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ABSTRACT

Background: This case series highlights the role of Hologic Genius AI™ Detection solution in improving breast cancer detection
rates. Through Al-driven technology, Genius Al Detection solution enhances the accuracy and efficiency of identifying suspicious
breast lesions, leading to early diagnosis and intervention. By leveraging deep learning algorithms, Genius Al Detection solution
provides actionable computer-aided detection (CAD) findings in identifying and aiding in the interpretation of potential
abnormalities in breast tomosynthesis images. It also helps prioritize cases to potentially improve reading efficiency ultimately
impacting breast imaging and patient care.

Case Presentation: We present three challenging cases from a routine screening population, wherein patients flagged as
high-priority or suspicious for malignancy by Genius Al Detection solution were subsequently diagnosed with invasive ductal
carcinoma (IDC), ductal carcinoma in situ (DCIS), and invasive lobular carcinoma that were all validated through biopsy and
histopathological examination. We demonstrate the clinical utility of Hologic Genius Al Detection solution in detecting various
types of breast cancers, including DCIS in a young patient with dense breast tissue and a family history of breast cancer, IDC in
a patient with scattered fibroglandular densities and no family history, and invasive lobular carcinoma in a patient with similar
breast density characteristics and no family history of breast cancer.

Conclusion: The cases exemplify how Hologic Genius Al Detection solution can potentially improve breast cancer detection in

clinical practice.

Keywords (5-8): Artificial intelligence, breast cancer, mammography, Genius Al Detection, Hologic.

Received: 30 July 2024 Accepted: 21 August 2024

Correspondence to: Rani Singh

Type of Article: CASE SERIES

*Clinical Affairs, Breast and Skeletal Health, Hologic Inc, Marlborough, MA.

Email: Rani.Singh@hologic.com
Full list of author information is available at the end of the article.

Specialty: Radiology

Background
Breast cancer stands as a prominent public health chal-
lenge worldwide, wherein the early detection serves
as a cornerstone for enhancing patient prognosis [1].
While conventional screening modalities like mam-
mography have proven invaluable in identifying breast
abnormalities, they are not without limitations [2]. The
limitations of mammography screening can lead to
undetected breast cancer. Factors contributing to this
include the reduced sensitivity of mammography in
dense breasts, specific morphological growth patterns
leading to subtle mammographic presentations, rapid
growth rates surpassing screening intervals, and poten-
tial reading errors by radiologists [3,4]. Variability in
interpretation and the potential for missed diagnoses
continue to pose significant challenges [5]. In recent
times, the integration of artificial intelligence (Al) has
emerged as a promising strategy to bolster breast can-
cer detection efforts [6].

The integration of Al technology holds profound sig-
nificance in the realm of breast cancer detection, offering
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remarkable advancements in accuracy, efficiency, and
early diagnosis [7]. Al algorithms excel in meticulously
analyzing vast volumes of medical imaging data, detect-
ing subtle abnormalities that might elude human obser-
vation. This capability not only reduces the occurrence
of false positives and negatives but also potentially
enhances patient outcomes while streamlining workflow
efficiency [6].

The widespread adoption of tomosynthesis as a
standard of care in many regions has revolutionized
breast cancer detection by enhancing both sensitivity
and specificity, reducing false recalls in comparison to
conventional 2D mammography [8,9]. However, chal-
lenges persist, including variability in radiologists’ per-
formance and the burden of reviewing numerous images
from tomosynthesis reconstruction, potentially leading
to fatigue [10]. To address these challenges and further
enhance cancer detection while optimizing workflow
efficiency, innovative technologies, and deep learning
(DL) algorithms have emerged. These advancements
leverage Al to streamline image review processes and
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highlight areas of concern within the tomosynthesis
stack. Hologic’s Genius Al Detection solution represents
a significant step forward in this realm, offering deci-
sion support tools powered by advanced Al technology
that are intended to aid radiologists in identifying and
interpreting breast abnormalities with greater accuracy
and efficiency compared to radiologists not using Al.
Specifically tailored for use with digital breast tomosyn-
thesis (DBT) systems, it aids in identifying soft tissue
densities and calcifications in breast images. The soft-
ware provides lesion scores for findings and an overall
case score, facilitating the interpretation of DBT exami-
nations. It is meant to be used concurrently with the radi-
ologist’s assessment, enhancing efficiency and accuracy
without replacing clinical judgment.

