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Abstract

Objectives To compare the average glandular dose
(AGD) and diagnostic performance of mediolateral
oblique (MLO) digital breast tomosynthesis (DBT) plus
cranio-caudal (CC) digital mammography (DM) with
two-view DM, and to evaluate the correlation of AGD
with breast thickness and density.

Methods MLO and CC DM and DBT images of both breasts
were obtained in 149 subjects. AGDs of DBT and DM per
exposure were recorded, and their correlation with breast
thickness and density were evaluated. Paired data of MLO
DBT plus CC DM and two-view DM were reviewed for
presence of malignancy in a jack-knife alternative free-
response ROC (JAFROC) method.

Results The AGDs of both DBT and DM, and differ-
ences in AGD between DBT and DM (AAGD), were
correlated with breast thickness and density. The aver-
age JAFROC figure of merit (FOM) was significantly
higher on the combined technique than two-view DM
(P=0.005). In dense breasts, the FOM and sensitivity of
the combined technique was higher than that of two-
view DM (P=0.003) with small AAGD.

Conclusions MLO DBT plus CC DM provided higher diag-
nostic performance than two-view DM in dense breasts with a
small increase in AGD.
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Key Points

* DBT has higher diagnostic performance and potential to
overcome limitations of DM.

* Dose differences (DBT-DM, AAGD) were inversely corre-
lated with breast thickness and density.

* Figure of merit of MLO-DBT/CC-DM was higher than that
of two-view DM.

* In dense breasts, MLO-DBT/CC-DM provides better diag-
nostic performance with a small AGD increase.
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Abbreviations

AGD Average glandular dose

CC Cranio-caudal

DBT Digital breast tomosynthesis
DM Digital mammography
FOM Figure of merit

JAFROC Jack-knife alternative free-response receiver
operating characteristic

MLO Mediolateral oblique

Introduction

Mammography is, at present, the only screening test that has
been shown to reduce breast cancer-related mortalities [1-4].
In addition, with the advent of digital mammography (DM),
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higher accuracy has been achieved in women under the age of
50 years, women with radiographically dense breasts, and
premenopausal or perimenopausal women [5]. However, de-
spite its clearly documented benefits, DM does not eliminate a
fundamental limitation in detecting non-calcified breast can-
cers which are obscured by surrounding and overlying dense
parenchyma [6-9]. Digital breast tomosynthesis (DBT),
which allows partial three-dimensional (3D) reconstruction
of breast tissue viewed in sequential sections through the
breast, can potentially overcome this inherent limitation of
DM caused by overlapping normal and pathological tissue
during standard two-dimensional (2D) projections [10-12]. It
offers potential advantages in the evaluation of masses,
areas of architectural distortion and asymmetries com-
pared with conventional 2D mammographic images.
Therefore, unsurprisingly, the benefits of utilising DBT
as an adjunct to DM have already been reported in a
variety of observer performance studies [13] with two-
view DBT outperforming two-view DM, especially for
inexperienced readers [14—17].

Several studies [13, 18] have since examined whether
single-view DBT could replace standard DM for screen-
ing purposes, and earlier studies which compared
mediolateral oblique (MLO)-only DBT views with
two-view DM reported that DBT alone in one view
was confirmed to be equivalent to standard two-view
DM [17, 19-21]. In addition, the combined technique of
single-view DBT and single-view DM [22, 23] also
showed its non- inferiority to two-view DM in the
diagnostic setting. Using single view DBT or replacing
single view DM with DBT may reduce the radiation
dose burden while maintaining or improving diagnostic
performances compared with standard two-view DM in
clinical practice. Until now, however, although there
have been studies comparing the diagnostic perfor-
mances of single-view DBT or a combined technique
with two-view DM [22, 23], there have been no studies
comparing their radiation doses in addition to their
diagnostic performances. Furthermore, as average glan-
dular dose (AGD) for both DM and DBT increases
along with thickness and with glandular fraction in most
breasts [24], there may be a specific group of women
who can benefit from DBT, and if so, DBT can be
selectively performed for these patients to maximise its
effect while minimising radiation dose according to the
specific considerations of breast density and thickness.

