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Abstract

Background: The emerging roles of artificial intelligence (AI) support in the i

maging,of the breast have led to
Objective: This study assessed the diagnostic performance of the Al decigi Qortin the evaluation of

breast masses using automated breast ultrasound (ABUS). TS

improved radiologist performance.

Methods: One hundred eighty-two patients (415 breast masses) who'gec
readers, including an experienced breast radiologist (reader 1) the

Radiology BI-RADS 5™ edition guidelines.

BUS were included. Two
east imaging fellow (reader 2),

separately reviewed the ABUS images and the Al decision s coording to the American College of
L

Results: In the 415 masses that were evaluated, 395 (95.

area under the receiver operating curve (AUC) of th!

decision support significantly increased the A
CI10.76-0.93) forreader 1 (P<0.001) and from 0.79 (
(P<0.001). Furthermore, the Al decision s
and 10.7% reduction in biopsies of benign
Conclusion: Al decision support de @
exhibiting high sensitivity and aJsigh fega

may potentially enhance the dia

nign, and 20 (4.8%) were malignant. The

% support was 0.74 (95% confidence interval
(CI) 0.72—0.77) with a sensitivity and specificity of 100. d 48.6%, respectively. The integration of Al
both readers, from 0.82 (95% CI10.74—-0.91) to 0.85 (95%
10.71-0.88) t0 0.81 (95% CI1 0.73-0.89) for reader 2
ort led to a 14.2% and 16.9% alteration in BI-RADS, witha 22.2%
es for reader 1 and reader 2, respectively.

tes diagnostic performance comparable to that of radiologists,
e predictive value. Integrating Al into the diagnostic workflow
ic performance of radiologists across various experience levels and

necessary biopsies of benign masses.

thereby contribute to a re )
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Breast cancer is the mostfiiequently diagnosed cancer
among women and the leading cause of cancer-related
mortality worldwide. In Southeast Asia, the incidence
was 41.7 per 100,000 individuals, while the mortality
rate was 14.8 per 100,000 individuals during 2020.
According to the breast cancer screening guidelines
of'the American College of Radiology (ACR), women
who have an average risk of developing breast cancer
should undergo annual mammography screening at
40 years of age, while those at higher-than-average
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risk are advised to commence annual mammography
with supplemental screening between the ages of 25
and 40 years.® Additional handheld ultrasound
(HHUS) or automated breast ultrasound (ABUS) has
enhanced the rate of breast cancer detection,
particularly in women with dense breast tissue,
alongside a corresponding increase in false-positive
examinations.** Moreover, less operator dependence,
less operator variability, and less interpretation time
for ABUS have been observed.®

Recent research has validated the improved
performance of radiologists with less interobserver
variability after the integration of artificial intelligence
(AI) decision support.©®” Furthermore, a reduced
number of biopsies for benign breast masses has been
demonstrated.®: ®
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With the emerging roles of Al decision support in anterior-posterior (AP), medial, and lateral views, with
breast imaging, this study aims to assess the diagnostic additional superior and/or inferior views in patients
performance of the Al decision support in the with larger breasts. The Al decision support evaluated
evaluation of breast masses using ABUS. in this study was the Koios DS Breast software

version 3.3 (Koios Medical), which could be used with
Material and methods the handheld ultrasound by the GE E10 machine and
the Invenia ABUS 2.0. The Al decision support was
Study population integrated into the ABUS workstation. Following the

This study received expedited review from the placement of the marker at the mass (yellow circle in
Institutional Review Board (IRB no. 0808/66, year ~ Figures 2, 3, 4, and SA), readers could access the
issued 2023), in which informed consent was waived. Koios DS Breast software. A tightly fitted rectangular
Patients undergoing ABUS examinations at a single ROI'was drawn over the mass in two orthogonal views
center from January 1, 2018, to September 30, 2021, (yellow rectangle in Figure‘Z, 3, 4, and 5A). There
were included in this study. The inclusion criteria ~ Would be a pop-up result window, and the software
included patients with mass lesions that were eithera ~ Provided results that welg-d orized as benlgp FBI‘
pathological result or follow-up imaging that indicated ~ RADS 2), probably benign(BI-RADS 3), suspicious

stability for more than two years. Furthermore, patients (combining BI-R d 4b), and probably

with non-mass lesions, such as ductal lesions, malignant (co@gb BI-RADS .4C and 5).

calcifications, or architectural distortion, simple cysts, A confidencgd€veltar isplay.ed a continuum of the

abnormalities of axillary nodes, and negative BI'RADK nt categories.

