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Dr Elsie Levin is Medical Director
of the Faulkner-Sagoff Breast
Imaging and Diagnostic Centre. She
has been a staff radiologist at the
Sagoff Centre since 1991 and has
been the Associate Director since
1999. Dr Levin’s clinical interests
include all aspects of breast
imaging and intervention, including
digital mammography with the use
of computer aided detection, breast
ultrasound and magnetic resonance
imaging (MRI). The breast MRI
service under the leadership of Dr
Levin is nationally recognised for
its excellence in high-risk screening
and evaluation of the newly
diagnosed breast cancer patient.
She received her medical degree
from Tufts University School of
Medicine and went on to complete
her residency in diagnostic
radiology at Boston University
Medical Center. Following her
residency, she spent one year as a
fellow in breast imaging at the
Faulkner-Sagoff Centre under the
direction of Dr Norman Sadowsky. 

The key to surviving breast cancer, the second most
common cancer affecting women, is early detection
and treatment. When the cancer is confined to the
breast, the five-year survival rate is nearly 100%.
Mammography screening is widely regarded as the
only proven method for early detection of breast
cancer. Large populations can be screened at a
relatively low cost. However, mammography does
not detect all breast cancers and in some series the
false negative rate is between 20% and 30%.
Mammography is limited in patients with dense
breast tissue and with certain types of tumours. For
this reason, different techniques for improving
diagnosis of breast cancer, particularly among high-
risk women, are being explored. 

High-risk women include those who have had a
previous breast cancer or other high-risk histologies,
those with a strong family history of breast cancer
and those who are carriers of either of two familial
breast cancer genes, BRCA1 or BRCA2. These
genes are responsible for 5% to 10% of all breast
cancers. Women with mutations in BRCA1 or
BRCA2 genes are at an especially high risk of
developing breast cancer when they are relatively
young and have dense breast tissue, which lowers the
sensitivity of mammography.

Magnetic resonance imaging (MRI) is one of the most
promising of the emerging technologies for breast
cancer screening in high-risk patients. Of all current
modalities, MRI has been shown to have the highest
sensitivity for the detection of invasive cancer. Multiple
studies comparing the results of breast MRI with
pathological outcomes show that breast MRI identifies
at least 95% of invasive cancers. MRI is also useful for
detecting the presence of ductal carcinoma in situ
(DCIS) although sensitivity is variable, ranging from
40% to 100%. About 20% of new breast cancer cases
will be DCIS, a potentially curable disease. 

To date, no society or professional organisation
recommends screening for breast cancer with
modalities other than mammography largely because
the other modalities, including MRI, are more costly
and are not suitable for large populations. However,
in 2003, the American Cancer Society updated its

guidelines to suggest that certain women, i.e. high-
risk patients, could benefit from additional screenings
with either ultrasound or MRI. 

Once a diagnosis of cancer has been pathologically
confirmed, MRI is useful for staging the tumours and
assessing tumour response to treatment. Compared
with mammography, clinical breast exam or
ultrasound – the conventional methods for
determining tumour size and extent – MRI is at least
as good and in many cases better. 

Magnetic resonance has also been shown to be the
most accurate means of evaluating breast implants for
possible complications, such as rupture, and when
contrast is administered, it can evaluate the overlying
breast tissue, which may be obscured by the implant.
MRI of the breast is best performed with a dedicated
breast imaging coil. The patient lies in a prone
position (on her abdomen) with her breasts hanging
through a cut-out in the table while the images are
taken. The examination can usually be completed in
less than 45 minutes. 

Most breast MRI indications require the use of the
contrast agent gadolinium-DPTA. When injected
into the patient’s bloodstream, the contrast circulates
in the vascular system, and can locate tumours by
accumulating in areas of increased vascularity
(neovascularity) associated with developing tumours.
As with contrast mammography, scans are taken
before and after contrast injection. Areas that show
high uptake of the contrast are analysed. 

Breast malignancies typically show more rapid
enhancement and faster wash-out than benign tissues
on MRI, but there is overlap in the enhancement
curves of benign and malignant lesions. To resolve
the question, further imaging or biopsy may be
needed. Of the false negative MRIs, most are DCIS
but invasive cancers, especially lobular, can
sometimes be missed as well. 

A number of studies conducted in the US and
Europe have shown that MRI may benefit high-
risk patients by detecting non-palpable and
mammographically occult breast cancer. While the
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Without our high-quality big picture, it’s hard to see the smallest details.

The uniform high-quality resolution of Aurora’s full-coverage scan across both breasts, chest wall, and axillae made possible 
the discovery of an occult cancer in the left breast during an evaluation of infiltrating ductal carcinoma in the right breast.
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as well as subtraction and dynamic enhancement studies.
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The Aurora® 1.5T Dedicated Breast MRI System.
The only fully integrated MRI system designed
specifically for breast imaging.

