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Objective: To compare digital breast tomosynthesis (DBT) and conventional full-field digital mammography (FFDM) in the 
detectability of breast cancers in patients with dense breast tissue, and to determine the influencing factors in the 
detection of breast cancers using the two techniques.
Materials and Methods: Three blinded radiologists independently graded cancer detectability of 300 breast cancers (288 
women with dense breasts) on DBT and conventional FFDM images, retrospectively. Hormone status, histologic grade, T stage, 
and breast cancer subtype were recorded to identify factors affecting cancer detectability. The Wilcoxon signed-rank test was 
used to compare cancer detectability by DBT and conventional FFDM. Fisher’s exact tests were used to determine differences 
in cancer characteristics between detectability groups. Kruskal–Wallis tests were used to determine whether the detectability 
score differed according to cancer characteristics. 
Results: Forty breast cancers (13.3%) were detectable only with DBT; 191 (63.7%) breast cancers were detected with both 
FFDM and DBT, and 69 (23%) were not detected with either. Cancer detectability scores were significantly higher for DBT than 
for conventional FFDM (median score, 6; range, 0–6; p < 0.001). The DBT-only cancer group had more invasive lobular-type 
breast cancers (22.5%) than the other two groups (i.e., cancer detected on both types of image [both-detected group], 
5.2%; cancer not detected on either type of image [both-non-detected group], 7.3%), and less detectability of ductal 
carcinoma in situ (5% vs. 16.8% [both-detected group] vs. 27.5% [both-non-detected group]). Low-grade cancers were more 
often detected in the DBT-only group than in the both-detected group (22.5% vs. 10%, p = 0.026). Human epidermal growth 
factor receptor-2 (HER-2)-negative cancers were more often detected in the DBT-only group than in the both-detected group 
(92.3% vs. 70.5%, p = 0.004). Cancers surrounded by mostly glandular tissue were detected less often in the DBT only 
group than in the both-non-detected group (10% vs. 31.9%, p = 0.016). DBT cancer detectability scores were significantly 
associated with cancer type (p = 0.012), histologic grade (p = 0.013), T and N stage (p = 0.001, p = 0.024), proportion of 
glandular tissue surrounding lesions (p = 0.013), and lesion type (p < 0.001). 
Conclusion: Invasive lobular, low-grade, or HER-2-negative cancer is more detectable with DBT than with conventional FFDM 
in patients with dense breasts, but cancers surrounded by mostly glandular tissue might be missed with both techniques.
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INTRODUCTION

Conventional mammography is currently the standard 
modality for breast cancer screening (1). Mammography has 
been proven to decrease the mortality of breast cancer by 
as much as 50% (2); however, overlapping fibroglandular 
breast tissue represents a fundamental limitation of the 
procedure. This overlap decreases screening sensitivity, 
particularly in women with dense breasts. Digital breast 
tomosynthesis (DBT) resolves the issue of overlapping 
fibroglandular breast tissue, which can obscure a breast 
cancer or mimic a pseudo-tumor, potentially increasing the 
sensitivity for detecting breast cancers and decreasing the 
false-positive rate (3). 

Several studies have evaluated the diagnostic performance 
of DBT. One study reported that DBT increases the sensitivity 
and specificity of breast cancer detection (4), while 
another demonstrated that DBT increases the diagnostic 
accuracy of lesion detection and margin characterization 
(5). An additional study reported that DBT was significantly 
superior to two-dimensional full-field digital mammography 
(conventional FFDM) in evaluating overall lesion size (6). 
Furthermore, the addition of DBT increases the sensitivity 
of conventional FFDM mammography in patients with dense 
breasts, as well as the specificity of conventional FFDM 
mammography for dense and fatty breasts (7). A recent 
study suggested that DBT could aid the detection of smaller 
and less aggressive subtypes of invasive cancers; however, 
the study only included invasive cancers in fatty and dense 
breasts (8). 

