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Ahmed Hosny, Chintan Parmar, John Quackenbush, Lawrence H. Schwartz, and Hugo J. W. L. Aerts

Artificial intelligence in radiology (NatRevCancer, 2018)
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Qualitative → Quantitative



Philippe Lambin, Emmanuel Rios-Velazquez, Ralph Leijenaar, Sara Carvalho, et Al.

Radiomics: Extracting more information from medical image using advanced feature analysis (EU Journal of Cancer, 2012)



Hugo J. W. L. Aerts, Emmanuel Rios Velazquez,  Ralph T. H. Leijenaar,  Chintan Parmar,  Patrick Grossmann, et Al.

Decoding tumour phenotype by noninvasive imaging using a quantitative radiomics approach (NatCom, 2014)
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Joost J.M. van Griethuysen, Andriy Fedorov, Chintan Parmar, Ahmed Hosny, et Al. 

Computational Radiomics System to Decode the Radiographic Phenotype (Cancer Res, 2017)



First studies
on PubMed

Radiomics
Image biomarker standardisation 

for radiomic features

Standardisation

Applications in photographic 
image classification

Deep Learning
AI in clinical trials 

and protocols

AI Guidelines

Hugo’s study on
Nature Communications

Landmark paper

First studies on IEEE TMI, 
challenges popping up

DL in MedIA
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Benchmarking
Against other methods
(usually, using metrics)

Problem to Solve
What are we implementing 
(... and why?)

Data Processing
Well, y’all know this already!
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Liver fat from CT 
images predicts 

overall-survival in 
lung-cancer screening 
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Well, y’all know this already!

Data Processing

Usually AI driven but not 
necessarily/only
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something already 

published
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Well, y’all know this already!

Data Processing

Lots of statistics 🤓
Hypothesis Testing

Benchmarking
Against other biomarkers 
(... more statistics!) 🤓🤓

Show that the developed 
method works adjusting 
for known biomarkers 

(study and dataset 
-specific), subgroup 

analyses etc.



Lots of statistics 🤓
Hypothesis Testing

Benchmarking
Against other biomarkers (... 

more statistics!) 🤓🤓

Hypothesis (clinical)
What are we looking for 
and why (biomarkers)

Data Processing
Well, y’all know this already!

Large
Datasets

Varied
Datasets

Real
Datasets

Imaging Data + Clinical Data



Engineering

● Problem solving

● Technical novelty is usually very 
important (if not the only thing that 
actually matters)!

● Shorter times but harder to extend later 
(usually more novelty needed)

● Reviewers mostly care about 
improvements over SOTA

○ Not a lot of statistics (if any)
○ One dataset is usually ok
○ No use-cases are usually ok

Medical

● Hypothesis testing and generating

● Technical novelty is cool but we don’t 
really care as long as it (really) works

● Really long times at first (basically 
building on top of the technical, so...), 
but easier to extend later

● Reviewers will look more at the scientific 
soundness of the paper

○ Hypotheses (clinical problem)
○ Generalisability
○ Statistics



Medical

Compare to gold standard (validation)

Downstream task(s):
● Liver segmentation for fat quantification 

(thresholding)
● Coronary Artery Calcium (CAC) 

segmentation (and quantification)
● Gamma analysis (RadOnc)
● Simpler biomarkers (e.g., the relative 

size of heart chambers from contrast CT 
has prognostic power [...])

Engineering

● Compare to gold standard (benchmark)
● Compare to (re-implemented) SOTA 
● Ablation studies

Segmentation



Medical

Compute AUROC

Downstream task(s):
● Statistical analysis
● Apply the model for eligibility in a trial 

(retrospective), see how things change
● Task-dependent clinical study

○ Investigate how the AI score 
correlates with other -omics data

Engineering

● Compute AUROC
● Ablation studies

Diagnosis/Classification



Medical

Compute task-specific metrics
(e.g., SSIM, MAE, etc.) + reader test

Downstream task(s):
● Re-planning
● Gamma analysis
● HU analysis

○ OOD data
○ Different Phantoms

Engineering

● Compute task-specific metrics 
(e.g., SSIM, MAE, etc) + reader test

● Compare to (re-implemented) SOTA
● Ablation studies

Image Translation (GANs)



Data Processing
Well, y’all know this already! Hypothesis (clinical)

What are we looking for 
and why (biomarkers)

Lots of statistics 🤓
Hypothesis Testing

Benchmarking
Against other biomarkers 
(... more statistics!) 🤓🤓
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Data Mining
Mine the unknown.