Genius Al Detection solution stands as an innova-
tive DL algorithm designed to detect breast cancer from
tomosynthesis images. The software aids in identifying
suspicious breast lesions, including soft-tissue densities,
spiculations, and calcification clusters, by analyzing
each slice of Hologic 3D™ Mammography examina-
tions using DL neural networks. It generates essential
computer-aided detection (CAD) findings, including
lesion location, outline, and lesion scores, along with
an overall case score indicative of potential malig-
nant lesion presence. Notably, the Genius Al Detection
solution exhibits superior performance in true positive
marking and reduces false positives, particularly in soft
tissue lesions, compared to conventional 2D CAD sys-
tems [11]. Additionally, the algorithm provides insights
into case complexity and reading priority on the acqui-
sition workstation in the examination room, facilitating
workflow adjustments tailored to site-specific needs
and protocols. By focusing on areas of concern such as
calcification clusters, soft tissue lesions, and their asso-
ciations, Genius Al Detection solution impacts breast
cancer detection by potentially enhancing radiologists’
diagnostic performance and reading efficiency. Genius
Al Detection solution marks serve as indicators of
potential areas of concern, identifying three primary
characteristics commonly associated with cancer: (a)
Calcification mark, denoting calcification clusters; (b)
Mass mark, indicating soft tissue lesions encompassing
masses, densities, and architectural distortions; and (c)
Malc mark, signifying a soft tissue lesion associated
with a calcification cluster.

The DL networks within Genius Al Detection solution
employ two key metrics to aid in lesion identification
and case assessment: Lesion Score and Case Score. The
Lesion Score, assigned to each detected lesion, indicates
the level of suspicion relative to other lesions and their
respective lesion scores. It is normalized using a data-
set of biopsy-proven malignant lesions, with a higher
score indicating increased suspicion of malignancy.
Conversely, the Case Score is derived from information
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Table 1. Genius Al Detection 2.0 Solution: case scores and
corresponding likelihood of cancer.

CASE SCORE! (LIKELIHOOD OF | LIKELIHOOD OF

SUSPICIOUS LESION) CANCER
0% 1/2862
1%-25% 1/1059
26%-50% 1/137
51%-75% 1/61
76%-100% 1/27

Note: Case score represents the likelihood of the presence

of a suspicious lesion in a case. This score is expressed as

a percentage and communicates how suspicious the case
appears, but it is not a probability of cancer. The “1 in” cancer rate
indicates the estimated frequency of cancer occurrence based on
the case score.

gathered across all lesions detected in standard screen-
ing views and reflects the confidence that the entire
case harbors a cancerous lesion (Table 1). Each Lesion
Score ranges from 1 to 100 and reflects the level of sus-
picion associated with a lesion, suggesting whether fur-
ther review may be warranted. However, it is important
to note that a Lesion Score alone does not definitively
determine if a lesion is cancerous. Diagnosis typically
requires a biopsy, following standard care protocols.
A lower Lesion Score indicates that the lesion appears
less suspicious compared to known cancerous lesions
in the database. Nonetheless, it does not guarantee that
the lesion is benign. The Case Score is calculated based
on the highest Lesion Score among the views processed
for a case. Both scores are displayed as overlays during
image review, facilitating radiologists’ interpretation.
Additionally, the Genius Al Detection solution features
a Reading Priority Indicator and Case Complexity Index
to further assist radiologists in prioritizing and manag-
ing cases effectively. The Reading Priority Indicator,
based on the Case Score, flags cases with heightened
concern, and enables immediate review by radiologists.
Meanwhile, the Case Complexity Index categorizes cases
based on the number of identified findings, aiding in the
customization of worklists and distribution of work-
load among radiologists. Genius Al Detection solution,
a DL-based software developed and trained on Hologic
tomosynthesis images, was evaluated in a multi-reader,
multi-case study. Results showed radiologists’ clinical
superiority, with a significant increase in the area under
the ROC curve when Genius Al Detection solution was
employed during reading compared to reading without
aid from this software. Sensitivity in detecting cancer
cases improved without compromising recall rates for
non-cancer cases. The software’s outputs, including the
Reading Priority Indicator and Case Complexity Index,
enhance workflow efficiency in mammography centers.
Genius Al Detection 2.0 Solution, the latest version,
offers improved specificity and reduces false positives
compared to the initial release.
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The objective of this case series report is to assess the
clinical effectiveness and utility of Hologic Genius Al
Detection solution in identifying breast cancers, empha-
sizing its capacity to transform diagnostic precision and
patient management in breast imaging. Through a com-
prehensive analysis of real-world cases, this report seeks
to elucidate the impact of Al-driven technologies on
improving breast cancer detection rates.

