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Objective: To evaluate imaging features of breast cancers 
on digital breast tomosynthesis (DBT) according to 
molecular subtype and to determine whether the molec-
ular subtype affects breast cancer detection on DBT.
Methods: This was an institutional review board-
approved study with a waiver of informed consent. DBT 
findings of 288 invasive breast cancers were reviewed 
according to Breast Imaging Reporting and Data System 
lexicon. Detectability of breast cancer was quantified by 
the number of readers (0–3) who correctly detected the 
cancer in an independent blinded review. DBT features 
and the cancer detectability score according to molec-
ular subtype were compared using Fisher’s exact test 
and analysis of variance.
Results: Of 288 invasive cancers, 194 were hormone 
receptor (HR)-positive, 48 were human epidermal 
growth factor receptor 2 (HER2) positive and 46 were 

triple negative breast cancers. The most common 
DBT findings were irregular spiculated masses for  
HR-positive cancer, fine pleomorphic or linear 
branching calcifications for HER2 positive cancer and 
irregular masses with circumscribed margins for triple 
negative breast cancers (p < 0.001). Cancer detecta-
bility on DBT was not significantly different according 
to molecular subtype (p = 0.213) but rather affected by 
tumour size, breast density and presence of mass or 
calcifications.
Conclusion: Breast cancers showed different imaging 
features according to molecular subtype; however, it did 
not affect the cancer detectability on DBT.
Advances in knowledge: DBT showed characteristic 
imaging features of breast cancers according to molec-
ular subtype. However, cancer detectability on DBT was 
not affected by molecular subtype of breast cancers.
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Introduction
Digital breast tomosynthesis (DBT) has been reported to 
increase cancer detection rates in screening when added 
to digital mammography (DM) because of the improved 
conspicuity of lesions.1–7 However, DBT still misses a 
substantial number of breast cancer cases that are iden-
tified by ultrasound or magnetic resonance imaging.8–12 
According to a recent study, 72% of breast cancers missed 
by DBT were truly occult; the other 28% were seen retro-
spectively and included cancers with subtle findings and 
cancers that were missed due to interpretative errors.9 
Another study had reported that occult breast cancers 
on DBT are mainly small, infiltrating, non-calcified,  
non-spiculated and within dense parenchyma.10 Although 
DBT can improve sensitivity compared to DM by reducing 
the obscuring effect of overlapping breast tissue, it remains 
an anatomical study without the physiological information. 

It is also limited in the detection of small non-calcified 
masses embedded in dense parenchyma without associated 
architectural distortion.

Breast cancers present with different mammographic 
features on DM according to molecular subtype. Estrogen 
receptor (ER) and/or progesterone receptor (PR) positive 
cancers tend to present as masses with irregular shape 
and spiculated margin; human epidermal growth factor 
receptor 2 (HER2) positive cancers are more likely to be 
associated with calcifications with fine pleomorphic or 
linear branching morphology; triple negative (ER, PR and 
HER2 negative) breast cancers are more likely to present 
as non-calcified masses with a relatively circumscribed 
margin.13–19 On DBT, a series of thin section images of the 
breast are displayed. Thus, the margins of breast lesions are 
more conspicuous, which allows for better detection and 
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characterization of lesions. To the best of our knowledge, there 
have been no studies evaluating imaging features of breast cancers 
on DBT according to molecular subtype. We hypothesized that 
different mammographic features of breast cancers according to 
molecular subtype would be more apparent on DBT, and it may 
have effects on breast cancer detection on DBT.

