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Objective: To evaluate the tumour visibility and diag-
nostic performance of digital breast tomosynthesis
(DBT) in patients with noncalcified T; breast cancer.

Methods: Medical records of 106 females with noncal-
cified T; invasive breast cancer who underwent DBT
and full-field digital mammography (FFDM) between
January 2012 and December 2014 were retrospectively
reviewed. To assess tumour visibility (score 1-3), all DBT
and FFDM images were reviewed by two radiologists
blinded to clinicopathological information. A reference
standard was established by an unblinded consensus
review of all images. Clinicopathological and imaging
variables were analysed based on tumour visibility. After
adding 159 negative controls, the diagnostic perfor-
mance of DBT + FFDM was compared with that of FFDM.
Results: The tumour visibility was significantly higher
through DBT + FFDM (2.5 vs 1.8; p = 0.002) than FFDM

INTRODUCTION

Breast density-tailored screening for breast cancer in
females is of great interest.' Breast density is a predictor
of breast cancer; it reduces the sensitivity of mammog-
raphy, leading to an increased risk of interval cancer in the
screening population.”? Several breast imaging modal-
ities have been used as adjuncts to screening mammog-
raphy in females with dense breasts, including ultrasound
(US; handheld or automated), MRI, and the more recently
applied digital breast tomosynthesis (DBT). DBT is an
emerging technique that allows the breast to be viewed
quasi-three-dimensionally, which reduces superimposition
of the breast tissue.*” Previous studies showed that DBT
improved the accuracy of full-field digital mammography
(FFDM) in screening across all breast densities by reducing

alone. Breast composition was the independent variable
for tumour visibility through DBT + FFDM (extremely
dense; odds ratio, 0.02; p < 0.001). Sensitivity (o = 0.642),
specificity (o = 0.463), positive-predictive value (p =
0.078), and negative-predictive value (p = 0.072) of DBT
+ FFDM were not significantly superior to those of FFDM
in 55 females with extremely dense breast composition,
whereas specificity (p = 0.002) and positive-predictive
value (p < 0.001) were significantly higher in 210 females
with other breast compositions.

Conclusion: Addition of DBT to FFDM showed no signif-
icant increase in the tumour visibility and diagnostic
performance in patients with noncalcified T; cancer in
extremely dense breasts.

Advances in knowledge: Addition of DBT to FFDM did
not further improve the detection of noncalcified early
breast cancers in females with extremely dense breasts.

the recall rates and increasing the cancer detection rates.®™*°

In addition, a recent study including females with dense
breasts reported that the addition of DBT increased the
sensitivity of FFDM.!'"1

To date, the effect of breast density on the diagnostic
performance of DBT was evaluated based on percent-
age-based classification. Breast density assessed using
mammography, reflects the breast composition. High
breast density can comprise various breast compositions.
The tumour located in the dense breast with small amount
of interposed fat tissue that overlaps individual sections
may result in mammographically occult cancer and even
with the use of DBT.!* Moreover, in case of the occur-
rence of small tumour without noticeable calcification,
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the dense breast tissue might more easily obscure the tumour
visibility.

We hypothesized that the visibility of small noncalcified breast
cancers on DBT is affected by the breast composition. Therefore,
the purpose of our study was to evaluate the tumour visibility
and diagnostic performance of DBT in patients with noncalcified
T breast cancers according to the breast composition.

METHODS AND MATERIALS

Study population

Our Institutional Review Board approved the retrospective study
and waived the requirement for patients’ informed consent. Of
2673 females who had undergone DBT and FFDM between
January 2012 and December 2014, 106 females (median age,
51.2 years; age range, 22-77 years) who had undergone subse-
quent curative surgery for single noncalcified T;-stage inva-
sive breast cancer (median size, 8 mm; size range, 4-20 mm on
surgical histopathology) were included. Among these patients,
68 females were referred from other hospitals with nonspecific
clinical manifestation (64.2%), 31 females had a palpable lump
(29.2%), and seven had nipple discharge (6.6%). The tumours
were detected using DBT + FFDM (n = 91), ultrasound (n =
103), or both (n = 88) at the time of diagnosis.

Imaging data acquisition

All imaging data were acquired as part of our hospitals’ routine
clinical practice using an FFDM unit with integrated DBT acqui-
sition (Selenia Dimensions mammography system, Hologic, Inc.,
Bedford, MA). Patients underwent bilateral two-view FFDM and
DBT [craniocaudal (CC) and mediolateral oblique(MLO)] in the
Combo mode, and FFDM and DBT images were obtained with
single breast compression for each projection. In patients with
the breast of 5.0 cm compressed thickness and 50 glandular frac-
tion, DBT acquisition resulted in 8% higher mean glandular dose
per view than that of digital mammography acquisition (1.30 and
1.20 mGy, respectively).

