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 .Introduction

Breast cancer is a disease that knows no boundaries. It can strike 
women at any age. Doctors may not take young women seriously 
when they express concerns about breast cancer (1). The wrong 
perception that young women do not get breast cancer often leads 
to an initial misdiagnosis. Many breast symptoms and signs in young 
individuals are dismissed by clinicians and radiologists as cysts or 
benign breast lesions and they usually adopt a ‘follow up’ protocol. 

By the time a lump can be diagnosed in a young woman, it is 
often large enough and advanced enough to lower the chances 
of survival. In addition, the cancer may be more aggressive and 
less responsive to hormone therapy. Breast carcinoma in young 
patients has been reported to present with more aggressive 
biologic characteristics and to behave poorly compared with the 

disease in older patients (2).
Five-year relative survival is lower among women with a 

more advanced stage at diagnosis. Considering all races, 5-year 
relative survival is 99% for localized disease, 84% for regional 
disease, and 23% for distant-stage disease. Larger tumor size at 
diagnosis is also associated with decreased survival (1). Thus 
the early detection and diagnosis of breast cancer is thus an 
emotive issue and a test is required that is both sensitive and 
specific. In general, regular mammograms are not recommended 
for women under 40 years of age, in part because breast tissue 
tends to be denser in young women, making mammograms less 
effective as a screening tool. In addition, most experts believe 
the low risk of developing breast cancer at a young age does 
not justify the radiation exposure or the cost of mammography. 
Ultrasound (US) although an excellent alternative method for 
assessing palpable abnormalities in young individuals, yet, it 
has limitations as a screening modality with a false negative rate 
ranging from 0.3% to 47% in some series (3). 

Breast MRI is no longer an experimental modality, but has 
attained a solid position in the diagnosis and workup of breast 
lesions (4). MRI may be particularly helpful in certain situations. 
This includes high risk patients especially those who have dense 
breast tissue. Dense breast tissue in young women may obscure 
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signs of malignancy on mammography and limit the evaluation 
of the true extent of disease (5).

In this review article we will discuss the role of MRI in the 
screening, diagnosis and follow up of breast cancer in young 
individuals.

 .Technique of MRI

MRI utilizes magnetic fields to produce detailed cross-sectional 
images of tissue structures, providing very good soft tissue contrast. 
MRI creates images of the breast by measuring changes in the 
movement of protons in fat and water with the application of 
changing magnetic fields and by utilizing the differences in tissue 
relaxation characteristics. Contrast between tissues in the breast 
(fat, glandular tissue, lesions, etc.) depends on the mobility and 
magnetic environment of the hydrogen atoms in water and fat that 
contribute to the measured signal that determines the brightness 
of tissues in the image. In the breast, this results in images showing 
predominantly parenchyma and fat, and lesions, if they are present. 
The use of MRI for breast cancer detection is based on the concept 
of tumor angiogenesis or neo-vascularity. Tumor associated blood 
vessels have increased permeability, which leads to prompt take 
up and release of gadolinium within the first one to two minutes 
after administration, leading to a pattern of rapid enhancement and 
washout on MRI. This dynamic rapid enhancement pattern helps 
to distinguish breast cancers from benign lesions. Thus, contrast 
enhanced MRI has been shown to have a high sensitivity for 
detecting breast cancer in high-risk asymptomatic and symptomatic 
women, although reports of specificity have been more variable (6). 
This high signal from enhancing lesions can be difficult to separate 
from fat, leading to the use of subtraction images or fat suppression, 
or both, to assess disease. Because parenchymal tissue also enhances, 
but generally more slowly than malignant lesions, and also because 
contrast can wash out rapidly from some tumors, it is important to 
look at images at an early time point after contrast injection (typically 
1 to 3 minutes). MRI examinations may involve examining images at 
one time point or, more often, will collect a pre-injection image with 
sequential sets of images after contrast injection [dynamic contrast-
enhanced (DCE)-MRI]. Both the appearance of lesions and, where 
available, the uptake and washout pattern can be used to identify 
malignant disease and discriminate it from benign conditions. 
These techniques, which have been widely employed for assessing 
symptomatic disease, have recently been shown to provide good 
sensitivity as a screening tool for breast cancer in women at increased 
risk based on family history (7-9).

