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Abstract

Background Breast cancer survivors who underwent breast conserving therapy (BCT) are still 10% more likely

to develop a second breast cancer at follow-up, Digital mammography (DM) was advised in every practical guideline
for follow-up after BCT; however, it was difficult to distinguish between actual recurrence and scar development

at DM.

Our research objective is to assess the value of Digital Breast Tomosynthesis (DBT) on the final Breast Imaging Report-
ing and Data System lexicon (BI-RADS) assessment categories compared to diagnostic digital mammography (DM)
of breast cancer patients treated with breast conservation therapy (BCT), and to determine the additive value of DBT
to DM or the use of DBT with synthetic 2D images in the diagnostic workup following BCT.

Results Four hundred and seventeen breast cancer patients who underwent breast-conserving therapy (BCT)
and received diagnostic assessments, including digital mammography (DM), digital breast tomosynthesis (DBT),
and reconstructed synthetic 2D images, were enrolled in the study.

There is a significant reduction in the proportion of studies classified as probably benign BI-RADS 3 in synthetic

2D +DBT and DM +DBT compared with those in DM alone, and this was demonstrated by the two readers

and at double reading (all P=0.01). There is a significant increase in the PPV of malignancy in synthetic 2D+ DBT

and DM+ DBT compared with those in DM alone for reader 2 (P=0.01) and at double reading (P < 0.04) without a sig-
nificant difference in the proportion of studies classified as BI-RADS category 4 or 5 for both readers and at double
reading (p>0.3).

Regarding the mammographic abnormalities, we noted a significant reduction in asymmetry and a significant
increase in architectural distortion in synthetic 2D+ DBT and DM + DBT compared with those in DM alone, and this
was demonstrated by the two readers and at double reading (all P=0.01).

Conclusions The addition of digital breast tomosynthesis (DBT) into the diagnostic process after breast-conserving
therapy (BCT), either in conjunction with digital mammography (DM) or with synthetic 2D images in the diagnostic
workup following BCT, significantly decreases the proportion of studies classified as probably benign, significantly
increases the rate of studies classified as normal or benign, and significantly increase in the positive predictive value
(PPV) of malignancy without significant difference in the patients classified as BI-RADS category 4 or 5. Moreover it
improved diagnostic confidence in biopsy recommendations, regardless of mammographic density.
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Background

Breast cancer survivors who underwent breast conserv-
ing therapy (BCT) are still 10% more likely to develop a
second breast cancer at follow-up appointments after
five years. In the ipsilateral and contralateral breast, they
can experience new primary or local recurrence [1, 2].
To enable early therapies that improve quality of life and
survival, surveillance of these individuals attempts to find
asymptomatic second breast tumors [3]. The use of cost-
effective follow-up imaging is crucial since recurrence
surveillance increases the workload on imaging centers
[4].

Digital mammography (DM) was advised in every
practical guideline for follow-up after BCT [5]; however,
it was difficult to distinguish between actual recurrence
and scar development at DM, and as a result, DM yield
in the initial BCT months was poor [6]. Additionally, DM
had considerably higher sensitivity in patients without a
personal history of breast cancer (ranges between 73.5%
and 76.5%) than matching postoperative breast screens
(ranges between 63.5% and 67%) [7].

Digital breast tomosynthesis (DBT) has recently been
added to DM or DBT with synthetic 2D mammograms
have shown improved sensitivity and specificity in the
identification of breast cancer with lower recall rates
when compared to DM alone regarding the screening
for the disease [8]. Additionally, DBT was more effective
than DM in diagnostic contexts in terms of lesion con-
spicuity, location characterization that allows confidence
in diagnosis [9, 10], which dramatically lowers recall rate
and need less extra imaging [11], As a result, the Ameri-
can College of Radiology (ACR) advocated DBT using
artificial two-dimensional (2D) pictures for the surveil-
lance of breast cancer survivors [5].

With a high proportion of invasive tumors that appear
as architectural distortion (AD), DBT decreased the
additional investigations needed to distinguish between
benign and malignant AD [12]. Intriguingly, DBT
decreased recollection rates and enhanced cancer detec-
tion rates in women with breast cancer who had received
treatment [13, 14]. DBT may therefore be helpful for
breast cancer patients who have already had BCT [15].