Therefore, in this study, we evaluated the AGD of MLO
DM and DBT according to breast density and thickness. In
addition, as two-view mammographic examinations are more
effective than one-view mammographic examinations [25],
we compared the diagnostic performance of the combination
of a cranio-caudal (CC) DM view with a single-view DBT
(MLO) versus two-view DM.
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Materials and methods
Study population

This retrospective study was approved by the institutional
review board of Seoul National University Hospital, with
waiver of informed consent. Between April and September
2012, we included 179 women (mean age, 51.1+£10.5; range,
22-78 years) who were referred to our institution with clinical
signs and symptoms of breast cancer or referred for diagnostic
work-up, and who showed an abnormality at screening mam-
mography or ultrasound. Among these patients, 24 were ex-
cluded due to previous history of breast surgery, and one
patient due to history of neoadjuvant chemotherapy. Five
patients were additionally excluded as they had multifocal
breast cancers in both breasts. Finally, 149 women (median
age 50.0 years+10.4) were included in this study.

Of these 149 patients, 61 were asymptomatic, 72 presented
with palpability, 8 presented with pain, 4 showed nipple
discharge and 4 showed nipple retraction. Among them,
68.5 % (102 of 149) of patients had malignancies and others
(31.5 %, 47 of 149) were considered to have negative or
benign findings. All malignant lesions were confirmed
through core-needle biopsy (14-gauge automated gun or 11-
gauge vacuum-assisted) with ultrasound (US) or mammogra-
phy guidance and underwent subsequent surgical excision,
including breast conserving surgery (n=66), modified radical
mastectomy (n=8) or total mastectomy (n=28). Mean dura-
tion of imaging follow-up with mammography for lesions
considered to have benign or negative findings was
649 days+43.3, and lesion stability was confirmed in all
cases.

Image acquisition

DBT was performed in combination with DM by one dedi-
cated technologist using a commercially available device
(Selenia Dimensions System; Hologic, Bedford, MA, USA).
The device used a custom-designed high-power (mA) tung-
sten (W) anode X-ray tube and X-ray filters of thodium (Rh),
silver (Ag) and aluminum (Al). Different filters in DBT and
full-field DM imaging modes (a 0.7-mm-thick aluminium
filter for DBT acquisition and 50-um thick Rh or Ag filter
for DM acquisitions). The X-ray spectra can vary between 20
and 49 kVp based on the thickness/composition of the breast
using automatic exposure control (AEC) [26-28]. Both DBT
and DM images were obtained in each breast with both CC
and MLO projections, and the DBT images were acquired in
the same compression sequence as the DM images. AGD per
exposure as well as breast thickness measured for MLO DBT
and DM were retrieved from the DICOM headers of the
images using the automatic exposure settings.
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Observer performance study

The database of the patients who underwent both DM and
DBT was anonymised, and image sets of standard two-view
DM and combined CC DM and MLO DBT were created in
random order. Three radiologists (J.M.C., M.S.B. and S.H.L.)
from a single academic institution, with 6-11 years of experi-
ence in breast imaging and in the interpretation of DBT
images for 6 months in clinical practice, reviewed all images.
The images were reviewed independently without any infor-
mation of prior imaging or clinical history. Two separate
reading sessions were performed with at least a 3-week inter-
val to minimise any learning bias. Each reading session
contained half of standard two-view DM and half of a com-
bination of CC DM and MLO DBT images, randomised and
presented in alternating order. All readers were requested to
detect the tumours and record the location of each lesion.
These identifiers were used to confirm that readers had cor-
rectly identified a cancer. After identifying the lesions, the
reader then provided a forced Breast Imaging Reporting and
Data System (BI-RADS) score of 1, 2, 3, 4, or 5 to indicate the
most likely outcome based on the appearance of the finding
and also a likelihood of malignancy score ranging from 0 % to
100 % for each case. One radiologist not involved in the
readings (S.U.S.) determined whether each finding was a true
positive or false positive by cross-checking the true location
and identifier with the biopsy or surgery reports. This data set
was analysed with jack-knife alternative free-response ROC
(JAFROC) methods. Cases in which biopsy or surgery re-
vealed malignant disease were considered positive. Cases with
concordant benign biopsy results, as well as women that did
not undergo biopsy and had no evidence of breast malignancy
after 1 year of clinical follow-up, were considered negative.

