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ABSTRACT

Purpose. To evaluate the accuracy of residual microcal-

cifications on mammogram (MG) in predicting the extent

of the residual tumor after neoadjuvant systemic treatment

(NST) in patients with locally advanced breast cancer and

to evaluate factors affecting the accuracy of MG micro-

calcifications using magnetic resonance imaging (MRI) as

a reference.

Methods. The patients who underwent NST and showed

suspicious microcalcifications on MG comprised our study

population. Clinicopathologic and imaging (MG, MRI)

findings were investigated. Agreement between image

findings and pathology was assessed and factors affecting

the discrepancy were analyzed.

Results. Among 207 patients, 196 had residual invasive

ductal carcinoma or ductal carcinoma-in-situ (mean size,

3.78 cm). The overall agreement of residual microcalcifi-

cations on MG predicting residual tumor extents was lower

than MRI in all tumor subtypes (intraclass correlation

coefficient [ICC] = 0.368 and 0.723, p\ 0.0001). The

agreement of residual MG microcalcifications and pathol-

ogy was highest in HR?/HER2? tumors and lowest in the

triple-negative tumors (ICC = 0.417 and 0.205, respec-

tively). Multivariate linear regression analysis revealed that

a size discrepancy between microcalcifications and

histopathology was correlated with molecular subtype

(p = 0.005). In HR?/HER2- and triple-negative subtypes,

the mean extents of residual microcalcification were

smaller than residual cancer, and overestimation of tumor

extent was more frequent in HR?/HER2? and HR-/

HER2? tumors.

Conclusions. The extent of microcalcifications on MG

after NST showed an overall lower correlation with the

extent of the pathologic residual tumor than enhancing

lesions on MRI. The accuracy of residual tumor evaluation

after NST with MG and MRI is affected by their molecular

subtype.

Neoadjuvant systemic treatment (NST) has long been

established as the standard treatment for patients with

locally advanced breast cancer (LABC) to downstage the

tumor before surgery, as it can render inoperable tumors

resectable and increase the rate of breast-conserving ther-

apy in operable cases.1 Current treatments of patients with

LABC target the controls of locoregional disease and

micrometastasis.2,3 It has also been shown that patients

who experience a pathologic complete response (pCR)

after neoadjuvant chemotherapy have better long-term

survival.4–7

Evaluating the residual tumor size after NST is critical

to determine the extent of the operation in breast cancer

patients. To date, contrast-enhanced breast magnetic reso-

nance imaging (MRI) is the preferred technique in

assessing the residual tumor extent after NST because it is

more reliable than conventional methods, such as mam-

mogram (MG) or ultrasound, in the prediction of tumor
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size after chemotherapy.8,9 However, the optimized use of

breast MRI in individual patients receiving NST is still

controversial, even though recent studies have focused on

identifying various clinical factors that might influence the

accuracy of MRI after NST.10,11 In addition, there are some

limitations in the evaluation of disease extent on MRI for

cancers with remaining microcalcifications on MG.12 To

date, data on the histopathologic correlation of MG

microcalcifications after NST for LABC remain sparse, and

the extent of calcifications on diagnostic MG may not be

accurate in the preoperative evaluation of breast cancers

after NST.12,13 Whether these calcifications reflect residual

disease is uncertain, and changes in the number of micro-

calcifications observed are unreliable indicators of

response because not all residual calcifications represent

carcinoma.14,15

We hypothesized that the persistence of microcalcifi-

cations after NST may not necessarily indicate residual

malignant disease, and that patient or lesion variables may

affect the MG findings after NST. Therefore, the purpose

of this study was to perform a histopathologic correlation

of residual microcalcifications on MG after NST in patients

with LABC and to evaluate the factors affecting the dis-

crepancy between residual MG microcalcifications and

histopathology using MRI as a reference.

MATERIALS AND METHODS

Study Population

This retrospective study was approved by our institu-

tional review board, and the requirement for written

informed consent was waived. A search of our database

between February 2008 and March 2014 revealed a total of

289 women with stage II or III breast cancers who

underwent NST and before surgery. Among them, 207

patients (median age 47 years, range 24–72 years) who had

MG performed before and after NST and demonstrated

suspicious microcalcifications within the tumor bed avail-

able for review, and the results of preoperative MRI were

included in this study. Clinicopathologic data and molec-

ular profiles of the studied patients are listed in Table 1.

