
Clinical Context  : Companion Test for Immunotherapy

 Cost :  3 000 up to 20 000 
euros every three weeks 

Efficacy : Only a subgroup 
of patients can benefit + 
side effects

CRC
ColoRectal 
Cancer

(Colon)

HCC
HepatoCellular 

Carcinoma 
(Liver)

Our team : 
AI-based tool for 
Efficient Immuno 

Phase 2 clinical trial
 
High Chance of success so far
+ Patent France and US

Multi-centric study

Published in Lancet Oncology 2023



Context : the Whole Slide Images (WSI)

 Stained with hematoxylin and eosin (H&E)
60k pixels x 40k pixels, 6.85 GB uncompressed

 Immunohistochemistry staining
70k pixels x 50k pixels, 9.41 GB uncompressed

WSI : Whole Slide Image : digital version of a  tissue specimen (x5, x20, x40)  

256 
pixels

IHC H&E



Translational project : a companion test 

3

POCHI Project   - Collaboration avec PUPH JF. Emile – Hôpital Ambroise Paré.

ColoRectal Cancer 
CRC

IHC Coloration

Phase 2 clinical trial 

Semi-automatic (IVD 
Certification ?)

Lymphoid infiltration assessment in CRC



Translational projects : the TULIS test 

10-15% MSI 

So far 35 patients MSS treated. 

Positive ++ results

Room for improvement :
H&E based test (Amine MARZOUKI)
Tumoral Area detection (Zhuxian GUO)
Gene signature prediction (Qinghe ZENG)
Foundation Models (Yanis KOUADRI)



Translational projects : can we skip IHC ?



Translational projects : can we skip IHC ?
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YOLO Architecture

You Only Look Once
For object detection 

https://arxiv.org/abs/
1506.02640
 

Fine tuned for lymphocyte detection 

PRT-K project (currently  ARC project extension) : Artificial intelligence to estimate the prognostic of 
colorectal cancer (CRC) in adjuvant setting using hematoxylin eosin safran histological slides

https://arxiv.org/abs/1506.02640
https://arxiv.org/abs/1506.02640


Translational projects : can we skip IHC ?



Translational project : can we skip IHC ?

From MICCAI’24 Conference
Medical Image Computing and 
Computer-Assisted Intervention

 
Oct. 2024 

Some 
Issue
s



Translational project : can we skip genomic analysis  based on H&E WSI ? 



Translational project : can we skip genomic analysis  based on H&E WSI ? 

Liver Cancer (HCC) but 
same kind of data and 
challenges Lancet Oncology 

Nov.  2023 



Image Data

Discovery series:   
TCGA (n=336 cases)

https://portal.gdc.cancer.gov/

● Gene expression data: RNA sequencing

● WSIs: n=349
a) Scanner: Aperio scanner

b) Magnification (20X): ~128x128 μm², ~0.5 μm/pixelm², ~0.5 μm², ~0.5 μm/pixelm/pixel

c) Staining: Hematein-eosin (H&E)

External validation series:       Hospital 
Henri Mondor (n=139 cases)

● Gene expression data: Nanostring (Panel IO360)

● WSIs: n=139 resections + 7 pre-operative biospies
a) Scanner: Hamamatsu

b) Magnification (20X): ~115x115 μm², ~0.5 μm/pixelm², ~0.45 μm², ~0.5 μm/pixelm/pixel

c) Staining: Hematein-eosin-saffron (HES)

Tumor annotation Tumor annotation



AI methodology



AI methodology for image-omics :
Weakly Supervised Learning with Attention (CLAM model)



…

WSI
(bag) 

N patches 
(instances)

Feature 
encoder

N * 1024 
features

…

WSI 
Prediction

With  
aggregation and 
attention scores

CLAM (clustering-
constrained-attention 

multiple-instance learning)*

1 patch = 256 x 256 pixels x 3 
~ 200 000 values 

AI methodology for image-omics :
Weakly Supervised Learning with Attention (CLAM model)

Representation vector



Validation data : Results (AUROC)

Best fold validation series (n=139 resections)
6-Gene Interferon Gamma Inflammatory

Interferon Gamma Biology T-cell Exhaustion

Gajewski 13-Gene Inflammatory 

Ribas 10-Gene Interferon Gamma

Best

2nd 
best



Back to the gene signatures

T-Cell Exhaustion : CD274/PD-L1, CD276, CD8A, LAG3, PDCD1LG2, TIGIT
Inflammatory :  CD274/PD-L1, CD8A, LAG3, STAT1



Back to the gene signatures and the WSI

Towards new 
AI-based 
image-omics 
biomarkers 



Translational projects : can we skip manual annotation ?



