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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
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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 
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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
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