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Role of artificial intelligence (Al)
IN screening personalization
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Al Background



Al is an old story

Evolution

Artificial Turing Birthof Al g jzp: firsy  WABOTLMINSt gy Expert
Machine (Dartmouth Chatbot IntElligent winter g
Neurons Conference) robot Systems
IBM Watson
Second Al IBM Deep Blue Roomba: Al . ool Chatbot Euggne Amazoon
winter beats a World at home wins oogle Goostman wins N
Chess Champion Jeopardy now a Turing test Echo

1987-1993 2014
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Al is everywhere

What are the Applications of Al

B Alin Marketing | Al in Education

B AlinHealth Care
I AlinAgriculture ;&gﬂ

I AlinAutomobiles °e

Al in Astronomy

Al in Gaming

Al in Robotics

I AlinBanks Al'in Trading

) AlinEntertainment Al in Cybersecurity

https://cdn1.janbasktraining.com/uploads/images/apllications_of _ai_1.jpg
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Companies are investing in Al

Global total corporate artificial intelligence (Al) investment from 2015 to 2021 (in billion Largest patent owners in machine learning and artificial intelligence (Al) worldwide
U.S. dollars) from 2012 to 2021, by number of active patent families
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Al Is a business

Market size and revenue comparison for artificial intelligence worldwide from 2018 to
2030 (in billion U.S. dollars)

2000

1,591

000

Market size in billion U.5. dollars

500
& 581 4 327.5

10.1 1469 2259 3487 5127 70.94,

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

=9= |DC (February 2021) =e= Tractica (March 2020) Grand View Research (June 2020)
=@= Globe newswire (June 2022)
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Definition of terms

ARTIFICIAL INTELLIGENCE

Programs with the ability to
learn and reason like humans

MACHINE LEARNING
Algorithms with the ability to learn

without being explicitly programmed

DEEP LEARNING
Subset of machine learning
in which artificial neural
networks adapt and learn
from vast amounts of data

https://www.argility.com/argility-ecosystem-
solutions/iot/machine-learning-deep-learning/
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Machine learning (ML)

LEARNING INFERENCE

.\

‘7 (@ m—
ul]|]|]|] —

Query
Big data

Big Model Application
FeedBack ’

https://www.argility.com/argility-ecosystem-solutions/iot/machine-learning-deep-learning/

Decision

—_—
Uno screening
su [lrzlsura

. per il tumore
della mammel lla:

Gisella Gennaro ; nuove sfide

@ﬁf'& enuove
opportunita



ML basics

Development of algorithms that allow computers to learn from data without being explicitly
programmed.

=
Labeled Data

Machine Learning
algorithm

Training

Prediction

. .
Labeled Data "~ Prediction

Picture from: Ismini Lourentzou — Introduction to Deep Learning

THE MORE DATA AVAILABLE FOR TRAINING THE MORE ACCURATE THE PREDICTIONS
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Supervised vs. Unsupervised ML

UNSUPERVISED

Vi vl

Vil

Definition of input and output variables
Labelled data for training
Less computational complexity

Training data to learn the link between input

and output

Highly accurate and reliable
Learning applied offline
Number of classes is known

Vi v

Vi

aput variables
Unlabelled
Computationa
Unsupervised lea
output data

Less accurate and reliab
Learning in real time
Number of classes not known

ot require

=
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The ML framework

supervised unsupervised -
learning learning f( )

“apple”

2 Classification
G or Clustering f( ) = “tomato”
2 . .
] categorization
f '..,1, — kL 9
’ ( ) = “cow
S : Dimensionalit :
2/ Regression natity PURPOSE: To build a model to
= reduction : .
S properly classify new images
according to the following categories
TRAINING: given a training dataset of labelled cases {(X4,Y4),-.., (X\:Yn)}, €stimate .
the prediction function f that minimizes the prediction error on the training set. - (
o input
TESTING: apply f to a never before seen dataset output Pr d'_Ct'On P
function
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ML training and testing

TRAINING

(Femoesa)

RIS IYr

o A aa A =
- Image Learned
e = Foat Training Model
<] TR SR R Ll R T eatures ode

Training
Labels

)
—

ol ol Al T r*f

" ) Sy, 1Y) 00 Dot

TESTING

Image H Learned H
[ Features Model Prediction }
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ML vs. Deep learning (DL)

