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A review of the literature on the current applications of breast magnetic resonance imaging

(MRI) indications, their rationale and their place in diagnosis and management of breast

cancer was given.  Contrast-enhanced breast MRI is developing as a valuable adjunct to

mammography and sonography.  Its high sensitivity for invasive breast cancer establishes

its superiority in evaluation of multifocality/multicentricity, tumor response to neoadjuvant

chemotherapy, detection of recurrence, and staging.  Emerging applications include spec-

troscopy, usage of new contrast agents, and MRI-guided interventions, including noninva-

sive treatment of breast cancer.  Its potential benefit in screening high-risk women has yet

to be established with prospective studies, particularly with regard to false positive results.

Key words:  Breast cancer, Magnetic resonance imaging, MRI-guided intervention,

Cancer screening.

Introduction

It has been more than 30 years since magnetic resonance imaging (MRI) was
introduced into clinical practice.  At the beginning it was used mostly in neuro-
radiology and musculoskeletal radiology, but over the years its use expanded to
other organ systems.  Increasing field strengths, development of faster and
stronger coils, a wide assortment of dedicated coils, increasing numbers and
availability of MRI units (at least in the Western world) helped to establish MRI
as the preferred modality for many indications.

Breast MRI was first introduced in the 1980’s when several authors described their
initial experiences (1-3).  It was soon realized that only contrast enhanced (CE)
breast MRI had sufficient potential for detection of lesions not seen by mammog-
raphy and ultrasound, and for non-invasive characterization of breast lesions (4).

Like every imaging technique, breast MRI has its pros and cons.  One obvious
advantage is the absence of ionizing radiation.  There is no need for excessive
compression of the breasts during imaging; therefore, most authors do not use
compression at all (5).  Contrast materials, chelates of gadolinium, used in MRI
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have significantly lower potential for developing serious
allergic reactions than iodine based contrast materials (6-9).
MRI, as a multiplanar technique, enables excellent visuali-
zation and three-dimensional orientation, with absence of
overlapping structures and summation shadows which might
obscure a lesion.  In addition it has a very high sensitivity
(89%-100%) for invasive breast cancer (10-12).  Most of the
indications for breast MRI are based on its high sensitivity.

On the other hand, the main disadvantage of MRI is low
specificity (37%-95%) for breast cancer (10, 13, 14).  The
variable specificity is most likely due to wide variations in
MRI units, with different field strengths, different coils, pro-
prietary imaging sequences and different post-processing
capabilities which make standardization of breast imaging
protocols difficult.  Besides the non-standardized imaging
protocols, patient selection criteria, interpretation criteria and
histologic variability of benign and malignant lesions proba-
bly also account for the variable specificity (10, 13-15).

Claustrophobic reactions, morbid obesity and metallic objects
within a patient’s body which make the patient ineligible for
MRI examination are some of the disadvantages common to all
MRI examinations.  The MRI examination remains expensive.

In this article an overview of the current status of breast
MRI, the indications and the rationale for use of MRI in the
diagnosis and management of breast cancer will be given.

Indications

Breast MRI is intended to non-invasively characterize lesions
previously seen on mammography or ultrasound and to detect
and characterize those lesions which were not detected with
those methods.  In addition, MRI-guided interventions, biop-
sy and preoperative needle localization are being used in fur-
ther management for those lesions shown with MRI only.

Today, CE breast MRI is being generally accepted for certain
indications (5, 16-18):

1. Pre-treatment staging in women with known breast
cancer who have dense or heterogeneously dense
breasts (BI-RADSa categories 3 and 4) in order to
exclude multifocal, multicentric or contralateral breast
cancer prior to breast conserving surgery (BCS),

2. Evaluation of the effect of neoadjuvant chemo-
therapy,

3. Evaluation of the breast after BCS to distinguish
between scar and recurrence,

4. Evaluation of the breasts in patients with carcino-
ma of unknown primary who present with positive

axillary lymph nodes and negative mammography
and breast ultrasound,

5. Evaluation of breast implants,
6. Further assessment of problematic mammography

and sonography findings in selected high-risk
patients.

Due to its high sensitivity for invasive cancer, the possibility
of using CE breast MRI for screening in selected subgroups
of high-risk women has been investigated.  However, the cost
and time demands of MRI examination render it unlikely to
be widely accepted as a general population screening tool.

Breast MRI Technique

Non-standardized examination protocols and reporting termi-
nology probably represent the biggest obstacles for wide accep-
tance of breast MRI (17).  However, there are some aspects of
the MRI exam which seem to be common to all investigators.
First, there should be recent mammograms and, if possible,
breast ultrasound available, because comparison of findings
obtained with different modalities often can improve diagnos-
tic accuracy.  Breast MRI is best performed in the second week
of the menstrual cycle in pre-menopausal women and 2-3
months after the cessation of hormone replacement therapy in
post-menopausal women (5, 19).  The patient lies prone in the
bore of the MRI unit and has an indwelling intravenous
catheter inserted for paramagnetic gadolinium-based contrast
injection during the examination.  A dedicated bilateral surface
breast coil is required for good quality examinations (5).

There are many different protocols published in the litera-
ture, partly due to the fact that different MRI units have dif-
ferent capabilities.  However, most of the protocols recom-
mend scanning both breasts with T2 and T1-weighted
sequences.  Since there can be a significant amount of adi-
pose tissue within breasts, which would produce high signal,
fat-suppression sequences are usually being used.
Differences exist in slice orientations, and all possible com-
binations of sagittal, transverse or coronal scans have been
reported.  Scan thickness varies as well, and is usually 2-4
mm with no interslice gaps.  While most authors obtain pre-
and post-contrast T1-weighted scans, there is wide variety in
timing and number of post-contrast series.  Most authors use
a standard dose of 0.1 mmol/kg of gadolinium-based para-
magnetic contrast for magnetic field strengths 1.0-1.5 T,
while for 0.5 T some recommend using a dosage of 1.5 or 2
times more (5).  Very good safety and tolerance profiles of
currently used paramagnetic contrast agents have been
known since the 1990’s (6), so fear of contrast reactions,
which are still possible, is not a significant issue.

