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Figure 2: Al(H) predictions on sirius red stained slide Conclusions

WORKFLOW

Introduction

e The Al(H) tool shows highly accurate predictive abilities on several

The current diagnosis of Autoimmune Hepatitis (AIH) occurs using a - 5 o0 diggnostic tasks for AlH hoistology. Tissue dete(?tion was rgached
combination of clinical-pathological criteria that includes histology, which k. Wlth.a.n accuracy of 99_.4 Yo on both hematoxylin apd eosin as well
ig one of the most _c_hallenging Qiagno_s.es in liver pathology. A preqise Lt i as sirius red stained slides. The Al(H) test accuracies for Illver
digital tool that facilitates AIH diagnosis would be helpful in the daily Coner rcan - microstructures was 88.0% and 94% depending on the slide
practice for both general pathologists and specialized hepato- ) staining and other characteristics were predicted with a test

pathologists to overcome diagnostic challenges. We aim to develop a
deep learning model, Artificial Intelligence for Hepatitis [Al(H)] that
classifies different regions of liver biopsies compared with hepato-

'Fibrosis

accuracy of 72.4% to 87.6%. On sirius red stained slides, the tool
has test accuracies of 94.0%, and 87.6% for liver microstructures,
and fibrosis detection, respectively.

pathologist reading, to provide granular, quantifiable and rapid analysis PL13_t0_HE P114_bO_HE
of histological features of AIH. Dataset:
113 whole slide images from
AlH liver biopsies
were uploaded

e The Al(H) method is consistent in predicting AIH components, such
as portal lymphoplasmacytic infiltrate, interface hepatitis, lobular
activity, and fibrosis, and is highly efficient in classifying and
counting cells/tissues over 100-fold faster than a human. Different
from fully "black box” models, our Al(H) model can provide
intermediate results interpretable by pathologists. Additionally,
classical advantages of computational methods (e.qg., reliability,
consistency and speed) make Al(H) a promising computational
pathology tool to facilitate histological recognition.

e Future studies with larger datasets from different biobanks or
cohorts are needed to further refine the model and validate findings;
as well as expand the number of hepato-pathologist readers to
evaluate potential performance differences. We plan on developing
a model that combines the various AIH components to report Ishak
grading/staging, as well as the AIH pathological diagnosis scores.
Since Al(H) is capable of recognizing the elementary lesions, it can

Verification: Test:
CNN results were compared to Al models were deployed to
Training dataset (n=98) new slides (n=25),
annotations Al(H) results were compared
(Training Performance Metrics) (Test Performance Metrics)

Annotation: Training:
Training and Test dataset Convolutional neural network
annotations were (CNN) training with Aiforia
created by the patologist software

Background

Al(H) is an early machine-learning prototype which evaluates liver
biopsies and accurately detects the disease-related features. Itis a
potential diagnostic tool composed of a set of newly developed
customized convolutional neural networks (CNN) to predict various
components of autoimmune hepatitis histology, including liver
microanatomy structures, fibrosis, necroinflammation features, and
immune cells.
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Table 1: Al(H) performance on inflammation-focused tasks, Figure 1: Al(H) predictions on H&E stained slide

hematoxylin and eosin (H&E) stained slides

Model Overall Accuracy' | Macro Precision? | Macro Sensitivity
(Macro Recall)?

Test Training Test | Training Test Training
Tissue Detection 99.4% 99.9% 99.7% | 98.9% 99.3% 99.5%
Microanatomy 88.0% 97.5% 94.2% | 98.3% 93.7% 96.6%

(Portal area, Lobular area,

Al(H) is a potential diagnostic tool for AIH histology. It demonstrates Central vein)
comparable results with potentially greater consistency to hepato- Necroinflammation | 83.9% | 98.2% |49.7% | 81.0% | 37.2% | 94.5%
pathologist for several specific diagnostic tasks on AlH biopsies and (Foﬁzégﬁﬁfgi’nlﬁﬁigﬁce
performs the assignments over 100-fold faster than a human. Hepato- necrosis, Pericentral i
pathologist can improve their accuracy and consistency with the aid of hecrosis. Bridging :

this tool. Fu_rther pla_nned development qf Al(H) includes implementing Sortal ?;-':ﬂr;s;ﬁination o9% | 785% |884% | 9e7% | 795% | 79.9%
gahtehrer?:g?ulrr]:sl2?;?;2%??:;?(3:IiIONprrr?gécetl ?'H stage and grades based Immune Cells | 72.4% @ 83.6% |86.9% 91.8% | 852% @ 91.8%

(Lymphocytes, Plasma
cells, Macrophages,
Eosinophils, Neutrophils)