Machine Learning

G — |Gy — 7573 —

Input Feature extraction Classification
Deep Learnlng - Deep learning uses multiple
layers to progressively
extract higher-level features
& - - from the raw input
® - Automation of ML process
Input Feature extraction + Classification Output - DL is perfect for

algorithms based on
imaging

https://www.xenonstack.com/blog/static/public/uploads/media/machine-learning-vs-deep-learning.png
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https://www.xenonstack.com/blog/static/public/uploads/media/machine-learning-vs-deep-learning.png

Why is DL “deep” ?

Observable data Target classification

Maximal diameter

Density or signal intensity

Degree of enhancement

Growth over 6 months

T2 signal

Fat content

Input layer Hidden layers Output layer

Deep learning uses artificial neural networks stacked in series of layers

Input (first layer): variables from which the prediction is made

Output (last layer): value or class prediction

Hidden layers: series of computing tasks (preprocessing, feature extraction, classification, etc)
Complex decision from a composition of simpler decisions

228 20 2
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Screening Background



Screening challenges

TO DETECT ALL CANCERS

FIND THEM SMALL BUT NOT TOO SMALL OTHERWISE
IT IS OVERDIAGNOSIS

TO MINIMIZE FALSE POSITIVES
TO LIMIT COSTS

TO COVER THE TARGET POPULATION WITH
LIMITED RESOURCES (WORKLOAD)

3434
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Screening personalization & &

TO DETECT ALL CANCERS
FIND THEM SMALL BUT NOT TOO SMALL OTHERWISE

Breast cancer screening and treatment:

] . ) IT IS OVERDIAGNOSIS
One size doesn’t fit all.
LEARN MORE: WWW.CDC.GOV/CANCER/BREAST

-TO MINIMIZE FALSE POSITIVES

-TO LIMIT COSTS

TO COVER THE TARGET
POPULATION WITH LIMITED
RESOURCES (WORKLOAD)

—_—
Uno screening

f . o su;lrzlsura
Y . per il tumore

& Gisella Gennaro Gella mamme la:
'{/ 224 nuove sfide

AAC] & e nuove

.“‘“ﬁ\'\) opportunita




Screening personalization factors

INDIVIDUAL RISK FOR BREAST CANCER
- Traditionally assessed by models fed by data collected through questionnaires;
time consuming, resources for data management, limited in prediction
capability
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Screening personalization actions

THE INDIVIDUAL RISK CAN BE STRATIFIED TO DRIVE
- The frequency of screening rounds
- Possible supplemental imaging
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Al & screening personalization



Al for screening - Density assessment/measure

e e

My N Among others:
S Seminars in Roentgenology

o ; g Volume 57, Issue 2, April 2022, Pages 160-167
ELSEVIER

Volpara by Volpara Health Technologies Ltd
Quantra by Hologic

DensityAl by Densitas

DenSeeMammo by Statlife

WRDensity by Whiterabbit.ai

Insight BD by Siemens

Visage Breast Density by Visage Imaging
GmbH

Review Article

Updates in Artificial Intelligence for Breast
Imaging

N2 2 20 20 0

Manisha Bahl MD, MPH & &

MAMMOGRAPHY AND TOMOSYNTHESIS

EITHER A CONTINUOUS VARIABLE (volumetric or area breast density) OR BIRADS-LIKE
DENSITY SCORE
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Al for screening - Density assessment/measure

Dense Area
PMCID: PMC8980865

PMID: 35391766

ABD (%)=100 X ——
(%) x Breast Area

B ..
©)

gz\\:j‘:}] Eluseppe Granata, MD, Caterina B. Monti, MD, PhD, Giulia Muscogiuri, MD, Giuseppe Pellegrino, MD, Simone
DEEP

LEARNING

100 4

1994 8 1
Im i g

Pas P._x & 2008 S 60|
Thresholding . c
Physics £

§ 40

20

9%

. . 8¢ ot
BIRADS a BIRADS b BIRADS ¢ BIRADS d
intelligenza artificiale
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Al for screening - Risk assessment

Among others:

Seminars in Roentgenology
& | Volume 57, Issue 2, April 2022, Pages 160-167 - Mam moRisk by Stat“fe
ELSEVIER

- MIRAI by MIT Boston (open source)

Review Article

Updates in Artificial Intelligence for Breast | Several software tools for breast density assessment
are including a module for risk factor collection and

application of standard risk models (Gail, Tyrer-Cuzick,
Marisha Bahl MD, MPH A = etc) but this is not Al.

