artifact

Fig. 4.4 Clinical stage 0, TisNOMO tumor in a 39-year-old woman with extensive DCIS. (a) Spot
magnification mediolateral view mammogram of the right breast demonstrates dense breast tissue
with extensive pleomorphic microcalcifications that did not extend to the nipple. Biopsy confirmed
high grade DCIS. (b) Sagittal post contrast fat-saturated T1 MR image shows extensive clumped
nonmass enhancement. The tumor extends to within 2 mm of the nipple anteriorly and 3 mm of the
pectoral muscle posteriorly (white arrows). A small hematoma from biopsy is present (black
arrow). The patient is not an appropriate candidate for nipple-sparing mastectomy because the
close proximity of tumor to the nipple suggests occult nipple invasion
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nosed on needle biopsies. The presence of a mass, rapid initial enhancement, wash-
out kinetics, larger lesion size, higher lesion to background signal intensity ratios,
higher number of tissue cores involved by tumor nests, and lower apparent diffusion
coefficient (ADC) values have been linked to the presence of occult invasion
[18-20].

4.3 Additional Sites of Disease

Multifocal disease is defined as two or more tumor foci in the same quadrant of the
breast (Fig. 4.5). Multicentric disease is a condition with two or more tumor foci in
different quadrants of the breast (Fig. 4.6). Although TNM staging system does not

Fig. 4.5 Clinical stage IIA, TINIMO tumor in a 52-year-old woman with multifocal carcinoma.
Axial post contrast subtraction T1 MIP MR image of the right breast demonstrates multiple
enhancing masses in the central and lateral aspects of right upper breast. The largest, 1.2 cm mass
is a known invasive carcinoma (long arrow). Four additional tumors (short arrows) are seen ante-
rior to it. An enlarged level I right axillary lymph node with loss of reniform shape and fatty hilum
(arrowhead) was positive for metastatic disease on fine needle aspiration



74 S.J. Lee and M.C. Mahoney

Fig. 4.6 Clinical stage IIA, TINOMO tumor in a 48-year-old woman with multicentric tumors. An
architectural distortion on her screening mammogram led to the ultrasound biopsy of a 1.2 cm
mass, which revealed invasive lobular carcinoma. (a) Left MLO view mammogram shows hetero-
geneously dense breast with a biopsy marker at the site of the index tumor (black arrow). No other
suspicious abnormality is visible. (b) Sagittal post contrast T1 MIP MR image demonstrates the
lobulated index mass (arrowhead) and multiple additional small irregular enhancing masses (small
arrows). (¢) Sagittal post contrast fat-saturated T1 MR image shows part of the known index tumor
(arrowhead). Multiple tumors in different quadrants (long arrows) are better appreciated. Biopsies
of two additional masses confirmed multicentric invasive lobular cancers

take these into consideration, the detection of additional sites of disease greatly
impacts surgical management. While multifocal disease may be amenable to breast
conservation, multicentric disease is usually treated with mastectomy. MRI is supe-
rior to conventional imaging for identifying additional cancer foci in the same breast
as the index tumor, and in the opposite breast [21-26]. The preoperative identifica-
tion of these additional tumor foci may alter surgical and radiation therapy. In a
recent meta-analysis of 50 studies, Plana and associates found that preoperative
MRI detected additional, otherwise occult, cancers in the ipsilateral breast in 20 %
of cases, with a summary positive predictive value (PPV) of 67 % and accuracy of
93 %. The PPV increased to 75 % when MR scanner >1.5 T was used [23]. These
results are similar to the findings of an earlier meta-analysis of 19 studies, showing
detection of additional disease in 16 % of cases with a summary PPV of 66 % and
accuracy of 86 % [24]. In this and another meta-analysis, MRI found additional
cancer in the contralateral breast in 4.1-5.5 % of patients (Fig. 4.7) at the time of
diagnosis [23, 25]. This is similar to the 3.1 % rate reported by the ACRIN 6667
multicenter prospective trial [26].

Many studies have examined the surgical impact of finding additional sites of
disease. Plana’s meta-analysis of 26 studies found an appropriate change in surgical
management in 12.8 % of patients with confirmed additional malignancy, with
8.3 % of patients converted from breast conservation therapy (BCT) to mastectomy
and 4.5 % receiving more extensive excision [23]. However, false positive cases
resulted in inappropriate alteration in surgical treatment in 6.3 % of cases, including
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Fig. 4.7 Clinical stage IV, T4dN1M1 tumor in a 63-year-old woman with diffuse erythema of the
right breast. Skin punch biopsy confirmed inflammatory breast cancer (IBC). Staging MRI showed
contralateral left breast cancers and positive right axillary level I, II nodes. (a) Sagittal T1 MIP MR
image of the right breast reveals extensive nonmass enhancement (between arrow and arrowhead)
and enhancement of the nipple consistent with invasion (arrowhead). A partially obscured irregu-
lar mass is seen more posteriorly (long arrow). (b) Sagittal T1 MIP MR image of the left breast
shows two masses with heterogeneous enhancement. Biopsy confirmed both to be invasive ductal
carcinoma. (c¢) Bilateral axial post contrast fat-saturated T1 MR image demonstrates asymmetric
enlargement of the right breast with diffuse thickening and heterogeneous enhancement of the
skin. Nipple invasion (white arrowhead) and extensive subareolar nonmass enhancement (between
short arrows) are obvious. An enhancing mass is seen in the left breast (black arrowhead). An
enhancing focus in the right sternum (long white arrow) was positive on PET/CT scan, consistent
with distant metastasis. (d) Axial post contrast fat-saturated T1 MR image of the right breast dem-
onstrates enhancing nodule in the skin (arrow) caused by dermal lymphatic embolus (the “punched
out” lesion). Diffuse thickening and heterogeneous enhancement of the skin are evident
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1.7 % undergoing mastectomy and 4.6 % receiving more extensive excision [23].
These results parallel the findings of another meta-analysis, which showed a 1.1 %
conversion rate to mastectomy and a 5.5 % rate of more extensive surgery due to
false positive MRI [24]. The false positive cases illustrate the importance of histo-
logic confirmation of suspicious MRI findings before performing more extensive
surgery.

Occasionally, additional tumor may be present, but not detected by MRI. These
false negative cases may be caused by non-enhancing tumor or obscuration by
moderate to marked background parenchymal enhancement (BPE) of normal tis-
sue [2, 27, 28]. BPE is mediated by hormonal activity, and is not correlated with
mammographic density [28]. Attempts should be made to schedule breast MRI
during the second week of the menstrual cycle or discontinuing exogenous hor-
mone therapy for several months before MRI to reduce BPE. However, to avoid
delay in therapy, this is not possible in patients newly diagnosed with breast
cancer.

4.4 Pectoral Muscle and Chest Wall Involvement

Knowledge of pectoral or chest wall invasion by breast cancer prior to surgery is
important, because of its impact on tumor staging, surgical planning and overall
therapeutic approach. Chest wall invasion is defined as tumor infiltration of ribs,
intercostal muscles and/or serratus anterior muscle [29]. Breast tumor with chest
wall invasion is considered locally advanced disease with a tumor classification of
T4a and a minimum TNM stage of IIIB with a 5-year survival rate of 23 % [30, 31].
Breast tumor with chest wall invasion may require neoadjuvant chemotherapy, with
or without chest wall radiation, followed by more extensive surgery including chest
wall resection [30, 31]. A tumor that invades only the pectoral muscle may require
partial excision of the muscle if the invasion is superficial, or radical mastectomy
with resection of the entire muscle if full thickness of the muscle is involved (Fig.
4.8) [30].

Evaluation of the pectoral muscle and chest wall underlying a posteriorly located
breast tumor is usually limited on physical examination, mammography and ultra-
sound [30-32]. Far posterior tumors are difficult to include in the field of view on
mammography. On sonography, the strong acoustic shadowing by breast cancer
often obscures the underlying pectoral muscle. By contrast, the pectoral muscle and
chest wall are well demonstrated on MRI (Fig. 4.9) [32]. Previous studies showed
that contrast enhancement of the pectoral muscle or chest wall structures, either
infiltrative or mass-like (Figs. 4.8 and 4.10a), are the only reliable MRI finding to
predict invasion [32, 33]. Proximity of the tumor or violations of the fat plane alone
are not sufficient evidence of muscle invasion (Fig. 4.11a) [32, 33]. Pectoral muscle
enhancement caused by recent biopsy of nearby primary tumor is a known cause of
false positive interpretation [33].
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Fig. 4.8 Clinical stage IIA, T2NOMO tumor in a 70-year-old woman with invasive ductal carci-
noma of the right breast. (a) Axial post contrast fat-saturated T1 MR image demonstrates a poste-
riorly located tumor in the right breast with full thickness involvement of the pectoral muscle
(between arrows). The tumor has a maximum dimension of 2.2 cm. (b) Sagittal post contrast fat-
saturated T1 MR image shows the irregular mass invading the pectoral muscle (between arrows)
without affecting the underlying intercostal muscles

RMLO
a

Fig. 4.9 Clinical stage IIA, T2NOMO tumor in a 44-year-old woman with a posteriorly located inva-
sive ductal carcinoma of the right breast. (a) Right MLO view mammogram demonstrates a 2.5 cm
mass (black arrow) in the posterior breast, incompletely imaged and inseparable from pectoral muscle.
A BB on the breast skin denotes a palpable mass. (b) On the laterally exaggerated CC view, the tumor
again overlaps with the pectoral muscle. (¢) Sagittal post contrast fat-saturated T1 MR image shows
the mass (long arrow) not in close proximity or invading the pectoral muscle (four small arrows)
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Fig. 4.10 Clinical stage IIIC, T4dN3Mx tumor in a 41-year-old woman with triple-negative inva-
sive ductal carcinoma, and clinical evidence of inflammatory carcinoma of the left breast. (a) Axial
post contrast fat-saturated T1 MR image demonstrates a 10 cm left breast mass with enhancement
of the pectoral muscle, indicating invasion (between arrowheads). Enhancement of intercostal
muscles and pleura (small white arrows) indicates chest wall invasion. An enlarged left internal
mammary lymph node (black arrow) and palpable left axillary nodes constitute N3 nodal status.
Diffuse thickening and enhancements of the skin and Cooper ligaments are consistent with inflam-
matory carcinoma. (b) Axial post contrast fat-saturated T1 MR image shows the locally advanced
tumor invading the skin with ulceration (between small white arrows), the pectoral muscle (arrow-
head) and the intercostal muscle (black arrows). (¢) Sagittal fat-saturated T2 image demonstrates
diffuse cutaneous and subcutaneous edema (arrowheads), prepectoral edema (short arrow), and
intramuscular edema (long arrow). These are differential features in favor of IBC

4.5 Skin and Nipple Involvement

According to AJCC TNM system for clinical staging of breast cancer, ulceration
and/or satellite nodules and/or edema (including peau d’orange) of the skin which
do not meet the criteria for inflammatory carcinoma, are classified as T4b tumor,
resulting in at least stage II1IB disease (Tables 4.1 and 4.4). Invasion of the dermis
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Fig. 4.11 Clinical stage IIIA, T3N2MO tumor in a 54-year-old woman with a left breast mass and
left nipple retraction. (a) Axial post contrast fat-saturated T1 MR image of the left breast reveals a
large (7.1 cm) spiculated enhancing mass abutting the pectoral muscle (black arrow). Obliteration
of the muscle fascia and tenting of the muscle are present, but there is no muscle enhancement to
indicate invasion. Enhancement and retraction of the nipple (arrowhead) indicates nipple invasion.
Diffuse thickening and enhancement of the skin in the lateral aspect of the breast (four short
arrows) signal skin invasion by local extension. Skin thickening without enhancement in the
medial breast (three long arrows) reflects lymph edema without invasion. (b) Axial post contrast
fat-saturated T1 MR image more superiorly reveals three abnormal level I axillary nodes lying
lateral to the pectoralis muscles. The two lateral nodes are matted to each other, while the medial
node adheres to the pectoralis minor muscle. Note the loss of hilar fat in the nodes. Spiculated
margins of the nodes suggest extracapsular tumor extension, which was confirmed by core biopsy

alone, without the above mentioned skin changes, does not meet the criteria of a T4
tumor (Table 4.1). On MRI, direct invasion of the skin appears as localized skin
thickening and enhancement, which is contiguous with an underlying malignancy,
with or without skin retraction (Fig. 4.11a). Skin edema, seen as areas of non-
enhancing skin thickening (>3 mm) on MRI, may occur as a result of lymphatic
obstruction, with or without malignant involvement (Fig. 4.11a). In later stages,
enhancing skin nodules, masses, and ulceration are well demonstrated on MRI (Fig.
4.10b). When skin involvement by a locally advanced tumor is extensive, differen-
tiating it from inflammatory carcinoma on clinical examination and MRI is difficult
without a skin punch biopsy [34].

