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“Seeking Standardized Definitions for HLA-incompatible 
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A, Banff classification. 

B, Banff rejection diagnosis.

Banff rejection data
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BANFF-IT, Computer-Assisted Reporting of Banff 
Classification of Kidney Allograft Biopsies
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 Data dictionary – 

o Template of minimal set of variables, including Banff Lesion Scores, Additional Diagnostic 
Parameters and Category 6 diagnoses 

 Algorithm –

o Assigns Category 1 to 6 diagnoses utilizing minimal dataset by sequentially applying rules

o Developed in R software and adaptable to other software

– Assesses dataset quality

– Rapid execution time

– Handles longitudinal datasets

 Applications – 

o Diagnostic aid for expert nephropathologists

o Standardized rejection diagnoses for transplant outcome prediction (survival models & AI)

Banff-IT
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Slides courtesy of Dr. Jan Becker, Hien V. Nguyen, and Chandra Mohan
Application of AI in Nephropathology
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GN Classification – 
Machine learning in image analysis & histopathology

Module 1:
Glomerular

Segmentation Model

Input:
PAS Whole Slide 

Images
“Bag“ of

Glomerular Crops
Module 2:

MILxFormer Classification 
Model

Output:
Bayesian Classification (example)

Rank Predicted Class Confidence

Top-1 Membranous 44%

Top-2 IgAGN 26%

Top-3 ANCA 15%
Cicalese et al. 
in preparation (2023)
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Integration of Clinical Data
Response to intensified immunosuppression in steroid resistant nephrotic syndrome

15

Ruth Sapir-Pichhadze, 
MD, MSc, PhD, FRCPC
McGill University, 
Montreal, Quebec, 
Canada

3rd Int'l NephroCAGE 
Symposium, Aug 2, 
2023

PodoNet, 
J Becker & F. Schaefer in preparation (2023)



German-Canadian consortium on AI for
improved kidney transplantation outcome
3nd International NephroCAGE Symposium, Aug 2, 2023

MILxFormer for theranostics
(steroid resistant nephrotic syndrome)
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Active AMR Diagnosis by Nanostring

18AMR vs. noAMR BL or TCMR vs. noRejection

Varol et al. Transplantation 
(2022)
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• Semi-supervised training (binary 
biopsy label: AMR vs. noAMR)

• n=89 biopsies, n=51 AMR, n=38 
noAMR

• Only glomeruli on PAS whole slide 
images

• n=1655 glomerular crops, expert 
annotated

• Three experimental models:

• EfficientNet-B3-Encoder with fully 
supervised training vs. expert 
consensus label

• Semi supervised ConvNet model

• Morphset model

Cicalese et 
al. MICCAI (2020)
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AMR Diagnosis with Machine Learning
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Digital Pathology & AI
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Computation pathology Infrastructure 
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Slide scanner with full time research assistant

Local server housed in research 
institute (50Tbs/250Tbs

Local AI computer with 
dual RTX A1000 GPUs
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Renal Transplant Pathology
(scanning retrospective cases 
125 patients; 690 digital files)
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Nephropathology, Big Data, AI, and Precision Medicine
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Nephropathology, Big Data, AI, and Precision Medicine

Becker et al. KI (2020)

Ruth Sapir-Pichhadze, 
MD, MSc, PhD, FRCPC
McGill University, 
Montreal, Quebec, 
Canada

3rd Int'l NephroCAGE 
Symposium, Aug 2, 
2023



German-Canadian consortium on AI for
improved kidney transplantation outcome
3nd International NephroCAGE Symposium, Aug 2, 2023

Nephropathology, Big Data, AI, and Precision Medicine

Becker et al. KI (2020)

Ruth Sapir-Pichhadze, 
MD, MSc, PhD, FRCPC
McGill University, 
Montreal, Quebec, 
Canada

3rd Int'l NephroCAGE 
Symposium, Aug 2, 
2023



German-Canadian consortium on AI for
improved kidney transplantation outcome
3nd International NephroCAGE Symposium, Aug 2, 2023

Nephropathology, Big Data, AI, and Precision Medicine

Becker et al. KI (2020)