To the best of our knowledge, no studies have analyzed 
the association between cancer detectability and pathologic 
or imaging characteristics of breast cancer, including the 
detectability of ductal carcinoma in situ (DCIS) on DBT 
images in dense breasts. Therefore, we aimed to investigate 
whether DBT is superior to conventional FFDM imaging for 
detecting breast cancer in patients with dense breast tissue, 
and to determine which characteristics of breast cancers are 
associated with cancer detectability on DBT images.

MATERIALS AND METHODS

Participants
The present study was approved by the Institutional 

Review Board of our hospital, who waived the requirement 
for obtaining informed patient consent due to the 
retrospective design of the study. We selected women 

who had undergone breast surgery and both DBT and 
conventional FFDM imaging assessments. From April 2014 
to December 2015, data of 397 breast lesions in 377 women 
with dense breasts (composition C and D according to the 
Breast Imaging Reporting and Data System criteria) were 
collected for image analysis. Among these, 97 lesions were 
excluded (Fig. 1). 

Finally, 288 women (age range, 27–76 years; mean age, 
48.5 years) with 300 lesions were included in our study 
population. Among them, 276 patients had one lesion, 
while 12 patients had two lesions (one lesion in each 
breast). Pathology reports and immunohistochemistry 
results were collected for all patients, to determine which 
breast cancer characteristics are associated with the DBT 
cancer detectability score. These pathologic factors included 
the type of cancer (DCIS, invasive ductal carcinoma [IDC], 
invasive lobular carcinoma [ILC], and others), T stage, 
histologic grade (grades 1−3), and hormone status (estrogen 
receptor [ER]/progesterone receptor [PR]/human epidermal 
growth factor receptor-2 [HER-2]). Hormone status was 
categorized as follows: ER +/-, PR +/-, and HER-2 +/-.

The pathologic characteristics of the study population are 
presented in Table 1. Most lesions involved IDC (204/300, 
68%), followed by DCIS (53/300, 17.7%). T stages were 
mostly carcinoma in situ (Tis)  to T2 (294/300, 98%), 
indicating that most cancers were < 5 cm in size.

Imaging Protocol
Ten patients underwent conventional FFDM and DBT at 

separate times, while the remaining patients underwent DBT 

Fig. 1. Flow chart of patient enrollment. DBT = digital breast 
tomosynthesis, FFDM = full-field digital mammography, MRI = magnetic 
resonance imaging

300 lesions in 288 patients finally enrolled in this study

397 breast lesions in 377 patients with dense breasts who underwent
DBT and conventional FFDM from April 2014 to December 2015

Excluding breast cancers in 89 patients
1) 29 lesions with primary systemic chemotherapy before surgery
2) 26 lesions with marker insertion in tumor prior to imaging
3) 17 lesions with benign pathology
4) 12 lesions with no or poor-quality MRI data
5) 5 lesions with fatty breast composition
6) 2 lesions with occult breast cancer
7) 2 lesions with no immmunohistochemistry results
8) 2 lesions with multiple cancers occupying whole breast
9) 1 lesions with inflammatory breast cancer

10)   1 lesions with Paget’s disease presenting as eczema-like rash  
on nipple-areolar complex
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and conventional FFDM consecutively, with a single breast 
compression (combo mode). All DBT images and combo-
mode images (bilateral craniocaudal [CC] and mediolateral 
oblique [MLO] projections) were obtained using a single 
DBT system (Selenia Dimensions System; Hologic, Bedford, 
MA, USA). Some conventional FFDM images were acquired 
using another digital mammography unit (Senographe 
2000D FFDM; GE Medical Systems, Buc, France). All 
images were obtained from each breast with both CC and 
MLO projections. DBT acquisitions were performed at a 
combined radiation dose comparable to that utilized in 
the FFDM examination, with an average mid-breast dose of 
approximately 1.5 mGy per view. 

Magnetic resonance (MR) images were used to assess 

the location and size of lesions. All patients underwent 
magnetic resonance imaging (MRI) for detection of 
multifocal, multicentric, or contralateral breast cancer. MRI 
was performed using a 3T MRI system (Achieva or Ingenia; 
Philips Medical Systems, Best, The Netherlands) with a 
dedicated breast coil.

