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Abstract

Purpose To evaluate interobserver agreement in full-field
digital mammography (FFDM) and digital breast
tomosynthesis (DBT) in terms of both lesion detection and
characterization, and to evaluate the cancer detection rate
of standard two-view FFDM compared to various combi-
nations of DBT.
Materials and methods Thirty-five women (mean age
59.7; range 50-80 years) with 37 breast cancers who
underwent both two-view DBT and two-view FFDM were
included. DBT images were obtained using an investiga-
tional prototype. We performed interobserver agreement
analyses using kappa (k) statistics. The cancer detection
rate of various combinations of DBT compared to standard
two-view FFDM was estimated using a generalized esti-
mation equation.

Results There was fair to moderate agreement on
detectability (k = 0.59-0.62) in both views of FFDM and
DBT, while fair to substantial agreement was found for
lesion location (k = 0.52-0.84) and fair to moderate
agreement for lesion type (k = 0.46-0.70) and BI-RADS
final assessment (k = 0.48-0.69). In generalized estima-
tion equations, standard two-view FFDM was inferior to
any combination of DBT. The detection rate ratio was
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significantly higher in the combined four views of DBT
and FFDM compared to standard FFDM (p < 0.046).
Conclusion Our study showed good agreement in lesion
detection and characterization between FFDM and DBT
images. Our findings also demonstrated that combining
DBT and FFDM is superior in detecting cancer compared
to standard FFDM.

Keywords Breast - Comparison - Digital breast
tomosynthesis - Full-field digital mammography

Introduction

Mammography is widely used for breast cancer screening
and has been shown to reduce breast cancer mortality rates
[1, 2]. However, full-field digital mammography (FFDM)
has some limitations, such as a reduced sensitivity by as
much as 50 % in dense breast tissue compared to fatty
breast tissue resulting from fibroglandular density, which
can mask suspicious findings [3, 4], and increased false-
positive rates due to superimposition of overlapping tis-
sues, which can obscure masses or other important features
of malignancy [5]. As many as 20-30 % of breast cancers
can be undetected on FFDM [6].

Digital breast tomosynthesis (DBT) is a three-dimen-
sional imaging technique that has demonstrated promise for
breast cancer detection. An X-ray tube moves through a
limited arc angle and reconstructs the tissue based on thin
slices to minimize the influence of overlapping breast
structures. DBT is expected to improve mammographic
sensitivity for breast cancer detection. Several previous
studies have demonstrated the diagnostic performance of
DBT compared to that of FFDM and its potential benefits
such as reducing recall rates in screening mammography,
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improving cancer detection in women with dense breast
tissue, and improving mammographic specificity by elimi-
nating overlapping tissues, particularly in dense breast tis-
sue, which can reduce false-positive rates and the number of
biopsies [7-17]. Studies on DBT published to date have
compared one-view DBT (mediolateral oblique (MLO)
view) alone [9, 12, 17], two-view DBT (craniocaudal (CC)
and MLO view) [18], one-view DBT (MLO view) with one-
view FFDM (CC view) [9, 19], or both two-view DBT with
two-view FFDM [13-15], to standard two-view FFDM.
However, to our knowledge, no studies have compared
several different combinations of DBT versus standard two-
view FFDM to determine which combination provides the
greatest benefit. Understanding the optimal detection
method is important because increases in radiation dose can
be a concern in clinical practice.

In our current study, interobserver agreement in FFDM
and DBT was evaluated in terms of both lesion detection
and characterization, and the cancer detection rate of
standard two-view FFDM was compared to that of various
combinations of DBT. The goal of our analysis was to
determine the best technique for clinical application.

Materials and methods
Patients

The study protocol was approved by the institutional review
board of our institution, and written informed consent was
obtained from all participants. From November 2012 to
March 2013, study participation was offered to women who
had biopsy-proven breast cancer and were planned to
undergo mastectomy. The exclusion criteria were the fol-
lowing: (a) age below 50 years; (b) participants who were
planned to undergo neoadjuvant chemotherapy or radiation
therapy before surgery; (c) participants who underwent
excisional biopsy or mammotome excision for the diagnosis
of breast cancer; and (d) mammography limitations due to
foreign materials such as implant insertion. We included a
final cohort of 37 breast cancers from 35 women (age range
50-80 years; mean age 59.7 years).

