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Abstract
BACKGROUND: Breast magnetic resonance imaging (MRI) has been recommended increasingly in

the preoperative setting for patients newly diagnosed with malignancy to evaluate tumor extent,
multicentricity, and contralateral disease.

METHODS: Results of conventional imaging, breast MRI, and pathology were analyzed from 603
consecutive breast cancer patients who underwent MRI preoperatively. The focus of this retrospective
study was imaging-histologic correlation.

RESULTS: Reoperation for positive margins after lumpectomy occurred in 8.8% of patients. Mul-
ticentricity was identified by MRI alone in 7.7% of patients, whereas 3.7% were found to have
contralateral cancer by MRI. The sensitivity of MRI was 93% in detecting multicentric disease and 88%
for contralateral disease, whereas sensitivity for conventional imaging was 46% and 19%, respectively.
Unsuspected disease was identified by MRI equally for invasive ductal and ductal carcinoma in situ
histology, whereas multicentricity was found more frequently with invasive lobular carcinoma.

CONCLUSIONS: Breast MRI is recommended for preoperative evaluation of the newly diagnosed
breast cancer patient.
© 2008 Elsevier Inc. All rights reserved.
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Breast magnetic resonance imaging (MRI) is being used
n the preoperative setting for newly diagnosed breast can-
er patients, both to define tumor extent and to search for
ther foci of malignancy. During the development of this
odality, preoperative patients were often selected for MRI

ecause conventional imaging was believed inadequate. As
result, the probability of discovering occult multicentricity
r bilaterality was possibly magnified, and such results were
ifficult to extrapolate to the general population of newly
iagnosed breast cancer patients.
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To assess the impact of breast MRI in the overall popu-
ation of preoperative patients, we began performing breast

RI on all women newly diagnosed with breast cancer in
arch 2003, reporting our initial series of 334 sequential

atients in which MRI-discovered multicentric disease oc-
urred in 7.7%, whereas contralateral cancers were discov-
red in 3.6%.1 The 11.3% total for occult disease discovery
y MRI, when coupled with findings at the primary tumor
ite, impacted surgical therapy in 20% of patients overall.

These findings were comparable with other series re-
orted, such as in a multi-institutional study of 426 patients2

herein 10% of women were found to have tumor foci more
han 2.0 cm from the index lesion, and an analysis of 103
omen in the same collaborative group3 that revealed a 4%
hance of contralateral cancer.

mailto:ahollingsworth@ok.mercy.net
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Recently, the American College of Radiology Imaging
etwork (ACRIN) Trial 6667 announced multi-institutional

esults of preoperative staging with MRI in 969 women,
eporting a 3.1% probability of discovering occult contralat-
ral cancer missed by mammography and examination.4

he sensitivity of MRI for detecting contralateral cancer
as 91% and the specificity was 88%. Notably, the detec-

ion of these cancers was not influenced by breast density,
enopausal status, or the histologic features of the primary

umor.
Because the ACRIN study provided further evidence for

he routine use of preoperative MRI, the question is raised
s to whether or not comparable results can be achieved
hen breast MRI is used in the community setting. This

urrent series of 603 sequentially diagnosed patients is an
pdate of our earlier review, representing what we believe
o be the largest single-site study to date, with the primary
ntent being that of imaging-histologic correlations.

ethods

atient selection

From March 2003 through December 2006, consecutive
atients newly diagnosed with breast cancer underwent
reast MRI and were included for study according to an
nstitutional review board–approved protocol. Record re-
iew included conventional imaging, MRI, and pathology
eports. Histologic confirmation of diagnosis was available
efore the MRI through image-guided biopsy or surgical
iopsy. Because our focus was on imaging-histologic cor-
elations, those patients who received neoadjuvant chemo-
herapy were excluded from the study because partial and
omplete pathologic responses would automatically impart
iscordance to the MRI performed at the time of diagnosis.
ther reasons for exclusion were as follows: patients who

efused surgical intervention after the MRI or were lost to
ollow-up evaluation, and patients in whom no residual was
ound on MRI after definitive surgical excision led directly
o radiation therapy rather than more surgery. Thus, all
atients included in this study underwent additional surgery
hortly after the MRI, providing the basis for correlating
istology and MRI findings. In addition, for the purposes of
his review, lobular carcinoma in situ was not scored as
alignant.