Image Analysis
A total of 10 sets of separate FFDM and DBT images, 278 

pairs of combination images (DBT and conventional FFDM 
images), and 288 ultrasound and MR images from 288 
patients were reviewed. 

Five radiologists with 1–15 years of experience in breast 
imaging performed two separate review sessions. First, 
three radiologists performed blinded reviews, independently. 
The reviewers were aware that all patients had received 
a diagnosis of breast cancer, but had no additional 
clinicopathologic information. Each image analysis session 
contained four bilateral routine FFDM or DBT images in a 
randomized order. To minimize memory effects, at least 
a 1-month interval was allowed between sessions. The 
reviewer marked arrows on FFDM or representative DBT 
slices when a tumor was detected. When multiple lesions 
were observed, only the largest tumor was assessed.

 The remaining two non-blinded radiologists 
retrospectively reviewed DBT images, conventional FFDM 
images, ultrasound and MR images. Images were interpreted 
in consensus based on structures surrounding each lesion, 
and lesion types. We focused only on biopsy-confirmed 
breast cancers in the present study. The reference standard 
of breast cancer was based on all breast imaging, including 
mammography, ultrasound, and MRI, as well as surgical 
sample pathologic results. First, reviewers checked whether 
the blindly-reviewed, marked lesions were visible on 
conventional FFDM and DBT images, and then examined 
which visible lesions were matched to biopsy-confirmed 
breast cancers on MR images. If a lesion that was visible on 
conventional FFDM and DBT images was not matched to that 
on MR images, the conventional FFDM and DBT images were 
re-evaluated to locate the appropriate corresponding lesion. 

Once the correct lesions had been identified on 
conventional FFDM and DBT images, each blinded reviewer 
result was scored as follows: 0, cancer was not marked in 
any view or was wrongly marked; 1, cancer was marked in 
only one view: 2, cancer was correctly marked in both views 
or cancer was marked in only one view when a malignant 
lesion was seen in only one view. The detectability score 

Table 1. Pathologic Characteristics of Breast Cancers
Pathologic Characteristics No. of Cases (%)

Cancer type

DCIS 53 (17.7)

IDC 204 (68)

ILC 24 (8)

Others* 19 (6.3)

Histologic grade

Grade 1 51 (17)

Grade 2 133 (44.3)

Grade 3 116 (38.7)

T stage

Tis 53 (17.7)

T1 154 (51.3)

T2 87 (29)

T3 5 (1.7)

T4 1 (0.3)

Hormone status

ER 

Negative 56 (18.7)

Positive 244 (81.3)

PR 

Negative 91 (30.3)

Positive 209 (69.7)

HER-2 

Negative 213 (71)

Positive 65 (21.7)

Equivocal 22 (7.3)

*Others included minor types of breast cancer, such as 
micropapillary carcinoma or mixed cancer involving more than two 
types of cancers. DCIS = ductal carcinoma in situ, ER = estrogen 
receptor, HER-2 = human epidermal growth factor receptor-2, IDC = 
invasive ductal carcinoma, ILC = invasive lobular carcinoma, PR = 
progesterone receptor, Tis = carcinoma in situ
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was determined as the sum of the three blinded reviewers’ 
scores. If the detectability score was 5 or higher, the 
malignancy was considered to have been detected. The 
unblinded reviewers analyzed the structures surrounding a 
lesion on MR images, after which the type of surrounding 
tissue was classified as mostly glandular, mostly fat, or 
equal amounts of each. The degree of glandular tissue 
surrounding the lesion was then rated from 1 to 10 based 
on division of 360 degrees (1, 0–36°; 2, 36–72°; 3, 
72–108°; 4, 108–144°; 5, 144–180°; 6, 180–216°; 7, 
216–252°; 8, 252–288°; 9, 288–324°; 10, 324–360°). 