Preoperative evaluation of the nipple-areolar complex (NAC) is important for sur-
gical planning because involvement of the NAC by tumor requires resection of the
NAC and precludes patient from nipple-sparing mastectomy. Assessment of the NAC
for tumor involvement on MRI may be difficult, because normal nipples may show
various patterns of enhancement or no enhancement at all [28]. Sakamoto and col-
leagues found unilateral nipple enhancement continuous with the underlying index
tumor to be highly suggestive of tumor involvement (Figs. 4.2,4.3,4.7 and 4.11) [35].
Characteristics of the nipple enhancement include diffuse enhancement, periareolar
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skin enhancement, and rim or periductal enhancement within the nipple [35]. Nodular
enhancement in the involved nipple is occasionally seen (Fig. 4.3b). Tumor size >2 cm
and distance from the tumor edge to the NAC < 2 cm on MRI are statistically signifi-
cant indicators for NAC involvement [36]. However, the tumor to NAC distance indic-
ative of nipple involvement has been reported as <5 mm or <10 mm in other studies
(Fig. 4.4) [37, 38]. Moon and associates found enhancement of the NAC itself to have
higher predictive value for NAC invasion than short tumor to nipple distance [39].

4.6 Staging of Regional Lymph Nodes

Identification of regional nodal metastases is critical for staging, prognosis and
treatment planning in patients with newly diagnosed breast cancer (Table 4.2).
Regional lymph nodes include ipsilateral intramammary, axillary, internal mam-
mary, and supraclavicular nodes.

The axilla is divided into 3 levels by the pectoralis minor muscle. Level I nodes
are low axillary nodes lateral to pectoralis minor muscle, including the intramam-
mary nodes (Fig. 4.12a). Level II nodes are mid-axillary nodes between the medial
and lateral borders of the pectoralis minor muscle, including the Rotter nodes
between the pectoralis major and minor muscles (Figs. 4.12b and 4.13a). Level III
nodes are apical axillary nodes medial to the pectoralis minor muscle, i.e. the
infraclavicular nodes (Fig. 4.12c). The internal mammary nodal chain runs along
the margins of the sternum following the course of internal mammary artery and
vein (Fig. 4.13b and 4.13c). The internal mammary (IM) nodes are found in the first
through sixth intercostal spaces [40]. The supraclavicular nodes are located in the
supraclavicular fossa.

The current 7th edition of the AJCC TNM staging system includes clinical and
pathologic node staging schemes [1, 41]. The “clinical” scheme classifies “clini-
cally detected” nodes, which are defined as nodes detected by clinical examination
and imaging studies. The “pathologic” scheme classifies nodes identified with sen-
tinel node biopsy or axillary node dissection. In the clinical scheme (Table 4.2),
ipsilateral level I and II axillary nodes are N1 disease if movable, but become N2
disease when fixed to each other or adjacent structures (i.e. matted), which raises the
stage to at least IIIA (Table 4.4). Metastases in the ipsilateral IM nodes in the
absence of axillary node metastases are classified as N2 disease, but become N3
disease if the axillary nodes are also involved. Metastasis to the ipsilateral level III
axillary (infraclavicular) or supraclavicular nodes indicates N3 disease, which raises
the stage to at least IIIC. Metastases to cervical, contralateral internal mammary and
contralateral axillary lymph nodes are considered distant metastases (M1 disease)
and indicate stage IV disease (Table 4.4) [30]. Metastases to the IM nodes usually
occur after a tumor has metastasized to the axilla (N3 disease). Isolated metastasis
to the IM nodes is rare, occurring in only 1-5 % of breast cancers, usually from deep
or medial lesions [41, 42]. Metastatic involvement of the IM nodes, without or with
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Fig. 4.12 Clinical stage IIIC, TxN3MO tumor in a 75-year-old woman with right axillary lymph-
adenopathy and no apparent primary tumor on mammography and ultrasound. (a) Axial post con-
trast T1 fat-saturated MR image shows a large right axillary level I lymph node with heterogeneous
enhancement, complete absence of hilar fat and perinodal stranding which may be due to recent
biopsy or lymph edema. Biopsy of this node revealed poorly differentiated mammary carcinoma.
(b) Axial image at a higher level reveals multiple level II nodes posterior to the pectoralis minor
muscle (long arrows). Some level I nodes lying lateral to the pectoralis minor muscle are seen
(arrowheads). All nodes show ill-defined margins suspicious for extranodal tumor extension. (c¢)
Axial image at the level of infraclavicular fossa demonstrates matted level III lymph nodes medial
to the pectoralis minor muscle (between arrows). An abnormal level I node is seen (arrowhead).
No primary tumor is identified in either breast
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Fig. 4.13 Interpectoral node and internal mammary (IM) nodes. (a) Sagittal post contrast fat-
saturated T1 image shows an enlarged lymph node (arrows) with heterogeneous enhancement
between the pectoralis major (P.M.) and pectoralis minor (p.m.) muscles. The interpectoral node is
also known as a Rotter node. (b) Axial post contrast fat-saturated T1 image of left breast in a dif-
ferent patient demonstrates an enlarged left IM node (arrow). (¢) Sagittal post contrast T1 image
of the same patient as in image (b) shows the IM node (arrow) along the sternal border. A second
abnormal IM node is seen inferior to it (arrowhead)
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axillary disease, carries a small but definite risk of local recurrence and reduced
long-term survival [42]. Due to the morbidity involved, dissection of the internal
mammary nodes is usually not performed. However, radiation treatment can be uti-
lized to treat these nodes [41, 42].

In most institutions, ultrasound is the primary imaging modality for evaluation
of axillary nodes, with moderate sensitivity and high specificity for detection of
metastases, especially when morphologic criteria rather than size, are used for
diagnosis [41, 43, 44]. However, the results are operator dependent and the evalu-
ation of infraclavicular, supraclavicular and internal mammary nodes is not rou-
tinely performed. By contrast, regional lymph nodes, except for supraclavicular
nodes, are included in the field of view on most routine breast MRI protocols.
The ability of MRI to predict axillary nodal metastases is similar to ultrasound,
with reported sensitivity of 36—-88 % and specificity of 73—100 % [45-50]. MRI
is less operator-dependent than ultrasound and provides a global view of both
axillae and internal mammary chains. This may enhance the detection of poten-
tially abnormal nodes and allows comparison with the contralateral axilla [41].
Occasionally, pulsation artifacts through the axilla may limit evaluation of the
axillary nodes [41].

On non-contrast MRI, normal lymph nodes are reniform, circumscribed, with
low signal intensity on T1-weighted and high signal intensity on T2-weighted
sequences. Hilar fat is best seen on a T1-weighted non-contrast sequence without
fat saturation, a sequence that should be included in the breast MRI protocol.
Upon contrast injection, the normal lymph nodes enhance rapidly and homoge-
neously with a type III wash out delayed kinetics. Hence, the enhancement kinet-
ics are not useful in differentiating benign and metastatic lymph nodes. Like
ultrasound, nodal size alone is not useful for identifying metastatic nodes on MRI
[41]. Morphologic features on MRI that suggest a nodal metastasis include:
round shape or a long axis to short axis ratio of less than two, loss of the fatty
hilum, increased cortical thickness (>3 mm), eccentric or focal cortical thicken-
ing, irregular or spiculated margins, edema surrounding the nodes, and asymme-
try of morphology of the nodes compared with the contralateral axilla [41,
50-53]. One study described “perifocal edema” (edema surrounding the lymph
nodes) and “rim enhancement” (higher signal intensity in the periphery of the
nodes) 11 min after contrast injection as the two features with 100 % positive
predictive value for the detection of metastases [53]. IM nodes are more likely to
contain a metastasis when 5 mm or larger in size [54]. Normal IM nodes are usu-
ally not visible on MRI. When visualized, they should be regarded as suspicious
and reported [30].

Traditionally, preoperative identification of axillary nodal metastases will spare
patients with invasive breast cancer an unnecessary sentinel lymph node biopsy
(SLNB) and allow them to proceed directly to axillary lymph node dissection
(ALND). In 2011, Giuliano and associates published the results of the American
College of Surgeons Oncology Group (ACOSOG) Z0011 randomized trial [55].
This trial suggested that patients with T1 or T2 invasive breast cancer, no palpable
nodes, and one or two positive sentinel nodes, who underwent lumpectomy with
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negative margins, tangential whole-breast radiation, and systemic therapy, might
not benefit from ALND [55]. While this finding is potentially practice changing,
controversies exist about the relatively short median follow-up interval of 6.3 years
and the number of patients enrolled. In light of the Z0011 results, some have ques-
tioned the role of imaging for preoperative axillary staging, expressing concerns
that preoperative detection of axillary metastasis would prompt ALND for disease
that could otherwise have been treated according to Z0011 protocol [56]. Many
authors believe that imaging still plays an important role in the axillary staging,
especially in identifying patients with N2 and N3 disease. Since nodal disease
beyond levels I and II are not routinely included in an axillary dissection, identifica-
tion of nodes in these higher N categories by imaging may affect initial staging and
treatment planning. Two recent studies showed that MRI can predict metastatic dis-
ease in more than two sentinel nodes, thereby identifying patients who require fur-
ther local-regional therapy beyond SLND [57, 58]. In the future, patients may
undergo imaging for the purpose of excluding N2 or N3 disease, rather than for
diagnosing axillary metastases [41].

4.7 Subsets of Newly Diagnosed Breast Cancer Patients
Likely to Benefit from MRI Staging

Because of the ability of MRI to identify lesions that are occult on conventional
imaging and to better define extent of disease, it is intuitive that MRI staging is
particularly beneficial for a subset of patients with newly diagnosed breast cancer.

Patients with Invasive Lobular Cancer (ILC) ILC tends to present with multiple
and bilateral tumor sites and is better detected with MRI than mammography. The
reported sensitivity of MRI for detection of ILC, ranging from 93 % to 96 %, is
significantly higher than the sensitivity of mammography, which is in the range of
34-81 % [2, 22, 59]. Further more, MRI is more accurate in assessing the extent of
ILC than mammography, leading to lower re-excision rates for positive surgical
margins [60, 61].

Patients at High-Risk for Developing Breast Cancer A study has shown that
patients with genetic alterations (BRCA 1 and BRCA?2 mutations) or a history of
mantle chest radiation are also at high risk for multiple and bilateral breast cancers
[62]. Patients with a family history of breast cancer may also benefit [22].

