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Background: This retrospective study from a single center aimed to compare the performance of full-field digital mammog-
raphy (FFDM) vs automated breast ultrasound (ABUS) in the identification and characterization of suspicious
breast lesions in 117 patients who underwent core-needle biopsy (CNB) of the breast.

Material/Methods: The study involved a group of 301 women. Every patient underwent FFDM followed by ABUS, which were as-
sessed in concordance with BI-RADS (Breast Imaging Reporting and Data System) classification.

Results: No focal lesions were found in 168 patients. In 133 patients, 117 histopathologically verified focal lesions were
found. Among them, 78% appeared to be malignant and 22% benign. ABUS detected 246 focal lesions, includ-
ing 115 classified as BI-RADS 4 or 5 and submitted to verification, while FFDM revealed 122 lesions, including
75 submitted to verification. The analysis revealed that combined application of both methods caused sensi-
tivity to increase to 100, and improved accuracy improvement. Margin assessments in these examinations are
consistent (P<0.00), the lesion’s margin type with both methods depends on its malignant or benign character
(P<0.03), lesion margins distribution on ABUS depends on estrogen receptor presence (P=0.033), and there was
significant correlation between malignant character of the lesion and retraction phenomenon sign (P=0.033).
ABUS obtained higher compliance between the size of the lesion in histopathology compared to FFDM (P>0.05).

Conclusions: The results shows that ABUS is comparable to FFDM, and even outperforms it in a few of the analyzed catego-
ries, suggesting that the combination of these 2 methods may have an important role in breast cancer detection.
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Background

Breast cancer is the most frequent malignant cancer in women,
characterized by high mortality and one of the highest disabil-
ity-adjusted life-years (DALYs) numbers among all cancers [1].
Breast cancer treatment can be highly effective, particularly
with early-stage diagnosis. Therefore, screening examinations
enabling lesion detection in asymptomatic patients are very
important. At present, mammography is the only accepted di-
agnostic method used among 50-69-year-old women with-
in screening programs for early breast cancer detection, per-
formed every 2 years [2-4]. The American College of Radiology
(ACR) recommends beginning annual mammography screening
at age 40, which should continue past age 74 years, with no up-
per age limit unless severe comorbidities limit life expectancy.

BI-RADS is a system created by ACR to standardize reporting
of breast lesions visualized in mammography, ultrasound, and
magnetic resonance imaging of the breast. In each method,
morphologic features of the lesion are assessed to classify it
into a specific category: BI-RADS 0, 1, 2, 3, 44, 4b, 4c, 5, and
6. Each category corresponds to the probability of malignancy
and recommendation concerning follow-up or histopatholog-
ical verification. BI-RADS 2 lesions require a standard fallow-
up, BI-RADS 3 requires short-term follow-up, BI-RADS 4 and
5 require biopsy, and BI-RADS 6 is histopathologically proven
cancer. BI-RADS 1 indicates no lesion was detected.

Classic mammography (FFDM - full-field digital mammogra-
phy) is a basic diagnostic tool used for detection of clinically
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asymptomatic cancers. FFDM is an X-ray imaging method. Each
examination consists of 4 images (2 for each breast) of com-
pressed breasts using 2 different projections — craniocaudal
(CO) and mediolateral oblique (MLO). MLO projection should
visualize the pectoral muscle, a part of the axilla, and the in-
framammary fold. In CC projection nipple should be positioned
on the midline. Despite its proven ability to reduce mortality
due to breast cancer women 50-69 years old, FFDM has some
limitations, especially for dense breasts (categories C and D ac-
cording to ACR, showing much lower sensitivity than in other
breast density categories [5]. This limitation results from the
fact that FFDM is a summation examination, which in case of
dense glandular breast tissue, which absorbs ionizing radia-
tion more strongly than fat tissue, can obscuring an underly-
ing focal lesion of similar density. Additionally, dense glandular
breasts are much more difficult to compress, which is vital for
partial distribution of glandular tissue — the thinner the breast
during FFDM, the better the visualization of potential focal le-
sions, due to a smaller amount of overlapping glandular tis-
sue. Many women have dense breast anatomy (about 43% of
women aged 40-74), which results not only from age or genet-
ic predisposition, but also from hormonal treatment [6]. Dense
glandular breast anatomy is associated with increased risk of
breast cancer, about 4-6 times higher than in other patients,
increased mortality due to breast cancer, higher interval can-
cers incidence (cancers developed between a performed screen-
ing examination and a recommended follow-up examination),
and higher-stage cancers at the time of diagnosis [7,8]. Due
to the above-mentioned limitations, the sensitivity and spec-
ificity of FFDM in this age group are unsatisfactory (Figure 1).