Image acquisition

Participants underwent FFDM and DBT imaging of both
breasts in the CC and MLO positions. Both imaging studies
were acquired within 1 month. Standard FFDM images of
each breast were obtained using a commercially available
system (Senographe DS; General Electric Medical System,
Milwaukee, WI, USA). DBT images were obtained using an
investigational prototype version of the Korea Electrotech-
nology Research Institute (KERI, Ansan, Gyeonggido,

Table 1 Specifications of prototype digital breast tomosynthesis

X-ray kVp, mA 25-30 kVp, ~100 mA
Focal spot size 300 pm
Target/filter W/Rh

Gantry motion Step and shoot
Detector scintillator Csl

Detector size 23 x 29 cm, pixel pitch: 75 pm

Detector pixel size 3888 x 3072
Resolution 6.6 lp/mm
Angle coverage 42°

View numbers 15

<10 s for 15 views
Filtered back projection, ML-EM*

Total scan time

Reconstruction method

# Maximum likelihood expectation maximization

Korea), which was developed for clinical evaluation. Fifteen
low-dose projection images were obtained with a total
tomographic angle of 42° (from —21° to 4+-21° in increments
of 3°) acquired in a step-and-shoot mode while the breast
was compressed in the fixed position. The usual acquisition
time for DBT of the breast was 10 s (Table 1). Using this
machine, the radiation dose for the FFDM and DBT for each
view was approximately the same and the total dose for the
combined FFDM and DBT was less than the Mammography
Quality Standards Act (MQSA) limit for a single mam-
mography [20]. DBT projection views were reconstructed
into 1-mm thick slices using the filtered back projection
technique. DBT was performed by one technologist, who
had 5 years of experience in FFDM and had participated in
4 weeks of training for DBT.

Image review and statistical analysis

Three board-certified radiologists (H.H.K., H.J.S., and
E.Y.C.) with 8-20 years of breast image experience par-
ticipated in this study. Each had undergone training in the
interpretation of DBT images, and all readers had partici-
pated in prior reader studies of interpreting tomosynthesis
examinations [18]. Image interpretation was performed per
breast, not per patient.

The primary aim of this study was to estimate the
reproducibility of assessment across multiple readers using
FFDM and DBT for diagnostic purposes. Each radiologist
first interpreted FFDM images independently, and after
finishing their first assigned mode and after a predeter-
mined time period of 6 months, the readers analyzed the
randomly mixed DBT images. The readers were aware that
patients had a confirmed breast cancer. The assessment
included detectability, breast density (almost entirely fatty,
scattered areas of fibroglandular density, heterogeneously
dense, and extremely dense), lesion location (upper, lower,
mid, and subareolar area in MLO view, outer, inner, mid,
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and subareolar area in CC view), lesion type (mass without
calcification, mass with calcification, calcification only,
architectural distortion, and asymmetry), and BI-RADS
categorization of final assessment [21]. We performed
interobserver agreement analyses using kappa (k) statistics
[22]. To interpret the kappa coefficients, we used the fol-
lowing definitions: less/equal to O indicates poor agree-
ment; 0.01-0.20 slight agreement; 0.21-0.40 fair
agreement; 0.41-0.60 moderate agreement; 0.61-0.80
substantial agreement; 0.81-0.99 almost perfect agree-
ment; and 1.00 perfect agreement [23].

The secondary end point of this study was to evaluate
the cancer detection rate of various combinations of DBT
compared to standard two-view FFDM. We considered
detection when the lesions were seen by at least two
readers. DBT (CC and MLO view) + FFDM (CC and
MLO view), DBT (CC and MLO view), DBT (MLO
view) + FFDM (CC view), DBT (MLO view) and DBT
(CC view) were compared to standard FFDM (CC and
MLO view). Estimation was done using a generalized
estimation equation to estimate the detection rate ratio for
each of the outcomes [24]. A p value of <0.05 was con-
sidered significant. R 3.0.2 was used for analyses (R 3.0.2
for Windows).

Results

The 37 malignant breast lesions in our study were primary
breast cancers, and the histological types were invasive
ductal carcinoma (n = 30), ductal carcinoma in situ
(n = 4), invasive lobular carcinoma (n = 2), and tubular
carcinoma (n = 1). The size of the tumors ranged from 0.6
to 7.4 cm, and the mean size was 2.1 cm. Of the 37
potential detections, individual investigators detected
between 28 (75.7 %) and 34 (91.9 %) tumors based on
FFDM images, and between 33 (89.2 %) and 36 (97.3 %)
based on DBT images. A total of 25 (67.6 %) lesions were
detected by the three readers in both CC and MLO views of
FFDM and 29 (78.4 %) were detected by the three readers
in both CC and MLO views of DBT (Fig. 1). There were
three missed cancers, which were not detected by any of
the three readers by both views of FFDM, all of which were
masses without calcification with a tumor size of 0.6, 0.8,
and 1.8 cm, respectively (Fig. 2). None of the three cancers
were missed by all three readers using both views of DBT.

