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Abstract

Objective To compare the performance of synthetic mammography (SM) and digital mammography (DM) with digital breast
tomosynthesis (DBT) or alone for the evaluation of microcalcifications.

Methods This retrospective study includes 198 mammography cases, all with DM, SM, and DBT images, from January to October
2013. Three radiologists interpreted images and recorded the presence of microcalcifications and their conspicuity scores and final
BI-RADS categories (1, 2, 3, 4a, 4b, 4c, 5). Readers' area under the ROC curves (AUCs) were analyzed for SM plus DBT vs. DM
plus DBT and SM alone vs. DM alone using the BI-RADS categories for the overall group and dense breast subgroup.

Results Conspicuity scores of detected microcalcifications were neither significantly different between SM and DM with DBT
nor alone (p>0.05). In predicting malignancy of detected microcalcifications, no significant difference was found between
readers' AUCs for SM and DM with DBT or alone in the overall group or dense breast subgroup (p>0.05).

Conclusions Diagnostic performances of SM and DM for the evaluation of microcalcifications are not significantly different,
whether performed with DBT or alone.

Key Points

* In DBT-imaging, SM and DM show comparable performances when evaluating microcalcifications.

» For BI-RADS classification of microcalcifications, SM and DM show similar AUCs.

* DBT with SM may be sufficient for diagnosing microcalcifications, without DM.
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Abbreviations Introduction
AUC Area under the receiver operating

characteristic curve Calcifications are frequently found on mammography and
BI-RADS Breast Imaging Reporting and Data System can be seen in both benign and malignant cases.
DBT Digital breast tomosynthesis Calcifications associated with malignancy usually present
DM Digital mammography as microcalcifications with specific morphologic features
ICC Intraclass correlation coefficient [1, 2]. Mammography is considered the most important
SM Synthetic mammography diagnostic tool in the detection and characterization of

microcalcifications, because microcalcification morphology
cannot be fully interpreted with other breast imaging mo-
dalities (e.g., ultrasound, magnetic resonance imaging)
alone. Two-view digital mammography (DM) can depict
microcalcifications with extreme accuracy, because of its
inherent high contrast resolution, tailored to reveal calcifi-
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an important role in differentiating malignant and benign
microcalcifications [5, 6].
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Digital breast tomosynthesis (DBT) provides a three-
dimensional view of the breast through a series of thin-slice
images. This technique can facilitate discrimination between
normal breast tissue and lesions by reducing tissue overlap
which may mask or mimic breast abnormalities [7]. Early
clinical studies showed that adding two-view DBT to standard
DM has at least equal or higher accuracy than DM alone, but
these results were mainly due to increased diagnostic accuracy
for non-calcified lesions [3, 812]. However, there is little
evidence that DBT improves the diagnostic accuracy for
microcalcifications [4, 13, 14]. Rather, some studies reported
that DBT alone has a lower sensitivity in detecting and char-
acterizing calcifications compared to DM [4, 14]. Because of
concerns with difficulty in detecting and interpreting
microcalcification groups with DBT alone, DBT has been
used with DM for breast cancer screening [4]. In multiple
population-based studies, this combination of DBT and DM
has shown higher accuracy than DM alone in both screening
and diagnostic settings for breast cancer [9, 15-19]. However,
combining DBT and DM increases radiation dose compared
to DM alone, and this is a major drawback when screening the
general population [20, 21]. To address this issue, the DBT
industry developed two-dimensional (2-D) synthetic mam-
mography (SM) from data obtained during DBT acquisition
as an alternative to DM. Several recent clinical studies showed
that SM plus DBT or SM alone has comparable performance
to DM plus DBT or DM alone [22—-24], but, to our knowledge,
very few reports have compared SM and DM for
microcalcifications. Hence, the purpose of this study was to
compare the performance of SM and DM with DBT or alone
for the evaluation of microcalcifications.