|

Figure 1. FFDM (full-filled digital mammography) of a patient with dense, glandular breast type. No evident lesion is seen.
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Classic ultrasonography HHUS (hand-held ultrasound) was sup-
posed to be a solution to the above problems. Undoubtedly,
its advantages are wide availability, low costs, lack of expo-
sure to ionizing radiation, and lack of influence of breast den-
sity. It was shown that HHUS applied as a complementary tool
both in screening and everyday clinical practice significantly
improved cancer detection in breasts of density category C
and D according to ACR, which enabled detection of approxi-
mately 1.8 to 4.6 times more cancers per 1000 patients with
dense breast anatomy, and caused a drop in the incidence of
interval cancers [9-17]. Nevertheless, hand-held ultrasound has
many limitations: lack of standardization, numerous false-pos-
itive results, the necessity of long-term training, result depen-
dence of interpreter experience, small field of view (FOV), im-
possible recreation of the examination and its assessment by
other readers at different times, a time-consuming procedure
performed by a physician, and performance time exceeding
the interpretation time of the obtained images.

Consequently, because of the limitations of mammography
and hand-held ultrasound, new diagnostic methods to facil-
itate detection of a more cases of cancers, especially among
women with dense breasts, are still being researched.

Automated breast ultrasound (ABUS) is an ultrasound tech-
nique allowing visualization of the whole breast, which was
accepted and introduced by the US FDA in 2008. It is com-
posed of a net of linear transducers producing frequencies
about 6-14 MHZ, which are connected with a rigid compres-
sive plate. The examination is performed by an electro-radiol-
ogist or a trained technician. During the examination, the pa-
tient is in supine position. Before the procedure, the nipples
must be marked and the depth of the imaging must be de-
termined, which depends on the breasts’ size (up to 5 centi-
meters of depth). Then, gel must be applied on the breasts to
enable proper ultrasound transmission. The patient is asked
not to move and to breathe calmly, because excessive move-
ment during the procedure can cause artifacts. The transduc-
ers move automatically along the breasts, obtaining thin-lay-
er images in axial views including tissues from the surface of
the skin to the chest wall. Three projections are typically per-
formed: anteroposterior AP (breast nipple in the center of the
obtained image), lateral (breast nipple visible in medial low-
er part of the image), and medial (breast nipple in lateral up-
per part of the image). For large breasts, 2 additional acquisi-
tions are obtained covering the lower outer and upper inner
quadrants.

ABUS is has the advantage of a wide field of view, which en-
ables obtaining multiplanar reconstructions, mainly in coronal
(so-called “surgical view,” resembling breast position during
surgical procedures), and sagittal projections, making precise
localization of the focal lesion possible. The coronal view has
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great importance in assessing mammary ducts ectasia and re-
traction phenomenon, which are commonly observed in malig-
nant lesions. Using ABUS also makes it possible to mark the
lesion and to assess it in all types of reconstructions provid-
ed. The software automatically describes localization of the
lesion (distance from the nipple, from the skin and chest wall,
clockface localization), which limits incompatibility between
different readers’ assessments compared to HUSS, and has a
major role in comparing the lesions’ characteristics between
various modalities, where the breasts’ position during the ex-
amination is different. Individual examinations are recorded
and sent to the radiologic stations; therefore, the time between
the examination performance and its interpretation is sepa-
rated in comparison to HHUS. It also facilitates evaluation by
different readers at different times and enables Al application.
The technique itself is operator-independent and time-saving
for doctors, as the examination is performed by technicians.

However, ABUS is not entirely free from limitations. Scanning
does not cover the whole axilla and in case of large breasts
and in the periphery of external quadrants, which can lead
to missing lesions located in these areas, vascularity assess-
ment is not possible and neither is elastography or biopsy of
the identified lesions [18-20]. Moreover, during ABUS perfor-
mance, characteristic artifacts may appear, connected both
with patient movement, inappropriately covering the skin with
gel, with skin folding, or presence of a palpable focal lesion in
the breast, changing its consistency and structure, which hin-
ders proper adhering of the compression plate to the breast.
The most common artifacts are: folding, which is a result of
chest wall movement during acquisition; shadowing, which oc-
curs when the surface of the skin in the examined area is not
entirely and properly covered with the gel, leading to block-
age of the ultrasound transmission by gas particles; and ar-
tifacts caused by insufficient compression of the transducer,
which result in posterior shadowing caused by Cooper liga-
ments [21] (Figure 2).

A lack of direct contact between doctor and patient may be
considered as another drawback of the method, especially in
case of patient anxiety pertaining to the particular area of the
breast; there were attempts to address the problem with ap-
plication of skin markers not interfering with image interpre-
tation, but preventing significant clinical data loss in case of
emerging symptoms [22]. The examination is well tolerated
by women and lasts about 15 min.