Preoperative Imaging Technique

MG was performed using dedicated digital MG units

(Senographe 2000D, GE Healthcare, Milwaukee, WI;

LORAD Selenia, Hologic, Bedford, MA) at the time of

breast cancer diagnosis and before starting NST and 1 day

before surgery after completion of NST. Standard 2-view

MG examinations were performed, and additional views

were acquired as deemed necessary.

All patients underwent preoperative breast MRI using a

1.5 T scanner (Signa; GE Medical Systems, Milwaukee, WI)

and a dedicated breast coil in the prone position. MRI was

performed at a mean of 4.21 days (range 0–25 days) before

surgery. After obtaining a bilateral transverse localizer

image, fat-suppressed T2-weighted fast spin-echo sagittal

images were obtained (repetition time [TR]/echo time [TE],

5500–7150/85.2; image matrix, 256 9 160; field of view,

200 9 200 mm; and section thickness/gap, 1.5 mm/0 mm).

A 3-dimensional, T1-weighted fast spoiled gradient-echo

sequence was also performed with bilateral sagittal imaging

for 1 precontrast and 5 postcontrast dynamic series after 91,

180, 360, 449, and 598 s (TR/TE, 6.5/2.5; flip angle, 10�;
image matrix, 256 9 160; field of view, 200 9 200 mm;

and section thickness/gap, 1.5 mm/0 mm). The acquisition

time of each postcontrast series was 76 s. In all patients,

gadobutrol (Gadovist; Bayer Schering Pharma, Berlin,

Germany) was injected into the antecubital vein using an

automated injector (Spectris Solaris; Medrad Europe,

Maastricht, Netherlands) at a dose of 0.1 mmol/kg and at a

rate of 2 mL/s, followed by a 20 mL saline flush.

Residual Lesion Evaluation on Preoperative MG and

MRI

Preoperative MG and magnetic resonance images were

retrospectively evaluated by two radiologists with 7–

11 years’ experience in breast imaging in consensus

masked to the histopathologic, clinical, and imaging find-

ings of other modalities. On MG, the morphology and

distribution of microcalcifications were evaluated, and the

extent of MG calcifications was measured in centimeters in

the greatest dimension. To assess the change in extent, the

greatest dimension on the post-NST MG was compared

with the pre-NST MG. On MRI, residual enhancing tumor

size after NST in the largest dimension was measured.

Pathologic Assessment

Histopathologic evaluation was performed by one

pathologist with 20 years’ experience in breast pathology.

Of the 207 women, 109 (52.7 %) underwent breast-con-

serving surgery (BCS) or quadrantectomy, and the other 98

(47.3 %) underwent mastectomy. Final histopathology was

obtained after surgery at the conclusion of NST. Surgical

specimens were sliced into 5 mm thick sections that were

fixed in formalin, embedded in paraffin, and stained with

hematoxylin and eosin for microscopic evaluation.

pCR was defined as the absence of residual invasive and

in-situ cancer.16 In cases of non-pCR, the largest

histopathologic diameters of residual tumors were mea-

sured. The expression of estrogen receptor (ER),
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progesterone receptor (PR), and human epidermal growth

factor receptor 2 (HER2) was evaluated by the standard

avidin–biotin complex immunohistochemical staining

method. A cutoff value of 1 % was used to define ER and

PR positivity.17 HER2 expression was initially assessed by

immunohistochemical staining, and tumors with indeter-

minate HER2 immunohistochemistry results were further

evaluated by fluorescence in-situ hybridization (HER2–

chromosome 17 centromere ratio[2.0).18 Using immuno-

histochemistry, the tumors were classified into the

following 4 subtypes according to their hormone receptors

(HR [ER or PR]) and HER2 expression statuses: HR?/

HER2-, HR?/HER2?, HR-/HER2?, and triple negative

(TN) (i.e., ER-/PR-/HER2-).19

Statistical Analysis

The discrepancies between residual lesion size on MG

or MRI and pathologic size (i.e., MG discrep-

ancy = largest dimension of residual microcalcification on

MG - residual tumor on histopathology; MRI discrep-

ancy = largest dimension of residual enhancing lesion on

MRI - residual tumor on histopathology) were assessed.

