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Summary

* Intro: qIB to assess/predict Tox, why ? -*ﬂt — §§
« Extending qIB to Radiomics - Z

e 2
* The (still topical) issue of qIB clinical s % =

usability, reliability, reproducibility.....

METABOLISM

» The philosophy of qIB in TETRIS

MOLECULAR
IMAGING

« Planning CT & densitometry of lung and
heart
» «Simple» vs «Advanced» (multi-centric) (\}2 H

glB analyses
Lambin et al., EJC 2012; 48 (4): 441-446.
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qlB to assess/predict Tox, why ?

« 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

Invited lecture, London, ESTRO 2011 (!!)
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qlB to assess/predict Tox, why ?

* ...some «historical» paradigmatic
examples in assessing/scoring RT-tox
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Pulmonary tox

qlB to assess/predict Tox, why ? SEOIET |5 KRR

* ...some «historical» paradigmatic

examples in assessing/scoring RT-tox | Clinical assessment
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Extending qlB 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 st BT
whose object is put in the prefix. First in the list is
the Genomics (discipline that study the Genome)..

Hi o |
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Extending qlB to Radiomics

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

. . . . Curf od al Z00H
» Looking for complex, quantitative, features: ‘50s Chickiors ot sl 2013 Reviaw

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

« Application to prediction models

in Medicine: ‘00s \
v //
O
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Extending qlB 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 Naga 2017, Phys Med):

« «The complete set of imaging features obtained for a patient using the 7913, Revisw
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»

v /Jf N |
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Extending qlB to Radiomics

Assessment of the use of this word: = 2010

Of particular value, in the field of Oncology, is the followir
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»

A Ravaw

3 )
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Extending qlB to Radiomics

 The whole qlB/Radiomic picture v
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Medical Images
Shape and Size-based ]

Textural Features

ik

Extending qIB to Radiomics o ‘ ‘ -«

ol a]

Histogram-based /

 Families of Radiomic Features

Class Type Texture interpretation
) Class Type Texture interpretation
o Geometry Size and shape of the RQI
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Medical Images

Shape and Size-based

Textural Features
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Extending qIB to Radiomics o ‘ ‘ +—

f Filtered-based
Histogram-based / "

« Families of Radiomic Features ‘
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Class Type Texture interpretation
8
. . . @ Geometry Size and shape of the ROI
Extending qlB to Radiomics &
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@ 5 Histogram value.
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 Families of Radiomic Features
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Extending qlB to Radiomics

Class Type Texture interpretation
« Families of Radiomic Features ; LB HiEHE] Size and shape of the RO
Order 2 and higher.... % § Grey-level Global distribution of intensity
& 5 Histogram value.
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Extending qlB to Radiomics

 Families of Radiomic Features
Order 2 and higher....

Ex: GLCM....from the co-occurrence matrix

Looking to the relative similarity/dissimilarity Entropy:

between adjacent/neighbour voxels (co-occurrence, Z= ZGmaxZGma"P(l J) - In(p(i, j))
relationship between pixels in one direction,

relationship between 3 or more pixels, alignment of

pixels with the same intensity.....) Contrast:
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Extending qlB to Radiomics

(1) MR GTV delineation

 Families of Radiomic Features
Filter/Transform based.

(2) 3D multislice
GTV ROI extraction

Extracting features after imaging processing
through, for instance, filtering... (3) LoG fiter application

according different ¢

0.3 0.5 1.

