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Radiomics

Radio + Omics
genomics (DNA) - transcriptomics (RNA)

extraction of a high
number of quantitative
features from medical

proteomics - metabolomics
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Radiomics

Radiomics: Images Are More than
Pictures, They Are Data’

v medical physicist
v" biomedical engineer
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Radiomics — Work Flow
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Radiomics — Work Flow
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Radiomics — Work Flow
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—) traditionally, radiomics was

developed for extraction of
features from a single modality
(e.g. CT scans on patients with
lung cancer)

Images used for radiomic
analysis are collected from
different hospitals or data
centers; thus, these images are
usually obtained using
different parameters and
protocols and reconstructed
with different software.

The differences may bring
unexpected influences on the
radiomic model
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Radiomics — Work Flow
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It is critical because the subsequent feature
data are generated from the segmented
volumes. It is challenging because many
tumors have indistinct borders.
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Radiomics — Work Flow
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Radiomics — Work Flow
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features describing the tumors,
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Radiomics — Work Flow
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Radiomics — Work Flow
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Radiomics — Work Flow
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Radiomic....some considerations

radiomics can be performed with as few as 100 patients,
although larger data sets provide more power

* radiomics....could potentially aid cancer
v' detection

v' diagnosis

v' assessment of prognosis

v" prediction of response to treatment

v monitoring of disease status
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/ radiogenomics
\ precision medicine

Radiomic
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radiogenomics
two potential uses

....... a subset of the radiomic data can be used to suggest gene
expression or mutation status that potentially warrants further testing.
This is important because the radiomic data are derived from the
entire tumor (or tumors) rather than from just a sample.

Current model Radiomics model

Mutation ; Mutatior)
CTscan Biopsy detection Radiomics probability

D-5-le

—
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Work Flow

Sample Collection

N

Genes mRNAs Proteins Metabolites Images
Genome Transciptome Proteome Metabolome CT, MRI, PET
Genomics Transcriptomics Proteomics Metabolomics Radiomics

\ /

Integration of Omics Data
Data Mining
l

Model Building

I

Diagnosis, Prediction & Prognosis
l
Validation & Hypothesis Testing

radiomics may reflect the global outlook of cancer
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Radiomic Is designed to be used in decision support of
precision medicine

most solid tumors are highly precision medicine requires not
heterogeneous and that they only in vitro biomarkers and
continue to evolve over time; companion diagnostics but also
IS the major cause of treatment spatially and temporally resolved
failure and emergence of In vivo biomarkers of tumor
therapy resistance biology

a central hypothesis driving
radiomics research is that
radiomics has the potential to
enable quantitative measurement
of Intra- and intertumoral
heterogeneity

radiomics iIs capable of
capturing the entire tumor
volume and allows longitudinal
monitoring
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Radiomic Is designed to be used in decision support of
precision medicine

v" use standard of care images that are routinely acquired in
clinical practice, it presents a cost-effective and highly feasible
addition for clinical decision support;

v" non-invasively characterize the overall tumor accounting for
heterogeneity;

v" interrogates the entire tumor allows the expression of
microscopic genomic and proteomics patterns in terms of
macroscopic image-based features;

v" produce prognostic and/or predictive biomarker value derived
from routine, standard of care imaging data as-iIs;

v" allow for a fast, low-cost, and repeatable means for longitudinal
monitoring.
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Radiomic....in Oncology
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Radiomic....in Oncology

L.ung cancer
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Radiomic....in Oncology

L.ung cancer
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differentiated aggressive lung carcinomas from non-aggressive
ones based on CT scans

440 radiomic features in non-small cell lung and head and
neck cancer. survival, the histology, and the tumor stage

33 markers may predict metastatic spread, and another
signature encompassing 12 features the survival

differentiate distinct phenotypes (carcinoma in situ versus
minimally invasive carcinoma versus invasive carcinoma)

radiomic signature (heterogeneity-based) in 353 patients could
predict the EGFR (epidermal growth factor receptor) status;
intended to differentiate KRAS-positive from KRAS-negative
tumors
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Radiomic....in Oncology