A 2-tailed Chi square test and Student’s t test, and multi-

variate linear regression analysis were used to compare the

differences in clinicopathologic variables of the patients

that affected size discrepancy. The correlation between the

maximum size of the residual microcalcification, enhanc-

ing lesions on MRI, and pathology was assessed by

intraclass correlation. Intraclass correlation evaluates the

ability of a test to discriminate differences among a sample

set by comparing the amount of measurement variation

with the amount of variation between individuals in the

sample.20 Landis criteria were used to interpret intraclass

correlation coefficient (ICC) agreement values: slight

(r = 0.00–0.19), fair (r = 0.20–0.39), moderate

(r = 0.40–0.59), substantial (r = 0.60–0.79), and almost

perfect (r = 0.80–1.0) reliability.20 Comparison of ICC

between each modality and pathology was performed by

SPSS 22 for Windows (IBM, Armonk, NY). A cutoff value

of p\ 0.05 was considered significant.

RESULTS

Of 207 patients (median age 47 years, range 24–

72 years at diagnosis) with LABC who underwent NST, 11

patients (5.3 %) experienced a pCR, and 196 (94.7 %) had

residual cancer (mean size, 3.78 cm) (Table 1). On pre-

treatment MG, fine pleomorphic or fine linear morphology

was most frequently noted in 85 % (176 of 207) of tumors;

grouped or segmental distribution was most commonly

described in 59.4 % (123 of 207) (Table 2). In the pCR

TABLE 1 Patient characteristics

Characteristic Value

Age (year) median (range) 47 (24–72)

Menopausal state

Premenopausal 96 (46.4 %)

Postmenopausal 111 (53.6 %)

NST regimen

Anthracycline based 6 (2.9 %)

Taxane plus anthracycline 176 (85.0 %)

Taxane plus trastuzumab 25 (12.1 %)

MG density

a 5 (2.4 %)

b 30 (14.5 %)

c 129 (62.3 %)

d 43 (20.8 %)

ER

Positive 115 (55.6 %)

Negative 92 (44.4 %)

PR

Positive 60 (29.0 %)

Negative 147 (71.0 %)

HER2

Positive 82 (39.6 %)

Negative 125 (60.4 %)

Molecular subtype

HR?/HER2- 88 (42.5 %)

HR?/HER2? 27 (13.0 %)

HR-/HER2? 55 (26.6 %)

TN 37 (17.9 %)

Pre-NST clinical T stage

T1 10 (4.8 %)

T2 83 (40.1 %)

T3 84 (40.6 %)

T4 30 (14.5 %)

Pre-NST clinical N stage

N0 15 (7.2 %)

N1 102 (49.3 %)

N2 60 (29.0 %)

N3 30 (14.5 %)

Pre-NST microcalcification size (MG) (cm) 3.498 ± 2.572

Post-NST residual microcalcification size (MG)

(cm)

3.429 ± 2.709

Post-NST tumor size (MRI) (cm) 3.27 ± 2.2178

Pathologic residual tumor size (cm) 3.7763 ± 2.5573

MG microcalcification—pathology discrepancy

(cm)

-0.348 ± 2.961

MRI—pathology discrepancy (cm) -0.51 ± 1.78

NST neoadjuvant systemic treatment, ER estrogen receptor, PR pro-

gesterone receptor, HER human epidermal growth factor receptor, HR

hormone receptor (ER or PR), MG mammogram, MRI magnetic

resonance imaging, TN triple negative

Microcalcifications and Lesions on MRI 1137



group, 1 patient had an HR?/HER2- tumor, 3 had HR?/

HER2? tumors, 3 had HR-/HER2? tumors, and 4 were TN

tumors. Of 11 patients with pCR, microcalcifications on

post-NST MG were decreased in five patients (45.5 %) and

stable in 6 patients (54.5 %). No patients with pCR had

increased microcalcifications on post-NST MG. Of 196

patients with residual tumors, microcalcifications on post-

NST MG were decreased in 79 patients (40.3 %), stable in

87 patients (44.4 %), and increased in 30 patients (15.3 %).

