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AI learns from data

thispersondoesnotexist.com



AI for image classification

From: https://medium.com/swlh/teaching-a-computer-to-distinguish-dogs-and-cats-576b62a03628



AI for digital pathology

TUMOR

STROMA
TUMOR

Adapted from: https://medium.com/swlh/teaching-a-computer-to-distinguish-dogs-and-cats-576b62a03628



Source: Echleet al., British Journal of Cancer, November 2020

Computational Pathology Landscape



The promise of AI in histopathology / oncology

Improve diagnostics workflow Support treatment planning

Å Automate (some) tasks
Å Reduce subjectivity
Å Ensure reproducibility
Å Quality control

Å Biomarker quantification
Å Biomarker discovery
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AI-assisted mitotic count

MITOSIS

Å Part of breast cancer grading

Å Modestinter-observer agreement

Å Disagreementon hot-spot

Å Disagreementon mitoses

Å Strong prognostic value

Source: https://pathology.jhu.edu/breast/staging-grade/



AI-assisted mitotic count

D. Tellez et al., IEEE TMI, 2018



AI-assisted mitotic count



HOT SPOT
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HOT SPOT
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M. Balkenholet al., Lab. Invest., 2019

AI-assisted mitotic count reduces variability



HOT SPOT

C. Mercan, M. Balkenholet al. [in preparation]

AI-based mitotic count has prognostic value



AI-based mitosis detection in lung histology



AI-based Artifact Detection
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G. Smit et al., MIDL 2021



Artifact detection in routine diagnostics

Good
Quality?

Artifact
Detection

Pathologist
+

Computer-Aided
Diagnosis

Yes

No

Technician



The promise of AI in histopathology / oncology
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Pre-treatment tissue biopsy



responder

non-responder

Neoadjuvant Chemotherapy

Triple-negative breast cancer



responder

non-responder

Luminal-B breast cancer

Neoadjuvant Chemotherapy

Overtreatment with a non-effective drug

Surgery delayed with no benefits



Treatment

Response

AI-driven Precision Treatment



Prediction of pCRfrom breast cancer biopsies

Method

HE-stained biopsies

Automatic tissue segmentation

Automatic mitosis detection

Biomarker extraction

Multicentric development data

Final test on external data

W. Aswolinskiyet al., [in preparation]



Prediction of pCRfrom breast cancer biopsies

Triple-negative Luminal B

W. Aswolinskiyet al., [in preparation]
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Immunotherapy in NSCLC



Immunotherapy in NSCLC

TREATED UNTREATED

responder

non-responder



PD-L1 staining > TumorProportion Score (TPS)

From E. de Ruiter et al., Modern Pathology, 2020 



Å Some predictive value

Å Good agreement when 50% threshold is used for TPS[1]

The good of PD-L1

[1] S. Chang et al., J. Path. Transl. Med., 2019
[2] L. van Eekelenet al. [in preparation]
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Å Results depend on antibodies (22C3, SP263, E1L3N, etc.) and laboratory 

procedure

Å Low agreement when using the 1% threshold of TPS

Å Poor agreement when assessing immune cells

Å Limited predictive value

The limitations of PD-L1



Å Focus on spatial analysis of multiple types of markers, including PD-L1

Beyond PD-L1 (alone)

AI for spatial analysis

Å Detect cells

Å Classify cells

Å Learn from spatial distribution

ÅWe need to train algorithms!



Inter-observer agreement on PD-L1 spatial analysis

N=12 NSCLC cases

3-5 regions of interest per slide

3 pathologists

Manual annotations of cells:
Å PD-L1+ tumor and immune cells
Å PD-L1- tumor cells
Å Other cells

[2] L. van Eekelenet al. [in preparation]



Inter-observer agreement on PD-L1 spatial analysis

Overall agreement: ~0.6 (F1-score at cell detection level)

Examples of cases with high agreement:

PD-L1+ tumor

PD-L1- tumor

PD-L1+ immune

Other cells

[2] L. van Eekelenet al. [in preparation]



Overall agreement: ~0.6 (F1-score at cell detection level)

Examples of cases with low agreement:

Inter-observer agreement on PD-L1 spatial analysis

PD-L1+ tumor

PD-L1- tumor

PD-L1+ immune

Other cells

[2] L. van Eekelenet al. [in preparation]



Initial results on automated PD-L1 quantification

J. Vermazerenet al, MIDL 2021



Collaborative reader study

GOAL
Å Extend current study

Å More cases
Å More antibodies
Å Beyond TPS

Å Comparison with AI algorithm
Å Base for future validation studies

Interested in joining?

Contact me!
(francesco.ciompi@radboudumc.nl)



D. Bruni et al., Nature Reviews ςCancer, 2020

Beyond TPS: the tumor microenvironment



Tertiary Lymphoid Structures (TLS)



AI-based TLS / GC detection

MANUAL TLS

AUTOMATIC TLS

MANUAL GC

AUTOMATIC GC

M. Van Rijthovenet al.[in preparation]



Prognostic value of TLS in NSCLC

Manual count AI-based automated count

M. Van Rijthovenet al.[in preparation]



Tumor-infiltrating lymphocytes (TILs)

Å Potential tumor-agnostic marker for ICI therapy
ÅάLƴŦƭŀƳŜŘ ǎŎƻǊŜέ ŎƻǊǊŜƭŀǘŜǎ ǿƛǘƘ ǎǳǊǾƛǾŀƭ ŀŦǘŜǊ L/L ŀŎǊƻǎǎ ƳǳƭǘƛǇƭŜ ŎŀƴŎŜǊ ǘȅǇŜǎΣ 

including NSCLC1

[1] J. Shen et al., ASCO 2021



Z. Swiderskaet al., Medical Image Analysis, 2019