Data collection and statistical analysis

The clinical, radiological and histopathological findings of all
patients were reviewed. Mammographic breast density was
determined according to BI-RADS breast density grading [29]
by three radiologists in consensus, and breast thickness and
AGD per exposure in MLO views retrieved from DICOM
headers were recorded.

Statistical analyses consisted of two parts. First, we exam-
ined the correlation between patient variables and the AGD of
DBT and DM in MLO views. The relationships of AGD with
age, breast thickness and BI-RADS density were compared
using Pearson’s correlation for parametric tests, and multiple
linear regression analysis with the stepwise selection method
was used to determine the relative influence of the different
variables on the AGD of DBT and DM. In addition, to
investigate the subgroups that most benefitted from DBT
compared with DM in radiation dose, we calculated the dif-
ference between the AGD of DBT and DM (AAGD), and

determined the patient factor which correlated with AAGD.
Multiple linear regression analysis with the stepwise selection
method was used to determine the relative influence of the
different patient variables on the mean AAGD; a significance
level of Py,,<0.05, P,,;<0.20 was established. The intercept
term was not significant; thus, the coefficients of independent
variables were estimated using multiple linear regression anal-
ysis. A P value of less than 0.05 was considered to indicate a
significant difference.

Second, we compared the diagnostic performances of two-
view DM and the combined technique of CC DM and MLO
DBT. JAFROC curves for two-view DM and the combined
technique were analysed to evaluate and compare their diag-
nostic performances using the likelihood of malignancy. Di-
agnostic sensitivity and specificity were compared, using BI-
RADS scores of 4 or 5 considered as positive and BI-RADS
scores of 1, 2, or 3 considered as negative [10, 13, 20]. To
assess the diagnostic performance in different breast density
subsets (fatty breast group versus dense breast group) in
correlation with AAGD, JAFROC figure of merit (FOM),
sensitivity and specificity were calculated separately in each
group. Fatty breast represents mammographic breast density
of grade 1 and 2. Dense breast represents mammographic
breast density of grade 3 and 4. In addition, to assess the
correlation of breast thickness with diagnostic performance,
we assessed the odds ratios and 95 % confidence intervals for
the proportion of positive diagnostic tests on malignant cases,
and proportion of negative diagnostic tests on benign cases,
according to the breast thickness using logistic regression
analysis with generalised estimating equations. These analy-
ses were performed using generalised estimating equation
with independent working structure considering cluster effect
caused by multiple readers. A P value of less than 0.05 was
deemed to indicate a statistical significance. All statistical
analyses were performed using SAS systems for windows,
version 9.3 (SAS Institute, Cary, NC, USA) and JAFROC
(http: //www. devchakraborty.com).

Results

Of 149 patients, histopathological proof was available for 115
lesions, including all breasts with carcinoma (n=102), and 12
had no lesions. The mean tumour size was 3.11+1.90 cm
(range, 0.6-10.0 cm). Malignant histology included 6 ductal
carcinomas in situ (DCIS) and 96 invasive ductal carcinomas
(IDCs) with or without DCIS. There were 22 patients who had
presumed benign lesions without pathology, 13 patients with
pathology-proven benign lesions (1 papilloma, 8
fibroadenomas, 1 sclerosing adenosis, 1 columnar cell chang-
es and 2 fibrocystic changes). On DM, 68 lesions presented as
masses with or without microcalcifications, 10 as asymmetry,
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10 as microcalcifications, 2 as architectural distortions and 12
showed no abnormality.