Statistical Analysis
The Wilcoxon signed-rank test was used to compare the 

detectability scores of cancers identified on DBT and/or 
conventional FFDM images. We used Fisher’s exact tests 
to determine the differences in cancer characteristics 
between detectability groups, and the Kruskal-Wallis test 
to determine whether the detectability score differed 
according to the cancer characteristics. Statistical analyses 
were performed using commercial software (Stata 14; Stata 
Corp, College Station, TX, USA, and MedCalc; MedCalc 
Software, Mariakerke, Belgium). Differences of p < 0.05 were 
considered statistically significant. 

RESULTS

The image features of breast cancers and detectability 
are presented in Table 2. Our analysis of mammographic 
parenchymal density revealed that 199 lesions were 
heterogeneously dense (199/300, 66.3%), while 101 lesions 
were extremely dense (101/300, 33.7%).

Cancer Detectability on DBT and Conventional FFDM 
Images

Detectability scores for DBT images were significantly 
higher than those for conventional FFDM images (median 
score, 6; range 0–6; p < 0.001). In total, 191 (63.7%) of 
300 breast cancers were detected both on FFDM and DBT 
(Fig. 2). A total of 40 (13.3%) breast cancers were detected 
on DBT but were invisible on conventional FFDM images (Fig. 
3). The remaining 69 cancers (23%) were not detected on 
either type of technique (Tables 2, 3, Fig. 4). The DBT-only 
cancer group had more invasive lobular-type breast cancers 
(22.5%) than the other two groups (i.e., cancer detected on 
both types of image [both-detected group], 5.2%; cancer 
not detected on either type of image [both-non-detected 

group], 7.3%), and less DCIS (5% vs. 16.8% [both-detected 
group] vs. 27.5% [both-non-detected group]) (Fig. 3). Low-
grade cancers were more often detected in the DBT-only 
group than in the both-detected group (22.5% vs. 10%, p 
= 0.026) (Fig. 3). HER-2-negative cancers were more often 
detected in the DBT-only group than in the both-detected 
group (92.3% vs. 70.5%, p = 0.004) (Fig. 3). Cancers 
surrounded by mostly glandular tissue were detected less 
often in the DBT only group than in the both-non-detected 
group (10% vs. 31.9%, p = 0.016) (Fig. 4). Mass lesions and 
architectural distortion were more frequently detected in the 
DBT-only group than in the other two groups; detectabilities 
for mass lesions (DBT-only, 90%; both detected, 69.6%; both 

Table 2. Imaging Features of Breast Cancers and Detectability
Imaging Features No. of Cases (%)

Breast composition
C. heterogeneously dense 199 (66.3)
D. extremely dense 101 (33.7)

Structures surrounding lesions 
(based on MRI findings)
Types of surrounding tissue

Mostly glandular 67 (22.3)
Mostly fat 13 (4.3)
Border 220 (73.4)

Proportion of glandular tissue 
surrounding lesion
Grade 0 1 (0.3)
Grade 1 9 (6.3)
Grade 2 14 (4.7)
Grade 3 16 (5.3)
Grade 4 50 (16.7)
Grade 5 56 (18.7)
Grade 6 22 (7.3)
Grade 7 32 (10.7)
Grade 8 25 (8.3)
Grade 9 23 (7.7)
Grade 10 52 (17.3)

Lesion type on DBT images
Negative 33 (11)
Asymmetry 7 (2.4)
Mass 201 (67)
Calcification only 55 (18.3)
Architectural distortion only 4 (1.3)

Detectability
Both 191 (63.7)
DBT only 40 (13.3)
FFDM only 0 (0)
Not detected on both 69 (23)

DBT = digital breast tomosynthesis, FFDM = Full-field digital 
mammography, MRI = magnetic resonance imaging 
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non-detected, 47.8%; p = 0.001) and those for architectural 
distortion (DBT-only, 7.5%; both detected, 0%; both non-
detected, 1.5%; p = 0.001). 