To the best of our knowledge, no data are reported
on the effect of applying DBT to DM in the diagnostic
workup of breast cancer after BCT. The current study
aimed to evaluate the effect of adding DBT to DM and
DBT with synthetic 2D images in the diagnostic settings
of breast cancer patients treated with BCT.

Methods

Patients selection

This prospective study was approved by our Institutional
Review Board. Written informed consent was obtained
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from each patient after receiving information about the
details of the study. From December 2016 to January
2020, a total of 417 breast cancer patients who underwent
breast-conserving therapy (BCT) and received diagnostic
assessments, including digital mammography (DM), digi-
tal breast tomosynthesis (DBT), and reconstructed syn-
thetic 2D images, were enrolled in the study. Diagnostic
evaluations were conducted in response to abnormalities
detected during screening or short-interval follow-ups.
Patients with palpable abnormalities were excluded, as
the focus was on detecting abnormalities through screen-
ing before they became palpable by the patients. Addi-
tionally, patients with BI-RADS 0 classification were
excluded from the statistical analysis. The average age of
the patients was 56.1 + 5.4 years, with a range from 27 to
69 years.

Mammographic techniques

A DM and DBT with synthetic 2D images were per-
formed using (AMULET Innovality; FUJIFILM, Singa-
pore). Mediolateral oblique (MLO) and craniocaudal
(CC) projections were acquired in both DM and DBT
images.

DBT images were acquired by the movement of the
x-ray tube (over a 15° arc), and images were recon-
structed (1-mm sections). From both CC and MLO views
of the DBT, the synthetic 2D images were created by
summation and filtration of reconstructed images. Addi-
tional ultrasound, or MRI were performed if considered
necessary for further evaluation (according to the charac-
teristics of the abnormality detected on the DM or DBT).

In the current study, 60 patients performed MRI (those
who categorized as BIRADS IV and V by DBT and syn-
thetic view+DM at double reading), 143 patients were
recalled for US, and 272 patients those who categorized
as BIRADS 1 and II by double readers we didn’t recall
them for US.

Mammographic analysis

Four hundred- seventeen sets of DM, synthetic
images, and DBT were reviewed by two radiologists
with 11 and 12 years’ experience in breast imaging.
Images were reviewed on the diagnostic workstation
in two sessions by both readers, then double-read. In
the first session a sequential review of synthetic 2D
images with DBT (synthetic 2D+DBT), one month
later in the second session, sequential review of DM
images, and then with DBT (DM +DBT). In all images
the comparison was performed between DM, syn-
thetic 2D+DBT, and DM+DBT regarding the final
evaluation of BIRADS category, and final BI-RAD
categorization according to breast density classes, mam-
mographically detected abnormalities (asymmetry, AD,
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mass, and microcalcification). Reviewers were blinded to
the clinical examination but not to prior mammography
including pre-surgical images if available.

Breast density was evaluated according to the ACR BI-
RADS recommendations [16]. It was classified into four
classes: a (entirely fatty), b (scattered fibroglandular tis-
sue), c (heterogeneously dense), and d (extremely dense).

As said before, examinations of the BI-RADS 0 cat-
egory were excluded from statistical analysis of BI-RADS
assessment. Finally, 415 patients who underwent diag-
nostic examinations, including (DM, synthetic images,
and DBT) with BI-RADS categories 1-5 were included.

Reference standard

The medical records were evaluated for outcomes. Histo-
pathological evaluation (needle biopsy or surgical speci-
men) was the reference standard for BI-RADS category
4 or 5 patients, but in BIRADS 1, 2, and 3 follow up by
imaging and clinically for at least 3 years was the refer-
ence standard.

Statistical analysis

Statistical analyses were performed by SPSS software
(version 23.0, SPSS, Inc., Chicago, IL, USA). Compari-
sons between synthetic 2D +DBT, DM, and DM +DBT
were performed according to the breast density, the type
of mammographic abnormality, the final BI-RADS Cat-
egory and the final outcome using the Chi-square test.
Statistical significance was considered at a P-value <0.05.