The residual lesion sizes on MG, MRI, and pathology and

the agreements between the image findings and pathology

are listed in Table 3. Fair agreement between the patho-

logic residual tumor size and the extent of residual MG

microcalcifications was noted (ICC = 0.368), and sub-

stantial agreement was noted between pathologic size and

the size of the MRI enhancing lesion (ICC = 0.723).

When the patients were classified according to their

tumor subtype, the mean size of microcalcifications on

post-NST MG and the pathologic tumor size were as

described in Table 3. The agreement of residual MG

microcalcifications and pathology was highest in HR?/

HER2? breast cancer (ICC = 0.417) and lowest in the TN

subtype (ICC = 0.205). HR?/HER2- breast cancers

showed fair agreement between MG microcalcifications

and pathology (ICC = 0.390). Even though the mean size

of residual lesion on MG showed closer values to

histopathologic measurement than MRI measurement in

some subtypes, the ICC values of MRI were higher than

those of MG in all subtypes due to standard deviation. The

TN subtype showed almost perfect reliability in the pre-

diction of residual tumor extent on MRI (ICC = 0.848),

and the HR?/HER2- subtype showed substantial reliability

in prediction of residual tumor on MRI (ICC = 0.677)

(Table 3; Fig. 1).

To identify the independent predictors, the discrepancies

between residual lesion size on MG or MRI and pathology

were compared in groups of different clinical and patho-

logic factors (Table 4). Multivariate linear regression

analysis revealed that molecular subtype was significantly

associated with a discrepancy between MG microcalcifi-

cations and pathology (p = 0.005). The mean size of

residual microcalcifications measured on MG was more

likely to exceed the real residual tumor size in HR?/

HER2? and HR-/HER2? tumors, while the measurement

of residual microcalcifications on MG tended to be smaller

than the pathologic tumor size in HR?/HER2- and TN

tumors. When measuring the discrepancy between MRI

and pathology, molecular subtype and the number of

TABLE 2 Morphology and distribution of calcifications on pretreatment mammogram

Morphology Distribution Total

Regional Grouped Linear Segmental Diffuse

Amorphous 3 (1.4 %) 11 (5.3 %) 0 3 (1.4 %) 2 (1.0 %) 19 (9.2 %)

Coarse heterogeneous 5 (2.4 %) 2 (1.0 %) 1 (0.5 %) 4 (1.9 %) 0 12 (5.8 %)

Fine pleomorphic 43 (20.8 %) 45 (21.7 %) 0 31 (15.0 %) 12 (5.8 %) 131 (63.3 %)

Fine linear or linear branching 16 (7.7 %) 10 (4.8 %) 0 17 (8.2 %) 2 (1.0 %) 45 (21.7 %)

Total 67 (32.4 %) 68 (32.9 %) 1 (0.5 %) 55 (26.6 %) 16 (7.7 %) 207

TABLE 3 Residual lesion size and ICC between imaging findings and pathology

Subtype Histopathologic residual tumor size

(cm)

Microcalcification extent on MG

(cm)

ICCa MRI enhancing lesion extent

(cm)

ICCb

All (n = 207) 3.78 ± 2.56 3.43 ± 2.71 0.368 3.27 ± 2.22 0.723

HR?/HER2-

(n = 88)

4.58 ± 2.54 3.48 ± 2.74 0.390 3.39 ± 2.23 0.677

HR?/HER2?

(n = 27)

3.33 ± 2.63 3.44 ± 2.60 0.417 2.96 ± 2.39 0.797

HR-/HER2?

(n = 55)

3.29 ± 2.53 4.01 ± 3.16 0.387 3.34 ± 2.09 0.764

TN (n = 37) 2.91 ± 2.10 2.43 ± 1.57 0.205 3.11 ± 2.32 0.848

ICC intraclass correlation coefficient, MG mammogram, MRI magnetic resonance imaging, HER human epidermal growth factor receptor, HR

hormone receptor (estrogen receptor or progesterone receptor), TN triple negative
a ICC between MG microcalcifications and histopathology
b ICC between MRI enhancing lesion and histopathology
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neoadjuvant chemotherapy cycles independently affected

the difference between MRI and pathology. The mean size

of the residual lesion on MRI was underestimated relative

to the size of the residual lesion on pathology in the HR?/

HER2- group (p\ 0.001) and in the group that received

NST more than four times (p = 0.015).