Therefore, the purpose of our study was to evaluate imaging 
features of breast cancers on DBT according to molecular 
subtype and to determine whether the molecular subtype affects 
breast cancer detection on DBT.

methods and materials
Study population
This retrospective study was approved by our institutional 
review board, and the requirement for written informed consent 
was waived. Patients who were diagnosed with invasive breast 
cancer and underwent DM and DBT for preoperative evalua-
tion between December 2011 and February 2014 were included. 
Microinvasive breast cancer with invasive focus measuring 
<1  mm was not included in this study. All patients had the 
immunohistochemical (IHC) biomarker data for ER, PR and 
HER2 from surgical specimens. Of the 423 consecutive females 
identified in our database, 138 females were excluded because: 
neoadjuvant chemotherapy was administered before DBT in 44 
females; vacuum-assisted core needle biopsy or surgical exci-
sion was performed before DBT in 41 females; data regarding 
HER2 status was incomplete in 30 females; and DBT images were 
unavailable in 23 females. Thus, 285 females with 288 invasive 
breast cancers comprised our study population.

Image acquisition
Mammography and tomosynthesis images were acquired using 
a commercial DM unit with tomosynthesis capability (Selenia 
Dimensions; Hologic, Bedford, MA,). Bilateral craniocaudal 
(CC) and mediolateral oblique (MLO) view images were 
acquired in the combo mode; DBT images were obtained along 
with DM images at the same breast compression. After DM 
acquisition, the X-ray tube and detector moved continuously 
over a 15° arc and acquired 15 source projection images that 
were reconstructed into three-dimensional DBT images, spaced 
in 1 mm increments, using a filtered back-projection technique. 
Acquisition time was approximately 10 s per view. Mean average 
glandular dose for a single-view DM and DBT were 1.63 and  
1.74 mGy, respectively.

Image review
The review study consisted of two parts. To assess the detect-
ability of cancers, three breast radiologists (SHL, SUS and 
JMC), each with 3–5 years of experience in DBT and 3–10 years 
of experience in DM, participated in the independent blinded 
review of DBT images combined with DM. The 285 study cases 
were randomly ordered and mixed with 62 cases of BI-RADS 
final assessment categories 1 or 2. A total of 347 image sets 
consisting of bilateral CC and MLO views were reviewed using 
the same workstation (SecurView; Hologic) with a 5-megapixel 
display monitor calibrated to the DICOM greyscale standard 
display function under the lowered room lights. Readers were 

able to pan, zoom and alter the window level of the images 
and marked suspicious lesions using BI-RADS final assess-
ment.20 When the readers detected multiple lesions in the 
same patient, they documented all lesions with the location of 
each lesion. Detectability score was assigned according to the 
number of readers (0–3) who correctly detected the cancer in 
the independent blinded review.

After that, two breast radiologists (SHL and JMC), with 6 
and 10 years of experience in breast imaging, respectively, 
performed an unblinded review to establish reference DBT 
findings of the study cases. All DBT images were interpreted 
with knowledge of DM findings. Agreement on the lesion loca-
tion, visibility and morphology of the cancers on DBT was by 
consensus. The two radiologists had information about opera-
tion records and pathological results except for IHC. A lesion 
was classified as visible if it was seen on at least one view on 
DBT. It was classified as non-visible if it was not seen on both 
CC and MLO views on DBT but detectable by ultrasound or 
magnetic resonance imaging. For visible lesions, findings on 
combined DBT and DM were described as mass only, mass 
with calcifications, calcifications only, focal asymmetry, or 
architectural distortion. Masses were evaluated for shape 
and margin; the morphology of calcifications were described 
according to the Breast Imaging Reporting and Data System 
(BI-RADS) lexicon.20

