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Role of artificial intelligence (AI) 
in screening personalization



AI Background



AI is an old story
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AI is everywhere
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Companies are investing in AI
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AI is a business
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Definition of terms
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https://www.argility.com/argility-ecosystem-
solutions/iot/machine-learning-deep-learning/



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



ML basics
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Picture from: Ismini Lourentzou – Introduction to Deep Learning

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

THE MORE DATA AVAILABLE FOR TRAINING THE MORE ACCURATE THE PREDICTIONS



Supervised vs. Unsupervised ML
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SUPERVISED UNSUPERVISED

➔ 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

➔ Only definition of input variables
➔ Unlabelled input data
➔ Computationally complex
➔ Unsupervised learning does not require 

output data
➔ Less accurate and reliable
➔ Learning in real time
➔ Number of classes not known



The ML framework
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f( ) = “cow”
PURPOSE: To build a model to 
properly classify new images 
according to the following categories

y = f(x)
output

inputprediction 
function

TRAINING: given a training dataset of labelled cases {(x1,y1),..., (xN,yN)}, estimate 
the prediction function f that minimizes the prediction error on the training set.

TESTING: apply f to a never before seen dataset



ML training and testing
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ML vs. Deep learning (DL)
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https://www.xenonstack.com/blog/static/public/uploads/media/machine-learning-vs-deep-learning.png

➔ Deep learning uses multiple 
layers to progressively 
extract higher-level features 
from the raw input

➔ Automation of ML process
➔ DL is perfect for 

algorithms based on 
imaging

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


Why is DL “deep” ?
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➔ 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



Screening Background



Screening challenges
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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)



Screening personalization
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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)



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

Gisella Gennaro

INDIVIDUAL BREAST DENSITY
➔ Traditionally assessed by radiologists looking at the images and categorizing 

density in few classes; lack of repeatability, inter-observer variability. Proven 
independent risk factor



Screening personalization actions

THE INDIVIDUAL RISK CAN BE STRATIFIED TO DRIVE
➔ The frequency of screening rounds
➔ Possible supplemental imaging
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THE INDIVIDUAL BREAST DENSITY CAN BE THRESHOLDED TO DRIVE
➔ Possible supplemental imaging



AI & screening personalization



AI for screening - Density assessment/measure
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Among others:

➔ Volpara by Volpara Health Technologies Ltd
➔ Quantra by Hologic
➔ DensityAI by Densitas
➔ DenSeeMammo by Statlife
➔ WRDensity by Whiterabbit.ai
➔ Insight BD by Siemens
➔ Visage Breast Density by Visage Imaging 

GmbH

EITHER A CONTINUOUS VARIABLE (volumetric or area breast density) OR BIRADS-LIKE 
DENSITY SCORE

MAMMOGRAPHY AND TOMOSYNTHESIS
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AI for screening - Density assessment/measure



AI for screening - Risk assessment
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Among others:

➔ MammoRisk by Statlife
➔ MIRAI by MIT Boston (open source)

RISK SCORE

MAMMOGRAPHY AND TOMOSYNTHESIS

Several software tools for breast density assessment 
are including a module for risk factor collection and 
application of standard risk models (Gail, Tyrer-Cuzick, 
etc) but this is not AI.



AI for screening - Risk assessment
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➔ Mirai risk model performed better than Tyrer-Cuzick and previous deep 
learning models at identifying both 5-year breast cancer risk and high-
risk patients across multiple international cohorts

➔ Mirai also performed similarly across race and ethnicity categories, 
suggesting the potential for improvement in patient care across the 
board



AI for screening - Detection/classification
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Among others:

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

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”

MAMMOGRAPHY AND TOMOSYNTHESIS



Lunit INSIGHT MMG
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https://rumc-gcorg-p-
public.s3.amazonaws.com/logos/productimage/None/tmptmp5yht_5jpi
magesproduct_imageslunit-insight-mmg.jpg