Imaging data analysis

Four board-certified radiologists participated in the two retro-
spective review sessions. Each radiologist had more than 12
years’ clinical experience in FFDM and more than 4 years’ expe-
rience in DBT at the respective academic institution.

Table 1. Tumour visibility score: DBT + FFDM vs FFDM

‘T;Ei’l‘l‘t; <ore | DBT+FEDM | FFDM | P-value!
1 22 (20.8) 56 (52.8)
2 11 (10.3) 13 (12.3) 0.011
3 73 (68.9) 37 (34.9)

Mean + SD 2.5+0.1 1.8+0.2 0.002

DBT, digital breast tomosynthesis; FFDM, full-field digital
mammography; SD, standard deviation.

Data are numbers of cases, and data in parentheses are percentages.
p-values were obtained by the Pearson’s Chi-square test for
categorical variables and Mann-Whitney test for continuous variables.
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Tumour visibility

Two radiologists (JMC and AY) performed unblinded consensus
review of the 106 tumour cases. First, the tumour site was deter-
mined on both the FFDM and DBT images and correlated with
clinical, surgical, and pathologic findings. In case of uncertain
tumour on the FFDM or DBT image, the estimated tumour
locations were determined on the basis of the other imaging
(ultrasound and MRI) findings. Subsequently, the visibility score
(1-3) for the determined tumour location was assessed on both
the DBT and FFDM images. The tumour that was obvious and
conspicuous in both the CC and MLO views was assigned a score
of 3; the tumour that was conspicuous in only one view or faintly
visible was assigned a score of 2; and the tumour that was uncer-
tain and not visible in both views was assigned a score of 1. The
breast composition (a,b,c,d), and imaging characteristics of the
mass (shape, margin, density) were determined per the Breast
Imaging Reporting and Database System, fifth Edition.'* In addi-
tion, the breast thickness (mm) at the time of mammographic
image acquisition was recorded.

Diagnostic performance

To assess the diagnostic performance, the other two radiologists
(SUS and AJC) performed blinded consensus review of total
265 cases including 106 tumour cases, and 159 negative control
cases. In addition, 159 negative control cases were identified
from among the screening mammographies conducted between
January 2012 and December 2014 with the results of final assess-
ment Category 1, and absence of tumour occurrence after clinical
or imaging follow-up for 1 year in our hospitals’ medical report.
The number of tumour cases and negative control cases were
matched with a statistical ratio of 1:1.5 per breast composition.

Two separate review sessions were performed on the FFDM
alone and DBT + FFDM images, respectively at 4 weeks’ interval.
In each reading session, all cases were randomized and presented
in alternating order in a blinded manner with respect to the
clinical, surgical, pathologic, and other imaging findings. With
regard to the presence of suspected tumour on mammographic
images, the presumptive tumour site was marked; and in case
of the absence of suspected tumour, the images were left
unmarked. Subsequently, the results of the blinded review were
correlated with the reference data by two radiologists (JMC and
AY) as follows: The case of tumour correctly marked on either
CC and MLO views was assigned as true positive; the case of
tumour wrongly marked or negative control case with marking
was assigned as false positive; the negative control case with no
marks was assigned as true negative; and the tumour case with
no marks in any view was assigned as false-negative.

Histopathological analysis

All 106 patients with tumours underwent curative surgery,
including breast conserving surgery (n = 78) and mastectomy (n
= 28). The tumour histology, histologic grade, and size (greatest
dimension of the invasive tumour) were determined based on
results obtained from the surgically excised specimens.'>!® In
addition, expression of the estrogen receptor (ER), progesterone
receptor (PR), and human epidermal growth factor receptor
Type 2 (HER2) was evaluated.!”!® A cut-off value of 1% was used
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Figure 1. Images of a 53-year-old female diagnosed with an
invasive ductal carcinoma (0.9 cm in size) in the left breast
(breast composition b).The left craniocaudal view on FFDM
(a) showed an irregular hyperdense mass in the subareolar
area of the left breast (visibility score 2). The left craniocaudal
view on DBT (b) showed an irregular mass with more conspic-
uous spicules in the left breast (visibility score 3). Mammogra-
phy-guided wire localization was performed (c). DBT, digital
breast tomosynthesis; FFDM, full-field digital mammography.