Materials and methods
Case selection

This study was conducted retrospectively and was approved
by the institutional review board. Informed consent was
waived. From January to October 2013, 1421 women
underwent combined DM and DBT at a single tertiary referral
centre, for diagnostic or screening purposes (Fig. 1). Inclusion
criteria for the microcalcification group were as follows:
women who had (1) microcalcifications (diameter < 1 mm)
that presented solely without associated mammographic find-
ings, (2) no clinical symptoms, and microcalcifications detect-
ed with screening DM performed at our hospital or other hos-
pitals which referred the women for proper management, and
(3) final diagnoses for microcalcifications based on histopath-
ologic results or based on typical imaging findings only if the
microcalcifications were stable on follow-up imaging. Of
1421 patients, 88 patients had microcalcifications that present-
ed without associated mammographic findings. Among them,
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11 patients were excluded (Fig. 1). Finally, 154 mammogra-
phy cases were obtained from 77 women who underwent
mammography for both breasts (Fig. 1). Among the 154
cases, there were 90 microcalcification cases and 64 negative
mammography cases.

Sample size was calculated to provide 80% power to detect
a difference of 10 % in area under the receiver operating char-
acteristic curve (AUC) for microcalcification detection be-
tween SM and DM with DBT or alone, with a two-sided
significance level of 5%. Based on previous studies on
microcalcification detection, we assumed an AUC of 0.88
for DM [12, 23], a ratio of 1.2 between no detection and
detection cases and a rating correlation coefficient of 0.4
among cases within the same subjects. Therefore, with 90
microcalcification cases, 108 normal cases were required to
have 80% power [25]. Forty-four additional negative mam-
mography cases were thus required and selected for the final
study cohort (SPSS statistical software). We referenced previ-
ous studies published from our institution and the Asian pop-
ulation breast density distribution [26-28], and considered the
dense breast (heterogeneously or extremely dense) to non-
dense breast (almost entirely fatty or scattered areas of
fibroglandular density) ratio to be 3:1 [26-28]. We therefore
collected 32 dense breast cases from 16 women and 12 non-
dense breast cases from six women who had a negative mam-
mography during the study period.

The final study cohort included 90 mammography cases
with microcalcifications and 108 negative mammography
cases from 99 women (mean age, 50.9 years), with DBT,
SM and DM images (Fig. 1).

Imaging technique

All patients underwent DBT and DM (two-view: craniocaudal
and mediolateral oblique) for both breasts on the same mam-
mography unit (Selenia Dimensions; Hologic, Bedford, MA,
USA). DBT and DM images of each breast were sequentially
obtained during a single breast compression per view.
Automated exposure control was employed. The imaging sys-
tem automatically estimated the average glandular dose
(AGD). SM images were generated from the DBT dataset
for each case with image processing software (C-View for
Hologic; version 1.0.0.1) [29, 30]. Finally, three image sets
(DM, SM, and DBT) were available for each case.

Reading study

Three breast radiologists (E.Y.K., C.J.S. and G.R.K. with 15,
7, and 4 years of experience in breast imaging, respectively)
participated in this reading study. The radiologists were asked
to interpret data sets composed of a combination of 2-D im-
ages (SM or DM) and associated DBT images, or a combina-
tion of 2-D images (SM or DM) alone. The cases within each
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From Jan to Oct 2013, 1421 consecutive women
performed combined DM and DBT for both breasts at our institution

Diagnostic, referred from external
screening institution
(313 women)

Screening, at our institution
(709 women)

Diagnostic, referred from our institution
(399 women)

652 Excluded (women with clinical symptoms; women

whose predominant mammographic abnormality were non-
calcified lesions or macrocalcifications)

88 women who had microcalcifications that presented
solely without associated other mammographic findings

681 women who had negative mammography

11 Excluded
(2 women with BI-RADS category 4 for which
biopsy was not performed; 9 women with BI-RADS
category 3 for which imaging follow-up was
performed but their final diagnoses were not
established)

659 Excluded
(unselected women after random selection)

77 women with 90 microcalcifications
(13 women had microcalcifications in both breasts; 64
women had microcalcifications in one breast and
negative findings in the other breast )

22 women with negative findings for both breasts were
randomly selected

198 mammography sets (DM, DBT, SM) obtained from 99 women of final study cohort

90 mammography with microcalcifications

108 negative mammography

Fig. 1 Flow chart of the study population

data set were arranged randomly. Data sets were reviewed
with an interval of at least three weeks. To minimize learning
bias, we concealed the names, ages, identification numbers,
and image parameters of the patients during the review. Any
information on patient history, findings detected with other
imaging modalities, or histopathologic diagnosis was also
concealed and the radiologists interpreted images at the same
workstation (SecurView; Hologic) independently.