The distribution of breast tissue densities on DM were as
follows: grade 1 in 11 patients, grade 2 in 23 patients, grade 3
in 84 patients and grade 4 in 31 patients. Among the 149
patients, 34 patients had fatty breasts (22.8 %, 34/149) and the
other 115 patients had dense breasts (77.2 %, 115/149).

Mean breast thickness measured on MLO views was
4.8 cm=1.1. The distribution of breast thickness on both
MLO views was as follows: breast thickness on right MLO
views <2 cm (n=2), 2-3 cm (n=9), 3-4 cm (n=23), 4-5 cm
(n=46), >5 cm (n=69); breast thickness on left MLO views
<2 cm (n=1), 2-3 cm (n=12), 3-4 cm (n=20), 4-5 cm (n=46),
>5 cm (n=70). A tendency toward an inverse correlation was
observed between the grade of breast density and mean ages
of the patients. As the grade of breast density increased, the
mean age of the patients decreased (correlation coefficient=-
0.564, P<0.001). The thickness of the breast also showed an
inverse correlation with the grade of breast density (correla-
tion coefficient=-0.302 for MLO thickness, P<0.001).

Average glandular dose

Mean AGD of DBT per exposure for both breasts was
1.74 mGy (range, 0.93-5.02 mGy), and that of DM was
1.63 mGy (range, 0.68-7.41 mGy). The mean AGD of DBT
was significantly higher than that of DM (P<0.001). In
univarate analysis, breast thickness was significantly associ-
ated with AGDs, and both AGDs of DM and DBT increased
with increased breast thickness (correlation coefficient =
0.792 and 0.926, respectively, all P<0.001). Breast density
showed inverse correlation with AGDs of DBT breast density
(correlation coefficient =-0.175, P=0.002); however, no cor-
relation was noted with AGD of DM (correlation coefficient =
0.069, P=0.235). There was a positive correlation in age with
the AGD of DBT (correlation coefficient = 0.152, P=0.009).
However, there was no statistically significant correlation
between age and AGD of DM (correlation coefficient =
-0.018, P=0.760). Even though there were multiple variables
showing significant association with AGD values in univariate
analysis, multiple linear regression analysis showed that breast
thickness (regression coefficient = 0.041 and 0.052, respectively,
all P<0.001) and density (regression coefficient = 0.072 and
0.308, respectively, all P<0.001) were independent factors asso-
ciated with AGD of DBT and DM (Fig. 1).

With regards to AAGD, there was a negative correlation
between breast thickness and AAGD (correlation coeffi-
cient=-0.281, P<0.001), meaning the thicker the breast, the
smaller the difference in AGD between DBT and DM. In
addition, the AAGD in dense breasts was significantly smaller
than in fatty breasts (0.037 mGy+0.340 vs 0.389 mGy+
0.245, P<0.001). Multiple linear regression analysis revealed
that breast thickness (regression coefficient: -0.013; P<0.001)
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and density (regression coefficient: -0.242; P<0.001) were
independent factors associated with AAGD. We found that
the thicker and denser the breast tissue, the smaller the
AAGD, implying that the AGD of DBT is similar to DM or
possibly even smaller than DM.