to define ER and PR positivity.!” HER2 expression was initially
scored as 0, 1+, 2+, or 3 + based on results from the immuno-
histochemistry (IHC) staining; tumours with a score of 3 + were
classified as HER2-positive, and tumours with a score of 0 or 1
+ were classified as negative. In case of the tumour with score of
2+, gene amplification using fluorescence in-situ hybridization
was used to determine the HER2 status. HER2 expression was
considered as positive if the ratio of HER2 gene copies to chro-
mosome 17 signals was >2.2. Moreover, the IHC subtypes were
classified as ER positive (ER positive; and HER2 and PR positive
or negative), HER2 enriched (HER2 positive; and ER and PR
positive or negative), or triple negative (all ER, PR, and HER2
negative) subtypes.’* A cutoff value of 14% was used to define
Ki-67 positivity.*’

Statistical analysis

Tumour visibility scores were compared between the DBT +
FFDM and FFDM images. The tumour visibility score on the
DBT + FFDM images was correlated with the clinicopathological
and imaging variables using Pearson’s chi-square test or Fisher’s
exact test for categorical variables, and the Mann-Whitney test
for continuous variables. Multivariate logistic regression anal-
ysis was performed to identify independent variables for the
tumour visibility on the DBT + FFDM images. After stratifica-
tion by independent variables, the diagnostic performance of
DBT + FFDM was compared with that of FFDM according to
the pathologic results or 12 months’ clinical follow-up as refer-
ence standard.?"*

All statistical analyses were performed using Statistical Package
for the Social Sciences for Windows, v. 19.0 (IBM Corp., Armonk,
NY), and MedCalc for Windows, v. ersion 9.3.1, (MedCalc

Figure 2. Images of a 40-year-old female diagnosed with invasive ductal carcinoma (0.9 cm in size) combined with a ductal carci-
noma in situ (2.1 cm in size) in the right breast (breast composition d). The right mediolateral oblique views of FFDM (a) and DBT
(b) showed a uncertainly visible tumour (visibility score 1). A breast ultrasound (c) showed a discrete mass (1.3 cm in size) in the
far upper outer area of the right breast. An isodense mass was demarcated on FFDM (d) after ultrasound-guided wire localization.
DBT, digital breast tomosynthesis; FFDM, full-field digital mammography.
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Table 2. Tumour visibility on DBT + FFDM and Clinicopathologic variables: Univariate analysis

Tumour visibility on DBT + FFDM
Clinicopathologic variables Total (n = 106)
1(n=22) | 2(n=11) | 3(n=173) | P-value”

Age (years)

Mean + SD | 52.2 + 11.4 (range 22-77) 47.6+7.9 | 50.6 + 8.2 | 539+ 123 | 0.078
Tumour size(mm)h

Mean + SD | 14.6 + 4.6 (range 4-20) 12.7 £ 5.1 | 12.7+3.4 | 14.1+4.6 | 0.728
Tumour histology

Ductal 97 (91.5) 18 (81.8) 11 (100.0) 68 (93.2)

Lobular 5(4.7) 2(9.1) 0(0) 3(4.1) 0.396

Others® 4(3.8) 2(9.1) 0(0) 2(2.7)
Histologic grade

lor2 55 (51.9) 13 (59.1) 7 (63.6) 35 (47.9)

0.468

3 51 (48.1) 9 (40.9) 4(36.4) 38 (52.1)
KI-67 (%)

<14 95 (89.6) 20 (90.9) 11 (100) 64 (87.7)

0.222

>14 11 (10.4) 2(9.1) 0 (0) 9(12.3)
IHC subtype

ER-positive 86 (81.1) 20 (90.9) 9 (81.8) 57 (78.1)

HER2-enriched 10 (9.4) 2(9.1) 0(0) 8 (11.0) 0.318

Triple negative 10 (9.4) 0(0) 2(18.2) 8 (11.0)

DBT, digital breast tomosynthesis; FFDM, full-field digital mammography; SD, standard deviation; ER, estrogen receptor; HER2, human epidermal

growth factor receptor 2; IHC, immuno histo chemistry.
Data are numbers of cases, and data in parentheses are percentages.

?p-values were obtained by the Pearson’s Chi-square test or Fisher’s exact test for categorical variables and Mann-Whitney test for continuous
variables. P-value < 0.050 was considered to indicate a statistically significant difference.

bDetermined by the greatest dimension of the invasive tumour on the basis of the surgically excised specimens.

“Papillary (n = 2, 1.9%), mucinous (n =1, 0.9%), and tubular (n =1, 0.9%) cancers.

Software, Mariakerke, Belgium). P-value of less than 0.05 was
considered as significant.

