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• The tumor’s structural phenotype reflects its 
molecular and clinical properties.

• This is an extension of the clinical use of radiology in 
which features like volume and density are used to make 
predictions.

• In Radiomics, we extend this clinical use by extracting 
and using quantitative image features.

• We extend the use to making predictions of clinical and 
molecular features.
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The Radiomics Hypothesis



Representative CT images of lung cancer

Tumors are different
Medical imaging can capture these phenotypic differences 



Advantages	of	Imaging:	
- Performed	non-invasively
- Provides	3D	picture	of	the	entire	cancer
- Already	performed	in	clinical	practice
- Multiple	times	during	treatment	for	diagnosis,	staging,	
radiation	oncology	planning,	response	assessment	

- Captures	a	cancer’s	appearance	over	time	and	space
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Advantages and Disadvantages



Disadvantages	of	Imaging:	
- Probes	the	cancer	at	the	macroscopic	level
- Often	qualitative	not	quantitative
- Very	heterogeneous	acquisition	protocols:
- comparisons	between	patients	difficult
- comparisons	same	patient	in	time	difficult

- Storage	of	only	reconstructed	images	(not	the	raw	data)
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Advantages and Disadvantages



Multi-level patient data

Radiomic Data

Clinical Data

Genomic Data

*Lambin	et	al.	Eur	J	Cancer	2012
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The Present The Future



Sh
ap

e
Te

xt
ur

e RLGL

GCLM

GLSZM

St
at

s

GLRLGLCM

Lo
G Texture

RLGL

GCLM

GLSZMStats

W
av

el
et

Texture

RLGL

GCLM

GLSZMStats

Radiomic features to capture tumor phenotypic details

Radiomic Engineered Feature Set (current release ~1600 features)

Kurtosis:

Entropy:



• Radiomics	analysis	on	CT	imaging	of	>1000	patients	with	Lung	or	H&N	cancer

• Developed	and	validated	a	prognostic	radiomics	signature	that	can	be	applied	
across	cancer	types	

• Imaging-Genomics	analysis	showed	strong	correlations	between	radiomics	and	
genomics	data

Imaging-Genomics across cancer types

*Aerts	et	al. Nature	Comm.	2014

*Aerts	et	al. Nature	Comm.	2014



This image cannot currently be displayed. Lung1 Dataset 
422 NSCLC Patients MAASTRO Clinic

*Aerts	et	al. Nature	Comm.	2014



Radiomics CT Workflow

7 datasets with a total of 1018 patients 

Radiomics Signature:
1    “Statistics Energy”
2    “ShapeCompactness”
3    “Gray Level Nonuniformity”
4    Wavelet “Gray Level Nonuniformity HLH”

*Aerts	et	al. Nature	Comm.	2014



Radiomics CT Signature Performance
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Performance Model: 
- CI = 0.65 on the Lung2 Validation Dataset (n=225)

Survival time (days)

Lung cancer cohorts Head & neck cancer cohorts

Performance Model: 
- CI = 0.69 on Maastro H&N dataset (n=136)
- CI = 0.69 on VU H&N dataset (n=95)

*Aerts	et	al. Nature	Comm.	2014



*Rios-Velazques et al, Cancer Research 2017

Somatic Mutations & Imaging Phenotypes in Lung Adenocarcinoma 



Somatic Mutations & Imaging Phenotypes
in Lung Adenocarcinoma 

Integrative analysis in 764 patients with lung adenocarcinoma

HARVARD	- RT
(n	=	162)

EGFR+	(19/11.7%)
KRAS+	(59/36.4%)

MOFFITT
(n	=	131)

EGFR+	(11/8%)	
KRAS+	(47/35.8%)

PROFILE
(n	=	213)

EGFR+	(38/17.8%)
KRAS+	(89/41.7%)

TIANJIN
(n	=	257)

EGFR+	(115/45%)
KRAS+	(20/8.1%)

Adenocarcinomas 
Tx. Surgery 
Diagnostic CT’s 
EGFR and KRAS

Mixed histologies
Mixed treatments  
Diagnostic CT’s
OncoMap panel 

Mixed histologies
Tx. Surgery 
Diagnostic CT’s 
EGFR, KRAS, P53 and 
STK11

Mixed histologies 
Tx. Radiotherapy 
RT - planning CT’s
EGFR and KRAS

*Rios-Velazques et al, Cancer Research 2017

Question: Can imaging features predict KRAS/EGFR 
mutational status?



Somatic genotype - imaging phenotype associations
Approach:
- Use complete integrated dataset to incorporate diversity of 

genotypic and phenotypic variations across the datasets. 
- A priori, 26 features were selected based on robustness (test-

retest) and independence
- These features were evaluated for differences between 

mutational subtypes (FDR of 5%).

Results:
- We found 16 radiomic features to be significantly associated 

with EGFR mutations, and 10 features associated with KRAS 
mutations.

- EGFR mutated tumors has a higher radiographic 
heterogeneity, a smaller volume, and presenting overall lower 
density. 

- KRAS mutated tumors were more likely to be homogeneous, 
with a similar size compared to non-KRAS mutated tumors. *Rios-Velazques et al, Cancer Research 2017



Radiomics Informatics Platform



www.radiomics
.io





PyRadiomics

Open source python package for Radiomic Feature extraction
• Aims to establish a reference standard
• increase awareness of radiomics capabilities
• Supports  extraction in 2D and 3D

*van Griethuysen et al, Cancer Research 2017



Extracting engineered features in python

• Easy to use
• Does not require extensive programming expertise

• Readable source code
• Supporting users and developers

• Modular design
• Easy addition of feature classes / filters
• Pipeline defined in one module for easy usage

• Extracts ~2000 engineered features per image
• Continuous Testing to ensure correct calculation

*van Griethuysen et al, Cancer Research 2017



Easy customization

• All settings combined in 1 parameter file
• Yaml structured text



Hosted on GitHub

*van Griethuysen et al, Cancer Research 2017



Extensive documentation

*van Griethuysen et al, Cancer Research 2017



Slicer Extension

*van Griethuysen et al, Cancer Research 2017



Thank you for your attention

Visit us at 
www.radiomics.io

Look at our code at
github.com/radiomics

Watch the movie at 
www.youtube.com/watch?v=oN-qZx8VjQc