Ruth Sapir-Pichhadze, 
MD, MSc, PhD, FRCPC
McGill University, 
Montreal, Quebec, 
Canada

3rd Int'l NephroCAGE 
Symposium, Aug 2, 
2023



German-Canadian consortium on AI for
improved kidney transplantation outcome
3nd International NephroCAGE Symposium, Aug 2, 2023

Nephropathology, Big Data, AI, and Precision Medicine

Becker et al. KI (2020)

Ruth Sapir-Pichhadze, 
MD, MSc, PhD, FRCPC
McGill University, 
Montreal, Quebec, 
Canada

3rd Int'l NephroCAGE 
Symposium, Aug 2, 
2023



German-Canadian consortium on AI for
improved kidney transplantation outcome
3nd International NephroCAGE Symposium, Aug 2, 2023

Nephropathology, Big Data, AI, and Precision Medicine

Becker et al. KI (2020)

Ruth Sapir-Pichhadze, 
MD, MSc, PhD, FRCPC
McGill University, 
Montreal, Quebec, 
Canada

3rd Int'l NephroCAGE 
Symposium, Aug 2, 
2023



German-Canadian consortium on AI for
improved kidney transplantation outcome
3nd International NephroCAGE Symposium, Aug 2, 2023

Nephropathology, Big Data, AI, and Precision Medicine

Becker et al. KI (2020)

Ruth Sapir-Pichhadze, 
MD, MSc, PhD, FRCPC
McGill University, 
Montreal, Quebec, 
Canada

3rd Int'l NephroCAGE 
Symposium, Aug 2, 
2023



German-Canadian consortium on AI for
improved kidney transplantation outcome
3nd International NephroCAGE Symposium, Aug 2, 2023

Pathology (MUHC, CHUM, 
HMR & CHUQ)
Dr. Pierre-Olivier Fiset
Dr. Chantal Bernard
Dr. Rene Michel

Banff-Antibody-
Mediated Injury 
Working Group
LM Bow, E Cozzi, I Batal, T 
Horak, A Amar-Zifkin, C 
Schinstock, M Askar, DM 
Dadhania, M Cooper, M 
Naesens, ES Kraus.
Drs. SS Jatana, H Zhao, 
and Z Song

Banff Rules and 
Dissemination 
Working Group 
Dr. Jan Becker
Dr. Candice Roufosse
Research Team
Dr. Samuel El Bouzaïdi Tiali 
(Maelstrom Research)
Edden Gitelman, BSc
Dr. Mohammed Kaouache
(Biostats platform)



German-Canadian consortium on AI for
improved kidney transplantation outcome
3nd International NephroCAGE Symposium, Aug 2, 2023


	Towards defining graft rejection with the help of AI�2023 NephroCAGE Symposium
	“Seeking Standardized Definitions for HLA-incompatible �Kidney Transplants”
	Seeking Standardized Definitions for HLA-incompatible Kidney Transplants: A Systematic Review
	Reporting on HLA typing
	Preformed DSA by solid-phase assays
	Banff rejection data
	Slide Number 7
	BANFF-IT, Computer-Assisted Reporting of Banff Classification of Kidney Allograft Biopsies
	Slide Number 9
	Banff-IT
	Application of AI in Nephropathology
	GN Classification – �Machine learning in image analysis & histopathology
	GN Classification – �Machine learning in image analysis & histopathology
	Integration of Clinical Data�Response to intensified immunosuppression in steroid resistant nephrotic syndrome
	MILxFormer for theranostics �(steroid resistant nephrotic syndrome)
	MILxFormer for theranostics �(steroid resistant nephrotic syndrome)
	Active AMR Diagnosis by Nanostring
	�   
	Digital Pathology & AI�
	Slide Number 21
	Computation pathology Infrastructure 
	Nephropathology, Big Data, AI, and Precision Medicine
	Nephropathology, Big Data, AI, and Precision Medicine
	Nephropathology, Big Data, AI, and Precision Medicine
	Nephropathology, Big Data, AI, and Precision Medicine
	Nephropathology, Big Data, AI, and Precision Medicine
	Nephropathology, Big Data, AI, and Precision Medicine
	Nephropathology, Big Data, AI, and Precision Medicine
	Slide Number 30
	Slide Number 31

