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Introduction

Persistent disparities create an urgent need for better screening

challenge of breast density challenge of racial inequity

e Women with dense breast tissue o n e Black women in the U.S. experience
face a higher risk of cancer. significantly higher breast cancer
e Dense tissue can mask cancer a@d mortality despite lower incidence
lesions in mammograms, leadingto % XaA rates compared to white women®.
missed diagnosis”. o ------- ® . Thisdisparity is linked to systemic
barriers, reduced access, and
delayed diagnoses.



https://pmc.ncbi.nlm.nih.gov/articles/PMC10091988/
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Research Problem

e Breast cancer screening in USA is uniqgue (compared to EU) with a
diverse range of population including increased risk groups*
requiring scalable and equitable impact approach in adapting Al
Integrated workflows.

e Artificial intelligence (Al) shows promising results for improving
early breast cancer detection and overall screening outcomes,
particularly in European studies.

COocadom o}‘tﬂ-ut Lo, *Black women in USA experience significantly higher breast cancer mortality.



Mahidol University

Faculty of Medicine Ramathibodi Hospital
Department of Clinical Epidemiology and Biostatistics

Objectives

e Integrating Al workflows in breast cancer screening program
tailored to USA clinical practice and evaluate the approach for
scalability and equity.
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Unique U.S. Screening paradigm

( European Screening >

Bi- or tri-ennial screening

Double reading
(two radiologists)

Primarily full-field digital
mammography
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( USA Screening >

‘ ol Annual, opportunistic screening
-Beo
m Highly diverse population

Single-reading workflow

Primarily Digital Breast
Tomosynthesis (DBT)
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Selection criteria

All exams
15ep 2021-31 Dec 2022

Exam criteria: bilateral screening DBT 836,127 |
without implants or additional o s
diagnostic imaging, BI-RADS* (0,1,2),

valid breast density, compatibility with

DeepHealth Breast

119,544 During 2-month
learning period

716,583

47 Manufacturer not
compatible

Candidate exams 9,801 Not Sl

Multistage Al-driven 954 Exam with implant
workflow 2,203 Unilateral

3 Aug 2022- 4 Interpretation with diagnostic

287 Manufacturer not
compatible

36,272 Not DBT Candidate exams
180 Exam with implant Standard of care
3,831 Unilateral
29 Interpretation with diagnostic 1Sep 2021-

Patient Criteria: 235 years old and self- imaging 19 May 2022 s imaging
6,851 Not BI-RADS O, 1or 2 3,461 Not BI-RADS 0, 1 or 2
repOrted as female 3 Missing density 464.169 1 Missing density
6,772 Would not be ' 2,678 Would not be
accepted by 1 accepted by

DeepHealth Breast Al

Radiologist Criteria: interpreted DeepHealth Breast Al

. . L Eligible exams Eligible exams
Screenlng mammograms durlng both E }gg LMeEIs:than 35 years old Standard of care Multistage Al-driven
study periods based on the MQSA worktiow

_ + 1Sep 2021- 3 Aug 2022-
required minimum of 960 every 2 years [Ea 15102 Didnot ead durng 19 May 2022 31 Dec 2022
excl.

multistage Al-driven workflow
20,323 Insufficient reads

38 Male
369 Less than 35 years old

9,495 Did not read during
standard of care

370,692 208,891 14,472 Insufficient reads

wm o}‘tﬂ\k Ll *American College of Radiology Breast Imaging Reporting and Data System (BI-RADS)
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Prospective Consecutive Case Series study Step 2. Al Safeguard

r—’A

Digital Breast
Tomosynthesis (DBT) images

triggered when Al detect “high” risk &
not recalled by radiologist

disagree 8.0% (n=16,763)
Standard of Care ,L Al-driven workflow
n=370,692 i n=208 891\ routed to breast imaging specialist
: Step 1. Al CADe/x for second review

=P Initial Interpretation - { lbreast imaging specialist report
@; : by Radiologist
T Initial radiologist makes the final
low | recall decision
. immediate agree
v high}
o : : :
E , _Interpretation l _interpretation
A report : .
| =119k report
excluded
Standard of Care Al-driven workflow biopsies collection up to 1 year
Sept Jun Aug Jan Dec

CAB2ome vfthn Lasna 2022 2022 2023 2024
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Prospective Consecutive Case Series study Step 2. Al Safeguard
- g triggered when Al detect “high” risk &