Results

Among 415 patients, 324 (78.1%) were diagnosed with
invasive cancers, and 91 (21.9%) were diagnosed with
carcinoma in situ. The time interval between BCT and
diagnostic examinations was (mean 17.7+8.2 months,
range 8.3—22.1 months). Nineteen patients (4.6%) devel-
oped ipsilateral recurrence, and 31 patients (7.5%) devel-
oped contralateral cancer (Table 1).

Final BI-RADS assessment categories were compared
between DM, synthetic 2D+DBT, and DM+DBT
(Table 2). There is a significant reduction in the propor-
tion of studies classified as probably benign BI-RADS 3 in
synthetic 2D +DBT and DM + DBT compared with those
in DM alone, and this was demonstrated by the two read-
ers and at double reading (all P=0.01) (Figs. 1, 2). In con-
comitant with a significant increase in the proportion of
studies classified as normal and benign (BI-RADS 1 and 2
respectively) in synthetic 2D + DBT and DM +DBT com-
pared with those in DM alone regardless of breast den-
sity for both readers and at double reading (P=0.03, 0.03
for reader 1, 0.01, 0.02 for reader 2 and 0.01 and 0.02 for
double reading) (P<0.03) (Fig. 3). There is a significant
increase in the PPV of malignancy in synthetic 2D+ DBT
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Table 1 Demographic data of the 415 patients in this study

Characteristics (n=415) Number (%)
Age (y) 56.1+5.4 years
(range,
27-69 years)
Histologic tumor type
Ductal carcinoma in situ 91 (21.9%)
Invasive carcinoma 324 (78.1%)
Ductal 289 (89.2%)
Lobular 25 (7.7%)
mucinous carcinomas 7 (2.2%)
others 3(0.9%)
Tumor size on surgery (mm) 184+7.1
LN metastasis
No 330 (79.5%)
Yes 85 (20.5%)
Hormonal receptor status
Triple negative 47 (11.3%)
Her2(+) 159 (38.3%)
ER/PR(+) 209 (50.4%)
Adjuvant/neoadjuvant chemotherapy
Yes 215 (51.8%)
no 200 (48.2%)

and DM +DBT compared with those in DM alone for
reader 2 (P=0.01) and at double reading (P<0.04) with-
out a significant difference in the proportion of studies
classified as BI-RADS category 4 or 5 for both readers
and at double reading (p >0.3) (Fig. 4).

On double reading of synthetic 2D+ DBT, DM, and
DM+ DBT, there are no significant differences in the
breast density at the final BI-RADS categorization
(p>0.07) (Table 3).

There was a significant increase in AD in synthetic
2D +DBT and DM +DBT compared with those in DM
alone, and this was demonstrated by the two readers and
at double reading (all P=0.01) (Table 4).

Discussion

DM is considered the gold standard for detecting and
diagnosing breast cancer [16]. But its flaw remains that
overlapping of normal breast tissue can result in false-
positive tests and pointless patient recalls [17]. DBT has
solved the superimposition of breast tissue and reduced
tissue overlapping by permitting consecutive slices
through the breast tissue [18, 19].

From our study, we noted that the addition of DBT to
either DM or synthetic 2D +DBT images significantly
decreased the number of cases classified as BI-RADS
3, and this was demonstrated by the two readers and
at double reading (all P=0.01), increase the number
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Table 2 Comparison between DM, synthetic 2D+ DBT, and DM+ DBT on final BI-RADS assessments by Reader 1, Reader 2 and at
double reading