 .MRI in screening for breast cancer in young 
females

Breast cancer is diagnosed in over one million women worldwide 
every year. Until breast cancer can be prevented, early detection 

offers the best chance for cure (10).
In generic terms, for a screening procedure to be considered 

useful, it should not only find lesions at an earlier stage, but 
also it should demonstrate that earlier diagnosis results in 
some clinical benefit, preferably a reduction in breast cancer 
mortality (11). Although mammography screening is frequently 
offered to women with a genetic predisposition to breast cancer 
at a younger age, the efficacy of this approach is unproven. 
Preliminary results in such women showed that mammographic 
screening has a low sensitivity for detecting tumors, especially 
in carriers of BRCA mutation. These women have a cumulative 
lifetime risk of developing breast cancer of 21-65%. Women 
genetically predisposed to breast cancer often develop the 
disease at young age when dense breast tissue reduces the 
sensitivity of mammography. Other possible reasons include 
changes seen on mammography in carriers of BRCA mutation as 
compared with non carriers of the same age (12-14) (Figure 1).

Ow ing to the debate regarding the role of MRI as a 
screening test, the American Cancer Society has outlined 
recommendations for the use of breast MRI for breast cancer 
screening. It should be stressed that if MRI is used, it should be 
in addition to, not instead of, a screening mammogram. This is 
because although an MRI is a more sensitive test (it’s more likely 
to detect cancer than a mammogram), it may still miss some 
cancers that a mammogram would detect. For most women 
at high risk the ACS recommended screening with MRI and 
mammograms should begin at age 30 years and continue for 
as long as a woman is in good health. But because the evidence 
is limited about the best age at which to start screening, this 
decision should be based on shared decision-making between 
patients and their health care providers, taking into account 
personal circumstances and preferences. The American Cancer 
Society (ACS) recommended breast MRI screening as an 
adjunct to mammography for: BRCA mutation carriers and 
their first-degree relatives; women with a lifetime breast cancer  
risk ≥20% to 25%; women with a history of chest radiation 
between ages of 10 and 30 years; and women with predisposing 
genetic syndromes (e.g., Li-Fraumeni, Cowden). The group felt 
there was insufficient evidence to recommend for or against 
MRI screening among women with a personal history of invasive 
breast cancer or duct carcinoma in situ (15).

In 2010, the European Society of Breast Cancer Specialists 
(EUSOMA) published a paper evaluating the available evidence 
regarding clinical value of and indications for breast MRI. This 
paper reported the results of all the cohort studies investigating 
the diagnostic performance of different imaging modalities 
in the surveillance of high-risk women. They recommended 
that women with a family history suggesting an inherited 
predisposition to breast cancer should have their risk assessed 
by an appropriately trained professional group (e.g., genetic 
counseling). If found to be at high risk (20-30% lifetime risk 
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or greater), these women should be given oral and written 
information regarding their risk and the risks and benefits of 
mammography and MRI screening or alternative risk-reducing 
interventions. If these women accept to be screened by MRI, 
they should be informed about screening intervals and logistics. 
This should be determined on the basis of regional or national 
considerations reflecting an area-specific cumulative risk in the 
general population, resource availability and practical feasibility. 
They recommended that annual MRI screening should be 
available starting at age 30 (16).

Based on several observational studies that have yielded 
consistent results, the combination of annual magnetic resonance 
imaging (MRI) plus mammography is now the standard of 
care for screening women with BRCA mutations who decline 
risk-reducing mastectomy. Because of its high sensitivity, 
multiple investigators have studied the potential role of MRI in 
screening women at high risk. In the past few years, results from 
eight major clinical trials exploring breast MRI as a screening 

tool have been published. Combined, the studies included  
4,271 patients and found 144 breast cancers detected by MRI, 
for an overall cancer yield of 3%. The sensitivity of MRI ranged 
from 71% to 100% across the studies. Although its reported 
specificity was variable, the call-back rates and risk of benign 
biopsies were within acceptable limits. In general, patients who 
underwent breast MRI screening had a 10% risk of being called 
back, and a 5% risk of having a benign biopsy (17).