Association between Cancer Characteristics and Cancer 
Detectability on DBT Images

The detectability scores of DBT were significantly 

A B C
Fig. 2. 56-year-old woman with ER/PR-negative, Her-2-positive, high-grade invasive ductal cancer in right breast.
Conventional FFDM (A) and tomography (B) images of right breast in MLO view showing indistinct oval high-density mass with detectability score 
of 6 (arrows). Irregular rim-enhanced mass (arrow) was located in fat tissue and was 0 degree surrounded on MRI (C). ER = estrogen receptor, HER-
2 = human epidermal growth factor receptor-2, MLO = mediolateral oblique, PR = progesterone receptor

Fig. 3. 54-year-old woman with ER-positive, PR/Her-2-negative, low-grade invasive lobular cancer in left breast.
Conventional FFDM of left breast in MLO view (A) showing asymmetry, with detectability score of 2 (arrows). Tomography of left breast in 
craniocaudal (B) and MLO (C) views showing architectural distortion, with detectability score of 6 (arrows). Regional heterogeneous non-mass 
enhancement (arrow) was located in fibroglandular tissue and was 7 (240 degrees) surrounded on MRI (D). 

A B C D
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Table 3. Cancer Characteristics according to Detected Modality 

Characteristics of Breast Cancer
Detected Modality (No. of Cases [%])

P* P†Detected on Both  
(n = 191)

Detected on DBT Only  
(n = 40)

Not Detected on Either  
(n = 69)

Cancer type 0.002 0.004
DCIS 32 (16.8) 2 (5.0) 19 (27.5)
IDC 134 (70.4) 28 (70.0) 42 (60.9)
ILC 10 (5.2) 9 (22.5) 5 (7.3)
Others 15 (7.9) 1 (2.5) 3 (4.4)

Histologic grade 0.026 0.490
Grade 1 19 (10.0) 9 (22.5) 23 (33.3)
Grade 2 83 (43.5) 20 (50.0) 30 (43.5)
Grade 3 89 (46.6) 11 (27.5) 16 (23.2)

T stage 0.085 < 0.001
Tis 31 (16.2) 2 (5.0) 20 (29.0)
T1 89 (46.6) 25 (62.5) 40 (58)
T2 67 (35.1) 11 (27.5) 9 (13.0)
T3 3 (1.6) 2 (5.0) 0 (0)
T4 1 (0.5) 0 (0) 0 (0)

N stage 0.799 0.002
0 131 (68.6) 27 (67.5) 48 (69.6)
1 41 (21.5) 8 (20.0) 7 (10.1)
2 7 (3.7) 3 (7.5) 0 (0)
3 4 (2.1) 1 (2.5) 0 (0)
4 8 (4.2) 1 (2.5) 14 (20.3)

IHC
ER 0.201 0.756

Negative 44 (23.0) 5 (12.5) 7 (10.1)
Positive 147 (77.0) 35 (87.5) 62 (89.9)

PR 0.065 1.000
Negative 68 (35.6) 8 (20.0) 15 (21.7)
Positive 123 (64.4) 32 (80.0) 54 (78.3)

HER-2‡ 0.004 0.525
Negative 129 (70.5) 36 (92.3) 55 (87.3)
Positive 54 (29.5) 3 (7.7) 8 (12.7)
Equivocal 14 (7.3) 1 (2.5) 7 (10.1)

Structures surrounding lesions 
Types of surrounding tissue 0.188 0.016

Mostly glandular 41 (21.5) 4 (10.0) 22 (31.9)
Mostly fat 10 (5.2) 1 (2.5) 2 (2.9)
Border 140 (73.3) 35 (87.5) 45 (65.2)

Proportion of glandular tissue 
surrounding lesions

0.270 0.050

Grade 0 1 (0.5) 0 (0) 0 (0)
Grade 1 6 (3.1) 1 (2.5) 2 (2.9)
Grade 2 9 (4.71) 2 (5.0) 3 (4.4)
Grade 3 9 (4.7) 6 (15.0) 1 (1.5)
Grade 4 36 (18.9) 8 (20.0) 6 (8.7)
Grade 5 43 (22.5) 5 (12.5) 8 (11.6)