Case Presentation

Case CR-1

A 41-year-old female with a family history of breast can-
cer presented for a baseline mammogram. Notably, her
maternal grandmother had been diagnosed with breast
cancer at the age of 72. The patient’s breast tissue was
characterized as heterogeneously dense. Suspicious
microcalcifications were identified in the left breast on
both the medio-lateral oblique (MLO) and craniocaudal
(CC) views, prompting further evaluation with magni-
fication views. Genius Al Detection solution accurately
detected the calcifications on both MLO and CC views,
assigning lesion a score of 85%. for each and an overall
case score of 85%. (Figure 1) Given the high score, the

case was flagged as a high priority. Subsequent stere-
otactic biopsy confirmed the presence of ductal carci-
noma in situ (DCIS). The pathology report revealed two
distinct foci of invasive ductal carcinoma (IDC) in the
breast tissue, both Nottingham grade 2, display varied
histological features - one with mucinous, tubular, and
lobular characteristics, the other with apocrine features
- while both are positive for estrogen (ER) and proges-
terone receptors (PRs) and negative for HER-2/NEU.
This case underscores the utility of Genius Al Detection
solution in identifying abnormalities in patients with
dense breast tissue, thereby facilitating early detection
and intervention.

The early detection of DCIS is crucial for optimal
patient outcomes. We report a case demonstrating the
clinical utility of Hologic’s Genius Al Detection solu-
tion in DCIS in a young patient with heterogeneously
dense breast tissue and a family history of breast cancer.
Hologic’s Genius Al Detection solution played a pivotal
role in identifying and prioritizing suspicious microcalci-
fications in this case, leading to the timely diagnosis of
DCIS. This case highlights the effectiveness of Al-driven
technologies in improving the accuracy and efficiency of

Table 2. Investigating the potential of Hologic Genius Al Detection solution in breast cancer screening: observations from 3 case reports.

CAD GENIUS Al DETECTION
FINDINGS

CASE PATIENT CHARACTERISTICS

Case CR-1 A 41-year-old female with a

family history of breast cancer,
notably her maternal grandmother
diagnosed at 72, underwent

baseline mammogram, revealing
heterogeneously dense breast tissue.

Case CR-2 A 58-year-old woman, with no family
history of breast cancer, underwent

regular screening mammogram.

Suspicious microcalcifications in
the left breast on MLO and CC
views led to further evaluation

with magnification views. Genius
Al Detection solution accurately
detected calcifications, assigning a
lesion score of 85% for each view
and an overall case score of 85%.

The CAD findings indicate scattered
breast density, with asymmetry
noted in the right breast at the 12
‘O clock. The lesion was accurately
marked on both cranio-caudal (CC)
and medio-lateral oblique (MLO)

PATHOLOGY REPORT

Two distinct foci of invasive ductal
carcinoma in breast tissue, both
Nottingham grade 2, exhibit varied
histological features - one with
mucinous, tubular, and lobular
characteristics; the other with
apocrine features - both positive for
estrogen and progesterone receptors,
negative for HER-2/NEU.

The pathology report revealed

the presence of invasive ductal
carcinoma with well-differentiated
tubular features, testing negative for
HER-2/NEU and positive for estrogen
and progesterone receptors.

views, with lesion scores of 54% and
84%, respectively. Spot compression
views confirmed the persistence

of the abnormality. Tomosynthesis
highlighted spiculations of the
lesion, demonstrating the specificity
of Genius Al Detection solution in
detecting high-priority lesions.

Case CR-3 A 42-year-old woman, underwent a
routine screening mammogram, and
there is no history of breast cancer in

her family.

The examination showed scattered
fibroglandular densities, with
asymmetry noted on the right MLO
view and marked by the Genius

Al Detection solution with a high-
priority case score of 87%. Further

The pathology report revealed
invasive lobular carcinoma, with
positive estrogen receptor (ER) and
progesterone receptor (PR) status,
while the status of HER-2/NEU was
equivocal.

evaluation confirmed the presence
of an invasive lobular carcinoma,
underscoring the importance of
the Genius Al Detection’s accurate
marking in facilitating prompt
diagnosis.
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breast cancer detection, particularly in patients with dense
breast tissue and a family history of breast cancer.

