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INTRODUCTION

The use of neoadjuvant chemotherapy for the treatment of 
patients with locally advanced breast cancer has increased. 
Neoadjuvant chemotherapy offers the advantage of reducing 
primary tumor size, thus allowing for the possibility of breast 
conservation surgery. Furthermore, evaluation of the tumor 
response to neoadjuvant chemotherapy also facilitates ther-
apeutic regimen modification and the prediction of long-term 
outcomes [1].

Malignant calcifications may decrease after neoadjuvant 
chemotherapy, but usually do not completely disappear unless 
they are few in number [2]. In addition, persistent calcifica-
tions on follow-up mammograms after treatment do not nec-
essarily indicate residual viable disease [2]. Residual microcal-
cifications after chemotherapy could be explained by the cal-
cifications of necrotic residual tumor material, hematoma for-
mation, or even fat necrosis [3]. To the best of our knowledge, 
only a few reports have described increased or newly devel-
oped malignant microcalcifications after neoadjuvant chemo-

therapy in patients with advanced breast cancer [1,3-5].
We reported a patient with advanced breast cancer who, af-

ter undergoing neoadjuvant chemotherapy, presented with 
paradoxically increased malignant microcalcifications con-
comitant with primary tumor regression, which were con-
firmed histopathologically as ductal carcinoma in situ (DCIS). 

CASE REPORT

A 36-year-old woman visited our institute for the treatment 
of newly diagnosed left breast cancer. She had a palpable lump 
for a month. A mammogram showed fine pleomorphic mi-
crocalcifications with segmental distribution in the left upper 
inner breast (Figure 1). No microcalcifications were observed 
in the left upper outer quadrant. Masses could not be detected 
on the mammogram because of the extremely dense fibro-
glandular breast tissue. A sonogram revealed multiple, irregu-
lar, hypoechoic infiltrative masses involving the upper inner 
and upper outer quadrants of the left breast (Figure 2). Con-
trast-enhanced magnetic resonance imaging (MRI) of the 
breast showed multicentric, nonmass enhancement lesions 
with segmental distribution and a heterogeneous internal en-
hancement pattern involving nearly all of the left upper inner 
and outer quadrants of the left breast (Figure 3). The largest 
lesion was 6 cm in diameter and 1 cm away from the nipple. 
The tumors initially showed rapid enhancement and delayed 
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Figure 3. Initial magnetic resonance imaging (MRI) of the left breast. 
The early phase of the dynamic sagittal MRI with subtraction shows a 
nonmass enhancement lesion with segmental distribution and hetero-
geneous internal enhancement pattern in the left upper outer (arrow) 
and upper inner (not shown) quadrants. 

Figure 1. Initial mammograms. The cranio-caudal  (A) and medio-later-
aloblique (B) mammogram show fine pleomorphic microcalcifications in 
the left upper inner breast (arrows). However, masses are not detected 
on the mammogram because of the extremely dense fibroglandular 
breast tissue.
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Figure 2. Initial ultrasonograms. The transverse (A) and longitudinal (B) 
ultrasonograms show an irregular hypoechoic infiltrative masses in the 
left upper inner and outer breast. Microcalcifications, however, are not 
detected on ultrasonography. 
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Figure 4. Follow-up left mammograms after neoadjuvant chemother-
apy. The cranio-caudal (A) and medio-lateraloblique (B) mammograms 
show markedly increased number of fine pleomorphic microcalcifica-
tions (arrows), involving both upper inner and upper outer quadrants of 
the left breast.
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Figure 5. Follow-up ultrasonograms after neoadjuvant chemotherapy. 
The transverse (A) and longitudinal (B) ultrasonograms show a reduc-
tion in tumor size (arrows).

A
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Figure 6. Follow-up breast magnetic resonance imaging (MRI) after 
chemotherapy. The early phase of the dynamic sagittal MRI with sub-
traction shows the decrease in the tumor extent in left upper outer 
quadrant (arrow).