The readers recorded the presence of microcalcifications in
each breast. If the readers detected microcalcifications on SM
or DM images, they recorded the group size, anatomic loca-
tion (left or right, clock position, and distance from nipple)
and conspicuity scores [1 if microcalcifications were possibly
present (low conspicuity), 2 if probably present (medium con-
spicuity), and 3 if definitely present (high conspicuity)]. When
the readers detected multiple lesions in the same breast, they
documented the size and location of each microcalcification
group to avoid confusion during data analysis. Then, they
assessed the morphology and distribution of the detected
microcalcifications with the BI-RADS lexicon by using the

magnifier window offered by the dedicated workstation.
Finally, the readers assessed the detected lesions by BI-
RADS category (1, 2, 3, 4a, 4b, 4c, or 5) to predict malignant
calcifications [1], and they did not consider findings of other
images including additional magnification view obtained for
proper management.

Data and statistical analysis

Final diagnoses of the 90 microcalcification cases were
based on histopathologic results of surgical excision
(n=57), stereotactic vacuum-assisted biopsy (n=10), or based
on typical benign findings (BI-RADS category 2) if they
were stable on follow-up mammography for over two years
prior to the commencement of this study (n=23). Surgical
excision or stereotactic biopsies were performed on
microcalcifications assessed as BI-RADS 4a or higher
(n=63) and category 3 microcalcifications at patient request
(n=4). There were 42 malignant and 48 benign
microcalcifications in 77 patients (Table 1) (Fig. 1.).
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Table 1 Final diagnoses of 90 microcalcification cases in 77 women
Type Histopathologic diagnosis ~ Number of cases (%)
Malignant (n=42) Invasive ductal carcinoma 26 (61.9)
Ductal carcinoma in situ 12 (28.5)
Invasive lobular carcinoma 2 (4.8)
Mucinous carcinoma 2 (4.8)
Benign (n=48) Fibrocystic change 5(10.4)
Columnar cell change 5(104)
Atypical ductal hyperplasia 3 (6.3)
Lobular carcinoma in situ 3(6.3)
Mucocele-like lesion 3(6.3)
Stromal fibrosis 3(6.3)
Intraductal papilloma 2(4.2)
Sclerosing adenosis 1(2.0)
N/A* 23 (47.8)

Thirteen women had calcifications in both breasts, and 64 women had
calcifications in one breast

*These were assessed as BI-RADS 2, and all were stable or decreased on
follow-up mammography for over two years

N/A, not available

To establish reference mammographic findings of the
study cohort, two radiologists (B.K.H. and E.S.K.) deter-
mined the presence of microcalcifications and the mor-
phology of the microcalcifications on SM and DM images
in consensus. These radiologists did not participate in the
reading study, and were informed of final histological di-
agnoses and findings with other imaging modalities. They
also rated mammographic breast density according to BI-
RADS classes (almost entirely fatty, scattered areas of
fibroglandular density, heterogeneously dense, or ex-
tremely dense) with DM images [1].

To compare microcalcification conspicuity, conspicuity
scores of the calcifications detected with SM and DM with
DBT and alone were compared by Wilcoxon's signed rank test
for each reader. Readers' decisions on morphology, distribu-
tion, and BI-RADS category for detected microcalcifications
were compared between SM and DM with DBT and alone
using the chi-square test.

We evaluated the AUC, sensitivity and specificity of SM
and DM with DBT and alone in the assessment of 198 mam-
mography cases in 99 patients. The sensitivity and specificity
as well as the AUC of each reader were also assessed based on
final diagnosis for SM and DM with DBT or alone.

AUC was calculated for the prediction of malignant
microcalcifications using the BI-RADS categories (1, 2, 3,
4a, 4b, 4c, 5). Readers' AUCs for SM and DM with DBT or
alone were analysed and compared using a nonparametric
approach. For the detection of microcalcifications, the AUCs
could not be calculated because there were no false positive
cases for any of the readers [31].
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Sensitivities and specificities for SM and DM were
assessed. Positive and negative results were defined different-
ly for detecting overall calcifications and for predicting malig-
nant calcifications. For detecting overall calcifications, BI-
RADS categories 2-5 defined positive results and BI-RADS
category 1 defined negative results. Sensitivity was calculated
as case number of test positives per case number of overall
calcifications (both benign and malignant), and specificity as
case number of test negatives per case number of overall neg-
ative mammograms. For predicting malignant calcifications,
BI-RADS categories 3-5 defined positive results and BI-
RADS categories 1-2 defined negative results. Sensitivity
was calculated as case number of test positives per case num-
ber of malignant calcifications, and specificity as case number
of test negatives per case number of negative mammograms
and typical benign calcifications. Statistical differences in sen-
sitivities and specificities for SM and DM were analysed by
the generalized estimating equation (GEE) to adjust for corre-
lation of mammographic outcomes within radiologists [32].