DISCUSSION

In this study, we found that the extent of microcalcifi-

cations on MG after NST showed overall lower correlation

with the extent of the pathologic residual tumor than

enhancing lesions on MRI. Among all breast subtypes,

HR?/HER2? tumors showed the highest agreement

between microcalcifications and pathology.

The goal of NST in LABC is to control locoregional

disease and micrometastasis.2,3,21,22 It can also downstage

the tumor before surgery and increase the opportunity to

perform BCS instead of mastectomy and reduce the need

for axillary lymph node dissection without increasing the

risk of locoregional recurrence.1,23–25 With the develop-

ment of new therapeutic agents, rates of pCR to NST have

markedly increased; however, a corresponding increase in

the rates of BCS has not been observed.26–29 Multiple

studies have demonstrated the superior accuracy of MRI in

evaluating the residual tumor after NST compared to

physical examination, MG, and ultrasound.30–34 However,

there is little consensus about what should be the appro-

priate way to evaluate images in patients with NST. In

cases of microcalcifications, post-NST MG could be useful

to plan the extent of the resection. Furthermore, the pres-

ence of residual disease cannot be reliably excluded unless

all radiographic abnormalities are removed, even though

residual microcalcifications on MG are not always repre-

sentative of the residual tumor.12,13,15,35–37 They may

represent treated cancer with calcified or necrotic tissue

and sloughed cells in the tumor bed. The changes of MG

microcalcifications in breast cancer patients after NST are

still confusing and can affect the surgeon’s decision as to

whether he or she will perform BCS or mastectomy.12,13,38

In several previous studies that evaluated the

histopathologic correlation of residual MG microcalcifica-

tions after NST, MG microcalcification measurements

correlated poorly with tumor size on final pathology.13

Similar to our results, MRI was better correlated with the

tumor extent, and residual microcalcifications were noted,

even in patients with a complete pathologic response.13

According to Adrada et al., the extent of calcifications on

MG after neoadjuvant chemotherapy does not correlate

with the extent of residual disease in up to 22 % of

women.12 In their study, the pCR rate was higher in ER-

negative cancers, residual malignant microcalcifications

were more frequently noted in ER-positive cancers, and TN

cancers had a significantly lower proportion of residual

malignant calcifications compared with non-TN cancers.
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Regarding the prediction of residual lesions by MRI, we

found a higher correlation between MRI and pathology

than MG microcalcifications, regardless of tumor subtype.

The agreement was highest in TN tumor and lowest in

HR?/HER2- tumor. In addition, the discrepancy between

magnetic resonance–enhancing lesions and pathology was

correlated with molecular subtype and the number of NST

cycles. In the patients who had HR?/HER2- tumors or

patients who received more than four cycles of NST,

underestimation of the tumor extent was more frequent. In

other recent studies, the accuracy of the prediction of tumor

extent with MRI after NST varies with the HR and HER2

status, and similar results were also observed.11,39–41 The

underlying reason for the higher accuracy of MRI in TN

breast cancer can be explained by the distinct vascular

characteristics of TN breast cancer, such as higher capillary

TABLE 4 Univariate analysis comparing imaging modality pathology discrepancy between subgroups