BI-RADS category DM Synthetic 2D +DBT DM+DBT p* pt p*
Reader 1 BI-RADS 1,2 191 (46%) 273(65.8%) 271 (65.3%) 0.03 0.03 0.9
BI-RADS 3 150 (36.1%) 77 (18.6%) 76 (18.3%) 0.01 0.01 09
BI-RADS 4,5 74 (17.8%) 65 (15.7%) 68 (16.4%) 0.1 0.1 03
PPV of malignancy 50/74 (67.6%) 50/65 (76.9%) 50/68 (73.5%) 0.08 0.09 0.1
Reader 2 BI-RADS 1,2 149 (35.9%) 277 (66.7%) 266 (64.1%) 0.01 0.02 04
BI-RADS 3 189 (45.5%) 77 (18.6%) 91 (21.9%) 0.01 0.01 0.2
BI-RADS 4,5 77 (18.6%) 61 (14.7%) 58 (14%) 0.1 0.1 06
PPV of malignancy 50/77 (64.9%) 50/61 (82%) 50/58 (86.2%) 0.01 0.01 0.2
Double reading BI-RADS 1,2 160 (38.6%) 276 (66.5%) 272 (65.5%) 0.01 0.02 0.5
BI-RADS 3 185 (44.6%) 80 (19.3%) 83 (20%) 0.01 0.01 0.5
BI-RADS 4,5 70 (16.9%) 59 (14.2%) 60 (14.4%) 0.1 0.1 0.9
PPV of malignancy 50/70 (71.4%) 50/59 (84.7%) 50/60 (83.3%) 0.03 0.04 0.2

Bold value indicates significant p < 0.05

" Comparison between DM and synthetic 2D + DBT

1 Comparison between DM and DM + DBT

¥ Comparison between synthetic 2D+ DBT and DM+ DBT

synthetic2D

Fig. 1 A 38-year- old female patient underwent breast conservative surgery. At DM MLO view a, synthetic 2D MLO view b, both readers
demonstrated a focal asymmetry in right upper breast which is contiguous with the skin contour deformity. On diagnostic DBT ¢, this abnormality
was resolved, and central lucency was clearly identified as post-surgical scar and assigned BIRAD category 2 by both readers. It remains stable

on follow up

of cases classified as normal or benign (BI-RADS 1, 2  noted by Mumin et al. [20], that synthetic View images
respectively) compared with DM alone in the diagnos- when reviewed with DBT are superior to DM in lesion
tic settings of breast cancer following BCT for both detection, and characterization [20]. Moreover, the
readers and at double reading (P<0.03), regardless radiation dose was substantially reduced by 52%, which
of the patient’s mammographic density. This was also  could provide evidence that synthetic view combined
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synthetic2D [ E | DBT followup

Fig. 2 A 55-year- old female patient underwent breast conservative surgery. DM MLO view a, synthetic 2D MLO view b revealed focal asymmetry
at the left upper breast. On diagnostic DBT ¢, central lucency was identified and a postoperative change at the site of scar was confirmed
by ultrasound examination performed on the same day d. It regresses on size on follow up DBT e

DBT MLO

Fig. 3 A 46-year- old female patient underwent breast conservative surgery. Focal asymmetry at the left upper breast was described
by both readers at DM MLO a, synthetic 2D MLO views b. On diagnostic DBT, MLO ¢, CC d, localized glandular tissue with linear fat strands were
identified and assigned as BIRAD category 1 by both readers. Ultrasound correlative image e showed localized glandular tissue
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Fig. 4 A 40-year-old female patient underwent breast conservative surgery.DM CC View a, synthetic 2D CC view b revealed focal asymmetry
at the outer half of the left breast. On diagnostic DBT, CC view ¢, revealed small speculated mass with irregular outline associated with architectural
distortion and assigned as BIRADS 5 and confirmed by biopsy as recurrent IDC

Table 3 BI-RAD categorization according to breast density classes in DM, synthetic 2D + DBT, and DM + DBT at double reading

Breast density class DM Synthetic 2D + DBT DM +DBT p* pt p*
Category a,b

BI-RADS 1,2 92 (22.2%) 150 (36.1%) 150 (36.1%) 0.08 0.09 0.1
BI-RADS 3 96 (23.1%) 43 (10.4%) 33 (8%) 0.09 0.07 0.2
BI-RADS 4,5 25 (6%) 29 (7%) 27 (6.5%) 0.1 0.1 03
Category ¢,d

BI-RADS 1,2 68 (16.4%) 126 (30.1%) 122 (29.4%) 0.08 0.1 0.2
BI-RADS 3 89 (21.4%) 37 (8.9%) 50 (12%) 0.08 0.09 0.1
BI-RADS 4,5 45 (10.8%) 30 (7.2%) 33 (8%) 0.9 0.1 0.2

" Comparison between DM and synthetic 2D + DBT
1 Comparison between DM and DM+ DBT
¥ Comparison between synthetic 2D+ DBT and DM+ DBT

with DBT is acceptable to be used in routine clinical
practice and may obviate the need for DM [20].