*p values between both-detected group versus DBT-only group, †p values between DBT-only group versus both-non-detected group, ‡15 
cases that were HER-2 equivocal and had no further IHC available were excluded. IHC = immunohistochemistry results
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Table 3. Cancer Characteristics according to Detected Modality (continued)

Characteristics of Breast Cancer
Detected Modality (No. of Cases [%])

P* P†Detected on Both 
(n = 191)

Detected on DBT Only 
(n = 40)

Not Detected on Either 
(n = 69)

Grade 6 9 (4.7) 4 (10.0) 9 (13.0)
Grade 7 18 (9.4) 6 (15.0) 8 (11.6)
Grade 8 16 (8.4) 2 (5.0) 7 (10.1)
Grade 9 14 (7.3) 3 (7.5) 6 (8.7)
Grade 10 30 (15.7) 3 (7.5) 19 (27.5)

Lesion types on DBT < 0.001 < 0.001
Negative 0 (0) 0 (0) 31 (44.9)
Asymmetry 2 (1.1) 1 (2.5) 4 (5.8)
Mass 133 (69.6) 36 (90.0) 33 (47.8)
Calcification only 56 (29.3) 0 (0) 0 (0)
Architectural distortion only 0 (0) 3 (7.5) 1 (1.5)

Fig. 4. 51-year-old woman with triple negative, high-grade invasive ductal cancer in left breast. 
No abnormal findings (detectability score of 0) were noted on either conventional FFDM (A) or DBT (B) images. Mass (arrows) was located in 
fibroglandular tissue and was 10 (360 degree) surrounded on ultrasonography (C) and MRI (D). 

C D

A B
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Table 4. Association between Cancer Characteristics and Detectability Score on DBT Images 

Characteristics of Breast Cancer
Detectability Score (No. of Cases [%]) Total  

(No. of Cases [%])
P

0–4 5–6 Median
Cancer type 0.018

DCIS 19 (36.0) 34 (64.2) 1 53 (100)
IDC 42 (20.6) 162 (79.5) 6 204 (100)
ILC 5 (20.9) 19 (79.2) 5.5 24 (100)
Others 3 (15.8) 16 (84.3) 1 19 (100)

Histologic grade 0.024
Grade 1 23 (45.1) 28 (54.9) 6 51 (100)
Grade 2 30 (22.5) 103 (77.5) 6 133 (100)
Grade 3 16 (13.8) 100 (86.3) 6 116 (100)

T stage < 0.001
Tis 20 (37.9) 33 (62.3) 1 53 (100)
T1 40 (26.1) 114 (74.1) 6 154 (100)
T2 9 (10.4) 78 (89.7) 6 87 (100)
T3 0 (0) 5 (100) 6 5 (100)
T4 0 (0) 1 (100) 6 1 (100)

N stage 0.024
0 48 (23.2) 158 (76.7) 6 206 (100)
1 7 (12.6) 49 (87.5) 4 56 (100)
2 0 (0) 10 (100) 6 10 (100)
3 0 (0) 5 (100) 6 5 (100)
4 14 (60.8) 9 (39.1) 1 23 (100)

Hormone status
ER 0.418

Negative 7 (12.6) 49 (87.5) 6 56 (100)
Positive 62 (25.5) 182 (74.6) 6 244 (100)

PR 0.082
Negative 15 (16.5) 76 (83.5) 6 91 (100)
Positive 54 (25.8) 155 (74.2) 6 209 (100)

HER-2 0.1002
Negative 55 (25.0) 165 (75.0) 6 220 (100)
Positive 8 (12.3) 57 (87.7) 4 65 (100)

Structures surrounding lesions
Types of surrounding tissue 0.057

Mostly glandular 22 (32.9) 45 (67.2) 6 67 (100)
Mostly fat 2 (15.4) 11 (84.6) 4.5 13 (100)
Border 45 (20.5) 175 (79.5) 6 220 (100)