RESULTS

Tumour visibility

The surgical histopathology revealed that of 106 tumours, 97
(91.5%) were ductal, 5 (4.7%) were lobular, 2 (1.9%) were papil-
lary, 1 (0.9%) was mucinous, and 1 (0.9%) was tubular carci-
noma. Molecular subtypes included the ER positive (n = 86,
81.1%), HER?2 enriched (n = 10, 9.4%), and triple negative (n =
10, 9.4%) subtypes.

Tumour visibility scores are listed in Table 1. The tumour visi-
bility score was significantly higher in the DBT + FFDM images
(mean, 2.5 vs 1.8; p = 0.002) than that in the FFDM images
(Figures 1 and 2). Univariate analysis revealed that the breast
composition (p < 0.001) and mass density (p = 0.006) were asso-
ciated with the tumour visibility through DBT + FFDM (Tables 2
and 3). Multivariate logistic regression analysis revealed that
composition d (odds ratio, 0.02; p < 0.001) was independently
associated with poor tumour visibility through DBT + FFDM
(Table 4).

Diagnostic performance

The diagnostic performance of FFDM vs DBT + FFDM in 265
cases is described in Table 5. The diagnostic performance of
DBT + FFDM including sensitivity (63.6% vs 59.1%; p = 0.642),
specificity (84.8% vs 75.8%; p = 0.463), positive-predictive value
(792% vs 61.9%; p = 0.078), and negative-predictive value
(90.3% vs 73.5%; p = 0.072) was not significantly superior to
those of FFDM in 55 females with composition d breast, whereas
specificity (98.4% vs 81.7%; p = 0.002) and positive-predictive
value (97.6% vs 76.8%; p < 0.001) were significantly higher in 210
females with the other breast compositions.

DISCUSSION

The results of our study indicated that the addition of DBT did
not significantly increase the tumour visibility and diagnostic
performance of FFDM for noncalcified T, cancers in patients
with breast composition d. Recent studies demonstrated that
the use of DBT + FFDM is likely to show a decrease in the
rate of false-positive results, and an increase in the cancer-de-
tection rate compared with the use of FFDM alone, despite
presence of the dense breasts.!* In these studies, the breast
density was assessed as an approximate percentage value of
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Table 3. Tumour visibility on DBT + FFDM and Imaging variables: Univariate analysis

Tumour visibility on DBT + FFDM

Imaging variables Total (n = 106)
1(n=22) | 2(n=11) | 3(n=73) | P-value”
Breast composition
a 22 (20.8) 0 (0) 1(9.1) 21 (28.8)
b 18 (17.0) 0(0) 1(9.1) 17 (23.3)
<0.001
c 44 (41.5) 5(22.7) 9 (81.8) 30 (41.1)
d 22 (20.8) 17 (77.3) 0(0) 5(6.8)
Breast thickness (mm)”
Mean + SD 45.8 £ 11.0 (range 11.0-67.8) 412+ 11.6 51.2+9.2 46.4 +£10.7 0.211
Mass shape
Oval or round 24 (22.6) 2(9.1) 3(27.3) 19 (26.0)
0.232
Trregular 82 (77.4) 20 (90.9) 8 (72.7) 54 (74.0)
Mass margin
Circumscribed 5(4.7) 0 (0) 2(18.2) 3 (4.1)
0.061
Not-circumscribed 101 (95.3) 22 (100) 9 (81.9) 70 (95.9)
Mass density
Iso 37 (34.9) 14 (63.6) 3(27.3) 20 (27.4)
0.006
Hyper 69 (65.1) 8 (36.4) 8 (72.7) 53 (72.6)

DBT, digital breast tomosynthesis; FFDM, full-field digital mammography; SD, standard deviation.

Data are numbers of cases, and data in parentheses are percentages.

?p-values were obtained by the Pearson’s Chi-square test or Fisher’s exact test for categorical variables and Mann-Whitney test for continuous
variables. P-value < 0.050 was considered to indicate a statistically significant difference.

bautomatically measured at the time of mammographic image acquisition.

the fibroglandular tissue in relation to the whole breast area
on mammography scans. Rafferty et al reported that addition
of DBT to FFDM for screening purpose was associated with
improved diagnostic performance in both females with the
dense and non-dense breast tissue; however, the combined
gain was largest in those with composition ¢, but not significant
in those with composition d.* In case of the lesion located in
the extremely dense breast without interposed radiolucent fat
densities that overlaps individual sections on the DBT image,
a false-negative result may be obtained. Accordingly, our
results showed that added DBT to FFDM was not equally effec-
tive in all females with the dense breast. In addition, in case
of the lesion comprising noncalcified isodense small cancer
obscured in dense fibroglandular tissue, there is high proba-
bility of failed detection on both the DBT and FFDM images.
Therefore, requirement of interfacing between the radiodense