The Al (DeepHealth Breast Al ) | not recalled by radiologist
v2.x) provides two outputs: disagree l 8.0% (n=16,763)

1) A suspicion score (Minimal to J. Al-driven workflow

High) and n=208,891\ routed to breast imaging specialist
2) Bounding boxes on the Step 1. Al CADe/x for second review
image to localize the lesion.
—3 l breast imaging specialist report
minimal F |Initial radiologist makes the final
low @ 5"'3|'| recall decision.
immediate agree l

high}

; = . .

l interpretation
s @ (¢

P n=119k . report

excluded
Al-driven workflow biopsies collection up to 1 year
Sept Jun Aug Jan Dec

CAB2onme vf thar. Lasnd 2022 2022 2023 2024
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Statistical methods

Primary Analysis
e Chi-squared test for unadjusted rates between SoC and Al-driven cohort

Adjustments
e used Generalized Estimation Equations (GEE) to account for correlations among interpretations performed

by the same radiologist.

Covariates
e Models adjusted for patient age, race/ethnicity, and breast density.

The study did not apply corrections for multiple comparisons.

The primary outcomes (CDR, Recall Rate, PPV) are highly correlated biologically and operationally in screening
mammography.
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Demographic Comparison

e Racial Diversity: Both groups maintained high diversity with consistent distributions of White (~33%), Black
(~26-27%), and Hispanic (~21%) patients.

e Breast Density: Tissue density was comparable across cohorts, with approximately 45% of women in both
groups classified as having dense breasts (BI-RADS C or D)

e Age Distribution: Patient age remained matched between study periods, with the majority of patients (~62%)
aged b5 years or older.

No statistically significant differences in age, race, or density between the two cohorts.

Age Group Distribution Race an d Ethnicity Distribution Breast Density Distribution
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579,583

Total Screening

579,583 total screening exams, divided between the Standard of Care (64%) and Al-driven (36%) cohorts.

109 4 96

Imaging sites U.S states (CA, DE, MD, NY) radiologists

0 5.0%
5.6 10.6% 11.1%

Recall Rate (RR)

+35.7%

Standard of Care: 10.6%
Al Workflow: 11.1%

Positive Predictive Value (PPV1)

+15.0%

Standard of Care: 4.4%
Al Workflow: 5.0%

Cancer Detection Rate (CDR)

+21.6%

Standard of Care: 4.6 per 1,000
Al Workflow: 5.6 per 1,000

(P<0.001)

(P<0.001) (P<0.001)

Standard of care mmm  Multistage Al-driven wnrkﬂ:::wJ
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Results

Cancer detection rate

10 - A0.99 A0.91 A0.73 A1.23 A0.96 AO.88 A1.14
.  21.6% 1 20.4% 1 21.8% + 21.8% * 22.5%  21.0% *22.7%
Cancer Detection Rate (CDR) Cancer Detection Rate (CDR) . * * * : * * *
(=
o
Y S .
+ 21 '6 /0 defined as the number of BI-RADS 0 (positive) ] ®
Sﬁﬁd‘;ﬁgﬁﬁ :ﬁeﬁiéégm exams with a malignant biopsy./ divided by the & 4+
total number of exams multiplied by 1,000. ©
(P<0.001) 2 -
CDR (A0.99 cancers per 1,000 exams = .
21.6%, 95% confidence interval (Cl) 12.9- Whnle? Black, Hispanic White, Other Non-dense Dense
31.0%, P < 0.001) PPN ipanic e A
10.6% 11.1% Recall rate
Recall Rate (RR) 20 AQ.60 A0.59 A0.99 AO.48 A0.31 AD.50 A0.89
+5.7% * 5.6% +9.2% 1 5.0% 1 2.6% 1 6.3% *6.5%
Recall Rate (RR) ) ) * * % & * *
defined as the percentage of screening exams 15
+5.7% that were positive %
o 10 4
e e RR (A0.60 recalls per 100 exams = 5.7%, *
(P<0.001) 95% CI 4.1—7.3%, P < 0001) 5
D —
Whole Black, Hispanic White, Other Monsdense Dense
. . . lati : : (BI-RADS (BI-RADS
CDR increases were greater than RR increases in all cases. POPEETON  epanic Hispanic ) ¢, b)
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Positive Predictive Value (PPV1)

defined as the percentage of positive exams that resulted in a malignant biopsy
PPV1 (A0.66 cancers per 100 recalls = 15.0%, 95% Cl 7.0-23.7%, P < 0.001)