Data collection
All clinicopathological data were obtained from our prospec-
tively maintained electronic medical record database. The 
clinical data collected included the patients’ age at diag-
nosis, presence or absence of palpable symptoms, and family 
history of breast cancer in first-degree relatives. Pathological 
data collected included the histological type of breast cancer, 
invasive tumour size, histological grade according to the 
Nottingham Grading System,21 presence or absence of carci-
noma in situ components, lymphovascular invasion and axil-
lary lymph node metastasis. IHC staining was performed for 
hormone receptor (HR) (ER and PR), HER2 and Ki-67 as part 
of the routine pathological assessment at our institution using 
standard methods.22–24 Positivity of ER or PR was defined as 
nuclear staining in ≥1% of tumour cells. HER2 positivity was 
defined as 3+ staining at IHC or amplification of HER2 gene 
at fluorescence in situ hybridization. All of the study cases 
were classified into the three major subtypes using HR and 
HER2 status: HR+ (i.e. ER or PR positive and HER2 nega-
tive), HER2+ (i.e. ER and PR may be positive or negative) and 
TNBC (i.e. ER, PR and HER2 negative).

Statistical analysis
Clinicopathological characteristics and DBT imaging features 
of invasive breast cancers were compared according to molec-
ular subtype using the Fisher’s exact test for categorical variables 
and the analysis of variance for continuous variables. For statis-
tical analysis, breast density was dichotomized as non-dense 
(BI-RADS density categories a and b)  vs  dense (BI-RADS 
density categories c and d). Clinicopathological and imaging 
factors associated with the cancer detectability score on DBT 
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were evaluated using ANOVA or independent samples t-test. 
Multiple linear regression analysis was performed to determine 
the variables independently associated with the cancer detect-
ability score on DBT. Two-tailed p values of less than 0.05 indi-
cated a statistically significant difference. All statistical analyses 
were performed using SPSS software (PASW Statistics, version 
20; SPSS, Chicago, IL).

Results
Clinicopathological factors according to molecular 
subtype
Of 288 cancers in 285 patients, 194 (67%) were HR+ cancer, 
48 (17%) were HER2+  cancer and 46 (16%) were TNBC. 
Among the three patients with bilateral cancers, one had bilat-
eral HR+ cancer and another had bilateral TNBC. The other 
patient had HR+  cancer in the left breast and TNBC in the 
right breast.

The median ages of patients with HR+, HER2+ and TNBC 
were 48, 52 and 52 years, respectively (p = 0.190) (Table  1). 
HER2+ cancer and TNBC manifested as palpable lumps more 
frequently (81.2 and 80.4%, respectively) than HR+  cancer 
(65.5%) (p = 0.027). The majority of HR+, HER2+ and TNBC 
had a histological type of ductal carcinoma, not otherwise spec-
ified in 82.0, 100 and 89.1%, respectively (p = 0.004). Multi-
focality was more frequent in HR+ and HER2+ cancers than 
in TNBC (p = 0.006). The median tumour sizes were 2.0, 2.1 
and 2.2 cm for patients with HR-positive, HER2-positive and 
TNBC, respectively (p = 0.639). High histological grade and 
high Ki-67 index were more frequently noted in HER2+ cancer 
and TNBC than in HR+  cancer (p < 0.001, both). A signifi-
cantly higher percentage of lymphovascular invasion was 
noted in HER2+ cancers (47.9%) than in HR+ cancer (25.8%) 
and TNBC (17.4%) (p = 0.002).

DBT imaging features of invasive breast cancers 
according to molecular subtype
Breast density was dense (BI-RADS density categories c and 
d) in 81.0, 77.0 and 73.9% of patients with HR+, HER2+ and 
TNBC, respectively (p = 0.532) (Table 2). DBT findings of inva-
sive breast cancers were significantly different according to 
molecular subtype (p < 0.001). None of the HER2+ cancers were 
occult on DBT. 9 HR+ cancers (mean tumour size, 1.3 ± 0.6 cm; 
range, 0.5–2.5 cm; histological Grade 2 in 8 cancers and Grade 1 
in one cancer) (Figure 1) and 2 TNBC (1.5 cm and histological 
Grade 3, both) were not visible on DBT due to small size (n = 
2; 0.5 and 0.6 cm, respectively) or overlapping breast tissue (n 
= 9). The most frequent DBT finding was mass in HR+ [55.2% 
(107 of 194)] cancers (Figure 2) and TNBC [45.7% (21 of 46)] 
(Figure  3) followed by mass with calcifications [29.4% (57 of 
194) and 39.1% (18 of 46) for HR+ and TNBC, respectively]. In 
contrast, HER2+  cancers appeared as mass with calcifications 
most frequently [54.2% (26 of 48)] followed by calcifications 
only [25.0% (12 of 48)] (Figure  4). The frequency of cancers 
presenting as masses on DBT was not significantly different 
between HR+, HER2+ and TNBC [84.5% (164 of 194), 72.9% (35 
of 48) and 84.8% (39 of 46), respectively] (p = 0.150). However, 
the morphology of masses was different according to molecular 

