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1) Clinico-pathological routine workflow 

reproducing a specific task according to the state of the art, to assist 
pathologists

diagnostics task 

automatize repetitive duties

bring repeatability to the results (mind the training biases)

AI : Improvements in two fields of application

2) Discovery field to improve patient management

enabling the detection of unknown signals not accessible to classical 
observation in large datasets coupled to outcome-based labels

predict molecular alterations

predict patients’ response to treatments and evolution

develop novel drugs 

• Diagnosis of lesions
• Lymph node metastasis
• Mitotic count
• Biomarker quantification (IHC 

staining, TILs)

• Prognostic applications
• Predictive biomarkers
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CE-IVD PRODUCTS (as of Sept 2023)

Numerous AI tools mainly in breast cancer and 
prostate cancer, and mainly in the diagnosis
field (biomarker quantification and tumor
identification or grading)
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• HE and HES, biopsies (all kinds)
• Several datasets (dvpt & testing, validation, deployment)
• Several scanners and institutions 
• 51 classes used to train the algorithm
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Other special subtypes
• Tubular
• Mucinous
• Papillary
• EPC
• Apocrine
• Acinic
• Metaplastic
• Tubulo-lobular
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→ High performance (AUC, Sp, Se) in diagnosis of:
• Invasive vs non invasive
• IDC vs ILC
• DCIS vs benign
• ADH/DCIS vs benign
• Grade DCIS (ADH/LG vs IG/HG)
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Several heatmaps (blue=low probability vs red=high probability)
• DCIS (grade)
• Invasive
• LVI
• Microcalcification
• TILs
• Biphasic fibro-epithelial
• Columnar cell changes

➢ This algorithm is currently tested in several institutions in 
France as an assisting diagnosis tool (Galen Breast, Ibex)

➢ No distinction between ADH and DCIS
➢ Lobular neoplasia as one category
➢ Invasive grading in development
➢ Ongoing validation on surgical specimens
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ESMO Metastatic Breast Cancer Living Guidelines, v1.1 May 2023
Gennari A et al. Ann Oncol 2021
Cardoso F et al. Ann Oncol 2019

ET+CDK4/6 inh
Trastuzumab-deruxtecan

ET
Alpelisib

Elacestrant
PARP inh

Sacituzumab-govitecan
ChT

HER2-low

PIK3CAmut

ESR1mut

gBRCA/PALB2mut

Atezolizumab+ChT
Pembrolizumab+ChT

PARP inh
ChT

ChT+bevacizumab
Sacituzumab-govitecan

Trastuzumab-deruxtecan

PD-L1+

gBRCAmut

HER2-low

Multiple treatment options according to ER/HER2 and other biomarkers

Increasing molecular screening in BC

→ But several issues for molecular testing
• Cost
• Access to molecular platforms
• Time-consuming and human resources
• Delay in patient treatment

Prognostic gene expression signatures
(OncotypeDx, MammaPrint, Endopredict, PAM50, BCI)

ET
ET+ChT

Early BC

MBC



AI prediction models in Breast Pathology

• Prediction of ER/PR/HER2 status

• Prediction of Oncotype RS

• Prediction of molecular subtype/alteration

→ particularly valuable in low resource setting

• Prediction of outcome

→ Local recurrence

→ Distant recurrence 

• Prediction of response or resistance to specific therapies

RlapsRisk BC

PortrAIt
project
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Digital HES slides Clinical Data Follow-up & 
Survival

1 2 3

TRAINING: Gustave Roussy
1429 patients ER+, HER2-

VALIDATION: CANTO cohort
1400 patients ER+, HER2-

Performance validation
- Independent & external dataset (5 years of follow-up)
- Multicentric national observational trial 

(NCT01993498)

➔ Demographic variables (age, gender)

➔ Pathological variables (histological grade and subtype, 

pT, pN) and phenotype (ER, PR, HER2, KI67)

➔ Treatment data

➔ Loco-regional relapse

➔ Distant relapse

➔ Death

https://www.biorxiv.org/content/10.1101/2022.11.28.518158v2

Submitted, in revision

https://www.biorxiv.org/content/10.1101/2022.11.28.518158v2
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How does it work?