Medical Images ly ‘
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(4) Data analysis

Di Napoli, IJROBP 2018
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Fots

Extending qlB to Radiomics e

-+ Radiomics & RT tox prediction .
(a)
Ex: predicting prenumonia & [T e

rPIamnng CT for patient with Low R—swre—l Radiomics Feature map of

ariginal_ ngtdm_ Complexity

. b High
(a)
-
Low -
. J N Feature on 0z o4 _— o6 oa I
value scale '
(b)
Table2 Discrimination ability of different models according to area under the curve with 95% CI
Model Train (95% CI) Validation by bootstrapping (95% CI) Testing (95% CI)
5 Radiomics Feature map of g R score 0.676 (0.606-0.745) 0.619 (0.592-0.646) 0.671 (0.558-0.899)
rl’lannm_s: CT for patient with High R-score original_ ngtdm_ Complexity D score 0.728 (0.66570.790) 0.687 (0.66770.706) 0.684 (0‘57370.883)
High DVH score 0.637 (0.570-0.705) 0.628 (0.613-0.642) 0.661 (0.551-0.856)
C 0.664 (0.594-0.735) 0.654 (0.628-0.680) 0.709 (0.509-0.91)
R score + DVH score + C 0.728 (0.674-0.803) 0.719 (0.703-0.736) 0.782 (0.686-0.832)
R score + D score + C 0.793 (0.735-0.851) 0.774 (0.762-0.786) 0.855 (0.719-0.990)
P CI, confidence interval; C, clinical parameters; DVH, dose-volume histogram; D, dosiomics risk; R, radiomics risk.
Ly Feature
value scale
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The (still topical) issue of qIB clinical usability, reliability, reproducibility.....

* Vulnerability of Radiomics/qlB

]mage sSelection of acquisition
acquisition protocal

|rrlage =Selection of
reconstruction

reconstruction MRS

ROI +*Manual segmentation
+Automatic segmentation

segme ntation +Image registration

Reproducibility Repeatability

sinterpolation - “.m
+ features that remain » features that remain Image sDiscretization g ; = Modified from E Scalco
the sardne whle;ff the S:?e wlheT processing «Artifacts and noise correction § ®
imaged using different imaged multiple times e . izati —r - .
equipment, different in the same subject, b : I B F M b M 1 lan o D
software, different be that a human L ]
image acquisition person or a suitable '
settings, or different phantom o Noinariclatire
operators (e.g., other Features

* Software

clinics), be thatin the s
computation implementation

same subject or in
different subjects
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The (still topical) issue of qIB clinical usability, reliability, reproducibility.....

Reporting Guidelines on

TABLE 1
C ion of ics Features

Category

Guideline.

General
Image acquisition

Volumetric analysis
Workflow structure
Software

Image preprocessing
Conversion
Processing

ROI segmentation*!

Interpolation
Voxel dimensions.

Image interpolation method
Intensity rounding
ROI interpolation method

ROI partial volume

ROI resegmentation
Inclusion/exclusion criteria

Image discretization
Discretization method

Acquisition protocols and scanner parameters such as equipment vendor,
reconstruction algorithms and filters, field of view and acquisition matrix
dimensions, MRI sequence parameters, PET acquisition time and injected
dose, CT x-ray energy (kVp), and exposure (mAs).

Specification of whether imaging volumes were analyzed as separate images
2-di i fully volumes (3

Sequence of processing steps leading to extraction of features.
Software type and version of code used for computation of features.

How data were converted from input images (e.g., conversion of PET activity
counts to SUV and calculation of ADC maps from raw diffusion-
weighted MRI signal).

Image-processing steps after acquisition (e.g., noise fitering, intensity
nonuniformity correction in MRI, and partial-volume effect corrections).
How ROIs were delineated in images (e.g., software or algorithms used, number of

persons and their level of expertise [specialty, experience], method of
reaching and mode or semk 7

Original and interpolated voxel dimensions.
Method used for interpolating voxel values (e.g., linear, cubic, or spling) and for
aligning original and interpolated grids.

Rounding for noninteger interpolated gray levels (i (e.g.
rounding of Hounsfield units in CT images after interpolation).

Methods used for interpolating ROI masks and for aligning original and interpolated grids.

Minimum partial-volume fraction required to include an interpolated mask voxel in the
interpolated ROI (if applicable) (¢.g.. minimum partial-volume fraction of 0.5 when using
linear interpolation).

Criteria for inclusion or exclusion of voxels from the ROI intensity mask (if applicable)
(e.g.. exclusion of voxels with Hounsfield unit values outside predefined range
inside the ROI intensity mask on CT images).