GOOD SCIENCE Welcome to the EUROPEAN SOCIETY FOR MEDICAL ONCOLOGY,
BETTER MEDICINE the leading European professional organisation for medical oncology.
BEST PRACTICE
Identification of a Radio-Immune Signature with High > Background
Prognostic Value in Surgically Resected NSCLC
The mole of radiomecs against dinical and hesinlogic standand has been repeaiedy demonsirated
m 20 September 2015 Shough the ntegration of high-hvoughput IMmagng Mo & MURIMENSONS predcion model s sl
0 s early dawn. Thus Ihe aim of e présent Study was 10 delsnmne whethsr CT-Genved radomic
m ESMO 2018 Corgrass features (CT-RFs) mght irtercept the ndscaped arrangement of the fumor mmrmune
m Postee Discussion on - Basic ':;::ecmv:mam (TIME). offaring a noval non-nvasve assessmeant of prognoste 1acions in
1
T e nczosn
m ?gnmmﬂ;mw(sm_m VTRT-vB15 » Conclusions
G Mazzaschi'. F, Quaini, G. Mianese?, L. Gnott®, G. : .
Socchialin, L Ampolin, R: Mia®. M. Siva?, N Specific TIME profiles inscribe radiomic features resulting in a radio-immune signature with
Sverzafel’, G- Roti®, M. Tiseo' ic |
N et prognostic impact on NSCLC.
Deep Learning Radiomics distinguishes
intrapulmonary Disease from Metastases in
Immunotherapy-treated Melanoma Patients
30 Seplember 2019
ESMO 2118 Congress
» Conclusions
Poster Display session 3
= Melanoma Deep lsaming can help to discriminale between intrapulmonary granulomatous disease
opics
imenunotherapy indeterminate calcified granulomas and intrapulmonary lymph nodes in anti-PD-1 treated
Thi Dan Linh Nguyar-Kim melanoma patients. Further model development is needed to overcome the imbalanced “real
Annals of Oncology (2019) 30 (suppé 51 vA754832. clinical scenano” data 1o classify granulomatous disease in melanoma patients treated with anti-

hishannith b daie PD-1 immune checkpoint inhibitor blockada for implementation in the clinical workflow
TO.L. Nguyen-Kim?, S Trebesent, J EE Pouw?, G,

Mianase?, L Topt®, 2 Bodala®, J. Mangana®, T

Frawsnleicer’, JBAG. Hasoen® C.U. Blank®, H.J WL

Asrts® R Basts-Tan®, R, Dummer®
© Author Affiliations
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GOOD SCIENCE Welcome to the EUROPEAN SOCIETY FOR MEDICAL ONCOLOGY,
BETTER MEDICINE the leading European professional organisation for medical oncology.
BEST PRACTICE

Radiomic Signatures for Identification of Tumors
Sensitive to Nivolumab or Docetaxel in Squamous
Non-Small Cell Lung Cancer (sqNSCLC)

30 September 2019
ESMO 2019 Congress
Poster Display session 3

Non-Small Cell Lung Cancer

Yopics Translational Research

Laurent Dercle

Annals of Oncology (2019) 30 (suppl_5): vI60v796
10 1083/annonc/mdz268

L. Dercle’, M. Fronheiser?, L Lu', S. Du®, W, Hayes?,

D.K. Leung?®, A. Roy’, L.H. Schwartz!, B, Zhao!
© Author Affiliations

ERGE0E

» Conclusions

Al-based CT Imaging detected early changes in radiomic features from baseline to first on-
treatment tumor assessment—decrease in tumor volume, tumor heterogeneity, and tumaor
infiltrativeness along boundanes-—that were associated with sensitivity to treatment in pts with
sqNSCLC, offering an approach that could guide clinical decision-making to continue or modify
systemic therapies.
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Radiomic....in Oncology