Table 4. Tumour visibility on DBT + FFDM: Multivariate analysis

fibroglandular tissue and radiolucent fat tissue might be a
necessary precondition for effective application of DBT in
patients with the dense breast.?*

The tumour visibility through DBT might be affected by the
morphologic features of the tumour despite the low statistical
significance of our results. Reports have indicated that breast
cancers showed different imaging features according to their
molecular subtype.?® In our study, since we only included T;
stage cancers, the total number of cancers was small; hence, there
is limitation to generalizing our data. However, Lee et al reported
that in patients undergoing DBT, despite the finding of charac-
teristic imaging features of breast cancer per molecular subtype,
cancer detectability on the DBT image was unaffected by molec-
ular subtype of the breast cancer.”®

Multivariate analysis
Variables
Odds ratio 95% Confidence interval P-value*
Breast composition: grade d 0.02 0.04-0.09 <0.001
Mass density: isodense 0.29 0.07-1.15 0.203

DBT, digital breast tomosynthesis; FFDM, full-field digital mammography.

?p-values were obtained by the multivariate logistic regression model after controlling for significant variables (p-value <0.05 on univariate analysis

in Table 2).
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Table 5. Diagnostic performance according to breast composition: DBT + FFDM vs FFDM
Composition a,b,c (n = 210)" Composition d (n = 55)°

DBT + FFDM FFDM P-value | DBT + FFDM FFDM P-value
Sensitivity 95.2 (80/84) 90.5 (76/84) 0.451 63.6 (14/22) 59.1 (13/22) 0.642
Diagnostic Specificity 98.4 (124/126) 81.7 (103/126) 0.002 84.8 (28/33) 75.8 (25/33) 0.463
performance (%) | positive predictive value 97.6 (80/82) 76.8 (76/99) <.001 79.2 (19/24) 61.9 (13/21) 0.078
Negative predictive value 96.9 (124/128) 92.8 (103/111) 0.589 90.3 (28/31) 73.5 (25/34) 0.072

DBT, digital breast tomosynthesis; FFDM, full-field digital mammography.

Note.—Data in parentheses are the raw figures from which the percentages were calculated.

284 tumour cases and 126 negative controls.
522 tumour cases and 33 negative controls.

¢p-values were obtained by the Mcnemar test. P-value <0.050 was considered to indicate a statistically significant difference.

A study comparing DBT and ultrasound reported limited diag-
nostic values of DBT in patients with breasts with composition
d.*” Moreover, despite equivalent overall performances, the diag-
nostic performance of ultrasound tended to be high in partic-
ipants with breast composition d, with higher sensitivity than
that of DBT."® In our study, among the 22 tumours located in
breasts with composition d, 8 (36.4%) tumours were not detected
on both the DBT and FFDM images, but all tumours were visible
through prospective ultrasound performed at the time of initial
diagnosis. MRI or contrast-enhanced mammography were indi-
cated as supplemental imaging modalities in females with dense
breasts according to the individuals risk level.”** Therefore,
studies aimed to optimize the imaging modalities, screening
intervals, and assessment of patients’ individual and familial
risk are required to develop optimal strategy for breast cancer
screening in females with breast composition d.

Our study had several limitations. First, this was a retrospective
study including a relatively small sample size. Of the cohort of 106
females, only 22 females had breasts with composition d. Further
investigation including a larger study population is necessary.
Second, we performed consensusreview sessionsbutdid notassess
the inter- or intraobserver variance; however, through discus-
sion of results between the two radiologists, the best concordant
results were determined. In addition, assessment of the tumour
visibility was performed in an unblinded manner with regard to
the tumour location. Although the unblinded review may have

bias, assessment of the tumour visibility is required to determine
the exact tumour site on the mammographic images. Fourth, our
study population was limited to noncalcified T breast cancer in
Asian females; future studies are required to reassess the diag-
nostic performance of DBT compared with FFDM for all stages
of tumours across characteristic of all breast densities and races.
Finally, this was a single-institution study focused on FFDM and
DBT by a single manufacturer. Further study including a larger
population is necessary to determine optimum imaging strategy
in such patients.

In conclusion, breast composition was significantly associated
with the tumour visibility and diagnostic performance of DBT
+ FFDM in the evaluation of females with noncalcified T inva-
sive breast cancer. Addition of DBT to FFDM showed no further
improvement in the rate of diagnostic accuracy of noncalcified
T breast cancer in females with breast composition d. Therefore,
for screening of females with breast composition d, the use of
supplemental imaging other than DBT may be considered even
though large prospective studies are warranted.
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