Method used for discretizing image intensities before feature extraction (e.g., fixed
bin number, fixed bin width, and histogram equalization).

Feature calculation
Feature set
Feature parameters

Calibration
Image-processing steps
Feature

for image (e.g.. number of bins, bin width, and
minimal value of discretization range).

Description and formulas of all calculated features.
Settings for calculation of features (e.g., voxel connectivity, with or without
merging by slice, and with or without merging directional texture matrices).

of which image-p g steps match of the IBSI.
of which feature calculations match benchmarks of the IBSI.

*To reduce interobserver variability, automatic and semiautomatic methods are favored.
"I multimodal applications (e.g., PET/CT or PET/MRI), ROI definition may involve propagation of contours between modalities via
coregistration. In that case, technical details of registration should also be provided.

ROI = region of interest.

Image biomarker standardisation initiative
version 1.5

Alex Zwanenburg Stefan Leger Martin Vallieres Steffen Lock

on behalf of the image biomarker standardisation initiative

17th November 2017

Vallieres, 2018

To0
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suvmax " suvmee

FIGURE 2. Probability density function (%) of homogeneity (A and B) and SUVi (C and D) in
liver tissue as observed in departments A (pink), B (green), and A-S (blue), before (eft) and after

(right) harmonization.
Orlhac, 2019
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The (still topical) issue of qIB clinical usability, reliability, reproducibility.....

ARTICLE

Received 25 Nov 2013 | Accepted 29 Apr 2014 | Published 3 Jun 2014 | Updated 7 Aug 2014

Decoding tumour phenotype by noninvasive
imaging using a quantitative radiomics approach

a Kaplan-Msier radiomics signature ¢ VUInerabiIity Of mOdels
incorporating Radiomics/qlB

Hugo JW.L Aerts!234+ Emmanuel Rios Vslazquez”‘*, Ralph T.H. Leijenaar‘, Chintan Parmar'?,
Patrick Grossmann?, Sara Carvalho!, Johan Bussink®, René Menshouwer®, Benjamin Haibe-Kains®,
Derek Rietveld’, Frank Hoebers!, Michelle M. Risthergena‘ C. René Leemans® Andre Dekker!,
John Quackenbush®, Robert J. Gillies? & Philippe Lambin'

Radiotherapy and Oncology 130 (2019) 2-9

Contents lists available at ScienceDirect

Survival prabability

>5600 citations !

Radiotherapy and Oncology
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The (still topical) issue of qIB clinical usability, reliability, reproducibility.....

from pre-radiotherapy PET scan
(120 pts): n=205

PET radiomic features extracted — » Accurate ML methodology to avoid overfit
‘ » Few-features models to be preferred

Excluding poorly reproducible features
due to image statistics, acquisition

parameters (single Institute): n=180 e Explalnablllty ISSUGS

Excluding poorly reproducible features .
due to uncertainty of ® Valldate !”

segmentation/delineation: n=62

r——— - BN | - Robustness of informative content

redundancy (collinearity); features
with p<0.10 (Cox regression) at

La radiologia medica (2023) 128:799-807

VY A YA YA

univariate analysis: n=2 e - https://doi.org/10.1007/511547-023-01649-y
ABDOMINAL RADIOLOGY
AUC range
0.12
. s i 010 T Limited impact of discretization/interpolation parameters
Final Radiomic Signature after 1 — on the predictive power of CT radiomic features in a surgical cohort
backward elimination of variables L 008 —_— ) of pancreatic cancer patients
n=1 ’ ;
i 0.06 Sara Loi' - Martina Mori' - Diego Palumbo? - Stefano Crippa®* - Gabriele Palazzo' - Emiliano Spezi® - :‘
Significance P Hazard Ratio 95% CL 4 Antonella Del Vecchio' - Massimo Falconi®* - Francesco De Cobelli** - Claudio Fiorino’
0.0001 0.38 0.19-0.57 0.04
. . 0.02
Mori, Radiother Oncol 2020 ; :
0.00 0 )
1] ditions Limited-64 bins only
Al conditon o | [ OF, 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.

