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Purpose To evaluate the diagnostic performance of digital breast tomosynthesis (DBT) with the two-
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dimensional synthesized mammogram (2DSM), compared to full-field digital mammography (FFDM),
for suspicious microcalcifications in the breast ahead of stereotactic biopsy and to assess the diag-
nostic image visibility of the images.

Materials and Methods This retrospective study involved 189 patients with microcalcifications,
which were histopathologically verified by stereotactic breast biopsy, who underwent DBT with 2DSM
and FFDM between January 8, 2015, and January 20, 2020. Two radiologists assessed all cases of mi-
crocalcifications based on Breast Imaging Reporting and Data System (BI-RADS) independently. They
were blinded to the histopathologic outcome and additionally evaluated lesion visibility using a five-
point scoring scale.

Results Overall, the inter-observer agreement was excellent (0.9559). Under the setting of category
4A as negative due to the low possibility of malignancy and to avoid the dilution of malignancy crite-
ria in our study, McNemar tests confirmed no significant difference between the performances of the
two modalities in detecting microcalcifications with a high potential for malignancy (4B, 4C, or 5; p =
0.1573); however, the tests showed a significant difference between their performances in detecting
microcalcifications with a high potential for benignancy (4A; p =0.0009). DBT with 2DSM demonstrat-
ed superior visibility and diagnostic performance than FFDM in dense breasts.

Conclusion DBT with 2DSM is superior to FFDM in terms of total diagnostic accuracy and lesion visi-
bility for benign microcalcifications in dense breasts. This study suggests a promising role for DBT
with 2DSM as an accommodating tool for stereotactic biopsy in female with dense breasts and suspi-
cious breast microcalcifications.

Index terms Breast Neoplasm; Mammaography; Biopsy

INTRODUCTION

Breast cancer is one of the most common cancers affecting female. Therefore, breast
screening is gaining importance. The most widely used image modality is mammography,
which offers information about masses, asymmetries, calcifications, and architectural distor-
tions. Detection of microcalcifications is key in early diagnosis of breast cancer.

Breast calcifications are detected frequently in breast cancer screening and have various
causes. Most are benign, but some constitute an early sign of malignancy (1). With current
imaging modalities, distinguishing malignant from benign calcifications is difficult, espe-
cially when considering suspicious breast microcalcifications that reveal malignancy, such
as ductal carcinoma in situ (DCIS). Therefore, careful identification and characterization of
the morphology of microcalcifications are crucial to stratify the risk of malignancy.

To date, the most widely used imaging technique for breast screening is full-field digital
mammography (FFDM), which is considered the most effective tool for diagnosing early breast
cancer and reducing cancer mortality rates. However, FFDM has several limitations due to its
difficulty with clearly distinguishing suspicious breast lesions from overlapping breast tissue (2).

Digital breast tomosynthesis (DBT) is a state-of-the-art imaging technology for breast can-
cer screening and assessment that has been gaining popularity (3). DBT is a three-dimension-
al (3D) imaging modality that overcomes several problems of FFDM, especially tissue super-
imposition or overlapping, by providing a series of thin-section images from reconstructed
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volume data. It possesses the potential to increase sensitivity in the detection of breast cancer
and to reduce recall rates (4).

Currently, a combination of FFDM and DBT has been deployed in multiple breast imaging
studies (5). This dual-imaging modality approach improved breast cancer accuracy, decreased
the false-negative rate, and increased the sensitivity compared to FFDM alone; however, addi-
tional interpretation time and radiation exposure persisted as limitations. Still, recent tech-
nological improvements could resolve the problem by generating synthetic two-dimensional
(2D) images from DBT data using a reconstruction algorithm, which does not require addi-
tional radiation doses (6-8).