RI technique

For the first 249 patients in the series, axial and sagittal
radient echo T1 acquisitions were performed for both
reasts preceding and after manual infusion of .2 mmol/kg
adolinium followed by a 20-mL saline flush, using an
urora (North Andover, MA, USA) breast-dedicated .5-
esla MRI with bilateral breast coil. Subtractions and T2-

eighted pulsing sequences also were performed. g
For the next 354 patients, high-resolution rotating deliv-
ry of excitation off-resonance (RODEO®) axial acquisi-
ions were obtained of both breasts using an Aurora 1.5-
esla breast-dedicated MRI. Sequences were performed
receding and after the infusion of .2 mmol/kg gadolinium
dministered as a bolus dose with a power injector followed
y a 20-mL saline flush. Subtraction images also were
erformed.

hysician participation and source of data

Radiology interpretations for conventional breast imag-
ng were performed primarily by 5 radiologists at Mercy
ealth Center, and 10 surgeons and 3 pathologists com-
leted the treatment and histologic evaluations, respec-
ively, in the majority of cases. A minority of patients had
ome portion of their diagnosis, treatment, or pathology
erformed at outlying facilities, and written reports were
elied on in these cases. Tissue processing on all breast
pecimens was routine, under no special protocol for addi-
ional histologic sections. Re-excision rates were compiled
hrough follow-up phone calls to surgeons’ offices and hos-
ital medical records departments at delayed intervals, up to
months after initial surgery when re-excisions were antic-

pated by close or positive margins.
MRI results form the crux of this retrospective review,

nd all MRIs were performed at Mercy Women’s Center.
RI interpretations all were performed by 3 of the 5 radi-

logists who manage conventional breast imaging at this
ame facility. Written reports for MRI as well as actual
mages were used in data acquisition, usually presented
long with conventional images and pathology slides at a
eekly interdisciplinary breast conference.

esults

From a total of 4,569 patients who underwent breast MRI
uring the study period, 650 were performed for preopera-
ive locoregional staging. Of these 650 patients, 37 were
xcluded because of neoadjuvant chemotherapy, 6 patients
ere excluded when they moved directly to radiation ther-

py after surgical biopsy, and 4 patients were excluded
hen they declined any further treatment after the initial
iopsy or were lost to follow-up evaluation, leaving 603
atients for inclusion in the study group in which direct
istologic correlations to the MRI findings could be made.

Histologic types included 388 invasive ductal carcino-
as (and subtypes), 149 patients with ductal carcinoma in

itu (DCIS), 65 with invasive lobular carcinoma, and 1
atient with a malignant phyllodes tumor. Diagnosis was
ade by image-guided biopsy in 547 patients, whereas the

emaining 56 patients underwent a surgical biopsy. The
erm image-guided biopsy includes all forms of lesion sam-
ling (core, vacuum-assisted, and so forth) under radiologic

uidance, be it radiograph, ultrasound, or MRI. Wire-local-
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391A.B. Hollingsworth et al Breast MRI for locoregional staging
zation procedures before surgical excision were considered
s a surgical biopsy.

reast conservation

Patients were treated surgically with the approaches as
utlined in Table 1. Overall, the breast conservation rate
as 60.2%, but this number is skewed lower by the patients
ho opted for bilateral preventive mastectomy when uni-

ateral lumpectomy would have sufficed for the index le-
ion. Of the 65 patients who underwent bilateral mastec-
omy, only 22 had bilateral breast cancer, so 43 opted for a
ore aggressive prevention strategy against future prima-

ies. If these preventive surgeries are excluded, then 65%
363 of 560) underwent breast conservation.

When therapeutic choices are broken down by pathology
roups, the patients with DCIS had the highest rate of breast
onservation at 63%, but they also had the highest rate of
ilateral mastectomies (19%), mostly for prevention. When
unilateral approach was chosen for unilateral disease, then

he breast conservation rate for DCIS was 77% (91 of 118).
reast conservation for invasive ductal carcinoma was per-

ormed in 61% of patients (237 of 388), and for invasive
obular carcinoma, conservation was accomplished in 48%
31 of 65).