Therefore, this retrospective study from a single center aimed
to compare the performance of FFDM vs ABUS in the identifi-
cation and characterization of suspicious breast lesions in 117
patients who underwent CNB of the breast.
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Figure 2. ABUS (automated breast ultrasound) scan of patient from Figure 1. Right breast in axial, sagittal, and coronal views. An ill-
defined, hypoechogenic mass is visible at 9 o’clock. After core-needle biopsy, a lobular carcinoma was diagnosed.

Material and Methods

Ethics

This study was performed according to the guidelines of the
Declaration of Helsinki and was approved by the Institutional
Bioethical Committee operating at the Regional Medical
Chamber in Cracow). The approval number is 293/KBL/OIL/2020.

Patients

The study involved a group of 301 women presented at the
Breast Diagnostic Imaging Laboratory from 2020 to 2022 to un-
dergo FFDM. The mean age of the women was 53.2 years, with
the youngest patient 29 years old and the oldest 77 years old.

Imaging Examinations

Every patient underwent FFDM followed by ABUS. FFDM was
performed according to a standard protocol in oblique and cra-
nio-caudal projections for each breast. ABUS was carried out
by a trained electro-radiologist in basic projections — antero-
posterior, medial, and lateral, and in case of large breasts, also
in additional projections. Both examinations were assessed
in concordance with BI-RADS classification (Breast Imaging
Reporting and Data System) independently by 2 radiologists

with 5 and 30 years of experience in breast diagnostics. The
subject matter of examinations was focal lesion presence or
absence, described using the BI-RADS scale. In FFDM, the BI-
RADS classification was applied to characterize breast anatomy
type, and in case of a focal lesion, its shape, margin, and den-
sity, as well as microcalcifications and architectural distortion.
Lesion margins were divided into well-defined circumscribed,
indistinct (ill-defined), and to deepen the analysis, the category
of lesions with indistinct margin was complemented with spic-
ulated margins. In ABUS breast anatomy type was character-
ized, presence of focal lesions and their characteristics such as
their shape, orientation, margin, echo pattern, enhancement,
or acoustic shadow behind the back wall presence and calci-
fications, and microlobulated and blurred margin. Moreover,
retraction phenomenon visible in ABUS was interpreted (most
often seen on coronal plane unique for ABUS), as well as acous-
tic shadow effect behind the lesion. Each FFDM and ABUS ex-
amination was assigned BI-RADS category 1-5. Lesion margin
type and appearance in both methods are shown in Figure 3.

Further patient management depended on focal lesions pres-
ence (in either examination), their character, and assigned
BI-RADS category. In all women with detected focal lesions
classified as BI-RADS 4 and 5 by either method, a hand-held
ultrasound was performed, and core-needle biopsy or vacuum-
needle biopsy was performed to verify the findings. Following
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Figure 3. Image of focal lesion’s margin on ABUS and FFDM depending on its type. Figure A shows ABUS image and C shows FFDM
image of the same malignant lesion with ill-defined margin. Figure B shows ABUS image of benign lesion with well-defined
margin. Figure B shows ABUS image and Figure D shows FFDM image of the same benign lesion with well-defined margin.

the histopathological diagnosis, the patients were subjected to
surgical treatment or further evaluation (follow-up).

Histopathological Examination

The material obtained in biopsy was subjected to detailed his-
topathological analysis performed by a pathologist special-
ized in breast cancer. The examinations were carried out at
a single pathomorphology laboratory. All samples were fixed
in 10% neutral buffered formalin and subsequently paraffin-
embedded. After standard hematoxylin and eosin staining,
the samples were microscopically assessed. Each sample had
its character determined as benign or malignant according to
the B1-B5 scale. Histopathological findings were divided into 2
main groups — infiltrating cancers or benign lesions. All lesions
described as category lower than B4 and B5 on histopathology
were included into the group of benign lesions. If a malignant
cancer was determined, its histopathological type, stage, ER,
PR, and HER2 receptors expression, and Ki67 index were eval-
uated. For ER and PR receptors, the following categories were

applied: negative, <80% and >80%. For HER2, the 2 categories
were negative and positive. Cancers were additionally divided
into those with lower and higher proliferation index, taking
into consideration expression level of Ki67 receptor using the
values <20% and >20% as cut-off criteria. We assessed possi-
ble correlations between focal lesion margin type on ABUS and
FFDM and cancer grade, applying the following categories: be-
nign lesions, DCIS, and infiltrating cancers. The group of infil-
trating cancers also included invasive carcinoma of no special
type co-existing with any other type of lesions, invasive lob-
ular carcinoma, micropapillary, and mucinous, with apocrine
differentiation, in any combination. The remaining divisions
were formed as a result of grouping (Table 1).

Statistical Methods

Obtained numerical data were submitted to statistical analy-
sis using the most appropriate methods for the searched cor-
relation. McNemar’s test was applied for dependent tests and
the Z-test was used for 2 independent ratios. ROC curves were
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Table 1. Histopathological diagnoses of all focal lesions in patients included in the study, their percentage and grouping model.

