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Help, the robots are coming!







Computer-aided diagnosis
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A detection/diagnosis/quantification task involving medical images
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Timeline of computer-aided diagnosis

Data Features Prediction

Human



Prostate cancer risk models

Risk Stage Prostate-specific 
antigen (PSA)

Gleason score

Low T1c – T2a < 10 ng/mL < 7

Medium T2b-c 10 – 20 ng/mL 7

High T3 >20 ng/mL >7



Timeline of computer-aided diagnosis

Data Features Prediction

Human Computer



Lung cancer risk models



Radiomics

Aerts et al. Nature Communications, 2014



Timeline of computer-aided diagnosis
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The breakthrough

Krizhevsky et al. NeurIPS, 2012



The breakthrough
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The breakthrough





Queue the hype…
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computers with superhuman performance



Prostate Cancer Diagnosis



Histopathology data not digital



Digital acquisition of an entire histopathology slide

Whole-slide imaging



Whole-slide imaging



Detectie van metastasen in lymfeklieren



NormalTumor

Tumor

Normal

Bulten et al. Sci Rep. (2016)



Cancer detection



Tumor
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Bulten et al. Sci Rep. (2019)





Gleason grading

Bulten et al. Automated Gleason Grading of Prostate Biopsies using Deep Learning. Lancet Oncology. Accepted



Gleason grading



Tumor grade:

Gleason Grade 
Group 5

   
   

Gleason 5

Gleason 4

Gleason 3
Benign

  
 

 
 

 

Artificial neural 
network

20% benign
15% Gleason 4
65% Gleason 5



Gleason 5
Gleason 4

Gleason 3

Benign



Gleason 5
Gleason 4

Gleason 3

Benign



Gleason 5
Gleason 4

Gleason 3

Benign



• 3 expert uropathologists
• 550 prostate biopsies

• Gleason growth patterns, tumor 
volumes & grade groups

Reference standard



Case distribution

Full test set:
- 550 biopsies
- 3 experts

Subset
- 100 biopsies (selected from the 550)
- 15 external pathologists



15 pathologists
10 countries

International comparison



Gleason grading
Observer experiment on 100 cores





Classification – ROC

N=535 N=100



Usefulness of AI in practice
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• Algorithm available via grand-challenge.org

• Decision thresholds for grade groups

• Correlation with survival / recurrence

• Direct prediction of survival / recurrence from morphological patterns

Future directions



Want to learn more? Visit www.computationalpathology.eu



AMI
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