— -
structural analysis of mammograms has also been

successfully implemented in ultrasound diagnostics for
differentiation of breast cancer

magnetic resonance imaging

A, * o
A Lesnon "‘\ Lesnc‘

Dynamic Contrast Enhancement PK-DCE

T2-weighted

Ti-weighted Entropy Image

integrated radiomic framework for breast cancer and tumor biology using advanced machine learning and multiparametric MRI
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Breast cancer )=
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structural analysis of mammograms has also been

successfully implemented in ultrasound diagnostics for
differentiation of breast cancer

magnetic resonance imaging

differentiate breast cancer from benign lesions with a sensitivity of

85 % and a specificity of 89 %. By means of 3 classic machine-
learning and 5 features

breast MR imaging radiogenomics can more fully assess the
correlations between imaging features and breast cancer

molecular subtypes of luminal A, luminal B, HER2, and TN
cancer

differences between chemotherapy responders and failures based

on 8 and 2 (entropy and uniformity) MRI-based structural
parameters,
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GOOD SCIENCE Welcome to the EUROPEAN SOCIETY FOR MEDICAL ONCOLOGY,

BETTER MEDICINE the leading European professional organisation for medical oncology.
BEST PRACTICE

Prediction of benign and malignant breast masses
using digital mammograms texture features

30 September 2019
ESMO 2018 Congress
Poster Display session 3

Breast Cancer
Topics Translational Research

Cui Yanhua

Breast cancer

Annals of Oncology (2019) 30 (suppl_5): v574.v584.
10.1093/annone/mdz257

C. Yanhua', Y. L#, J. zhu®, J. dong®*
© Author Affiliations

» Conclusions

Radiomics texture features from digital mammograms may be used for benign and malignant

prediction. This method offer better accuracy and sensitivity. It is expected to provide an auxiliary
diagnosis for the imaging doctors.
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GOOD SCIENCE Welcome to the EUROPEAN SOCIETY FOR MEDICAL ONCOLOGY,

BETTER MEDICINE the leading European professional organisation for medical oncology.
BEST PRACTICE

Artificial intelligence combining radiomics and
clinical data for predicting response to
immunotherapy

28 September 2019
ESMO 2019 Congress

Proffered Paper session: Artificial inteligence and

Bonesas machine leaming as tools for practice In oncology

Imaging

Personalised/Precision Medicine
Immunotherapy

Basic Principles in the Management and Treatment » Concluslons
(of cancer)
Therapy

Topics

CT-radiomics signature at baseline predicts the response to immune checkpoint inhibitors.
Marts Ligero Integrating radiomics and clinical data improved the response prediction capacity,

Annals of Oncology (2019) 30 (suppl_5): v475-v532,
10.1093/annonc/mdz253

M. Ligero®, A Garcia-Ruiz', C. Viaptana®, M.V, Racitl’,
I. Matos®, J, Martin Liberal®, C. Hierro?, M. Gonzaiez®,

R. Morzles Barrera®, C. Suarez”, E. Elez®, | Brana’, E.
Mufioz-Couselo®, A. Oaknin?, E. Felip®, J. Tabemero®,

J. Carles3, R. Dienstmann?, E. Garralda®, R. Perez

Lopez'
© Author Affiliations
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&~ NCBI Resources (¥} How To (¥

PUblmed-Sm’ PubMed radiomics head neck tumors

US National Lib: f Medici
Natior?;?{:']astit:jt;as%foHeaeltthIne Create RSS Create alert Advanced

