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Abstract: For patients with operable breast cancer, neoadjuvant chemotherapy can increase the 

chance for breast-conserving resection without sacrifi cing survival length. Breast imaging is an 

important tool for following disease progression in patients undergoing preoperative therapy. 

We present a patient who had signifi cant calcifi cation associated with her primary tumor and 

axillary lymph node disease. After undergoing a course of chemotherapy that was truncated 

due to side effects, mammogram showed these deposits remained unchanged even though 

magnetic resonance imaging (MRI) demonstrated that she had a complete response at both 

sites. Indeed on fi nal pathologic examination there was no invasive disease remaining in the 

breast and axillary lymph nodes. This case shows the potential superiority of MRI relative to 

mammograms in assessing the therapeutic response of breast cancer associated with calcifi ca-

tions after neoadjuvant chemotherapy.

Keywords: breast cancer, calcifi cations, neoadjuvant chemotherapy, magnetic resonance 

imaging

Background
Greater numbers of breast cancer patients are receiving neoadjuvant chemotherapy 

(NAC). Large prospective randomized trials comparing preoperative and postoperative 

therapies in patients with primarily operable disease have demonstrated no differences 

in disease-free and overall survival between the two groups.1,2 These favorable results 

have enabled providers to offer more patients the chance at breast-conserving opera-

tions. Patients with tumors previously thought to be resectable with only full mastec-

tomies now have the option fi rst to undergo NAC in an attempt to shrink the tumor. 

If that approach proved successful, patients would require only partial mastectomies 

and better cosmetic results would be achieved without compromising survival.1,2

All patients evaluated for NAC require a meticulous staging work up. Physical 

examination is important for assessing tumor size, location in the breast (as determined 

by the distance from and position relative to the nipple), and regional lymph node status. 

Breast imaging, such as by mammography or ultrasound, determines the extent of pri-

mary disease and evaluates for synchronous lesions in the ipsilateral and contralateral 

breasts. Recent studies have shown that magnetic resonance imaging (MRI) may be 

superior to mammography or ultrasound in discerning the full extent of disease.3,4

We describe a case of a breast cancer patient who underwent NAC. Her primary 

tumor and lymph node disease were associated with extensive calcifi cations that were 

unchanged after treatment and remained suspicious for malignancy on post-therapy 

mammograms. In contrast, post-treatment MRI showed complete tumor response that 
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was confi rmed on postoperative pathologic examination. 

This case provides two important lessons. First, calcifi cations 

that remain in the breast and lymph nodes after NAC may 

not necessarily contain disease. Second, breast MRI may 

be more accurate than mammography for assessing breast 

cancer response after NAC.

Case presentation
A 59-year-old woman with a past medical history signifi cant 

for only hypertension noted a mass in her right breast one 

month prior to presentation at our clinic. A mammogram 

ordered by her primary care physician showed suspicious 

calcifi cations spanning 5 cm in the upper outer quadrant of 

her right breast and also in enlarged axillary lymph nodes 

(Figure 1). A physical examination performed in our clinic 

showed the skin around the right nipple was erythematous 

and thickened and the breast tissue was macronodular and 

dense. There was an 11 × 10 cm mass in the upper outer 

quadrant of the right breast and a 5 × 5 cm area of matted 

lymph nodes in the axilla. The rest of the examination was 

otherwise unremarkable.

An ultrasound-guided core biopsy of the right breast 

mass was obtained and pathologic examination showed 

invasive ductal carcinoma with micropapillary features. The 

tumor was negative for estrogen and progesterone recep-

tors, but positive for HER2/neu overexpression. Bilateral 

breast MRI showed multiple irregular enhancing spiculated 

masses with linear irregular enhancement in the right outer 

breast (Figure 2). The largest lesion measured 3.5 cm. Bulky 

axillary adenopathy was also noted, with the largest lymph 

node measuring 1.8 cm. There was diffuse skin thickening 

that appeared to be secondary to venous congestion. The left 

breast and axilla were unremarkable. Whole body positron 

emission tomography-computed tomography showed avid 

uptake of 18F fl urodeoxyglucose in the right breast mass 

and right axillary lymph nodes. There was no evidence of 

metabolically active disease in the rest of the body.