Interobserver agreements between the three readers for the
final BI-RADS category and conspicuity score were analysed
with the intraclass correlation coefficient (ICC) and 95%
Bland-Altman limits of agreement. The ICC defined interob-
server agreements as follows: poor, 0.00-0.20; fair, 0.21-0.40;
moderate, 0.41-0.60; good, 0.61-0.80; and excellent, 0.81-1.00.

Statistical analyses were performed using SAS statistical
software (SAS system for Windows, version 9.1.3; SAS insti-
tute, Cary, NC, USA) for the overall study cohort and dense
breast subgroup (heterogencously or extremely dense on
mammographic density), respectively. P < 0.05 was consid-
ered statistically significant.

Results

AGD values for DBT and DM were 1.91+0.48 (meanstan-
dard deviation) and 1.94+0.70 mGy, respectively, for the
craniocaudal view, and 1.90+0.52 mGy and 1.87+0.81, re-
spectively, for the mediolateral oblique view. The breast

Table2  Conspicuity scores of detected calcifications with SM and DM
for each reader

With DBT Without DBT

SM DM P SM DM p
Reader 1 2(2-3) 223 014 323 223 007
Reader2 3(2-3) 3(23) 067 333 333 057
Reader3 2(1-2) 2(1-2) 024 2(1-3) 2(1-3) 090

Data are presented as median values (interquartile range)

DBT, digital breast tomosynthesis; SM, synthetic mammography; DM,
digital mammography
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Fig. 2 ROC curves based on the probability of malignancy ratings for all
breasts; (a) Readers” AUCs for SM plus DBT (left; range 0.88-0.94) and
DM plus DBT (right; range 0.87-0.94) were not significantly different
(»p=0.90). b Readers’ AUCs for SM (left; range 0.93-0.94) and DM alone

density distribution of the 198 mammographies were as fol-
lows: four almost entirely fatty (2.0%), 22 scattered areas of
fibroglandular density (11.1%), 108 heterogeneously dense
(54.6%), and 64 extremely dense (32.3%). Of these, hetero-
geneously or extremely dense (n=172) cases were included in
the dense breast group.

Conspicuity scores of the microcalcifications were not signif-
icantly different between SM and DM with DBT or alone for all
readers (p>0.05) (Table 2). There was also no statistical differ-
ence in the radiologists’ decisions on morphology, description,
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(right; range 0.89-0.92) were not significantly different (»=0.51). ROC,
receiver operating characteristic; AUC, area under the ROC curve. DBT,
digital breast tomosynthesis; SM, synthetic mammography; DM, full-

field digital mammography

and BI-RADS category of detected microcalcifications between

SM and DM with DBT or alone.
There was no statistically significant difference in readers’

AUCs between SM and DM with DBT or alone for predicting
the probability of malignancy with BI-RADS ratings in all
breasts (p>0.05) (Fig. 2). For the dense breast group, AUC
differences between SM and DM with DBT or alone were not
significantly different (p>0.05) (Fig. 3).

Sensitivities and specificities for detecting overall
microcalcifications are presented in Table 3. When

@ Springer



Eur Radiol (2019) 29:319-329

324
a VS.
SM plus DBT P=0.99 DM plus DBT
ROC Curves for Comparisons ROC Curves for Comparisons
1.00 1.00 D
0.75 0.75 7
> >
s / E
3 050 | 3 0.50
g i g
] if ]
|
025 | 0.25 -
0.00 - 0.00 -
T T T T T T T T T T
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
1 - Specificity 1 - Specificity
ROC Curve (Area) ROC Curve (Area)
Reader1 (0.87) Reader2 (0.89) Reader1 (0.92) Reader2 (0.85)
Reader3 (0.93) Reader3 (0.93)
b VS.
SM alone P=0.52 DM alone
ROC Curves for Comparisons ROC Curves for Comparisons
1.00 1.00 7| ————————
‘ }'tlf'“’f
0.75 1 0.751 /)
2z 2z
2 3
% 050 % 0.50
f=4 [
Q Q
» / »
|
i
0.25 | 0.25
0.00 | 0.00 -
T T T T T T T
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
1 - Specificity 1 - Specificity