We’ve designed the Aurora 1.5T

Dedicated Breast MRI System

using a major technological

advance that creates an elliptical

homogenous field of view. Now, you’ll have the

capability to see full coverage of both breasts, chest

wall, and axillae in a single scan without any

compromise in image contrast or resolution. Our

unique RODEOTM technology suppresses fat and ductal

tissue to allow optimal visualization of enhancing lesions.

The fully integrated Aurora 1.5T Dedicated Breast MRI

System provides you with the total solution in breast

MRI for applications, including evaluation of patients at

high risk for breast cancer, local breast cancer staging,

lesion characterization, and occult cancer detection.

Find out why the Aurora 1.5T Dedicated Breast MRI
System is the clear choice for you and your patients.
Visit us at auroramri.com or call 1.877.975.7530.
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patient groups were small in most of the studies,
MRI detected more small cancers (<2cm) and
cancers associated with negative axillary nodes than
mammography. Mammographic screening has been
shown to reduce mortality by detecting these early
cancers. Thus, screening high-risk women with
MRI may reduce the mortality rate from breast
cancer even further. The literature suggests that MRI
imaging finds additional sites of breast cancer in 6%
to 34% of patients.

Ultrasound also detects some cancers in dense breast
tissue that are missed by mammography. It has a
lower cost than MRI and is more readily available.
However, it has lower sensitivity and specificity than
MRI, is operator-dependent and often will not
detect DCIS.

A prospective study of 1,909 women with a mean
age of 40 years was reported by Kriege et al.1

Forty-five cancers were identified among the 358
very high-risk women who were BRCA1 and
BRCA2 carriers. Of the 45 cancers, 18 were seen
on mammography; 32 were seen on MRI; eight
were seen on mammography only; and 29 seen on
MRI only. 

Another study at the Institute of Cancer Research in
London of 649 women aged 35 to 49 at high risk of
breast cancer based on genetic testing or family
history was reported at the Annual Society of
Clinical Oncology in May. Annual MRI and
mammography screening detected a total of 35 breast
cancers in the study group. Of them, 19 were
detected by MRI only; six by mammography only;
and 10 by both MRI and mammography. Again, the
benefits of MRI were most evident among women
with BRCA1 mutations. Among this subgroup,
mammography detected 23% of tumours while MRI
detected 92%. MRI is therefore considered to be a
complement tomammography and not a substitute.

There is some concern that screening with MRI
might produce a high number of false positive results,
which could lead to call-backs and unnecessary
biopsies. However, this is not what is happening,
especially when MRI is reserved for high-risk and
carefully selected patients. 

Several studies have found that when MRI is
performed among high-risk groups, between 15% and
25% of patients require follow-up procedures based on
the initial findings. About 40% of patients who
undergo biopsy are found to have malignancies. The

positive predictive value (PPV) is significant enough to
justify MRI screening in high-risk populations.

Once a lesion is identified by MRI, a biopsy can be
performed percutaneously under either ultrasound
or MR guidance. In some cases, surgical biopsy
with pre-operative MR needle localisation may be
required. The American Cancer Society’s
guidelines for breast cancer screening say, “Breast
MRI should be performed in centers with extensive
experience in diagnostic MRI and the capacity for
MRI-guided biopsy”.

Based on the results at the Faulkner-Sagoff Breast
Imaging and Diagnostic Centre of more than 12,000
breast MRIs, the centre’s protocol for high-risk
patients is annual mammograms and annual MRI
evaluations, alternating at six-month intervals. 

MRI is also finding wider use in the clinical
management of breast cancer as it is particularly
effective for determining the extent of the disease
once it has been confirmed by needle biopsy. A
number of studies have compared MRI,
mammography and ultrasound for estimating tumour
size, and MRI showed the highest agreement with
histopathology. MRI shows additional disease in up
to one-third of patients, which changes management
in approximately one-half of these patients. A
contralateral cancer is detected by MRI in 4% to 9%
of newly diagnosed patients. Because local
recurrence rates are low following breast
conservation and radiation therapy, and overall
survival is equivalent to mastectomy, MRI may not
change the outcome, but could potentially reduce
the number of surgeries if the extent of disease is
better defined on MRI. The information provided
by MRI can be used to determine whether neo-
adjuvant chemotherapy is indicated and whether
breast conservation is appropriate.2

A number of randomised clinical trials, including
NSABP B-18, have shown that while neo-adjuvant
systemic chemotherapy does not change disease-free
and overall survival, it does improve the chance for
breast conservation. Consequently, the use of pre-
operative or neo-adjuvant chemotherapy has been
on the rise. 

The staging accuracy of MRI makes it an attractive
method for monitoring patients during pre-
operative chemotherapy. MRI is also useful for
staging residual disease following excision with
positive margins and after chemotherapy. In

1. Kriege M, Brekelmans C T M, Boetes C, Besnard P E, Zonderland H M, et al., “Efficacy of MRI and mammography
for breast cancer screening in women with a familial or genetic predisposition”, N. Engl. J. Med. (2004);351: pp. 427–437.