As the value of DBT increases, assessments for masses, asymmetries, and architectural dis-
tortions have been performed in many studies, while studies including the evaluation of mi-
crocalcifications are more limited in number (9). Some studies have determined the clinical
performance of DBT in detecting and characterizing microcalcifications, and the diagnostic
performance of synthetic 2D images with or without DBT were not different from those of
FFDM (10, 11). Another study estimated the 3D positions of microcalcifications in each of the
clusters and reconstructed clusters as ellipsoids using multiple projections of DBT, which
constitutes a possible method of 3D shape analysis that leads to more accurate diagnosis (12).
These findings indicate that DBT with 2D synthesized mammogram (2DSM) has potential as
a stand-alone modality for screening and diagnosis. However, the detectability of stand-alone
DBT with 2DSM for elucidating breast microcalcifications remains controversial.

Also, image quality is important for calcification conspicuity and can affect image contrast
and the number of visible calcifications. Recent technical advancements have helped im-
prove visualization of calcifications and provide superior image quality. Greater image visi-
bility influences the ability to examine how “clearly” calcifications are seen in opposition to
the background of the breast (10).

There are several methods to confirm suspicious calcifications in the breast; among them,
stereotactic breast biopsy has long been the preferred method for sampling microcalcifica-
tions and an alternative to surgical excision. It has shown high diagnostic accuracy ranging
from 93% to 100% (13, 14).

To our knowledge, only a small number of articles has focused on the comparison of DBT
with 2DSM and FFDM for elucidating breast microcalcifications, and no study has focused
on the diagnostic power of DBT for stereotactic biopsy. The goal of this study was to deter-
mine whether DBT with 2DSM exhibits a diagnostic advantage over FFDM for suspicious
breast microcalcifications before stereotactic biopsy and whether it provides superior lesion
visibility.

MATERIALS AND METHODS

PATIENT SELECTION

This study was approved by the appropriate Institutional Review Board and relied on a ret-
rospective electronic medical records review for data collection (IRB No. 2020GR0317). Data
were collected from January 8, 2015, through January 20, 2020. To select study participants,
those eligible included the following: 1) underwent DBT with 2DSM in combination with
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FFDM, 2) microcalcifications detected by either DBT with 2DSM or FFDM and classified into
category 4A or above based on the BI-RADS, 3) microcalcifications that were confirmed his-
topathologically through stereotactic biopsy in our hospital, and 4) at least two years of imag-
ing follow-up data available. Separately, the study exclusion criteria were as follows: 1) histo-
1y of breast cancer and 2) loss to follow-up or less than one year of follow-up data. Finally, a
total of 189 patients who had undergone DBT with 2DSM along with FFDM and subsequent
stereotactic biopsies for microcalcifications was included in this study.

IMAGE ACQUISITION

A picture archiving and communication system (PACS) and electronic medical records
were used to gather radiology reports from our institution. Patients underwent imaging us-
ing the same mammography machine for DBT and FFDM (Selenia Dimensions mammogra-
phy system; Hologic, Bedford, MA, USA), and standard views of cranio-caudal and mediolat-
eral oblique images were obtained sequentially during one session while the breast was
compressed in a fixed position. For DBT, 15 projection images along 15 degrees of arc (1 im-
age/degree of arc) were collected, and this image set was reconstructed automatically into
2DSM by a summing and filtering back-projection technique. All images were stored in the

PACS. Additional images (e.g., magnification views) were not included in the current study.

IMAGE ASSESSMENT
Imaging analysis was performed by two radiologists (O.HW. and H.S.S.) with 18 and 9

years of breast imaging experience, respectively. Both readers have undergone training in the
interpretation of DBT and routinely interpreted DBT and FFDM images in clinical practice
for both screening and diagnostic reasons. Both readers were aware of the aim of the study
but were blinded to the presence and type of lesions.

The present study was organized to encompass two separate reading sessions, each con-
taining all cases randomized to 50% with FFDM and 50% with DBT with 2DSM. Readers were
allowed to use the magnification function for both FFDM and DBT with 2DSM. As men-
tioned, additional images (e.g., magnification views) were not included in the present study.
Reviews of the two datasets were spaced one month apart to avoid recall bias. In addition, re-
viewers were blinded to patient names, ages, and identification numbers.

