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Abstract

Objective: To date, few studies have compared the diagnostic performance
and visibility of microcalcifications obtained using digital breast tomo-
synthesis (DBT) with those obtained from full-field digital mammography
(FFDM). The visualization and characterization of microcalcifications with
DBT remain controversial. The purpose of this study was to compare the
visibility of microcalcifications and determine whether DBT exhibits a
diagnostic advantage for visualizing microcalcifications over FFDM. Me-
thods: We retrospectively reviewed 120 cases including DBT and FFDM
imaging (60 histologically verified as breast cancers and 60 as benign mi-
crocalcifications or normal). DBT images with a wide scan-angle of 50° and
FFDM images were obtained using a flat-panel system (MAMMOMAT In-
spiration, Siemens). Images were independently reviewed by four board-
certified radiologists and evaluated for the presence of microcalcifications,
probability of malignancy (BI-RADS classification), and visibility. Results:
In predicting the malignancy of detected microcalcifications, no significant
difference was found between readers’ areas under the receiver operating
characteristic curve for DBT and FFDM (p = 0.068). The visibility scores of
detected microcalcifications were 3.74 + 1.06 for DBT and 3.46 + 0.93 for
FFDM, respectively. The visibility of microcalcifications when using DBT
was found to be significantly superior to that of FFDM (p < 0.05). Conclu-
sion: Our results suggest that the image quality of DBT with a wide scan-
angle is comparable or superior to that obtained with FFDM in terms of
both visibility and assessment of microcalcifications.
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1. Introduction

Digital breast tomosynthesis (DBT) is an increasingly used technique for both
breast cancer screening and assessment, and it has shown promise in improving
the visualization and characterization of lesions [1] [2] [3]. DBT is a 3-dimensional
(3D) X-ray breast imaging method wherein high spatial resolution tomographic
images of the breast are reconstructed from multiple low-dose projection images
by rotating an X-ray tube in an arc around a digital detector. DBT provides in-
formation regarding the 3D aspect of the underlying tissue by imaging the breast
in thin slices so that tissue is not superimposed. The advantage of DBT in the
evaluation of mass, asymmetry, and architectural distortions has been well known,
with reproduced findings showing them exceeding the worth of conventional
mammographic images [4]. DBT shows a higher detection rate and diagnostic
accuracy for both benign and malignant mass-like lesions, with better sensitivity
and specificity and lower recall rates [5]. The combination of FFDM and DBT
improved breast cancer accuracy, decreased the false-negative rate, and in-
creased the sensitivity relative to using only FFDM [6]-[11]. However, this does
not apply to the assessment of microcalcifications and the detectability of mi-
crocalcifications using DBT remains controversial.

Mammography is considered the most important diagnostic tool in the detec-
tion and characterization of microcalcifications. Suspicious malignant microcal-
cifications usually present with specific morphologic features [12]. Approx-
imately 40% of breast cancers present microcalcifications [13], and more 90% of
ductal carcinoma in situ (DCIS) are diagnosed by the visualization of microcal-
cifications on mammography [14]. A careful characterization of microcalcifica-
tions morphology and distribution is essential to stratify the risk of malignancy
and to guide clinical management decisions, such as core needle biopsy or va-
cuum-assisted biopsy.

There are a few studies that mention the value of DBT in the visualization and
characterization of microcalcifications [15] [16] [17] [18] [19]. There is a dis-
crepancy of opinions regarding the value of DBT. Some authors suggest that
DBT underestimate microcalcification cluster classification relative to FFDM
[16] [17] [18] [19]. Therefore, recent studies have shown no definitive consensus
regarding the use of DBT in characterizing and detecting microcalcifications.
These studies opened the discussion about whether DBT is suitable for the in-
vestigation of microcalcifications. Notably, most studies used acquisition para-
meters characterized by relatively narrow scan angles and repetitively evaluated
DBT in association with 2D imaging [16] [17] [18]. Conversely, to date, the
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evaluation of microcalcifications using DBT with a wide scan-angle has been
scarce.

The scan-angle, along with the number of projections and distribution, is one
of the main acquisition parameters that affect the image quality of DBT [20]
[21]. The scan-angle is characterized by a high variability depending on the de-
vice, ranging from 15° (narrow angle) to 50° (wide angle). A wider angular range
is expected to enhance in-depth resolution. However, the optimal combination
with various acquisition parameters is currently a topic of intense discussion
[20].