Patients with Dense Breast Tissue MRI is useful in women with mammographi-
cally dense breast, in which an additional cancer tends to be obscured [63]. However,
some studies have found MRI staging to be equally beneficial in patients with non-
dense breasts [21, 22, 64].
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Patients with Posterior Breast Cancer As previously illustrated, MRI is very useful
in the detection of pectoral muscle and chest wall invasion, which will impact surgi-
cal planning.

Patients with High Grade DCIS or Invasive Cancer with EIC As previously dem-
onstrated, MRI has a higher sensitivity for detection of high grade DCIS, or EIC in
an invasive cancer, compared to conventional imaging. Hence the extent of disease
in these patients can be better defined with MRI.

Patients with Plans for Partial Breast Irradiation (PBI) PBI is increasingly used
for treatment of early stage breast cancers. However, patients with multiple tumors
are not fully treated with PBI and are not appropriate candidates. Several studies
have demonstrated the benefit of preoperative MRI for appropriate selection of
patients to undergo such therapy [65-68].

Patients with Plans for Nipple-Sparing Mastectomy (NSM) NSM is a skin-sparing
mastectomy with preservation of the nipple-areolar complex to provide a good cos-
metic outcome. Due to the increased cancer recurrence risk, patients with tumors
invading the NAC or in close proximity to the NAC on MRI are not appropriate
candidates for NSM. Conversely, a negative MRI showing no NAC involvement has
a high negative predictive value, as only 2.2 % of these patients were found to have
NAC involvement at surgery [69]. MRI is useful in patient selection for this
procedure.

4.8 The Utility of MRI in Special Clinical Scenarios

4.8.1 Inflammatory Breast Cancer

Inflammatory breast cancer (IBC) is a rare, aggressive form of breast cancer,
accounting for 1-4 % of all breast cancers [34]. As defined by AJCC, the diagnostic
criteria for IBC include rapid onset of breast edema; and/or peau d’orange skin
changes; and/or erythema of the breast; with or without an underlying palpable
mass; duration of the symptoms no more than 6 months; skin edema occupying at
least one third of the breast; and pathologic confirmation of invasive carcinoma
[70]. The pathologic hallmark of IBC is tumor emboli obstructing the dermal lym-
phatics of the breast, although this is not a requisite for diagnosis [71].

IBC is classified as a T4d tumor regardless of the primary tumor size (Tables
4.1). The prognosis is poor, with an average survival of 12-36 months [17]. At the
time of diagnosis, 55-85 % of patients have regional nodal metastases and 20 %
have distant metastases [17]. The treatment for IBC is neoadjuvant chemotherapy,
followed by mastectomy and chest wall radiation [71]. The role of breast imaging in
IBC is to identify an underlying malignancy, guide biopsy, stage locoregional dis-
ease and monitor response to neoadjuvant chemotherapy [72].
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MRI has shown superior sensitivity, in the range of 94-98 % for detection of a
primary breast tumor in IBC, compared to sensitivities of 43-68 % for mammogra-
phy and 94-95 % for ultrasound [73, 74]. One study reported the most frequent
MRI features of IBC to be: an underlying primary breast lesion (98 %), global skin
thickening (93 %), heterogeneous skin enhancement with or without nodular or
irregular skin foci (84 %), breast and chest wall edema (78 %), and breast enlarge-
ment (68 %). The primary lesion may be a single mass, diffuse nonmass enhance-
ment, or multiple masses that are confluent or interconnected by nonmass
enhancement. Multicentric or multifocal disease is more common than a unifocal
mass. The majority of the masses exhibited malignant features such as irregular
margins, heterogeneous internal enhancement pattern, and delayed washout kinet-
ics. In 79 % of the cases, the enhancing skin lesion showed persistent kinetics [74].
Two examples of these features are shown in Figs. 4.7 and 4.10. The most common
histologic type involved in IBC is invasive ductal carcinoma (84 %), although
poorly differentiated carcinoma (6 %) and invasive lobular carcinoma (5 %) are also
found [74].

It is important to differentiate IBC from locally advanced breast cancer,
because the treatments are different. While IBC is treated with mastectomy,
patients with locally advanced breast cancer may be candidates for breast conser-
vation after neoadjuvant chemotherapy [17]. IBC and locally advanced breast
cancer have many overlapping features on MRI [34]. Some potential differentiat-
ing features in favor of IBC include: edema of the breast tissue, skin thickening,
thickening and pathologic enhancement of Cooper ligaments, and the “punched-
out sign” defined as initially strong focal enhancement of dermal or subcutane-
ous tissue, followed by slow-continuous enhancement of the surrounding skin
(Figs. 4.7 and 4.10) [34].

A difficult clinical and imaging differential diagnosis of IBC is acute mastitis.
Differentiation of these two entities with MRI remains challenging due to the
significant overlap of morphology and enhancement kinetics [28]. Potential dif-
ferentiating features in favor of IBC are: masses with a greater average size, T2
hypo intensity of masses, blooming phenomenon (decreasing sharpness of lesion
borders on delayed images), infiltration or pathological enhancement of the pec-
toralis major muscle, perifocal edema, prepectoral and intramuscular pectoral
edema, central and dorsal location of the malignant mass vs. the usual subareolar
location of an abscess (Fig. 4.10) [75]. A histological punch skin biopsy is
needed in cases of diagnostic uncertainty if clinical symptoms fail to improve
after a trial of antibiotic therapy.
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Fig. 4.14 Clinical stage IIA, TINIMO tumor in a 68-year-old woman with excisional biopsy of
an enlarged left axillary lymph node, yielding metastatic carcinoma suggestive of a breast pri-
mary. (a) Left MLO view mammogram shows heterogeneously dense breast tissue with a par-
tially visualized large high-density left axillary node (black arrow). No visible abnormality is
identified in the breast. (b) Sagittal post contrast fat-saturated T1 image of left breast demon-
strates a seroma at the site of lymph node excision (between white arrows). A 1.7 cm enhancing
mass (arrowhead) is visualized in the central breast. Ultrasound guided biopsy revealed an inva-
sive ductal carcinoma

4.8.2 Metastatic Axillary Lymphadenopathy of Unknown
Primary Malignancy

Rarely, breast cancer may present as metastatic axillary lymphadenopathy without
a known primary tumor (stage TXN1-2 M0). When a patient presents with unilat-
eral axillary adenopathy, ultrasound guided lymph node sampling is indicated. In
the event of nondiagnostic lymph node sampling, a surgical lymph node biopsy
should be considered. If a malignant diagnosis suggestive of a breast primary is
made, and no primary breast tumor is identified with clinical examination, mam-
mography or ultrasound, breast MRI should be performed. The ability of MRI to
identify occult primary breast cancer ranges from 62 to 86 %, with the primary
tumor often less than 2 cm in size [76, 77]. The identification of the primary tumor
by MRI offers patients the benefit of histologic diagnosis and biomarker evaluation
(Fig. 4.14). This will provide information to guide targeted chemotherapy, hormonal
treatment, and breast conservation surgery [30]. Otherwise, patients are treated with
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mastectomy and axillary node dissection if the primary malignancy remains
unknown. In one third of cases, a primary tumor may not be identified in the mas-
tectomy specimen (Fig. 4.12). If treated with axillary dissection alone, a high per-
centage of these patients will develop ipsilateral breast cancer [78]. Recently, some
patients are being treated with axillary dissection and whole breast radiation, with-
out mastectomy. The data on the efficacy of this approach are limited, with two
small studies showing a 5-year local recurrence rate of 15—16 % and 5-year sur-
vival rate of 72—75 %, compared to the rates of 13 and 79 %, respectively, in the
mastectomy group [78, 79].

4.8.3 Paget’s Disease of the Nipple with Negative Conventional
Breast Imaging

Paget’s disease of the breast is an uncommon form of breast cancer accounting for
1-3 % of all breast cancers [80, 81]. It is characterized by infiltration of the nipple
epidermis by large malignant adenocarcinoma cells (Paget’s cells) that contains
abundant cytoplasm with large pleomorphic and hyperchromatic nuclei. Patients
typically present with symptoms related to the nipple and areola characterized by
eczema, scaling, crust formation, erosion or ulceration, without or with a palpable
mass [80]. An underlying invasive carcinoma or ductal carcinoma in situ is identi-
fied in 82-94 % of cases [81, 82]. The diagnosis is usually suspected on clinical
findings, and confirmed by full thickness surgical biopsy of the nipple and areola.
Imaging is required to identify an underlying malignancy and assess the extent of
disease. However, imaging is normal in 22-50 % of cases with mammography
alone and in 13 % of cases when both mammography and ultrasound are performed
[30]. Mammography may underestimate the extent of disease in up to 43 % of cases
[83]. Breast MRI is both sensitive in detecting the underlying malignancy and accu-
rate in assessing the extent of disease, especially when mammography and ultra-
sound are negative [82, 83].

The MRI finding of Paget’s disease is asymmetric enhancement of the nipple-
areolar complex, seen in 100 % of patients with clinically proven Paget’s disease in
one report [39]. The underlying malignancy may appear as an enhancing mass in the
case of invasive cancer or nonmass enhancement, typical of DCIS. Traditionally,
Paget’s disease is treated with mastectomy. Since the underlying tumors are con-
fined to the central breast in two thirds of patients, central lumpectomy combined
with resection of the NAC and radiation therapy has been adopted recently, with
similar survival rates [30]. MRI can delineate the location and extent of the underly-
ing malignancy. It can also identify the presence of multifocal or multicentric dis-
ease. This is very important, especially for patients planning breast conservation
surgery [84]. A negative MRI, however, does not exclude an underlying malignancy
[82].
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Fig. 4.15 Clinical stage II or higher, TxNIMO tumor in a 62-year-old woman. The patient under-
went a surgical biopsy at another institution for architectural distortion. Pathology yielded ILC and
lobular carcinoma in situ with positive resection margins that persisted upon re-excision. Sentinel
node biopsy yielded three positive metastatic nodes. (a) Sagittal post contrast fat-saturated T1 MR
image reveals a large seroma with areas of lumpy enhancement (black arrows) at its margins sugges-
tive of residual tumor. Three small enhancing masses (white arrows) away from the surgical cavity
are concerning for multicentric tumors. (b) A more lateral sagittal image shows additional lumpy
enhancement at the superior, posterior and anterior margins of the seroma (black arrows), suggestive
of residual tumor. (¢) A more medial sagittal image reveals an additional tumor focus (arrow)
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4.8.4 Positive Surgical Margins After Initial Lumpectomy

Positive surgical margins denote the situation in which malignancy is found at the
margins of the lumpectomy specimen after breast conservation surgery for breast
cancer. This indicates potential residual malignancy in the breast. Patients are typi-
cally treated with repeat excision of the involved margins and may eventually
require mastectomy if clear margins cannot be achieved after repeated surgery.
Breast MRI has a reported sensitivity of 61-86 % for detection of residual malig-
nancy [85-87]. It is useful in identifying bulky residual tumor at the lumpectomy
site or multifocal/multicentric disease elsewhere in the breast (Fig. 4.15). This will
guide the repeat excision or identify patients with extensive residual disease that
would ultimately require mastectomy.

4.8.5 Known Multifocal, Multicentric or Bilateral Disease

Patients with known multifocal, multicentric or bilateral breast cancers on conven-
tional breast imaging can benefit from MRI staging to determine the true extent of
disease. This guides appropriate decision-making regarding breast conservation
surgery vs. mastectomy.

