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Core tip: Early detection and diagnosis of breast cancer

are essential for successful treatment. Magnetic reso-

nance imaging (MRI) has become increasingly impor-
Abstract tant in the detection and delineation of breast cancer in
daily practice. However, the clinical benefits of the use
of pre-operative MRI in women with newly diagnosed
breast cancer is still a matter of debate. We conducted
a literature review on the value of breast MRI in diag-
nosing and staging breast cancer, as well as the future
potentials of new MRI technologies, such as MR spec-
troscopy, diffusion-weighted imaging and higher field
strength 7.0 Tesla imaging.

Early detection and diagnosis of breast cancer are es-
sential for successful treatment. Currently mammogra-
phy and ultrasound are the basic imaging techniques
for the detection and localization of breast tumors. The
low sensitivity and specificity of these imaging tools
resulted in a demand for new imaging modalities and
breast magnetic resonance imaging (MRI) has become
increasingly important in the detection and delineation
of breast cancer in daily practice. However, the clini-

cal benefits of the use of pre-operative MRI in women Menezes GLG, Knuttel EM, Stehouwer BL, Pijnappel RM, van
with newly diag_nosed_ I?reaSt _Cancer .iS still a matter of den Bosch MAAJ. Magnetic resonance imaging in breast can-
debate. The main additional diagnostic value of MRI re- cer: A literature review and future perspectives. World J Clin
lies on specific situations such as detecting multifocal, Oncol 2014; 5(2): 61-70 Available from: URL: http://www.
multicentric or contralateral disease unrecognized on  \ionet.com/2218-4333/full/v5/i2/61.htm DOI: http:/dx.doi.
conventional assessment (particularly in patients diag- org/10.5306/wjco.v5.i2.61

nosed with invasive lobular carcinoma), assessing the
response to neoadjuvant chemotherapy, detection of
cancer in dense breast tissue, recognition of an occult
primary breast cancer in patients presenting with can-

cer metastasis in axillary lymph nodes, among others. INTRODUCTION
Nevertheless, the development of new MRI technolo- Breast cancer is the most common malignant disease
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occurring in women worldwide with a lifetime risk of
12.4%". Early detection and diagnosis of breast can-
cer are prerequisites for successful treatment selection.
Although mammography and ultrasound are the most
commonly imaging tools used for the detection and char-
acterization of breast abnormalities, the relatively low
sensitivity and specificity of these techniques (especially
in patients with dense breast tissue, with breast implants
or postsurgical scar distortions)” resulted in a demand
for new imaging modalities. Contrast enhanced magnetic
resonance imaging (CE-MRI) with its high soft tissue
contrast, multiplanar sectioning and three dimensional
representation of the breast provides high sensitivity
(over 90%) in the detection of breast cancer. However,
the specificity for lesion characterization is still low to
moderate (72%)"", turning the discrimination between
cancer and benign lesions into a challenge. The main ad-
ditional diagnostic value of MRI relies on (1) detecting
foci of multifocal, multicentric or contralateral disease
unrecognized on conventional assessment (physical ex-
amination, mammography and ultrasound); (2) recogni-
tion of invasive components in ductal carcinoma in situ
(DCIS); (3) assessing the response to neoadjuvant che-
motherapy (NAC); (4) detecting an occult primary breast
cancer in patients presenting with metastatic cancer in
axillary nodes; and (5) detection of cancer in dense breast
tissue! "%, The development of new technologies has
also resulted in information gain concerning breast le-
sions. We reviewed the recent literature to clarify the role
of MRI in diagnosing and staging breast cancer with
focus on the implementation of new techniques, such as
MR spectroscopy, diffusion-weighted imaging (DWI) and
higher field strength 7.0 T imaging,

SEARCH

In this expert literature review, we conducted a literature
search on Pubmed in papers published between 1990
and 2013 using the keywords “breast”, “MRI”, “stag-
ing”, “spectroscopy”, “diffusion-weighted imaging” and
“high field breast MRI”. Articles published in English
pertaining to adult humans with available abstracts were
included. References of articles were also included. First
we present main guidelines on the use of MRI in diag-
nosing and staging of breast cancer and, subsequently, we
will discuss the new technologies currently available for
research.