All grading and reporting efforts employed the Breast Imaging Reporting and Data System
(BI-RADS) classification system of the American College of Radiology (ACR)-BI-RADS fifth
edition (2013) lexicon. Microcalcification status was stratified as follows using BI-RADS cate-
gories according to the lexicon: negative, no microcalcifications present = BI-RADS 1, benign
microcalcifications = BI-RADS 2, probably benign microcalcifications (0%-2% malignant) =
BI-RADS 3, suspicious microcalcifications = BI-RADS 4 (categorized further as BI-RADS 4A
[29%-10%], BI-RADS 4B [10%-50%], and BI-RADS 4C [50%-95%]), and microcalcifications
highly suggestive of malignancy (= 95% malignant) = BI-RADS 5.

The primary outcome for the study was a positive histopathology result from stereotactic
biopsy. Category 4A indicates a low suspicion of malignancy according to the ACR BI-RADS
scoring system (15). Though histological diagnosis is necessary, as the possibility of a benign

lesion is much larger than that of a malignant one, we treated a 4A result as a negative one in
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our analysis to avoid dilution of malignant criteria by a high number of benign lesions.

Breast density was assigned based on ACR BI-RADs categories: fatty = A, scattered fibro-
glandular = B, heterogeneously dense = C, extremely dense = D. In this study, classified cate-
gories of ACR A and B indicated non-dense breast tissue, and categories of ACR C and D indi-
cated dense breast tissue.

Regarding image visibility, as the object of the study was to assess how “clearly” microcalci-
fications can be delineated from a diagnostic perspective by each radiologist, findings were
scored as follows: very indistinct = one point, indistinct = two points, fair = three points, clear =
four points, very clear = five points. Each reader graded the cases individually (10, 16). Only the
diagnostic quality of breast tissue appearance on the two modalities was tested, without detec-

tion of microcalcifications.

STATISTICAL ANALYSIS
All statistical analyses were performed using the SPSS version 22.0 (IBM Corp., Armonk,

NY, USA). Cohen’s kappa (k) test was applied to evaluate inter-observer variability in the final
assessment of BI-RADS categories. Inter-reader correlation coefficient was calculated to ascer-
tain concurrence between the readers. Degrees of agreement were categorized, where 0.00 to
0.20 indicates slight agreement, 0.21 to 0.40 indicates fair agreement, 0.41 to 0.60 indicates
moderate agreement, 0.61 to 0.80 indicates substantial agreement, and 0.81 to 1.00 indicates
almost perfect agreement.

With the final BI-RADS scores assigned, sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) were obtained for DBT with 2DSM and FFDM. The
McNemar test was used to assess the difference in detection rates of microcalcifications with
high potential for malignancy (4B, 4C, or 5) and high potential for benignancy (4A) between
the two modalities. To ascertain the difference in performance according to patient breast
density, Fisher’s exact test was used. The difference in receiver-operating characteristic
curves was analyzed to compare the overall clinical performance, with corresponding 95%
confidence interval values.

Scores for the visibility of suspicious breast lesions were compared by Wilcoxon signed-
rank test, and weighted x values for inter-reader agreement were calculated.

All statistical tests were two-sided, and p < 0.05 was considered statistically significant.