Among the 111 interpretations by the three readers, more
than 61 % of breasts were interpreted as dense breast
(Table 2). The most common lesion type was mass without
calcification and it showed 55.3 % (57/103) in CC view of
DBT, 57.1 % (60/105) in MLO view of DBT, 45.6 % (41/
90) in CC view of FFDM and 42.4 % (39/92) in MLO view
of FFDM, respectively.

@ Springer

Fig. 1 Invasive ductal carcinoma in 57-year-old woman. Full-field
digital mammgoraphy with craniocaudal (CC) (a) and mediolateral
oblique (MLO) view (b) of right breast reveals hyperdense mass with
pleomorphic microcalcification (arrow) in upper outer portion.
Digital breast tomosynthesis with CC (¢) and MLO view (d) in same
patient that all three readers detected with good interobserver
agreement

Interobserver agreement was assessed between the three
readers (Table 3). There was fair to moderate agreement on
detectability (k = 0.59-0.62) in both views of FFDM and
DBT. Fair to substantial agreement was found for lesion
location (k = 0.52-0.84) and fair to moderate agreement
for lesion type (k= 0.46-0.70) and BI-RADS final
assessment (k = 0.48-0.69).

In generalized estimation equations, we found standard
two-view FFDM was inferior to any combination of DBT
(Table 4). The detection rate ratio compared to standard
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Fig. 2 Invasive ductal carcinoma in 51-year-old woman. Full-field
digital mammgoraphy (FFDM) with craniocaudal (CC) (a) and
mediolateral oblique (MLO) view (b) of left breast reveals suspicious
isodense mass (arrow) in upper inner portion. Digital breast
tomosynthesis with CC (¢) and MLO view (d) in same patient that
shows improved visibility of cancer and cancer margins (arrow)
compared with FFDM. Three readers missed this lesion in FFDM

FFDM was 0.946 (95 % CI 0.865-1.000) for DBT (CC and
MLO view) + FFDM (CC and MLO view), 0.919 (95 % CI
0.836-1.000) for DBT (CC and MLO view), 0.919 (95 % CI
0.836-1.000) for DBT (MLO view) + FFDM (CC view),
0.892 (95 % CI10.865-0.973) for DBT (MLO view), and 0.865
(95 % C10.738-0.973) for DBT (CC view). The detection rate
ratio was significantly higher in the combined four views of
DBT and FFDM than in standard FFDM (p < 0.046).

Discussion
In our present study, we found that the interobserver

agreement for detectability, lesion location, lesion type,
and BI-RADS final assessment was good based on either

FFDM or DBT images. Our findings showed that standard
two-view FFDM showed the lowest detection rate ratio
compared to other combinations of DBT. These results
indicate that the use of investigational prototype DBT of
the KERI showed similar reliability and better detection
than FFDM.

The efficacy of combining digital mammography with
tomosynthesis in breast cancer screening has been demon-
strated in several studies. Skanne et al. [13] reported
increased detection of invasive cancer by 40 %, and another
study by Rafferty et al. [16] showed a consistent and sta-
tistically significant gain in diagnostic accuracy with com-
bined screening modalities. The recall rate was therefore
reduced by 15-37 % [11, 13-16]. This can be expected
because adding another modality can provide more infor-
mation to the radiologist, which could improve the observer
performance. Our results showed that combined screening
modality with four views of FFDM and DBT was signifi-
cantly superior to standard FFDM in detecting cancer.

In our present analyses, although the differences were
not statistically significant, there was a tendency toward
greater cancer detection in four views of FFDM and DBT,
two views of DBT or MLO view of DBT with CC view of
FFDM, one view of DBT (MLO view), and two views of
FFDM. In addition, there were no cancers detected by
FFDM which were not seen on DBT. This may be because
overlapping tissues, especially in dense breast tissue, are
removed during tomosynthesis, and the distribution of
fibroglandular tissue is less of a concern, resulting in better
characterization of the tissue. These results are in agree-
ment with those of previous studies that showed better
cancer detection in single-view tomosynthesis [8] or
combination of MLO view of tomosynthesis and CC view
of digital mammography [19] compared to standard digital
mammography.

Although the number of detected lesion types including
calcification did not show big difference between DBT and
FFDM, mass without calcification was much better detec-
ted and less number of lesions was assessed as asymmetry
on DBT. This may be due to the fact that the DBT helps
removing the overlapping tissue in dense breast which may
obscure the mass lesion and leads to better detection.