findings (BI-RADS 1) were excluded from the study

(Figure 1). ta 1 | alysis o .
Out of the 1,203 patients who underwent ABUS e8ahple size was calculated as per reliability studies

dichotomous responses, where no distinction

at our center from January 1, 2018, to September 3 . :
2021, 182 patients were selected, which included a een the two types of variables was made, which
total of 415 masses. All participants were female §ith ~ Yielded a requirement of 401 samples. o Samples
amean age of 46.4 + 13.4 years. Approximatel were randomly selected from the target popu}atlon
of patients had a history of breast cane using a simple random method, and data analysis was

examination was indicated for screening 0% of performed using STATA 18 software. Data were
cases and for diagnosis in the remaigi @ 0. The expressed as numbers, percentages, the mean, and
3400 standard deviation. Furthermore, the area under the

receiver operating characteristics (AUC), 95%
confidence interval (CI), sensitivity, specificity, positive
Reader workflow predictive value (PPV), and negative predictive value
(NPV), as well as agreement between the two
radiologists with Kappa statistics, were calculated, and
statistical significance was established at P < 0.05.

average number of masses perpatient
masses.

Two readers, including a breast radiologist with more
than 10 years of experience (reader 1) and a breast
imaging fellow (reader 2), independently examined the
ABUS images in accordance with the BI-RADS 5®

edition guidelines.  The evaluation was performed Results

in two sessions, with a 4-week washout period

between the sessions. To minimize result variation Characteristics of the masses

from differences in the region of interest (ROI) Out of the 415 included masses, 95.2% were

boundary, both readers were provided with Al decision categorized as benign, while the remaining 4.8% were

support results featuring a similarly drawn ROL categorized as malignant. Among these masses,
17.4% had biopsy-proven results indicating either

ABUS and Al decision support benign or malignant status. The remaining benign

ABUS was conducted using the GE Healthcare masses exhibited stability in the follow-up imaging for
Invenia ABUS 2.0 with a reverse curve transducer more than two years. The average size of the masses
(C15-6XW) and a frequency range of 615 MHz that was 10.3 £ 6.2 mm in the transverse dimension and
was managed by technologists. Each breast underwent 5.6 = 3.7 mm in the AP dimension.
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Target population
1,203 patients underwent ABUS
at a single center

during i January 2018 — 30" September 2021

Inclusion criteria

Mass lesions with either pathological
result or follow-up imaging indicating
stability for more thagltwOgyears

ns: ductal lesion, calcifications,
distortion (n = 574)
ymph node abnormality (n = 22)

A@w (BI-RADS 1) (n = 56)

\ 4

igible patients

Simple randomization

v

Study population
182 patients (n = 415 masses)

\ 4

Two readers separately review ABUS images

nd .
1% session 1 2" session

Review ABUS images with Al
L decision support result

Review ABUS images only | 4 weeks ]

wash out period

Figure 1. Schematic of the workflow. ABUS, automated breast ultrasound; Al, artificial intelligence; BI-RADS, breast
imaging-reporting and data system.
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Figure 2. A 64-year-old patient with invasive ductal carcinoma. ABUS reveals an irregula esogencous hypoechoic mass
with angular margin and internal calcification in the upper inner quadrant of theprigh assified as BI-RADS 5 by
both readers and probably malignant by the artificial intelligence decision suppo automated breast ultrasound;
BI-RADS, breast imaging-reporting and data system.

&4 koios
M Probably Malignant

Figure 3. A 24-year-old female presented with a palpable mass in her right breast which surgical excision revealed fibrocystic
change with fibroadenomatous change. ABUS depicts an irregular, indistinct hypoechoic mass with non-parallel orientation
in the upper outer quadrant of the left breast. The mass was classified as BI-RADS 4c by both readers and probably
malignant by the artificial intelligence decision support. ABUS, automated breast ultrasound; BI-RADS, breast imaging-
reporting and data system.
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Figure 5. A 60-year-old female with invasive ductal carcinoma. She had a history of contralateral breast cancer. ABUS (A)
demonstrates a circumscribed hypoechoic mass in the lower outer quadrant of left breast; BI-RADS 3. However, the Al
decision support characterized this mass as suspicious. Subsequent 6-month follow-up with HHUS (B); the mass developed
partial indistinct border, BI-RADS 4a. ABUS, automated breast ultrasound; Al, artificial intelligence; BI-RADS, breast
imaging-reporting and data system.
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Table 1. Number of masses and percentage of malignancy in each category by the Al decision support.

Artificial intelligence decision support Mass Malignant Malignant (%)
Benign (BI-RADS 2) 7 0 0.0

Probably benign (BI-RADS 3) 121 0 0.0

Suspicious (BI-RADS 4a and 4b) 214 12 5.6

Probably malignant (BI-RADS 4c¢ and 5) 9 8 889

BI-RADS, breast imaging reporting and data systems.