subtype. An irregular mass with circumscribed margin was the 
most frequent feature in TNBC. However, TNBCs were more 
frequently oval or round in shape [46.1% (18 of 39)] than HER2+ 
[25.7% (9 of 35)] and HR+ [12.8% (21 of 164)] cancers (p< 
0.001). TNBCs were also less likely to have spiculated margins 
[23.1% (9 of 39)] than HER2+ [34.3% (12 of 35)] and HR+ 
[56.1% (92 of 164)] cancers (p < 0.001). As for the calcifications, 
a significantly higher percentage of HER2+ cancer [79.2% (38 of 
48)] presented as calcifications on DBT than HR+ cancer [35.1% 
(68 of 194)] and TNBC [47.8% (22 of 46)] (p < 0.001). Calci-
fications associated with HER2+  cancer were more frequently 
fine linear and linear branching in morphology than HR+ and  
TNBC (p < 0.001).

Factors associated with cancer detectability on 
DBT
The cancer detectability score, determined by the number of 
readers who correctly detected the cancer on DBT, was 2.74 
± 0.69 [mean ± standard deviation (SD)] overall, 2.70 ± 0.74 
for HR+ cancer, 2.89 ± 0.31 for HER2+ cancer and 2.74 ± 0.71 
for TNBC (Table  3). 11 non-visible cancers (9 HR+  cancers 
and 2 TNBC) were not detectable by any readers. The mean 
cancer detectability score of HER2+  cancer was slightly 
higher than that of HR+  or TNBC; however, this differ-
ence was not statistically significant (p  = 0.213). Among the 
other clinicopathological factors, higher cancer detectability 
score was significantly associated with age ≥50 years (p = 
0.010), larger invasive tumour size (p  < 0.001) and higher  
histological grade (p = 0.023). The mean cancer detectability 
score was not significantly different according to the  histo-
logical type of cancers (p = 0.496). Cancer detectability was 
significantly higher in non-dense breast than in dense breast 
(p = 0.001) (Table  4). Cancer detectability was significantly 
different according to the lesion type on DBT (p  = 0.001). 
Presence of mass or calcification was associated with higher 
detectability score (p < 0.001, both). Indistinct margin of mass 
was associated with lower detectability (p = 0.002). However, 
mass shape or morphology of calcification was not associated 
with cancer detectability (p  > 0.50). Variables that showed 
statistical significance (p < 0.05) on univariate analysis were  
included in the multivariate analysis. In  multivariate anal-
ysis, larger invasive tumour size (p = 0.006), non-dense breast 
density (p = 0.029), presence of mass on DBT (p < 0.001) and 
presence of calcification on DBT (p < 0.001) were significant 
independent factors associated with higher cancer detect-
ability score.

