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Agenda

• Why AI-powered pathology for UC?

• Tissue and cell model quantification 
of UC histological features 

• Evaluation of model-generated 
human interpretable features 

• HIF-based prediction of disease 
severity scores and histologic 
remission 

Artificial Intelligence Applications in Inflammatory Bowel Disease: 
Quantifying the Mucosal Microenvironment of Ulcerative Colitis 210/17/22



The prevalence of ulcerative colitis continues to rise, but few 
long-term treatment options exist 
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Histological activity has been recognized as an important 
prognostic factor and potential target for more efficacious 
treatments in ulcerative colitis 
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Challenges inherent to histological evaluation and interpretation can 
pose risks to UC research and clinical development 
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• Lack of standardization in histology scoring 
systems 

• Intra- and inter-rater variability 

• Complex quantitative and spatial insights and 
markers are indiscernible to human 
pathologists and analysis 
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Tissue and cell model 
predictions of UC 

histological features



• Data set split between 
train/validation/test was 
performed with the aim to 
balance the distribution of 
these characteristics
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Patient and image characteristics of datasets used 
in model development and evaluation 

10/17/22



• Data set split between 
train/validation/test was 
performed with the aim to 
balance the distribution of 
these characteristics
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Patient and image characteristics of datasets used 
in model development and evaluation 
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• Lab 1 is 
• Subspecialties in 

gastroenterology, urology, 
dermatology and women's 
health 

• ~2,000 samples processed 
daily 

• ~490,000 patient reports 
annually 



AI models were trained using pathologist labeling of 
histological features of ulcerative colitis 
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We collected ~38,000 tissue-level region annotations and ~124,000 cell-level point annotations 

A convolutional neural network (CNN) with over 20 layers and  8 million parameters was then trained 
to produce pixel-level predictions of UC histology 
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Tissue model 
predictions
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Normal epithelium 
Infiltrated epithelium 

Inter-gland lumen 

Crypt abscess 
Muscularis mucosa 

Lamina propria 

Erosion/ulceration 

Blood vessel 
Granulation tissue 
Basal plasmacytosis 

Normal colon 
Moderate chronic 

active colitis
Severe chronic 

active colitis
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Cell model predictions
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Cell model prediction performance evaluated 
against pathologist consensus  

Artificial Intelligence Applications in Inflammatory Bowel Disease: 
Quantifying the Mucosal Microenvironment of Ulcerative Colitis 12

• Exhaustive cell-level point 
annotations were collected 
from 5 pathologists across a 
set of tissue frames 

• The F1 score, which equally 
weights false positive and 
false negative errors, was 
calculated for the cell model 
predictions and for each 
annotator, compared to 
consensus  

Model performance was essentially equal to or within 95% CI of the mean of individual pathologist performance 
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Correlation of 
model-generated 

human-interpretable 
features with pathologist 

scoring 



Tissue and cell model 
predictions are used to 
generate “Human 
Interpretable Features (HIFs)”

ML read-out  Feature type Rationale 

[Erosion/ulceration] / [total usable tissue] Area proportion Feature of severely active disease 

[Basal plasmacytosis] / [total usable tissue] Area proportion Feature of chronicity; shown to be associated 
with relapse 

[Crypt abscess] / [all epithelium]  Area proportion Feature of moderately active disease 

[Infiltrated epithelium] / [all epithelium]  Area proportion Feature of disease activity 

[Goblet cell cytoplasm] / [all epithelium] Area proportion Correlate of disease activity 

[Plasma cells] / [All cells] in [usable tissue] Count proportion
 

Feature of chronic inflammatory infiltrate 

[Neutrophils] / [Lamina propria] Cell density Feature of acute inflammatory infiltrate 
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ML-derived HIFs correlate strongly with 
pathologist NHI scoring 
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ML-derived HIFs correlate strongly with 
pathologist NHI scoring 
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Model-derived HIFs correlate strongly with 
pathologist NHI scoring 
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Model-derived HIFs correlate strongly with 
pathologist NHI scoring 
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Correlation is maintained across datasets from two independent laboratories, and across WSI from different regions of the colon, 
indicating generalizability of tissue and cell model predictions 
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Model-derived HIFs correlate strongly with 
pathologist NHI scoring 
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Correlation is maintained across datasets from two independent laboratories, and across WSI from different regions of the colon, 
indicating generalizability of tissue and cell model predictions 
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Model-derived HIFs correlate strongly with 
pathologist NHI scoring 
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These HIFs are also relevant to other scoring systems such as Geboes, RHI, and the recently reported PHRI score; they also 
capture features not part of current scoring systems  
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HIF-based prediction of 
Nancy Histological 

Index scores  



Model-generated HIFs were used to train a 
random forest classifier 

Artificial Intelligence Applications in Inflammatory Bowel Disease: 
Quantifying the Mucosal Microenvironment of Ulcerative Colitis 2210/17/22

 

 

NHI 0 NHI 1

 

NHI 2 NHI 3

 NHI 4

• Inputs – A subset of HIFs 
generated from the 
previous step

• Outputs – NHI Score



RFC predicted individual NHI scores and histologic 
remission with high accuracy 

Artificial Intelligence Applications in Inflammatory Bowel Disease: 
Quantifying the Mucosal Microenvironment of Ulcerative Colitis 23

• Weighted kappa k= 0.91 and Spearman 
correlation ⍴=0.89 (p<0.001) for prediction 
of individual NHI scores 

•  Accuracy of 0.97 (weighted kappa k= 
0.91 and Spearman correlation ⍴=0.91, 
p<0.001)  for prediction of histological 
remission     
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RFC predictions are generalizable across different 
laboratories and regions of the colon  
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RFC predictions are generalizable across different 
laboratories and regions of the colon  
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Summary and 
future directions 



We report an AI-powered approach to quantify tissue- and 
cell-level histological features in ulcerative colitis 
  • Model-generated interpretable features can be used to predict disease 

activity and histologic remission using the NHI index 
• This approach is interpretable, repeatable, and scalable 
• Preprint published on medRxiv: Najdawi F, et al. Artificial Intelligence 

Enables Quantitative Assessment of Ulcerative Colitis Histology (2022) 
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Future directions include extension to other histological scoring 
systems (e.g. Geboes) and deployment in clinical trials through 
PathAI’s  AISight cloud-based software for WSI evaluation and 
scoring 
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PathAI IBD team 

10/17/22
Artificial Intelligence Applications in Inflammatory Bowel Disease: 
Quantifying the Mucosal Microenvironment of Ulcerative Colitis 28



Thank you
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Archit Khosla

Director, Machine Learning

archit.khosla@pathai.com

pathai.com

Fedaa Najdawi

Director, Pathology

fedaa.najdawi@pathai.com

pathai.com

Stop by our booth, and check out our poster (#15): 

"Generation of an atlas characterizing the tumor immune 
microenvironment via AI-based histologic mapping of 
multiple cancer types at scale” 
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