Table 2. Number of masses and percentage of malignancy in each BI-RADS category by reader 1 and reader 2.

BI-RADS Mass Malignant  Malignant (%) Mass Malignant Malignant (%)
Reader 1 Reader 1 with Al
2 RN 1 1.1 139 1 0.7
3 225 2 09 196 2 1.0
4a 76 5 6.6 57 4 7.0
4b 18 8 444 16 7 438
4c 1 1 100.0 4 3 75.0
5 3 3 100.0 3 100.0
Reader 2 Readen?2 wil
2 21 0 0.0 68 0.0
3 274 3 L1 238 \ 3 13
4a 97 4 41 6 4 46
4b 18 10 55.6 7 70.0
4c 3 1 333 4 444
5 2 2 100.0 2 100.0
Al, artificial intelligence; BI-RADS, breast imaging reporti stems
Table 3. AUC, sensitivity, specificity, PPV and NPV of the Al n support and two readers.
Al Reader 1 Reader 2 Reader 2
with AL with AL
AUC 0.74 0.85 0.79 0.81
(95% CI) (0.72-0.77) (0.76-0.93) (0.71-0.88) (0.73-0.89)
Sensitivity (%) 100.0 85.0 85.0 85.0
Specificity (%) 48.6 84.1 739 76.7
PPV (%) 9.0 213 142 15.6
NPV 100 99.1% 99.0% 99.0%

AUC, area under the curve; CI, co

Al decision support findings

The Al decision support results are displayed in
Table 1. None of the 71 benign masses (BI-RADS
2) and 121 probably benign masses (BI-RADS 3)
were identified as malignant. Out of the 214 suspicious
masses (BI-RADS 4a and 4b), 12 masses (5.6%)
were confirmed as malignant. Only nine masses were
categorized as probably malignant, with eight of them
(88.9%) proven to be malignant via biopsy (Figure
2). Pathological results of these malignant masses
revealed five invasive ductal carcinomas, one solid
papillary carcinoma, one mucinous carcinoma, and one
ductal carcinoma in situ, whereas surgical excision of
the remaining mass revealed fibrocystic change with
fibroadenomatous change (Figure 3).

dence interval; NPV, negative predictive value; PPV, positive predictive value.

The Al decision support results aligned with the
malignant rates of BI-RADS 4a for the suspicious
masses and BI-RADS 4c for the probably malignant
masses. The AUC for the Al decision support system
was 0.74 (95% CI 0.72-0.77).

Readers findings

The masses were classified into the BI-RADS
categories by the two readers. Reader 1 exhibited a
percentage of malignancy in BI-RADS 4a, 4b, 4c,
and 5 that corresponded to the expected range for
each of the respective BI-RADS categories.
However, for reader 2, the malignancy rate was higher
than the expected range for BI-RADS 4b and lower
than the expected range for BI-RADS 4c (Table 2).
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Figure 6. Area under the receiver operating curve of the Al and two readers. Al, art@lligence.

Table 4. Agreement between Al decision support and two readers. *
Agreement Al Readerl e 1 Reader 2
(95% CI) Al
Al — — — -
0.12
Readerl (0.09-0.17) — — -
0.34 7
Readerl with Al (0.29-0.37) (0574 -0.82) — -
0.18 0.32
Reader2 (0.12-0 (0.39-0.41) (0.27-0.37) -
042 0.31 0.50 0.70
Reader 2 with Al 0.3 (0.30-0.32) (0.48-0.52) (0.68—-0.73)

Al, artificial intelligence; CI, confidg "! int

The AUC, sensitivity, spéc¢if PV, and NPV
of the two readers % in Table 3 and
Figure 6. The AU Al de€cision support was
calculated as 0.74 ( CI 0.72-0.77). With the
integration of Al decision Support, the AUC for reader
1 significantly increased from 0.82 (95% CI 0.74—
0.91)t0 0.85 (95% CI10.76-0.93) (P <0.001). Similarly,
the AUC for reader 2 significantly increased from
0.79 (95% C10.71-0.88) to 0.81 (95% CI1 0.73-0.89)
(P<0.001). Moreover, no significant differences were
observed in the AUC between Al and reader 1 (P =
0.068), Al and reader 2 (P=0.236), and Al and reader
2 with Al decision support (P = 0.129). The AUC of
reader 1 with Al decision support was significantly
higher than Al decision support alone (P < 0.05). In
addition, there was no significant difference in the
AUC between reader 1 and reader 2 (P = 0.46), as
well as between reader 1 with Al decision support
and reader 2 with Al decision support (P =0.33). The
incorporation of Al decision support resulted in
increased specificity, PPV, and NPV for both readers.