The purpose of this study is to assess the performance of DBT with a wide
scan-angle for the detection and characterization of microcalcifications and to
compare the visibility of microcalcifications by DBT with that on FFDM, and to
investigate whether the information of DBT has an impact on the diagnostic ad-

vantage for microcalcifications.

2. Material and Methods

2.1. Case Selection

The institutional ethics committee approved this retrospective study. The need
for informed consent was waived. Inclusion criteria for the microcalcification
group were as follows: 1) availability of images from at least one breast with two
views in FFDM and DBT examinations; 2) histopathological verification of mi-
crocalcifications; and 3) From January 2014 to December 2016, 818 patients un-
derwent combined FFDM and DBT for diagnostic purposes. Finally, 246 exami-
nations performed in 244 patients (age, 26 - 82 years; mean age, 51 years) were
selected. A radiologist (N.U), who was not involved in interpreting for the study,
reviewed for appropriate case selection to create the data set.

The study cohort included 60 cases that were verified to have breast cancer by
histopathology and 47 cases of microcalcifications assessed as benign following
image-guided biopsy (Table 1). Propensity score matching was used to match
the cancer group in a 1:1 ratio with 13 normal cases from the screening exami-
nations performed at our institution during the study period. Normal cases were
defined by a final BI-RADS (Breast Imaging Reporting and Data System) score
of 1. Age and mammographic density were considered for matching. The final
study cohort included 120 patients. This selection process did not necessarily

cover the full range of lesions usually encountered in a clinical setting.

2.2. Image Acquisition

The patients underwent FFDM and DBT imaging of both breasts in the crani-
ocaudal (CC) and mediolateral oblique (MLO) positions using a standard DBT
system (Mammomat Inspiration, Siemens, Erlangen, Germany), that acquires 25
projections with a scan-angle of 50°. Two bilateral views were obtained in com-
bo mode (acquisition of 2D plus 3D images in the same session). An anode/filter
combination W/Rh was used with the same tube voltage as that for FFDM.
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Table 1. Histology results of the 107 cases that presented with microcalcifications selected
for the study.

Histology N
Malignant Ductal carcinoma in situ 38
Invasive ductal carcinoma 19
Invasive lobular carcinoma 1
Mucinous carcinoma 1
Invasive micropapillary carcinoma 1
(60)
Benign Fibrocystic changes 23
Atypical ductal hyperplasia 3
Sclerosing adenosis 3
Papilloma 2
Hyperplasia without atypia 2
Fibroadenoma 2
Unspecified benign lesions 12
(47)
Total 107

These images were automatically reconstructed into a series of 1 mm-thick slices

using the filtered back projection technique.

2.3.Image Assessment

Four radiologists specialized in breast imaging performed the readings (R.M.,
H.T,, T.Y., and I.M.). All readers had at least 8 years of clinical experience with
DBT. Readers were aware of the aim of the study, but they were blinded to the
presence and type of lesions, patients’ clinical history, or diagnosis.

All images were analyzed using a dedicated digital mammography worksta-
tion (Plissimo MG, Panasonic, Osaka, Japan) with a set of 5-MP monochrome
LCD monitors (MFGD5621HD, 2048 x 2560 pixels, 21.3 inch; BARCO, Tor-
hout, Belgium). Each reader conducted a separate analysis in a routine mammo-
graphy reading room. Every reader performed two reading sessions. During each
reading session, all the patients were randomized to 60 cases with FFDM and 60
cases with DBT. DBT readings were performed by scrolling through the exami-
nation. In addition, readers were allowed to use the magnification function for
both FFDM and DBT. Additional images (e.g., magnification views) were not
included in the present study. Similarly, slabs or other reconstructed images
were not available. To minimize the effects of learning and memory, a time gap
of least 4 weeks was imposed between reading sessions.

During interpretation, readers were asked to indicate whether they detected

microcalcification clusters. Readers were instructed to grade according to the
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American College of Radiology Breast Imaging reporting and data system
(BI-RADS) lexicon. Subsequently, readers were asked to assign rating on visibil-
ity (from 0 = no microcalcifications to 5 = microcalcifications clearly visible).
Visibility of microcalcifications was defined as sharper visualization with better

contrast against the background of breast parenchyma.

2.4. Statistical Analysis

All statistical calculations were performed on a per breast basis (taking the most
suspicious finding into consideration) using Ekuseru-Toukei 2015 (Social Survey
Research Information Co., Ltd., Japan). For the detection of microcalcifications
and the prediction of malignancy, BI-RADS scores were evaluated with a receiv-
er operating characteristic (ROC) analysis of variance. Curve fitting followed a
nonparametric trapezoidal method. Areas under the ROC curve (AUC) were
computed for each reader in each mode. To evaluate microcalcification conspi-
cuity and visibility, visibility scores of the microcalcifications detected with
FFDM and DBT were compared by paired t-test for each reader. A p-value of

less than 0.05 (two-sided) was considered statistically significant.