4.8.6 Discordant Findings Between Clinical Examination
and Imaging or Between Imaging Modalities

When the tumor size on clinical examination differs significant from the size on mam-
mography or ultrasound, the extent of disease is uncertain. A discrepancy in tumor
size between mammography and ultrasound greater than 1 cm also raises question
about the true size of the tumor [14]. With its superior accuracy in determining tumor
size and extent of disease, MRI should be considered in these scenarios (Fig. 4.1).

4.8.7 Planned Neoadjuvant Chemotherapy

Adjuvant chemotherapy is used to decrease the risk of recurrence and improve sur-
vival from invasive breast cancer. Neoadjuvant chemotherapy prior to surgery and
radiation for local regional control has become widely adopted. It is found to be as
effective as adjuvant chemotherapy, but has the added benefit of predicting patient
outcome based on tumor response, and helping more patients achieve breast conser-
vation [30]. This will be discussed in detail in the next chapter entitled “MRI and
neoadjuvant chemotherapy”.
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4.9 Controversies on MRI Staging of Newly Diagnosed
Breast Cancer

Improved staging with breast MRI should lead to decreased positive margins/re-
excision rates, and better stratification of patients between breast conserving sur-
gery and mastectomy due to improved surgical planning. There should be decreased
local recurrence rates by identification and resection of otherwise occult multifocal
or multicentric tumors. The metachronous contralateral cancer rates should also
decrease, due to the simultaneous detection and treatment of contralateral tumors.
However, the literature regarding the benefit of MRI staging is showing conflicting
results. Therefore, the use of preoperative MRI to evaluate breast cancer remains
controversial. The recent debates over the use of MRI staging are focused on the
issues of delay in definitive therapy, conflicting data on re-excision rates, increased
mastectomy rates, and lack of long- term survival impact.

4.9.1 Delay in Definitive Therapy

Two retrospective studies reported a mean treatment delay of 12.2-22.4 days in the
group of patients undergoing preoperative breast MRI [88, 89]. However,
Hollingsworth and associates, who routinely use preoperative MRI, asserted that all
of their patients completed MRI workup within 2 weeks of diagnosis, before the
surgeon’s first available clinic date to see the patient. Hence, there is no delay in
treatment among their patients [90]. The detection of additional lesions by MRI,
necessitating additional imaging and biopsy is the downside of preoperative MRI
and a potential source of delay. While unlikely to affect long-term outcome, it may
contribute to patient anxiety and cost. To minimize delay, the facilities that offer
breast MRI should have the capability and commitment to complete ultrasound- or
MRI- guided biopsy of MRI-detected lesions promptly, or they should at least have
an established referral arrangement with an experienced breast center to provide
these services in a timely fashion.

4.9.2 Conflicting Data on Re-excision Rates

There are conflicting data on the impact of MRI staging on re-excision rates [60, 61,
89-98]. A meta-analysis of nine studies published between 2009 and 2012, includ-
ing two randomized controlled trials and seven comparative studies (n = 3112)
showed that preoperative MRI staging had no effect on re-excision rates, 11.6 % for
the MRI group and 11.4 % for the non-MRI group [99]. The two prospective trials
in the meta-analysis were the COMICE (Comparative Effectiveness of MRI in
Breast Cancer) and MONET (MR Mammography of Nonpalpable Breast Tumors)
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Table 4.5 The impact of preoperative staging MRI on re-excision rates

Lead Year Number of | MRI No MRI

author published Type of study patients group group P value
Grady 2012 Retrospective 184 11 % 26 % 0.04
Obdeijn 2013 Retrospective 123 18.9 % 37.4 % <0.01
Sung 2014 Retrospective 174 29 % 45 % 0.02
Gonzalez 2014 Prospective 440 5 % 15 % <0.001

Sources: Refs. [93, 100-102]

trials [97, 98]. The COMICE trial conducted in UK found no difference in re-
excision rates between patients with or without MRI, both at 19 % [97]. However,
because UK national health policy mandates reduction of reoperation rate for posi-
tive margins to under 10 %, surgeons routinely performed very wide excisions
which could have negated the benefit of MRI. The MONET trial found a paradoxi-
cal increase in re-excision rates in patients with MRI (34 %) vs. patients without
MRI (12 %). The critics of this study noted that the volume of the excised tissue in
the MRI group (69.1 cm?®) was much smaller than the volume in the no MRI group
(90.2 cm?®). It was even smaller in patients with DCIS and negative MRI (40.3 cm?).
Such bias in surgical approach resulted in the paradoxically higher rate of positive
margins and re-excision rate in the MRI group [98].

The recent data on re-excision rates are more promising. Table 4.5 summarizes
recently published studies demonstrating decreased rates of re-excision by the use
of MRI staging [93, 100-102]. The data regarding ILC are particularly compelling.
Although the meta-analysis by Houssami et al. showed only weak evidence that
MRI reduced re-excision rate in patients with ILC, numerous studies have found
significantly lower re-operation rates with the use of preoperative MRI in these
patients [60, 61, 103, 104]. A recent population based study by Fortune-Greeley
found a 40 % reduction in re-operation rate by MRI staging in patients with ILC
(n = 1928), without increasing mastectomy [104].

4.9.3 Increased Mastectomy Rates

There has been a dramatic increase in the use of MRI staging among patients newly
diagnosed with breast cancer, with a concurrent rise in the number of unilateral and
bilateral mastectomies [105-107]. Many studies identified preoperative MRI as a
predictor of mastectomy [88, 91, 99, 108, 109]. However, it is not clear whether the
relationship is one of cause and effect [106]. A meta-analysis of 26 studies on the
surgical impact of MRI staging found pathologically justified conversion from BCT
to mastectomy in 8.3 % of cases [23]. This 8.3 % conversion rate roughly equals the
10-year local recurrence rate for breast cancer. It is probable that MRI identifies the
patients with otherwise occult additional tumor burden and high likelihood for
recurrence and converts their treatment to mastectomy at initial surgery. On the
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other hand, false positive MRI findings caused inappropriate conversion to mastec-
tomy in only 1.7 % of cases [23]. These inappropriate mastectomies should decrease
by the confirmation of more extensive disease with MRI-guided biopsy before
changing the surgical plan, which was not done in all of the prior studies.

Several studies evaluated the rates of mastectomy before and after the wide-
spread use of preoperative MRI. One study found that the mastectomy rate in the
United States increased from 29 to 41 % between 2004 and 2006, predominantly
among patients without MRI [105]. Another study compared the mastectomy rate
before and after installation of MRI scanner at the authors’ institution and found the
mastectomy rate decreased from 29.9 to 24.5 %, despite sharply increased use of
preoperative MRI in breast cancer patients from 17.2 to 78.7 % [107]. Hollingsworth
and associates reported increased BCT rate from 48 to 60 % with the use of preop-
erative MRI, due to its high negative predictive value [110]. Killelea and colleagues
also found that the highest BCT rate (66 %) of any group in their study was among
patients with a normal MRI, even greater than in those patients without MRI [106].

A study by McGuire et al. showed three strong predictors of mastectomy to be
age <40 years, large tumor size, and lymphovascular invasion. Fear of recurrence
and fear of radiation are additional factors, while MRI had no impact on mastec-
tomy rates [111]. There are several reports on the increasing rates of contralateral
prophylactic mastectomy, especially among younger, highly educated patients,
those with a lower stage of breast cancer, and those with a positive family history
[106, 107, 112, 113]. One author observed that the rise in contralateral mastectomy
is independent of increased MRI use [107].

It is clear that MRI is not the sole cause of rising ipsilateral and contralateral
preventive mastectomy rates nationwide. The trend is likely multi-factorial and
driven by patients [111-113]. The availability of skin and nipple sparing mastec-
tomy and breast reconstruction surgery with good cosmetic results, the ability to
identify women at high risk for in-breast recurrence, the clearer understanding of
the late effects of breast irradiation, and patients’ increasing knowledge about their
disease and options are all contributing factors to this trend [113].

4.9.4 No Demonstrated Long-Term Survival Impact

The impact of MRI staging on long-term survival after BCT is uncertain due to the
lack of long-term outcome data. Since long-term survival is directly linked to local
control, study of local recurrence rates may provide some clues. However, few
reports are available. A meta-analysis of four studies showed no significant effect of
MRI on local or distant recurrence-free survival [114]. This analysis did not include
a study by Fischer et al. that demonstrated benefits of MRI in reducing local recur-
rence rates (1.2 % with MRI, 6.8 % without MRI) and contralateral breast cancer
rates (1.7 % with MRI, 4 % without MRI) [115]. However, the authors asserted that
inclusion of Fischer’s data would not have changed their conclusion [114]. A recent
study by Yi et al. showed that preoperative bilateral breast MRI was associated with
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a reduced risk of contralateral breast recurrence [116]. Another study by Bae et al.
showed the absence of preoperative MRI to be associated with an increased risk of
recurrence in patients with triple-negative breast cancer [117]. This provides indi-
rect evidence of the benefit of MRI in reducing local recurrence rates.

Given the current low rates of local recurrence after BCT and whole breast radia-
tion (4.8-10.1 % over 10 years) and the low rate of contralateral breast cancer (4.1—
5.5 %), the opponents of preoperative MRI question the benefit of finding additional
cancer foci, since these foci are likely effectively treated with whole breast radiation
and systemic therapy and are clinically insignificant [118, 119]. However, this may
not be the case for patients undergoing partial breast irradiation. Furthermore, the
International Breast MRI Consortium (IBMC) 6883 study showed that cancers
detected only on MRI were similar in size and histology to cancers detected on
mammography, but had a higher likelihood of being higher grade [21]. Hence, there
is no basis to assume that the additional MRI-detected cancers are biologically inert
or clinically irrelevant.

4.10 Conclusion

Breast MRI demonstrates superior accuracy for assessment of breast tumor size and
extent of disease. Identification of multifocal/multicentric and contralateral tumors
helps guide surgical planning and adjuvant therapy. While there is no consensus on
the routine use of MRI in staging of all newly diagnosed breast cancers, it is proven
to be beneficial in certain subsets of women. There is emerging evidence of decreases
in re-excision or re-operation rates with MRI staging. No survival benefit has been
demonstrated so far. A well-designed prospective randomized controlled trial on the
short- and long- term benefits and cost analysis of preoperative MRI staging is
needed. This is currently under development by the American College of Radiology
Imaging Network (ACRIN) [120].

References

1. Breast. In: Edge S, Byrd D, Compton CC, editors. AJCC cancer staging manual. 7th ed.
New York: Springer; 2010. p. 347-76.

2. Berg WA, Gutierrez L, NessAiver MS, Carter WB, Bhargavan M, Lewis RS, Ioffe
OB. Diagnostic accuracy of mammography, clinical examination, US, and MR imaging in
preoperative assessment of breast cancer. Radiology. 2004;233(3):830-49. doi:10.1148/
radiol.2333031484.

3. Boetes C, Mus RD, Holland R, Barentsz JO, Strijk SP, Wobbes T, Hendriks JH, Ruys
SH. Breast tumors: comparative accuracy of MR imaging relative to mammography and US for
demonstrating extent. Radiology. 1995;197(3):743-7. doi:10.1148/radiology. 197.3.7480749.

4. Kuhl C, Kuhn W, Braun M, Schild H. Pre-operative staging of breast cancer with breast MRI:
one step forward, two steps back? Breast. 2007;(16Suppl 2):S34—-44.


http://dx.doi.org/10.1148/radiol.2333031484
http://dx.doi.org/10.1148/radiol.2333031484
http://dx.doi.org/10.1148/radiology.197.3.7480749

4 MRI and Preoperative Staging in Women Newly Diagnosed with Breast Cancer 95

5.