Our multidisciplinary care group, which includes 

surgeons, medical oncologists, and radiation oncologists, 

recommended that she undergo NAC. However, infusions 

of doxorubicin and cyclophosphamide had to be stopped 

after two cycles due to neutropenia and thrombocytopenia. 

She was switched to paclitaxel and trastuzumab (Herceptin) 

but developed intolerable mucositis, weight loss, and fatigue 

by her third cycle. At this point, mammography showed 

extensive segmental pleomorphic calcifications within 

the right upper outer quadrant that were unchanged from 

her pre-treatment mammogram, consistent with known 

malignancy (Figure 3). Calcifi cations were also noted in the 

right axillary lymph nodes that no longer appear enlarged and 

within thickened periareolar skin. In contrast, MRI showed 

no residual abnormal enhancement in the breast and resolu-

tion of lymphadenopathy (Figure 4).

The patient underwent surgical resection without com-

pleting her scheduled chemotherapy cycles. Because she was 

extremely thin, had pendulous breasts, and the calcifi cations 

were located in the right outer quadrant, complete excision 

of all calcifi cations would have left a cosmetically unsatis-

factory result. We opted for a right wire-bracketed partial 

mastectomy via a breast reduction technique, right axillary 

lymph node dissection, and contralateral breast reduction and 

mastopexy. The procedure on the contralateral breast main-

tained breast symmetry, whereas reducing the skin envelope 

on the right breast was thought to help decrease the risk of 

radiation-induced skin complications and also allowed for 

the removal for greater than 95% of the calcifi cations in a 

specimen that measured approximately 10 × 20 cm.

The fi nal pathologic examination showed focal residual 

ductal carcinoma in situ (DCIS) scattered over 5 cm, but 

with no invasive component. Microcalcifi cations were found 

throughout benign ducts, DCIS, and stroma. Sclerosing ade-

nosis was present. The skin had no pathologic abnormalities. 

There were 11 nodes in the specimen and none had tumor.

Postoperatively, the patient had an unremarkable recovery 

and underwent radiation therapy approximately one month 

after her operation. She continued trastuzumab monotherapy 

for one year at which point a follow-up MRI was performed 

and showed no recurrence (data not shown).

Discussion
Neoadjuvant chemotherapy (NAC) is becoming an increas-

ingly important treatment option for breast cancer patients. 

It offers more women the chance at breast-conserving resec-

tion without compromising survival.1,2 Furthermore, tumor 

response to NAC predicts survival length and thus provides 

prognostic information.1 For our patient, it was a favorable 

sign that she had such a positive response to a truncated 

therapy regimen. Even though her tumors showed HER2/neu 

overexpression, which is associated with poorer prognosis, 

these lesions are responsive to chemotherapy. Previous stud-

ies have shown that combination treatment with trastuzumab 

in a neoadjuvant setting can increase signifi cant pathologic 

response from 25%–47% to 67%–73%.5,6

Traditional techniques to monitor clinical response 

to NAC include physical examination, ultrasound, and 

mammography. However, a recent study showed that 
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Figure 1 Right breast mammogram pre-treatment. Suspicious calcifi cations are seen in the right upper outer breast on A) mediolateral-oblique (MLO; rectangle) and B) 
craniocaudal (CC; oval) views. Zoomed-in view of area within rectangle in A shows fi ne linear and branching calcifi cations in a segmental distribution C). Zoomed-in view of 
enlarged, calcifi ed axillary lymph node denoted by white arrow in A D).

these techniques are accurate to within one centimeter 

of actual tumor diameter as determined on fi nal pathol-

ogy examination in only 66%–75% of patients.7 We have 

previously shown that MRI-measured tumor response to 

neoadjuvant chemotherapy has a higher correlation to fi nal 

pathology and may also be able to predict survival length.3,8 

This fi nding appears to be substantiated by the currently 

on-going multilocation, prospective ACRIN 6657/CALGB 

150007/150012 study of women undergoing neoadjuvant 

therapy. Preliminary data shows that MRI volume and MRI 
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Figure 3 Right breast mammogram post-treatment. Fine-linear and branching, calcifi cations in the right upper-outer breast seen on A) mediolateral-oblique and B) craniocaudal 
views.  Axillary lymph nodes have decreased in size though calcifi cations remain (arrow). Skin thickening is more easily seen with the digital mammography technique of Figure 3 
compared with analog technique used in Figure 1.