A study was conducted to summarize the sensitivity, 
specificity, likelihood ratios, and posttest probability associated 
with adding MRI to annual mammography screening of 
women at very high risk for breast cancer in eleven relevant, 
prospective, nonrandomized studies that ranged from small 
single-center studies with only one round of patient screening 
to large multicenter studies with repeated rounds of annual 
screening were identified. Characteristics of women that varied 
across study samples included age range, history of breast 
cancer, and BRCA1 or BRCA2 mutation status. Studies used 

Figure 1. 39 year-old female complaining of cyclic mastalgia. Craino-caudal view of the mammogram (A) shows a heterogeneous dense parenchyma. 
Intense right UOQ contrast uptake (red arrow) was seen in the dynamic post contrast (B) and corresponding subtraction (C) MR images. Post 
processing kinetics elicits early enhancement reaching 60 % and plateau curve pattern (D). Pathology revealed invasive duct carcinoma (grade II).
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dynamic contrast-enhanced MRI with axial or coronal plane 
images (European studies) or sagittal images (North American 
studies) that were usually interpreted without knowledge of 
mammography results. The summary negative likelihood ratio 
and the probability of a BI-RADS-suspicious lesion (given 
negative test findings and assuming a 2% pretest probability of 
disease) were 0.70 (95% CI, 0.59 to 0.82) and 1.4% (CI, 1.2% 
to 1.6%) for mammography alone and 0.14 (CI, 0.05 to 0.42) 
and 0.3% (CI, 0.1% to 0.8%) for the combination of MRI plus 
mammography, using a BI-RADS score of 4 or higher as the 
definition of positive. The authors concluded that screening with 
both MRI and mammography might rule out cancerous lesions 
better than mammography alone in women who are known or 
likely to have an inherited predisposition to breast cancer (18).

 .Should we perform MRI of the breast to screen all 
women?

At this time, MRI is used mostly in breast cancer diagnosis and 
staging, rather than in screening. Given this impressive ability to 
detect tumors not found on mammograms, MRI might seem to be a 
logical choice for breast cancer screening. Yet none of the nationally 
recognized advisory groups is recommending it for women at 
average risk. There are several important reasons for this:

(I) MRI screening is time consuming, requires the injection 
of intravenous contrast, generates more false-positive results, and 
has not been shown to impact breast cancer mortality (19);

(II) High-quality breast MRI is still unavailable everywhere; 
(III) Although screening with MRI may improve survival 

for women with familial risk of breast cancer, but is expensive. 
It has been found to be cost effective for women with a  
BRCA1/2 mutation, it remains unclear whether this is the 
case for women with a family history of breast cancer without 
a proven genetic predisposition (20). The projected cost-
effectiveness of annual combined screening with MR imaging 
and screen-film mammography is strongly dependent on the 
cost of an MR imaging examination and on the underlying breast 
cancer risk in the women being screened (21);

(IV) Moreover, breast MRI can’t be performed to women 
who have certain devices in place such as pacemakers or 
implantable cardioverter-defibrillators; 

(V) The ability of MRI to detect tiny calcifications of early pre-
invasive breast cancer (duct carcinoma in situ, or DCIS) is limited; 

(VI) Because MRI is so good at picking up any abnormal tissue, 
whether cancerous or not, it leads to too many negative biopsies; 

(VII) False negatives after MRI screening can be attributed to 
inherent technological limitations of MRI, patient characteristics, 
quality assurance failures and human error (19);

(VIII) False positives can be attributed to the same factors, 
as well as heightened medical concerns over the consequences 

of missed cancers. A screening exam is considered to be false 
positive when its results recommend further testing or a biopsy 
of a suspicious finding, but no cancer is found. While MRI is 
more sensitive than mammograms, it also has a higher false-
positive rate (it is more likely to find something that turns out 
not to be cancer). False-positive results during breast MRI 
screening may have adverse psychological effects. They would 
lead to unneeded biopsies and other tests in many of the women 
screened, which can lead to a lot of worry and anxiety (19,22).

 .
MRI in the diagnosis of breast cancer in young 

individuals

Diagnosis means characterization of detected lesions whether 
benign or malignant. Staging should pursue this step when 
malignant pathology is identified.