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

Van Goethem M, Tjalma W, Schelfout K, Verslegers I, Biltjes I, Parizel P. Magnetic reso-
nance imaging in breast cancer. Eur J Surg Oncol. 2006;32(9):901-10. doi:10.1016/].
€js0.2006.06.009.

. Onesti JK, Mangus BE, Helmer SD, Osland JS. Breast cancer tumor size: correlation between

magnetic resonance imaging and pathology measurements. Am J Surg. 2008;196(6):844-8.
doi:10.1016/j.amjsurg.2008.07.028.

. Luparia A, Mariscotti G, Durando M, Ciatto S, Bosco D, Campanino PP, Castellano I, Sapino

A, Gandini G. Accuracy of tumor size assessment in the preoperative staging of breast can-
cer: comparison of digital mammography, tomosynthesis, ultrasound and MRI. Radiol Med.
2013;118(7):1119-36. doi:10.1007/s11547-013-0941-z.

. Blair S, McElroy M, Middleton MS, Comstock C, Wolfson T, Kamrava M, Wallace A,

Mortimer J. The efficacy of breast MRI in predicting breast conservation therapy. J Surg
Oncol. 2006;94(3):220-5. doi:10.1002/j50.20561.

. Kuhl CK, Schrading S, Bieling HB, Wardelmann E, Leutner CC, Koenig R, Kuhn W, Schild

HH. MRI for diagnosis of pure ductal carcinoma in situ: a prospective observational study.
Lancet. 2007;370(9586):435-92.

Jethava A, Ali S, Wakefield D, Crowell R, Sporn J, Vrendenburgh J. Diagnostic accuracy of
MRI in predicting breast tumor size: comparative analysis of MRI vs histopathological
assessed breast tumor size. Conn Med. 2015;79(5):261-7.

Thomassin-Naggara I, Siles P, Trop I, Chopier J, Darai E, Bazot M, Uzan S. How to measure
breast cancer tumoral size at MR imaging? Eur J Radiol. 2013;82(12):790-800.
doi:10.1016/j.ejrad.2013.08.002.

Ikeda O, Nishimura R, Miyayama H, Yasunaga T, Ozaki Y, Tsuji A, Yamashita Y. Magnetic
resonance evaluation of the presence of an extensive intraductal component in breast cancer.
Acta Radiol. 2004;45(7):721-5.

Van Goethem M, Schelfout K, Kersschot E, Colpaert C, Verslegers I, Biltjes I, WA T, De
Schepper A, Weyler J, PM P. MR mammography is useful in the preoperative locoregional
staging of breast carcinomas with extensive intraductal component. Eur J Radiol.
2007;62(2):273-82. doi:10.1016/j.ejrad.2006.12.004.

. Sardanelli F. Overview of the role of pre-operative breast MRI in the absence of evidence on

patient outcomes. Breast. 2010;19(1):3-6. doi:10.1016/j.breast.2009.11.003.

Van Goethem M, Schelfout K, Kersschot E, Colpaert C, Verslegers I, Biltjes I, Tjalma WA,
Weyler J, De Schepper A. Enhancing area surrounding breast carcinoma on MR mammogra-
phy: comparison with pathological examination. Eur Radiol. 2004;14(8):1363-70.
doi:10.1007/s00330-004-2295-3.

Lehman CD. Magnetic resonance imaging in the evaluation of ductal carcinoma in situ.
J Natl Cancer Inst Monogr. 2010;2010(41):150-1. doi:10.1093/jncimonographs/lgq030.
Molleran VM. MRI features of ductal carcinoma in situ. In: Molleran VM, Mahoney MC,
editors. Breast MRI. Philadelphia: Elsevier Saunders; 2014.

Miyashita M, Amano G, Ishida T, Tamaki K, Uchimura F, Ono T, Yajima M, Kuriya Y, Ohuchi
N. The clinical significance of breast MRI in the management of ductal carcinoma in situ
diagnosed on needle biopsy. Jpn J Clin Oncol. 2013;43(6):654—63. doi:10.1093/jjco/hyt055.
Wisner DJ, Hwang ES, Chang CB, Tso HH, Joe BN, Lessing JN, Lu Y, Hylton NM. Features
of occult invasion in biopsy-proven DCIS at breast MRI. Breast J. 2013;19(6):650-8.
doi:10.1111/tbj.12201.

Mori N, Ota H, Mugikura S, Takasawa C, Tominaga J, Ishida T, Watanabe M, Takase K,
Takahashi S. Detection of invasive components in cases of breast ductal carcinoma in situ on
biopsy by using apparent diffusion coefficient MR parameters. Eur Radiol. 2013;23(10):2705—
12. doi:10.1007/s00330-013-2902-2.

Schnall MD, Blume J, Bluemke DA, Deangelis GA, Debruhl N, Harms S, Heywang-
Kobrunner SH, Hylton N, Kuhl CK, Pisano ED, Causer P, Schnitt SJ, Smazal SF, Stelling
CB, Lehman C, Weatherall PT, Gatsonis CA. MRI detection of distinct incidental cancer in


http://dx.doi.org/10.1016/j.ejso.2006.06.009
http://dx.doi.org/10.1016/j.ejso.2006.06.009
http://dx.doi.org/10.1016/j.amjsurg.2008.07.028
http://dx.doi.org/10.1007/s11547-013-0941-z
http://dx.doi.org/10.1002/jso.20561
http://dx.doi.org/10.1016/j.ejrad.2013.08.002
http://dx.doi.org/10.1016/j.ejrad.2006.12.004
http://dx.doi.org/10.1016/j.breast.2009.11.003
http://dx.doi.org/10.1007/s00330-004-2295-3
http://dx.doi.org/10.1093/jncimonographs/lgq030
http://dx.doi.org/10.1093/jjco/hyt055
http://dx.doi.org/10.1111/tbj.12201
http://dx.doi.org/10.1007/s00330-013-2902-2

96

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

S.J. Lee and M.C. Mahoney

women with primary breast cancer studied in IBMC 6883. J Surg Oncol. 2005;92(1):32-8.
doi:10.1002/js0.20381.

Liberman L, Morris EA, Dershaw DD, Abramson AF, Tan LK. MR imaging of the ipsilateral
breast in women with percutaneously proven breast cancer. AJR Am J Roentgenol.
2003;180(4):901-10.

Plana MN, Carreira C, Muriel A, Chiva M, Abraira V, Emparanza JI, Bonfill X, Zamora
J. Magnetic resonance imaging in the preoperative assessment of patients with primary breast
cancer: systematic review of diagnostic accuracy and meta-analysis. Eur Radiol.
2012;22(1):26-38. doi:10.1007/s00330-011-2238-8.

Houssami N, Ciatto S, Macaskill P, Lord SJ, Warren RM, Dixon JM, Irwig L. Accuracy and
surgical impact of magnetic resonance imaging in breast cancer staging: systematic review
and meta-analysis in detection of multifocal and multicentric cancer. J Clin Oncol.
2008;26(19):3248-58. doi:10.1200/JC0O.2007.15.2108.

Brennan ME, Houssami N, Lord S, Macaskill P, Irwig L, Dixon JM, Warren RM, Ciatto
S. Magnetic resonance imaging screening of the contralateral breast in women with newly
diagnosed breast cancer: systematic review and meta-analysis of incremental cancer detec-
tion and impact on surgical management. J Clin Oncol. 2009;27(33):5640-9. doi:10.1200/
JCO.2008.21.5756.

Lehman CD, Gatsonis C, Kuhl CK, Hendrick RE, Pisano ED, Hanna L, Peacock S, Smazal
SF, Maki DD, Julian TB, DePeri ER, Bluemke DA, MD S, ACRIN Trial 6667 Investigators
Group. . MRI evaluation of the contralateral breast in women with recently diagnosed breast
cancer. N Engl J Med. 2007;356(13):1295-303. doi:10.1056/NEJMo0a065447.

Obdeijn IM, Loo CE, Rijnsburger AJ, Wasser MN, Bergers E, Kok T, Klijn JG, Boetes
C. Assessment of false-negative cases of breast MR imaging in women with familiar or
genetic predisposition. Breast Cancer Res Treat. 2010;119(2):399-407. doi:10.1007/
$10549-009-0607-7.

Lee SJ, Mahoney MC. Benign findings in breast MRI. In: Molleran VM, Mahoney MC, edi-
tors. Breast MRI. Philadelphia: Elsevier Saunders; 2014.

Morris EA. Cancer staging with breast MR imaging. In: Schnall MD, Orel SG, editors. Breast
MR imaging. Philadelphia: Saunders; 2001. p. 333-44.

Argus A, Mahoney MC. MRI evaluation of the patient with breast cancer. In: Molleran VM,
Mahoney MC, editors. Breast MRI. Philadelphia: Elsevier Saunders; 2014.

D’Aiuto M, Cicalese M, D’Aiuto G, Rocco G. Surgery of the chest wall for involvement
by breast cancer. Thorac Surg Clin. 2010;20(4):509-17.  doi:10.1016/j.
thorsurg.2010.09.001.

Morris EA, Schwartz LH, Drotman MB, Kim SJ, Tan LK, Liberman L, Abramson AF, Van
Zee KJ, Dershaw DD. Evaluation of pectoralis major muscle in patients with posterior breast
tumors on breast MR images: early experience. Radiology. 2000;214(1):67-72. doi:10.1148/
radiology.214.1.100jal667.

Kazama T, Nakamura S, Doi O, Suzuki K, Hirose M, Ito H. Prospective evaluation of pecto-
ralis muscle invasion of breast cancer by MR imaging. Breast Cancer. 2005;12(4):312-6.
Renz DM, Baltzer PA, Bottcher J, Thaher F, Gajda M, Camara O, Runnebaum IB, Kaiser
WA. Inflammatory breast carcinoma in magnetic resonance imaging: a comparison with
locally advanced breast cancer. Acad Radiol. 2008;15(2):209-21. doi:10.1016/j.
acra.2007.09.011.

Sakamoto N, Tozaki M, Hoshi K, Fukuma E. Is MRI useful for the prediction of nipple
involvement? Breast Cancer. 2013;20(4):316-22. doi:10.1007/s12282-012-0338-1.

Steen ST, Chung AP, Han SH, Vinstein AL, Yoon JL, Giuliano AE. Predicting nipple-areolar
involvement using preoperative breast MRI and primary tumor characteristics. Ann Surg
Oncol. 2013;20(2):633-9. doi:10.1245/s10434-012-2641-7.

Ponzone R, Maggiorotto F, Carabalona S, Rivolin A, Pisacane A, Kubatzki F, Renditore S,
Carlucci S, Sgandurra P, Marocco F, Magistris A, Regge D, Martincich L. MRI and intraop-
erative pathology to predict nipple-areola complex (NAC) involvement in patients undergo-


http://dx.doi.org/10.1002/jso.20381
http://dx.doi.org/10.1007/s00330-011-2238-8
http://dx.doi.org/10.1200/JCO.2007.15.2108
http://dx.doi.org/10.1200/JCO.2008.21.5756
http://dx.doi.org/10.1200/JCO.2008.21.5756
http://dx.doi.org/10.1056/NEJMoa065447
http://dx.doi.org/10.1007/s10549-009-0607-7
http://dx.doi.org/10.1007/s10549-009-0607-7
http://dx.doi.org/10.1016/j.thorsurg.2010.09.001
http://dx.doi.org/10.1016/j.thorsurg.2010.09.001
http://dx.doi.org/10.1148/radiology.214.1.r00ja1667
http://dx.doi.org/10.1148/radiology.214.1.r00ja1667
http://dx.doi.org/10.1016/j.acra.2007.09.011
http://dx.doi.org/10.1016/j.acra.2007.09.011
http://dx.doi.org/10.1007/s12282-012-0338-1
http://dx.doi.org/10.1245/s10434-012-2641-7

4 MRI and Preoperative Staging in Women Newly Diagnosed with Breast Cancer 97

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

ing NAC-sparing mastectomy. Eur J Cancer. 2015;51(14):1882-9. doi:10.1016/j.
ejca.2015.07.001.

