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Abstract

Background: Breast microcalcifications are a category of lesions that can lead to malignancies. They remain a major concern in
imaging of suspected cases. Vacuum-assisted biopsy (VAB) has been proposed as a safe and effective measure to evaluate microcal-
cifications.
Objectives: The present study aimed to assess the results of VAB for breast microcalcifications.
Patients and Methods: This cross-sectional study was conducted on patients with microcalcifications detected on mammograms.
Patients were recruited through simple random sampling during 2019 - 2020, based on the inclusion criteria. The inclusion criteria
were microcalcifications on mammography, classified as the breast imaging-reporting and data system (BI-RADS) categories 3, 4B,
4C, and 5, and undergoing mammography-guided VAB for the microcalcifications. Patients with missing data and those who could
not be followed-up for at least six months were excluded from the study. They were assessed regarding different imaging charac-
teristics of lesions, including the breast density, BI-RADS classification, microcalcification distribution and morphology, and other
demographic and clinical features before biopsy. Additionally, the results of stereotactic-guided VAB were assessed for various be-
nign and malignant pathologies of microcalcifications. The results of descriptive and analytical tests for various radiological and
pathological features of lesions were reported.
Results: A total of 257 patients, with a mean age of 50.3 ± 8.3 yars, were included in this study. Almost half of the patients (n =
125, 48.6%) had a C-grade breast composition. Regarding the BI-RADS classification, 206 (80.2%) patients were diagnosed with 4B
lesions, followed by 44 (17.1%) patients with 4C lesions. The assessment of the pattern of microcalcification distribution in imaging
showed that more than half of the patients (n = 148, 57.6%) had lesions in multiple groups. The most prevalent morphology of
microcalcifications was punctate amorphous (n = 109, 42.4%). The majority of patients (n = 180, 70%) had benign findings in the
pathological assessment, and only 69 (26.8%) had malignant features in pathology. The distribution of malignancies differed among
various BI-RADS categories. In the 4B category of lesions, there were 166 benign lesions versus 32 malignant lesions, while in the 4C
category, there were 10 benign lesions versus 34 malignant lesions (P < 0.001).
Conclusion: This study described the findings of successful stereotactic-guided VAB for breast microcalcifications. VAB can be im-
plemented as a promising assessment tool to evaluate suspected breast microcalcifications effectively.
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1. Background

Breast cancer (BC) is the leading cause of cancer-related
death in females, with increasing trends of incidence and
mortality in the past decades (1). Appropriate screening
programs are necessary to diagnose and treat suspected
cases of BC effectively and to increase their survival and
reduce costs. Imaging modalities, mainly mammogra-

phy, are the core of BC screening programs. Screening ap-
proaches vary significantly based on the population and
individual characteristics. Nevertheless, most of these pro-
grams suggest annual screening in middle age for women
with an average risk of BC to protect them against this ma-
lignancy (2).

Although there are questions regarding the effective-
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ness of mammography as the main tool for BC screen-
ing, it remains the most accessible and commonly applied
screening tool for this lethal cancer (3, 4). Evidence sug-
gests that different clinical and radiological findings of
benign and malignant breast abnormalities have signifi-
cant associations (5). One of the most common findings of
mammography is microcalcification, which refers to small
calcium deposits within the breast parenchyma. The pres-
ence of these microcalcifications has been shown to have
many significant associations with the pathophysiology
and clinical features of BC (6).

Recent studies suggest that microcalcifications lead to
BC and result in the progression of macrophage-mediated
epithelial-mesenchymal transition (6). Besides, research
shows that breast microcalcifications are independent
risk factors for BC, which are more prominent in pre-
menopausal women compared to their postmenopausal
counterparts (7). In a more in-depth investigation, differ-
ent morphologies of BC lesions were found to be amor-
phous, coarse heterogeneous, and fine pleomorphic mi-
crocalcifications. Overall, each morphology represents a
specific behavior and distribution pattern of a lesion (8).
Therefore, appropriate management of these lesions is
necessary to prevent the adverse effects of BC.