ROC Curve (Area)

Reader1 (0.92)
Reader3 (0.94)

Reader2 (0.92)

Fig.3 ROC curves based on the probability of malignancy ratings for the
dense breast group; (a) Readers’ AUCs for SM plus DBT (left; range
0.87-0.93) and DM plus DBT (right; range 0.85-0.93) were not
significantly different (p=0.99). b Readers’” AUCs for SM (left; range

detecting calcifications with SM plus DBT and DM plus
DBT, the readers' sensitivities were not significantly differ-
ent for all breasts (SM plus DBT 85.6-95.6% vs, DM plus
DBT 87.8-94.4%), while specificities were 100%. For the
dense breast group, there was no statistically significant
difference in sensitivities and specificities between SM
and DM with DBT or alone (p >0.05). For SM and DM
alone for all breasts, reader 2 and 3 showed higher sensi-
tivities with SM than DM, while the sensitivity of reader 1
was higher with DM than SM. Overall, the difference
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ROC Curve (Area)

Reader1 (0.90)
Reader3 (0.87)

Reader2 (0.91)

0.92-0.94) and DM alone (right; range 0.87-0.91) were not significantly
different (p=0.52). ROC, receiver operating characteristic; AUC, area
under the ROC curve. DBT, digital breast tomosynthesis; SM, synthetic
mammography; DM, full-field digital mammography

between SM and DM alone was borderline statistically sig-
nificant (p=0.05). For the dense breast group, there were no
significant differences either in the readers' sensitivities or
specificities with SM and DM alone (p >0.05).
Sensitivities and specificities for predicting malignant
microcalcifications are presented in Table 4. For predicting
malignant calcifications with SM plus DBT and DM plus
DBT for all breasts, the readers’ sensitivities and specific-
ities were not statistically significantly different between the
two combined modes (p>0.05). For predicting malignant



Eur Radiol (2019) 29:319-329 325
Table 3  Sensitivities and specificities of SM and DM for each reader in detecting overall microcalcifications
With DBT Without DBT
SM DM p SM DM p
All breasts (n=198)*
Sensitivity 0.62 0.05
Reader 1 85.6 (77/90; 78.3-92.8) 92.2 (83/90; 86.7-97.8) 86.7 (78/90; 79.6-93.7) 88.9 (80/90; 82.4-95.4)
Reader 2 91.1 (82/90; 85.2-97.0) 87.8 (79/90; 81.0-94.5) 84.4 (76/90; 77.0-91.9) 78.9 (71/90; 70.5-87.3)
Reader 3 95.6 (86/90; 91.3-99.8) 94.4 (85/90; 89.7-99.2) 90.0 (81/90; 83.8-96.2) 82.2 (74/90; 74.3-90.1)
Specificity N/A N/A
All Readersf  100.0 (108/108; 100.0 (108/108; 100.0 (108/108; 100.0 (108/108;
100.0-100.0) 100.0-100.0) 100.0-100.0) 100.0-100.0)
Dense breasts (n=172)F
Sensitivity 0.62 0.10
Reader 1 84.3 (70/83; 76.5-92.2) 91.6 (76/83; 85.6-97.5) 86.7 (72/83; 79.5-94.0) 90.4 (75/83; 84.0-96.7)
Reader 2 90.4 (75/83; 84.0-96.7) 86.7 (72/83; 79.5-94.0) 85.5 (71/83; 78.0-93.1) 80.7 (67/83; 72.2-89.2)
Reader 3 95.2 (79/83; 90.6-99.8) 94.0 (78/83; 88.9-99.1) 91.6 (76/83; 85.6-97.5) 83.1 (69/83; 75.1-91.2)
Specificity N/A N/A
All Readersi  100.0 (89/89; 100.0-100.0)  100.0 (89/89; 100.0-100.0) 100.0 (89/89; 100.0-100.0)  100.0 (89/89; 100.0-100.0)

*Breast-based assessment of 198 breasts in 99 patients

TBreast-based assessment of 172 dense breasts in 86 patients

Positive test results for the presence of microcalcifications were defined with BI-RADS category 2 or higher

Sensitivities are presented as percentages (case number of test positives/ case number of overall calcifications; 95% confidence interval of sensitivities)

Specificities are presented as percentages (case number of test negatives/ case number of overall negative mammograms; 95% confidence interval of

specificities).
tAll readers showed 100% specificities.