RESULT

CHARACTERISTICS OF MICROCALCIFICATIONS AND BREAST DENSITY
A total of 189 patients ranging in age from 32 to 68 years (median, 49.2 years) with suspi-

cious microcalcifications was included in the final study cohort. Fifty-four cases with suspi-
cious microcalcifications (29%) proved to be malignant and 135 were benign (71%). There
were 32 cases of DCIS (59%); five cases of microinvasive DCIS (9%); and 17 cases of invasive
ductal carcinoma (31%), including those of ductal and lobular origins. Cases of benign le-
sions included 95 ductal hyperplasia (70%), 15 atypical hyperplasia (11%), nine sclerosing ad-
enosis (6%), five columnar cell change (3%), seven fibrocystic change (5%), and four apocrine
metaplasia (2%) (Table 1).
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Table 1. Pathologic Types of Malignant and Benign Cases

Pathology Type n (%)
Malignant (n = 54) Ductal carcinomain situ 32(59)
Invasive ductal carcinoma 17(31)

Microinvasive ductal carcinoma in situ 5(9)
Benign (n =135) Ductal hyperplasia 95 (70)
Atypical hyperplasia 15(11)

Sclerosing adenosis 9 (6)

Columnar cell change 5(@3)

Apocrine metaplasia 4(2)

Fibrocystic change 7(5)

Table 2. Distribution of Final Assessment Categories of Ssuspicious Microcalcifications Detected by DBT
with 2DSM and FFDM

Malignant Benign
DBT with 2DSM (%) FFDM (%) DBT with 2DSM (%) FFDM (%)
Category 4A 4(7.4) 6(11.1) 118 (87.4) 102 (75.5)
Category 4B 27 (50.0) 39(72.2) 13 (9.6) 20(14.8)
Category 4C 18(33.3) 8(14.8) 3(2.2) 10(7.4)
Category 5 5(9.2) 1(1.8) 1(0.7) 3(2.2)
Total 54 54 135 135

Category 4A = low suspicion for malignancy, Category 4B = moderate suspicion for malignancy, Category 4C =
high suspicion for malignancy, Category 5 = highly suggestive of malignancy, DBT = digital breast tomosyn-
thesis, FFDM = full-field digital mammography, 2DSM = two-dimensional synthesized mammogram

Category 4B was set as a cutoff value for malignancy, and categories for suspicious breast
calcifications were assigned from 4A to 5 to assess the possibility of malignancy for each mo-
dality. Among the two benign and malignant microcalcification cases, the BI-RADS category
distribution showed no significant difference. DBT with 2DSM assigned more cases in cate-
gories 4B, 4C, and 5 that were later recognized as malignancy than benignancy (Table 2).

The breast densities of the study population were stratified into four cases with fatty tissue
(2%), 30 cases with scattered fibroglandular tissue (16%), 110 cases with heterogeneously
dense tissue (58%), and 45 cases with extremely dense tissue (24%); overall, there were 34
non-dense breast cases (18%) and 155 dense breast cases (82%).

DIAGNOSTIC ACCURACY & DETECTION ABILITY OF DBT WITH 2DSM AND
FFDM FOR BREAST MICROCALCIFICATIONS

The result of Cohen’s k test showed that inter-observer agreement was excellent for BI-
RADS classification (Cohen’s k =0.83 & 0.04 and 0.94 =+ 0.02).

Based on histopathologic results, the prevalence of breast malignancy was 28.5% (54/189).
When categories 4B, 4C, and 5 were classified as breast malignancy, the diagnostic accuracy
of DBT with 2DSM in microcalcifications with high potential for benignancy (4A) was signifi-
cantly higher than that of FFDM (87.4% vs. 75.5%; p = 0.0020). Also, that for microcalcifications
with high potential for malignancy (4B, 4C, 5) in DBT with 2DSM was slightly higher than that
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Table 3. Diagnostic Accuracy of DBT with 2DSM and FFDM in Detecting Breast Microcalcifications

Malignant (%) Benign (%) Diagnostic Accuracy (%)
DBT with 2DSM 168/189 (88.8)
Malignant 50(92.5) 17 (12.5)
Benign 4(7.4) 118 (87.4)
Total 54 135
FFDM 150/189 (79.3)
Malignant 48 (88.8) 33(24.4)
Benign 6(11.1) 102 (75.5)
Total 54 135
p 0.52 <0.01 <0.01

DBT = digital breast tomosynthesis, FFDM = full-field digital mammography, 2DSM = two-dimensional syn-
thesized mammogram