Post-processing should be considered a part of the examina-
tion.  Most authors obtain subtraction of pre-contrast images
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from at least one of the post-contrast sets on a pixel-for-pixel
basis.  Therefore, to achieve high diagnostic quality, it is of
utmost importance that the patient not move during the
examination.  Some authors make an additional single image
of the breast(s) using a maximum intensity projection algo-
rithm on the subtracted set, to facilitate quick detection of
unsuspected lesions (5, 20).  For each enhancing lesion, a
graph showing its signal intensity (SI) over time on post-
contrast scans is then produced.  This is usually automatical-
ly done, after the examiner positions the region of interest
(ROI) marker over the lesion (5).

Recently, an international multicentric investigation on CE
breast MRI led by Heywang-Kobrunner was reported (10).
It was “initiated in order to allow a more objective assess-
ment of CE breast MRI and to make a first step towards an
improved standardization of MRI interpretation”.  They used
a 3D FLASH T1 sequence in coronal orientation, encom-
passing both breasts, with 2.5 mm slice thickness.  Since
there were 1.0 T and 1.5 T MRI units at participating sites,
particular scanning parameters, i.e., matrix resolution, TR
and TE, differed to achieve uniform temporal resolution (87s
per scan).  For contrast enhancement, they used a 0.2
mmol/kg of Gd-DTPA (gadopentetate dimeglumine) bolus
with a subsequent saline flush.  One could speculate that this
particular dose was used to facilitate enhancement seen by
1.0 T MRI units, since SI and signal-to-noise ratio (SNR) are
related to magnetic field strength.  One pre-contrast series
followed by five consecutive post-contrast series were
obtained, with the first post-contrast acquisition and contrast
injection starting simultaneously.  Therefore, the last post-
contrast scan was performed 5 min after contrast injection.
For all enhancing lesions, a SI/time curve was produced.

Interpretation

Detection and characterization of a breast lesion on MRI is
based on its morphology and the pattern of contrast enhance-
ment.  Invasive tumors typically show strong enhancement on
the first post-contrast scans, followed by rapid wash-out on
subsequent series.  This enhancement reflects tumor angio-
genesis, since malignancies tend to be highly vascular and

tumor blood vessels are up to eight times more permeable
than non-tumor vessels (21-23).  In addition, there is
increased interstitial space, which functions as an additional
volume where contrast agent can distribute (24-27).  There are
also arterio-venous shunting and increased interstitial pressure
within the tumor, which might be responsible for the wash-out
phenomenon usually seen in malignant lesions (28-30).

There have been many interpretation criteria reported (14, 31-
34).  None of them has become widely accepted, partly due to
varying MRI techniques employed throughout the world (13).

In the 1990’s Fischer et al. introduced a combined morpho-
logic-dynamic score system with five criteria: shape, bor-
der, initial signal increase, post-initial signal behavior, and
contrast material distribution within the mass (see Table I)
(31).  Total score, which can range from 0-8 points, can then
be translated to BI-RADS categories: 0 - negative; 1, 2 -
benign; 3 - probably benign; 4, 5 - suspicious; 6, 7, 8 - high-
ly suggestive for malignancy, and appropriate action should
be undertaken.  This system has been tested by several
authors and seems to be useful in assessing the probability
of malignancy of a breast mass (14).  Fischer et al. (31)
reported sensitivity of 92.6% and specificity of 65% in a
group of 463 patients.  In a group of 238 patients Baum et
al. (14) reported sensitivity for malignancy of 92% and
specificity of 92%.  Excluding the cases of ductal carcino-
ma in situ (DCIS) specificity would increase to 95%, the
highest specificity published to date.

Another effort to overcome “the lack of consensus in
describing architectural features and/or kinetic data” which
“results in major problems in consolidating data from breast
MRI studies, evaluating the applicability of any one tech-
nique and communicating findings and results” was initiated
in 1998, when an International Working Group on Breast
MRI was funded “to expedite the clinical implementation
and widespread dissemination of breast MRI” (13, 35).  As
part of this effort, a breast MRI lexicon (ACRb BI-RADS –
MRI) was developed, tested, and published in 2003 to
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Table I
The morphologic-dynamic score system for evaluation of masses on CE breast MRI (adapted from Fischer,
et al. (31)).

Features of the mass 0 1 2

Shape round, oval, lobulated linear, dendritic, stellate -
Margins well-defined ill-defined -
Enhancement pattern homogeneous inhomogeneous rim enhancement
Initial enhancement* low moderate high
Enhancement over time** continuous increase plateau wash-out

* Peak signal intensity (SI) measured 1-3 min after contrast injection relative to pre-contrast SI: under 50%,
within 50-100%, above 100%.  ** SI at 3-8 min after contrast injection relative to peak SI: above10%, within
+/- 10%, under -10%.



“encompass the reporting of breast MRI scanning technique,
lesion architecture, and ROI kinetic/time-intensity curve
interpretation” (13).  It includes descriptors which were
thought to be important for lesion diagnosis and interpreta-
tion.  The international experts who participated in its devel-
opment expect it “to change with advances in morphologic
and dynamic imaging techniques” (13).

While development of an ACR breast MRI lexicon should be
welcomed as a great step towards the much needed stan-
dardization in describing findings of breast MRI, it does not
actually include a standardized examination protocol.
However, on its website, in the ACR’s 2004 Guidelines and
Standards, there is a Resolution 11: ACR Practice Guidelines
for the Performance of Magnetic Resonance Imaging of the
Breast, which lists current indications and rather broad spec-
ifications of examination with technical guidance and docu-
mentation requirements, but no standardized protocols (36).