RISK ASSESSMENT TOOLS FOR SEVERE SIDE EFFECTS AFTER BREAS T RADIOTHERAPY:

RADIATION SAFETY THROUGH BIOLOGICAL EXTENDED MODELS AND DIGITAL TWINS

HORIZON FHEEES T pl: T Rancati
: IR

EURATOM-2023- Sk | gy [@ i 50
NRT'O1 _1 O 23 e P%{Eéﬂ!?
Nuclear Research KAROUNSKA 22 X
and Training -
EURATOM VH(0 :
Innovation Actions
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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 e

WP2

Long Term ‘ wps

Targeted Simulations Side Effect Modelling Cellular
Intervention _ & Predictions ! Sencitivity
2 2 ‘ WP3
- i . Imaging v Software Tool ‘ Imaging
:: 'Y U WP4 'J N, : —
?ﬁ\e\“” s _ Genetics : Genetics
y AN : WP?7 ]
' : : Digital Twins Qisttal i WS
) : Prototype Refinement . .
Data Collection — Data Integration B Transcriptomics Transcriptomics

& Analysis

RETROSPECTIVE WP9
Data Collection 2 PROSPECTIVE

Data Collection

ts after breast radiotherapy: radiation safety through biolog nded models and digital twins
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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.

WP2
; Long Term wps
Targeted Simulations . Side Effect Modelling Cellular
Intervention _ & Predictions Sencitivity
- 4 WP3
A i . Imaging v Software Tool ‘ Imaging
CD 3 \G\ﬂk\: r WP4 'J N z Wra
?ﬁ\e\“” s _ Genetics : Genetics
| § : WP7 ]
' : : Digital Twins Qisttal i WS
) : Prototype Refinement . .
Data Collection — Data Integration B Transcriptomics Transcriptomics

& Analysis

RETROSPECTIVE WP9
Data Collection 2 PROSPECTIVE

Data Collection
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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 ??

Histograms overlap

6000 rL'F‘I e
ﬁ 1 -=== 25th Percentile
i 75th Percentile
5000 ---- 90th Percentile
» 4000 Breast
E=
2 3000 (CTV) HU
© histogram
2000 i
Lo00 Mori PRO
Py . SN 2026
900 —150 -100 50 0 50 100 ]

HU value

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

&8l TETRIS -Risk assessment tools for severe side effects after breast radiotherapy: radiation safety through biological extended models and digital twins
27/02/2026
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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»

Bankier, Radiology 202

Relative
frequency (%)

20 4
Emphysema
[ — Normal
Change in —p s
voxel index
(-950HU) 10
between normal
(—) and
emphysematous 5
(=) lung > :
0 T T T T 1
ot 1
-1000 - -800 -700 -600

Change in 15th
percentile point
between normal (—)
and emphysematous
(---) lung

Hounsfield Units (HU)

-500
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Normalized frequency

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)

Distributions HU + SD (Right Lung)
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0.001 4

0.000

—— Nao side effects pop
— Lung side effects pop
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Planning CT & densitometry of lung and heart

CAC score = 29

* Heart CT densitometry out/in the box cacren? -

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 mm?2), where a lesion is made of
contiguous pixels with HU >130 HU and min 1mm?2

AS is the sum, slice-by-slice of the resulting areas of
each single CAC lesion multiplied by its weight, | CAC score =250
taking the corresponding Max_HU of each lesion

= 1if 130HU < Pixel < 199 HU

pixel

Woixel = = 2if 200HU < Pixel < 299HU =
Wpixet = 3if 300HU < Pixel <399 HU

Woixel = =4 if Pixel > 400 HU

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

Cardiac/coronary calcifications (CAC) predict cardiac
mortality/events in Oncology patients

CAC score =10

Heart CT densitometry R e

Figure. Kaplan-Meier Plot for Fatal and Nonfatal Cardiovascular Disease by Coronary Artery Calcium (CAC)