Case CR-2

We report a case demonstrating the clinical utility of
Hologic’s Genius Al Detection solution in identifying and
localizing a high-priority lesion subsequently confirmed
to be IDC.

A 58-year-old female with no family history of breast
cancer presented for routine screening mammography.
Scattered breast density was noted, with asymmetry
observed in the right breast at the 12 o’clock position
The lesion was accurately marked on both cranio-cau-
dal (CC) and MLO views, with lesion scores of 54% and
84%, respectively. Spot compression views confirmed the
persistence of the abnormality (Figure 2). Tomosynthesis
highlighted spiculations of the lesion. Subsequent ultra-
sound revealed an irregular spiculated nodule diagnosed
as IDC. Invasive well-differentiated ductal carcinoma
with tubular features, HER-2/NEU negative, and positive
for ER and PRs were identified in the pathology report.

The case demonstrates the specificity of the Genius
Al Detection solution in detecting high-priority lesions,
as evidenced by the accurate localization and high
case score (case score 84%) assigned to the identified
abnormality.

Screening mammography is essential for early
detection of breast cancer, particularly in asympto-
matic individuals. Genius Al Detection solution played
a vital role in the early detection of IDC in a patient
undergoing screening mammography. This case high-
lights the ability of Hologic Genius Al Detection solu-
tion to identify small spiculated areas and facilitate the
focused evaluation of abnormalities, ultimately leading
to the timely diagnosis of breast cancer. Early detection
of IDC is crucial for optimal patient outcomes. Hologic
Genius Al Detection solution demonstrated its effec-
tiveness in identifying and prioritizing the suspicious
nodule, facilitating prompt diagnostic evaluation and
intervention.

Case CR-3

A 42-year-old female underwent a screening mammo-
gram with no family history of breast cancer. The exam-
ination revealed scattered fibroglandular densities, with
no abnormalities detected on the CC views bilaterally
(Figure 3A). However, an area of asymmetry was iden-
tified on the right MLO view (Figure 3B) and flagged
by the Genius Al Detection solution with a high-priority
case score of 87%.

Further evaluation of the asymmetrical area confirmed
the presence of an invasive lobular carcinoma. Invasive lob-
ular carcinoma, ER and PR positive, with HER-2/NEU sta-
tus equivocal, as indicated in the pathology report. Genius
Al Detection’s marked lesion without additional distracting

markings proved instrumental in drawing attention to this
high-priority case and facilitating prompt diagnosis.
Hologic Genius Al Detection solution facilitated the
early detection of invasive lobular carcinoma in a 42-year-
old female undergoing screening mammography. This
case underscores the importance of utilizing Al-driven
technologies in enhancing early cancer detection, particu-
larly in patients with no family history of breast cancer.
Invasive lobular carcinoma can be challenging to detect

Figure 1. (A) (CC view) and (B) (MLO view) demonstrate
suspicious microcalcifications in the left breast of a 41-year-
old female with heterogeneously dense breast tissue. The
Genius Al correctly identified the calcifications with a lesion
score of 85 on both views, contributing to an overall case
score of 85%. The case was flagged as high priority, leading
to a stereotactic biopsy and subsequent diagnosis of DCIS.
(C) depicts magnification views obtained during the biopsy
procedure.
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Figure 2. Screening mammogram images of a 58-year-old
female with no family history of breast cancer. Scattered breast
density is observed. Asymmetry noted in the right breast 12 o’
clock position, accurately marked in the CC view with a lesion
score of 54% and marked on the MLO view with a lesion score
of 84% (A). Spot compression views confirm the persistence
of the identified area (B). Tomosynthesis image highlighting the
spiculations of the lesion. lllustration of the Genius technology’s
specificity, with only one area marked, resulting in the case being
flagged as high priority. The case score was 84%. The lesion
was marked in both views, enabling quick localization of the
abnormality (C).

on mammography, particularly in its early stages. Hologic
Genius Al Detection solution played a crucial role in iden-
tifying and prioritizing the suspicious area, leading to the
timely diagnosis of breast cancer.

Discussion
The cases (Table 2) presented demonstrate the clinical
utility of the Hologic Genius Al Detection solution in
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Figure 3. (A) Displays the CC views of a 42-year-old female with
scattered fibroglandular densities and no family history of breast
cancer, showing no abnormalities bilaterally. (B) Presents the
right MLO view revealing an area of asymmetry marked by the
Genius Al Detection with a case score of 87% and flagged as
high priority.

enhancing breast cancer detection. Across diverse patient
demographics and breast tissue compositions, the integra-
tion of Al-driven technology has shown significant prom-
ise in improving the accuracy and efficiency of identifying
suspicious lesions, ultimately leading to early diagnosis
and intervention.