Proportion of glandular tissue surrounding lesions 0.013
Grade 0 0 (0) 1 (100) 6 1 (100)
Grade 1 2 (22.2) 7 (77.8) 4.5 9 (100)
Grade 2 3 (21.3) 11 (78.5) 4 14 (100)
Grade 3 1 (6.3) 15 (93.8) 6 16 (100)
Grade 4 6 (12.0) 44 (88.0) 6 50 (100)
Grade 5 8 (14.4) 48 (85.8) 3.5 56 (100)
Grade 6 9 (41.0) 13 (59.2) 4 22 (100)
Grade 7 8 (25.0) 24 (75.0) 6 32 (100)
Grade 8 7 (28.0) 18 (72.0) 6 25 (100)
Grade 9 6 (26.1) 17 (73.9) 6 23 (100)
Grade 10 19 (36.6) 33 (63.5) 5 52 (100)
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associated with cancer type, histologic grade, T and N 
stage, proportion of glandular tissue surrounding the 
lesions, and lesion type on DBT images (Table 4). Cancers 
with higher histologic grades were significantly more visible 
on DBT images than those with lower histologic grades (p = 
0.013). A total of 96 of 116 (82.8%) grade 3 cancers were 
assigned a detectability score of 6, while 100 of 133 (75.2%) 
grade 2 cancers and 26 of 51 (51%) grade 1 cancers were 
assigned a detectability score of 6. Cancers with a high T 
stage exhibited significantly higher detectability scores, 
as expected (p < 0.001). Cancers appearing as masses 
or calcification on DBT images were significantly more 
visible than those appearing as asymmetry or architectural 
distortion (p < 0.001).

DISCUSSION

In the present study, we analyzed differences in cancer 
detectability between DBT and conventional FFDM images 
patients with in dense breast tissue. Forty breast cancers 
(13.3%) were more detectable on DBT and the detectability 
score was higher on DBT than on conventional FFDM. Our 
result of 13.3% increase in cancer detection on DBT is 
comparable to those of single- or multi-center studies, 
which reported a 10–51% increase in cancer detection (9-
12). In our study, 271 of 300 lesions (90.3%) showed a 
higher detectability score on DBT than on FFDM, which 
was similar to the results of several previous studies that 
reported the superiority of DBT over conventional FFDM 
images (13-15). Andersson et al. (13) compared breast 
cancer detectability between one-view breast tomosynthesis 
and one- or two-view conventional FFDM, and observed 
that breast cancer visibility was ranked higher on DBT than 
on conventional FFDM in 55%. Nam et al. (15) analyzed 
differences in breast cancer visibility between DBT and 
conventional FFDM in a group of breast cancers detected 
via ultrasonography, and reported that these cancers were 
significantly more constantly visible on DBT (53.7%) than 

on FFDM (26.8%). Furthermore, 83% of circumscribed 
masses were reportedly better visualized on DBT images 
than on conventional FFDM images, particularly in highly 
dense breasts (14). 

Previous studies have also analyzed differences in the 
characteristics of breast cancers detected on DBT and 
conventional FFDM images (8, 12, 16-20). In our study, 40 
breast cancers were detected with DBT only; most of these 
were invasive (95%, 38/40). This result is similar to those 
of several previous reports. Bernardi et al. (18) reported 
that 96% (28/29) of breast cancers detected with DBT were 
invasive, while only 75% (46/61) of breast cancers detected 
with conventional FFDM mammography were invasive (18). 
Wang et al. (17) reported that invasive cancers accounted 
for 90% (9/10) of the malignancies identified via DBT, while 
58% (32/55) of breast cancers identified via conventional 
digital mammography were invasive (17). Furthermore, 
invasive lobular-type breast cancers were detected on DBT 
in our study (22.5% in the DBT only group vs. 5.2% both-
detected group vs 7.3% both-non-detected group). Our 
results were comparable to those of other studies (18, 
19, 21). Skaane et al. (20) reported that the sensitivity 
increased by 8% when using DBT, and considered that this 
increase was due to invasive lobular cancer (20). Friedewald 
et al. (21) reported that there was an increase in detection 
rates from 0.27 to 0.55 for ILC when tomosynthesis was 
added. In a study analyzing discrepancies in breast cancer 
detection on DBT and FFDM, it was found that invasive 
lobular cancer was more often visible on DBT as spiculated 
masses, where there was any radiologic findings on FFDM 
(18). However, other reports showed no difference in 
detectability according to the type of cancer (8, 12). The 
populations of invasive lobular cancer included in those 
studies varied, and therefore further studies including a 
large sample size of invasive lobular cancer are warranted. 