Figure 2 Right breast magnetic resonance imaging pre-treatment. Three-dimensional maximal intensity projection reformat of the right breast images in A) inferior–superior 
and B) mediolateral projections. Multiple irregular spiculated enhancing masses are seen with the dominant lesion measuring up to 3.5 cm, centered within the retroareolar 
breast (arrowhead). Right axillary lymphadenopathy with largest node measuring 1.8 cm (arrow).
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Figure 4 Right breast magnetic resonance imaging post-treatment. Three-dimensional maximal intensity projection reformat of the right breast images in A) inferior-superior 
and B) mediolateral projections. No residual abnormal enhancement was seen in the breast and axillary lymphadenopathy had resolved.

longest diameter are correlated with residual disease at the 

time of surgery, but there is no correlation between mam-

mography fi ndings and residual pathologic disease. This 

suggests that calcifi cations are indicators of disease prior 

to treatment, but may persist after treatment even when the 

cancer is eliminated.9

The assessment of axillary status is also a key determinant 

of prognosis and the type of postoperative treatment a patient 

will require. Preoperative therapy has been shown to clear 

lymph node disease in 20%–40% of patients.10 Furthermore, 

the National Surgical Adjuvant Breast and Bowel Project 

(NSABP) B-18 and B-27 studies showed that NAC signifi -

cantly increased the chance of having pathologically negative 

lymph nodes.1 The presence of axillary disease mandates the 

performance of a full axillary lymph node dissection. If four 

or more lymph nodes have tumor invasion, then the patient 

should also receive radiation therapy.11 Unfortunately, both 

treatments can lead to signifi cant morbidities such as loss of 

arm mobility, lymphedema, and skin changes. In one study, 

patients who underwent axillary lymph node dissection 

had a three-fold increase in pain, a fi ve-fold higher risk of 

lymphedema, and a three-fold higher risk of impaired use 

of the arm as compared to patients who underwent sentinel 

lymph node biopsy (SNB).12

Even though SNB is less morbid and equally diagnostic 

as traditional axillary dissection in adjuvant therapy patients, 

the accuracy and effi cacy of SNB in NAC patients remains 

controversial.13 Potential confounders include lymphatic 

scarring that affects the usual lymph drainage pattern and 

selective eradication of disease in the sentinel lymph node, 

but not in other axillary lymph nodes. Furthermore, whether 

SNB should be done before or after neoadjuvant therapy is 

another topic of debate. Results from the I-SPY clinical trial, 

NSABP B-27, and other studies suggest that post-therapy 

SNB effectively surveys axillary disease status.14–16 However, 

when there is established disease in axillary lymph nodes pre-

therapy, SNB may not be suffi cient.14 More data is required 

before defi nitive recommendations may be made.

In our patient, interval MRI showed no remaining 

disease despite significant residual calcifications. The 

amount of calcifi cation was diffi cult to ignore, and its 

pleomorphic and segmental nature was also highly concern-

ing. Because the patient had matted axillary lymph nodes, 

we performed a full axillary dissection that surprisingly 
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showed no disease in all lymph nodes removed in spite of 

extensive calcifi cations. This is a signifi cant fi nding in that 

the complete pathologic response in the lymph nodes was 

accurately assessed by the interval MRI. As imaging tech-

nology improves, it would be useful to study prospectively 

the accuracy of MRI in evaluating axillary lymph nodes in 

patients receiving NAC.

Even though pleomorphic calcifi cations are diagnostic 

for cancer prior to NAC, the persistence of deposits after 

treatment may be irrelevant and potentially misleading. In 

our previous studies, we did not assess the performance of 

MR with respect to the extent of calcifi cations.3,4,8 However, 

this case is an excellent example demonstrating that calcifi ca-

tions may not resolve after tumor response and the presence 

of calcifi cations after NAC should not de facto exclude 

breast-conserving resections. The case also suggests that 

MRI may be better than mammography for assessing disease 

response after neoadjuvant therapy in a tumor with associated 

calcifi cations. Similarly, MRI rather than mammography 

should be considered to monitor for recurrences after breast 

conservation surgery in patients who have calcifi cations after 

NAC. These conclusions need to be confi rmed in a larger 

cohort of patients.

Disclosure
The authors report no confl icts of interest in this work.
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