Figure 7. Histopathologic features of the core biopsy specimen of the left breast mass. (A) Invasive ductal carcinoma showing high histologic grade 
and small portion of ductal carcinoma in situ with necrosis and calcification (arrow) are observed (H&E stain). Invasive cancer tissue is luminal type B, 
showing positive reaction for estrogen receptor (B), low progesterone receptor expression (<20%) (C), high Ki-67 labelling index (>20%) (D), and 1+ 
reaction for human epidermal growth factor receptor 2 (E) (A–E, magnification, ×40).
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washout kinetics on dynamic MRI scans, which is typical of 
malignancy. No abnormal lymph node was detected on mammo-
grams and sonograms. However, an abnormal lymph node 
with a maximum standard uptake value of 2.6 was noted on 
initial positron emission tomography-computed tomography 
(PET-CT). The stage was clinically assessed as T3N1M0. 

The patient underwent four cycles of neoadjuvant chemo-
therapy with doxorubicin (60 mg/m2 intravenous injection) on 
day 1 plus cyclophosphamide (600 mg/m2 intravenous injec-
tion) on day 1, every 21 days, for 3 months. Follow-up imaging 
studies were performed and her mammograms revealed a 
marked increase in fine pleomorphic microcalcifications with 
regional distribution in both upper inner and upper outer quad-
rants of the left breast (Figure 4). However, a follow-up breast 
sonogram and MRI scan (Figures 5 and 6) showed partial 
regression of the size and extent of multifocal and multicentric 
tumors. An abnormal lymph node observed on initial PET-CT 
was normalized on follow-up PET-CT after completion of one 
cycle of neoadjuvant chemotherapy. The patient underwent a 
skin-sparing mastectomy with implant insertion. A histopath-
ological examination revealed that most of the residual lesions 
were DCIS with microcalcifications, and invasive carcinoma 
cell nests were scattered among the DCIS lesions. On dissec-
tion of the axillary lymph node, we found that three of 10 

Figure 8. Histopathologic features of the surgical specimen of the left mastectomy after neoadjuvant chemotherapy. (A) Small amount of residual in-
vasive carcinoma tissues are scattered, and relatively conspicuous ductal carcinoma in situ lesions (H&E stain, ×40) (B) with necrosis and calcification 
(arrow) are seen (H&E stain, ×100). Invasive cancer tissue is changed to luminal type A after neoadjuvant therapy, showing positive reaction for estro-
gen receptor (C) and progesterone receptor (D), low Ki-67 labelling index (E), and 1+ reaction for human epidermal growth factor receptor 2 (F) (C-F, 
magnification, ×40).
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lymph nodes from the left axilla had metastatic foci less than 1 
mm in a diameter. The postoperative stage was ypT1N1miM0. 
Immunohistochemical analyses of the core biopsy specimen 
prior to neoadjuvant chemotherapy showed that both invasive 
ductal carcinoma and DCIS were estrogen receptor (ER) posi-
tive, progesterone receptor (PR) positive, and human epider-
mal growth factor receptor 2 (HER2) negative, and had a high 
Ki-67 labeling index (75%) (Figure 7). After chemotherapy, the 
surgical specimen of invasive ductal carcinoma was ER posi-
tive, PR positive, and HER2 negative and had a low Ki-67 in-
dex (5%–10%), while the DCIS was ER positive, PR negative, 
and HER2 positive and had a low Ki-67 index (5%–10%) 
(Figure 8). 

DISCUSSION

In the present case, a patient with advanced breast cancer 
underwent neoadjuvant chemotherapy and showed a marked 
decrease in the size of multiple malignant masses, but also ex-
hibited the development of suspicious local, fine pleomorphic 
malignant microcalcifications. These new calcifications were 
pathologically confirmed as extensive DCIS.