The aforementioned international group leaded by Heywang-
Kobrunner (10) also addressed the problem of standardiza-
tion of breast MRI technique and interpretation.  They found
early enhancement and wash-out parameters to be the most
valuable predictors of malignancy.  Different weighting of
false-negative vs. false-positive calls allowed formulation of
a statistically based interpretation scheme yielding optimized
rules for the highest possible sensitivity on different speci-
ficity levels.  With low (30%), moderate (50%) or high (64-
71%) specificity they achieved sensitivities of 98%, 97% or
96%, respectively on 1.0 T MRI units, and 96%, 93% and
86% on 1.5 T MRI units.  Interestingly, their results showed
lower accuracy for the higher field strength, which was
explained by the authors: “As confirmed by retrospective in
vitro test, the pulse sequence used at 1.5 T is less sensitive to
T1 changes than the pulse sequence used at 1.0 T.  An adap-
tation of the sensitivity to T1 changes can be reached by
using a higher flip angle at 1.5 T.”  This observation clearly
illustrates the fact that the imaging parameters, as a basic and
hence very important component of any imaging protocol,
cannot be simply translated from one MRI unit to another,
even when they come from the same vendor.  One of the
interesting results of this study was the fact that no morpho-
logical parameter was ever selected as an important predic-
tor in lesion classification.  The protocol used, with field of
view (FOV) of 160 × 320 mm, 112 × 256 matrix and 2.5 mm
slice thickness, resulted in pixel size of 1.43 × 1.25mm2 and
voxel volume of 4.46 mm3.  Therefore, one can speculate
that their results were predisposed by using low spatial reso-
lution and that with the use of denser matrix, morphological
parameters might have had increased importance.

This opinion is supported by at least two papers.  Vomweg et
al. (37) compared T1-weighted 3D-FLASH sequences in a
1.5-T scanner (512 × 256 pixel matrix at high resolution; 256

× 128 pixels at low resolution sequences, 72 slices, 1.7-mm
slice thickness, TR 8.8 ms, TE 4.5 ms, flip angle 25 degrees)
and concluded that, “This protocol at the charge of slightly
enlarged time for measurement offers an elegant way to
improve analysis of architectural features in breast MRI.”  In
a retrospective review of 100 consecutive, solitary, MRI-
only-detected breast lesions, which were surgically excised
after MRI-guided needle localization, Liberman et al. found
that spiculated margins, rim enhancement and irregular
shape were the strongest predictors of malignancy for mass-
es (only spiculated margin reached statistical significance),
while segmental, clumped linear and clumped ductal
enhancement had the highest positive predictive values in
non-mass lesions (38).  Their protocol included separate
post-contrast imaging for each breast with sagittal 2 mm
thick sections, no gap, FOV 16-18 cm, matrix 256 × 192.
Calculated from this data, they had a pixel size of approx. 0.7
× 0.9 mm2 and voxels of approx. 1.18 mm3.  Therefore, they
obtained MRI signal from 4 times smaller tissue volumes
than the previously mentioned group, and were able to
achieve better visualization of lesion borders.  In this study,
there were no kinetic post-contrast curves obtained, but the
dynamics of contrast enhancement was qualitatively
assessed on three consecutive post-contrast series in 78
patients.  The authors found that visually assessed kinetic
features were not significant predictors of malignancy.  Most
of the lesions were assessed as having a plateau pattern.

On the contrary, another group of American authors report-
ed, “The addition of qualitative classification of the time-SI
curve to an architectural interpretation model results in sig-
nificant improvement in model performance as measured by
the area under the ROC curve” (39).  They referred to the
previously described interpretation model based on architec-
tural features of suspicious breast MRI findings (33).
Interestingly, these authors found that, in the series of 100
enhancing lesions, “quantitative kinetic features demonstrat-
ed large standard deviations, however, and they did not
appear to represent valuable features for use in lesion classi-
fication.”  They explained these findings with limited tem-
poral resolution and their inability to perform more sophisti-
cated modeling of the kinetic data.  The same group pub-
lished another paper, in which they updated the original
model and, using only morphologic criteria, reached sensi-
tivity of 96% and specificity of 78% (11).

When one thinks of criteria for differentiating three enhance-
ment patterns, i.e., wash-out, plateau and continuous
increase, it is clear that it could be very difficult to qualita-
tively assess some cases.  The plateau pattern is defined as
the quantitative change within ± 10% in SI over time.  A dif-
ference of, for example, +15% can be easily shown with
direct measurement on the workstation using an ROI placed
over the enhancing lesion.  Qualitative assessment of that

530 Pavic et al.

Technology in Cancer Research & Treatment, Volume 3, Number 6, December 2004



case might fall into two categories, plateau or sustained
increase, which might reduce accuracy.  Even the ROI meas-
urements have their inherent limitations due to variable rela-
tion in size of the lesion and the ROIs, and interoperator vari-
ability in the selection of ROI within the lesion.

Another issue is the available display medium for assessing
contrast uptake.  Most European authors have access to a
workstation for post-processing or are actually physically
present at the MRI console during the exam, so they are able
to place the ROI over the enhancing mass and obtain dynam-
ic SI curves.  In the United States, the radiologist is rarely
present during the exam and, in most cases, reads the images
from a PACSc station.  This leaves American authors
dependent on features of their particular PACS, that is
whether the software available to them is capable of per-
forming dynamic SI curves or not.  However, the above men-
tioned observation is not the rule, as confirmed by the paper
published by Schnall et al. (39).

One interesting consideration was addressed in a previously
mentioned paper by Liberman et al. [C13].  While mammo-
graphically smooth margins of a mass lesion are associated
with low likelihood of malignancy, up to 2% (40), this fea-
ture might not be readily applied on MRI imaging.  The
authors mention that there is a selection bias, since the
patients undergoing CE breast MRI are at higher risk than
the general population.  Secondly, the appreciated smooth-
ness on MRI images is related to the spatial resolution and,
to a lesser extent, window and level settings (41).  Finally,
there are different histologic correlates of the perceived bor-
der.  In mammography the margin is the interface between
the mass and the adjacent parenchyma, while in CE breast
MRI, the margin is the interface between the area of vascu-
larity and the surrounding tissue (26, 27).

Preoperative Evaluation of Breast Cancer Patients

Preoperative MRI of the breasts has been proven to be the
most sensitive imaging modality in the detection of multifo-
cal, multicentric and contralateral breast cancer (Figure 1).
Therefore, MRI is increasingly being used in preoperative
evaluation of the extent of disease in breast cancer patients
in order to plan appropriate treatment (42-44).  It has been
shown to have a significant impact on the choice of treat-
ment (31, 45, 46) and outcome (20).