DBT, digital breast tomosynthesis; SM, synthetic mammography; DM, digital mammography

N/A: not available

calcifications with SM and DM alone, the readers' sensitiv-
ities were statistically significantly higher with SM com-
pared to DM.(p=0.01) for all breasts and the dense breast
group (p=0.02), but the readers’ specificities were not sig-
nificantly different for all breasts and the dense breast
group (p>0.05) (Fig. 4).

Interobserver agreements of the three readers are presented
in Table 5. For BI-RADS final assessment category, SM and
DM showed good to moderate interobserver agreement both
with DBT and alone. For conspicuity scoring, the combined
modes of SM and DM with DBT showed moderate agreement,
while the SM and DM alone modes showed fair agreement.

Discussion

In this study, we compared the diagnostic performances of SM
and DM with DBT and alone for the evaluation of
microcalcifications. For SM and DM with DBT, there were
no significant differences in the readers' sensitivities and spec-
ificities either in detecting overall microcalcifications or in
predicting malignant microcalcifications. Additionally, the

readers' AUCs for SM plus DBT were not significantly different
compared to DM plus DBT for BIRADS category ratings. For
SM and DM alone, all readers showed statistically significantly
higher sensitivities for detecting overall microcalcifications
with SM compared to DM alone for the dense breast group,
although the difference in sensitivities between SM and DM
only showed borderline statistical significance for all breasts.
In predicting malignant microcalcifications; however, all
readers showed significantly higher sensitivities with SM alone
than DM alone for both all breasts and the dense breast group.
This may reflect that SM may be slightly more sensitive than
DM for detecting and characterizing microcalcifications,
which, in our experience, may be due to the more dense appear-
ance of microcalcifications on SM than DM. Consequently, we
believe that SM plus DBT may replace DM plus DBT for the
diagnosis of microcalcifications as an alternative approach
which has already been substantiated in the diagnosis of non-
calcified breast lesions [11, 12].

In a previous study comparing DM and DBT to character-
ize microcalcifications, lower BI-RADS categories were
assigned with DBT compared to DM in a few cases (11/
107), although most microcalcifications were classified
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Table 4  Sensitivities and specificities of SM and DM for each reader in predicting malignant microcalcifications

With DBT Without DBT
SM DM P SM DM )4
All breasts (n=198)*
Sensitivity 0.83 0.01
Reader 1 78.6 (33/42; 66.2-91.0) 83.3 (35/42;72.1-94.6) 88.1(37/42;78.3-97.9) 83.3 (35/42; 72.1-94.6)
Reader2  88.1(37/42;78.3-97.9) 85.7 (36/42; 75.1-96.3) 95.2 (40/42; 88.8-100.0) 88.1(37/42; 78.3-97.9)
Reader 3 90.5 (38/42; 81.6-99.4) 90.5 (38/42; 81.6-99.4) 97.6 (41/42; 93.0-100.0) 81.0 (34/42; 69.1-92.8)
Specificity 0.19 0.35
Reader 1 90.4 (141/156; 85.8-95.0)  89.1 (139/156; 84.2-94.0) 87.2 (136/156; 81.9-92.4)  83.3 (130/156; 77.5-89.2)
Reader2  86.5 (135/156; 81.2-91.9)  84.6 (132/156; 79.0-90.3) 85.3 (133/156; 79.7-90.8)  86.5 (135/156; 81.2-91.9)
Reader3  86.5 (135/156; 81.2-91.9)  84.6 (132/156; 79.0-90.3) 88.5 (138/156; 83.4-93.5)  87.2 (136/156; 81.9-92.4)
Dense breasts (n=172)1
Sensitivity 0.67 0.02
Reader 1 76.3 (29/38; 62.8-89.8) 84.2 (32/38; 72.6-95.8) 86.8 (33/38; 76.1-97.6) 81.6 (31/38; 69.3-93.9)
Reader2  86.8 (33/38; 76.1-97.6) 84.2 (32/38; 72.6-95.8) 94.7 (36/38; 87.6-100.0) 89.5 (34/38; 79.7-99.2)
Reader 3  89.5(34/38; 79.7-99.2) 89.5 (34/38; 79.7-99.2) 97.4 (37/38; 92.3-100.0) 78.9 (30/38; 66.0-91.9)
Specificity 0.13 0.27
Reader 1  88.8 (119/134; 83.5-94.1)  87.3 (117/134; 81.7-92.9) 85.8 (115/134;79.9-91.7)  80.6 (108/134; 73.9-87.3)
Reader 2 84.3 (113/134; 78.2-90.5)  82.1 (110/134; 75.6-88.6) 82.8 (111/134;76.5-89.2)  84.3 (113/134; 78.2-90.5)
Reader3  85.1 (114/134;79.0-91.1)  82.1 (110/134; 75.6-88.6) 86.6 (116/134; 80.8-92.3)  85.1 (114/134; 79.0-91.1)