Discussion
DBT is being increasingly used for breast cancer screening as 
well as diagnostic evaluation in addition to DM, leading to 
better detection and characterization of breast lesions. Clin-
ical evidence suggests that mammographic findings and histo-
pathological prognostic markers including molecular subtype 
are correlated in breast cancers.13–18 To our knowledge, DBT 
features of breast cancers according to molecular subtype have 
not been previously reported. So far, increased cancer detec-
tion by adding DBT to DM was mainly reported in screening 
population. In those previous studies, it was described that 
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Table 1. Clinical and histological features of 288 invasive breast cancers according to molecular subtype

Total (n = 288)
Molecular subtype

p-value
HR+ (n = 194) HER2+ (n = 48) TNBC (n = 46)

Age (years) 0.190

 � Mean (SD) 50.8 (10.6) 50.0 (10.1) 52.5 (11.1) 52.4 (11.9)

 � Median (range) 49 (22–78) 48 (22–77) 52 (30–73) 52 (30–78)

Clinical manifestation 0.027

 � Asymptomatic 85 (29.5) 67 (34.5) 9 (18.8) 9 (19.6)

 � Palpable lump 203 (70.5) 127 (65.5) 39 (81.2) 37 (80.4)

FHx of breast cancer 0.793

 � Absent 272 (94.4) 184 (94.8) 45 (93.8) 43 (93.5)

 � Present 16 (5.6) 10 (5.2) 3 (6.3) 3 (6.5)

Histological type 0.004

 � Ductal, NOS 248 (86.1) 159 (82.0) 48 (100) 41 (89.1)

 � Dctal, special 18 (6.3) 14 (7.2) 0 (0) 4 (8.7)

 � Lbular 22 (7.6) 21 (10.8) 0 (0) 1 (2.2)

Focality 0.006

 � Unifocal 205 (71.2) 135 (69.6) 29 (60.4) 41 (89.1)

 � Multifocal 83 (28.8) 59 (30.4) 19 (39.6) 5 (10.9)

Tumour size (cm) 0.639

 � Mean (SD) 2.3 (1.3) 2.2 (1.3) 2.2 (1.1) 2.4 (1.2)

 � Median (range) 2.0 (0.1–9.5) 2.0 (0.1–9.5) 2.1 (0.2–5.3) 2.2 (0.4–7.7)

Histological grade <0.001

 � 1 or 2 138 (47.9) 127 (65.5) 5 (10.4) 6 (13.0)

 � 3 150 (52.1) 67 (34.5) 43 (89.6) 40 (87.0)

Associated DCIS 0.087

 � Absent 57 (19.8) 42 (21.6) 4 (8.3) 11 (23.9)

 � Present 231 (80.2) 152 (78.4) 44 (91.7) 35 (76.1)

Lymphovascular 
invasion

0.002

 � Absent 207 (71.9) 144 (74.2) 25 (52.1) 38 (82.6)

 � Present 81 (28.1) 50 (25.8) 23 (47.9) 8 (17.4)

Axillary lymph node 
metastasis

0.159

 � Absent 203 (70.5) 136 (70.1) 30 (62.5) 37 (80.4)

 � Present 85 (29.5) 58 (29.9) 18 (37.5) 9 (19.6)

Ki-67 index <0.001

 � Low (<14%) 236 (81.9) 183 (94.3) 31 (64.6) 22 (47.8)

 � High (≥14%) 52 (18.1) 11 (5.7) 17 (35.4) 24 (52.2)

Note.  DCIS, ductal carcinoma in situ; FHx,  family  history;  HER2+, human epidermal growth factor receptor  2; HR+, hormone receptor; 
NOS, not otherwise specified; SD,  standard deviation; TNBC,  triple negative breast cancer. Data are numbers of cancers with percentages in 
parentheses unless otherwise indicated. 

additional benefit was noted in invasive cancers; however, 
their molecular subtype was not described.1–7 In this study, we 
evaluated imaging features of breast cancers on DBT according 
to molecular subtype and their effects on cancer detectability 

on DBT. Our results showed that invasive breast cancers 
presented with different imaging features on DBT according to 
molecular subtype (p < 0.001) although it did not affect cancer 
detectability.
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Table 2. Imaging features of 288 invasive breast cancers on digital breast tomosynthesis according to molecular subtype