RI evaluation of the index lesion after
mage-guided biopsy

Assessment of residual tumor at the site of the index
esion after image-guided biopsy is summarized in Table 2.
ecause there are limitations to traditional dichotomous

eporting in light of the fact that MRI can overestimate (and
nderestimate) the amount of residual tumor, results are

Table 1 Surgical approaches used in patients undergoing
preoperative MRI

Unilateral lumpectomy 58.5% (353*/603)
Bilateral lumpectomy 1.7% (10/603)
Unilateral mastectomy 28.9% (174/603)
Bilateral mastectomy 10.8% (65/603)
Unilateral mastectomy and contralateral

lumpectomy .2% (1/603)

*Includes 4 patients who underwent double lumpectomy.

Table 2 MRI assessment of residual tumor at site of the
index lesion after image-guided biopsy, compared with final
pathology measurement

True-positive within 1.0 cm 80% (395/496)
True-positive within 1.0–2.0 cm 10% (49/496)
True-positive, but difference �2.0 cm 6% (30/496)
Overall PPV 96% (474/496)
False-positive result 4% (22/496)
o

rovided in this table that reflect the positive predictive
alue (PPV) of MRI within different size ranges.

The negative predictive value (NPV) of MRI at the
mage-guided biopsy site has little clinical significance be-
ause surgical excision will be performed regardless of MRI
ndings. Nevertheless, a negative MRI after a malignant

mage-guided biopsy correctly predicted no microscopic
esidual in 29% and minimal microscopic residual in an
dditional 49%. Thus, in 78% of patients, a negative post-
iopsy MRI predicted zero or microscopic residual confined
o the biopsy site. The remaining 22%, however, had resid-
al tumor exceeding 1.0 cm, a false-negative rate in excess
f what is seen when breast MRI is used to evaluate breast
issue undisturbed by a biopsy.

RI evaluation of the index lesion site after
urgical excision

For patients undergoing a surgical biopsy before MRI,
he estimation of residual disease can have more significant
mplications because further surgery may or may not be
ecessary. Two definitions of the PPV of MRI in the detec-
ion of residual disease were used, one being strict (zero
esidual on final pathology, neither in situ nor invasive), the
ther being minimal residual (�1.0 cm) having uncertain
linical significance. Results are shown in Table 3.

RI impact on index lesion management

Preoperative MRI still can impact decisions regarding
he index lesion. In an attempt to quantify how often this
ccurs, a strict definition of a significant find at the biopsy
ite was used. When the MRI indicated a primary lesion that
as more than 2.0 cm larger than the measurement through

onventional imaging (and the MRI size was confirmed on
nal pathology), yet excluding those patients with a pattern
uch that they were scored as having multicentricity (see
ater), 4% (25 of 603) of patients had a significant discovery
t the site of the index lesion. Despite this larger tumor size,
ither unifocal or multifocal, 40% of these patients still
nderwent breast conservation, so the surgeon often was
ble to plan for a larger segmental resection. Our application

Table 3 MRI assessment of residual tumor at the site of
the index lesion after surgical excision, compared with final
pathology measurement

Any microscopic residual
as positive

�1.0 cm residual as
positive

Sensitivity 82% Sensitivity 88%
Specificity 76% Specificity 80%
PPV 89% PPV 89%
NPV 65% NPV 80%
Accuracy .80 Accuracy .86
f this definition underestimates the benefit of MRI in this
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tudy because we excluded patients having neoadjuvant
herapy from review, and this includes patients whose need
or preoperative chemotherapy came through MRI findings
t the site of the index lesion.

e-excision rate of index lesion

A more direct approach to assess impact of MRI on the
ndex lesion is through re-excision rates. In this retrospec-
ive study, there were no predefined criteria for re-excision,
ith the procedure recommended by the individual sur-
eons on the basis of their discomfort with close or positive
argins. Of the 363 patients who underwent unilateral

umpectomy, double lumpectomy, or bilateral lumpectomy,
.8% (32 of 363) were taken back to the operating room for
epeat re-excision (24 patients), mastectomy (3 patients), or
ilateral mastectomy (5 patients). In 20 of 32 patients, no
esidual disease was identified in the re-excision or mastec-
omy specimen.