Bile Duct Damage | 81.7% 90.3% 91.3% | 954% 90.3% 95.0%

Results

The Al models are both accurate and efficient in predicting various
morphological components of AIH biopsies. When evaluated on a be easily translated for evaluating the other chronic hepatitis
separate test dataset, the models return high test accuracies (ratios of biopsies, such as viral hepatitis.

correct predictions): on hematoxylin and eosin stained slides, the test e The Al(H) algorithm is automated in predicting AlH histology
accuracies are 99.4%, 88.0%, 83.9%, 72.4%, 81.7% and 79.2% for components and can save pathologists a significant amount of time
tissue detection, liver microstructures, necroinflammation features, if utilized as an early step in an integrated workflow: once the biopsy
immune cell classification, bile duct damage detection, and portal slides are scanned, Al(H) can be first applied to identify the biopsies
inflammation feature, respectively (Figure 1, Table 1); on sirius red more likely associated with AIH. This allows pathologists to focus
stained slides, the test accuracies are 99.4%, 94.0%, and 87.6% for more on the biopsies that require special attention.

tissue detection, liver microstructures, and fibrosis detection, e We look forward to seeing a near future where pathologists further
respectively (Figure 2, Table 2). In addition, the capacity for cell incorporate artificial intelligence tools in their daily routine and
counting of the model was far more efficient than a pathologist within the improve the histologic diagnosis and care of AlH patients.

Summary of key findings
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Methods Table 2: Al(H) performance on fibrosis-focused tasks, sirius red L r—— same time frame, with speed comparison of 121,387 cells/min vs. 97
L U~ i Ly, " : ® Lobular Area cells/min.
- -thi i i i i i Model Overall Accuracy' | Macro Precision? Macro Sensitivity ' S e Referen ces
Qne hur_ldred thlrteer\ prefreatrent Ilyer b_|0p3|es thh confirmed Al (Macro Recall)® : - . ~ Separate Al models were combined to obtain deeper insight of the AlH
diagnosis from the biobank of the OU niversity Hosp:tal Basel were _ _ Test  Training | Test | Training = Test  Training Nocrojnflammatio landscape. For example, the combination of the necroinflammation 1. LeCun, Yann, et al. "Gradient-based learning applied to document
selected and split into training (80%) and test (20%) datasets and later Tissue Detection | 99.4% 99.9% |99.8%  99.3%  99.0%  99.8% model with the bile duct model allows the user to observe the different recognition." Proceedings of the IEEE 86.11 (1998): 2278-2324..

Microanatomy 94.0% 97.0% 67.0% | 92.4% 65.9% 83.7%

analyzed in the Aiforia platform (Aiforia Technologies Plc, Helsinki, _
(Portal area, Central vein)

. _ _ features together (Figure 1). Furthermore, its combination with immune 2. Fukushima, Kunihiko, and Sei Miyake. "Neocognitron: A self-organizing neural network
Finland) using several convolutional neural network (CNN) models.

. . . . . . model for a mechanism of visual pattern recognition.” Competition and cooperation in
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microstructure detection model was trained to segment liver tissue into \ fibrosis,

) . odular fibrosis, Cirrhosis)
portal area, lobular area and central vein compartments, while the : T 4 . .
necroinflammation model was trained for focal necrosis, interface ,-' Lall b L | TR oo Sle B Limitations
hepatitis and confluent necrosis. The immune cell classification model h «  The sample size is relatively small for test dataset. The training and

4. LeCun, Yann, et al. "Backpropagation applied to handwritten zip code
recognition.” Neural computation 1.4 (1989): 541-551..

5. Jones, David, et al. "Unmet needs and new models for future trials in autoimmune
hepatitis." The Lancet Gastroenterology & Hepatology 3.5 (2018): 363-370.

1Qverall accuracy is a standalone metrics that measures how well machine learning models

can deteCt! ClaSSIfy and quantlfy |ymph0cyteS, plasma Ce”S' perform in multiclass classifications. It denotes the ratio of correct predications: for example, test dataSGtS, b|OpS|eS and thell’ dlgltal S|IdeS are from the same 6. Manns, Michael P., et al. "Diagnosis and management of autoimmune hepatitisl"
macrophages, eosinophils and neutrophils. The Al models are for a three category (category A, B and C) classification task, overall accuracy is calculated as institution. Hepatology 51.6 (2010): 2193-2213.

evaluated on independent test dataset slides against hepato- the sum of correct predications on category A, B and C divided by the grand total. +  Both test and training annotations were made by a single hepato-

pathologist’'s manual annotations to indicate how well they will 2Precision and sensitivity (also called recall) are paired metrics (i.e., they cannot be used pathologist.
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