Diagnostic performances

Using a cut-off point between BI-RADS final assessment
category 3 and 4, the sensitivities for two-view DM and the
combined technique were 79.4 % and 89.2 % for reader 1 (P=
0.003), 85.3 % and 92.2 % for reader 2 (P=0.035), and 82.3 %
and 87.3 % for reader 3 (P=0.130), respectively (Table 1).
The mean sensitivities for the three readers were significantly
different between two-view DM and the combined technique
(82.4 % vs 89.5 %, P<0.001). The combined technique
identified 21 more cancers than two-view DM by at least
one reader, and 11 of the 21 cancers were invasive cancers
(Fig. 2). Regarding breast density, the sensitivities for two-
view DM and the combined technique in dense breasts were
80.0 % and 89.4 % for reader 1 (P=0.010), 85.9 % and 92.9 %
for reader 2 (P=0.034) and 83.5 % and 87.1 % for reader 3
(P=0.316), respectively. The mean sensitivity for the three
readers was significantly higher in combined technique
(89.8 %, 229/255) than two-view DM (83.1 %, 177/255)
(P=0.004). In fatty breasts, the mean sensitivity of three
readers showed significant difference between two-view DM
and the combined technique (78.4 % vs 88.2 %, P=0.004),
however, individual sensitivities did not show any statistical
significances in any reader (76.5 % vs 88.2 %, P=0.144;
82.4 % vs 88.2 %, P=0.564; 76.5 % and 88.2 % P=0.144).

The specificities for two-view DM and the combined tech-
nique were 78.5 % and 58.2 % for reader 1 (P=0.001), 94.9 %
and 86.1 % for reader 2 (P=0.008), and 62.0 % and 81.0 % for
reader 3 (P=0.001), respectively (Table 2). Results of two
readers showed tendencies for decreasing specificity with
combined technique, and the other reader showed the opposite
tendency. This tendency was also noted in subgroup analysis
(fatty versus dense breast). The mean specificities for the three
readers were not significantly different between two-view DM
and the combined technique (78.5 % vs 75.1 %, P=0.260).

In JAFROC analysis (Table 3), FOMs using the probability
of malignancy (%) for two-view DM and the combined tech-
nique were 0.853 and 0.874 (P=0.29) for reader 1, 0.922 and
0.952 (P=0.083) for reader 2, and 0.832 and 0.907 (P=0.002)
for reader 3, respectively. The overall FOM for the three
readers were 0.869 for two-view DM and 0.911 for the com-
bined technique. This difference was statistically significant
(P=0.005). In dense breasts, the overall FOM of the combined
technique was significantly higher than that of two-view DM
(0.910 vs 0.863, P=0.010). However, in fatty breasts, the
FOM for two-view DM and the combined technique were
not significantly different (0.863 vs 0.908, P=0.118).
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Fig. 1 AGD as a function of
thickness for DM and DBT. Both
AGDs of DM and DBT increased
with increased breast thickness. a
In fatty breasts, the AGDs of DBT
are higher than those of DM. b In
dense breasts, the AGDs of DM
are higher than those of DBT,
especially in thicker breasts
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Table 1 Sensitivities of two-view DM and DBTy; o + DM of three readers

Reader Overall (n =102) P value Fatty breasts (n=17) P value Dense breasts (n=85) P value
Two-view DM DBTMLO + DMCC Two-view DM DBTMLO + DMCC Two-view DM DBTMLO + DMCC

1 79.4 (81/102)  89.2 (91/102) 0.003* 76.5(13/17)  88.2 (15/17) 0.144  80.0 (68/85) 89.4 (76/85) 0.010*

2 85.3 (87/102)  92.2 (94/102) 0.035* 82.4 (14/17)  88.2 (15/17) 0.564  85.9(73/85)  92.9 (79/85) 0.034*

3 82.4 (84/102) 87.3(89/102) 0.130  76.5(13/17)  88.2(15/17) 0.144  83.5(71/85) 87.1 (74/85) 0.316

Average 82.4 (252/306) 89.5 (274/306) <0.001* 78.4(40/51)  88.2 (45/51) 0.004*  83.1 (177/255) 89.8 (229/255) 0.004*

DM digital mammography, DBT digital breast tomosynthesis, MLO mediolateral oblique, CC craniocaudal