Currently, four DBT systems—Selenia Dimensions
(Hologic, Bedford, MA, USA); Senographe essential (GE
Healthcare, Waukesha, WI, USA); Giotto Image (IMS,
Bologna, Italy); and Mammomat Inspiration (Siemens
Healthcare, Erlange, Germany)—are commercially avail-
able and follow different protocols by their respective
manufacturer. In Korea, the KERI has developed prototype
breast tomosynthesis units for clinical evaluation. In this
study, we described our experience with the use of the
investigational prototype version of the KERI.
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Table 2 Characteristics according to the type of mammography by three readers

Characteristic

DBT?, CC view

DBT, MLO? view

FFDM®, CC view

FFDM, MLO view

Breast density
Almost entirely fatty

Scattered areas of fibroglandular density

Heterogeneously dense

Extremely dense

Total number of interpretation
Lesion type

17 (15.3 %)
26 (23.4 %)
48 (43.2 %)
20 (18.1 %)

111 (100 %)

16 (14.5 %)
25 (22.5 %)
46 (41.4 %)
24 (21.6 %)

111 (100 %)

7 (6.3 %)
27 (24.3 %)
55 (49.6 %)
22 (19.8 %)

111 (100 %)

7 (6.3 %)
29 (26.1 %)
50 (45.1 %)
25 (22.5 %)

111 (100 %)

Mass without calcification 57 (55.3 %) 60 (57.1 %) 41 (45.6 %) 39 (42.4 %)
Mass with calcification 27 (26.2 %) 26 (24.8 %) 27 (30.0 %) 29 (31.5 %)
Calcification only 12 (11.7 %) 12 (11.4 %) 11 (12.2 %) 11 (12.0 %)
Architectural distortion 1 (1.0 %) 1 (1.0 %) 2 (2.2 %) 3 (3.2 %)
Asymmetry 6 (5.8 %) 6 (5.7 %) 9 (10.0 %) 10 (10.9 %)
Total number of interpretation 103 (100 %) 105 (100 %) 90 (100 %) 92 (100 %)
 Digital breast tomosynthesis
° Full-field digital mammography
¢ Craniocaudal
9 Mediolateral oblique
Table 3 Interobserver agreement according to the type of mammography
DBT?, CC* DBT, MLO* FFDM", CC FFDM, MLO
view (k value) view (k value) view (k value) view (k value)
Detectability 0.59 0.62 0.60 0.62
Breast density 0.76 0.74 0.73 0.74
Lesion location 0.52 0.74 0.84 0.74
Lesion type 0.46 0.61 0.70 0.61
BI-RADS final assessment 0.61 0.48 0.69 0.48

 Digital breast tomosynthesis
" Full-field digital mammography
¢ Craniocaudal

4 Mediolateral oblique

Table 4 Detection rate of various combinations of digital breast tomonsynthesis compared to standard two-view full-field digital mammography

Modality Detection rate ratio 95 % CI P value
DBT* (CC® and MLO* view) + FFDM® (CC and MLO view) 0.946 0.865, 1.000 0.046
DBT (CC and MLO view) 0.919 0.836, 1.000 0.180
DBT (MLO view) + FFDM (CC view) 0.919 0.836, 1.000 0.078
DBT (MLO view) 0.892 0.782, 0.973 0.315
DBT (CC view) 0.865 0.738, 0.973 0.314
FFDM (CC and MLO view) 0.838 0.703, 0.946

 Digital breast tomosynthesis
° Full-field digital mammography
¢ Craniocaudal

4 Mediolateral oblique
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Radiation dose should also be considered when deter-
mining optimal screening modality [25, 26]. In early stud-
ies, the radiation dose of tomosynthesis was equal or higher
compared to that of digital mammography [26]; however,
recent improved tomosynthesis has a similar radiation dose
to digital mammography. Our DBT system showed
approximately the same radiation dose as digital mam-
mography. Therefore, one-view DBT or other combinations
of DBT may show better performance without increasing
the radiation dose. In addition, synthesized 2D images (C-
view; Hologic, Bedford, MA, USA Volume preview; GE
Healthcare, BUC, France), which are approved by the Food
and Drug Administration, requires no additional radiation
and shows comparable performance to FFDM [27, 28].
Although synthesized 2D images were not available with
the systems used in the present study, later versions of the
prototype may produce reconstruction of synthesized 2D
images, which may show equal radiation dose to FFDM
while providing significant diagnostic performance.

Our study had several limitations. First, as we included
only patients who underwent mastectomy for malignancy
and who volunteered for this study, some degree of
selection bias cannot be excluded. Second, we included a
relatively small number of patients. Further studies with a
larger number of patients are needed. Third, although this
was the first study to evaluate interobserver agreement of
DBT, we did not evaluate all the findings according to the
BI-RADS lexicon. Finally, this was a preliminary single-
vendor study in a single institution. Our results need to be
validated by other studies.

In conclusion, our study findings showed good agree-
ment in lesion detection and characterization between both
FFDM and DBT images. We further found that the com-
bined technique of DBT and FFDM was superior for cancer
detection compared to standard FFDM.
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