Several diagnostic modalities are available for evalu-
ating breast microcalcifications after detection on mam-
mography, including ultrasonography (US)-guided core
needle biopsy (CNB), US-guided vacuum-assisted biopsy
(VAB), and stereotactic-guided VAB. It has been shown that
stereotactic-guided VAB is much more accurate than other
diagnostic modalities for the evaluation of these lesions
(9). Stereotactic-guided VAB has been suggested as a rapid
and practical biopsy method, with promising results for
the accurate diagnosis of breast microcalcifications (10).
Although reviews have reported higher rates of compli-
cations in VAB as compared to CNB, the higher diagnos-
tic performance and lower underestimation of malignan-
cies make stereotactic-guided VAB a reliable tool for assess-
ing breast lesions, especially suspected microcalcifications
(11).

So far, studies on interventional breast biopsy for the
detection of benign and malignant lesions have mainly in-
volved CNB, and the findings are limited to VAB in patients
with BC in Iran (12, 13). Therefore, further investigations
are needed to determine the efficacy of VAB in the manage-
ment of patients with breast microcalcifications.

2. Objectives

This study aimed to describe our experience of the
pathological evaluation of stereotactic-guided VAB for
breast microcalcifications in a large referral center to de-
termine BC management methods in low- and middle-
income countries with limited resources to manage this
malignancy.

3. Patients and Methods

3.1. Study Design and Population

This cross-sectional study was designed to investigate
the pathological features of VAB in a sample of patients
with suspected breast microcalcifications in our referral
cancer institute, using a simple random sampling method
during 2019 - 2020. Patients with microcalcifications on
mammography, who were classified as breast imaging-
reporting and data system (BI-RADS by the American Col-
lege of Radiology) categories 3, 4B, 4C, and 5 (14), and un-
derwent mammography-guided VAB for the microcalcifi-
cations, were included in this study. On the other hand,
patients with missing baseline demographic and clinical
data and those who could not be followed-up for at least
six months to examine the emergence of new microcalcifi-
cations, were excluded from the study.

3.2. Imaging Process

All patients were completely assessed before undergo-
ing biopsy, and the microcalcification type and distribu-
tion pattern were determined. Patients with atypical or be-
nign patterns of microcalcification in the baseline mam-
mography were re-evaluated after six months via control
mammography to examine the progression of lesions. One
expert radiologist with 15 years of experience examined the
images; it should be noted that this study was a blinded ex-
periment.

3.3. Biopsy Process

To conduct stereotactic VAB, after lesion localization
via mammography, the scout view and two images with 15-
degree deviations to the right and left, respectively were ac-
quired in this study. After detection of microcalcifications
on the mammograms, the coordinates of the lesion were
entered in the stereotactic device. Following the lesion
biopsy, if adequate drainage of the lesion was achieved,
a marker would be left at the site of biopsy. The Hologic
Multicare Platinum Prone Breast Biopsy table and a Barco
5 MegaPixelWorkstation (SVDx-400) were used to conduct
VAB. Besides, an ATEC SapphireTM (9-G) needle was used for
VAB.
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3.4. Pathological Assessments

The VAB samples were placed in 10% buffered formalin
for a minimum of six hours for fixation. Next, they were
processed, and paraffin-embedded blocks were prepared.
Hematoxylin and eosin (H&E)-stained slides were evalu-
ated by a pathologist for diagnosis. Also, in some cases, for
a definite diagnosis, immunohistochemistry (IHC) stain-
ing was carried out.

3.5. Study Variables

The patients’ age and history of personal and fam-
ily cancer were recorded as important demographic and
clinical data. The variables under study included the pat-
tern, morphology, and distribution of microcalcifications,
mammographic breast density and composition, BI-RADS
category of the lesion, detection of malignancy on VAB, and
other associated breast lesions. Besides, microcalcification
alterations in patients with atypical or benign lesions at
baseline, who underwent control mammography after six
months, were examined to detect suspicious lesions and
malignancies.

3.6. Statistical Analysis

Quantitative variables are reported as mean and stan-
dard deviation (SD), and qualitative variables are described
as frequency and percentage in this study. Chi-square (for
a qualitative cross-tabulation analysis) and independent
samples t-test (for the analysis of qualitative and quantita-
tive variables) were used to investigate the association of
different variables. A P-value less than 0.05 was considered
statistically significant. Fisher’s exact test was also used as
a statistical significance test in the analysis of contingency
tables with a small sample size, leading to small expected
values in the tables. All statistical analyses were conducted
in SPSS for Windows version 16 (SPSS Inc. Released 2007.
SPSS for Windows, Version 16.0. Chicago, SPSS Inc.).