* A P value of less than 0.05 indicates a significant difference between the groups
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Fig. 2 A 44-year-old woman with a 15-mm grade II infiltrating ductal
carcinoma. a, b Right breast: two-view DM (CC and MLO) shows subtle
asymmetry in the right inner lower portion. ¢ MLO DBT of the same
breast (plane 31 of 55) shows a spiculated mass highly suggestive of
malignancy, showing the better capability of DBT in depiction. Breast
thickness measured at right MLO view was 51 mm. The AGD value of
DM at right MLO view was 2.19 mGy, whereas that of DBT was
1.89 mGy

Regarding breast thickness, sensitivity for detection of
malignancy increased when breast thickness increased for
both the combined technique and two-view DM (OR=1.03,
95 % CI=0.99-1.07); however, no statistical significance was
noted (P=0.126). This tendency of increasing sensitivity was
higher in the combined technique (OR=1.04, 95 % CI=0.99-
1.09) than two view DM (OR =1.03, 95 % CI=0.99-1.07),
which was statistically not significant (P=0.506). The speci-
ficity also increased when breast thickness increased for both
combined technique and two-view DM (OR=1.01, 95 % CI=
0.98-1.04), however no statistical significance was noted (P=
0.538). A tendency of higher specificity increment in com-
bined technique (OR=1.011, 95 % CI=0.98-1.04) than two
view DM (OR=1.005, 95 % CI=0.98-1.03) was also noted
according to breast thickness, but this was statistically not
significant (P=0.538).

Discussion

In this study, we found that breast thickness and density were
independent factors associated with AAGD, and AAGD was
significantly smaller in dense and thick breasts than in fatty
and thin breasts. In addition, the combined technique of
single-view MLO DBT plus single-view CC DM provided
higher diagnostic performance including FOM values and
sensitivities than two-view DM, especially in dense breasts.
Our results show that the clinical benefit in using the com-
bined technique of single-view DBT and single-view DM not
only improves diagnostic performance but also minimises
radiation dose increments in patients with dense breasts. In a
study by Waldherr et al. [30], better diagnostic performances
were reported with one-view DBT than with two-view DM.
Another study using the combined technique of single-view
DBT and single-view DM [22] also showed its non-inferiority
to two-view DM. However, in their study, diagnostic perfor-
mances were compared without consideration of radiation
dose according to patient characteristics. It is well known that
AGDs of both DBT and DM increases with thickness and with
glandular fraction in most breasts [24]. In our study, we found
that AGDs of DBT and DM were higher in dense or thick
breasts, in general, AAGD were smaller in dense breasts, and
in thick breasts. Thus, for dense- or thick-breast patients, we
can expect higher diagnostic performance with a small dose
difference using MLO DBT instead of MLO DM. It should be
noted that these findings are system-specific, and therefore
these results may be different for other DBT systems from
other manufacturers. However, similar findings were noted in
other studies, and for the breast with a thickness of 5 cm and
50 % glandular fraction, the authors found that DBT acquisi-
tion results in only an 8 % higher MGD than mammography
[31]. In contrast, with another breast phantom of 6 cm thick,
14.3 % glandular fraction, the authors found a larger dose
increase of 83 % from mammography to DBT [32].

In a previous study [30], similar to our results, the sensi-
tivity of one-view DBT was observed to be higher than that of
two-view DM for dense breasts, in which tissue overlap was a

Table 2 Specificities of two-view DM and DBTy o + DM of three readers

Reader  Overall (n=79) P value Fatty breasts (n=25) P value Dense breasts (n=54) P value
Two-view DM DBTMLO + DMCC Two-view DM DBTMLO + DMCC Two-view DM DBTMLO + DMCC

1 78.5(62/79)  58.2 (46/79) 0.001*  80.0 (20/25) 56.0 (14/25) 0.020*  77.8 (42/54)  59.3 (32/54) 0.015*

2 94.9 (75/79) 86.1 (68/79) 0.008" 100.0 (25/25)  92.0 (23/25) NA 92.6 (50/54)  83.3 (45/54) 0.023*

3 62.0 (49/79) 81.0 (64/79) 0.001*  72.0 (/1825) 80.0 (20/25) 0.141 574 (31/54)  81.5(44/54) <0.001*