New biomarkers
discovery

Diagnostics Automation

DL in Medical Imaging

Quantify the known.

From qualitative to 
quantitative

Automate extraction.

Well known biomarkers 
extraction automation



Diagnostics Automation

DL in Medical Imaging

Quantify the known.

From qualitative to 
quantitative

Automate extraction.

Well known biomarkers 
extraction automation

Data Mining
Mine the unknown.

New biomarkers
discovery

Try to extract information doctors don’t really know 
how to mine (new biomarkers, always based on loose 

biological hypotheses anyway)

E.g., from Chest X-Rays:
● Deterioration of a patient with COVID (FB AI)
● Screening eligibility of heavy smokers 

→ hypothesis generating studies



Vineet K. Raghu, Jacob Weiss, Udo Hoffmann, Hugo J. W. L. Aerts and Michael T. Lu.

Deep Learning to Estimate Biological Age From Chest Radiographs (JACC, 2021)



Automation

DL in Medical Imaging

Automate extraction.

Well known biomarkers 
extraction automation

Data Mining
Mine the unknown.

New biomarkers
discovery

Diagnostics
Quantify the known.

From qualitative to 
quantitative

Try to quantify qualitative 
information doctors use for clinical 
decision making (based on strong 

biological hypotheses)

E.g., from CT scans:
● Predict treatment response
● Predict survival of patients 

with lung lesions

From Chest X-Rays:
● COVID diagnose/severity

→ hypothesis testing studies



Stefano Trebeschi, Zuhir Bodalal, Thierry N. Boellaard, Teresa M. Tareco Bucho, Silvia G. Drago, Ieva Kurilova, et Al.

Prognostic Value of Deep Learning-Mediated Treatment Monitoring in Lung Cancer Patients Receiving Immunotherapy (Front. Oncol, 2021)



Stefano Trebeschi, Zuhir Bodalal, Thierry N. Boellaard, Teresa M. Tareco Bucho, Silvia G. Drago, Ieva Kurilova, et Al.

Prognostic Value of Deep Learning-Mediated Treatment Monitoring in Lung Cancer Patients Receiving Immunotherapy (Front. Oncol, 2021)



DL in Medical Imaging

Data Mining
Mine the unknown.

Mine pre-defined regions 
from radiological images

Diagnostics
Quantify the known.

Immunotherapy response 
monitoring

Automation
Automate extraction.

Well known biomarkers 
extraction automation

Automate the extraction of information doctors know how 
to quantify (well known biomarkers) but often cannot due 

to time constraints

E.g., from CT scans:
● Liver fat quantification
● Coronary Artery Calcium segmentation

→ clinical integration, biomarker validation studies 



Roman Zeleznik, Borek Foldyna, Parastou Eslami, Jakob Weiss, Ivanov Alexander, Jana Taron, Chintan Parmar, et Al.

Deep convolutional neural networks to predict cardiovascular risk from computed tomography (NatCom, 2021)
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“There are three kinds of lies: lies, damned lies, and statistics”
bad

v



Survival analysis techniques in SP/Network Engineering!

Kaplan-Meier Cox Regression

Algorithm A VS Algorithm B
● Event: error of some sort
● Time: time, transmissions, distance
● Survival prob: packet loss



Survival analysis techniques in SP/Network Engineering!

Kaplan-Meier Cox Regression

Which variables play a role regarding
An algorithm performance (and how much)
● Event: error or some sort
● Time: time, transmissions, distance
● Survival prob: packet loss
● Covariates: different scenarios/setups