Hlawatsch et al. (47) compared the diagnostic value of
whole-breast sonography and MRI as adjuncts to mammog-
raphy in preoperative evaluation of a group of 104 women
with mammographic findings highly suggestive for malig-
nancy.  Authors found that: “Use of sonography benefited 13

patients and produced two studies with false-positive find-
ings.  Use of MRI imaging benefited seven patients and pro-
duced eight studies with false-positive findings.”  They con-
cluded, “Although MRI imaging is most sensitive for the
detection of small tumors, routine preoperative MRI imaging
appears to be unnecessary for most patients if a combination
of mammography and whole-breast sonography is used.
Additional MRI imaging can be restricted to problematic
cases in women with dense breast parenchyma.”

In a study of 463 patients with 405 malignant lesions,
Fischer et al. (31) found multifocality in 30 of 42 patients,
multicentricity in 24 of 50 patients, and additional contralat-
eral carcinomas in 15 of 19 patients through the use of MRI
only.  Due to the MRI findings, therapy was changed cor-
rectly in 66 patients (14.3%) and unnecessary open biopsy
was performed in 16 patients (3.5%).  The authors stated that
dense or heterogeneously dense breasts were “the only mam-
mographic or US finding to help define a subgroup of
patients with multifocal or multicentric disease seen with
MRI imaging alone” and concluded that “MRI imaging may
reveal unsuspected multifocal, multicentric, or contralateral
breast carcinoma and result in therapy changes.”
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Figure 1: Multifocal and multicentric invasive ductal carcinoma in two dif-
ferent patients.  A, Sagittal T1-weighted postcontrast image (3D FLASH
spoiled gradient echo, TE 4ms/ TR 30ms, 3mm slice thickness) with two
foci of contrast enhancement and architectural distortion in anterior/superi-
or aspect of the breast within the same quadrant, corresponding to multifo-
cal carcinoma.  B, Different patient: Sagittal T1-weighted postcontrast
image with two separated, irregular, enhancing masses corresponding to car-
cinomas.  C, The same patient as in (B), reformatted transversal Maximum
Intensity Projection picture of the same breast with 5 enhancing masses vis-
ible in different quadrants, corresponding to multicentric carcinoma.



Tillman et al. (45) evaluated the impact of MRI on the clin-
ical management of 207 early-stage (0 – II) breast cancer
patients with 212 cancers.  They found that the MRI findings
affected clinical management in 43 cases.  Based on the
pathology findings and the overall clinical course, “breast
MRI was judged to have had a strongly favorable effect on
management in 18 cases (8%), a somewhat favorable effect
in six cases (3%), an uncertain effect in five cases (2%), a
somewhat unfavorable effect in 11 cases (5%), and a strong-
ly unfavorable effect in three cases (1%).”  The authors
observed that due to the presence of a learning curve for
interpreting radiologists, early cases in the study were more
likely to be affected by breast MRI and that these effects
were more likely to be unfavorable than in later practice.
They concluded that “Breast MRI alters the clinical manage-
ment for a sizeable fraction of women with early-stage breast
cancer and appears to offer clinically useful information for
determining optimal local treatment.”

Liberman et al. (48) evaluated 223 examinations of the
asymptomatic, mammographically normal contralateral
breast in women whose breast cancer was diagnosed with-
in 6 months preceding MRI imaging.  They found that a
breast biopsy was performed for 72 contralateral lesions in
61 patients.  Thirteen cancers were found in 12 (20%)
women who underwent contralateral breast biopsy.  High-
risk lesions were found in 18 (30%) patients.  However, the
authors did not give any conclusion regarding the benefit of
detecting early contralateral cancers.

Fischer et al. (20) in their retrospective study evaluated the
benefit of preoperative MRI for patients with breast cancer
in a group of 346 women.  The subgroup of 121 women with
preoperative MRI was compared to 225 patients without pre-
operative MRI.  They found a statistically significant reduc-
tion in the in-breast tumor recurrence rate (1.2% compared
to 6.8%), and the occurrence of contralateral cancer (1.7%
vs. 4%) during the mean follow-up period of 40 months.
Based on these results, the authors recommended preopera-
tive MRI of the breasts in patients with pathologically veri-
fied breast cancer for local staging.

Hata et al. (49) compared MRI with mammography and
sonography in preoperative evaluation of 183 breast cancer
patients.  They concluded that “MRI can diagnose breast can-
cer as accurately as ultrasound (US) and more accurately than
mammography.”  As their results showed that “MRI can detect
intraductal spread more accurately than the other two meth-
ods”, they also stated that “MRI appears to be indispensable in
breast-conserving surgery to minimize local recurrence.”

The literature includes different opinions (50, 51), where
authors underline the need for prospective evaluation of the
potential benefit of preoperative MRI evaluation.

Several questions should be asked here.  What is the rele-
vance of multifocal/multicentric foci of disease seen on
breast MRI?  Does their presence influence patients’ final
outcomes?  A focus is defined as an enhancing area under 5
mm in size which is too small to be characterized and
described as a mass.  One can speculate that those small
areas will be effectively eradicated by postoperative radia-
tion of the breast.  Even without radiation, most of the dis-
tant microscopic foci found on mastectomy specimens tend
not to turn to invasive cancers (52, 53).

However, intra-operative radiation therapy for early cancers
has been investigated for over a decade.  Instead of frac-
tionated postoperative irradiation of the breast over the
course of 4 to 6 weeks, single intraoperative radiation dose
is applied to the tumor bed.  In these women, distant foci of
disease might not be effectively treated with radiation and
might pose a threat for cancer relapse (51, 54).  As of now,
there is no definite answer (55, 56).

Lymph Node Status

Axillary lymph node involvement is the most important
prognostic variable for breast cancer survival and is consid-
ered one of the key factors in treatment planning (57, 58).
Sentinel lymph node biopsy remains the gold standard in
assessment of lymph node involvement.  What are the
options to evaluate nodes non-invasively?

Axillary nodes are often seen on mammograms, but little
can be said from their mammographic appearance.
Furthermore, some lymph nodes might be located too high
to be included on the mammogram.  Ultrasound of the axil-
la in patients with a suspicious palpable breast mass or biop-
sy-proven cancer is often ordered in an attempt to evaluate
possible lymph node involvement.  Only level 1 axillary
lymph nodes are readily visible by ultrasound.  However,
palpable level 2 nodes are almost always assessable sono-
graphically.  Sonographic characteristics of a lymph node
might suggest its involvement if there is gross metastasis
with or without new transcapsular blood vessels (59).  For
microinvasion, US gives no information.