RESULTS

Detection of additional disease

The main evidence in favor of MRI is based on the su-
perior capability of this technique in detecting ipsilateral
and contralateral disease, when compared to mammog-
raphy and ultrasound (Figure 1)*"***". Tn a prospective
trial, Schelfout ez a/***" found that MRI detected 96%
of multifocal/multicentric disease, while mammography
and ultrasound depicted only 28.6% and 26.5%, respec-
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Figure 1 Magnetic resonance imaging scanner with closed bore magnet
and a dedicated 8 channel phased-array breast coil (top right). Technically
any magnetic resonance imaging scanner could be used in breast image acqui-
sition. However, in daily practice, field strengths of 1.5 T and 3 T are often used
due to higher spatial resolution at similar temporal resolution, providing better
diagnostic efficacy.

tively. Taking the histological types of breast cancer into
account, invasive lobular carcinoma (responsible for
5% to 15% of all cases of invasive breast cancers)””
is well known to have a higher incidence of multifocal,
multicentric and contralateral disease when compared to
invasive ductal carcinoma. MRI is, therefore, particularly
important in the preoperative work-up and staging of
these patients” "> In a recent retrospective study,
Menezes ¢ al” also found a high incidence of multifo-
cal, multicentric and contralateral disease in patients with
mixed tumors containing different percentages of lobular
component. This might corroborate the hypothesis that
MRI would also be valuable in the work-up of patients
with mixed breast tumors (Figure 2). MRI also has shown
higher accuracy in determining tumor size (correlated to
histopathology) than ultrasound or mammography”’.
However, some studies emphasize that MRI tends to
overestimate lesion size, particularly in patients diagnosed
with invasive lobular carcinoma and DCIS"**,

An additional value of MRI is the detection of inva-
sive component in DCIS lesions. In a retrospective study,
Kim ez /™ concluded that MRI was more accurate for
the detection and assessment of the size of DCIS than
mammography. In a prospective cohort, Hwang ef a/*
demonstrated MRI to be superior to mammography in
detecting invasive components in patients diagnosed with
DCIS. MRI also showed a higher sensitivity and supetior
negative predictive value for detection of residual DCIS.
However, the small number of patients in this study (51)
might not be representative of a large population with
DCIS. Further research might be necessary in order to
confirm the use of MRI in detecting invasive component
in DCIS.

Patients with an increased risk

MRI has an important role in screening high-risk pa-
tients. The American Cancer Society Guidelines for the
Eatly Detection of Cancer advices annual breast MRI
beginning at the age of 25-30 years in patients carrying
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Figure 2 A 48-year-old woman, with positive family history for breast can-
cer, presented with a palpable lump on the left breast, finally diagnosed
as invasive ductolobular carcinoma. A: Sagittal contrast-enhanced fat-sup-
pressed T1-weighted gradient echo images obtained at 3 T shows a spiculated
mass, with rim enhancement and small satellite lesion (multifocal disease);
B and C: Color parametric enhancement map in axial postcontrast maximum
intensity projection and sagittal projection indicates predominantly a plateau
enhancement behavior, with some areas of washout.

a BRCA gene mutation, in women who are untested but
have a first-degree relative with a BRCA mutation and
women with an approximately 20% to 25% or greater
lifetime risk of breast cancer” . In a cohort of 496
women, Passaperuma ez al™ concluded that MRI sut-
veillance of women with BRCA mutations detects most
breast cancers at an early stage. Although the results of
this study are promising, data on longer-term follow up is
needed in order to encourage MRI surveillance as a safe
alternative to prophylactic mastectomy. Likewise, patients
diagnosed with breast cancer under the age of 50 have a
20% lifetime risk of recurrence (even after radiotherapy
to the tumor bed following surgical approach)[43’44l. In
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these particular cases, the European Society of Breast
. NTE
Imaging also recommends annual MRI screening .