3. Results

3.1. Characteristics of the Microcalcifications

The distribution of microcalcifications among 107 cases was diffuse or regional
in 10 cases (9.3%), grouped in 52 (48.6%), and segmental in 45 (42.1%). Micro-
calcifications were classified as having coarse heterogeneous shape in 28 cases
(26.2%), amorphous shape in 57 (53.3%), fine pleomorphic shape in 14 (13.1%),
and fine linear shape in 8 (7.4%).

3.2. Average Glandular Dose (AGD)

The mean compressed breast thickness was 42.1 mm and 39.1 mm for CC and
MLO views, respectively. The mean AGD values in FFDM were 1.82 mGy
and 1.94 mGy for CC and MLO views, respectively. The mean AGD values in
DBT were 2.53 mGy and 2.63 mGy for CC and MLO views, respectively
(Table 2).

Table 2. Average glandular dose (AGD) for each projection in FFDM and DBT imaging
after correction for the actual breast composition.

Projection CBT (mm) AGD of FFDM (mGy) AGD of DBT (mGy)
RCC 42.3+11.7 (21 - 86) 1.03 £ 0.26 (0.66 - 1.88) 1.54 +0.49 (0.93 - 2.61)
LCC 42.0+11.0 (17 - 69) 1.00 £ 0.25 (0.59 - 1.86) 1.52 +0.36 (0.88 - 2.68)

RMLO 39.0+11.2 (18 -78) 1.03 £ 0.25 (0.60 - 1.94) 1.54 + 0.45 (0.90 - 2.68)
LMLO 39.1 +10.8 (15 - 69) 1.02 £ 0.26 (0.58 - 1.86) 1.52 +0.38 (0.87 - 2.80)

Data are presented as mean + SD (min.-max.). RCC: right craniocaudal, LCC: left craniocaudal, RMLO:
right mediolateral oblique, LMLO: left mediolateral oblique, CBT: compressed breast thickness.
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3.3. Diagnostic Performance and Descriptors

Results of the ROC analysis based on the BI-RADS score are shown in Table 3.
The mean AUC was 0.810 (range, 0.736 - 0.885) for DBT and 0.778 (range, 0.715
- 0.842) for FFDM. When comparing ROC curves, no significant differences
between modalities were found between readers (P = 0.148) (Table 3).

Diagnostic accuracy was 78.3% (mean; range, 71.0 - 82.2) for DBT and 70.6%
(mean; range, 66.4 - 95.2) for FFDM. The sensitivity was 63.3 - 88.3 for DBT and
55.7 - 81.7 for FFDM. The specificity was 84.5 - 88.7 for DBT and 83.0 - 89.4 for
FFDM.

3.4. Visibility

The visibility scores for microcalcifications with FFDM and DBT is shown in
Table 4. Visibility score was 3.74 + 1.06 for DBT and 3.46 + 0.93 for FFDM. The
visibility of DBT was significantly superior to that for FFDM (P = 0.019). For
malignant lesions, the DBT score was also significantly higher than the FFDM
score (P < 0.05) (Figure 1, Figure 2). Of note, DBT scores for malignant lesions
were significantly higher than those for benign lesions (4.08 + 0.93 vs. 3.29 *
1.06; P < 0.05).

4. Discussion

The main purpose of this study was to understand whether microcalcifications,
once identified, are better seen with DBT. Our results demonstrate that micro-
calcifications of all types are seen as well or with greater clarity on DBT studies
than on 2D mammography FFDM.

The accurate detection and evaluation of microcalcifications are important for

Table 3. Readers’ AUCs based on the BI-RADS score for FFDM and DBT.

FFDM DBT
AUC S.E 95% CI AUC S.E 95% CI
Reader 1 80.5 3.8 73.0-87.8 85.5 3.6 78.5-92.5
Reader 2 74.5 4.2 66.2 - 82.7 79.4 3.9 71.8 - 86.9
Reader 3 82.1 3.5 75.3-88.8 84.1 3.3 77.5-90.6
Reader 4 74.4 4.0 66.5 - 82.3 75.3 4.1 67.3-83.2

FFDM: full-field digital mammography, DBT: digital breast tomosynthesis, AUC: area under the curve, CI:
confidence interval, S.E.: standard error.