HR+ (n = 194) HER2+ (n = 48) TNBC (n = 46) p-value
Breast density 0.923

 � a 8 (4.1) 2 (4.2) 3 (6.5)

 � b 29 (14.9) 9 (18.8) 9 (19.6)

 � c 114 (58.8) 27 (56.2) 26 (56.5)

 � d 43 (22.2) 10 (20.8) 8 (17.4)

 �  a-b (non-dense) 37 (19.0) 11 (23.0) 12 (26.1) 0.532

 �  c-d (dense) 157 (81.0) 37 (77.0) 34 (73.9)

Lesion type on DBT <0.001

     Negative (not visible) 9 (4.6) 0 (0) 2 (4.3)

 �  Focal asymmetry 6 (3.1) 1 (2.1) 1 (2.2)

 �  Calcifications only 11 (5.7) 12 (25.0) 4 (8.7)

 �  Mass only 110 (56.7) 9 (18.8) 21 (45.7)

 �  Mass with calcifications 58 (29.9) 26 (54.2) 18 (39.1)

Presence of mass 0.068

 �  Yes 168 (86.6) 35 (72.9) 39 (84.8)

 �  No 26 (13.4) 13 (27.1) 7 (15.2)

Mass shapea <0.001

 �  Oval 10 (6.0) 4 (11.4) 10 (25.6)

 �  Round 11 (6.5) 5 (14.3) 8 (20.5)

 �  Irregular 147 (87.5) 26 (74.3) 21 (53.8)

Mass margina <0.001

 �  Circumscribed 18 (10.7) 4 (11.4) 13 (33.3)

 �  Obscured 4 (2.4) 1 (2.9) 4 (10.3)

 �  Microlobulared 18 (10.7) 8 (22.9) 7 (17.9)

 �  Indistinct 32 (19.0) 10 (28.6) 6 (15.4)

 �  Spiculated 96 (57.1) 12 (34.3) 9 (23.1)

Presence of calcifications <0.001

 �  Yes 68 (35.1) 38 (79.2) 22 (47.8)

 �  No 126 (64.9) 10 (20.8) 24 (52.2)

Calcification morphologyb <0.001

 �  Amorphous 35 (51.5) 8 (21.1) 14 (63.6)

 �  Coarse heterogeneous 9 (13.2) 2 (5.3) 0 (0)

 �  Fine pleomorphic 21 (30.9) 17 (44.7) 7 (31.8)

 �  Fine linear or linear 
branching

3 (4.4) 11 (28.9) 1 (4.5)

Note. DBT, digital breast tomosynthesis; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; TNBC, triple negative breast 
cancer. Data are numbers of cancers with percentages in parentheses.
aPercentages were calculated with a denominator of 168 in HR+ cancer, 35 in HER2+ cancer and 39 in TNBC. 
bPercentages were calculated with a denominator of 68 in HR+ cancer, 38 in HER2 + cancer and 22 in TNBC.

The most characteristic findings of breast cancers on DBT 
according to molecular subtype were an irregular spiculated mass 
for HR+ cancer, fine pleomorphic or fine linear branching calci-
fications with or without a mass for HER2+  cancer and an oval 

or round mass with circumscribed margin for TNBC. Previous 
studies have reported that TNBC frequently presented as a mass 
with round shape and non-spiculated margin on DM.14,15,25–28 In 
contrast, HR+  and HER2+  cancers are known to exhibit typical 
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Figure 1. Images in a  40-year-old female with a 0.5 cm, 
HR positive, histological Grade 2, invasive ductal carcinoma 
in dense breast (grade d). Mediolateral oblique DM (a) and 
DBT (b) images show negative findings. None of the readers 
detected the cancer on DBT in combination with DM (detect-
ability score 0). (c) Ultrasound depicted a round indistinct 
hypoechoic mass in the left breast at 6 o’clock location. (d) 
Mediolateral oblique DM obtained after ultrasound-guided 
hook-wire localization is also negative for cancer. DBT, digital 
breast tomosynthesis; DM, digital mammography.