Search results
Items: 1 to 20 of 66

S'I'All'l' - our experience
j v characterization

v' prediction to response

l
i




_’_;\@Il Post-ESMO “"Radiomica tra Presente e Futuro” Roma 2019

Radiomic....in Head and Neck
our experience

PR : : 1 benign
salivary gland lesions e
L 2 malignant
£ | Model
AU =087 skewness AD(?, 95% ClI
mean T2,margin,
contrast medium
— Cocmie Accuracy 85,11 71.69% to 93.80%
features Sensitivity(%) 88,5 69.85% to 97.55%
> Skewness ADC Specificity(%) 81,0 58.09% to 94.55%
> mean_ 12 PPV(%) 85,2 70.19% to 93.35%
» margin

> contrast medium NPV(%) 85,0 65.71% t0 94.37%
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Radiomic....in Head and Neck

our experience
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Radiomic....in Head and Neck
our experience

Conrras Sz avalabin 1

o European Journal of Radiology
A NS

Fournal homapisge

Iesearch nrticle

Intravoxel Incoherent motion diffusion-weighted imaging for oropharyngeal =%
squamous cell carcinoma: Correlation with human papillomavirus Status =
Antonello Vidiet', Simona Marzl™ ', Emma Gasgem!’, Maria Benevalo’, Francesca Rollo”,

Alessin Fameti’, Laura Maruce’, Filomena Spasiano’, Francesta Sperati
Francesca DI Glullano™, Raul Pellinl”, Gluseppe Sanguinet’

Patient and tumor charpcteristics sorted by human papillomavirs (HPY) status

ADC/D, T 1.377/0.991 xL0-3mm2s

Patient and tnumor characteristics negative positive Chi2

@9 w0 s N 0.953/0.738 x 10-3 mm2/s
lower ADC HPV+

Gender Maie 18 (30.5) 41 (69.5) 0.096
Female 1(7.1) 13 (92,9)
Age (mean + SD) 65.4+ 9.1 617 + 9.5 0.140 h ' h ADC H PV
Tumour site Tonsl 8 (20.0) 32 (80.0) 0.322 I g e r =
Base of the 11 (34.4) 21 (65.6)
fangue
Both 0.(0.0) 1 (100.0) ADC/ D, T 1.598/1.265 *10-3mm2/s
T-stage 112 7 (24.1) 22(75.9) 0.765
T34 12(27.3) 32 (72.7) N 1 289/1 046 x 10-3 mm2/s
N-stage NO 3 (60.0) 2 (40,0) <0.001 . . -
N1 1(3.0) 32 (97.0)
N2-3 15 (42.9) 20 (57.1) \
Smoking status O-Spack/yr 3(10.3) 26 (89.7) 0.003
6-24pack /yr 1(9.1) 10 (90,9)
» 24pack /yr 15 (45.5) 18 (54.5)
Alcohol intake No 6(13.0) 40 {(87.0) <0.001
Moderute 11 (78.6)
Heavy 3(231)
Nodal Solid 29 (76.3) 0.996
Morphology
Cystic 1(25) 3(75)
Necrotic 6(23.1) 20 (76.9)

Statistically significant p-values are bold
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Radiomic....in Head and Neck
our experience

Conrras Sz avalabin 1

»

) European Journal of Radiology

- ..'bak. - -
e the best pred ICtIve
Iesenrch nrtice
Intravoxel Incoherent motion diffusion-weighted imaging for oropharyngeal =%
squamous cell carcinoma: Correlation with human papillomavirus Status = I I lO e O r H PV
Antonello Vidiet', Simona Marzl™ ', Emma Gasgem!’, Maria Benevalo’, Francesca Rollo”,
Alessin Fameti’, Laura Maruce’, Filomena Spasiano’, Francesta Sperati - - -
Patient and tumor charpcteristics sorted by human papillomavirs (HPY) status I y
- - -
obtained combinin
Patient and tsmor characteristics negative positive Chi2