D’Alonzo M, Martinchich L, Biglia N, Pisacane A, Maggiorotto F, Rosa GD, Montemurro F,
Kubatzki F, Sismondi P, Ponzone R. Clinical and radiological predictors of nipple-areola
complex involvement in breast cancer patients. Eur J Cancer. 2012;48(15):2311-8.
doi:10.1016/j.ejca.2012.04.017.

Moon JY, Chang YW, Lee EH, Seo DY. Malignant invasion of the nipple-areolar complex of
the breast: Usefulness of breast MRI. AJR Am J Roentgenol. 2013;201(2):448-55.
doi:10.2214/AJR.12.9186.

Scatarige JC, Boxen IB, Smathers RL. Internal mammary lymphadenopathy: imaging of a
vital lymphatic pathway in breast cancer. Radiographics. 1990;10(5):857-70. doi:10.1148/
radiographics.10.5.2217975.

Ecanow FS, Abe H, Newstead GM, Ecanow DB, Jeske JM. Axillary staging of breast cancer:
what the radiologist should know. Radiographics. 2013;33(6):1589-612. doi:10.1148/
1rg.336125060.

Chen L, Gu Y, Leaw S, Wang Z, Wang P, Hu X, Chen J, Lu J, Shao Z. Internal mammary
lymph node recurrence: rare but characteristic metastasis site in breast cancer. BMC Cancer.
2010;10:479. doi:10.1186/1471-2407-10-479.

Alvarez S, Andrbe E, Alcorta P, Lépez F, Alonso I, Cortés J. Role of sonography in the diag-
nosis of axillary lymph node metastases in breast cancer: a systemic review. AJR Am
J Roentgenol. 2006;186(5):1342-8. doi:10.2214/AJR.05.0936.

Mainiero MB, Cinelli CM, Koelliker SL, Graves TA, Chung MA. Axillary ultrasound and
fine-needle aspiration in the preoperative evaluation of the breast cancer patient: an algorithm
based on tumor size and lymph node appearance. AJR Am J Roentgenol. 2010;195(5):1261—
7. doi:10.2214/AJR.10.4414.

Hwang SO, Lee SW, Kim HJ, Kim WW, Park HY, Jung JH. The comparative study of ultra-
sonography, contrast-enhanced MRI, and 'SF-FDG PET/CT for detecting axillary lymph
node metastasis in T1 breast cancer. J Breast Cancer. 2013;16(3):315-21. doi:10.4048/
jbc.2013.16.3.315.

Mumtaz H, Hall-Craggs MA, Davidson T, Walmsley K, Thurell W, Kissin MW, Taylor
I. Staging of symptomatic primary breast cancer with MR imaging. AJR Am J Roentgenol.
1997;169(2):417-24. doi:10.2214/ajr.169.2.9242745.

Yoshimura G, Sakurai T, Oura S, Suzuma T, Tamaki T, Umemura T, Kokawa Y, Yang
Q. Evaluation of axillary lymph node status in breast cancer with MRI. Breast Cancer.
1999;6(3):249-58.

Garcia Fernandez A, Fraile M, Giménez N, Reiie A, Torras M, Canales L, Torres J, Barco I,
Gonzidlez S, Veloso E, Gonzélez C, Cirera L, Pessarrodona A. Use of axillary ultrasound,
ultrasound-fine needle aspiration biopsy and magnetic resonance imaging in the preoperative
triage of breast cancer patients considered for sentinel node biopsy. Ultrasound Med Biol.
2011;37(1):16-22. doi:10.1016/j.ultrasmedbio.2010.10.011.

Harnan SE, Cooper KI, Meng Y, Ward SE, Fitzgerald P, Papaioannou D, Ingram C, Lorenz E,
Wilkinson ID, Wyld L. Magnetic resonance for assessment of axillary lymph node status in
early breast cancer: a systematic review and meta-analysis. EurJ Surg Oncol.2011;37(11):928—
36. doi:10.1016/j.ejs0.2011.07.007.

Valente SA, Levine GM, Silverstein MJ, Rayhanabad JA, Weng-Grumley JG, Ji L, Holmes
DR, Sposto R, Sener SF. Accuracy of predicting axillary lymph node positivity by physical
examination, mammography, ultrasonography and magnetic resonance imaging. Ann Surg
Oncol. 2012;19(6):1825-30. doi:10.1245/s10434-011-2200-7.

Scaranelo AM, Eiada R, Jacks LM, Kulkarni S, Crystal P. Accuracy of unenhanced MRI
imaging in the detection of axillary lymph node metastasis: study of reproducibility and reli-
ability. Radiology. 2012;262(2):425-34. doi:10.1148/radiol.11110639.

Mortellaro VE, Marshall J, Singer L, Hochwald SN, Chang M, Copeland EM, Grobmyer
SR. Magnetic resonance imaging for axillary staging in patients with breast cancer. ] Magn
Reson Imaging. 2009;30(2):309—-12. doi:10.1002/jmri.21802.


http://dx.doi.org/10.1016/j.ejca.2015.07.001
http://dx.doi.org/10.1016/j.ejca.2015.07.001
http://dx.doi.org/10.1016/j.ejca.2012.04.017
http://dx.doi.org/10.2214/AJR.12.9186
http://dx.doi.org/10.1148/radiographics.10.5.2217975
http://dx.doi.org/10.1148/radiographics.10.5.2217975
http://dx.doi.org/10.1148/rg.336125060
http://dx.doi.org/10.1148/rg.336125060
http://dx.doi.org/10.1186/1471-2407-10-479
http://dx.doi.org/10.2214/AJR.05.0936
http://dx.doi.org/10.2214/AJR.10.4414
http://dx.doi.org/10.4048/jbc.2013.16.3.315
http://dx.doi.org/10.4048/jbc.2013.16.3.315
http://dx.doi.org/10.2214/ajr.169.2.9242745
http://dx.doi.org/10.1016/j.ultrasmedbio.2010.10.011
http://dx.doi.org/10.1016/j.ejso.2011.07.007
http://dx.doi.org/10.1245/s10434-011-2200-7
http://dx.doi.org/10.1148/radiol.11110639
http://dx.doi.org/10.1002/jmri.21802

98

53

54.

55.

56.

57.

58.

59.

60.

61

62.

63.

64.

65

66.

S.J. Lee and M.C. Mahoney

. Balzer PA, Dietzel M, Burmeister HP, Zoubi R, Gajda M, Camara O, Kaiser WA. Application
of MR mammography beyond local staging: is there a potential to accurately assess axillary
lymph nodes? Evaluation of an extended protocol in an initial prospective study. AJR Am
J Roentgenol. 2011;196(5):W641-7.

Kinoshita T, Odagiri K, Andoh K, Doiuchi T, Sugimura K, Shiotani S, Asaga T. Evaluation of
small internal mammary lymph node metastases in breast cancer by MRI. Radiat Med.
1999;17(3):189-93.

Giuliano AE, Hunt KK, Ballman KV, Beitsch PD, Whitworth PW, Blumencranz PW, Leitch
AM, Saha S, McCall LM, Morrow M. Axillary dissection vs. no axillary dissection in women
with invasive breast cancer and sentinel node metastasis: a randomized clinical trial. JAMA.
2011;305(6):569-75. doi:10.1001/jama.2011.90.

Lane DL, Adeyefa MM, Yang WT. Role of sonography for the locoregional staging of breast
cancer. AJR Am J Roentgenol. 2014;203(5):1132-41. doi:10.2214/AJR.13.12311.

Hieken TJ, Trull BC, Boughey JC, Jones KN, Reynolds CA, Shah SS, Glazebrook
KN. Preoperative axillary imaging with percutaneous lymph node biopsy is valuable in the
contemporary management of patients with breast cancer. Surgery. 2013;154(4):831-8.
doi:10.1016/j.surg.2013.07.017.

Loiselle C, Eby PR, Kim JN, Calhoun KE, Allison KH, Gadi VK, Peacock S, Storer BE,
Mankoff DA, Partridge SC, Lehman CD. Preoperative MRI improves prediction of extensive
occult axillary lymph node metastases in breast cancer patients with a positive sentinel lymph
node biopsy. Acad Radiol. 2014;21(1):92-8. doi:10.1016/j.acra.2013.10.001.

Mann RM, Hoogeveeri YL, Blickman JG, Boetes C. MRI compared to conventional diagnos-
tic work-up in the detection and evaluation of invasive lobular carcinoma of the breast: a
review of existing literature. Breast Cancer Res Treat. 2008;107(1):1-14. doi:10.1007/
$10549-007-9528-5.

Mann RM, Loo CE, Wobbes T, Bult P, Barentsz JO, Gilhuijs KG, Boetes C. The impact of
preoperative breast MRI on the re-excision rate in invasive lobular carcinoma of the breast.
Breast Cancer Res Treat. 2010;119(2):415-22. doi:10.1007/s10549-009-0616-6.

. McGhan LJ, Wasif N, Gray RJ, Giurescu ME, Pizzitola VJ, Lorans R, Ocal IT, Stucky CC,
Pockaj BA. Use of preoperative magnetic resonance imaging for invasive lobular cancer:
good, better, but maybe not the best. Ann Surg Oncol. 2010;17(Suppl 3):255-62. doi:10.1245/
$10434-010-1266-y.

Bergthorsson JT, Ejlertsen B, Olsen JH, Borg A, Nielsen KV, Barkardottir RB, Klausen S,
Mouridsen HT, Winther K, Fenger K, Niebuhr A, Harboe TL, Niebuhr E. BRCAI and
BRCA2 mutation status and cancer family history of Danish women affected with multifocal
or bilateral breast cancer at a young age. J Med Genet. 2001;38(6):361-8.

Sardanelli R, Giuseppetti GM, Panizza P, Bazzocchi M, Fausto A, Simonetti G, Lattanzio V,
Del Maschio A, Italian Trial for Breast MR in Multifocal/Multicentric Cancer. Sensitivity of
MRI versus mammography for detecting foci of multifocal, multicentric breast cancer in fatty
and dense breasts using the whole-breast pathologic examination as a gold standard. AJR Am
J Roentgenol. 2004;183(4):1149-57. doi:10.2214/ajr.183.4.1831149.

Gutierrez RL, DeMartini WB, Silbergeld JJ, Eby PR, Peacock S, Javid SH, Lehman CD. High
cancer yield and positive predictive value: outcomes at a center routinely using preoperative
breast MRI for staging. AJR Am J Roentgenol. 2011;196(1):W93-9. doi:10.2214/
AJR.10.4804.

. Al-Hallag HA, Mell LK, Bradley JA, Chen LF, Ali AN, Weichselbaum RR, Newstead GM,

Chmura SJ. Magnetic resonance imaging identifies multifocal and multicentric disease in
breast cancer patients who are eligible for partial breast irradiation. Cancer. 2008;113(9):2408—
14. doi:10.1002/cncr.23872.

