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Magnetic resonance imaging 
plays a well-established role 
in breast cancer screening for 

patients at increased risk for the disease, 
as well as in evaluating patients with 
new breast cancer diagnoses. However, 
breast MRI’s role in problem solving 
continues to evolve. The modality is 
appropriately indicated in cases where 
MRI findings have the potential to af-
fect clinical management and cannot be 
answered with either mammography or 
sonography. Here we review accepted 
clinical scenarios for problem solving 
with breast MRI.

Monitoring Lumpectomy Sites 
Mammography and clinical exam-

ination are the standard of care with re-
spect to screening patients for recurrent 
disease at lumpectomy sites. However, 
breast MRI can be a particularly effec-
tive diagnostic tool in certain circum-
stances. For example, post-treatment 
changes can mask or mimic recurrent 
disease at lumpectomy sites. Lever-
aging morphological features and sig-
nal intensity curves, MRI boasts high 
sensitivity, specificity, and accuracy 
in differentiating post-treatment phys-
iological changes from recurrent dis-
ease.1 A literature review by Preda, 
et al, found MRI able to detect recur-
rent disease with a sensitivity > 90% 

and specificity of 85-100%.1 MRI can 
also be particularly useful in assessing 
for recurrent disease in patients who 
have undergone radiation therapy to a 
lumpectomy site in the posterior third 
of the breast who may be unable to un-
dergo mammography because of scar-
ring and tissue retraction (Figure 1). 

Lumpectomy with Positive Margins 
Breast conservation surgery is the 

treatment of choice in early-stage breast 
cancer. After surgical excision, nega-
tive margins reduce the risk of residual 
and recurrent local disease. Positive 
margins have been reported in 15-37% 
of patients undergoing lumpectomy, 
resulting in the need for additional 
re-excision or mastectomy.2 Accurately 
determining gross residual disease, 
when present, is imperative in surgical 
planning, especially in the absence of 
preoperative MRI. 

Breast MRI’s role in the postoper-
ative setting is to detect gross residual 
disease, as microscopic disease has al-
ready been confirmed pathologically. 
Krammer, et al, reported a sensitivity 
of 73% for MRI when used to detect 
residual disease in patients with posi-
tive margins after initial surgery.3 How-
ever, sensitivity increases to 95% when 
the size threshold for detecting residual 
disease is ≥ 5 mm, supporting the mo-
dality’s reliability in detecting gross re-
sidual disease.3

Difficulty in differentiating postsur-
gical enhancing granulation tissue at the 
lumpectomy site from residual disease 
limits the accuracy of breast MRI. A 

lumpectomy site with no gross residual 
disease has a thin rim of peripheral en-
hancement (≤2 mm) without nodularity 
or focal mass. Gross residual disease on 
postoperative MRI can present as an en-
hancing mass (Figure 2) or as non-mass-
like enhancement (Figure 3), depending 
on whether the residual disease is in-
vasive or in situ. Acceptable timing of 
postoperative MRI has been debated and 
ranges from 28 days to 10 months fol-
lowing surgery.4 Increasing the lumpec-
tomy-to-MRI interval may improve 
sensitivity and specificity, but delaying 
treatment is neither ideal nor necessary.4 
Remembering that breast MRI’s role in 
this setting is to differentiate, based on 
the extent of residual disease, those pa-
tients who need mastectomy from those 
who require repeat lumpectomy can ease 
anxiety when interpreting these exams. 
At our institution, patients are imaged as 
soon as they are able to lie flat and toler-
ate the scan, allowing for prompt surgi-
cal management.

Response to Neoadjuvant 
Chemotherapy 

Traditionally, neoadjuvant chemo-
therapy is used to treat locally advanced 
disease and inflammatory breast cancer. 
However, it is increasingly being used 
as part of the treatment of earlier stage 
disease.5  Neoadjuvant chemotherapy 
has many benefits, including: reducing 
tumor size which leads to less extensive 
breast surgery and better cosmetic out-
comes, converting node-positive disease 
to node-negative thereby reducing the 
need for axillary surgery, evaluating the 
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efficacy of systemic therapy, and bring-
ing about a pathologically complete re-
sponse to therapy which correlates with 
improved disease-free survival.5

Currently, there are no clinical prac-
tice guidelines identifying the most accu-

rate method to assess for tumor response 
to therapy. Physical exam, mammog-
raphy, and ultrasound are traditionally 
used, but several meta-analyses have 
demonstrated that MRI more accurately 
predicts residual tumor size than do the 

traditional approaches.5,6 One prospec-
tive study using MRI to measure patho-
logic tumor size after surgical excision 
demonstrated a response agreement of 
71%, compared with clinical examina-
tion (19%), mammography (26%), and 

FIGURE 1. Subtracted sagittal view from a contrast-enhanced MRI 
shows clumped and linear non-mass enhancement (arrow) extending 
posteriorly toward the chest wall from a posteriorly located lumpec-
tomy site. MRI-guided biopsy confirmed DCIS.