Patients with dense breast parenchyma

Additional MRI can be beneficial in patients with dense
breast parenchyma. Mammography has a high false nega-
tive rate in patients with dense breast tissue ™™ and the
sensitivity remains low in dense breasts even when com-
puter-aided detection is applied to digital mammogra-
phyﬁo]. In a large multicenter study, Schnall ez al™ proved
that MRI has superior capability to detect additional
occult cancer foci when compared to mammography,
particularly in women with radiographically dense breasts
and larger index cancers (18% vs5 7.2%). Many other stud-
ies confirm that MRI has the highest diagnostic value
when used in patients with heterogeneous or extremely
dense breast parenchyma[21’26’27]. The European Breast
Imaging Society also advices the use of pre-operative
MRI in staging malignant lesions in patients with dense
breast tissuel™. MRI also has a substantial advantage in
detecting breast lesions in scattered fibroglandular breast

parenchyma[zo’sz’m.

Impact on treatment

Despite all advantages of MRI, there is no consistent
evidence supporting the clinical benefit of pre-operative
MRI for all patients with breast cancer. In the MONET
trial, 418 patients with non-palpable BI-RADS 3-5 lesions
were randomized to undergo routine clinical care (211
patients) or standard clinical care associated to contrast
enhanced MRI (207 patients) prior to large core needle
biopsylS4’55J. In total 74 patients had 83 malignant lesions
in the MRI group and 75 patients had 80 malignant le-
sions in the control group. The choice of prioritizing
non-palpable breast tumors was based on the difficult-
ness in determining the margins of a lesion that cannot
be seen or palpable during surgery. Thus, additional sur-
gical intervention is often required in those cases. The au-
thors hypothesized that the use of CE-MRI of the breast
would reduce the need of additional surgical procedure,
once MRI would add important three-dimensional infor-
mation about the lesion, would be an important tool in
defining tumor margins and in detecting multifocal and
multicentric disease.

Surprisingly the re-excision rate due to positive resec-
tion margins after breast conserving therapy was even
higher in the MRI group (34%) than in the control group
(12%). Also the rate of additional surgical interventions
after initial breast conserving therapy was higher in the
MRI group than in the control group (45% vs 28%),
although significance was not reached (P = 0.069). The
COMICE trial attempted to determine whether the addi-
tion of breast MRI in 1623 breast cancer patients proven
by triple assessment (clinical, radiological and pathologi-
cal) would aid tumor localization and reduce re-operation
rates. Patients were randomized to undergo or not MRI.
The results showed no difference in the re-operation
rates between the study arms (18.8% in patients who un-
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derwent MRI »s 19.3% in patients who did not undergo
MRI). The economic analysis of this trial showed no
significant difference in cost-effectiveness between the
research arms. The addition of MRI to triple assessment
did not reduce the re-operation rates, and the use of MRI
consumed extra resource with few benefits™. Differently
from the MONET study, the COMICE trial included
patients with breast cancer proved by biopsy and most
patients presented with palpable tumors. Both trials have
a high level of evidence and, in both studies, the authors
admonished the use of pre-operative breast MRI as a
routine clinical care in patients with non-palpable breast
cancer””., Up to now, the results of these randomized
controlled trials discourage the standard use of pre-oper-
ative MRI in all patients with breast cancer.