There are two types of calcification processes in breast pa-
thology: a secretory process that occurs in benign lesions and 
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a necrotic process that occurs in malignant lesions [3]. Breast 
cancers are polyclonal, and chemotherapy is effective only for 
certain subclones [4]. This results in scattered individual de-
generative changes, with or without tumor cell apoptosis, 
throughout the tumor, concomitant with the development of 
dystrophic and psammomatous microcalcifications [4]. Tu-
mor shrinkage in response to neoadjuvant chemotherapy oc-
curs via two pathological mechanisms: multinucleated histio-
cytes phagocytose calcium deposits to decrease calcifications, 
whereas cancer cell necrosis can increase calcifications [6]. 

Mammography plays an important role in monitoring tu-
mor response during neoadjuvant chemotherapy, especially if 
the tumor is associated with microcalcifications. Only mam-
mography can enable an accurate assessment of the extent of 
microcalcifications, which is essential to determine the extent 
of excision. Several studies have reported that decreases in the 
size and density of the tumor mass on a mammogram were 
the most reliable indicators of treatment response [1,3,7]. By 
contrast, the appearance of and changes in microcalcifications 
associated with malignancy have been deemed inaccurate for 
evaluating tumor response [1,3,7]. 

Fadul et al. [4] showed the development of malignant-ap-
pearing microcalcifications after neoadjuvant chemotherapy 
in locally advanced breast cancer. These microcalcifications 
were histopathologically confirmed as microcalcifications of 
dystrophic and psammomatous types. Li et al. [5] reported an 
increased density of local microcalcifications after neoadju-
vant chemotherapy in the absence of progressive disease. 
Vinnicombe et al. [8] reported the microcalcification status in 
44 of 95 patients with breast cancer who underwent neoadju-
vant chemotherapy. These microcalcifications decreased in 
four patients, were stable in 21, were more conspicuous in 15, 
and were newly developed in four. Adrada et al. [1] found that 
the extent of calcification after neoadjuvant chemotherapy 
had decreased in 35 of 106 patients with advanced breast cancer, 
but it had remained stable in 41 patients and had increased 
or was newly developed in 30 patients. They did not find any 
correlation between calcification changes and pathologic 
complete remission. However, none of these studies reported 
whether the newly developed calcifications were pathological-
ly benign or malignant. In this case, new calcifications were 
pathologically confirmed as extensive DCIS. Our findings 
suggested that newly developed microcalcifications after che-
motherapy are not always benign and dystrophic.

Adrada et al. [1] showed that ER-positive cancers had a sig-
nificantly higher proportion of residual malignant calcifica-
tions after neoadjuvant chemotherapy compared to ER-nega-
tive cancers. Therefore, they suggested that residual calcifica-
tions related to incomplete excision might be less of a concern 

in cases of ER-negative breast cancer. Our case was an ER-
positive cancer; however, we believe that newly developed, 
suspicious, malignant microcalcifications appearing on fol-
low-up mammograms after treatment should be carefully as-
sessed and confirmed histologically, regardless of the breast 
cancer subtype.

Gunia et al. [9] reported complete eradication of the nonin-
vasive component despite the persistence of malignant-ap-
pearing microcalcifications in a patient receiving neoadjuvant 
chemotherapy plus trastuzumab. Our case showed an increase 
in malignant-appearing microcalcifications and the presence 
of an extensive intraductal component in the postoperative 
pathological result. We can report that the DCIS component 
in this case showed no response to the chemotherapy regi-
men, but the invasive cancer component revealed partial re-
gression. 

In conclusion, we present a patient with advanced breast 
cancer having paradoxically increased malignant microcalci-
fications accompanying primary tumor regression after neo-
adjuvant chemotherapy. The majority of new calcifications 
during chemotherapy are benign and dystrophic; however, as 
we demonstrated here, this is not always the case. Careful 
evaluations of microcalcifications through follow-up mam-
mography are needed for patients who undergo neoadjuvant 
chemotherapy for locally advanced breast cancer. Any newly 
developed suspicious malignant microcalcifications in these 
patients should be excised during surgery. 
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