Sensitivity and specificity contribute to the accuracy of any 
diagnostic tool. In the case of contrast-enhanced breast MRI, 
there is strong evidence that the sensitivity is greater than the 
sensitivity of other techniques of imaging the breast. Currently, 
breast MR demonstrates a high sensitivity in the range of  
93-100%. As many benign lesions also show enhancement or 
other atypical features on MRI, the primary weakness of contrast 
enhanced MRI remains in its low specificity, reported to be in 
the range of 37-97%. However, for the further implementation 
of diagnostic breast MRI in clinical practice, a reduced overall 
number of false-positive findings remain a major aim. For 
sufficient reliable and standardized differential diagnosis of 
malignant and benign lesions, the characterization of specific 
features of the lesions is vital (23).

Typically, the first step in evaluating lesion morphology on 
breast MRI is to classify the lesion as a mass, a focal lesion, or a 
non-mass-like enhancement. The BI-RADS breast MRI lexicon 
gives the following clear definitions for mass and non-mass-like 
enhancement: “Mass—A mass is a three-dimensional space-
occupying lesion that comprises one process, usually round, oval, 
lobular, or irregular in shape”; “Non-mass-like enhancement—
Enhancement of an area that is not a mass” (24).

In the case of mass-type lesions there are several parameters 
that can be used for constructing the differential diagnosis. 
For example, dark T2 signal, spiculation (morphology), rim or 
heterogeneous enhancement (texture) and the wash-out kinetic 
pattern are typical features of malignant lesions; whereas smooth 
margin (morphology), low and homogeneous enhancement 
(texture) and a persistent kinetic pattern typically indicate a 
benign mass (25) (Figure 2).

On the other hand, diagnosis of non-mass-like enhancement 
lesions is much more challenging. Malignant lesions such as duct 
carcinoma in situ (DCIS) and invasive lobular cancer (ILC) 
are likely to present as non-mass-like enhancement (Figure 3). 
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Benign fibrocystic changes, which also appear as non-mass-
like enhancement, are a frequent finding on DCE-MRI. Unlike 
mass lesions, non-mass-like enhancement lesions exhibit 
poorly defined boundaries, leading to difficulty in the analysis 
of morphology. Furthermore, the malignant non-mass lesions 
often do not show the typical wash-out pattern in enhancement 
kinetics, so this very useful diagnosis criterion for mass lesions 
has a limited diagnostic value for non-mass lesions. Diagnosis of 
these lesions is challenging because the enhancement of normal 
tissues and some benign processes, such as fibrocystic change, 
might show similar appearances (25).

When breast carcinoma is diagnosed, the extent of disease 
may not be apparent either by palpation or by mammography. 
Because of its very high sensitivity, MRI is particularly well 
suited for staging women diagnosed with breast cancer (26). 

Traditionally, breast cancer was treated with mastectomy, 

although equivalent long-term survival is obtained with breast-
conserving surgery and radiotherapy. Whether a patient is 
suitable for breast-conserving surgery depends on the size of 
the mass, particularly in relation to the size of the breast, the 
presence of multifocal or multi-centric disease, and involvement 
of the nipple (Figure 4). Multifocal or multi-centric disease 
has been demonstrated in 31% of patients with known breast 
cancer. MRI is quite sensitive to multi-focality, provided the scan 
has been performed to cover the entire breast, or both breasts. 
Residual breast cancer at the lumpectomy site can result in 
recurrence. Therefore, successful treatment depends on accurate 
pre-surgical knowledge of the extent of the disease. Tumor size 
is under estimated by mammography and ultrasound. Contra 
lateral occult synchronous tumors could be also identified (27). 

Tumors located posterior in the breast are difficult to evaluate 
fully with mammography and muscle invasion is often difficult to 

A B C

D

Figure 2. 37 year-old female complaining of right breast inflammatory changes first diagnosed as mastitis resistant to antibiotic therapy. Her 
mammogram (A and B) showed subtle diffuse increased right breast density. MRI showed a spiculated outlined mass lesion in the right UOQ 
with ipsilateral enlarged axillary nodes. The mass showed a dark T2 signal (C) and on the dynamic post contrast sequence (D) showed intense 
heterogeneous contrast uptake as seen in the subtraction (right) and color coded (left) images. Biopsy revealed IDC.
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A B
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Figure 3. 34 year-old female complaining of mastalgia. Her mammogram (A) showed clustered, segmental pleomorphic calcifications (arrow) seen on 
the magnified view (B). Post contrast MRI study showed linear segmental non mass enhancement (subtraction image, C). Biopsy revealed DCIS.