TECHNOLOGICAL DEVELOPMENTS AND
ONGOING RESEARCH

Morphologic assessment can be a subjective task. It is

strongly related to the experience of the radiologist and it
is vulnerable to interobserver variations (especially in small
lesions and nonmass-like lesions). An adjunct method
which could provide a higher specificity would be of val-
ue. The use of new available technologies, such as breast
MR spectroscopy and DWI is being verified in order to
improve the accuracy and specificity of CE-MRI"™.,

Diffusion weighted imaging

DWI is a non-invasive MRI technique that measures the
mobility of water molecules in tissue, providing informa-
tion such as cellular density, viscosity, membrane integrity,
and tissue microstructure, without the need of contrast
injection[sg’m. DWT is able to differentiate between tissue
types based on the use of the apparent diffusion coef-
ficient (ADC). Malignant breast tumors usually have a
higher cellularity and generally present with restricted
water diffusion and lower ADC values when compared
to benign lesions'**). CE-MRI enables the assessment
of morphological and kinetic patterns of benign and
malignant breast tumors, but has a low specificity and
high false-negative rates’ ™%, The use of DWTI is being
considered as a new approach in order to improve the
sensitivity and specificity of breast lesion characteriza-
tion and may be incorporated into routine breast MRI
assessment of breast lesions. In a retrospective study, El
Khouli e a/* selected 93 women with 101 lesions (68
malignant tumors and 33 benign tumors) who underwent
MRI using a 3.0 T magnet and both CE-MRI and DWI
were performed. The association of DWI with ADC
significantly improved the diagnostic performance and
lesion characterization when compared to conventional
3D T1-weighted and CE-MRI at 3.0 T. In a study with
70 patients, Partridge ez al’" showed that CE-MRI added
to ADC criteria providing a superior positive predictive
value than contrast enhanced MRI alone (47% vs 37%).
Tan et /™ analyzed 44 breast lesions (31 malignant and
13 benignant) on 3.0 T MRI. The cut-off ADC values
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for benign and malignant lesions were 1.21 X 10° rnrnz/ S
for b =500 s/mm” and 1.22 x 10”° mm®/s for b = 1000
s/mm’, respectively. Although the authors had a small
sample size, the values obtained between ADC values of
benign and malignant lesions were significant (P < 0.001).
The sensitivity of CE-MRI was 100% with a specificity
of 66.7%. CE-MRI combined with b = 1000 s/mm”,
showed a specificity of 100% and a sensitivity of 90.6%.
There was no significant between ADC values and prog-
nostic factors™. Marini ez a/*” investigated 81 breast
lesions. Considering a mean diffusivity threshold value
of 1.1 x 107 mmz/ s, malignant lesions were differenti-
ated from benign lesions with a sensitivity of 80% and
specificity of 81%. A meta-analysis from Chen ez al™ de-
sctibed 964 lesions (maximum b = 1000 s/ mm”’, 95%ClI,
area under curve of summary receiver operating char-
acteristic 0.9085). ACD measurement of DWI showed
a sensitivity and specificity of both 84% to differentiate
between benign and malignant lesions. DWI also has the
advantage of not requiring the use of intravenous con-
trast and the use of this technique could be an alternative
to CE-MRI. For example, in a retrospective study with
118 breast lesions (12 DCIS, 15 invasive carcinomas end
91 benign lesions), 89% of malignant breast tumors were
found to be clearly hyperintense on DWI. ADC values
helped in differentiating malignant from benign lesions.
In a study of Yabuuchi ¢ a/"", the authors compared the
detection of non-palpable breast cancers in mammogra-
phy, DWI and CE-MRI. DWI was significantly more ac-
curate than mammography, although it has shown to be
not as accurate as CE-MRI.

The use of DWI in patients with DCIS has also been
described. Partridge ef al™ reported that ADC values of
DCIS were lower when compared to benign lesions and
invasive carcinoma. Rahbar ¢ a/”” found 96% of pure
DCIS lesions to be hyperintense in DWI.

Considering pre-treatment prediction of response to
NAC in breast cancer patients, results suggest DWI asso-
ciated to ADC to be useful for predicting tumor response.
Park e al™ performed DW-MRI (1.5 T, b values 0 and
750 s/mm” and CE-MRI of 53 invasive breast cancers
before and after chemotherapy prior to surgery. The per-
centage of ADC increase in responders was bigger than
in non-responders (P < 0.001), the best cutoff to differ-
entiate responders from non-responders was 1.17 X 10°
mm’/s (sensitivity of 94% and a specificity of 71%).