Imaging

MAMMOGRAPHY AND TOMOSYNTHESIS

RISK SCORE
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Al for screening - Risk assessment

Science Translational Medicine e s

o] RESEARCH ARTICLE CANCER

Toward robust mammography-based
cancer risk

Image aggregator
|

ADAM YALA (@) , PETER G. MIKHAEL ({5, FREDRIK STRAND (), GIGINLIN (@) , K - : [ l

Additive hazard layer

\

/

1Yr  2Yr 3Yr 4Yr 5Yr

(@® .. 1REGINA BARZILAY (@) +1 authors = Authors Info & Aff
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Al for screening - Detection/classification

Seminars in Roentgenology Among others:

Volume 57, Issue 2, April 2022, Pages 160-167

)|

....

ELSEVIER

Lunit INSIGHT MMG by Lunit
Transpara by ScreenPoint Medical B.V.
MammoScreen by Therapixel
ProFound Al Software by iCAD
Genius Al Detection by Hologic

Review Article

Updates in Artificial Intelligence for Breast
Imaging

2 2 2 2

Manisha Bahl MD, MPH & &

MAMMOGRAPHY AND TOMOSYNTHESIS
DETECT AND LOCALIZE LESIONS (different symbols/marks for different lesion types)

» FOR EACH MARK ASSOCIATE A “PROBABILITY OF MALIGNANCY”

FOR EACH CASE PROVIDE A SCORE ASSOCIATED WITH THE “PROBABILITY OF
CANCER PRESENCE”
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Lunit INSIGHT MM

#Lunit INSIGHT XXX X o

Vi dl

vl

https://rumc-gcorg-p-

ABNORMALITY SCORE

Company: Lunit
Product name: Lunit INSIGHT MMG
Modality: Mammography
Features: - Breast cancer
detection

- Abnormality
score

- Breast density
Images (DICOM): FFDM, synthetic 2D
Certifications: - CE

- FDA

public.s3.amazonaws.com/logos/productimage/None/tmptmp5yht_5jpi

magesproduct_imageslunit-insight-mmg.jpg
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Transpara

slice 21 slice 18 Company: ScreenPoint
: ' Product name: Transpara
Modality:
Mammography/Tomosynthesis

Features: - Breast cancer
detection

- Abnormality
score
Images (DICOM): FFDM, synthetic 2D, DBT
Certifications: - CE

- FDA

REGIONAL SCORE EXAM SCORE
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MammoScreen

i - Company: Therapixel
are very unlikely to contain cancers R ol Tt - Product name Mammoscreen
- Modality:
S Mammography/Tomosynthesis
- Features: - Breast cancer
detection
- Abnormality
score
- Images (DICOM): FFDM, synthetic 2D, DBT
= Certifications: - CE
- FDA

L= Uno screening
& v ad su misura
>_ 3 %,v G " G geﬁiltumore i
. 9 ella mammella
% (5 isella Gennaro gella mamn
% 7. e nuove
Qs 4 opportunita




ProFound

Vil

vVl

Company: iCAD
Product name: ProFound
Modality:

Mammography/Tomosynthesis
Features: - Breast cancer
detection

- Abnormality
score
Images (DICOM): FFDM, synthetic 2D, DBT
Certifications: -CE

- FDA

Gisella Gennaro
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Genius Al detection

. Company: Hologic
* Product name: Genius Al
. Modality:
' Mammography/Tomosynthesis
| Features: - Breast cancer
detection
- Abnormality
score
Images (DICOM): FFDM, synthetic 2D, DBT
Certifications: -CE
- FDA

:
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Al for screening - Triage

Seminars in Roentgenology Among others:

Volume 57, Issue 2, April 2022, Pages 160-167

ELSEVIER - cmTriage by CureMetrix

Review Asticle - HealthMammo by Zebra Medical Vision
Updates in Artificial Intelligence for Breast = Saige-Q by DeepHealth

Imaging

Manisha Bahl MD, MPH & &

MAMMOGRAPHY AND TOMOSYNTHESIS

Sarge-q_. Sy

s i 5] LS

QUEUE THE MOST SUSPICIOUS CASES TO THE  [kEEEl Saige-Q: Suspicious
TOP OF THE SCREENING WORKLIST k, Laylah Saige-Q:

ead, Shaylee Saige-Q:

Saige-Q.

aurel
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Al can aid radiologists in screening reading

Radiology 2019, 290:305-14

Detection of Breast Cancer with Mammography:
Effect of an Artificial Intelligence Support System

)Alejandro Rodriguez-Ruiz, Elizabeth Krupinski, Jan-Jurre Mordang, Kathy Schilling, Sylvia H. Heywang-
K&brunner, loannis Sechopoulos, Ritse M. Mann =

Retrospective

Al software: Transpara v 1.3.0

14 radiologists (11 breast radiologists, 3 general)
Half cases unaided, half aided

MRMC ROC analysis

N2 2 2

(emern )

Lorad Selenia (Hologic)
June 2013 to March 2017
Blocks of consecutive samples

Center B ]

Mammomat Inspiration (Siemens)
January 2014 to February 2015
Consecutively sampled

Collected cases: Collected cases:

55 cancer 55 cancer
30 false positive 46 false positive
60 normal 300 normal
5 cancer excluded 4 cancer excluded
3) Poor i lit fous |
Randornly (3) Poor lmage qua I y Randomiy (3) Extremely obvnoys signs
(2) Not possible to link (1) Not possible to link
selected selected
mammogram to CRF mammogram to CRF
50 cancer 50 cancer
20 false positive 20 false positive
50 normal 50 normal

100 cancers
40 false positives
100 normals

Final selection:

Gisella Gennaro
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Al can aid radiologists in screening reading

Radiology 2019, 290:305-14

Detection of Breast Cancer with Mammography:
Effect of an Artificial Intelligence Support System

)Alejandro Rodriguez-Ruiz, Elizabeth Krupinski, Jan-Jurre Mordang, Kathy Schilling, Sylvia H. Heywang-
K&brunner, loannis Sechopoulos, Ritse M. Mann =

20

15 4 [Increased reading time with Al support|
]
£ 107
2
3E 7
55 m Bl
£5 T ] [ " o
=3 =" 7
5
= J
=

. [Reduced reading time with Al support|

1 2 3 4 5 6 7 8 9 10
Transpara Score

Sensitivity

unaided (0.866)
= with Al support (0.886)

0.2

04 06 08
1-Specificity

1.0

Gisella Gennaro
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Al can aid radiologists in screening reading

Research - 3 retrospective studies
Use of artificial intelligence for image analysis in breast cancer screening -> datasets enriched with cancers
programmes: systematic review of test accuracy - MRMC ROC design
BMJ 2021 ;374 doi: https://doi.org/10.1136/bmj.n1872 (Published 02 September 2021) - Iaboratory effect
Author N° women | Al tool N° of
radiologists
Pacile 2020 240 MammoScreen v1.0 14 Sensitivity: Al+reader > reader
(Therapixel) (p<0_05)
Rodriguez-Ruiz 360 Transpara version 14
2019 1.3.0, (Screenpoint
Medical BV) » Specificity: not much better
Watanabe 2019 122 cmAssist 7 (p>0'05)
(CureMetrix)

Uno screening
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Al can replace radiologists in screening reading

nature > articles > article

Article | Published: 01 January 2020
International evaluation of an Al system for breast
cancer screening

Scott Mayer McKinney B, Marcin Sieniek, Varun Godbole, Jonathan Godwin, Natasha Antropova, Hutan

Ashrafian, Trevor Back, Mary Chesus, Greg S. Corrado, Ara Darzi, Mozziyar Etemadi, Florencia Garcia-

Vicente. Fiona |. Gilbert. Mark Hallina-Brown. Demis Hassahis. Sunnv langen. Alan Karthikesalinaam
Breast cancer in 3 years (UK)

Breast can

cer in 2 years (USA)

1.04 1.0
0.8 0.8
> 0.6 > 0.6
2 =
»h i n ASpecificity = 5.70%
0.4+ 3 0.4 ASensitivity = 9.40%
0.64 - Y
»
0.2 062 1 ASpecificity = 1.18% 0.2
ASensitivity = 2.70%
0.60 T T T T T 1
0.02 0.04 0.06 0.08 0.10 0.12
0 T T T T T 0 T
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.

