
Colon cancer - using digital tools 
to search for old and new biomarkers

Jakob Nikolas Kather, MD, MSc

University Hospital Aachen, Aachen, Germany

www.kather.ai



Employed by
RWTH Aachen University Hospital, Germany
Heidelberg University Hospital, Germany
Leeds University, UK (honorary)

Consulting / Advisory Board / Collaboration
Owkin, France
Panakeia, UK
MSD
Eisai

Potential conflicts of interest



x

Image classification
1 mm 

Histology
3966 px

Chest CT
4096 px

Esteva et al., Nature 2017; Echle et al., British Journal of Cancer 2020

Dermoscopy
299 px

Colonoscopy
1024 px



Echle et al., British Journal of Cancer 2020

How does it work?
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The principle of supervised deep learning
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Levenson et al., 2015; https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0141357

Image classification is easy



Echle et al., British Journal of Cancer, 2020

What is the context?
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Icons: Twitter Twemoji
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What if we could do a 
genetic test directly 

from histology?

Why is this useful?

Kather et al., Nature Medicine 2019



Hypothesis

• tumor cells (1st order)
• TME (2nd order)

Specific genetic
alterations
in cancer …

… elicit changes
in the phenotype of … 

Deep learning can
infer genotype from

histology images

Kather et al., Nature Cancer, 2020



Histology-based genotyping

Coudray et al., Nature Medicine 2018 Kather et al., Nature Medicine 2019



Echle et al., Gastroenterology 2020

How many patients should we train on?

learning curve for MSI detection 
(test on n=906)

Campanella et al., Nature Medicine 2019

learning curve for weakly supervised 
prostate cancer detection
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Multicentric, retrospective validation

Echle et al., Gastroenterology 2020



Pan-cancer application
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Kather et al., Nature Cancer 2020

BRAF
is directly 
targetable 
(2nd line)



Training with only slide labels yields spatially resolved predictions

Coudray, Nat Med 2018 / Kather, Nat Med 2019 / Fu, Nat Cancer 2020 / Kather, Nat Cancer 2020 / Campanella, Nat Med 2019 / Lu, Nat Biomed Eng 2021
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own data, unpublished, image credit: OpenMoji



Hardware Algorithms Data

Ask the right questions and implement in the real world

Human plus AI
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