HCC neoplasm segmentation: 
 beyond the bag of patches, classification with context

Liver Cancer 
Segmentation 
Challenge

https://paip2019.grand-challenge.org/Dataset/ 

Zoom Pixel length Morphological changes

1-10 µm 2-20 px Aberrant and pleomorphic nuclei…

10-100 
µm

20-200 px Loss of relative cellular orientation…

100 µm 200 px Aberrant tissue architecture…

1000 µm 2000 px Pseudo-capsule…

https://paip2019.grand-challenge.org/Dataset/


Transformer-like architectures

Beyond CLAM (Attention mechanism), 
ViT (for Vision Transformer) and self-attention mechanism

“AI and medicine are working together to
   v

1
   v

2 
       v

3
 ….                 ...     v

6 ….

 improve diagnosis and prognosis”.
….  v
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1. Embedding : CNN or else in a vector

Each word like “AI” becomes a vector v
1
  

and so on.

2. Then the Transformer learn 
dependencies and context in a matrix 

v
1
 and v

3
 are related to v

6
 and so on  



Transformer-like architecture 
More and more spatial context

4096 pixels

256 pixels

CLAM

Visual Transformer

Introducing contextual information within expanded 4K patch



A new Architecture
HiTrans :

Hierarchy-based Transfomer Encoder
for entire HCC neoplasm 
segmentation

Transformer-like architecture 
More and more spatial context



HiTrans: Hierarchical Transformer, 
a Context-aware framework

Transformer encoder
I

      … 

*

 

*

𝑒𝐴𝑔𝑔

4096 x 4096 patch

512 x 512 sub-patch

Deep Net

Transformer encoder II

… 

32 x 32
minipatch

Keep For
2nd Layer

• 1 patch = 64 sub-patches
• 1 sub-patch = 256 minipatches

23



Translational projects : what is AI promise?

Automatic test for stratification on H&E WSI 
CRC, HCC ….



What is AI promise ? New Foundation Models

Sparse annotations → Self Supervised Learning (SSL)
 →Learning better representations via pretext tasks

→ Fine-tuned for downstream tasks

Representation vector



CTransPath 
- Wang et al. 2022
- Trained on 32 000 WSIs 
- CNN local and Transformer Global

What is AI promise ? New Foundation Models

UNI
- Chen et al. 2024
- Trained on more than 100 000 WSIs many organs and tissues
- SSL DINOv2 and Transformer



What is AI promise ? New Foundation Models

…

WSI
(bag) 

N patches 
(instances)

Feature 
encoder

N * 1024 
features

WSI 
Prediction

With  
aggregation and 
attention scores

CLAM (clustering-
constrained-attention 

multiple-instance learning)*

1 patch = 256 x 256 pixels x 3 
~ 200 000 values 

ResNet

UNI

Representation vector

CTransPath



Back to ColoRectal Cancer

MSI/MSS prediction on H&E via UNI (+CLAM)

350 MSS and 240 MSI (after augmentation)

What is AI promise ? New Foundation Models

Internal report Sept. 2024
Yanis KOUADRI



MSI/MSS prediction on H&E via UNI + CLAM

Healthy tissue
(Mucinous)

Internal report Sept. 
2024
Yanis KOUADRI

What is AI promise ? New Foundation Models

Interpretability and feedback PUPH Jean-François EMILE



Translational projects : what is AI promise?

So far :

- Companion test for lymphoïd infiltration on IHC CRC WSI (Phase 2)
(based on IHC CRC WSI)
(To be published in Lancet Onco. Beginning 2025 ) 

- Artificial intelligence-based pathology as a biomarker of sensitivity to atezolizumab-
bevacizumab in patients with hepatocellular carcinoma: a multicentre retrospective study 
(based on H&E HCC WSI)
(Lancet Onco. Nov. 2023)

- Deep learning-based phenotyping reclassifies combined hepatocellular-cholangiocarcinoma 
(based on H&E HCC WSI)
 (Nature Com. Dec. 2023) 

- First experiments with new foundation model such as UNI for MSI/MSS in CRC and the 
mucinous tissue bias
(based on H&E CRC WSI)
(Internal Report, Sept. 2024) 



31

MERCI

NICOLAS.LOMENIE@U-PARIS.FR 

 

https://w3.mi.parisdescartes.fr/sip-lab/ 
Digital Pathology Group / 
Systèmes Intelligents de Perception (SIP) / 
LIPADE lab

Jean-François Emile,PUPH, Ambroise-Paré
Julien Calderaro, PUPH, Créteil
Philippe Bertheau, PUPH, Saint-Louis
François Ghiringhelli,PUPH, Dijon

Prof. Camille Kurtz, UPCité 

Zhuxian Guo, PhD student, 
UPCité
Qinghe Zeng, PhD student, 
UPCité
Amine Marzouki, IR, 
UPCité
Christophe Klein, IR, CRC

mailto:NICOLAS.LOMENIE@U-PARIS.FR
https://w3.mi.parisdescartes.fr/sip-lab/


CLustering-constrained Attention Multiple instance learning (CLAM)

 https://github.com/mahmoodlab/CLAM

U

a

V

a

https://github.com/mahmoodlab/CLAM


https://www.health-data-hub.fr/data-challenge-visiomel 

Liver Cancer 
Segmentation 
Challenge PAIP

https://youtu.be/wwCS_-rjcxU 

https://www.health-data-hub.fr/data-challenge-visiomel
https://youtu.be/wwCS_-rjcxU
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