Figure 2. Images in a  40-year-old female with a 2.3 cm, 
HR positive, histological Grade 3, invasive ductal carcinoma 
in dense breast (grade c). Craniocaudal DM (a) and DBT (b) 
images show a mass with irregular shape and spiculated mar-
gin in the right inner breast that was detected by all three 
readers (detectability score 3). 

Figure 3. Images in a 64-year-old female with a 2.0 cm, tri-
ple negative, histological Grade 3, invasive ductal carcinoma 
in dense breast (grade c). Craniocaudal DM (a) and DBT (b) 
images show a mass with oval shape and circumscribed mar-
gin in the left breast subareolar region that was detected by 
all three readers (detectability score 3).

Figure 4. Images in a  56-year-old female with a 1.5 cm, 
HER2 positive, histological Grade 3, invasive ductal carcinoma 
in dense breast (grade d). Craniocaudal DM (a) and DBT 
(b) images show grouped fine pleomorphic calcifications in 
the left outer breast that were detected by all three readers 
(detectability score 3). 

breast cancer findings of masses with irregular shape and spicu-
lated margins for HR+ cancers and fine pleomorphic or fine linear 
branching calcifications for HER2+ cancers on DM, similar to our 
study results using DBT.14,17,19,25

The strength of our study is that the cancer detectability on DBT 
was quantified by the numbers of radiologists who correctly 
detected the cancer, and its association with various clinical, 
imaging and pathological factors was evaluated. Our study 
showed that DBT led to higher detectability for cancers with 
larger invasive tumour size presenting as a mass or calcifications 
in non-dense breast. Although DBT findings of breast cancers 
were significantly different according to molecular subtype, 
DBT in combination with DM had similar detectability for 

cancers with different subtypes. HER2+  cancer had a slightly 
higher detectability score than HR+  cancer and TNBC; none 
of the HER2+ cancers were occult on DBT. The higher detect-
ability of HER2+ cancers on DBT could be owing to the higher 
frequency of cases presenting with calcifications.29 However, this 
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Table 3. Cancer detectability score on digital breast tomosynthesis according to clinical and pathological factors

Parameter No. of cancers
Cancer detectability score

Mean ± SD p-value
Age (years) 0.010

 � <50 151 2.64 ± 0.79

 � ≥50 137 2.85 ± 0.53

Palpable symptom 0.082

 �  Absent 85 2.62 ± 0.75

 �  Present 203 2.79 ± 0.65

Invasive tumour size <0.001

 � ≤1 cm 39 2.26 ± 1.07

 �  1–2 cm 111 2.69 ± 0.74

 � >2 cm 138 2.91 ± 0.37

Histological type 0.496

 �  Ductal, NOS 248 2.75 ± 0.66

 �  Ductal, special type 18 2.55 ± 0.98

 �  Lobular 22 2.73 ± 0.70

Presence of DCIS 0.298

 �  Absent 57 2.82 ± 0.60

 �  Present 231 2.72 ± 0.71

Histological grade 0.023

 �  1 11 2.45 ± 1.03

 �  2 127 2.64 ± 0.81

 �  3 150 2.84 ± 0.51

Molecular subtype 0.213

 �  HR+ 194 2.70 ± 0.74

 �  HER2+ 48 2.89 ± 0.31

 �  TNBC 46 2.74 ± 0.71

Note. DCIS, ductal carcinoma in situ; HR+, hormone receptor; HER2+, human epidermal growth factor receptor 2; NOS, not otherwise specified; 
SD, standard deviation; TNBC, triple negative breast cancer.

difference did not reach statistical significance. Although TNBC 
showed fewer typical features of malignancy than HR+ cancer, 
most readers correctly assessed TNBC on DBT as suspicious for 
malignancy and needed to be biopsied.