RI detection of multicentricity

Multicentric disease was defined as a separate focus of
ancer more than 5.0 cm away from the index lesion or
umors that extended to another quadrant through a discon-
inuous growth pattern, the latter definition being more
ommon with lobular histology. Satellite nodules of multi-
ocality near the index lesion were not included here, but are
escribed earlier.

Although 43 patients were known to have multicentric
isease before the preoperative MRI, an additional 43 pa-
ients were identified as having multicentric disease on the

RI alone, representing 7.7% (43 of 560) of the patients
onsidered as having a solitary lesion by conventional im-
ging.

Pathology of the index lesions that eventuated in the
iscovery of multicentric disease is represented in Table 4.
he histology of the MRI-discovered multicentric, foci in-
luded: 25 patients with invasion (17 ductal and 8 lobular,
ith 5 of 8 having 3- and 4-quadrant disease) and 18
atients with DCIS, 9 of which were multiquadrant high-

Table 4 Multicentric cancers as discovered through
conventional imaging (mammography and ultrasound) and
then additionally through preoperative MRI

Index lesion histology
Conventional
imaging Breast MRI

Invasive ductal carcinoma 7.2% 7.8%
DCIS 8.0% 4.3%
Invasive lobular carcinoma 4.8% 13%
Total 7.1% (43/603) 7.7% (43/560*)

*560 patients cleared by conventional imaging.
rade lesions.
In calculating the false-negative rate in the discovery of
ulticentricity through MRI, only those patients who un-

erwent mastectomy were included whereby histologic
valuation was performed. Of the 239 patients who under-
ent mastectomy, 7 were found to have multicentric foci for
false-negative rate of 2.9%. These foci included a 1.5-cm

rea of invasive lobular, a .3-cm invasive ductal, and 5
atients with DCIS, one of which was high-grade and mul-
iquadrant.

To identify the additional 43 patients with multicentric-
ty, 47 false-positive results were generated with outcomes
epresented in Table 5.

In assessing the impact of false-positivity on patients, it
s noteworthy that 70% of these patients (33 of 47) under-
ent breast conservation despite the concerns raised by
RI, and 86% of those who had a benign biopsy (19 of 22)

nderwent breast conservation.
The overall performance parameters for MRI in the de-

ection of multicentric (and contralateral) disease are shown
n Table 6. By using conventional imaging alone for the
etection of multicentricity, sensitivity was 46%.

RI detection of contralateral disease

Contralateral cancers were known to be present through
onventional imaging in 6 patients (1%). Preoperative MRI
ielded an additional 22 patients with contralateral disease
rom the remaining 597 (3.7%).

These contralateral cancers were invasive (12 ductal and
lobular) in 68% and DCIS in 32%. In 50% (11 of 22) of

Table 5 Analysis of 47 false-positive results generated by
MRI during the discovery of 43 additional patients with
multicentric carcinoma

Overall false-positive rate 8.4% (47/560)

MRI lesions called benign after second-
look ultrasound 32% (15/47)

Benign biopsy performed for enhancing
lesion on MRI 47% (22/47)

No multicentric foci found in
mastectomy specimen 21% (10/47)

Table 6 MRI performance with regard to the detection of
multicentric and contralateral cancers in the entire patient
population

Detection of
multicentricity

Detection of
contralateral cancer

Sensitivity 93% 88%
Specificity 91% 90%
NPV 99% 99%
PPV 65% 34%
Accuracy .92 .90
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ontralateral cancers, the unsuspected contralateral disease
as the same or worse stage than the ipsilateral cancer.
The probability of discovering contralateral cancer

hrough the use of MRI, as related to histology of the
rimary, is shown in Table 7.

By using a strict definition of false-negative results, in-
luding only those patients who chose a preventive con-
ralateral mastectomy, 4 of 59 patients (6.8%) were found
n final pathology to have occult cancer. These included a
.1-cm invasive lobular carcinoma, a .4-cm tubular carci-
oma, a focal area of DCIS, and DCIS in a patient in whom
either the primary nor multicentric foci enhanced on MRI.