*Breast-based assessment of 198 breasts in 99 patients
TBreast-based assessment of 172 dense breasts in 86 patients

Positive test results for malignant microcalcifications were defined with BI-RADS category 3 or higher

Sensitivities are presented as percentages (case number of test positives/ case number of malignant calcifications; 95% confidence interval of

sensitivities)

Specificities are presented as percentages (case number of test negatives/ case number of overall negative mammograms and typical benign calcifica-

tions; 95% confidence interval of specificities).

DBT, digital breast tomosynthesis; SM, synthetic mammography; DM, digital mammography

similarly [14]. The authors suggested that some dust-like
microcalcifications were less visible on DBT images com-
pared to DM to explain this result. In our study, we found that
for all readers, the sensitivities of SM plus DBT (78.6-90.5%)
tended to be lower than SM alone (88.1-97.6%) for predicting
malignant calcifications, although this tendency was not clear
for DM with DBT or alone. In fact, all malignant cases which
were assessed as positive with SM alone but as negative with
SM plus DBT showed lower conspicuity scores with SM plus
DBT than SM alone, and most presented as amorphous or
punctate microcalcifications on SM (Reader 1, 5/6; Reader
2, 3/4; Reader 3, 3/3). Considering the previous study [14]
and our results together, SM plus DBT might have shown a
tendency for lower sensitivity compared to SM alone because
some microcalcifications may be less conspicuous on DBT
compared to 2-D mammography and this may cause an
underclassification of the BI-RADS categories with the com-
bined DBT plus 2-D mammography mode. Therefore, we
believe that if radiologists determine the final BI-RADS cate-
gory of microcalcifications with more focus on SM findings
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than DBT findings, the sensitivities of SM plus DBT may be
further improved.

For the dense breast subgroup, SM and DM showed similar
diagnostic performances to the overall group both with DBT
and alone. This may be because a majority of our patients had
dense breasts (86.9%, 172/198), which was concordant with
proportions (66-88%) previously reported for Asian women
[26-28]. SM and DM also showed similar ICC values with
DBT and alone. SM and DM with DBT and alone showed
moderate to good interobserver agreements (0.60-0.61) for
the final assessments of BI-RADS categories, and fair to mod-
erate agreements (0.31-0.57) in conspicuity scoring. Low ICC
values of SM and DM in conspicuity scoring is probably due to
the fairly subjective aspect of its method. ICC values of SM and
DM for the BI-RADS classification may have been relatively
high compared to ICC values for conspicuity scoring, because
the radiologists of our reading studies were highly trained in
interpreting microcalcifications with BI-RADS [1]. Our study
was not a non-inferiority trial, but our overall results suggest
that SM may replace dose-requiring DM for detecting and
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Fig. 4 A 51-year-old woman with microinvasive ductal carcinoma and
extremely dense breast tissue: (a) Craniocaudal SM (left) and DM (right)
images and (b) mediolateral oblique SM (left) and DM (right) images
demonstrate multiple grouped microcalcifications (arrows) in the right
upper outer beast. (¢) Magnified region of interest for mediolatereal
oblique SM (left) and DM (right) images demonstrate suspicious

microcalcifications (arrows). All readers detected microcalcifications
with SM and DM alone. They assessed the lesions as punctate or
amorphous and categorized them as BI-RADS 3 or 4a. These
microcalcifications were diagnosed as microinvasive ductal carcinoma
by stereotactic vacuum-assisted biopsy. SM, synthetic mammography;
DM, digital mammography