Figure 4. Subtraction contrast MR image of 27 year-old female with a 
multifocal right breast carcinoma.

detect by ultrasound due to acoustic shadowing from the tumor. 
Breast MRI can also identify chest wall invasion which changes 

the disease stage to IIIB regardless of primary tumor size. Tumor 
invasion is identified as muscle enhancement, which may have 
an infiltrative or mass-like appearance. Muscle enhancement is 
the only finding which has been shown to reliably indicate tumor 
invasion. Loss of fat planes between the tumor mass and muscle, 
and vascular structures extending from the tumor through the 
muscle, do not indicate tumor invasion (28,29).

 .Should we perform MRI of the breast to diagnose 
all cases?

Prudence should be used with the application of Breast MRI in 
evaluating breast cancer patients due to:

(I) There is significant overlap of contrast enhancement in 
benign and malignant breast lesions on MRI;

(II) The large number of false positive results in additional 
biopsy in about 4-21% of patients;

(III) There is significant overlap between normal tissues and 
malignant tissues;

(IV) Suspicious uptake has been recorded with a variety of 
benign and benign precancerous conditions;

(V) Many enhancing features on MRI, particularly those with 
diffuse or regional distribution that show moderate, progressive-
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to-stabilized enhancement, do not turn out to be cancer. This 
pattern can also be associated however, with DCIS, lobular 
carcinoma, or low grade invasive duct carcinoma. Such findings 
present a diagnostic dilemma and MR-guided biopsy capabilities 
are not yet readily available;

(VI) While MRI can demonstrate enhancing lesions on the 
order of 1-2 mm in size, it is virtually impossible to obtain histo 
pathologic validation of these small imaging occurrences, making 
it difficult to determine the true sensitivity of breast MRI (26,27).

 .MRI in the follow up of breast cancer cases in 
young individuals

Follow-up post-neoadjuvant chemotherapy 

It is becoming increasingly common to treat women with 
locally advanced disease with neo-adjuvant therapy. Clinical 
response alone is not a very accurate measure of response to 
therapy however, and many investigators have pursued imaging 
to track response. Traditionally, palpation, mammography, and 
sonography have been used, but edema and necrosis at the 
tumor site may hinder measurement of the tumor’s true size. 
Clinical breast exam has been found to underestimate residual 
disease. MRI is emerging as a very important modality, not only 
because it can delineate the extent of disease and accurately 
assess response to therapy, but also because it enables us to look 
at the morphology of tumors and identify tumor patterns that 
are distinct at initial presentation (26). 

Neo-adjuvant chemotherapy is given to patients after the 
diagnosis of malignancy has been made but prior to definitive 
surgical treatment, to decrease the size of the tumor. The 
change in appearance on post chemotherapy may be decrease 
in tumor size, change in tumor cellularity, or change in tumor 
vascularity. The extent of response to chemotherapy and 
amount of residual tumor determines the treatment options in 
this setting. Delineating the response poses a clinical challenge. 
Breast MRI is helpful in demonstrating the true tumor size 
initially, as well as identifying residual tumor following the 
completion of neo-adjuvant therapy. Although, MRI is limited 
by both over- and under estimation of residual disease, it has 
been shown to correlate more accurately with pathologic 
specimens pathological complete response (pCR), in the 
range of 71% to 90%, vs. clinical exam (19% to 60% accuracy), 
ultrasound (35% to 75% accuracy) and mammography (26% 
to 70% accuracy). It is important to recognize that even 
though no residual disease maybe evident by MRI, surgical 
resection is still required due to the potential under estimation 
of residual disease. For this reason, it is important to place 
a tissue marker prior to treatment. MRI provides not only 
an anatomic evaluation of the tumor but also a physiologic 
one. As MRI findings are based on the vascularity of the 

tumor, the effect of chemotherapy agents that inhibit tumor 
angiogenesis can be seen. Diminished contrast enhancement 
following chemotherapy would support reduction in tumor 
vascularity. Decrease in peak contrast uptake and flattening of 
the contrast uptake curve have been seen in tumors following 
chemotherapy (30-33) (Figure 5).