Godinez J, Combos EC, Chikarmane SA, Griffin GK, Birdwell RL. Breast MRI in the evalu-
ation of eligibility for accelerated partial breast irradiation. AJR Am J Roentgenol.
2008;191(1):272-7. doi:10.2214/AJR.07.3465.


http://dx.doi.org/10.1001/jama.2011.90
http://dx.doi.org/10.2214/AJR.13.12311
http://dx.doi.org/10.1016/j.surg.2013.07.017
http://dx.doi.org/10.1016/j.acra.2013.10.001
http://dx.doi.org/10.1007/s10549-007-9528-5
http://dx.doi.org/10.1007/s10549-007-9528-5
http://dx.doi.org/10.1007/s10549-009-0616-6
http://dx.doi.org/10.1245/s10434-010-1266-y
http://dx.doi.org/10.1245/s10434-010-1266-y
http://dx.doi.org/10.2214/ajr.183.4.1831149
http://dx.doi.org/10.2214/AJR.10.4804
http://dx.doi.org/10.2214/AJR.10.4804
http://dx.doi.org/10.1002/cncr.23872
http://dx.doi.org/10.2214/AJR.07.3465

4 MRI and Preoperative Staging in Women Newly Diagnosed with Breast Cancer 99

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

Tendulkar RD, Chellman-Jeffers M, Rybicki LA, Rim A, Kotwal A, Macklis R, BB
O. Preoperative breast magnetic resonance imaging in early breast cancer: implications for
partial breast irradiation. Cancer. 2009;115(8):1621-30. doi:10.1002/cncr.24172.

Di Leo G, Trimboli RM, Benedek A, Jereczek-Fossa BA, Fossati P, Leonardi MC, Carbonaro
LA, Orecchia R, Sardanelli F. MR imaging for selection of patients for partial breast irradia-
tion: a systematic review and meta-analysis. Radiology. 2015;277(3):716-26. doi:10.1148/
radiol.2015142508.

Sakamoto N, Fukuma E, Higa K, Ozaki S, Sakamoto M, Abe S, Kurihara T, Tozaki M. Early
results of an endoscopic nipple-sparing mastectomy for breast cancer. Ann Surg Oncol.
2009;16(12):3406—13. doi:10.1245/s10434-009-0661-8.

Dawood S, Merajver SD, Viens P, Vermeulen PB, Swain SM, Buchholz TA, Dirix LY, Levine
PH, Lucci A, Krishnamurthy S, Robertson FM, Woodward WA, Yang WT, Ueno NT,
Cristofanilli M. International expert panel on inflammatory breast cancer: consensus state-
ment for standardized diagnosis and treatment. Ann Oncol. 2011;22(3):515-23. doi:10.1093/
annonc/mdq345.

Robertson FM, Bondy M, Yang W, Yamauchi H, Wiggins S, Kamrudin S, Krishnamurthy S,
Le-Petross H, Bidaut L, Player AN, Barsky SH, Woodward WA, Buchholz T, Lucci A, Ueno
NT, Cristofanilli M. Inflammatory breast cancer: the disease, the biology, the treatment. CA
Cancer J Clin. 2010;60(6):351-75. doi:10.3322/caac.20082.

Le-Petross CH, Bidaut L, Yang WT. Evolving role of imaging modalities in inflammatory
breast cancer. Semin Oncol. 2008;35(1):51-63. doi:10.1053/j.seminoncol.2007.11.016.
Yang WT, Le-Petross HT, Macapinlac H, Carkaci S, Gonzalez-Angulo AM, Dawood S,
Resetkova E, Hortobagyi GN, Cristofanilli M. Inflammatory breast cancer: PET/CT, MRI,
mammography and sonography findings. Breast Cancer Res Treat. 2008;109(3):417-26.
doi:10.1007/s10549-007-9671-z.

Le-Petross HT, Cristofanilli M, Carkaci S, Krishnamurthy S, Jackson EF, Harrell RK, Reed
BJ, Yang WT. MRI features of inflammatory breast cancer. AJR Am J Roentgenol.
2011;197(4):W769-76.

Renz DM, Baltzer PA, Bottcher J, Thaher F, Gajda M, Camara O, Runnebaum IB, Kaiser
WA. Magnetic resonance imaging of inflammatory breast carcinoma and acute mastitis.
A comparative  study. Eur Radiol.  2008;18(11):2370-80.  doi:10.1007/
s00330-008-1029-3.

Orel SG, Weinstein SP, Schnall MD, Reynolds CA, Schuchter LM, Fraker DL, Solin
LJ. Breast MR imaging in patients with axillary node metastases and unknown primary
malignancy. Radiology. 1999;212(2):543-9. doi:10.1148/radiology.212.2.r99au40543.
Buchanan CL, Morris EA, Dorn PL, Borgen PI, Van Zee KJ. Utility of breast magnetic reso-
nance imaging in patients with occult primary breast cancer. Ann Surg Oncol.
2005;12(12):1045-53. doi:10.1245/AS0.2005.03.520.

Masinghe SP, Faluyi OO, Kerr GR, Kunkler IH. Breast radiotherapy for occult breast cancer
with axillary nodal metastases — does it reduce the local recurrence rate and increase overall
survival? Clin Oncol (R Coll Radiol). 2011;23(2):95-100.

Vlastos G, Jean ME, Mirza AN, Mirza NQ, Kuerer HM, Ames FC, Hunt KK, Ross MI,
Buchholz TA, Buzdar AU, Sigletary SE. Feasibility of breast preservation in the treatment of
occult primary carcinoma presenting with axillary metastases. Ann Surg Oncol.
2001;8(5):425-31.

Ashikari R, Park K, Huvos A, Urban JA. Paget’s disease of the breast. Cancer.
1970;26(3):680-5.

Kollmorgen DR, Varanasi JS, Edge SB, Carson 3rd WE. Paget’s disease of the breast: a
33 year experience. J Am Coll Surg. 1998;187(2):171-7.

Morrogh M, Morris EA, Liberman L, Van Zee K, Cody 3rd HS, King TA. MRI identifies
otherwise occult disease in select patients with Paget disease of the nipple. ] Am Coll Surg.
2008;206(2):316-21. doi:10.1016/j.jamcollsurg.2007.07.046.


http://dx.doi.org/10.1002/cncr.24172
http://dx.doi.org/10.1148/radiol.2015142508
http://dx.doi.org/10.1148/radiol.2015142508
http://dx.doi.org/10.1245/s10434-009-0661-8
http://dx.doi.org/10.1093/annonc/mdq345
http://dx.doi.org/10.1093/annonc/mdq345
http://dx.doi.org/10.3322/caac.20082
http://dx.doi.org/10.1053/j.seminoncol.2007.11.016
http://dx.doi.org/10.1007/s10549-007-9671-z
http://dx.doi.org/10.1007/s00330-008-1029-3
http://dx.doi.org/10.1007/s00330-008-1029-3
http://dx.doi.org/10.1148/radiology.212.2.r99au40543
http://dx.doi.org/10.1245/ASO.2005.03.520
http://dx.doi.org/10.1016/j.jamcollsurg.2007.07.046

100

83

84.

85.

86.

87.

88.

89.

90.

92.

93.

94.

95.

96.

97.

98.

S.J. Lee and M.C. Mahoney

. Kothari AS, Beechey-Newman N, Hamed H, Fentiman IS, D’Arrigo C, Hanby AM, Ryder
K. Paget disease of the nipple: a multifocal manifestation of higher-risk disease. Cancer.
2002;95(1):1-7. doi:10.1002/cncr.10638.

Corsi F, Sartani A, Galli D, Alineri S, Uccelli M, Fontana A, Foschi D. Usefulness of preop-
erative diagnosis with magnetic resonance imaging for conservative surgery in Paget’s dis-
ease of the breast. Breast Care. 2010;5(1):26-8. doi:10.1159/000272304.

Frei KA, Kinkel K, Bonel HM, Lu Y, Esserman LJ, Hylton NM. MR imaging of the breast in
patients with positive margins after lumpectomy. Influence of the time interval between
lumpectomy and MR imaging. AJR Am J Roentgenol. 2000;175(6):1577-84. doi:10.2214/
ajr.175.6.1751577.

Orel SG, Reynolds C, Schnall MD, Solin LJ, Fraker DL, Sullivan DC. Breast carcinoma MR
imaging before re-excisional biopsy. Radiology. 1997;205(2):429-36. doi:10.1148/
radiology.205.2.9356624.

Lee JM, Orel SG, Czerniecki BJ, Solin LJ, Schnall MD. MRI before re-excision surgery in
patients with breast cancer. AJR Am J Roentgenol. 2004;182(2):473-80. doi:10.2214/
ajr.182.2.1820473.

BleicherRJ, CioccaRM, Egleston BL, Sesa L, Evers K, Sigurdson ER, Morrow M. Association
of routine pretreatment magnetic resonance imaging with time to surgery, mastectomy rate,
and margin status. J Am Coll Surg. 2009;209(2):180-7. doi:10.1016/j.
jamcollsurg.2009.04.010.

Chandwani S, George PA, Azu M, Bandera EV, Ambrosone CB, Rhoads GG, Demissie K. Role
of preoperative magnetic resonance imaging in the surgical management of early-stage breast
cancer. Ann Surg Oncol. 2014;21(11):3473-80. doi:10.1245/s10434-014-3748-9.
Hollingsworth AB, Stough RG, O’Dell CA, Brekke CE. Breast magnetic resonance imaging
for preoperative locoregional staging. Am J Surg. 2008;196(3):389-97. doi:10.1016/j.
amjsurg.2007.10.009.

. Pengel KE, Loo CE, Teertstra HJ, Muller SH, Wesseling J, Peterse JL, Bartelink H, Rutgers
EJ, Gilhuijs KG. The impact of preoperative MRI on breast-conserving surgery of invasive
cancer: a comparative cohort study. Breast Cancer Res Treat. 2009;116(1):161-9. doi:10.1007/
$10549-008-0182-3.

Allen LR, Lago-Toro CE, Hughes JH, Careaga E, Brown AT, Chernick M, Barrio AV, Frazier
TG. Is there a role for MRI in the preoperative assessment of patients with DCIS? Ann Surg
Oncol. 2010;17(9):2395-400. doi:10.1245/s10434-010-1000-9.

Obdeijn IM, Tilaanus-Linthorst MM, Spronk S, van Deurzen CH, de Monye C, Hunink MG,
Menke MB. Preoperative breast MRI can reduce the rate of tumor-positive resection margins
and reoperatations in patients undergoing breast-conserving surgery. AJR Am J Roentgenol.
2013;200(2):304-10. doi:10.2214/AJR.12.9185.

Hwang N, Schiller DE, Crystal P, Maki E, McCready DR. Magnetic resonance imaging in the
planning of initial lumpectomy for invasive breast carcinoma: its effect on ipsilateral breast
tumor recurrence after breast-conservation therapy. Ann Surg Oncol. 2009;16(11):3000-9.
doi:10.1245/s10434-009-0607-1.

Weber JJ, Bellin LS, Milbourn DE, Verbanac KM, Wong JH. Selective preoperative magnetic
resonance imaging in women with breast cancer: no reduction in the reoperation rate. Arch
Surg. 2010;147(9):834-9.

Wang SY, Kuntz KM, Tuttle TM, Jacobs Jr DR, Kane RL, Virnig BA. The association of
preoperative breast magnetic resonance imaging and multiple breast surgeries among older
women with early stage breast cancer. Breast Cancer Res Treat. 2013;138(1):137-47.
doi:10.1007/s10549-013-2420-6.

Turnbull L, Brown S, Harvey I, Olivier C, Drew P, Napp V, Hanby A, Brown J. Comparative
effectiveness of MRI in breast cancer (COMICE) trial: a randomized controlled trial. Lancet.
2010:375(9714):563-71. doi:10.1016/S0140-6736(09)62070-5.