Table 5 Interobserver
agreements of diagnostic

With DBT

Without DBT

performances of SM and DM
SM

DM SM DM

BI-RADS category
Conspicuity score

0.60 (0.55-0.64)
0.57 (0.36-0.72)

0.61 (0.57-0.66)
0.39 (0.08-0.61)

0.62 (0.58-0.66)
0.53 (0.30-0.69)

0.61 (0.56-0.65)
0.31 (0.02-0.55)

Data represented by the intraclass correlation coefficient value (95% confidence interval)

DBT, digital breast tomosynthesis; SM, synthetic mammography; DM, digital mammography

@ Springer



328

Eur Radiol (2019) 29:319-329

characterizing microcalcifications in patients undergoing DBT-
based imaging without any loss in performance.

A recent study which compared microcalcification de-
tectability in an anthropomorphic phantom between DM,
SM, and DBT images, found that the rates of correct as-
sessments for the number, size, and shape of simulated
microcalcifications were significantly higher in DM than
in SM [33]. By comparing this study’s results with ours,
we inferred the reason for different results on in vitro and
in vivo settings. The phantom study evaluated diagnostic
accuracy for size, number, and shape of microcalcifications,
separately. However, in our study, readers diagnosed
microcalcifications by evaluating individual characteristics
(size, number, shape) comprehensively, as if in clinical
practice. Our readers diagnosed microcalcifications as BI-
RADS category 4 or higher if any of the individual char-
acteristics showed suspicious features [1]. Therefore, we
think that the differences in assessing individual character-
istics of microcalcifications between SM and DM did not
directly lead to the differences in diagnostic performances
with BI-RADS ratings on microcalcifications between the
two modes.

This study had several limitations. First, this was a single-
institution, retrospective study, and we included a limited num-
ber of cases with microcalcifications (2=90) because we only
included cases that presented solely as microcalcifications with-
out associated mammographic findings. Further studies with
more microcalcifications are needed to validate SM as a re-
placement for DM when evaluating microcalcifications for
DBT-based imaging. However, the results found here are rea-
sonably encouraging and thought to be of value because SM
showed similar or higher sensitivities in diagnosing
microcalcifications compared to DM. Second, the proportion
of women with mammographically dense breasts in our study
cohort (89%, 172/198) was higher than those of the western
population. So, the non-dense breast subgroup could not be
statistically analysed due to the small number of cases.
However, our results may have clinical value when considering
that the dense breast group is a more challenging cohort than the
non-dense breast group in mammography performance. Third,
our institution is a referral centre which in itself might affect the
study population as we have a higher proportion of patients
with malignant microcalcifications. Therefore, the proportion
of malignancy in our cohort is higher than that of the general
population. Fourth, we evaluated the morphology of detected
microcalcifications with the magnifier window offered by the
dedicated workstation. Therefore, we did not assess the findings
of additional magnification views, which were obtained to de-
cide whether or not to perform a biopsy at the time of diagnosis,
because we were focused on comparing the diagnostic perfor-
mances of SM and DM for evaluating microcalcifications in
patients undergoing DBT-based imaging. Although we
assessed the BI-RADS categories of microcalcifications
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without the magnification view findings, readers’ AUCs of
SM and DM were high (0.88-0.94). However, some
microcalcifications can be less conspicuous on DBT and en-
hanced ligaments may mimic calcifications on the SM recon-
struction algorithm [34]. Therefore, in patients with
microcalcifications, for which it is hard to make final assess-
ments only by SM plus DBT, additional magnification views
may help to fully characterize the morphology and distribution
of microcalcifications.

In conclusion, diagnostic performance of SM and DM for
the evaluation of microcalcifications are not significantly dif-
ferent, whether performed with DBT or alone. Our results may
reflect that SM plus DBT is sufficient in the evaluation of
microcalcifications during DBT-based imaging, without the
addition of dose-requiring DM.
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