A systematic literature research including forty four studies 
(2,050 patients) was conducted to examine MRI accuracy 
in detecting residual tumor, investigates variables potentially 
affecting MRI performance, and compares MRI with other 
tests. MRI had higher accuracy than mammography (P=0.02); 
there was only weak evidence that MRI had higher accuracy 
than clinical examination (P=0.10). No difference in MRI 
and ultrasound accuracy was found (P=0.15). The authors 
concluded that MRI accurately detects residual tumor after neo 
adjuvant chemotherapy. Accuracy was lower when pCR was 
more rigorously defined, and specificity was lower when test 
negativity thresholds were more stringent; these definitions 
require standardization. They stated that although MRI is more 
accurate than mammography; however, they recommended 
further studies comparing MRI and ultrasound (34).

Follow up after breast operations

Evaluation of patients who have undergone mastectomy and breast 
reconstruction is another very difficult issue. As most of the breast 
tissue has been removed, the site of recurrence is beneath the 
skin or near the chest wall. These areas are difficult to image with 
mammography, and post surgical changes can be easily interpreted 
as malignant. Patients who have been treated with breast 
conservation therapy with resultant positive surgical margins are 
typically offered one additional attempt at excision. Mastectomy 
is usually performed if negative margins are not achieved. Breast 
MRI in these patients is helpful to identify the extent of residual 
disease, which may aid in surgical planning for re-excision and 
may prospectively identify those patients who would ultimately 
require mastectomy. The purpose of MRI is to detect the presence 
of multifocal and multi-centric disease as well as to detect bulky 
residual disease at the lumpectomy site in order to allow directed 
re-excision. Microscopic residual disease at the surgical margins is 
known to be present and surgical excision is still required, even if 
the MRI findings are negative (30).

The evaluation of the tumor bed with MRI is limited, as 
granulation tissue may enhance in the early postoperative period. 
Frei et al. determined that the least number of false-positive 
results were found when MRI was performed between 35 to  
42 days following surgery (35). In general, sensitivities ranging from 
61% to 86% for detecting residual disease have been reported (36). 
Studies have shown that the absence of enhancement virtually 
excludes a recurrence and the presence of enhancement is very 
specific for tumor even in the radiated breast (30) (Figure 6).
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Follow up after breast reconstructive surgery

Breast surgery to rebuild the normal contour of the affected and 
the contra-lateral unaffected breast to produce a more normal 
appearance, is considered reconstructive surgery. It is performed 
following a mastectomy, lumpectomy, or other breast surgery 
to treat breast cancer. The number of procedures and timing 
of these procedures varies, depending on the individualized 
treatment plan devised by the treating physician(s) and the 
individual and may be impacted by the overall treatment plan for 

the breast cancer itself (37,38). There are two ways to recreate 
the breast after a mastectomy: using saline breast implants or the 
patient’s own tissue (muscle flap reconstruction). 

Although imaging with ultrasound and mammography have 
both been used successfully to evaluate the integrity of implants 
and detect possible problems over time, MRI is the preferred 
modality to detect implant rupture (39). Advantages of using MRI 
to detect implant rupture include imaging with a high sensitivity 
and specificity, the ability to image the entire implant, and the 
avoidance of ionizing radiation exposure (40,41). 

Figure 5. 23 year-old lactating female diagnosed as left breast lactation mastitis. Her mammogram (A) showed a diffuse edema pattern of the left 
breast with coarsened trabeculae and marked skin thickening. A post contrast MRI study (B) was performed and showed an extensive locally advanced 
carcinoma of the left breast with a type 3 kinematic curve (peak enhancement 80% after 3 minutes). Biopsy revealed IDC grade II. She received  
3 cycles of chemotherapy and came for a follow up study to assess response. Her mammogram (C) showed resolution of the edema. MRI study showed 
faint parenchymal enhancement with a type 2 curve showing delayed peak enhancement of 45% in 6 minutes.
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 .Conclusions

Contrast-enhanced breast MR imaging is a powerful tool in 
the breast imaging diagnostic workup especially in high risk 
young individuals. New evidence on Breast MRI screening has 
become available since the American Cancer Society last issued 
guidelines for the early detection of breast cancer in 2003. If MRI 
is used, it should be in addition to, not instead of, a screening 
mammogram. The role of Magnetic Resonance Imaging in breast 
diagnosis will continue to evolve as technology improves and 
clinical experience with new techniques expands.
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