Parameter Subgroup MG MRI

Discrepancya p Discrepancyb p

Age \45 years -0.29 ± 3.47 0.174 -0.47 ± 2.09 0.834

C45 years -0.60 ± 2.59 -0.52 ± 1.54

Menopausal Pre -0.04 ± 3.28 0.136 -0.50 ± 2.02 0.961

Post -0.66 ± 2.67 -0.50 ± 1.55

ER Positive -0.86 ± 2.95 0.008* -0.99 ± 1.87 0.000*

Negative 0.24 ± 2.92 1.45 ± 1.87

PR Positive -0.75 ± 3.22 0.244 -0.74 ± 1.80 0.225

Negative -0.22 ± 2.88 -0.41 ± 1.77

HER2 Positive 0.52 ± 3.01 0.000* -0.09 ± 1.60 0.007*

Negative -0.95 ± 2.79 -0.77 ± 1.85

Molecular subtype HR?/HER2- -1.10 ± 2.91 0.003 -1.19 ± 1.92 0.000

HR?/HER2? 0.11 ± 2.83 -0.36 ± 1.66

HR-/HER2? 0.72 ± 3.17 0.04 ± 1.59

TN -0.47 ± 2.35 0.20 ± 1.22

MG density a -1.83 ± 3.56 0.213 0.13 ± 0.49 0.654

b -0.46 ± 2.30 -0.58 ± 1.79

c -0.53 ± 2.58 -0.58 ± 1.60

d -0.37 ± 2.98 -0.50 ± 1.78

NST regimen Anthracycline based -0.57 ± 1.55 0.517 -0.62 ± 1.18 0.038*

Taxane ? anthracycline -0.46 ± 2.99 -0.62 ± 1.76

Taxane ? trastuzumab 0.27 ± 3.12 0.35 ± 1.82

T stage 1 1.04 ± 3.59 0.284 0.04 ± 1.85 0.331

2 -0.27 ± 1.99 -0.31 ± 1.40

3 -0.72 ± 3.51 -0.73 ± 2.08

4 -0.20 ± 3.29 -0.57 ± 1.75

N stage 0 -0.54 ± 1.85 0.837 -0.65 ± 0.85 0.484

1 -0.49 ± 2.67 -0.56 ± 1.69

2 -0.34 ± 3.29 -0.60 ± 2.27

3 0.06 ± 3.76 -0.04 ± 1.18

No. of NSTs \4 -0.60 ± 3.17 0.436 -0.08 ± 1.70 0.015*

C4 -0.26 ± 2.88 -0.72 ± 1.79

MG mammogram, MRI magnetic resonance imaging, ER estrogen receptor, PR progesterone receptor, HER2 human epidermal growth factor

receptor 2, NST neoadjuvant systemic treatment, HR hormone receptor (ER or PR), TN triple negative

* Statistically significant
a Lesion size discrepancy between MG and pathology, calculated by MG subtracted by pathology (MG microcalcifications size - pathologic

residual tumor size)
b Lesion size discrepancy between MRI and pathology, calculated by MRI subtracted by pathology (MRI enhancing lesion size - pathologic

residual tumor size)
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permeability.42 Taking the results of MG and MRI toge-

ther, the potential discrepancy between the MG- or MRI-

predicted residual tumor size and actual pathologic extent

should be considered with the breast cancer subtype,

especially when BCS is planned after NST.

In our study, the pCR rate was only 5.3 %, which is

much lower than other previous studies. There could be

several reasons for this lower pCR rate. All patients

included in this study demonstrated suspicious microcal-

cifications within the tumor bed, and the patients who

received NST but did not show microcalcifications were

not included. Therefore, the portion of TN cancer that

presents as a smooth or circumscribed mass rather than as

fine pleomorphic microcalcifications and that has been

reported to have a higher pCR rate was relatively lower

(17.9 %) than that found in another study (27.7 %).10,43,44

In addition, we also included patients who received a short

course of NST (\4 cycles). This could be another possible

explanation for the low pCR rate.45

This study has several limitations. First, this study is a

retrospective single-center study with a relatively small

number of patients, which was not sufficient to draw

specific conclusions for each subtype of breast cancer.

Second, patients underwent multiple chemotherapy regi-

mens and different numbers of NST cycles before surgery.

Third, most patients did not undergo MRI at diagnosis

(before receiving the first dose of chemotherapy), so a

comparison of prechemotherapy MG and prechemotherapy

MRI was not possible. The evaluation of changes in the

tumor after NST on MRI was also not possible. In addition,

after chemotherapy, MG and MRI were not performed in

the same day, although the time interval between

postchemotherapy MRI and MG was not particularly long.

In conclusion, our study demonstrated that the extent

of microcalcifications on MG after NST showed fair

agreement with the extent of the pathologic residual

tumor, and this agreement was lower than that of MRI.

The accuracy of the evaluation of tumor extent after NST

with MG and MRI is affected by the molecular subtype

and the number of NST cycles. Our results demonstrated

that the extent of surgery after NST should be carefully

and individually determined in patients with different

tumor subtypes. MRI information could be more reliable

in discerning the tumor extent, and concerns about

incomplete excision related to residual calcifications may

be less of an issue with certain subtypes of breast cancer.

These observations may inform future clinical practice if

validated in prospective trials.
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