Previous studies have reported inconsistent results in 
terms of the association between histological grade and 
detectability on DBT images (8, 12, 16). Greenberg et al. 

Table 4. Association between Cancer Characteristics and Detectability Score on DBT Images (continued) 

Characteristics of Breast Cancer
Detectability Score (No. of Cases [%]) Total

(No. of Cases [%])
P

0–4 5–6 Median
Lesion types on DBT 0.0001

Negative 31 (100) 0 (0) 1 31 (100)
Asymmetry 4 (57.2) 3 (42.9) 4 7 (100)
Mass 33 (16.4) 169 (83.7) 6 202 (100)
Calcification only 0 (0) 56 (100) 6 56 (100)
Architectural distortion only 1 (25.0) 3 (75.0) 4.5 4 (100)
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(12) reported that there were no significant differences 
in histological grade and type of breast cancer between 
DBT and conventional FFDM images. In contrast, low-grade 
cancers were more detectable on DBT (p = 0.026) in our 
study. This result was comparable to those of some previous 
reports that showed a significant association between 
detectability on DBT images and histological grade 1 as 
41.7% vs. 12.1% (p < 0.001) in Kim et al. (8) and 70% vs. 
27% (p < 0.02) in Wang et al. (17). 

Our finding that HER-2 status is significantly associated 
with DBT detectability (p = 0.004) was comparable 
to that of a recent study on the biological profiles of 
invasive cancers detected only on DBT by Kim et al. (8) 
and they reported that the HER-2 status was significantly 
associated with DBT-only detection. They also reported 
luminal A-like subtype was significantly associated with 
DBT-only detection (8). However, in our study, ER and PR 
status were slightly higher in the DBT-only group than in 
the both-detected group (87.5% vs. 77%, 80% vs. 64.4%, 
respectively), but these factors were not significantly 
associated with DBT detectability. This might be due to the 
difference in the study population, as DCIS was included in 
our study, whereas only invasive cancer was included in the 
study of Kim et al. (8).

In the present study, we sought to determine whether 
cancer characteristics are associated with cancer 
detectability on DBT images. Our findings indicated 
that cancer type, histologic grade, T and N stage, HER-
2 status, and proportion of glandular tissue surrounding 
lesions were significantly associated with the detectability 
score. As expected, invasive cancer, higher-grade, HER-2-
negative breast cancers, and those with a higher T and N 
stages were more visible on DBT images. As on FFDM, the 
obscuring effect of fibroglandular tissue was one of reason 
for cancers missed on DBT. In the absence of association 
with architectural distortion, calcifications in the mass, or 
asymmetry, the proportion of surrounding glandular tissue 
was a key factor affecting the cancer detectability.

The present study had several limitations of note. First, 
this was a retrospective, single-institution study. Second, 
the detectability scores were subjective, although we aimed 
to provide the most objective measurements possible. Third, 
we compared the detectability of breast cancer between 
DCIS and invasive cancers, although the proportion of DCIS 
cases was relatively small (13.1 vs. 86.9). Nonetheless, our 
study included a relatively large number of breast cancer 
cases in which both DBT and conventional FFDM images 

were obtained in the same individuals. 
Despite these limitations, our findings indicated that 

DBT images were superior to conventional FFDM images 
with regard to breast cancer detectability in dense breasts, 
suggesting that DBT may be more effective in screening for 
breast cancer in patients with dense breasts. Furthermore, 
invasive lesions, those with a lower histologic grade of 
HER-2-negative, those being presented as masses, or those 
with architectural distortion were more detectable on DBT 
images. Although DBT may improve the detection of breast 
cancer, it is still limited by the presence of surrounding 
glandular tissue in dense breasts. 
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