Peter NH, van Esser S, van den Bosch MA, et al. Preoperative MRI and surgical management
in patients with nonpalpable breast cancer: the MONET — randomized controlled trial. Eur
J Cancer. 2011;47(6):879-86.


http://dx.doi.org/10.1002/cncr.10638
http://dx.doi.org/10.1159/000272304
http://dx.doi.org/10.2214/ajr.175.6.1751577
http://dx.doi.org/10.2214/ajr.175.6.1751577
http://dx.doi.org/10.1148/radiology.205.2.9356624
http://dx.doi.org/10.1148/radiology.205.2.9356624
http://dx.doi.org/10.2214/ajr.182.2.1820473
http://dx.doi.org/10.2214/ajr.182.2.1820473
http://dx.doi.org/10.1016/j.jamcollsurg.2009.04.010
http://dx.doi.org/10.1016/j.jamcollsurg.2009.04.010
http://dx.doi.org/10.1245/s10434-014-3748-9
http://dx.doi.org/10.1016/j.amjsurg.2007.10.009
http://dx.doi.org/10.1016/j.amjsurg.2007.10.009
http://dx.doi.org/10.1007/s10549-008-0182-3
http://dx.doi.org/10.1007/s10549-008-0182-3
http://dx.doi.org/10.1245/s10434-010-1000-9
http://dx.doi.org/10.2214/AJR.12.9185
http://dx.doi.org/10.1245/s10434-009-0607-1
http://dx.doi.org/10.1007/s10549-013-2420-6
http://dx.doi.org/10.1016/S0140-6736(09)62070-5

4 MRI and Preoperative Staging in Women Newly Diagnosed with Breast Cancer 101

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Houssami N, Turner R, Morrow M. Preoperative magnetic resonance imaging in breast can-
cer: meta-analysis of surgical outcomes. Ann Surg. 2013;257(2):249-55. doi:10.1097/
SLA.0b013e31827a8d17.

Grady I, Gorsuch-Rafferty H, Hadley P. Preoperative staging with magnetic resonance imag-
ing, with confirmatory biopsy, improves surgical outcomes in women with breast cancer
without  increasing rates of  mastectomy. Breast J. 2012;18(3):214-8.
doi:10.1111/j.1524-4741.2012.01227 x.

Sung JS, Li J, DaCosta G, Patil S, Van Zee K, Dershaw DD, Morris EA. Preoperative breast
MRI for early stage breast cancer: effect on surgical and long-term outcomes. AJR Am
J Roentgenol. 2014;202:1376-82. doi:10.2214/AJR.13.11355.

Gonzalez V, Sandelin K, Karlsson A, Aberg W, Lofgren L, Iliescu G, Eriksson S, Arver
B. Preoperative MRI of the breast (POMB) influences primary treatment in breast cancer: a
prospective randomized multicenter study. World J Surg. 2014;38(7):1685-93. doi:10.1007/
$00268-014-2605-0.

Rodenko GN, Harms SE, Pruneda JM, Farrell Jr RS, Evans WP, Copit DS, Krakos PA,
Flamig DP. MR imaging in the management before surgery of lobular carcinoma of the
breast: correlation with pathology. AJR Am J Roentgenol. 1996;167(6):1415-9. doi:10.2214/
ajr.167.6.8956569.

Fortune-Greeley AK, Wheeler SB, Meyer AM, Reeder-Hayes KE, Biddle AK, Muss HB,
Carpenter WR. Preoperative breast MRI and surgical outcomes in elderly women with inva-
sive ductal and lobular carcinoma: a population-based study. Breast Cancer Res Treat.
2014;143(1):203-12. doi:10.1007/s10549-013-2787-4.

Katipamula R, Degnim AC, Hoskin T, Boughey JC, Loprinzi C, Grant CS, Brandt KR, Pruthi
S, Chute CG, Olson JE, Couch FJ, Ingle JN, Goetz MP. Trends in mastectomy rates at the
Mayo Clinic Rochester: effect of surgical years and preoperative MRI. J Clin Oncol.
2009;27(25):4082-8. doi:10.1200/JCO.2008.19.4225.

Killelea BK, Grube BJ, Rishi M, Philpotts L, Tran EJ, Lannin DR. Is the use of preoperative
breast MRI predictive of mastectomy? World J Surg Oncol. 2013;11:154.
doi:10.1186/1477-7819-11-154.

Guilfoyle C, Christoudias M, Collett A, Gracely EJ, Frazier TG, Barrio AV. Effect of preop-
erative MRI on mastectomy and contralateral prophylactic mastectomy rates at a community
hospital by a single surgeon. Breast J. 2014;20(1):79-83. doi:10.1111/tbj.12204.

Feigelson HS, James TA, Single RM, Onitilo AA, Aiello Bowles EJ, Barney T, Bakerman JE,
McCahill LE. Factors associated with the frequency of initial total mastectomy: results of a
multi-institutional study. J Am Coll Surg. 2013;216(5):966-75. doi:10.1016/j.
jamcollsurg.2013.01.011.

Heil J, Rauch G, Szabo AZ, Garcia-Etienne CA, Golatta M, Domschke C, Badiian M, Kern
P, Schuetz F, Wallwiener M, Sohn C, Fries H, von Minckwitz G, Schneeweiss A, Rezai
M. Breast cancer mastectomy trends between 2006 and 2010: association with magnetic
resonance imaging, immediate breast reconstruction and hospital volume. Ann Surg Oncol.
2013;20(12):3839-46. doi:10.1245/s10434-013-3097-0.

Hollingsworth AB, Stough RG. Conflicting outcomes with preoperative breast MRI: differ-
ences in technology or methodology? Breast Dis Year Book Quarterly. 2010;21(2):109-12.
McGuire KP, Santillan AA, Kaur P, Meade T, Parbhoo J, Mathias M, Shamehdi C, Davis M,
Ramos D, Cox CE. Are mastectomies on the rise? A 13-year trend analysis of the selection of
mastectomy versus breast conservation therapy in 5,865 patients. Ann Surg Oncol.
2009;16(10):2682-90. doi:10.1245/s10434-009-0635-x.

Jones NB, Wilson J, Kotur L, Stephens J, Farrar WB, Agnese DM. Contralateral prophylactic
mastectomy for unilateral breast cancer: an increasing trend at a single institution. Ann Surg
Oncol. 2009;16(10):2691-6. doi:10.1245/s10434-009-0547-9.

Balch CM, Jacobs LK. Mastectomies on the rise for breast cancer: the tide is changing. Ann
Surg Oncol. 2009;16(10):2669-72. doi:10.1245/s10434-009-0634-y.

Houssami N, Turner R, Macaskill P, Turnbull LW, McCready DR, Tuttle TM, Vapiwala N,
Solin LJ. An individual person data meta-analysis of preoperative magnetic resonance imag-


http://dx.doi.org/10.1097/SLA.0b013e31827a8d17
http://dx.doi.org/10.1097/SLA.0b013e31827a8d17
http://dx.doi.org/10.1111/j.1524-4741.2012.01227.x
http://dx.doi.org/10.2214/AJR.13.11355
http://dx.doi.org/10.1007/s00268-014-2605-0
http://dx.doi.org/10.1007/s00268-014-2605-0
http://dx.doi.org/10.2214/ajr.167.6.8956569
http://dx.doi.org/10.2214/ajr.167.6.8956569
http://dx.doi.org/10.1007/s10549-013-2787-4
http://dx.doi.org/10.1200/JCO.2008.19.4225
http://dx.doi.org/10.1186/1477-7819-11-154
http://dx.doi.org/10.1111/tbj.12204
http://dx.doi.org/10.1016/j.jamcollsurg.2013.01.011
http://dx.doi.org/10.1016/j.jamcollsurg.2013.01.011
http://dx.doi.org/10.1245/s10434-013-3097-0
http://dx.doi.org/10.1245/s10434-009-0635-x
http://dx.doi.org/10.1245/s10434-009-0547-9
http://dx.doi.org/10.1245/s10434-009-0634-y

102

115.

116.

117.

118.

119.

120.

S.J. Lee and M.C. Mahoney

ing and breast cancer recurrence. J Clin Oncol. 2014;32(5):392-402. doi:10.1200/
JCO.2013.52.7515.

Fischer U, Zachariae O, Baum F, von Heyden D, Funke M, Liersch T. The influence of pre-
operative MRI of the breasts on recurrence rate in patients with breast cancer. Eur Radiol.
2004:14(10):1725-31. doi:10.1007/s00330-004-2351-z.

YiA, Cho N, Yang KS, Han W, Noh DY, Moon WK. Breast cancer recurrence in patients with
newly diagnosed breast cancer without and with preoperative MR imaging: A matched cohort
study. Radiology. 2015;276(3):695-705. doi:10.1148/radiol.2015142101.

Bae MS, Moon HG, Han W, Noh DY, Ryu HS, Park IA, Chang JM, Cho N, Moon WK. Early
stage triple-negative breast cancer: imaging and clinical-pathologic factors associated with
recurrence. Radiology. 2015;31:150089 doi:10.1148/radiol.2015150089. [Epub ahead of
print].

Morrow M. Magnetic resonance imaging in the breast cancer patient: curb your enthusiasm.
J Clin Oncol. 2008;26(3):352-3. doi:10.1200/JC0O.2007.14.7314.

Solin LJ. Counterview: pre-operative breast MRI (magnetic resonance imaging) is not rec-
ommended for all patients with newly diagnosed breast cancer. Breast. 2010;19(1):7-9.
doi:10.1016/j.breast.2009.11.004.

ACRIN American College of Radiology Imaging Network website. Protocol 6694: effect of
preoperative breast MRI on surgical outcomes, costs and quality of life in women with breast
cancer (Alliance AO011104/ACRIN 6694). www.acrin.org/protocolsummarytable/proto-
c0l6694.aspx. Accessed 20 Nov 2015.


http://dx.doi.org/10.1200/JCO.2013.52.7515
http://dx.doi.org/10.1200/JCO.2013.52.7515
http://dx.doi.org/10.1007/s00330-004-2351-z
http://dx.doi.org/10.1148/radiol.2015142101
http://dx.doi.org/10.1148/radiol.2015150089
http://dx.doi.org/10.1200/JCO.2007.14.7314
http://dx.doi.org/10.1016/j.breast.2009.11.004

	Chapter 4: MRI and Preoperative Staging in Women Newly Diagnosed with Breast Cancer
	4.1 Introduction
	4.2 Size and Extent of Index Tumor
	4.3 Additional Sites of Disease
	4.4 Pectoral Muscle and Chest Wall Involvement
	4.5 Skin and Nipple Involvement
	4.6 Staging of Regional Lymph Nodes
	4.7 Subsets of Newly Diagnosed Breast Cancer Patients Likely to Benefit from MRI Staging
	4.8 The Utility of MRI in Special Clinical Scenarios
	4.8.1 Inflammatory Breast Cancer
	4.8.2 Metastatic Axillary Lymphadenopathy of Unknown Primary Malignancy
	4.8.3 Paget’s Disease of the Nipple with Negative Conventional Breast Imaging
	4.8.4 Positive Surgical Margins After Initial Lumpectomy
	4.8.5 Known Multifocal, Multicentric or Bilateral Disease
	4.8.6 Discordant Findings Between Clinical Examination and Imaging or Between Imaging Modalities
	4.8.7 Planned Neoadjuvant Chemotherapy

	4.9 Controversies on MRI Staging of Newly Diagnosed Breast Cancer
	4.9.1 Delay in Definitive Therapy
	4.9.2 Conflicting Data on Re-excision Rates
	4.9.3 Increased Mastectomy Rates
	4.9.4 No Demonstrated Long-Term Survival Impact

	4.10 Conclusion
	References


