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• Intro: qIB to assess/predict Tox, why ?

• Extending qIB to Radiomics

• The (still topical) issue of qIB clinical 
usability, reliability, reproducibility…..

• The philosophy of qIB in TETRIS

• Planning CT & densitometry of lung and 
heart

• «Simple» vs «Advanced» (multi-centric) 
qIB analyses

Summary

Lambin et al., EJC 2012; 48 (4): 441–446. 
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• Medical images are available wout additional
costs for all RT patients

• They rely on «familiar» and often
«explainable» features

• They capture changes after (and during !!!) RT

• They often assist in the diagnosis of RT-
related side-effects

• They can depict morphological and/or 
functional information

• Images contains potentials for «objective» 
scoring of pts/tox

qIB to assess/predict Tox, why ?

Invited lecture, London, ESTRO 2011 (!!)
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• …some «historical» paradigmatic
examples in assessing/scoring RT-tox

qIB to assess/predict Tox, why ?

Edema

No Edema

 

Edema scored by 
videofluoroscopy

Pulmonary tox 
scored  by X-Rays
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• …some «historical» paradigmatic
examples in assessing/scoring RT-tox

qIB to assess/predict Tox, why ?

Edema

No Edema

 

Rancati 2010

Edema scored by 
videofluoroscopy

Rancati 2007

Pulmonary tox 
scored  by X-Rays
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• qIB to predict RT-tox based on:

- pre-RT imaging

- Imaging during or early after RT

qIB to assess/predict Tox, why ?

Thor 2024: Pre-RT FDG PET & 
MLD outperform MLD alone 
model to predict pneumonitis

Belli 2014, van Dijk 2019: 
early changes of parotid 
volume/density predict 
acute and late xerostomia
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Extending qIB to Radiomics

• RADIO - : recall «Radiology», more in general 
«medical imaging» (not only from X-Rays)

• OMICS - : in molecular biology «omics» is a suffix 
that is applied to a wide spectrum of disciplines 
whose object is put in the prefix. First in the list is 
the Genomics (discipline that study the Genome)..
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Extending qIB to Radiomics

• This «unfocused» word includes the whole spectrum of applications 
concerning quantitative «features» that may be extracted from medical 
images

• Looking for complex, quantitative, features: ‘50s

• System applications in medical images                                                                                        
(i.e.: CAD): ‘80s 

• Application to prediction models                                                                                             
in Medicine: ‘00s
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Extending qIB to Radiomics

• Assessment of the use of this word: ≈ 2010

• Of particular value, in the field of Oncology, is the following 
statement  (Avanzo, Stancanello, El Naqa 2017, Phys Med): 

• «The complete set of imaging features obtained for a patient using the 
available images is called the ‘‘radiome”. A collection of features which holds 
prognostic and/or predictive value is often called ‘‘radiomic signature”. The 
fundamental hypothesis of radiomics is that quantitative analysis of tumor 
through a large amount of radiomic features can provide valuable diagnostic, 
prognostic or predictive information»
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Extending qIB to Radiomics

• Assessment of the use of this word: ≈ 2010

• Of particular value, in the field of Oncology, is the following 
statement  (Avanzo 2017, Phys Med): 

• «The complete set of imaging features obtained for a patient using the 
available images is called the ‘‘radiome”. A collection of features which holds 
prognostic and/or predictive value is often called ‘‘radiomic signature”. The 
fundamental hypothesis of radiomics is that quantitative analysis of tumor 
through a large amount of radiomic features can provide valuable diagnostic, 
prognostic or predictive information»
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• The whole qIB/Radiomic picture

Extending qIB to Radiomics

Yip & Aerts, pmb 2016

Vallieres, JNM 2018
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• Families of Radiomic Features

Extending qIB to Radiomics
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• Families of Radiomic Features

Geometry & shape (order 0)

Extending qIB to Radiomics

Volume

Area

A/V

Compacteness

Sphericity/Asphericity

Max/min length

Elongation/Flattnes

Elliptic shape

Area/Volume density

Convexity

Spatial autocorrelation …….
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• Families of Radiomic Features

Intensity-based (order 1)

Extending qIB to Radiomics

Mean/median, Min/max, SD, Variance, 
percentiles, Range, interquartiles, Skeweness, 
Kurtosis, Dispersion, Energy/entropy, 
Histogram gradients, Areas under 
histograms…….
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• Families of Radiomic Features

Order 2 and higher….