False-positive results occurred in 9.2% (55 of 597) of
atients without known contralateral disease and these out-
omes are reflected in Table 8.

When the entire patient population was considered, the
RI performance parameters for the detection of contralat-

ral cancer were as previously noted in Table 6. Notably,
ensitivity for the detection of contralateral disease with
ammography was 19%.

omments

ackground

When used in the preoperative evaluation of breast can-
er patients, breast MRI often identifies more extensive
isease than appreciated by conventional imaging. In one of
he first large series reported,5 planned surgical management
as altered in 69 of 267 patients (26%) whereas 44 patients

17%) had conversion of planned breast conservation to
astectomy. Because this rate of conversion to mastectomy

xceeded the reported local recurrence rates after breast
onservation, criticisms arose as to the propriety of MRI-
ased decision making in the preoperative setting, espe-
ially given equal survival with breast conservation or mas-
ectomy in the major clinical trials.6 In essence, it has been
harged that MRI is only confirming in image format what
lready was known about breast cancer growth patterns
stablished more than 20 years ago through serial subgross
ectioning studies.7 Because the very purpose of radiation

Table 7 Contralateral cancers discovered through
conventional imaging and then-additionally through
preoperative MRI

Index lesion histology
Conventional
imaging Breast MRI

Invasive ductal carcinoma 1.0% 3.1%
DCIS .6% 4.7%
Invasive lobular carcinoma 1.5% 4.7%
Total 1.0% (6/603) 3.7% (22/597*)

*597 patients cleared by conventional imaging.
herapy is to treat remaining disease not appreciated on
onventional imaging, advocates of breast MRI must ad-
ress the possibility that high-resolution, high-sensitivity
maging might result in reactionary treatment strategies.

This criticism is partially countered by the rapid accep-
ance of accelerated partial breast irradiation in the local
anagement of early stage breast cancer,8 even though it is

till investigational and significant questions remain. Accel-
rated partial breast irradiation at the lumpectomy site offers
o coverage for multicentric foci of disease, save for the
meliorating effects of systemic therapy. Thus, secondary
ites of cancer within the breast take on renewed impor-
ance.

Even with whole-breast radiation, however, the early
5-year) local recurrence rate was 8% in the National Sur-
ical Adjuvant Breast Project B-06 trial.9 Although the
urrent rates of local recurrence subsequently may have
mproved at centers of excellence, there could remain widely
isparate unpublished results. Even though such local recur-
ences may or may not directly impact survival, there remains
significant morbidity for recurrence in the irradiated breast.
ost notably, mastectomy—the very procedure avoided by the

atient’s original decision—usually is required. Only now,
ostradiation, the option of reconstruction with a tissue
xpander/implant approach carries a complication rate as
igh as 53%,10 prompting the usual mandate of an autolo-
ous flap.

Furthermore, the psychologic impact of a local paren-
hymal recurrence in the breast can have a profound nega-
ive effect, even when the patient has a good prognosis. It is
ot unusual for patients to study the published literature,
hereupon they will discover diminished survival rates.
his can be a disturbing discovery even when arguments are
laborated that such recurrences are only markers of in-
reased risk rather than actual instigators of the reduction in
urvival.11 And for those who recur systemically at a later
ate, there is often a perception by the patient and family
hat the local recurrence was the causative factor in the
evelopment of metastatic disease.

Because there are no survival outcome data available for
atients who have undergone preoperative staging with
reast MRI, we are left with other end points. Indeed, given
resumed survival equivalency, other end points are much
ore realistic, beginning with local recurrence rates. Be-

ause MRI has been introduced only recently, very little has

Table 8 Analysis of 55 false-positive results generated by
MRI during the discovery of 22 additional patients with
contralateral cancer

Overall false-positive rate 9.2% (55/597)

MRI lesions called benign after second-
look ultrasound 31% (17/55)

Benign biopsy performed for enhancing
lesion on MRI 65% (36/55)

No contralateral foci found in
mastectomy specimen 4% (2/55)
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een published in this regard. One such study of women
ndergoing breast conservation compared 86 patients who
ad preoperative MRI versus 122 who did not, with a
edian follow-up period of 40 months.12 Both groups were

onsidered equivalent with respect to the type of systemic
herapy. For those patients who had preoperative MRI, the
ocal recurrence rate was 1.2% (1 of 86), compared with
.8% (9 of 133) in the group that did not undergo MRI.