No Histopathological diagnosis Category B % of the lesions
1 NST Invasive B5 7.6
"""""""""""""""""""""""""""""""""""" cancers

2 Invasive lobular carcinoma 4.2

3 NST+DCIS 34.5

4 Invasive lobular carcinoma+LCIS 10.1

5 NST+invasive lobular 08
carcinoma+DCIS ’

6 NST?Lmvaswe lobular 08
carcinoma+LCIS

7 NST+invasive lobular carcinoma 4.2

8 NST+mucinous carcinoma+DCIS 1.7

9 NST+mucinous carcinoma 0.8

10 Invasive carcinoma with apocrine 08
differentiation+DCIS ’

11 Invasive micropapillary carcinoma 0.8

12 NST+DCIS+LCIS 1.7

13 DCIS lesfemns 9.2

14 DCIS+LCIS Dais 0.8

15 LCIS Non- B3 0.8

""""""""""""""""""""""""""""""""""""""""""""""""""""" malignant

16 Radial scar lesfong 1.7

17 Papilloma 0.8

18 ADH 1.7

19 Fibroadenoma B2 7.6

20 Other benign lesion 9.2

drawn and ROC analysis performed, as well as kappa confor-
mity coefficients, the chi-square test of independence and the
non-parametric Mann-Whitney U test.

Results

Detected lesions

FFDM and ABUS were performed in 301 patients. No focal le-
sions were found in 168 patients and a routine follow-up was
recommended for them. In 133 patients, 117 histopatholog-
ically verified focal lesions were found in total at 1 or both
examinations. Among them, 78% appeared to be malignant
and 22% benign. ABUS detected 246 focal lesions, including
115 classified as BI-RADS 4 or 5 and submitted to verifica-
tion, while FFDM revealed 122 lesions, including 75 submit-
ted to verification.

Multiple Lesions Detection

Among the 301 examined patients, 69 had multiple lesions.
The number of focal lesions in particular patients and num-
ber of patients whose lesions were found on ABUS were sig-
nificantly higher than those on FFDM - in total, 160 lesions
vs 84 lesions and 65 patients vs 48 patients — which means
that ABUS has an advantage over FFDM in revealing addition-
al, particularly tiny lesions. Detailed quantitative data are pre-
sented in Table 2.

BI-RADS assessment in ABUS and FFDM compared to
histopathology as a criterion standard

On FFDM, 91 histopathologically verified cancers were diag-
nosed, including 82 (90.11%) previously classified as catego-
ry BI-RADS 4 or BI-RADS 5, and 9 (9.89%) to category BI-RADS
1 or BI-RADS 2. Among 26 histopathologically verified benign
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Table 2. Patients with multiple focal lesions — distribution of focal lesions number visible on FFDM and ABUS.

Number of lesions

Lesions visible on FFDM

Lesions visible on ABUS

31 (including 9 patients with
2 lesions and 13 with one lesion,
22 patients in total)

60 (including 28 patients with
2 lesions and 4 patients with
1 lesion, 32 patients in total)

25 (including 4 patients with

3 lesions, 5 patients with 2 lesions
and 3 patients with 1 lesion,

12 patients in total)

43 (including 12 patients with
3 lesions, 2 with 2 lesions
and 3 patients with 1 lesion,
17 patients in total)

17 (including 1 patient with
44lesions, 1 patient with 3 lesions,
3 patients with 2 lesions and

4 patients with 1 lesion, 9 patients
in total)

31 (5 patients with 4 lesions,

2 patients with 3 lesions, 2
patients with 2 lesions and

1 patient with 1 lesion, 10 patients
in total)

5 (including 1 patient with
3 lesions and 2 patients with
1 lesion, 3 patients in total)

18 (2 patients with 5 lesions,
2 patients with 4 lesions,
4 patients in total)

6 (including 1 patient with
4 lesions and 1 patient with
2 lesions, 2 patients in total)

8 (1 patient with 6 lesions and
1 patient with 2 lesions, 2 patients
in total)

found in one Number of Number of
patient lesions in total patients

(either method)

2 72 36
3 51 17
4 40 10
5 20 4
6 12 2
Total 195 69

84 lesions, 48 patients

160 lesions, 65 patients

FFDM — full-filled mammography; ABUS — automated breast ultrasound.

Table 3. Distribution of benign and malignant lesions in relation to BI-RADS category allocated on FFDM examination.

FFDM BI-RADS

Malignant lesions

Benign lesions

4 (15.38%)

Total

>4 82 (90.11%)
<4 9 (9.89%)
Total 91

BI-RADS — Breast Imaging Reporting and Data System; FFDM — full-filled mammaography.