Average 78.5 (186/237) 75.1 (178/237) 0.260 84.0 (63/75)  76.0 (57/75) 0.066  75.9 (123/162) 74.7 (121/162) 0.751

DM digital mammography, DBT digital breast tomosynthesis, MLO mediolateral oblique, CC craniocaudal
* A P value of less than 0.05 indicates a significant difference between the groups
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Table 3 Figures of merit for two-view DM and DBTy;; o + DMcc

Reader Overall P value Fatty breasts P value Dense breasts P value
Two-view DM DBTy o + DMcc Two-view DM DBTy10 + DMcc Two-view DM DBTy 0 + DMcc

1 0.853 0.874 0429  0.853 0.882 0.630  0.845 0.869 0.468

2 0.922 0.952 0.083 0912 0.931 0.724  0.922 0.956 0.066

3 0.832 0.907 0.002* 0.825 0.912 0.140  0.823 0.906 0.004*

Average 0.869 0911 0.005* 0.863 0.908 0.118  0.863 0.910 0.010*

DM digital mammography, DBT digital breast tomosynthesis, M/LO mediolateral oblique, CC craniocaudal

# A P value of less than 0.05 indicates a significant difference between the groups

major problem. Furthermore, most additional cancer detec-
tions by DBT were invasive cancers [18]. However, in our
study, overall specificities were not improved, and two readers
even showed lower specificity using the combined technique
rather than routine two-view DM. These results are different
from those reported in other studies, as in many previous
studies, the overall recall rate decreased with the use of DBT
information [13, 33-35]. Ideally, the clinical performance of
an imaging technique is reputed to be high if it has high
sensitivity and, at the same time, high specificity [23]. The
lack of improvement in specificity seen in our study can be
explained by the fact that the number of benign or normal
cases was small in our study, and that our data were enriched
with malignant lesions. Further studies with more normal
cases are warranted to validate our results.

In our study, AUCs, sensitivities and specificities by each
reader were not significantly different in fatty breasts. In most
studies [13, 18], the addition of DBT to routine DM improved
diagnostic performances even in patients with fatty breasts. It
has also been reported that the sensitivity and negative pre-
dictive values of single-view DBT were superior to those of
DM in fatty breasts [13]. In a study by Gennaro et al. [23], the
result showed equivalent performance using the combined
technique to standard two-view mammography as in our
study. However, in their study, subgroup analysis according
to breast density was not performed. Further studies including
a greater number of fatty breasts will be necessary to validate
these results.

Our study has several limitations. First, this study was a
retrospective study and, as in other retrospective studies, the
clinical performance observed in retrospective reader studies
may be different from the performance in a true clinical
context, as readers are aware that they are participating in an
“experiment” without the consequences of patient care [36].
Second, reader studies are enriched with malignant lesions,
and these results may be different from those of a true screen-
ing population. As a result, the tendency among the readers to
recall may likely be higher than normally would be observed.
Further studies including more normal and benign cases as
would be seen in the clinical environment will be critical to

confirm the performance of this technique. Third, the number
of patients with fatty breasts was relatively small in our study
and might be not enough to make statistical differences.
Further studies with larger populations are needed to confirm
this result. Fourth, we just performed studies on this clinical-
proven platform with established techniques, and dose values
retrieved from the DICOM header were not verified. The issue
of dose optimisation for lesion detection or characterisation in
DBT remains, even though this is beyond our scope. Lastly,
prior imaging studies were not available to the readers to assist
them in making their assessments.

In conclusion, even though the mean AGD of DBT was
higher than that of DM, the difference in AGD between
single-view MLO DBT and DM showed an inverse correla-
tion between breast thickness and density. In addition, the
overall AUC of single-view MLO DBT plus single-view CC
DM was higher than that of two-view DM. Particularly in
dense breast patients, single-view MLO DBT plus single-view
CC DM may provide better diagnostic performance with a
minimal increase in AGD.
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