Two trials [18, 19] have shown that the DBT improved
the visibility of lesions and reduced the requirement
for unnecessary benign biopsies or further imaging
for false-positive outcomes. Our postoperative data
showed the same results, with a decline in BIRADS 3
and a commensurate raise in BIRADS 1 and 2. Addi-
tionally, as compared to DM alone, our findings show
that DBT can reduce the short-term interval follow-up
of benign postoperative alteration by 55.2%. This dem-
onstrates DBT’s ability to reduce tissue overlapping and
get rid of breast tissue superimposition [21]. Also, DBT

reduced the recall rate in 451 breast cancer patients by
29%, according to Sia et al. [22].

In this current study, the addition of DBT to DM or
synthetic 2D +DBT improves the PPV of malignancy
compared to DM alone without significantly changing
the number of patients referred for biopsy in BI-RADS
category 4 or 5. Additionally, there was no discernible
difference between DM + DBT and synthetic 2D + DBT
in terms of the PPV of malignancy and final BI-RADS
classification. As a result, synthetic 2D+DBT can
substitute DM alone or DM + DBT in the surveillance
of patients with BCT, as it also lowers the degree of
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Table 4 The mammographic abnormality detected by DM, synthetic 2D+ DBT, and DM+ DBTby Reader 1, Reader 2 and at double

reading
BI-RADS category DM Synthetic 2D + DBT DM+ DBT p* pT p*
Reader 1 Asymmetry 171 (41.2%) 72 (17.3%) 85 (20.5%) 0.01 0.01 0.1
Architectural distortion 119 (28.7%) 207 (49.9%) 213 (51.3%) 0.01 0.01 0.2
Calcification 60 (14.5%) 75 (18.1%) 58 (14.2%) 0.1 0.1 0.9
Mass 71(17.1%) 61 (14.7%) 59 (14.2%) 0.1 0.1 0.8
Reader 2 Asymmetry 181 (43.6%) 69 (16.6%) 91 (21.9%) 0.01 0.01 04
Architectural distortion 109 (26.3%) 210 (50.6%) 207 (49.9%) 0.01 0.01 0.2
Calcification 57 (13.7%) 79 (19%) 60 (14.5%) 0.1 0.8 0.6
Mass 68 (16.4%) 57 (13.7%) 57 (13.7%) 0.1 0.1 0.9
Double reading Asymmetry 175 (42.2%) 60 (14.5%) 83 (20%) 0.01 0.01 0.1
Architectural distortion 115 (27.7%) 209 (50.4%) 204 (49.2%) 0.01 0.01 0.2
Calcification 55 (13.3%) 60 (14.5%) 66 (15.9%) 0.1 0.1 0.7
Mass 70 (16.9%) 57 (13.7%) 62 (14.9%) 0.1 0.1 0.7

Bold value indicates significant p < 0.05

" Comparison between DM and synthetic 2D + DBT

1 Comparison between DM and DM + DBT

¥ Comparison between synthetic 2D+ DBT and DM+ DBT

exposure. DBT proved to be useful in the diagnostic
scenario for postoperative breast cancer patients.

Our findings showed that the addition of DBT to DM
or synthetic 2D+ DBT lowered the false-positive rate
associated with breast biopsies, which was in line with
earlier researches conducted in screening environments
as in Lourenco et al. [23], Mayo H. Fujii et al. [24], and
Bahl M. et al. [25], which concluded that the addition
of DBT increased the detection rate of histologically
favorable tumors compared with that attained with DM
screening.

In contrast to Friedewald SM et al. [26], McCa-
rthy AM et al. [27] and Greenberg JS et al. [28], who
claimed that DBT had higher rates of cancer diagnosis
than DM alone, a high cancer detection rate on DM
exams in diagnostic settings like those in our study
could account for the similar cancer detection rates at
DM and DBT. A significant cancer detection rate was
reported on DM and was not improved by DBT, which
is consistent with prior studies Mayo H. Fujii et al. [24],
and Bahl et al. [25].Uncertainty exists regarding the
effects of higher cancer detection rates on death rates
and interval breast cancer rates [29]. In contrast to DM,
postoperative breast alterations (such as AD or asym-
metry) may compromise the quality of synthetic 2D
pictures. Fortunately, adding DBT can help overcome
it. Additionally, in our investigation, there was no dis-
cernible difference between synthetic 2D +DBT and
DM+ DBT in terms of the PPV of malignancy or final
BI-RADS classification. DBT was therefore helpful in
the diagnostic situation for patients with postoperative

breast cancer. In the monitoring of patients with BCT,
synthetic 2D+ DBT can take the role of DM alone or
DM +DBT.