➔ 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



Transpara
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➔ 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



MammoScreen

Gisella Gennaro

➔ Company: Therapixel
➔ Product name: MammoScreen
➔ Modality:

Mammography/Tomosynthesis
➔ Features: - Breast cancer 

detection
- Abnormality 

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

- FDA



ProFound
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➔ Company: iCAD
➔ Product name: ProFound
➔ Modality:

Mammography/Tomosynthesis
➔ Features: - Breast cancer 

detection
- Abnormality 

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

- FDA



Genius AI detection
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➔ Company: Hologic
➔ Product name: Genius AI
➔ Modality:

Mammography/Tomosynthesis
➔ Features: - Breast cancer 

detection
- Abnormality 

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

- FDA



AI for screening - Triage
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Among others:

➔ cmTriage by CureMetrix
➔ HealthMammo by Zebra Medical Vision
➔ Saige-Q by DeepHealth

QUEUE THE MOST SUSPICIOUS CASES TO THE 
TOP OF THE SCREENING WORKLIST

MAMMOGRAPHY AND TOMOSYNTHESIS



AI can aid radiologists in screening reading
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Radiology 2019, 290:305-14

➔ Retrospective
➔ AI software: Transpara v 1.3.0
➔ 14 radiologists (11 breast radiologists, 3 general)
➔ Half cases unaided, half aided
➔ MRMC ROC analysis



AI can aid radiologists in screening reading
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p = 0.02

Radiology 2019, 290:305-14



AI can aid radiologists in screening reading
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➔ 3 retrospective studies
➔ datasets enriched with cancers
➔ MRMC ROC design 
➔ “laboratory effect”

Author N° women AI tool N° of 
radiologists

Pacile 2020 240 MammoScreen v1.0 
(Therapixel)

14

Rodriguez-Ruiz 
2019

360 Transpara version 
1.3.0, (Screenpoint 
Medical BV)

14

Watanabe 2019 122 cmAssist
(CureMetrix)

7

Sensitivity: AI+reader > reader 
(p<0.05)

Specificity: not much better 
(p>0.05)



AI can replace radiologists in screening reading
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➔ AI superior to the first UK reader
➔ AI non-inferior to the second UK reader
➔ AI superior to the average US reader
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AI can replace radiologists in screening reading

DIFFERENT AI SYSTEMS CAN 
HAVE DIFFERENT 
PERFORMANCE



AI can replace radiologists in screening reading
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➔ 5 retrospective studies
➔ datasets enriched with cancers
➔ MRMC ROC or accuracy design 
➔ “laboratory effect” for MRMC 

ROC studies

Author N° women AI tool N° radiologists

Lotter 2021 285 In-house AI 5

McKinney 2020 3097 In-house AI 1

Rodriguez-Ruiz 
2019

199 Transpara v. 1.4.0, 9

Salim 2020 8805 3 commercial AIs 1

Schaffer 2020 68 008 4 In-house AIs 1

AI performs better than single 
readers

AI performs worse than 
consensus decisions



AI can reduce radiologists’ workload
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➔ 4 retrospective studies
➔ different thresholds

Author N° women AI tool N°
radiologists

Balta 2020 17 895 Transpara 1.6.0 0

Dembrower 
2020

7367 Lunit v 5.5.0.16 0

Lång 2021 9581 Transpara v. 1.4.0, 0

Raya-Povedano 
2021

15 986 3 commercial AIs 1

AI has high sensitivity, thereby 
the risk of excluding cancers is 
low



AI use Recommendation Evidence

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:
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Recommendation by the EU Guidelines about AI 

NOT USING SINGLE READING SUPPORTED 
BY AI

USING DOUBLE READING SUPPORTED BY 
AI



Take Home
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AI will have an increasing role in the next future, in general and in screening

AI can contribute to screening screening personalization
● breast density assessment
● risk assessment
● lesion detection and classification
● optimization of workflow

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



gisella.gennaro@iov.veneto.it
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