Extending qIB to Radiomics

Looking to the relative similarity/dissimilarity
between adjacent/neighbour voxels (co-occurrence, 
relationship between pixels in one direction, 
relationship between 3 or more pixels, alignment of 
pixels with the same intensity…..)
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• Families of Radiomic Features

Order 2 and higher….

Extending qIB to Radiomics

Looking to the relative similarity/dissimilarity
between adjacent/neighbour voxels (co-occurrence, 
relationship between pixels in one direction, 
relationship between 3 or more pixels, alignment of 
pixels with the same intensity…..)

Ex: GLCM….from the co-occurrence matrix

Entropy:  

Z= − ∑ ∑ 𝑝 𝑖, 𝑗 ȉ ln (𝑝 𝑖, 𝑗 )
ீ೘ೌೣ
௝ୀଵ

ீ೘ೌೣ
௜ୀଵ

Contrast:  

Z=− ∑ ∑ 𝑝 𝑖, 𝑗 ȉ  (𝑖 − 𝑗)ଶ 
ீ೘ೌೣ
௝ୀଵ

ீ೘ೌೣ
௜ୀଵ

Dissimilarity:  

Z=− ∑ ∑ 𝑝 𝑖, 𝑗 ȉ |𝑖 − 𝑗|
ீ೘ೌೣ
௝ୀଵ

ீ೘ೌೣ
௜ୀଵ
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• Families of Radiomic Features

Filter/Transform based.

Extending qIB to Radiomics

Extracting features after imaging processing 
through, for instance, filtering…

Di Napoli, IJROBP 2018
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• Radiomics & RT tox prediction
Ex: predicting prenumonia

Extending qIB to Radiomics

Zhang, IJROBP 2023
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The (still topical) issue of qIB clinical usability, reliability, reproducibility…..

• Vulnerability of Radiomics/qIB

Modified from E Scalco
IBFM, Milano 
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The (still topical) issue of qIB clinical usability, reliability, reproducibility…..

• Standardization (IBSI !)

• Reducing the impact

• Quantifying the impact

• Identifying stable features

• Harmonizing, if (when) possible

Vallieres, 2018 Orlhac, 2019
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The (still topical) issue of qIB clinical usability, reliability, reproducibility…..

• Vulnerability of models 
incorporating Radiomics/qIB

>5600 citations !

345 citations !
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The (still topical) issue of qIB clinical usability, reliability, reproducibility…..

• Accurate ML methodology to avoid overfit

• Few-features models to be preferred

• Explainability issues

• Validate !!!

• Robustness of informative content

Mori, Radiother Oncol 2020
Loi, Radiol Med 2023
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The philosophy of exploring qIB in TETRIS

• the TETRIS project is set to develop quantitative personalised risk scores for late severe 
cardiac/pulmonary disease and second cancers following RT for BCa.

HORIZON-
EURATOM-2023-
NRT-01-10
Nuclear Research 
and Training
EURATOM 
Innovation Actions

RISK ASSESSMENT TOOLS FOR SEVERE SIDE EFFECTS AFTER BREAST RADIOTHERAPY: 

RADIATION SAFETY THROUGH BIOLOGICAL EXTENDED MODELS AND DIGITAL TWINS

PI: T Rancati
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The philosophy of exploring qIB in TETRIS

• the TETRIS project is set to develop quantitative personalised risk scores for late severe 
cardiac/pulmonary disease and second cancers following RT for BCa.

• The main objectives of the TETRIS project are: (1) to design and test quantitative personalised risk 
scores for severe side effects after BCa RT based on dose-response relationships and patients specific 
risk factors already published in the literature; (2) to develop a CE-marked tool to automatically 
compute and record the risk scores from the RT treatment data and single patient features. and (3) to 
prototype digital twins in RT
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The philosophy of exploring qIB in TETRIS

• the TETRIS project is set to develop quantitative personalised risk scores for late severe 
cardiac/pulmonary disease and second cancers following RT for BCa.

• WP3 will analyse CT images to retrieve quantitative information on patient-specific risk factors. This 
possibility is crucial, as it allows personalisation of the risk scores without any additional investment, as 
CT images are routinely available for RT simulation and planning.
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Planning CT & densitometry of lung and heart

• CT densitometry !
Corresponding to order 1 radiomic features based on HU (density) 3D maps…

Being focused on cardiac and respiratory side-effect….lung & heart densitometry. Breast for SC ??