Table 4. Diagnostic Accuracy of DBT with 2DSM and FFDM in Determining Breast Densities

Breast Densities Modality Accuracy (%) X2 p-Value
DBT with 2DSM 88.2(30/34)
ACR category Aand B 0.532 0.4852
FFDM 82.3(28/34)
DBT with 2DSM 89.0 (138/155)
ACR category Cand D 4.700 0.0370
FFDM 82.5(128/155)

ACR = American College of Radiology, DBT = digital breast tomosynthesis, FFDM = full-field digital mam-
mography, 2DSM = two-dimensional synthesized mammogram

of FFDM, but without statistical significance (92.6% vs. 88.8%; p = 0.5218).

Overall, the total diagnostic accuracy of DBT with 2DSM was higher than that of FFDM,
with statistical significance (88.8% vs. 79.3%; p = 0.0112) (Table 3). Values for the area under
the receiver-operating characteristic curve were 0.876 (95% confidence interval, 0.863-0.932)
for DBT with 2DSM and 0.840 (95% confidence interval, 0.774-0.859) for FFDM, and the dif-
ference was significant (p < 0.01).

The sensitivity of DBT with 2DSM was 92.5% (50/54) and that of FFDM was 88.8% (48/54) (p =
0.37), while the specificity of DBT with 2DSM was 87.4% (118/135) and that of FFDM was 75.5%
(102/135) (p = 0.0009). The PPVs of DBT with 2DSM and FFDM, respectively, were 74.6% (50/67)
and 59.2% (48/81), and the NPVs were 96.7% (118/122) and 94.4% (102/108).

McNemar testing showed no significant difference between the two modalities in detect-
ing microcalcifications with high potential for malignancy (4B, 4C, 5) that were later con-
firmed to exhibit malignancy (p = 0.1573). However, statistical significance was shown in de-
tecting microcalcifications with high potential for benignancy (4A) that were later proven
benign (p = 0.0009).

DIAGNOSTIC ACCURACY OF DBT WITH 2DSM AND FFDM IN PATIENTS
WITH DIFFERENT BREAST DENSITIES

Of all 189 patients with microcalcifications, 155 were classified as having dense breasts
(categories of ACR C and D) and 34 as non-dense breast (categories of ACR A and B). In dense
breasts, DBT with 2DSM was superior to FFDM in diagnosis, with statistical significance
(89.0% vs. 82.5%; x* = 4.700; p = 0.0370). DBT with 2DSM also demonstrated slightly superior
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Table 5. Interobserver Agreement for Final Assessment Category Assignment for DBT with 2DSM and FFDM
Together with the Visibility Scores

Breast Densities DBT with 2DSM FFDM
Interobserver agreement (Cohen’s k) 0.96 0.95
Visibility score (median, interquartile range) 5 (4-5) 3(2-4)

DBT = digital breast tomosynthesis, FFDM = full-field digital mammography, 2DSM = two-dimensional syn-
thesized mammogram

Fig. 1. A 58-year-old female with stereotactic vacuum-assisted breast biopsy for suspicious fine pleomorphic calcifications in the right up-
per-mid breast.

A-D. Fine pleomorphic calcifications (arrows) in the right upper-mid breast are more clearly visible on digital breast tomosynthesis with
2DSM (A, C) than FFDM (B, D). Both readers given a visibility score of 4 for 2DSM while a score of 2 for FFDM.

FFDM = full-field digital mammography, 2DSM = two-dimensional synthesized mammogram

diagnostic performance over FFDM in non-dense breasts, but without statistical significance
(88.8% vs. 82.3%; x* = 0.532; p = 0.4852) (Table 4).

DIAGNOSTICVISIBILITY OF MICROCALCIFICATIONS FOR DBT WITH

2DSM AND FFDM
The weighted x statistic for inter-observer agreement was 0.9559, and DBT with 2DSM

showed greater lesion visibility (median, 5 points; interquartile range, 4-5 points) than FFDM
(median, 3 points; interquartile range, 2—4 points; p < 0.01) (Table 5, Fig. 1).