Table 4. Distribution of benign and malignant lesions in relation to BI-RADS category allocated on ABUS examination.

FFDM BI-RADS Malignant lesions Benign lesions Total

>4 73 (80.22%) 18 (69.23%) 91
""""""""" @  wsaesw  s@eum 2%
""""""""" ol e 2% a7

BI-RADS — Breast Imaging Reporting and Data System; ABUS — automated breast ultrasound.

lesions, 22 (84.62%) were classified as BI-RADS 1 or 2, while
4 lesions (15.38%) were BI-RADS 4 or 5 (Table 3).

On ABUS, 91 histopathologically verified cancers were diag-
nosed, including 73 (80.22%) previously classified to category
BI-RADS 4 or BI-RADS 5, and 18 (19.78%) to category BI-RADS
1 or BI-RADS 2. Among 26 histopathologically verified benign
lesions, 18 (69.23%) were classified as BI-RADS 1 or 2, and 8
(30.77%) were BI-RADS 4 or 5.

€941072-7

The next table presents distribution of benign and malignant
lesions in relation to BI-RADS on ABUS examination (Table 4).
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Figure 4. Examples of histopathology specimens at 10x magnification. Figure A shows fibroadenoma. Figure B shows ADH. Figure C

shows DCIS G2. Figure D shows NST cancer G1.

BI-RADS categories allocated by ABUS and FFDM appeared to
be consistent, with 48% compatibility. In total, 62% of lesions
were assessed as benign or a lack of visible lesions in a par-
ticular method (BI-RADS 1 or BI-RADS 2 on FFDM and ABUS).
The largest group of lesions — 30% — were assessed on ABUS
as BI-RADS 1, and on mammography as BI-RADS 2, which in
most analyzed cases resulted from frequently present benign
calcifications on FFDM (calcifications in the skin, vascular, pop-
corn-like type, post-inflammatory, round, ring, dystrophic, milk
of calcium, in a scar). The second largest group (19%) was cat-
egory BI-RADS 2, both on FFDM and ABUS, included mainly
cysts and lymph nodes.

Consistent assessment BI-RADS 5 was allocated to 14% of
lesions, and BI-RADS 4 to 5% of lesions. In total, 19% of le-
sions required biopsy (BI-RADS 4 or BI-RADS 5 on both meth-
ods). There were also 5% of lesions assessed as Bi-RADS 1 or
BI-RADS 2 on ABUS and BI-RADS 4 or 5 on FFDM, which in all
analyzed cases resulted exclusively from presence of micro-
calcifications of suspicious morphology (amorphous, coarse
heterogeneous, pleomorphic, fine linear, or fine-linear branch-
ing), usually invisible on ultrasound. In 4% of the examined le-
sions, the reverse situation appeared — Bi-RADS 1 or BI-RADS
2 were assigned on FFDM, while category BI-RADS 4 or 5 were
assigned on ABUS, due to the masking effect of focal lesions
by glandular tissue in dense glandular breasts (subtype C and
D according to ACR).
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NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€941072-8

Histopathological Diagnoses

More lesions were found on ABUS than FFDM (246 on ABUS
and 122 on FDMM). Among them, 54% visible on FFDM and
only 35% on ABUS were submitted to histopathological verifica-
tion, because most of the lesions determined on ABUS showed
benign morphology (mostly simple and complex cysts, or sim-
ple cysts conglomerations). Lesions visible on FFDM were ver-
ified with VABB more often than those found on ABUS (12%
vs 7%), due to findings exclusive for FFDM, mainly microcal-
cifications of suspicious morphology. Histopathological diag-
noses of all lesions verified in patients subjected to FFDM and
ABUS examinations are presented in Table 1.

Invasive cancers are the largest group among the verified le-
sions (81 in total), the most frequent being invasive carcinoma
of no special type (NST) with ductal carcinoma in situ (DCIS),
followed by invasive lobular carcinoma co-existing with lob-
ular carcinoma in situ (LCIS), and the third largest group was
invasive carcinoma of no special type and invasive lobular car-
cinoma. There were only 5% of B3 cases and 17% of benign
lesions. In the B3 group, radial scar and ADH were dominant.
Among benign lesions, 1 case of amyloidosis was encountered.
Preview of histopathology results is presented in Figure 4A-4D.
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Benign lesions
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g
%
Invasive lesions
0% 20% 40%
W (Well-defined) circumscribed
B Indistinct (ill-defined)
B
Benign lesions
g
g
é\ DaIS
s
g
%
Invasive lesions
0% 20% 40%
W (Well-defined) circumscribed
B Indistinct (ill-defined)

ABUS p<0.001

60% 80% 100%

FFDM

60% 80% 100%

Figure 5. (A, B) Correlation between focal lesion’s margin on ABUS and FFDM and its grade.