Score Category

Survival probability, %

tatetris

100 gy

C score = 250

80l
60
40+ CAC score
0
1-10
—— 11-100
209 | —— 101-400
- 5400
Gal, JAMA 2021
& 2 28 72 % 120 144

Time, mo

TETRIS - Risk assessment tools for severe side effects after breast radiotherapy: radiation safety through biological extended models and digital twins
EU Grant Agreement n. 101166699

e

AC score = 29
CAC score = 29

CAC score = 1200

e

27/02/2026




Planning CT & densitometry of lung and heart

Heart CT densitometry

Ongoing within TETRIS, OSR cohort (1172 pts, 32
events)

Model p-value: <0.0001
ROC p-value: <0.0001
AUC [95% C1): 0.770

Model p-value: <0.0001
ROC p-value: <0.0001
AUC [95% CIJ: 0.771

Model p-value: <0.0001
ROC p-value: <0.0001
AUC [95% Cl): 0.753
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Q
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i
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Calibration plot of final regression model with Max_HU

— Linear Fit
95% Confidence

-~ bisector

®  full model
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Belardo, Radiother Oncol 2025
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MHD (auto vs manual),
«Simple» vs «Advanced» (multi-centric) qIB analyses MIM Protege OSR data

* Inter-Institute variability “ -=-,ii;il§55?§ffi:
e

Auto-segmentation of lungs and heart f Ei!l!,p_llll!i.

.

) ||
. - . . ' '.,l'"' " =
HU variability (CT calibration) o | | 7 e ave
Impact on densitometric and radiomics IB, harmonization (? By BT B
b - B
B! '
L
Bl 4 T =
Boxplot comparison for MeanHU_Heart 2000 Boxplot comparison for MaxHU_Heart i .
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Ex: ongoing analyses on REQUITE data within TETRIS:
Inter-Institute variability of Mean and Max HU of the heart
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«Simple» vs «Advanced» (multi-centric) qIlB analyses

« Sub-segmentation/spatial info

Exploring potential value of CAC and Dose in the Sharobeen, JCTR, 2021
cardiac substructures

HU 3D distribution, Voxel-wise approaches....

ROC Curve - Cross Validation ROC Curve - Cross Validation
10 1.0+
08 0.8
a &
5 06 506
L3 u
: 2
z 3
8 @
& v
v S 04
04 £
=
02 821 — Fold 1
' — Fold1 — Fold2
— Fold2 ¥ — Fold3
— Fold3 . —— Mean ROC (AUC = 0.832 + 0.047)
; —— Mean ROC (AUC = 0.836  0.045) 0.0 £15D
0.0 +15D
. . . . . . 00 02 0.4 0.6 08 10
0.0 02 04 0.6 0.8 10 False Positive Rate

False Positive Rate

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

sl TETRIS - Risk assessment tools for severe side effects after breast radiotherapy: radiation safety through biological extended models and digital twins

(]
.-.=E.“ tetl'IS i EU Grant Agreement n. 101166699 27/02/2026




Mascalchi J Thorac Dis 2017
«Simple» vs «Advanced» (multi-centric) qIlB analyses Batgect Rage 2 i s

« Sub-segmentation/spatial info

Exploring potential value of CAC and Dose in the ;
cardiac substructures i

HU 3D distribution, Voxel-wise approaches....

Extending to higher order Radiomics

Planning CTs

Healthy tissue masks Dose Maps

Ebert, pmb 2021
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Conclusions

* Intro: qIB to assess/predict Tox, why ? -*ﬂt — §§
« Extending qIB to Radiomics - Z

e 2
* The (still topical) issue of qIB clinical s % =

usability, reliability, reproducibility.....

METABOLISM

» The philosophy of qIB in TETRIS

MOLECULAR
IMAGING

« Planning CT & densitometry of lung and
heart
» «Simple» vs «Advanced» (multi-centric) (\}2 H

glB analyses
Lambin et al., EJC 2012; 48 (4): 441-446.
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