FIGURE 2. Patient who had a lumpectomy for invasive ductal carci-
noma with positive margins. Postoperative CE subtracted T1 image 
shows a 2.7 cm heterogeneously enhancing mass at the posterior and 
medial aspect of the lumpectomy site (arrow), which was confirmed as 
invasive ductal carcinoma at re-excision lumpectomy.

FIGURE 3. (A) Mediolateral oblique view of screening mammogram shows a 1.3 cm round 
mass (arrow), confirmed at biopsy as invasive ductal carcinoma. (B) T1 postcontrast subtracted 
contrast axial images show 9.2 cm of non-mass enhancement (arrows), which extends from the 
lumpectomy site (open arrow) with positive margins to the pectoralis muscle. Post-mastectomy 
biopsy confirmed IDC and non-calcified DCIS.
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sonography (35%).6 MRI overestimated 
residual disease in 6% of patients and 
underestimated residual disease in 23% 
of patients.6

Tumor subtype and chemotherapy af-
fect MRI’s ability to accurately estimate 
the presence of residual disease in the 
neoadjuvant setting.5  Underestimation 

is more common in the setting of disease 
fragmentation or in cases of treatment 
with taxanes or antiangiogenic drugs.5 
The antiangiogenic property inhibits 
blood flow and gadolinium contrast into 
any residual tumor. Overestimation is 
often related to reactive inflammation 
and fibrosis at the tumor site.5 Addition-

ally, patients can be categorized as hav-
ing a “complete response” by pathologic 
response criteria with ductal carcinoma 
in situ (DCIS). This can limit MRI’s 
accuracy in assessing for pathologic 
complete response, as the noninvasive 
component of disease may still be seen 
and reported as non-mass enhancement. 

FIGURE 4. (A) Maximum intensity projection (MIP) image from CE MRI shows a 3.5 cm enhancing mass (arrow), confirmed at biopsy as IDC. 
Biopsy confirmed a lymph node with abnormal morphology (open arrow) seen in the axilla as metastatic disease. (B) MIP image from the same 
patient after neoadjuvant chemotherapy shows complete imaging response without residual mass in the breast, and the axillary lymph node 
morphology returned to normal. The findings were confirmed as complete pathologic response after mastectomy.

FIGURE 5. (A) MIP images from CE MRI shows a heterogeneously enhancing mass with irregular shape and margins (arrow). (B) MIP image 
following neoadjuvant chemotherapy shows disease progression with interval enlargement of the irregular enhancing mass (open arrows).
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Optimal breast MRI timing in the neo-
adjuvant setting depends on treatment 
regimen. At our institution, MRI is done 
at baseline, 2 weeks after the first cycle 

of chemotherapy to evaluate for early 
response, and just before surgery. If both 
an anthracycline-based chemotherapy 
and a taxane are being used, MRI is ob-

tained after administration of the anthra-
cycline and before the taxane (between 
regimens). Response range is described 
as complete (no enhancement or mass to 

FIGURE 6. (A) Axial fused PET/CT image in a patient with a history of 
gastrointestinal stromal tumor shows an axillary lymph node with abnor-
mal morphology and hypermetabolic activity (arrow).  No hypermetabolic 
activity was seen in the breast. (B) Axial view from CE MRI after a normal 
mammogram shows ill-defined enhancement in the lateral aspect of the 
left breast, which extends from the anterior to posterior third of the breast 
(small arrows). (C) axial image from MRI-guided biopsy shows the needle  
at the area of concern (open arrow), confirmed as IDC.

FIGURE 7. (A) T1 precontrast images from a patient with spontaneous bloody nipple discharge and normal mammogram and ultrasound T1 
precontrast images shows high signal in a normal caliber duct consistent with blood (open arrow). (B) Postcontrast axial subtracted T2 and 
sagittal non-subtracted T1 images demonstrate ill-defined enhancement (arrow) corresponding to the duct containing blood. MRI-guided biopsy 
confirmed DCIS.
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suggest disease, Figure 4), partial (30% 
decrease in the longest diameter), stable 
(no partial or progressive disease), or 
progressive (≥20% increase in the lon-
gest diameter, Figure 5).7

Axillary Metastases and Occult 
Primary Tumor

Occult primary breast cancer pres-
ents with axillary lymphadenopathy 
or metastatic disease without clinical, 
mammographic, or sonographic find-
ings. This is uncommon, representing 
only 0.3-0.8% of such cancers.8 When 
occult primary breast cancer does occur, 

it can present a diagnostic and therapeu-
tic challenge. These patients are first 
treated with ipsilateral mastectomy and 
axillary lymph node dissection, the stan-
dard of care.9 Detection of these cancers 
with MRI permits assessment of disease 
extent, which may potentially increase 
treatment options, including breast-con-
servation therapy. Biopsy with histo-
logic evaluation may also be used to 
guide potential neoadjuvant therapy 
prior to surgery (Figure 6). 