1

PredictionPreprocessing

UNet

Tissue DetectionRaw WSI
(100,0002 px)

MoCo V2

…

Tiles
(2242 px)

Features
(10,000 x 2048)

0.3 4.1 …

… … …

1.3 2.8 …

2.5 0.0 …

0.3 4.1 …

… … …

1.3 2.8 …

2.5 0.0 …

…

DL Model

0.8

0.1

-0.3

Tile ScoresProbability of 
Relapse

Low
Risk

High
Risk

0.3

Features

Step 1 Step 2

• Segmentation of the WSI using pre-trained UNet neural network 
to discard backgound and artifacts of scanning or preparation

• The segmented tissue is divided into tiles, that are pushed in the 
MoCo algorithm for feature extraction

• The feature vectors were then aggregated using a 
Multiple Instance Learning (MIL) model trained to 
directly predict MFS at 5 years



• RlapsRisk BC score was an independent prognostic factor of MFS when integrated into a 
multivariable Cox model including clinico-pathological characteristics

• The Combined Model (clinico-pathological criteria + AI model) contributes with additional 
information for 5-year MFS vs Clinical Model (clinico-pathological criteria alone)

Multivariable Cox proportional hazard models for estimating the contribution of prognostic variables on 
MFS on GrandTMA

Multivariable Cox proportional hazard models for estimating the contribution of prognostic variables on
MFS on CANTO
*C-index were computed from the Cox multivariable models trained on Grand TMA.

RlapsRisk BC score and prognosis
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Subgroups analysis

Forest plot of the adjusted RlapsRisk Score HRs. Each square of the forest plot represents the HR of the adjusted RlapsRisk Score
(as continuous variable) and clinical factors in the subgroup of patients defined by the variable category in the first column of the
table, The HRs 95% CI were represented by the horizontal lines, Tumor Grade 1 and Low Clinical Risk Group were removed as no
MFS events were recorded in those subgroups.

Higher RlapsRisk
scores associated with 
increased risk of 
distant recurrence
in all subgroups except 
for patients with 
pN2/pN3 and pT3 
stages (limited sample 
size)

Results from the first validation CANTO dataset (n=900) 
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Clinical Score Classifier CombinedModel ClassifierRlapsRisk Classifier

• To compare the capacity of the model to 
dichotomize patients between high risk and 
low risk, thresholds corresponding to a 
probability of MFS event of 5% at 5yr were
used

• Three classifiers
• Significant differences in MFS events

between low and high risk for each classifier 
in both datasets

Kaplan-Meier curves from the first validation CANTO dataset (n=900) 
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2023

2021

2022

• Performance are good… 
• … but these studies use DL methods to predict

BC outcome via a proxy (histological grade, 
intrinsic subtype, RS)

A quite competitive area of research…
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2022

• TCGA (n=673) 
• cohort from Curie Institute (n=714 with n=406 

HRD)
• Identification of several biases: technical

(fixation protocol changes) and molecular
subtype → focus on luminal subtype

Schirris Y, Horlings HM. Cell Reports Medicine 2022
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Morphological patterns in HRD
• High TILs density
• Haemorragic suffusions
• Basal cells with moderate to high 

atypia
• Clear tumor cells and adipose 

tissue with inflammatory cells
• Laminated fibrosis

Morphological patterns in HRP
• Low tumor cell density
• Retraction artifact
• Apocrine / lobular morphology ?



The PortrAIt project

• Started in July 2022

• Two main objectives:
1. To develop and train AI 

algorithms based on digital 
pathology using a National 
French federated platform 
(Portait Lab)

2. To develop an access platform
for certified AI algorithms

BPI funded (France 2030) and EU



The PortrAIt project

•Will focus firstly on breast and lung cancers, with an 
aim to evolve to pan-cancers

•Projects already started
➢ In breast pathology: 

➢ RlapsRisk BC v2  
➢ HE2BRCA (n=300 BRCA1mut including 98 

VUS, n=339 BRCA2mut including 162 VUS, 
and n=1000 BRCA1/2wt ) in progress

➢ In lung cancer: prediction of molecular
alterations, prediction of response to immune 
therapy



• Strikingly active field of research!

• AI applied to digital pathology will probably
change the way we perform our diagnoses and 
use molecular tools

→Used as a tool to improve our workflow and 
reproducibility in diagnosis and quantification

→Used as a pre-screening tool of low cost, that
may increase access to innovative care

→Used as a complementary tool that provides
additional useful information for patient 
management

→Not replace molecular analysis yet, unless on 
purpose full validation in dedicated clinical
trials!

• Combined AI models, including molecular
analysis, histology WSI and clinical data may be
our future!

Take home messages
Clinical

features

Biomarker
status

Response to 
treatment ?

Adapted from Schneider L et al. Eur J Cancer 2022
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CE-IVD PRODUCTS (as of Sept 2023)

• Deployment and adoption of AI 
tools are the next steps

• Breast is an active field+++ 
especially for diagnostic algorithms

• Requires careful testing of 
performance and safety as for any
other medical device
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Issam était une âme noble, 

son esprit restera avec nous

Issam Abd Alsamad
(1956-2017)

Issam was a noble soul, 

his spirit will remain with us

كان عصام روحًا نبيلة ،

وستبقى روحه معنا



Thank you!

Magali LACROIX-TRIKI 

Pathologist, Gustave Roussy, Villejuif

Magali.lacroix-triki@gustaveroussy.fr
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