Sharma e o/ assessed the response of 56 patients
with breast malignant lesions at four different times,
before and after three cycles of NAC. ADC has shown
a statistically significant change in volume and diameter
in responders (sensitivity 68% and specificity 100%) and
the authors suggested ADC would be useful in predict-
ing early tumor response. According to Pickles e al™,
significant alterations on ADC could be observed even
before changes in tumor size in patients undergoing che-
motherapy. Therefore the authors suggested that DWI
might have the ability to provide indication of response
to treatment, preceding changes in tumor size.
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Proton spectroscopy

Spectroscopy is an additional non-invasive method that
can provide chemical information from a selected region
in the body. In clinical practice, spectroscopy is used
mainly for brain applications and prostate cancer "™,
Breast cancer spectroscopy is slightly behind that of
prostate in development and in determining the suitabil-
ity of this technique for clinical practice.

In mammary gland area, total choline (tCho), or just
Cho, is considered the most important metabolite in
proton MR spectroscopy. Many different metabolites
overlap and contribute to the Cho peak, such as choline,
phosphocholine, glycerophsphocoline, taurine and myo-
inositol, among others” ™. The Cho peak is centered at
3.2 ppm.

Cholines are precursors of phospholipids which are
components of cell membranes and increased Cho sig-
nals are associated with increased cellular turnover™*,

The use of breast MR spectroscopy to distinguish be-
tween benign and malignant lesions (using elevated tCho
level as an indicator of malignancy) can potentially im-
prove the accuracy of an MRI scan by offering increased
specificity. In a recent systematic review and meta - analy-
sis, Baltzer ef a/*” included 19 studies with 1183 patients
in order to evaluate the diagnostic performance of spec-
troscopy in differentiating breast lesions in field strengths
of 1.5 and 3.0 T. They found a high pooled specificity
(88%) and sensitivity (73%). Higher field strength, post
contrast acquisition or qualitative »s quantitative MR
spectroscopy had no significant influence on the results.
Katz-Brull ¢z a/*" performed a similar meta-analysis and
found a combined sensitivity and specificity of 83% and
85%, respectively.

In a study with 184 patients with breast cancer, Shin ez
al*" have shown that the use of absolute tCho-containing
compound peak integral, normalized tCho-containing
compound integral, and signal-to-noise-ratio determined
by spectroscopy could be valuable in differentiating be-
tween IDC and DCIS. These same parameters could also
be useful in determining tumor aggressiveness.

Many researchers suggest measurements if tCho with
breast spectroscopy to be useful to monitor the response
to NAC.

In a recent study, Tozaki e a/*" concluded that
changes in Cho after NAC determined by 'H MR spec-
troscopy are more sensitive to predict the pathological
response than changes in the tumor size. Meisamy 7 al™
used a 4 T strength field to evaluate the concentration
of tCho in patients diagnosed with breast cancer before
NAC, within 24 h after the first dose and after the fourth
dose. Twenty-four hours after the first dose there was a
significant variation in concentration of tCho (compared
to baseline) and this change had a significant positive cor-
relation with the change in lesion size (P = 0.001). The
change observed in tCho concentration after first dose
of NAC was significantly different between responders
and non-responders (P = 0.007).

Jacobs ez al®™ evaluated NAC response using magnetic
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resonance spectroscopy, and *Na magnetic resonance.
According to the authors, multiparametric and multi-
nuclear imaging parameters were reduced after the first
cycle of NAC in responders, specifically, Cho signal-to-
noise ratio and sodium (P < 0.01).