2. Berg W A, Gutierrez L, NessAiver M S, et al., “Diagnostic accuracy of mammography, clinical examination, US and MR
imaging in preoperative assessment of breast cancer”, Radiology (2004);233: pp. 830–849.
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comparisons of MRI, mammography, ultrasound
and/or clinical examination for residual disease after
chemotherapy, MRI proved to have the closest
agreement with histology.

MRI was evaluated in a study of 30 patients at the
Institute Curie undergoing pre-operative
chemotherapy. MRI would have led to major
appropriate changes in treatment for six patients,
including five with multicentric disease, and would
have helped in surgical planning. MRI would have
shown that five of 14 patients with single residual foci
would have been candidates for breast conserving
therapy (BCT) and nine with multiple residual foci and
limited reduction in tumour size were less appropriate
candidates for BCT. 

Tillman et al.3 reviewed 207 women with 212 early-
stage breast cancers who underwent breast MR as
part of their evaluation. Based on the MR images,
management was changed in 30% of the cases. Of
those changes, 63% were deemed favourable. 

A study by Drew and colleagues4 of patients with
locally advanced breast cancer receiving neo-adjuvant
chemotherapy found MRI to be 100% sensitive and
specific for defining residual tumour after
chemotherapy. In comparison, mammography
achieved only 90% sensitivity and 57% specificity,
while clinical exam was 50% sensitive and 85% specific. 

Another study by Partridge et al.5 of 52 patients
confirmed the sensitivity of MRI of the breast after
chemotherapy. The patients were imaged before and
after chemotherapy. Researchers measured the
tumour size prior to treatment using MRI and
clinical examination. They examined the same area
on the post-chemotherapy images looking for any
remaining enhancement. MRI found every case of
residual disease while clinical assessment found five
false negatives among the 52 treated lesions. In a later
study of 62 patients reported by Partridge,6 MRI
monitoring of change in tumour size with treatment
was more significantly predictive of disease
recurrence than clinical or pathological assessments.

The role of MRI in assessing response during
treatment is not as clear because only a few small

studies have been reported. It would be useful if MRI
could reliably identify patients whose tumours are not
responding to neoadjuvant chemotherapy. Therapy
could be changed or discontinued if it were shown to
be ineffective. However, it would be harmful if the
lack of tumour response was judged prematurely and
the treatment changed or discontinued too early. More
research is needed in this area.

MRI has also shown a high level of accuracy in
identifying chest wall invasion. A prospective study by
Morris et al.7 was conducted of 19 patients with breast
tumours suspected to involve the pectoralis major
muscle. Clinical examination showed 13 of the
tumours to be fixed to the chest wall while 12 appeared
on mammography to have pectoral muscle
involvement. MRI was 100% sensitive and 100%
specific for identifying the five tumours that actually
involved the pectoralis major muscle. Given its high
level of diagnostic accuracy, it is fair to conclude that
MRI is an appropriate imaging modality in this setting. 

A small subset of patients present with positive
axillary nodes, but no evidence of breast cancer on
conventional imaging. MRI can detect the primary
tumour in almost two-thirds of patients. This can be
used to guide breast conserving surgery rather than
mastectomy in a large number of patients.

Finally, of the three techniques used to detect
implant ruptures (mammography, ultrasonography
and MRI), a number of studies suggest that MRI is
the most sensitive and specific.

The future of breast MRI is very exciting. MRI
offers the potential for improved detection,
especially among high-risk populations, as well as
improved staging and follow-up treatment.
Certainly, caution must be exercised as the
technology is implemented into clinical practice.
The technology is expensive, but when used
appropriately, the benefits to patients justifies its
cost. MR also has the advantages of being non-
invasive and has no ionising radiation. As MR
technology continues to mature, MRI surely will
gain wider acceptance as a breast imaging
procedure and will play a more central role in a
variety of clinical indications. ■

3. Tillman G F, Orel S G, Schnall M D, Schultz D J, Tan J E, Solin L J, “Effect of breast magnetic resonance imaging on
the clinical management of women with early stage breast carcinoma”, J. Clin. Oncol. (2002);20 (16) pp. 3,413–3,423.

4. Drew P, Chatterjee S, Turnbull L, et al., “Dynamic contrast enhanced magnetic resonance imaging of the breast is superior
to triple assessment for the pre-operative detection of multifocal breast cancer”, Ann. Surg. Oncol. (1999);6: pp. 599–603.

5. Partridge S C, Gibbs J E, Lu Y, “Accuracy of MR imaging for revealing residual breast cancer patients who have undergone
neoadjuvant chemotherapy”, AJR (2002);179: pp. 1,193–1,199.

6. Partridge S C, Gibbs J E, Lu Y, et al., “MRI measurements of breast tumor volume predict response to neoadjuvant
chemotherapy and recurrence - Free Survival”, AJR (2005);184: pp. 1,774–1,781.
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