Additional pro’s: Planning CT includes HU and dose maps, HU (and dose) spatial info available

Breast
(CTV) HU 
histogram
Mori PRO 

2026
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Planning CT & densitometry of lung and heart

• Lung CT densitometry: out of the box
Ex: well assessed quantitative methodology for 
diagnosis, monitoring and ranking of emphisema
and emphisema-related problems

HU histogram – derived values from insp-CT for 
emphisema

…from exp-CT (and free breathing CT) for «air 
trapping»

Mascalchi J Thorac Dis 2017

Bankier, Radiology 2024
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Planning CT & densitometry of lung and heart

• Lung CT densitometry & late 
respiratory events after breast BCa

Ongoing within TETRIS, OSR cohort (1172 pts, 18 
events)
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Planning CT & densitometry of lung and heart

• Heart CT densitometry out/in the box
Calcification in the coronary artery and in the heart 
largely used in Cardiology to assess CVD

Agatston score (AS): weighted sum of the calcified 
lesion area (in mm2), where a lesion is made of 
contiguous pixels with HU >130 HU and min 1mm2

AS is the sum, slice-by-slice of the resulting areas of 
each single CAC lesion multiplied by its weight, 
taking the corresponding Max_HU of each lesion

Agatston J Am Coll Cardiol 1990
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Planning CT & densitometry of lung and heart

• Heart CT densitometry
Cardiac/coronary calcifications (CAC) predict cardiac
mortality/events in Oncology patients

Agatston score (AS): weighted sum of the calcified 
lesion area (in mm2), where a lesion is made of 
contiguous pixels with HU >130 HU and min 1mm2

AS is the sum, slice-by-slice of the resulting areas of 
each single CAC lesion multiplied by its weight, 
taking the corresponding Max_HU of each lesion

Gal, JAMA 2021



Planning CT & densitometry of lung and heart
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• Heart CT densitometry
Ongoing within TETRIS, OSR cohort (1172 pts, 32 
events)

Belardo, Radiother Oncol 2025



«Simple» vs «Advanced» (multi-centric) qIB analyses
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• Inter-Institute variability
Auto-segmentation of lungs and heart

HU variability (CT calibration)

Impact on densitometric and radiomics IB, harmonization (?)

MHD (auto vs manual), 
MIM Protegè OSR data

Maddaloni, Submitted

Ex: ongoing analyses on REQUITE data within TETRIS: 
Inter-Institute variability of Mean and Max HU of the heart



«Simple» vs «Advanced» (multi-centric) qIB analyses
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• Sub-segmentation/spatial info
Exploring potential value of CAC and Dose in the 
cardiac substructures

HU 3D distribution, Voxel-wise approaches….

Ex: ongoing analyses on OSR/REQUITE data within TETRIS: 
Impact of cardiac sub-structure segmentation

Sharobeen, JCTR, 2021



«Simple» vs «Advanced» (multi-centric) qIB analyses

27/02/2026

• Sub-segmentation/spatial info
Exploring potential value of CAC and Dose in the 
cardiac substructures

HU 3D distribution, Voxel-wise approaches….

Extending to higher order Radiomics

Mascalchi J Thorac Dis 2017

Chen, Front Physiol, 2023
Ebert, pmb 2021
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• Intro: qIB to assess/predict Tox, why ?

• Extending qIB to Radiomics

• The (still topical) issue of qIB clinical 
usability, reliability, reproducibility…..

• The philosophy of qIB in TETRIS

• Planning CT & densitometry of lung and 
heart

• «Simple» vs «Advanced» (multi-centric) 
qIB analyses

Conclusions

Lambin et al., EJC 2012; 48 (4): 441–446. 



Acknowledgments

• San Raffaele Medical Physics, in particular
M Vincenzi, S Broggi & R Castriconi

• San Raffaele RT, in particular A Fodor

• The San Raffaele MP Research group,          
MP-DReAM

Funded by the European Union under Euratom Research and 
Training Programme (EURATOM), Grant agreement ID: 101166699, 

TETRIS project

Join us on 
LinkedIn !

MP-DReAM:  
Medical Physics –
Development, 
Research & 
Advanced Modelling