DISCUSSION

Specific recognition and characterization of microcalcifications play an important role in

diagnosing breast malignancy. Stereotactic biopsy is a precise technique for sampling breast
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microcalcifications and constitutes a better alternative to traditional surgical excision (17).
Suspicious breast lesions undergo frequent ultrasound-guided biopsy; however, certain mi-
crocalcifications are not verifiable using this method and require stereotactic biopsy (18).

Our single-center study sought to approve the diagnostic accuracy of DBT with 2DSM rela-
tive to that of FFDM for suspicious breast microcalcifications in advance of stereotactic biop-
sy. As a final outcome, DBT with 2DSM can increase the sensitivity and specificity rates in di-
agnosing suspicious breast microcalcifications, especially benign microcalcifications in dense
breasts. The diagnostic sensitivities of DBT with 2DSM and FFDM were 92.6% and 88.8%, re-
spectively, while the specificities were 87.4% and 75.5%, with significant differences. DBT with
2DSM demonstrated a notable increase in diagnostic accuracy among all cases (88.8%) versus
FFDM (79.3%). The difference in diagnostic accuracy for determining benign microcalcifica-
tions also was significant between DBT with 2DSM and FFDM, but this was not true for ma-
lignant microcalcifications. Choi et al. (19) reported that there was no difference in observer
sensitivity between DBT and FFDM in detecting invasive breast cancer. Our results are con-
cordant with previous studies reporting that DBT and FFDM show no difference in detecting
malignant lesions. Also, previous studies have reported malignancy rates ranging from 10%
to 39%, similar to our result (20, 21). In this study, among suspicious breast microcalcifica-
tions, 54 (29%) were identified as malignant and 135 (71%) were identified as benign.

Many studies have focused on the clinical performance of DBT and FFDM. Clauser et al.
(22) reported that DBT and FFDM showed no notable differences in detecting and character-
izing microcalcifications. Also, these authors concluded that DBT had a similar diagnostic
accuracy to that of FFDM, but there was an inter-reader difference between the two modali-
ties. Our study results showed a very high rate of inter-observer agreement, inconsistent with
Clauser et al. (22) study, but it remains an issue whether inter-reader variability impacts the
diagnostic success rate. In addition, few studies have suggested that, when predicting the
probability of malignancy, inter-reader variability does not affect the difference in sensitivity,
or specificity between the methods (23). During clinical application, decisive identification of
microcalcifications on mammography depends upon operator experience. The two radiolo-
gists in our study both had considerable experience (> 5 years) with analyzing DBT with
2DSM images, which might have decreased inter-reader variability and ensured more reli-
able BI-RADS categorization.

Images acquisition of DBT with a narrow scan-angle, as was used in this study, allows bet-
ter visualization of small-scale structures, like microcalcifications (24). Narrow-angle DBT
has a greater ability to delineate detailed diameter data compared to wide-angle DBT (25).
The DBT system provides wide variable visualization of microcalcifications, which is reliant
on number of projections, number of projections, detector characteristics, and reconstruc-
tion algorithms. A wide scan-angle induces a larger radiation dose due to more projections
and data, which can increase the noise and reduce the visibility of small-scale compositions,
such as microcalcifications (24).

In this study, significant differences were observed in lesion visibility assessment between
the two imaging modalities. DBT with 2DSM led to better image visibility than did FFDM,
consistent with the result of studies reporting that DBT images showed better conspicuity
than FFDM images in as many as 92.2% of patients (10, 26, 27). Hence, DBT is known to be
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more efficient in detecting malignancy and reducing the recall rate (28, 29). Based on previ-
ous studies, DBT with 2DSM is a suitable method for evaluation and visualization of micro-
calcifications (30, 31). Moreover, this result underpins that DBT with 2DSM has superiority
over FFDM in localizing lesions for targeted biopsies such as in stereotactic biopsy. Further-
more, in patients with dense breasts, FFDM showed difficulty in overcoming limitations of
overlapping breast parenchyma mimicking suspicious asymmetries and obscuring noncalci-
fied lesions. Accordingly, these results indicate that DBT with 2DSM can minimize unneces-
sary imaging or biopsies.