Another end point favoring preoperative breast MRI is a
eduction in re-excisions after lumpectomy. The 8.8% re-
xcision rate in this series is well below accepted re-oper-
tion rates, which have been reported as high as 27% after
he initial attempt at breast conservation.13 This attractive
utcome measure needs to be considered as a major end
oint in all studies evaluating the cost effectiveness of MRI
ecause fewer re-operations counterbalance the increased
osts associated with the use of MRI.

Such end points seem preferable to the attempts at quan-
ifying how often MRI impacts the decision regarding
umpectomy versus mastectomy. It is not always clear in the
ublished literature how this impact is even defined. Short
f interviewing each patient and her surgeon as to the
nfluence of MRI on the choices made, one can only make
aw assumptions about impact from available data. The
ecision on the approach to local management is already a
omplex interplay of physician presentation and patient
erceptions,14 so defining the contribution of MRI is diffi-
ult. In reviewing our data, patients sometimes opted for
astectomy even after the MRI indicated excellent candi-

acy for breast conservation, whereas other patients re-
uested conservation when MRI suggested that mastectomy
r neoadjuvant chemotherapy might be more appropriate.

valuation of the index lesion

MRI interpretations at the biopsy site of the index lesion
an be a challenge because of clip artifact, rim enhance-
ent, hemorrhage, or a background of severe proliferative

hange. These can lead both to false-negative and false-
ositive results. Although the surgeon sometimes is guided
y the advance knowledge of satellite nodules and in situ
xtensions, the impact of MRI on the index lesion is best
ocumented through lower re-excision rates and lower re-
urrence rates at the lumpectomy site, rather than presump-
ions as to how often the MRI changes a therapeutic ap-
roach.

With regard to postlumpectomy MRI, rim enhancement
f the cavity prevents MRI from being as accurate as it is in
he detection of multicentric and contralateral lesions. The
eason for ordering MRI in this instance has been expressed
s a means to determine the need for re-excision; however,
he NPV of only 65% with regard to any residual after
xcisional biopsy (and still only 80% with minimal residual)
s noted in Table 3 is inadequate to make this determination.
e-excision after lumpectomy should be based on the stan-
ard practices using judgment from preoperative conven-

ional imaging and margin assessment, rather than t
ostlumpectomy MRI. Benefit with regard to the detection
f multicentricity and contralateral disease, however, still
an be justified.

ulticentricity

Multicentricity, however, has a more significant role in
ecisions about local management. When a separate cancer
s present in the same breast, a successful lumpectomy with
lear margins can be achieved, leaving untreated disease
ehind (Fig. 1). In our series, 7.7% of patients were found
o have occult disease in other quadrants, and although the
linical significance of these additional sites may be un-
nown for patients undergoing whole-breast radiation, it is
ikely that most, if not all, of these discoveries are signifi-
ant for patients considering accelerated partial breast irra-
iation. As concerning as this 7.7% may be, it is actually
ower than what is described elsewhere5 and may reflect a
tricter definition of multicentricity. Another explanation
ies in the fact that some patients with multiquadrant disease
ere steered toward neoadjuvant chemotherapy as a result
f MRI findings, yet were excluded from this study.

Although criticisms are warranted if preoperative breast
RI is promoting “more mastectomies” in the face of what
e know about survival in clinical trials, it has been pos-

ulated that a counterbalance is at work with MRI, allowing
omen greater confidence in choosing breast conservation

igure 1 In this patient, only the largest focus of invasive ductal
arcinoma was evident on conventional imaging. The multicentric
oci of biopsy-proven invasive disease discovered on MRI (ar-
ows) are so far away from the index lesion that a routine lumpec-
omy could easily yield clear margins. Without MRI, if lumpec-
omy were performed, there is a chance that the multicentric foci
ould be managed adequately with whole-breast radiation and

ystemic therapy. However, it is unlikely that the patient would
eceive proper therapy if accelerated partial-breast irradiation were

o be used at the lumpectomy site.
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y “clearing” the remaining breast tissue as disease-free
hrough the strong negative predictive value of MRI.15 To
ate, no detailed study incorporating the nuances of the
ecision-making process after breast MRI has addressed
his potential.