Table 4. Mean visibility score ratings for FFDM and DBT.

FFDM DBT
Total microcarcifications 3.46 +0.93 3.74 + 1.06 P =0.019*
Malignant lesions 3.73£0.92 4.08 £0.93 P =0.025*
Benign lesions 3.11+0.84 3.29 + 1.06 P=0.335
Data are presented as mean * SD.
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Figure 1. Images from a 49-year-old woman with ductal carcinoma in situ show amorphous
to fine pleomorphic calcifications in a segmental distribution in the left breast. (Left)
Full-field digital mammography (FFDM). (Right) The digital breast tomosynthesis (DBT)
study shows the calcification more clearly as seen on this single slice.

Figure 2. Images from a 53-year-old woman with ductal carcinoma in situ show amorph-
ous to coarse heterogeneous calcifications in a grouped distribution in the right breast.
(Left) Full-field digital mammography (FFDM). (Rjght) The digital breast tomosynthesis
(DBT) study shows the calcification more clearly as seen on this single slice.
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the diagnosis of breast lesions. Some studies demonstrated that FFDM appears
to be more sensitive than DBT for the detection of calcification. Spangler et al.
reported that FFDM sensitivity was higher than DBT sensitivity (84% and 75%)
[16]. The result is similar to that of a comparative study by Poplack et al [18].
They showed that in 73% of the cases, microcalcifications were seen with inferior
image quality with DBT. Tagliafico et al also reported that malignant clusters of
microcalcifications could be undetected with DBT but could be easily detected
with FFDM [19]. They performed the study using DBT with a narrow scan-angle
(15° projections). Conversely, Kopans et al reported that the clarity of DBT im-
ages in 92% cases was equal to or better than that of FFDM and was judged to be
better than FFDM in almost half of cases [15]. A more recent study by Byun et
al. compared DBT and FFDM with a wide scan-angle obtained from specimens.
They also found that DBT image quality appeared to be comparable with or bet-
ter than FFDM image quality in demonstrating microcalcifications [22]. These
studies showed that, with an adequate image acquisition and reconstruction
protocol, DBT and FFDM performance in the visualization of microcalcifica-
tions was comparable [23] [24].

Our results from using DBT with a wide scan-angle (50°) confirm the useful-
ness of DBT in the detection and classification of microcalcifications. A wide
scan-angle allows the acquisition of more data and an increased contrast and
better separation of soft tissue lesions from the normal parenchyma [21]. In the
preliminary phantom study comparing narrow-angle and wide-angle DBT, nar-
row-angle DBT was reported to visualize a finer diameter than wide-angle DBT
[25]. Our results, as well as those of other studies, support the use of DBT in the
diagnoses of microcalcifications, and might suggest the possibility of using DBT
as a stand-alone technique [26] [27] [28].

The visibility rating of DBT was significantly superior to that of FFDM. In ad-
dition, the visibility scores were lower for benign microcalcifications. We hy-
pothesized this could be related to the microcalcification distribution (Ze., dif-
fuse and regional microcalcifications may be more difficult to assess on DBT
slices than segmental or grouped microcalcifications) or on the variable nature
of the microcalcifications and their association with surrounding soft tissue
findings, such as masses, asymmetries, or architectural distortions [29]. Micro-
calcifications partially obscured by normal breast tissue were not clearly visible
on FFDM. DBT generates multiple projections by rotating the X-ray arm over a
limited angular range. Therefore, by reducing the structural noise of the normal
breast, microcalcifications that were hidden on FFDM were more clearly visible
on DBT [30] [31].

Our study has a number of limitations. First, the study was a retrospective
analysis of cases performed at a single center, and the patients were not rando-
mized, which may not accurately represent the clinical problem. Second, our in-
stitution is a referral hospital which in itself might affect the study population as

we have a higher proportion of patients with malignant lesions. Therefore, the
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proportion of malignancy in our cohort is higher than that in the general popu-
lation. This question would require a much larger and more complex review.
Third, we only tested one DBT system; consequently, our results may not be
transferable to other DBT systems with detector characteristics, angular scan

range, reconstruction algorithms, and image noise.

5. Conclusion

DBT with a wide scan-angle enables the visualization and characterization of
microcalcifications at a level comparable to that of FFDM. The image quality of
DBT with a wide scan-angle is comparable to or better than that obtained with
FFDM, both in terms of observation and visibility of microcalcifications. There-
fore, DBT can be considered appropriate for the evaluation of microcalcifica-

tions.
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