CE breast MRI might enable non-invasive assessment of
lymph node status.  Luciani et al. (60) used a standard bilat-
eral breast coil combined with a small axillary surface coil in
order to depict axillary lymph nodes in 16 breast cancer
patients.  Investigators found that a short axis dimension
greater than 5mm, irregular contours, high signal intensity
on inversion recovery T2-weighted images, and intense post-
contrast enhancement all represent strong predictors for the
presence of axillary lymph node involvement.  The mean
increase in examination time was 14 minutes.  One can only
speculate whether the metastases in the involved lymph
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nodes were detectable by ultrasound, and what was their
size, since those data were not published in the paper.

Yeung et al. (61) also used a combination of standard
breast coil and smaller superficial coil to prospectively
evaluate suspicious breast lesions and ipsilateral axillae
in 43 patients.  They described proton MRI spectroscopy
(1H MRS) findings in 35 of them, where they found a
choline peak confirming the presence of lymph node
metastasis in 14 patients.  Taking the pathology results on
the subsequent lymph node dissection as the gold stan-
dard, they achieved sensitivity of 69%, specificity of
100% and accuracy of 78%.

Kvistad et al. (57) evaluated preoperative dynamic CE
MRI for assessment of axillary lymph nodes in a group of
65 patients with invasive breast cancer treated with axillary
lymph node dissection.  They found that “When using a
signal intensity increase in the lymph nodes of >100% dur-
ing the first post-contrast image as a threshold for malig-
nancy, 57 of 65 patients were correctly classified (sensitiv-
ity 83%, specificity 90%, accuracy 88%).  These results
were not improved when lymph node size and morphology
were used as additional criteria.”

New methods for nodal staging are currently being investi-
gated.  Thus Michel et al. (62) evaluated ultrasmall super-
paramagnetic iron oxide (USPIO), a lymph node targeting
agent, in axillary lymph node staging.  In 20 women who
were scheduled for surgery, they performed gadolinium-
enhanced MRI imaging 24-36 hours after the start of intra-
venous slow-drip infusion of USPIO.  They reported a sen-
sitivity of 73-83% and a specificity of 96-97% in evaluation
of 405 identified lymph nodes.  They stated that “USPIO as
the intravascular contrast agent could not replace gadolini-
um for assessment of the primary tumor; however, no clini-
cally relevant interaction was seen.”

The recent report of Yamagami et al. (63) describes a
method for preoperative MRI-guided axillary lymph node
biopsy.  This group used an open MRI unit for preoperative
sentinel node needle biopsy in nine patients with nonpalpa-
ble axillary nodes.  In seven of nine cases, a specimen suf-
ficient for pathological evaluation was obtained with 18G
biopsy needles.  The authors concluded that “This experi-
ence indicates the possibility of a precise diagnosis of
whether the sentinel node in breast cancer is benign or
malignant without surgery.”  The main limitations of this
method are the paucity of open MRI units, cost of MR time
and possibility of sampling error.

Given the importance of the axillary node involvement, his-
tologic diagnosis is likely to remain the only definitive
method of assessment.

Evaluation of Neoadjuvant Chemotherapy Response

Breast MRI has been used to evaluate the response of breast
cancer to chemotherapy (27, 64-68) (Figure 2).  . 

Riebe et al. (64) performed multiple MRI examinations in
13 patients before, during and after chemotherapy.  All
patients underwent surgery, and MRI findings were corre-

MRI in Breast Cancer 533

Technology in Cancer Research & Treatment, Volume 3, Number 6, December 2004

Figure 2: Imaging of invasive ductal carcinoma prior to A, B, C, D and
after E, F chemotherapy.  A, medio-lateral oblique mammogram with spic-
ulated mass and architectural distortion in superior aspect of the breast.
Oval mass anterior to it corresponds to fibroadenoma.  B, Pre-contrast sagit-
tal T1-weighted image (3D FLASH spoiled gradient echo, 4ms/30ms, 3mm
slice thickness).  A small black dot in the center of subtle architectural dis-
tortion corresponds to a signal void due to a 24K golden marker clip which
was placed in approximate center of the cancer during the ultrasound-guid-
ed core biopsy.  C, The same slice after contrast administration depicts can-
cer’s post-contrast enhancement.  D, Subtracted image of the same slice
improves visualization of the cancer.  A small enhancing area anterior to it
corresponds to fibroadenoma.  E, Post-contrast sagittal T1-weighted image
at approximately the same level, acquired after the course of chemotherapy,
shows significant decrease in intensity and size of post-contrast enhance-
ment, indicating shrinkage of the cancer.  F, Subtracted image of the same
slice.  Note persistent architectural distortion.



lated with pathology.  They observed flattening of the Gd-
DTPA uptake curve after the first cycle of chemotherapy or
even complete absence of contrast uptake after the fourth
cycle in the patients who were classified as responders.
However, the authors stated that “the effect of cytotoxic
agents on the dynamics of contrast medium uptake in pri-
mary breast carcinoma or recurrent disease is not known.”
They found that “the change in Gd-DTPA uptake behavior
led to an underestimation of the extent of tumor in two
patients and false negative findings in four patients” and
concluded that breast MRI can provide evidence of a
chemotherapeutic response, but that no reliable statements
regarding residual tumor volume can be made.

Londero et al. (66) compared accuracy of mammography,
US and MRI in identifying residual disease after neoadju-
vant chemotherapy in 15 patients who ultimately underwent
surgery.  They concluded that “MRI assesses response to
neoadjuvant chemotherapy better than traditional methods of
physical examination and mammography.”  They also
observed that sonography performed after MRI improved
diagnostic accuracy in evaluation of uncertain foci of multi-
focal disease seen on MRI images with an increase of diag-
nostic accuracy from 73 to 84.5%.  Two false-negative MRI
results were proven to represent microfoci of DCIS and inva-
sive lobular carcinoma on pathology.  This is consistent with
reported low sensitivity of MRI for these entities.