3.7. Ethical Considerations

This study was granted approval by the institutional re-
view board of Tehran University of Medical Sciences. All the
patients provided an informed consent form before partic-
ipation in this study and also agreed with the publication
of data without any personal identification information.

4. Results

4.1. General Findings

A total of 257 patients, with a mean age of 50.3 ± 8.3
years (range: 31 - 76 years), were included in this study. The

majority of patients reported no family history of BC (n =
135, 52.5%), and only 36 (14%) patients had a positive family
history of this cancer; the largest proportion of the partic-
ipants (n = 18, 7% total) had a history of BC in first-degree
relatives. Only 27 (10.5%) patients had a personal history
of BC. Overall, 11 patients had atypical findings and were
followed-up for six months; two of these patients under-
went surgery, and a diagnosis of ductal carcinoma in situ
(DCIS) was made based on the pathology reports. The re-
maining nine patients had stable lesions in the radiologi-
cal evaluation during the follow-up.

4.2. Radiological Evaluation

In the mammographic evaluation of patients before
VAB, various patterns of breast microcalcifications may be
identified. Almost half of the patients (n = 125, 48.6%) had
a C-grade breast composition, followed by B-grade (n = 83,
32.3%), D-grade (n = 24, 9.3%), and A-grade (n = 19, 7.4%). In
terms of BI-RADS classification, 206 (80.2%) patients were
diagnosed with 4B lesions, followed by 44 (17.1%) patients
with 4C lesions; only two (0.8%) patients had category 5 le-
sions, and one (0.4%) case had a category 3 lesion. The mam-
mographic assessment of patients regarding other related
pathologies and lesions revealed that 10 (3.9%) cases had le-
sions other than the detected microcalcifications. The eval-
uation of the distribution pattern of microcalcifications in
the images showed that more than half of the patients (n =
148, 57.6%) had multiple-group lesions, followed by single-
group (n = 49, 19.1%) and segmental (n = 33, 12.8%) lesions.
Moreover, punctate amorphous (n = 109, 42.4%), fine pleo-
morphic (n = 75, 29.2%), and coarse heterogeneous (29, n =
11.3%) morphologies were the most common morphologi-
cal patterns of microcalcifications. Table 1 presents further
details on the patients’ radiological assessments.

4.3. Pathological Analysis

The assessment of two lesion samples is presented in
Figures 1 and 2. Except for eight patients (3.1%) with miss-
ing data in pathology, the majority of patients (n = 180,
70%) had benign findings in the pathological evaluation,
and only 69 (26.8%) cases showed malignant features on
pathology. Among benign lesions, fibrocystic change (n =
67, 26.1%), hyperplasia (n = 35, 13.6%), and stromal fibrosis
(n = 29, 11.3%) were the most common diagnoses. Also, DCIS
was the most commonly diagnosed pathology among ma-
lignant cases (Table 2).

According to the radiological investigation of the mor-
phological patterns of microcalcifications in patients with
benign and malignant pathology results, the frequencies
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Figure 1. A sample of detected microcalcifications in a patient with benign lesions. Lesions can be seen on the mammogram in the mediolateral oblique (MLO) view (A)
and magnification view (B). In the pathological examination, a coarse heterogeneous microcalcification is associated with mild usual ductal hyperplasia (C) and a fibrotic
background in the dilated ducts (D).

Figure 2. A sample of detected microcalcifications in a patient with ductal carcinoma in situ (DCIS). The detected lesions in the mammogram indicate a fine pleomorphic
microcalcification (A & B). The pathological examination of the microcalcification is presented at low (C) and high (D) powers of microscopic evaluation.