Francesca DI Glullano™, Raul Pellinl”, Gluseppe Sanguinet’

in=19) (n = 54) P / I h I - t k
alConol Intake
Gender Maie 18 (30.5) 41 (69.5) 0.096 -
Female 1(7.1) 13 (92.9) /
Age (mean = SD) 654=+91 61.7 =95 0.140 SI I IO ke hab ItS
Tumour site Tonsl 8 (20.0) 32 (80.0) 0.322
Base of the 11 (34.4) 21 (65.6)
v D, values of PTs
Hodh 0(0.0) 1 (100.0) t Va u eS O
T-stage 112 7 (24.1) 22(75.9) 0.765
134 12(27.3) 32 (72.7)
N-stage NO 3(60.0) 2 (40,0) <0.001
N1 1(3.0) 32 (97.0)
N2-3 15 (42.9) 20 (57.1)
Smoking status 0-Spack/yr 3(10.3) 26 (89.7) 0.003

accuracy = 80.8%

24pack/yr

Alcohol intake No 6(13.0) 40 (87.0) < 0,001
Moderute ‘ 11 (78.6)
Heavy 3(231)
Nodal Solid 29 (76.3) 0.996
Morphology
Cystic 1 (- 3(75)
Necrotic 6(23.1) 20 (76.9)

Statistically significant p-values are bold
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our experience

Contants lists svailable at SciwnceDiract

r; Physica Medica
g Sl

journal homepage: hitp://www.physicamedica.com

Original paper

Characterization of cervical lymph-nodes using a multi-parametric and
multi-modal approach for an early prediction of tumor response to
chemo-radiotherapy

Elisa Scalco™*', Simona Marzi ™', Giuseppe Sanguineti , Antonello Vidiri “, Giovanna Rizzo*

the image-based analysis was performed on

» the planning CT
» on T2w-MRI

Patient charactenstics

Chasacter isric No
Patie T ) ElL
Age (yea
Median (range) 8 {28-R2
Sex (MIF) 73
Primary tumor site
Orophacynx 12 1801
Nasopharynx 113675
Hypopharynx (1673
Larynx 1(33%
Lnknown 1(33
T wage
T b (20%)
7 1367
3 5 (167X
T4 (233%)
1y 1133%)
N stage
Ny 6 (20%)
N2a 40133
N2h B (20%
N B (2686
N3 i (20%)
IN valume [cm')
Median (range] 4 (08-44)

» DW-MRI acquired before CRT (MRI 1) and at mid-treatment (MRI 2)

Complete list of the estimated features.

Other features

GLCM _en
GLCM _corr
GLCM _homo
GLCM _ent

Morphological features (T2w-MRI) First-order statistical Second-order statistical
features (T2Zw-MRI, CT) features (T2w-MRI, CT)

Volume V [mm’] Mean intensity H Energy

Eccentricity Ecc Vanance a Correlation

Equivalent diameter Eq_diam [mm] Entropy ent Homogeneity
Skewness sk Entropy
Kurtosis kur Contrast

Dissimilarity

GLCM _cont
GLCM _dis

Fractal dimension (T2w-MRI, CT)

Apparent diffusion coefficient (DW-MRI)

FD

ADC [mm°Js]
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Radiomic....in Head and Neck
our experience

Contants lists svailable at ScianceDiact

Physica Medica S

s
£ Nl _
journal homepage: hitp://www.physicame dica.com ’ '_:
Original paper
Characterization of cervical lymph-nodes using a multi-parametric and e
12
¥

multi-modal approach for an early prediction of tumor response to
chemo-radiotherapy

Elisa Scalco™*', Simona Marzi ™', Giuseppe Sanguineti “, Antonello Vidiri “, Giovanna Rizzo*

pre-treatment features showed higher
predictive power than mid-CRT features, the
ADC having the highest accuracy (80%); CT-
based indices were found not predictive.
When ADC was combined with Texture
Analisys on T2, the classification
performance increased (accuracy = 82.8%)
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Challenges

v Understanding (what do GLRLM, SRL....)
v’ Standardization ?

v" Acquisition variability ?

v" Representative populations ?

v Medical meaning/usefulness ?

... STl a long way to go
as any challenges
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