Rosen et al. (69) also demonstrated that “MRI can show
residual malignancy after neoadjuvant chemotherapy better
than physical examination, particularly in patients who have
not had a complete clinical response to therapy.”  In a group
of 21 women they found that “MRI underestimated the
extent of residual tumor in two patients by more than 1 cm
(including one false-negative examination), was within 1 cm
in 12 of 21 patients, and overestimated tumor extent by more
than 1 cm in seven of 21 patients.”

Martincich et al. evaluated CE breast MRI as a method to pre-
dict the effect of chemotherapy in a group of 30 patients (70)
with breast cancer larger than 3 cm.  They found that “a
greater than 65% reduction in the tumor volume and a reduc-
tion in the early enhancement ratio after two cycles of primary
chemotherapy were associated with a major histopathological
response,” i.e., small clusters of dispersed residual cancer
cells or no residual viable cancer cell in pathologic speci-
mens.  The authors concluded that “dynamic CE-MRI has the
potential to provide functional parameters that could be inte-
grated to optimize neoadjuvant chemotherapy strategies.”

Evaluation of Postlumpectomy Breast

Fisher et al. (55) evaluated a group of 1039 patients 15 years
after lumpectomy.  They found local recurrence of invasive

breast cancer in 36% of the women who did not undergo irra-
diation, and in 12% of those who had radiation after lumpec-
tomy.  For patients with DCIS, recurrence rates at an 8-year
follow-up interval were 31% and 13%, in subgroups with
and without radiation, respectively (71).

Detection of residual disease and accurate assessment of
its extent are required for further management of breast
cancer patients.  If there is a small amount of residual can-
cer the patient might undergo re-excision prior to radia-
tion.  With extensive residual disease, mastectomy is the
treatment of choice (72).

Due to its high sensitivity, MRI might represent a method of
choice for postoperative evaluation in patients with positive
margins and, for women who have not had preoperative
MRI, to evaluate for unsuspected foci of malignancy in the
ipsi- and/or contralateral breast (73).  Post-contrast enhance-
ment due to post-surgical inflammatory changes at the sur-
gery site limits diagnostic accuracy of MRI for residual
breast cancer (74).  Optimal time interval between surgery
and MRI examination is still controversial (73-77).

Frei et al. (74) evaluated the influence of the time interval
between lumpectomy and MRI examination on the diagno-
sis of residual breast cancer in 68 patients.  They found that
“the time interval between lumpectomy and MRI of the
breast had the greatest influence on the specificity and neg-
ative predictive value of MRI, increasing progressively over
time.  A plateau of highest values of 75% specificity and
86% negative predictive value was reached at 28 and 35
days after surgery, respectively.  Although the sensitivity
and positive predictive value showed smaller variations
over time, peak values of 95% sensitivity and 92% positive
predictive value were obtained at 35 and 28 days after sur-
gery, respectively.”  Therefore, they recommend MRI exam-
ination for patients with positive resection margins no earli-
er than 28 days after initial surgery.  This limits its utility
since most women would prefer to commence radiation
therapy before this interval elapses.

Breast MRI has been increasingly used to evaluate the breast
after lumpectomy, to differentiate between scar and recurrent
malignancy (78).  The discriminating feature for this differ-
entiation is post-contrast enhancement, which should be
present in recurrent or residual malignancy and absent in
scar tissue.  Most authors consider 18 months a time limit for
this differentiation (76), since new, i.e., “young” scars can
also show post-contrast enhancement, which has been con-
firmed in one contrast-enhanced ultrasound study, too (79).

Drew et al. (77) investigated the clinical application of breast
MRI in screening for local recurrence following BCS in 105
patients in the period 1 to 2 years following treatment, or ear-
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lier if recurrence was suspected.  They concluded that “com-
bined clinical examination and mammography are as sensi-
tive as dedicated dynamic MRI of the breast for the detection
of locoregional recurrence, but breast MRI is associated with
a far greater specificity.  Therefore, dedicated dynamic breast
MRI should be used when there is clinical or mammograph-
ic suspicion of recurrence to confirm or refute its presence.”

New contrast agents which might help in differentiating
scar from recurrence are under investigation.  Thus, Lee et
al. (22) reported that a blood pool contrast agent, SH L
643A, in an experimental model showed promising results
in differentiating the two.

MRI-guided Interventions

Percutaneous biopsy under stereotactic or sonographic guid-
ance has been shown to be a reliable method for histologic
diagnosis of breast lesions.  It is faster, cheaper, and, in gen-
eral, better tolerated than surgery (80).

The lack of reliable methods for non-surgical sampling of
solely MRI-detected suspicious breast lesions has hin-
dered the utilization of breast MRI (81).  For lesions seen
exclusively with MRI, the only option was MRI-guided
preoperative needle localization and surgical excision (82,
83).  MRI-guided preoperative placement of a localization
wire has been reported to be feasible and successful in sev-
eral reports (84-87).

Any intervention under MRI guidance poses several techni-
cal difficulties (84, 88).  Except with open MRI units, patients
have to be moved in and out of the magnet bore repeatedly
during the procedure.  Lesions located in inner quadrants
might be hard to access, since the patient lies prone in a bilat-
eral breast coil.  Lesion visibility decreases over time after the
injection of contrast due to the transient nature of contrast
enhancement.  Despite initial experience of free-hand localiz-
ing methods (81, 87), today most authors use some kind of
compression device and have the patient lying prone during
the procedure.  Different types of compression devices have
been developed.  Despite differences, they all have to fulfill
two requirements: they have to enable moderate compression
to immobilize the breast during the procedure, and there
should be enough openings over the whole side of the breast
to enable insertion of biopsy needle or localization wire
through the compression plate in the desired position.

Also, the breast may appear different with no compression,
as in diagnostic MRI, and with compression, as used in
interventional MRI-guided procedures, which might pose a
problem in detection of a lesion during procedures.  Post-
contrast enhancement might be diminished or absent if the
compression is too vigorous (88-90).

For MRI-guided preoperative needle localization of lesions
seen exclusively on MRI (Figure 3), confirmation of lesion
excision is difficult, if not impossible, since no enhancement
is possible ex vivo (82, 84, 88).

MRI-guided percutaneous biopsies for breast lesions have
been reported in the last decade (91) Initially, MRI-guided
core biopsy has been limited by lower sampling accuracy and
lack of MRI-compatible biopsy needles.  This unfavorable
situation has changed in recent years, with several vendors
offering MRI-compatible vacuum-assisted biopsy systems.