However, in support of this phenomenon, the breast-
onservation rate of 60% reported herein (65% if patients
ho opted for bilateral preventive mastectomy are ex-

luded) compares favorably with the 58% rate of conserva-
ion for early breast cancer seen in the National Cancer Data
ase.16 In the year before instituting our breast MRI pro-
ram (2002), the tumor registry at our facility recorded
reast conservation was performed in 48% of patients, and
year later, with MRI being performed routinely, this rate
as 58%, comparable with the overall rate of conservation

n this study of 60%. Analysis of local recurrences before
nd after institution of breast MRI are planned as the data
ature. Nevertheless, it appears that although MRI is se-

ecting 7.7% of patients for mastectomy because of multi-
entricity (albeit 4 patients chose double lumpectomy), this
s likely being countered by an increased acceptance of
reast conservation after MRI clearance.

In assessing the impact of false-positive results on this
ecision-making process, it is noted that 70% of patients
ith false-positive results on the ipsilateral side underwent
reast conservation, and 86% continued with conservation
fter a benign biopsy for suspected multicentric disease.
lthough this latter group enjoys a significant selection bias

n that the biopsy is being performed because of a pre-
xisting commitment to breast conservation, the 70% con-
ervation rate after false-positive results in the general
roup speaks against a strong negative impact of false-
ositive results.

ontralateral cancer

Controversy will persist over MRI findings at the site
f the index lesion as well as the discovery of occult
ulticentric disease, but the issues surrounding the con-

ralateral breast assume greater significance because this
reast will be treated inadequately if the patient receives
unilateral approach. Although it has become a truism

hat the index lesion dictates prognosis, especially when
etachronous disease is included in the study of bilater-

lity, decreased survival in patients with bilateral syn-
hronous cancer has been reported,17 as well as a 3.9-fold
ncreased risk of breast cancer mortality in women who
eveloped bilateral breast cancer within 5 years and at an
ge younger than 50 years.18

It is difficult to relegate these discoveries in our series to
ubclinical status when the stage of the occult contralateral
ancer was equal to, or greater than, the stage of the primary
n 50% of the cases. Notably, in 3 patients diagnosed with
CIS, the contralateral cancer was stage I invasive in 1
atient, and stage IIA in 2 patients. Our 3.7% discovery of
ccult contralateral cancer is similar to the 3.1% described

n the aforementioned ACRIN study,4 as is our distribution s
f invasive cancer (68%) to in situ discoveries (32%), these
alues being 60% and 40%, respectively, in the ACRIN
tudy. In addition, our rate of contralateral cancer discovery
s identical (3.7%) to that reported in one of the largest
eries on preoperative staging that included 405 newly di-
gnosed patients.19

Although the percentage of patients with contralateral
ccult cancer may seem small, it translates through disease
revalence to a large number of women who currently are
eceiving unilateral treatment for bilateral disease, and
herefore seems to warrant routine preoperative MRI for
ewly diagnosed breast cancer patients.

reoperative MRI findings as a whole

Even when one excludes the influence of MRI on the
valuation of the index lesion, the most valuable benefits
emain—the discovery of occult multicentricity and bilat-
rality. In this series, the addition of these 2 findings, 7.7%
or the former and 3.7% for the latter, provides an 11.4%
robability that a major discovery will occur through pre-
perative MRI staging, above a reasonable threshold for
outine use, especially in a program that offers accelerated
artial-breast irradiation.

The discovery of these additional findings in the rou-
ine use of preoperative breast MRI, however, comes at
he cost of the associated anxiety with false-positive
iopsy results. Unlike false-positive results that occur
ith mammography and ultrasound before a diagnosis of

ancer, MRI-generated false-positive results occurred in
ur series after the diagnosis, conceivably a more anxi-
ty-provoking sequence.