Association Between Lesions’ Margin On ABUS and FFDM
and Its Malignancy Status

The analysis revealed that a lesion’s margin type, both on
FFDM and ABUS, depends on its malignant or benign char-
acter (P<0.03, chi-square test of independence). Well-defined
circumscribed margin was more common in case of benign
lesions, while spiculated was more common in case of ma-
lignant lesions. On ABUS, well-defined circumscribed margin
was found in 43% of benign lesions and in only 8% of malig-
nant lesions. On FFDM, circumscribed margin was present in
42% of benign lesions, but never in malignant lesions; all can-
cers visible on FFDM showed indistinct ill-defined margins. An
additional sub-category among ill-defined lesions was distin-
guished — a spiculated margin, having been determined both
on ABUS and FFDM in 23% of malignant lesions. Moreover,
spiculated margin was also encountered on ABUS in 5% of
non-malignant lesions, which was associated with radial scar
presence and corresponded with co-existing retraction phe-
nomenon. Furthermore, some lesions with blurred margin were
found on ABUS - 25% of cancers and 5% of benign lesions.

It was determined that lesion’s margin type depends on its
type — the correlation is presented in Figure 5.

Figure 5A shows visible gradation of well-defined lesions to ill-
defined lesions ratio in relation to lesion grade on ABUS. The
proportion of ell-defined margins decreases with increased
cancer grade — 46% among benign lesions, 18% among DCIS,
and 6% among invasive cancers. On FFDM, well-defined mar-
gins are present exclusively in cases with of benign lesions
and this feature is dominant within the whole group, at 63%.
All DCIS lesions and invasive cancers appeared to have ill-de-
fined margins on FFDM. Figure 6A and 6B show correlations
between invasive cancer’s character (NST and other invasive
cancers) and focal lesions’ margin on ABUS and FFDM.

Figure 6A and 6B show that invasive cancers other than NST
were more likely to have well-defined lesions, both on ABUS
and FFDM, which suggests that the presence of a well-defined
circumscribed margin of a focal lesion being an invasive can-
cer allows exclusion of NST with high probability.
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Figure 6. (A, B) Correlation between focal lesion’s margin on ABUS and FFDM and invasive cancer’s character.

Association Between Lesions’ Margin on ABUS and FFDM and
Its Receptor and Ki67 Status

A similar comparison of lesion margin types on ABUS and
FFDM for malignant lesions in relation to their receptor sta-
tus was performed to search for a correlation between a fo-
cal lesion margin on a given imaging modality and its receptor
status, taking into consideration estrogen, progesterone, and
HER2 receptors. We found that lesion margin distribution on
ABUS depends on estrogen receptor presence (P=0.033, chi-
square test of independence). Blurred (indistinct) margins were
more frequent lesions whose receptor expression value was
less than 80% or negative, while well-defined margins were
found only in lesions with receptor expression value above
80% were absent among lesions with values >80%. No cor-
relation was determined between progesterone receptor ex-
pression level, HER2, or Ki-67 protein and focal lesion margin
on ABUS (P>0.05). The correlations are presented in Figure 7.

All lesions well-defined on FFDM appeared to be benign on
histopathology or were not subjected to verification due to
cyst presence. In the remaining cases of the analyzed mar-
gins (spiculated, ill-defined, lobulated), no correlations were
found between lesion margin and receptor status on FFDM.

The Compliance of Focal Lesions’ Margin Assessment on
ABUS and FFDM

The compliance of focal lesions’ margin assessment on ABUS
and FFDM was also compared and was found to be 77%. Kappa
conformity coefficient for these parameters was 70% [52%,
87%], showing that margin assessments on these examina-
tions were consistent (P<0.00). The highest compliance was
noted for well-defined lesions (44%), followed by ill-defined
lesions (26%). There were no cases in which a lesion was de-
scribed as well-defined on ABUS but spiculated on FFDM, and
no extreme differences in foci images on both methods were
noted. There was a small percentage of cases, however, in
which a well-defined margin on one method was described
as ill-defined on the other one, with more such cases having
appeared in configuration — the lesion was well-defined on
ABUS and ill-defined on FFDM (6%) — which may be associat-
ed with better visualization of lesion margins on ABUS than
on FFDM, producing summation images. Moreover, glandular
tissue obscuring a focal lesion may give the impression of in-
distinct or partially indistinct margins.