1 - Specificity

— Al system
-« Al system (UK trai

o Mean first reader
= Mean second reader

— Al system

Al operating point ALl

4 0.6 0.8 1.0
1 - Specificity

Al operating point

ining only) * Mean human reader

- Al superior to the first UK reader
= Al non-inferior to the second UK reader
- Al superior to the average US reader

Gisella Gennaro

Uno screening
Su misura
per il tumore
della mammella:
nuove sfide

e nuove
opportunita




Al can replace radiologists in screening reading

Original Investigation

August 27, 2020

External Evaluation of 3 Commercial Artificial
Intelligence Algorithms for Independent
Assessment of Screening Mammograms

Mattie Salim, MD"?; Erik Wahlin, MSc3; Karin Dembrower, MD*7; et al

DIFFERENT Al SYSTEMS CAN
HAVE DIFFERENT
PERFORMANCE

JAMA Network

—— JAMA Oncology

1004 100
80-_
R 604 s
2 =
= =
& 40 &
20- Algarithm 1
~———— Algorithm 2
! Algorithm 3
I
0 ~t T T T T 1 60 T T T 1
0 20 40 60 80 100 0 5 10 15 20

1-Specificity, %

1-Specificity, %

Gisella Gennaro
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Al can replace radiologists in screening reading

Research - 5 retrospective studies
Use of artificial intelligence for image analysis in breast cancer screening -> datasets enriched with cancers
programmes: systematic review of test accuracy - MRMC ROC or accuracy design
BMJ 2021 ;374 doi: https://doi.org/10.1136/bmj.n1872 (Published 02 September 2021) - Iaborator)_/ effect” for MRMC
ROC studies
Author N° women | Al tool N° radiologists
Lotter 2021 285 In-house Al 5
Al performs better than single
McKinney 2020 3097 In-house Al 1 readers
Rodriguez-Ruiz 199 Transpara v. 1.4.0, 9
2019
Al performs worse than
Salim 2020 8805 3 commercial Als 1 consensus decisions
Schaffer 2020 68 008 4 In-house Als 1

Uno screening
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Al can reduce radiologists’ workload

Research

= 4 retrospective studies

Use of artificial intelligence for image analysis in breast cancer screening => different thresholds

programmes: systematic review of test accuracy

BMJ 2021 ;374 doi: https://doi.org/10.1136/bmj.n1872 (Published 02 September 2021)

Al has high sensitivity, thereby

Author N° women | Al tool N° the risk of excluding cancers is
radiologists low
100
Balta 2020 17 895 Transpara 1.6.0 0 e e e
801 www DatasetC WM DatasetH
. w 704 Dataset D BN Dataset!
Dembrower 7367 Lunitv 5.5.0.16 0 g Dataset
2020 5 9
Lang 2021 9581 Transparav. 1.4.0, 0 s :ﬂ
Raya-Povedano 15 986 3 commercial Als 1 10 _l
2021 17 3 4 5 6 7 % 8 10

Al Score

Gisella Gennaro
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Recommendation by the EU Guidelines about Al

European
Commission

In the context of an organised population-based screening programme, for
asymptomatic women with an average risk of breast cancer, the ECIBC's Guidelines
Development Group (GDG) suggests:

Al use Recommendation Evidence

NOT USING SINGLE READING SUPPORTED @
BY Al

USING DOUBLE READING SUPPORTED BY
Al

Gisella Gennaro
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Take Home

» Al will have an increasing role in the next future, in general and in screening

» Al can contribute to screening screening personalization
breast density assessment

risk assessment

lesion detection and classification

optimization of workflow

Differences are possible between different Al tools, leading to a lack of
standardization of personalized protocols

»
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gisella.gennaro@iov.veneto.it
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