Although it was beyond the scope of this review, in
omparing current results with those we previously re-
orted,1 wherein 81% of the patients were studied with a
5-Tesla magnet, the results then were remarkably simi-
ar: 7.7% for multicentricity and 3.6% for occult contralat-
ral disease discovered by MRI. To the original 334 pa-
ients, an additional 271 are added herein, all of the latter
eing studied on a 1.5-Tesla magnet, with almost identical
utcomes.

Specificity for multicentric disease was 91% and for
ontralateral disease was 90%, comparable with the 88%
pecificity for contralateral disease in the ACRIN trial,4 all
f which contrasts to reports claiming that specificity with
reast MRI is lower than mammography.19,20

reoperative staging versus mapping

The term preoperative staging is somewhat misleading
n that it addresses a different clinical issue than stage as
utlined by the American Joint Committee on Cancer. A
ore accurate term would be preoperative mapping. Breast
RI cannot always distinguish invasive from in situ dis-

ase,21 but this is not the surgeon’s primary concern in

urgical planning. The surgeon needs to know the 3-dimen-
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ional configuration of the tumor, be it invasive or in situ. In
act, the International Consensus Conference II22 recom-
ended an all-inclusive size of a lesion—in situ and inva-

ion—to be termed overall size, whereas the invasive com-
onent be reported as prognostic size, the latter being the
nly consideration in American Joint Committee on Cancer
taging if both in situ and invasive disease are present.
verall size is mapping as it pertains to local recurrence

ates, whereas prognostic size relates to stage and systemic
ecurrence rates.

imitations of pathology

Any study relating MRI to the findings on pathology
uffers from limitations inherent in routine tissue processing
nd the difficulties encountered in tumor measurement. Al-
hough these measurements may be considered the gold
tandard by clinicians, such measurements can be quite
ubjective, or even erroneous, because of a wide variety of
actors. Pathology can overestimate and underestimate sizes
dramatically,”23 and depending on the plane of section, as
uch as a 3-fold difference in recorded size can result. It is

ot only likely, but highly probable, that in some cases of
nvasive lobular, extensive DCIS, and discontinuous growth
atterns, the MRI measurement is more accurate than those
ade in the pathology laboratory. Thus, MRI data as fre-

uently reported in the literature underestimates accuracy
ith regard not only to the index lesion, but in reference to

he detection of multicentric and contralateral disease. Un-
ess a research protocol is in place within the pathology
epartment, such that surgical specimens are analyzed in
reat detail with multiple sections, paying close attention to
ll areas of MRI enhancement, deficiencies in reporting will
ccur in the pathology laboratory but be reflected in the
RI data instead.

onclusions

Preoperative breast MRI can be considered appropriate
or all newly diagnosed breast cancer patients by virtue of
n 11.4% probability of detecting mammographically occult
ulticentric disease (7.7%) or occult contralateral disease

3.7%). An additional benefit comes through the 3-dimen-
ional mapping of the index lesion, although quantification
f this benefit is best achieved through the outcome mea-
ures of local recurrence rates or re-excision rates. Although
his study did not address the former, we have shown a very
ow re-excision rate of 8.8%, theorizing that this outcome is
ccomplished through the preoperative identification of sat-
llite nodules and irregular tumor extensions.

Although concerns persist that patients who undergo pre-
perative mapping with MRI might be overstaged and steered
oward mastectomy when breast conservation would suffice,
ownstaging is a likely counterbalance, reassuring patients
hrough the strong negative predictive power of MRI that

reast conservation is safe. Our breast conservation rate of
0% overall, and 65% when preventive bilateral mastectomy
atients are excluded, supports this notion.

Specificity is comparable with that of mammography,
ut all suspected multicentric and contralateral enhance-
ents on MRI should undergo biopsy for histologic confir-
ation of malignancy if treatment plans are to be adjusted

ccordingly.
The findings reported here with regard to occult contralat-

ral cancers discovered through MRI are arguably enough to
arrant the recommendation of preoperative MRI. However,

he ipsilateral findings, especially with regard to multicentric
oci in this era of accelerated partial breast irradiation, add
onsiderable weight to incorporating preoperative MRI rou-
inely in newly diagnosed breast cancer patients.
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