The accuracy of DBT differs according to the type of
postoperative mammographic abnormality [21]. Mass
presentation on DM results in higher true-positive
findings with DBT, while asymmetry presentation leads
to fewer false positives on DM + DBT [17]. This results
are concomitant with our results in that DM+ DBT or
synthetic 2D + DBT significantly lowers the false posi-
tive rate of asymmetry than DM alone by both readers
and at double reading as better margin analysis by DBT
boosts the observer’s confidence in lesion interpreta-
tion and reduction of unnecessary biopsies, contrary
to the previous results, our results show no significant
difference in mass detection between DM, DM + DBT,
or synthetic 2D +DBT by both readers and at double
reading. This could be explained by the large size of
the mass in our study (18.4+7.1) which could be easily
detected by any modality.

According to Murphy et al. [30], synthetic 2D+ DBT
has a significant advantage in the assessment of AD,
all patients recalled for AD were more worried about
malignancy on synthetic 2D + DBT than on DM alone.
According to the results of our study, which showed
that the synthetic 2D+ DBT and DM +DBT signifi-
cantly had better assessments of AD than DM alone
by both readers and at double reading, the malignant
features associated with AD (radiating thin straight
lines, spiculation, focal retraction or distortion of
breast parenchyma, blurring of normal tissue planes, or
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compression of tissue around a mass) are better appre-
ciated at additional tomographic images [30].

Although the DBT is more effective than the DM at
assessing asymmetry and AD, its significance in evaluat-
ing calcifications is still unclear [21]. However, because
DBT is better at visualizing the distribution of microc-
alcifications, its integration with DM reduced recalls for
calcifications [31]. This finding is consistent with our
findings, which showed that there was no significant dif-
ference in the assessment of calcification between DM,
synthetic 2D+DBT, or DM +DBT by either reader or
at double reading. However, lower sensitivity may be a
problem because of poor visibility and decreased spatial
resolution acquired from multiple images.

The advantages of DBT go beyond the usefulness
already recognized for screening situations, to sum up.
In the diagnostic settings of postoperative patients, DBT
enhances the BI-RADS final assessment categories with a
notable increase in the rate of BI-RADS 1 and 2 catego-
ries. increases the diagnostic confidence in biopsy rec-
ommendations while reducing the number of BI-RADS
3 categories. DBT can therefore be added to improve
treatment outcomes (including lower costs and reduced
patient anxiety) by increasing the sensitivity and specific-
ity of DM.

The limitation of our study included the potential
impact of the time interval between BCT and the diag-
nostic examinations on the BI-RADS assessment cat-
egories. In our investigation, the time interval averaged
13.7 £4.2 months, with a range of 8.3 to 20.1 months.
This variation in time intervals may contribute to differ-
ences in results when compared to other studies.

Conclusions

The addition of digital breast tomosynthesis (DBT) into
the diagnostic process after breast-conserving therapy
(BCT), either in conjunction with digital mammogra-
phy (DM) or with synthetic 2D images in the diagnostic
workup following BCT, significantly decreases the pro-
portion of studies classified as probably benign, signifi-
cantly increases the rate of studies classified as normal or
benign, and significantly increase in the positive predic-
tive value (PPV) of malignancy without significant differ-
ence in the patients classified as BI-RADS category 4 or
5. Moreover it improved diagnostic confidence in biopsy
recommendations, regardless of mammographic density.

Abbreviations

AD Architectural distortion.

BCT Breast conservation therapy.

BI-RADS  Breast Imaging Reporting and Data System lexicon.
CcC Craniocaudal.

DBT Digital Breast Tomosynthesis.

DM Digital Mammography.

MLO Mediolateral oblique,
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