Retraction Phenomenon and Posterior Shadowing

Coronal view image reconstruction unique for ABUS enables
visualization of the retraction phenomenon sign, which is per-
fectly seen in that projection — a stellate pattern in which white
spicules are caused by the desmoplastic reaction of the tissue
surrounding a malignant lesion, which is the most reliable sign
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Figure 7. Distribution of correlation between focal lesion margin and estrogen receptor expression level on ABUS, p=0.033.
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Figure 8. Presence of the retraction phenomenon on ABUS in benign and malignant lesions.

for the differentiation of focal lesions in comparison to solely
transverse images evaluation [23]. Retraction features among
malignant lesions (B5) were present in 48% of focal lesions.
This is significantly more frequent than in benign lesions, with
a statistically significant correlation between malignant char-
acter of the lesion and retraction phenomenon sign (P=0.033,
chi-square test of independence). This feature was also pres-
ent in 10% of benign lesions, which in some cases were his-
topathologically diagnosed radial scars or lesions localized
within a scar. There was no statistically significant correlation
between benign or malignant character of the lesion and an
acoustic shadow behind the lesion. The retraction phenome-
non is seen in Figure 8.

Microcalcifications

Microcalcifications without a measurable focal lesion on FFDM
were encountered in 14 cases (11%), which was observed on
ABUS in 5 cases (33%). In this study, microcalcifications pres-
ence in histopathologically diagnosed DCIS and LCIS was com-
pared on FFDM and on ABUS, showing that the frequency of

microcalcifications on FFDM and ABUS depends on lesion type
(LCIS and DCIS) and is higher for DCIS than LCIS (P<0.007).
However, both LCIS and DCIS lesions contained microcalcifica-
tions more often on FFDM than ABUS, suggesting higher sensi-
tivity of FFDM for their evaluation. No correlation between fo-
cal lesion grade and microcalcifications presence on FFDM and
ABUS was noted. This relation is shown in Figure 9A and 9B.

Lesion size on FFDM and ABUS in Comparison to
Histopathology as the Criterion Standard

The study also evaluated the size of focal lesions on FFDM and
ABUS and compared the data with histopathological examina-
tion as the criterion standard. The median difference of lesion
sizes appeared to be smaller for ABUS than for FFDM (-3.00
vs 5.90), which implies higher compliance between values ob-
tained on ABUS compared to FFDM, as statistical testing does
not determine if the obtained differences between lesion sizes
differ significantly from 0 (P>0.05). Values obtained on FFDM
were significantly higher than those obtained in histopathol-
ogy, and dispersion of the differences of the compared lesion
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Figure 9. (A, B) Frequency of microcalcifications presence on ABUS and FFDM in lesions diagnosed histopathologically as DCIS (ductal

carcinoma in situ) and LCIS (lobular carcinoma in situ).

sizes in relation to measurements in histopathology examina-
tion was smaller on ABUS than FFDM.

Diagnostic Performance of FFDM and ABUS

ABUS sensitivity was 80.22 and FFDM sensitivity was 90.11,
while ABUS specificity was 30.77 and FFDM specificity was
15.38. Combined application of both methods caused sen-
sitivity increase to 100 and also improved the accuracy. We
wondered whether it is possible to determine the likelihood
of malignancy incidence based on BI-RADS category specified
on ABUS and FFDM using ROC analysis, with BI-RADS 4 as a
cut-off point. Both methods appeared to be effective (AUC sig-
nificantly above 0.5). The values are presented in Figure 10.

Discussion

ABUS detected more lesions than FFDM and also detected
more lesions requiring biopsy, but the percentage of lesions
histopathologically verified was lower for ABUS than for FFDM
because of visualization of many lesions with benign imag-
ing characteristics in ABUS (eg, cysts). ABUS enabled visual-
ization of more lesions in patients with multiple lesions. BI-
RADS categories allocated both on ABUS and FFDM appeared
to be consistent. In this analysis the high compliance of focal
lesions’ margin assessment on ABUS and FFDM was demon-
strated. The margin of the lesion depends on its malignant or
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Figure 10. ABUS, FFDM, and combined ABUS and FFDM ROC
curves.

benign character FFDM and ABUS. The relation of the lesions
margin in ABUS and estrogen status of the lesion has been
noticed. Retraction phenomenon (visualized in the unique for
ABUS coronal plane) was observed significantly more frequent-
ly in malignant lesions. Microcalcifications were noticed more
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often in FFDM than in ABUS, and lesions containing microcalci-
fications were most frequently DCIS. The study revealed high-
er compliance between lesions’ size measured on histopathol-
ogy as a criterion standard and ABUS compared to FFDM. The
specificity of ABUS was higher than FFDM, the sensitivity of
ABUS was lower than FFDM, but the combination of these 2
methods improved accuracy up to 100%.

High compliance in BI-RADS categories allocated on ABUS and
FFDM was achieved (48%, while in He Chen et al, only 32.22%),
as well as in determining the lesion localization and defining
its margins [24]. Focal lesions margins are dependent on their
benign or malignant character, both on ABUS and FFDM. The
added value of ABUS is gradation of well-defined and ill-de-
fined lesions ratio in relation to their grade, which was not ob-
served on FFDM. It was also determined that invasive cancers
other than NST were well-defined both on ABUS and FFDM
more often than NST (on ABUS, the difference in margin dis-
tribution was more substantial), while cancers with low estro-
gen receptor expression were more often ill-defined on ABUS.