It is known that DBT assists radiologists in increasing their ability to reduce recall rates and
the need for additional procedures (32, 33). Also, a previous study by Viala et al. (34) reported
that DBT can detect suspicious BI-RADS 4 and BI-RADS 5 lesions not visualized on FFDM and
indicate whether to biopsy these lesions. Meanwhile, in the present study, readers classified
suspicious microcalcifications using BI-RADS categories 4A to 5 and evaluated the possibility
of malignancy and the necessity for stereotactic biopsy. Both DBT with 2DSM and FFDM led
cases to be classified into mostly BI-RADS 4B, 4C, and 5 categories for malignant calcifica-
tion, which helps to avoid delay in diagnosing the disease. For the pathologically confirmed
benign lesions, FFDM classified a significant proportion into the BI-RADS 4B category, which
led to unnecessary biopsies. This result suggests that, in benign conditions such as microcal-
cifications, DBT has the advantage of avoiding unnecessary biopsies, and it supports findings
from Tagliafico and Houssami (9).

In dense breasts, DBT with 2DSM images showed greater diagnostic accuracy than FFDM
images, but this was not the case in non-dense breasts. This implies a diagnostic advantage
of DBT with 2DSM in female with dense breasts. For these patients, DBT with 2DSM offers
more promising benefits than FFDM in terms of reducing recall rates in screening mammog-
raphy, improving cancer detection, increasing sensitivity by eliminating overlapping tissue,
and limiting the number of biopsies (35).

Overall, our study supports previous studies suggesting that DBT can identify certain mam-
mographic abnormalities that might not be well evaluated by or seen on FFDM, such as mi-
crocalcifications, and has superiority in dense breasts. Using only obtained stereotactic biop-
sy breast lesions and showing similar outcomes to previous studies with cases confirmed
through surgical biopsy, this study reveals that DBT with 2DSM has significant clinical diag-
nostic performance for breast microcalcifications prior to mandatory biopsy, especially in
the context of stereotactic biopsy.

However, there are several limitations to our study. First, our patients included only those
who underwent stereotactic biopsy for suspicious microcalcifications (BI-RADS 4A category
or above), and those classified in the BI-RADS 2 or 3 category by either DBT with 2DSM or
FFDM were excluded, which led to an inevitable participant selection bias. Second, this was
a retrospective single-center study with a small cohort of patients with no randomization of
study participants, which might not be representative of the general population or clinical
problems. Third, this study used its own rating system for visibility of microcalcifications,
which has not been officially validated, and results might be subjective. Lastly, as the aim
was to focus on pathological confirmation of suspicious microcalcifications, cases were se-

lected carefully to allow a focused and objective evaluation of detection. Further studies from
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other centers are recommended to validate these findings. Despite these limitations, the re-
sults of this study provide clues not only in diagnostic performance, but also in clinical oper-
ations such as stereotactic biopsy of suspicious breast microcalcifications.

In conclusion, this study showed that DBT with 2DSM enabled greater total diagnostic ac-
curacy and better visibility of suspicious breast microcalcifications compared to the conven-
tional FFDM option. Especially, DBT with 2DSM exhibited advantages in benign microcalcifi-
cations and in female with dense breasts. The direct comparison of these two imaging
modalities suggests a promising role for DBT with 2DSM as an accommodating tool for stereo-
tactic biopsy for female with suspicious breast microcalcifications in dense breasts. Thus, the
findings will assist clinicians in selecting optimal techniques for different patients and further
support the use of DBT with 2DSM in either a clinical or screening environment as a primary
imaging modality.
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