The incorporation of Al decision support led to a
14.2% and 16.9% alteration in BI-RADS for reader
1 and reader 2, respectively. For reader 1, 93.2% of
these changes were attributed to a decreased BI-
RADS classification, which consequently resulted in
a 22.2% reduction in biopsies of benign masses (18
of 81 benign masses). In the case of reader 2, 88.6%
of the changes were also because of decreased BI-
RADS classification, resulting in a 10.7% reduction
in biopsies of benign masses (11 of 103 masses)
(Figure 4).

Agreement

The agreement between the Al decision support and
two readers is shown in Table 4. Substantial
agreement was observed when comparing the
readings with and without Al decision support for both
readers, with 0.78 (95% CI 0.74-0.82) for reader 1
and 0.70 (95% CI1 0.68-0.73) for reader 2. There was
also a moderate agreement between reader 1 and
reader 2 at 0.41 (95% CI 0.39-0.41), as well as
between reader 1 with Al decision support and reader
2 with AI decision support at 0.50 (95% CI 0.48—
0.52).
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Artificial Intelligence (Al) Decision Support in Automated Breast Ultrasound (ABUS)
Potential The radiologist reviews ABUS image .
workflow e with Al decision support result iales
Al Findings

Al Decision Support Result

2 ; I~ 2 koios

Al artificial intelligence.

Pop-up result window

M Probably Malignant - Ao
Draw rectangle region of interest (ROI) : — 2 3 . o
on two perpendicular ABUS images

Probability of malignancy 0%

Probability of malignancy <2%

ility of malignancy 2-49%

' Prol.ably Malignant

~k Alignment: BI-RADS 4C+

Figure 7. Workflow of Al-assisted decision support for lesion assessmen@%BUS, automated breast ultrasound;

Discussion

The Al decision support demonstrated good diagnéstic
performance with an AUC comparable to that e
two readers without any significant diff

sensitivity and a high NPV with ant
percentage of the masses categori i
(BI-RADS 4a and 4b) and p
RADS 4c and 5), which fi
BI-RADS range.

A total of four malignancieS§ere missed by both
readers, which were categorized as suspicious by the
Al decision support. Both readers misinterpreted three
malignancies as benign or probably benign.
Furthermore, two of these four cases exhibited
mammographic abnormalities, such as suspicious
calcifications or architectural distortion, which could
have assisted the readers in categorizing these lesions
as BI-RADS 4-5 in routine practice. Another case
was a small multifocal tumor that was considered
suspicious by the Al decision support, and the last
case was characterized by two readers as BI-RADS
3, but the Al decision support suggested a suspicious
classification (Figure 5).

The incorporation of Al decision support in reading
ABUS significantly increased the AUC for both
readers, which aligns with a previous study that
demonstrated a pooled AUC increase for readers with
varied experience in breast imaging, increasing from

alighant (BI-
he @xpected ACR

8 087.° Another study reported a significant

ingrease in the AUC range of three radiologists from

—0.76 t0 0.79-0.83.© In addition, the agreement
between the two readers increased from 0.406 to 0.497
with the aid of Al decision support, which is consistent
with findings from a previous study.®

The percentage of change in BI-RADS category
for both readers was similar, with rates of 14.2% and
16.9%. Furthermore, no significant difference was
observed in the rate of BI-RADS category change
with regard to radiologists’ experience in a previous
study.V

When comparing this study’s diagnostic
performance with that of other studies using Koios
software, our study demonstrated a lower AUC at
0.74 compared to 0.77 (malignant rate 27.6%)!D
and 0.88 (malignant rate 47.8%).® This difference
may be attributed to the lower malignancy rate in
our population (4.8%), as it included screening
and diagnostic studies. The Al decision support offered
by other vendors, such as S-Detect or Al-Sonic,
also demonstrated good diagnostic performance and
helped decrease the biopsy rate of the benign mass
(Figure 7).0% 19

Limitations of this study include that it was a
retrospective study and was performed in a single
center. Furthermore, there was a relatively small
number of malignant masses. Future studies with an
increased number of cases, including a malignant
subgroup, will promote enhanced data analysis. This
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study evaluated a single commercially available Al
decision support system (Koios), which may limit the
generalizability of the findings to other Al platforms
with different training data, algorithms, and decision
thresholds. Although previous studies of Al systems
from other vendors have reported similar directional
effects, differences in the study design, populations,
and evaluation metrics prevent a direct numerical
comparison.

Conclusion

The Al decision support demonstrates diagnostic
performance comparable to that of radiologists,
exhibiting high sensitivity and a high NPV. Integrating
Al into the diagnostic workflow has the potential to
enhance diagnostic performance for radiologists
across various experience levels and contribute to the
reduction in unnecessary biopsies of benign masses.
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