To evaluate if applying DWI and spectroscopy to-
gether would help to improve the differentiation of
breast lesions at 3.0 T, Tsougos ez al’ selected 51 women
with known breast abnormalities (18 benign lesions and
33 malignant lesions). DWI and spectroscopy together
provided higher accuracy and higher specificity for the
differentiation between malignant and benign lesions
when compared to these techniques used separately.

High field breast MRI at 7.0 Tesla

Recently, high-field MRI (7.0 T) has become available for
research. 7.0 T MRI has an inherent advantage over lower
field’s strengths and is, therefore, able to provide better
signal to noise ratio, improve morphology assessment of
breast lesions and increase the modality’s sensitivity and
specificity (Figure 3)P  However, there are limita-
tions in the use of 7.0 T. Higher magnetic field results in
longer T1 relaxation time, shorter T2* decay time, greater
radiofrequency, specific absorption rate, and increased B1
+ field inhomogeneity. Nevertheless, some studies indi-
cate that these disadvantages can be overcome.

Stehouwer e a/””" observed 7.0 T images in 20 pa-
tients with 23 suspicious breast lesions. The radiologist
correctly identified all malignant tumors (BI-RADS 4 or 5)
and in most cases image quality was considered good or
excellent by both radiologists.

Field strength is considered an important factor af-
fecting sensibility of spectroscopy. Particularly, 7.0 T is
expected to provide increased signal to noise ratio and
achieve more accurate information between closely over-
lapping resonances in the spectral domain®**" I
a recent study, Korteweg ¢t al™ selected 3 patients who
received NAC and tried to establish if DWI and spec-
troscopy could provide diagnostic information in breast
cancer patients. One of the patients had nonspecific
reaction to NAC and, during the whole NAC course, an
increment of values of ADC was observed, suggesting
either tumor responsiveness or cystic development/tu-
moral necrosis. In addition a decrease in Cho concentra-
tion during NAC cycles was reported, which could also
mean responsiveness of the tumor. After the last NAC
course, Cho concentrations and tumor size increased,
suggesting acquired resistance to treatment. Pathology
assessment confirmed this hypothesis. A second patient
had no visible index lesion on 3.0 T or at 7.0 T and Cho
was undetectable on both examinations. No tumot was
observed in pathologic analysis, which is suggestive that
NAC was effective. Even low Cho levels (0.77 mmol/kg-
water) were detected, suggesting high sensitivity of 7.0 T
in detecting alterations in Cho Metabolism.

7.0 T is still in its early stages and studies with larger
number of patients are required on order to confirm
these results and check clinical applications.
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Figure 3 A 62-year-old patient with nipple withdrawal, finally diagnosed as ductolobular carcinoma. A, B and C: Axial T1-weighted gradient-echo images ob-
tained at 7 T before and after contrast injection. An irregular mass with spiculated margins can be observed on pré-contrast imaging (A). An intense homogeneous en-
hancement (B) and a rapid wash-out kinetic curve (D) can be observed following contrast administration. In Figure 3C, an ultra-high-resolution T1-weighted gradient-
echo sequence with fat suppression was performed, and the morphological aspects of the lesion can be more clearly seen.

CONCLUSION

To date, pre-operative MRI is indicated in defined groups
of patients in which a potential benefit of local staging is
expected, Ze., women with mammographically heteroge-
neous or extremely dense breasts, at high risk for breast
cancet, diagnosed with invasive lobular carcinoma and/or
with multifocal, multicentric or contralateral disease” ™.
These recommendations are based on high-quality ran-
domized controlled trials with narrow confidence inter-
vals and on The American Cancer Society Guidelines for
the Early Detection of Cancer and on the Guidelines
from the European Breast Imaging Societyl45’55’56’95]. MR
spectroscopy, DWI and 7.0 T MRI of the breast are
promising, but the clinical value of these techniques still
remains unclear mostly due to the fact that the number
of studies investigating these techniques is small and they
are still in early stage Larger studies with more statistical
power are necessary to confirm the clinical value and the
cost-benefit of these new modalities.
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