4 Iran J Radiol. 2022; 19(2):e122269.
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Table 1. The General Demographic and Radiological Characteristics of the Patients

Variables No. (%)

Family history of breast cancer

Negative 135 (52.5)

Positive

First 18 (7.0)

Second 14 (5.4)

Third 4 (1.6)

Total valid 171 (66.5)

Missing 86 (33.5)

Breast cancer history

Negative 144 (56.0)

Positive 27 (10.5)

Total (valid) 171 (66.5)

Missing 86 (33.5)

Breast composition

A 19 (7.4)

B 83 (32.3)

C 125 (48.6)

D 24 (9.3)

Total (valid) 251 (97.7)

Missing 6 (2.3)

BI-RADS

3 1 (0.4)

4B 206 (80.2)

4C 44 (17.1)

5 2 (0.8)

Total (valid) 253 (98.4)

Missing 4 (1.6)

Other associated masses

Negative 246 (95.7)

Positive 10 (3.9)

Total (valid) 256 (99.6)

Missing 1 (0.4)

Pattern of microcalcification distribution

Linear 4 (1.6)

Multiple group 148 (57.6)

Regional 20 (7.8)

Segmental 33 (12.8)

Single group 49 (19.1)

Total (valid) 254 (98.8)

Missing 3 (1.2)

Microcalcification morphology

Amorphous 26 (10.1)

Coarse heterogeneous 29 (11.3)

Dystrophic 2 (0.8)

Fine linear branching 7 (2.7)

Fine pleomorphic 75 (29.2)

Punctate 2 (0.8)

Punctate amorphous 109 (42.4)

Round 3 (1.2)

Total (valid) 253 (98.4)

Missing 4 (1.6)

Abbreviation: BI-RADS, breast imaging-reporting and data system.

Table 2. The Results of the Pathological Evaluation of Vacuum-Assisted Biopsies
(VABs)

Categories and subcategories No. (%)

Benign

Atypia 5 (1.9)

Columnar cell change 5 (1.9)

Fat necrosis 7 (2.7)

Fibrocystic change 67 (26.1)

Fibroadenoma 6 (2.3)

Fibrosis 5 (1.9)

Hyperplasia 35 (13.6)

Other benign lesions 13 (5.1)

Papilloma 4 (1.6)

Sclerosing adenosis 4 (1.6)

Stromal fibrosis 29 (11.3)

Total (valid) 180 (70.0)

Malignant

DCIS 59 (23.0)

IDC 8 (3.1)

LCIS 2 (0.8)

Total (valid) 69 (26.8)

Missing 8 (3.1)

Total 257 (100.0)

Abbreviations: DCIS, ductal carcinoma in situ; IDC, invasive ductal carcinoma;
LCIS, lobular carcinoma in situ.

of amorphous, coarse heterogeneous, and punctate amor-
phous morphologies were substantially higher in benign
cases. Moreover, the difference between different pathol-
ogy types was significant (P < 0.001) (Figure 3).

Other variables were also investigated in this study.
Age was not significantly different between benign and
malignant microcalcification groups (P = 0.552). Also, a
family or personal history of BC was not a significant pre-
dictor of malignancy in the detected microcalcifications
(P = 0.555 and 0.929, respectively). The breast composi-
tion did not differ significantly regarding malignancy de-
tection between patients with benign and malignant le-
sions (P = 0.902). Besides, the presence of a concurrent
mass was not significantly associated with malignancy (P =
0.239). Conversely, the distribution of malignancy was sig-
nificantly different between 4B and 4C lesions (166 benign
vs. 32 malignant 4B lesions; 10 benign vs. 34 malignant 4C
lesions) (P < 0.001) (Figure 4).

Moreover, the distribution patterns of microcalcifica-
tions, including the multiple-group pattern (114 benign vs.
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Figure 3. Distribution of benign and malignant pathological findings for each morphological category of microcalcifications

30 malignant), regional pattern (17 benign vs. 1 malignant),
and single-group pattern (40 benign vs. 7 malignant) were
significantly different between benign and malignant le-
sions, unlike the segmental pattern (8 benign vs. 25 ma-
lignant) and linear pattern (0 benign vs. 4 malignant) (P
< 0.001) (Figure 5).

5. Discussion

The main findings of this study were the benign histol-
ogy of the majority of pathologically evaluated VABs, fibro-
cystic change as the main microscopic diagnosis, and DCIS
as the most common diagnosis among malignant patholo-
gies. The prevalence of the amorphous pattern of microcal-

cification, as the most common pattern in mammograms,
was significantly higher among patients with benign le-
sions based on VAB. The BI-RADS scoring system was a sig-
nificant predictor of malignancy, with higher BI-RADS cat-
egories indicating more malignant lesions in the micro-
scopic evaluation. Differences in the distribution of micro-
calcifications were related to malignancy diagnosis, and
they were found to be significant.