Positive predictive value of recalls

5.0% 10 - A0D.66 A0.60 AOD.36 A0.95 AO.68 AD.74 AO.56
T 15.0% T 14.0% T 11.5% T 16.0% T 19.5% T13.8% T15.3%
* * * *

Paositive Predictive Value (PPV1)

+15.0%

Standard of Care: 4.4%
Al Workflow: 5.0%

PPV, (%)

(P<0.001)

Whole Black, Hispanic White, Other Non-dense Dense
population non- non- race (BI-RADS (BI-RADS
Hispanic Hispanic A, B) C, D)
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Discussion

Widespread Adoption Could Find Over 34,000 Additional Cancers Annually in
the U.S.

34,097 Potential additional cancers found each year through early screening.

Based on the study's observed increase in CDR applied to the 43 million
mammograms performed annually in the U.S. (assuming 80% are for
screening).

By increasing the CDR, this workflow may facilitate the detection of cancers in
earlier screening exams, especially for minority populations who have
historically faced diagnosis at later stages.



Mahidol University
Faculty of Medicine Ramathibodi Hospital
Department of Clinical Epidemiology and Biostatistics

Discussion
Traditional Double Reading (EU) Al SafeGuard Review
FOFEBEBL D D
Py BMDel @ g
CEREONEE e
PEREECE
HH g ->
SENEME
IIIIIIII
SREFaPaE®
100% of exams go to a second radiologist. Only 8.0% of high-risk cases are routed

to a second specialist for review.

The observed 21.6% increase in CDR is greater than the estimated 11% increase associated with
double reading 100% of exams in the U.S.
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Challenges and Limitations

Design Limitation
e Sequential Design: The sequential "before-and-after" cohorts cannot fully control for unknown biases or
confounders like a randomized trial would.
e History Bias: External factors differing between the 2021 (historical) and 2022 (concurrent) periods other than
Al implementation. (e.g., post-COVID healthcare recovery).

Selection and Implementation limitations
e Potential Selection Bias: excluded 83 low-volume radiologists, leaving 96 high-volume radiologists. Excluding
low-volume readers systematically enriches the study pool with "better" performing radiologists, can
potentially inflating baseline metrics.
e Learning Period Bias: excluded data from the first 2 months of Al use. This might overestimate the benefit
because they removed the period where radiologists were struggling to learn the system.

Analytical & ‘Black Box’ Issues
e lack long-term follow-up on interval cancers or false-negative rates.
e did not apply standard corrections for multiple comparisons despite testing across numerous subpopulations.
e underlying Al model is “blackbox” nature and study data are inaccessible intellectual property, preventing
independent verification.
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Conclusion

SIGNIFICANTLY IMPROVED PERFORMANCE

The multistage Al workflow is associated with a 21.6% increase in cancer
detection and a 15.0% increase in positive predictive value in a real-world
U.S. setting.

DEMONSTRATED EQUITY

These significant benefits are delivered equitably across all key racial,
ethnic, and breast density subpopulations, helping to address longstanding
disparities in care.

EFFICIENT & SCALABLE

The unique workflow provides the cancer detection benefits of double

reading for a fraction of the cost and effort, making it a practical solution for
the U.S. single-reader paradigm.
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Thank You
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Q&A

Q. Did the increase in Recall Rate (RR) lead to over-diagnosis?
e A.No. The PPV (Positive Predictive Value) increased by 15%. This means the extra recalls
were effective.

Q. Why not Randomized Controlled Trial (RCT)?
e |t wasn't feasible to blind the radiologists to the Al tool while they were reading. Also, they
wanted to test "real-world" implementation across 109 sites.

Q. How did they handle the clustering of data?
e They used Generalized Estimating Equations (GEE) to account for the correlation of exams
read by the same radiologist



iIncluded in
cohort

Category O
Inconclusive

Incomplete
set of imaging

Category 1
Normal

Your breast
tissue is healthy

Category 2
Non-Cancerous
Abnormality

Benign findings

Category 3
Probably Benign

Chance of breast
canceris 2%
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BI-RADS Scoring System

BI-RADS Scoring System

Category 4
Biopsy Required
Chance of

breast cancer is
>»2% and <95%

Category 5
Highly Suggestive
of a Malignancy

Indicates
possible cancer

Category 6
Abnormality That's
Already Proven

Breast abnormality
that's already
been confirmed
as cancer

Getty Images/TarikVision (illustration)

excluded from
cohort
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Mammography