In our study, histological type was not a significant factor asso-
ciated with cancer detectability on DBT. It has been reported 
that invasive lobular carcinoma is difficult to detect on DM 
because it typically comprises small bland cells that infiltrate 
along and around ducts in a single file without destroying the 
underlying architecture.30 In our study, DBT showed compa-
rable detectability scores for both ductal and lobular cancers. 
Our results are similar to those of a recent study reporting 
that adding DBT to DM significantly improved identification 
and interpretive accuracy of mammographic interpretation 
for invasive lobular carcinoma cases.31 Although DBT can 
improve cancer detection and characterization by reducing 
tissue overlap, DBT still has a limitation in detecting small, 

non-calcified invasive cancers or cancers with subtle findings 
in dense breasts. Additional imaging such as ultrasound may 
be needed to detect early cancers in females with dense breasts 
and negative findings on DBT.

There are limitations to our study. First, this was a retrospective 
study with a relatively small sample size. Further investigation in 
a larger study population is warranted. Second, only three readers 
were involved in the blinded reader study. In addition, two of 
the three readers participated in the next unblinded review and 
this could have biased the results. Third, we did not assess the 
probability of malignancy for each lesion based on final BI-RADS 
assessment categories or percentage scale. Our study was aimed at 
evaluating cancer detection on DBT; therefore, readers assessed 
for lesions suspicious for malignancy regardless of the probability 
for malignancy. Fourth, our study was conducted in cancer-en-
riched population to assess cancer detectability and morpholog-
ical characteristics using DBT information. Therefore, the results 
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Table 4. Cancer detectability score on digital breast tomosynthesis according to imaging factors

Parameter No. of cancers
Cancer detectability score

Mean ± SD p-value
Breast density 0.001

 �  Non-dense 60 2.93 ± 0.41

 �  Dense 228 2.69 ± 0.73

Lesion type on DBT <0.001

 �  Negative (not visible) 11 0.00

 � Focal asymmetry 8 2.00 ± 0.92

 �  Calcifications only 27 2.74 ± 0.53

 �  Mass only 140 2.84 ± 0.40

 �  Mass with calcifications 102 2.95 ± 0.26

Presence of mass <0.001

 �  Yes 242 2.89 ± 0.35

 �  No 46 1.96 ± 1.26

Mass shape 0.517

 �  Oval 24 2.92 ± 0.41

 �  Round 24 2.96 ± 0.20

 �  Irregular 194 2.88 ± 0.36

Mass margin 0.002

 �  Circumscribed 35 2.97 ± 0.17

 �  Obscured 9 3.00 ± 0.00

 �  Microlobulated 33 2.88 ± 0.33

 �  Indistinct 48 2.71 ± 0.54

 �  Spiculated 117 2.93 ± 0.29

Presence of calcifications <0.001

 �  Yes 128 2.91 ± 0.34

 �  No 160 2.61 ± 0.85

Calcification morphology 0.593

 �  Amorphous 57 2.89 ± 0.41

 �  Coarse heterogeneous 11 2.82 ± 0.40

 �  Fine pleomorphic 45 2.91 ± 0.29

 �  Fine linear or linear branching 15 3.00 ± 0.00

DBT, digital breast tomosynthesis; SD, standard deviation.

might not be directly applicable to the screening population. 
Further study in screening populations is warranted. Lastly, we 
did not evaluate comparative detectability scores between DM 
and DBT. More studies comparing the  detectability of cancers 
on DM and DBT according to molecular subtype are warranted 
for the next step to prove the additional benefit of DBT in each 
subtype.

In conclusion, breast cancers have different imaging findings on 
DBT according to molecular subtype. However, the subtype of 
breast cancer was not a significant factor in determining the cancer 

detectability on DBT. Instead, the detectability of breast cancers 
on DBT was affected by invasive tumour size, breast density and 
presence of mass or calcifications on DBT. These findings will need 
further validation in larger studies.
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