The present study on patients with microcalcifications
showed that the majority of these patients had grade 3
(heterogeneously dense) and grade 2 (scattered fibroglan-
dular densities) breast densities, and the breast density
was not associated with malignancy diagnosis in VAB mi-
croscopic evaluations. This finding is consistent with a
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Figure 4. Distribution of malignant and benign pathologies based on the breast imaging-reporting and data system (BI-RADS) scoring of mammographic evaluations

previous study which showed that breast density grades
2 and 3 accounted for the most significant share of mam-
mograms in density measurements of older women sus-
pected of BC (15). Generally, the correlation between the
breast density and microcalcifications is a major radiologi-
cal and clinical finding. Studies show that breast density is
a suitable measure for predicting microcalcifications (16,
17). However, the malignant/benign pathology of lesions
and its association with breast density remain to be ad-
dressed, as the present results are inconclusive.

Regarding the BI-RADS scoring of mammograms in
the present study and its association with malignancy de-
tection in the microscopic evaluation, it was found that
higher BI-RADS categories were significantly associated
with more malignant pathological findings as compared

to lower BI-RADS categories. This finding is highly consis-
tent with the results of multiple previous studies on the
association of malignant changes in the detected breast
microcalcifications and the higher BI-RADS categories (5,
15, 18, 19). These findings confirm the advantageous use
of this scoring system for microcalcifications evaluated by
VAB and suggest further expansion of this system for var-
ious benign, suspicious, and malignant breast lesions (8,
15).

In the current study, the majority of lesions were be-
nign in the microscopic evaluation of VABs from breast
microcalcifications, while a smaller number of them were
malignant. This finding is strongly consistent with the
results of previous studies, which showed that benign le-
sions were the most common microcalcifications (10, 15,
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Figure 5. Distribution of malignant and benign pathologies based on the pattern of microcalcifications in the mammographic evaluations

19-21); in these studies, the prevalence of benign VABs was
estimated at 68.2% (10), 67% (19), 52% (21), and 57% (15). In
the current study, fibrocystic change was the most com-
mon pathological finding in benign microcalcifications,
while DCIS was the most common pathology among ma-
lignant lesions. This finding is almost similar to the results
of previous studies on VABs of breast microcalcifications,
although there were some incongruities. A previous study
found fibrosis-adenosis to be the most common pathol-
ogy among benign lesions, followed by fibrocystic change,
whereas DCIS was the most common diagnosis among ma-
lignancies (10). Another study showed adenosis to be the
most prevalent pathology among benign breast microcal-
cifications (19). However, DCIS was the prominent diagno-
sis among malignant lesions in several studies (15, 19).

Another significant finding of this study was the dis-
tribution pattern and morphology of breast microcalcifi-
cations. The lesions mostly had a multiple-group distri-
bution and a punctate amorphous morphology. Consider-
ing the differences in the reporting methods of microcal-
cification distribution and morphology, they widely var-
ied in similar studies. The present result was highly sim-
ilar to a previous study, which found group distribution

to be the major pattern in mammography. However, the
fine pleomorphic pattern was the dominant morphology
of microcalcifications, regardless of the benign or malig-
nant nature of the lesion (15). Another study showed lin-
ear/segmental distribution and pleomorphic morphology
as the most common mammographic findings in patients
with breast microcalcifications (19). Besides, a survey of
breast microcalcifications showed that the multiple-group
distribution and amorphous morphology were the promi-
nent patterns of mammograms (8).

This study had some limitations. The small sample
size and short follow-up period were the main limitations
of the present study. Future research is suggested to in-
clude a larger sample size and include more diverse pat-
terns and pathologies of breast microcalcifications. Be-
sides, incorporating the role of hormonal factors, such as
estrogen and progesterone receptors in the pathology of
BC, is highly recommended to investigate the nature of mi-
crocalcifications in the breast tissue.

In conclusion, this study described and analyzed suc-
cessful stereotactic-guided VAB for breast microcalcifica-
tions and investigated the patterns and associations of
these lesions with various demographic, clinical, and radi-

8 Iran J Radiol. 2022; 19(2):e122269.
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ological findings based on mammography. VAB can be con-
sidered as a promising assessment tool for breast micro-
calcifications and may be implemented to prevent breast
malignancies by promoting earlier detection, proper man-
agement, and effective treatment.
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