Kuhl et al. (92) reported results of MRI-guided automated
14G core needle biopsy of 78 lesions visible at MRI imaging
only, in 59 patients.  Histologic diagnosis from core biopsy
was possible in 77 (99%) of 78 lesions.  In the 59 lesions
with established pathologic validation, the diagnostic accu-
racy was 98% (58 of 59).  The authors concluded that “MRI
imaging-guided large-core stereotactic breast biopsy is suffi-
ciently accurate for obtaining histologic proof of lesions vis-
ible only at MRI imaging.  It can change patient treatment by
reducing unnecessary surgical biopsy and can enable one-
step surgery for breast cancers.”

Perlet et al. (93) reported their results with MRI-guided
vacuum biopsy of 206 contrast-enhancing breast lesions.
In the 4 cases where biopsy was unsuccessful, the failure
was realized during the procedure, thus avoiding false neg-
ative results.  All other biopsies were successful and accu-
rate diagnosis was established, except for one case of
DCIS which was characterized as atypical ductal hyper-
plasia at the biopsy.  The authors concluded that “MRI-
guided vacuum biopsy allows reliable histological work-
up of contrast-enhancing small lesions which are not visi-
ble by any other modality.”
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Figure 3: Preoperative MRI-guided needle localization.  Pathology revealed
lobular carcinoma in situ.  A, Subtracted post-contrast sagittal image of the
breast showing non-mass-like, clumped, ductal enhancement which was
considered suspicious.  B, Transverse postcontrast T1 weighted image of the
compressed breast acquired during localization procedure, with two needles
inserted, bracketing the suspicious area.  Note that different appearance of
the needles’ artifacts is due to fact that they were inserted at different trans-
versal levels.  Two punctate areas of signal void between the needles corre-
spond to marker-clips placed during prior percutaneous biopsies.



Liberman et al. (94) reported results of MRI-guided vacu-
um-assisted biopsy of 27 lesions in 19 women, followed by
subsequent immediate localization wire placement and sur-
gical excision.  The authors concluded that “MRI-guided
vacuum-assisted biopsy is a fast, safe, and accurate alterna-
tive to surgical biopsy for breast lesions detected on MRI.”

Vacuum-assisted biopsy probes have an important advan-
tage, ability to obtain relatively large sample volumes, which
leads to a lower probability of insufficient sampling.
Furthermore, it is possible to place a marker clip at the biop-
sy site.  This clip is visible on mammograms and, in case of
positive biopsy results, preoperative needle localization can
be performed with mammography guidance.

Huber et al. (95) reported a noninvasive MRI-guided
focused ultrasound (FUS) for treatment of human breast can-
cer.  They developed a FUS therapy unit, compatible with
and guided by clinical 1.5 T MRI unit.  “With interactive tar-
get segmentation on MRI, defined volumes could be nonin-
vasively treated in a single session with on-line MRI tem-
perature control.  The ultrasound waves were focused
through the intact skin and resulted in localized thermal tis-
sue ablation at a maximum temperature of 70 ºC.”

The authors concluded, “Immunohistochemistry of the resect-
ed specimen demonstrated that FUS homogeneously induced
lethal and sublethal tumor damage with consecutive up-regu-
lation of p53 and loss of proliferative activity.  This effect was
realized without anesthesia and damage to the surrounding
healthy tissue or systemic effects.  Overall, our results show
that therapy of breast cancer is feasible and effective.  Thus,
MRI-guided FUS may represent a new strategy for the neoad-
juvant, adjuvant, or palliative treatment in selected breast can-
cer patients and in patients with other soft-tissue tumors.”

Treatment success and residual tumor can be monitored by
CE breast MRI as shown by Gianfelice et al. (96).  Of
course, use of MRI for guidance of the procedure takes a lot
of time, perhaps limiting its availability.

Magnetic Resonance Spectroscopy and Perfusion Imaging

Magetic resonance spectroscopy (MRS) has been used in
clinical practice for evaluation of brain tumors as a method
for noninvasive detection of tumor metabolism (97, 98).  In
the late 1990’s first attempts to better characterize breast
lesions were performed using MRS (99).  Compared to nor-
mal breast parenchyma, breast cancers show increased levels
of phosphocholine and choline.  While these tumor-distinc-
tive metabolites are best detected with 31PMRS in vitro, this
technique is not readily applicable in vivo due to lower MRI
sensitivity in detection of phosphorus-originated signals
compared to proton signals, and consequently significantly

longer acquisition time (99, 100).  Therefore, single-voxel
1H MRS has been used in clinical practice, since it adds
about ten minutes to the overall examination time for one
measurement (99).  With increasing availability of higher
field strength MRI units in clinical practice [3 T], more suit-
able for MRS, breast MRS might be expected to become a
part of the MRI examination protocol (101).

In several studies, sensitivity of breast single-voxel 1H MRS
for detecting breast cancer ranged from 73%-92% with
specificity of 71%-93% (61, 102-104).  According to Tse et
al. (105) current technical limitations allow for recommen-
dation of using single-voxel 1H MRS in evaluation of mass-
es 1.5 cm and bigger in size.

In a recent paper, Jacobs et al. (106) suggested that single
slice magnetic resonance spectroscopic imaging has advan-
tages over single-voxel 1H MRS.  In their preliminary report
of 18 patients, they performed single-slice MRSI (10-mm
slice thickness) and then, from MRSI data, reconstructed
water, lipid, and choline maps.  They concluded that “MRSI
measurements of choline are feasible in the human breast,
and the SNR for choline was significantly different between
benign and malignant lesions.  The potential advantages of
MRSI over single-voxel spectroscopy include the ability to
assess multiple lesions as well as tissue with normal MRI
appearance, as well as to perhaps gauge lesion borders and
infiltration into surrounding tissue.”

Huang et al. (107) recently reported an increase in specifici-
ty from 62.5% to 100% when single-voxel 1H MRS and T2*
perfusion imaging were added to dynamic CE breast MRI.
They prospectively evaluated 50 patients with positive mam-
mography findings prior to biopsy.  In 28 patients with post-
contrast enhancement 1H MRS and T2* perfusion were per-
formed.  The authors concluded that “the combined MRI
protocol of dynamic CE MRI imaging, 1H MRS spec-
troscopy, and perfusion MRI imaging has high sensitivity
and specificity in the diagnosis of breast cancer.”