Bresser, et al, reviewed 8 retrospec-
tive studies that define occult breast 
cancer as isolated metastatic axillary 

lymphadenopathy with negative clini-
cal and mammographic examinations 
(ultrasound not included). MRI was 
able to detect a suspicious finding in 
36-86% (mean of 72%) of patients; 
85-100% of these resulted in diagno-
sis of malignant breast cancer. Pooled 
data demonstrates that MRI has sen-
sitivity of 90% and specificity of 31% 
in detecting occult primary breast can-
cer. Five of the 8 studies utilized MRI-
guided ultrasound localization, finding 
that 80% of the MRI detected-lesions 
could be localized with ultrasound. Ul-
timately, routine use of breast MRI in 
occult breast cancer may result in breast 
conservation therapy in as much as one-
third of cases.10

Evaluation of Nipple Discharge  
Spontaneous nipple discharge is 

most commonly due to benign etiolo-
gies, including papilloma or duct ec-
tasia. However, a thorough workup 
should be performed to exclude under-
lying DCIS or IDC.11 A detailed his-
tory is needed to determine whether the 
discharge is spontaneous or nonsponta-
neous, the latter being less concerning. 
Historically, the standard of care for 
patients with spontaneous discharge 
and a normal mammogram and ultra-
sound is a central duct excision. How-
ever, this poses significant risk that 
the abnormal area may not be excised, 
especially with abnormalities located 
posteriorly (Figure 7).12

A physical exam performed after 
mammography may determine if the 
discharge is reproducible and from a 
single duct. Ultrasound is helpful in the 
presence of a dilated duct with associ-
ated intraductal mass. If these are not 
present, MRI evaluation is warranted. 

As it has high sensitivity and spec-
ificity for diagnosing breast cancer, 
MRI is useful for detecting malignant 
etiologies of nipple discharge. In a 
study of MRI evaluation of pathologic 
nipple discharge, the modality de-
tected all 11 cases of malignancy, 7 of 
which were occult on mammography 
and sonography.12

FIGURE 8. Postcontrast T1 subtracted axial image from a patient presenting with scaling and 
redness at the right nipple and who underwent a punch biopsy showing Paget disease. Asym-
metric enhancement and nipple retraction were seen in the right breast (arrow), with no other 
areas of abnormal enhancement. Lumpectomy revealed 0.3 cm of DCIS involving the nipple.

FIGURE 9. A patient presenting with itching and redness of the nipple and who had undergone 
a punch biopsy showing Paget disease. After a normal diagnostic mammogram, MRI shows 
asymmetric nipple enhancement (open arrow). There were also 2 areas of non-mass enhance-
ment (small arrows).Biopsy confirmed DCIS. 
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Paget Disease 
Paget disease of the breast is uncom-

mon, accounting for 1-3% of all breast 
carcinomas.13  It is defined as infiltra-
tion of the nipple epidermis by adeno-
carcinoma cells.13 Paget disease is often 
detected clinically; classic symptoms 
include redness and itching of the nip-
ple areolar complex, with progression to 
scaling, ulceration, and erosion. Studies 
report underlying malignancy in 90% 
of Paget disease cases, but up to 50% of 
patients present with a negative mammo-
gram.13 Accurate detection and assess-
ment of the extent of disease are critical 
in determining appropriate therapy and 
surgical management. 

Several studies have demonstrated the 
utility of MRI in detecting underlying 
cancers in patients with Paget disease. 
Not only can MRI detect mammograph-
ically occult cancers, but it is also more 
sensitive than mammography in evalu-
ating extent of disease.13 In a study of 13 
patients with Paget disease, MRI detected 
7 of 12 underlying cancers, 4 of which 
were mammographically occult. In this 
study, MRI also accurately depicted 
disease extent in 6 patients. Traditional 
therapy for Paget disease includes mas-
tectomy with or without axillary lymph 
node dissection. However, the informa-
tion from a preoperative planning MRI 
may lead to breast-conserving surgery in 
many patients (Figures 8, 9).13

Evaluation of One View Findings
Findings seen on one mammographic 

view with no sonographic correlate 
can pose a diagnostic challenge; the re-
ported risk of malignancy ranges from 

5.7% to 26.3%.14 These findings are 
most often asymmetries or distortion, 
and MRI has been particularly useful in 
this setting historically. However, with 
the widespread availability of tomosyn-
thesis-guided core needle biopsy, one-
view findings can be identified more 
easily, aiding in preventing unnecessary 
and costly workups. At our institution, 
attempts are made to biopsy the area of 
concern with tomosynthesis, but if the 
target cannot be confidently identified, 
MRI may be helpful, as its negative pre-
dictive value in this setting is 97.8%.14

Conclusion
The role of breast MRI in the prob-

lem-solving arena continues to evolve 
and expand. It is imperative for radiol-
ogists to be familiar with the circum-
stances under which to recommend 
MRI to facilitate optimal work up, as 
it offers much valuable information 
that can be used to guide patient man-
agement. Nevertheless, while future 
studies may uncover other clinical uses 
for MRI in breast cancer diagnosis and 
treatment, it is important to remember 
that MRI does not currently replace a 
thorough diagnostic workup that in-
cludes mammography and ultrasound. 
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