Microcalcifications presence is often associated with DCIS
[25]. The study confirmed that frequency of microcalcifications
presence on FFDM and ABUS is higher in DCIS than LCIS. Both
types of lesions were more often manifested as microcalcifi-
cations on FFDM than on ABUS, which proves that FFDM pro-
vides superior detection.

ABUS has a distinct advantage over FFDM in detection of fur-
ther foci in multifocal processes, as well as numerous addition-
al tiny lesions in patients with multiple lesions in breasts. In
most cases, lesions subsequently detected on ABUS were not
subjected to verification as their appearance was considered
benign, not requiring histological evaluation. Nevertheless, it
may be assumed that using ABUS together with FFDM will en-
able detection of further, potentially malignant lesions, which
is crucial for diagnosis and treatment, as it drastically chang-
es in case of diagnosis of multiple malignancies. Similar con-
clusions may be drawn based on studies carried out previous-
ly. Wilczek et al showed that performing ABUS in a group of
1668 asymptomatic women with dense breasts facilitated di-
agnosis of 2.4 additional cancers per 1000 patients in com-
parison to examination only with FFDM [26].

The possibility to create multiplanar image reconstructions,
which is a great advantage of ABUS, provides exceptionally
useful coronal view images, perfectly visualizing the retrac-
tion phenomenon sign present in numerous malignant cas-
es. Moreover, those images being “surgical views” constitute
an invaluable tool for surgeons, who can assess a focal le-
sion in a position similar to the position on the operating ta-
ble. Suzuki et al, in their retrospective study including 100 fo-
cal lesions, confirmed the importance of the coronal view and
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demonstrated that interpretation time of these images is sig-
nificantly lower than for axial images, which may provide ad-
ditional important information facilitating interpretation [27].

ABUS determines focal lesion size more precisely than FFDM
(in comparison to histopathological examination as the criteri-
on standard). Similar conclusions were obtained by He Chen et
alin a study of 344 verified malignant focal lesions — the com-
pliance of foci sizes in comparison to histopathology results as
the criterion standard was 52.91% for ABUS and 43.87% for
FFDM [23]. Despite the correction of foci sizes on FFDM with
a coefficient resulting from compression, FFDM overestimates
their size in relation to the actual status.

Although the above study demonstrated lower sensitivity and
accuracy of ABUS in comparison to FFDM, it exceeds the oth-
er method in terms of positive predictive value, and the com-
bination of both methods increased the negative predictive
value and sensitivity to 100%, but reducing its specificity. The
lower sensitivity and accuracy of ABUS in some cases result-
ed from the presence of malignant lesions undetectable on
ultrasound and visible only on FFDM, such as microcalcifica-
tions without a distinguished tumor mass. Brem et al examined
a group of 15318 women with dense glandular breast anat-
omy and found sensitivity increase by 26.7% when applying
the combined methods, and enriching FFDM diagnostics with
ABUS allowed detection of 30 additional cancers [28]. Gatta
et al proved that combined FFDM and ABUS caused a rise in
deepened diagnostic referrals by 12.2 per 1000 women with
dense breasts [29].

After combining FFDM and ABUS, the sensitivity increased by
about 10% in comparison to FFDM'’s sensitivity, which is low-
er than in the previous publications and may result from the
higher initial sensitivity of FFDM and including women with
different breast anatomy types, not only glandular breasts, in
which FFDM shows much lower sensitivity.

The major limitation of FFDM is its lower sensitivity in the pa-
tients with dense breasts and the fact that false-positive find-
ings are more often observed on the first mammogram because
the comparison of the previous mammogram has a crucial role
in diagnosis. ABUS mainly detects benign lesions and creates
many specific artifacts and thus is less specific. The low avail-
ability of ABUS results in low numbers of radiologists experi-
enced in this method.

Limitations of this study include its single-center design and
relatively small sample size, which consisted of asymptomatic
and symptomatic patients from different age groups and with
different breast density type. It would be beneficial to conduct
a similar study in a larger group of patients with dense breasts,
where FFDM has much lower sensitivity.
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Conclusions

The results obtained in this study suggest that ABUS is a fast
method, imposing no time or effort burden on a physician; is
not only comparable to FFDM in many aspects, but even out-
performs it in a few of the analyzed categories. Numerous be-
nign lesions are detected on ABUS, but its specificity is lower
than FFDM. Using combined ABUS and FFDM causes sensi-
tivity increase in both methods separately and significantly
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improves breast cancer detection; therefore, it seems reason-
able to use ABUS, which has great potential to be applied in
screening, as an additional method to FFDM.
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