In Case CR-1, the detection of DCIS highlights the
ability of Genius Al Detection solution to identify subtle
abnormalities, particularly in patients with dense breast
tissue and a family history of breast cancer. By accu-
rately detecting suspicious microcalcifications, Genius
Al Detection solution facilitated the timely diagnosis of
DCIS, emphasizing its role in enhancing early cancer
detection in high-risk individuals.

Case CR-2 underscores the effectiveness of the
Hologic Genius Al Detection solution in detecting small
spiculated areas, leading to the early diagnosis of IDC.
Despite the absence of a family history of breast cancer,
the integration of the Genius Al Detection solution ena-
bled the prioritization and focused evaluation of suspi-
cious findings, ultimately facilitating prompt diagnostic
intervention.

In Case CR-3, the early detection of invasive lobu-
lar carcinoma emphasizes the importance of utilizing
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Al-driven technologies, particularly in patients with no
family history of breast cancer. By flagging asymmetrical
areas with a high priority case score, Genius Al Detection
solution drew attention to suspicious findings, enabling
timely diagnosis and intervention in a challenging-to-de-
tect cancer subtype.

Overall, the cases demonstrate the impact of Hologic
Genius Al Detection solution in breast cancer by ena-
bling diagnostic precision and enhancing patient man-
agement. By leveraging DL algorithms to prioritize
cases and provide essential CAD findings, Genius Al
Detection solution potentially enhances radiologist
efficiency and accuracy, ultimately improving patient
outcomes in breast cancer detection and treatment. In
addition, outcomes from GAID can lead to a workflow
solution for radiologists by prioritizing reading order
in a busy clinic. This solution is trained on image data
from diverse demographics and has been proven to
enhance radiologists’ sensitivity of cancer detection.
GAID also offers immediate access to results right on
the acquisition workstation and allows for point-of-
care triaging and faster response to patients. The three
presented cases demonstrate clinical utility of GAID
solution in identifying, localizing, and prioritizing can-
cerous lesions in a screening mammography practice.
Further research and widespread adoption of Al-driven
technologies like Genius Al Detection solutions are
essential to continue advancing breast imaging and
optimizing patient care.

Conclusion

The cases exemplify how Hologic Genius Al Detection
solution can potentially improve breast cancer detection
in clinical practice.

What is new?

Known in the literature: challenges in breast cancer detec-
tion: the manuscript outlines the limitations of traditional
mammography, particularly in detecting cancer in dense
breast tissues, and the variability in radiologists’ interpreta-
tions. These challenges have been well-documented, with
prior research highlighting the need for improved diagnostic
tools. Use of Al in medical imaging: the integration of Al in
medical imaging, particularly in enhancing the accuracy and
efficiency of breast cancer detection, is a growing field. Al’s
ability to analyze vast amounts of imaging data and identify
subtle abnormalities is recognized as a significant advance-
ment. Novel: Genius Al Detection Solution: the manuscript
presents the Genius Al Detection solution, a deep learning
algorithm designed specifically for use with DBT systems. It
provides detailed CAD findings, including lesion scores and
case scores, to assist radiologists in identifying suspicious
areas. This tool not only marks potential lesions but also
categorizes them based on suspicion levels, which is a novel
approach in the field.
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Summary of the Case

tory of breast cancer.

MLO view with a case score of 87%.

Case Patient characteristics CAD Genius Al Detection findings Pathology report
CR-1 41-year-old female, family history of | Detected suspicious microcalcifica- | Two foci of invasive ductal carci-
breast cancer. tions in the left breast with an over- [ noma, Nottingham grade 2, ER/PR
all case score of 85%. positive, HER-2/NEU negative.
CR-2 58-year-old woman, no family his- | Detected asymmetry in the right | Invasive ductal carcinoma with tubu-
tory of breast cancer. breast with lesion scores of 54% (CC) | lar features, ER/PR positive, HER-2/
and 84% (MLO). NEU negative.
CR-3 42-year-old woman, no family his- [ Detected asymmetry on the right | Invasive lobular carcinoma, ER/PR

positive, HER-2/NEU equivocal.
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