T2*-weighted first-pass perfusion imaging is based on
increased perfusion typical for malignant tumors.  Kvistad et
al. (108) described the following technique:

After the first dose of Gadolinium chelate contrast
was injected and several postcontrast T1-weighted
scans were obtained, a single slice where the con-
trast enhancing lesion is seen the best is chosen.  A
gradient-echo T2* sequence is then obtained on that
section, with an acquisition time of about 5 sec-
onds.  That sequence is repeated 40 times.  After the
first 10 repetitions, the second dose of 0.1 mmol/kg
of gadolinium contrast is rapidly injected as a bolus
followed by saline flush.  The time between the first
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contrast dose, used for T1-weighted imaging, and
the second contrast dose, was approximately 15
minutes.  On the T2*-weighted images, an ROI was
positioned in the part of tumor enhancing the most
on the T1-weighted images, and a time-SI curve
was obtained.  The maximum SI loss within the first
30 seconds after contrast bolus injection was calcu-
lated as a percentage of the baseline SI values from
the 10 pre-contrast images.  In their study on 130
patients with breast tumors, they observed different
levels of SI loss for benign and malignant lesions.
For carcinomas, SI loss was 31 ± 15%, while for
benign lesions it was 9 ± 7%.  When they used a
cut-off of 20% and more of a SI loss as a sign of
malignancy, they achieved a sensitivity of 79% and
a specificity of 94%.  Four false-positive lesions
consisted of 3 fibroadenomas and one papilloma.
Three of these lesions were found in premenopausal
women, and the fourth patient was on hormone
replacement therapy.

Screening in High-risk Women

Numerous controlled trials have demonstrated that screen-
ing mammography leads to a reduction in breast cancer mor-
tality of up to 30% (109-111).  The benefit of screening
mammography has generally been accepted, despite the
recent controversy ignited by a front-page article in the New
York Times (109, 112, 113).  Risk of breast cancer is
increased in breast oncogene carriers, women with a per-
sonal or a family history of breast cancer, and those with
biopsy-proven atypia, lobular carcinoma in situ or radial
scar (114).  Women with mutations of the BRCA1 and
BRCA2 genes have an 85% lifetime risk of breast cancer
(115).  Several studies suggest that mammography has a
lower sensitivity in these women than in the general popula-
tion (116, 117).  Breast cancer in oncogene carriers is more
likely to be high-grade and hormone receptor negative, ren-
dering early detection crucial (118).

Until now, management options for high-risk women ranged
from close surveillance, with clinical breast examination
every six months and annual mammography, to prophylactic
bilateral mastectomy (114, 119).  The high sensitivity of MRI
for invasive breast cancer has led to interest in its use as a
screening tool in selected subgroups of high-risk patients.
MRI screening holds the promise of higher sensitivity, but
there is also the burden of false positives, with increased
numbers of negative biopsies based on MRI findings, carry-
ing increased morbidity, anxiety, and induced costs (17, 120).

Morris et al. (114) investigated the rate and results of biop-
sy in the first round of breast MRI screening in 364 asymp-
tomatic, high-risk women with normal mammograms.

Based on MRI findings, biopsy was recommended in 64
(17%), and performed in 59 women.  None of these lesions
had a mammographic correlate.  In 44 of these women, who
were sonographically evaluated after the MRI finding, US
identified 11 lesions (25%).  Biopsy revealed 16 clinically
and mammographically occult cancers in 14 women, 4% of
those who underwent MRI screening.  More than half of the
cancers detected (57%) were DCIS.  Two cancers had US
correlate, one woman had multifocal cancer and one had
bilateral cancer detected by MRI.  Based on their results,
these authors suggest several subgroups of high-risk
patients who are most likely to benefit from MRI screening.
In declining likelihood of malignancy, these are women
with both personal and family history of breast cancer, post-
lumpectomy patients, and women with a positive family
history.  However, they concluded that, “Further work,
including refinements in technique and interpretation; long-
term follow-up; and assessments of sensitivity, specificity,
and cost effectiveness, is needed to define the role of breast
MRI in screening women at high risk.”

The recent report by Kriege et al. (121) on the efficacy of
MRI and mammography for screening in 1909 women with
a genetic or familial predisposition to breast cancer might
open a door for wider utilization of MRI screening in high-
risk women.  The study was conducted in the Netherlands
and encompassed asymptomatic women with a lifetime risk
of breast cancer of 15% or more.  Surveillance consisted of
a clinical breast examination every six months, and imaging
studies annually, mammography and dynamic CE breast
MRI.  The authors wanted to determine whether MRI screen-
ing facilitated the early diagnosis of hereditary breast cancer.
The sensitivity for invasive cancer was 79.5% for MRI, com-
pared to 33.3% for mammography and 17.9% for clinical
examination.  Specificities were 89.8%, 95.0% and 98.1%,
respectively.  The proportion of invasive tumors 1 cm and
smaller and the incidence of positive axillary lymph nodes
was significantly lower in the study group, compared with
two different, age-matched control groups.  The authors con-
cluded that, “MRI appears to be more sensitive than mam-
mography in detecting tumors in women with an inherited
susceptibility to breast cancer.”  One can argue about the dif-
ferences in mammography screening in the United States
compared to European countries (lower threshold for abnor-
malities on screening mammograms, which results in signif-
icantly higher call-back rates in the United States), and the
relatively short follow-up period (median 2.9 years) in this
study, but these results remain impressive.

Conclusion

CE breast MRI is developing as a valuable adjunct to mam-
mography and sonography.  Its high sensitivity for invasive
breast cancer establishes its superiority in evaluation of multi-
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focality/multicentricity, tumor response to neoadjuvant
chemotherapy, detection of recurrence, and staging.  Emerging
applications include spectroscopy, usage of new contrast
agents, and MRI-guided interventions, including noninvasive
treatment of breast cancer.  Its potential benefit in screening
high-risk women has yet to be established with prospective
studies, particularly with regard to false positive results.
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