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POST-GENOMIC MOLECULAR METABOLIC IMAGING

Molecularbiology Cellularbiology

Genomics Proteomics
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DATA TO BE INTEGRATED
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PET + vs Cancer aggressiveness

PET + vs Protein expression levels
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To determinegenetidbiochemicakcharacterisca
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Segal E. et al, Nature Biotecnology, June 2007
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POST-GENOMIC RADIOTHERAPY

Biologia molecolare Biologia cellulare

Genomica Proteomica




RADIOTHERAPY & HIGH TECH

e High conformal radation dose
o Steep dose gradients




MOLECUALAR METABOLIC IMAGING for
RADIOTHERAPY PLANNING




o Efficacy of 18F-FDG PET In a wide variety of
malignant tumours
e Sensitivity, specificity and accuracy ~ 90%

« Better patient management and changes in the
treatment plans in 25-50% of the cases




MOLECULAR METABOLIC IMAGING & HIGH TECH

Compensatelzsionmotion 4D PET/CTgating

High-tech PETCT systems
& Improvedreconstruction
alghorithms

Increasecspatialresolution
(upto 3-4mm)

BetterBTV definition
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Conventional PET/CT
\I

HSR-Milano




Segmentatiotechnigues

Qualitativemethods‘ Manualcontourning

More reproducibleaffordable




Qualitativemethods

*Operatordependentmagemodality dependenimage
samplingdependent







T=a+bx SU%ean Black et al., 1990

T=a+bxlogy(V) +q Biehl et al., 2006; Ford et al., 2006




T=a+bx1/LB

T = Contrast level X(},,-Bea)+B

mean

T —axX Lmean-?OO/E)l_Bmean

T= (a8 X SUVean-7006t0 X Brean/SUVinax

T=b/LB+cC

T=aV+b/LB+c
T =g+ exp[a+b/V +clogV]

Erdi et al.,1997

Drever et al., 2006

Nestle et al., 2005

Schaefer et al., 2008

Daisne et al. , 2003

Jentzen et al., 2007

Nehmeh et al., 2009




Geometricunctionof surfacedeformingunderinternal(surface
bendingcharacteristigsandexternal(directionalgradient$
forces

Drever et al. , 2007

Drever et al. , 2007

El Naga et al. , 2007,
Li et al., 2008

GradientVectorFlow (GVF), iterativeavolutionaryPoisson
DiffererentialEquation(up to the balancebetweennternal
andexternalforceg (e.g.level setmethod deblurring
alghorithm




deblurring

convergence

Li et al. , 2008




learning task aims to discriminate L from B based ortan$

extracted features

Training sets of labelled images
+ unknown samples

k-nearest neighbour (KNN)
Artificial neural network (ANN)
Support vector machine (SVM)

Unknown samples

Belhassen et al. , 2010

K-means
Fuzzy C-means (FCM)
Expectation maximization (E




Theintensitydistributionof L and B arestatisticallydifferent

3 classes
“theuncertairi

estimates the volumes by the
probability of each voxel to belong to one of the three<las

Hattetal., 2010




In clinical studiess crucialandstill limited

by histologicalspecimens

- PETreducesGTV
- PET BTVis more accuratwith respecto CT/MRI GTV

Daisneetal., 2004




8F-FET PET  MRI-PET

Vees et al., 2009




Validationof PET BTV inclinical studiess crucialandstill imited

by histologicalspecimens

- PET segmentatiotechnique®xtractsimilar d but differentV

Belhassertal., 2009




Comparisorof 9 segmentatiotechniques

18FDG PET Belhassertal., 2009




NE
Nestle

SBR
FCM
FCM-S
FCM-SW

Belhassertal., 2009




Tumourproliferation

Aminoacidmetabolism

Cell membranegstatty
acidmetabolism

Somatostiatimeceptors
Apoptosis
Angiogenesis

Hypoxia

68F-Fluorotimidine

88F-Fluor oethyltyrosine, 11C-methionine,
HC-tyrosine

11C-acetate, 11C-Choline, 18F-Choline

%Ga-DOTA-TOC

IBFE-Annexin V

18F-RGD peptide

18F-FMISO, 11F-FAZA, 4Cu-ATSM,
18F-EF3, 18F-EF5




18-FAZA PET-CT

Postematal., 2009




Hypoxiaaffectsoutcomeof radiotherapyreatment

e.g.Nordsmarketal., 1996, 2000Jomatharetal., 2006

Reducederfusioncorrelatewith therapyfailure

e.g.Hermansetal., 2003;Vauperetal., 2004, 2005




(Bentzenretal. Lancet oncol, 2005)
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Inverse treatment-planning : pixel-driven dose thsition




1) Assess temporal and spatial stability of PET hypoxag@sn

2) Assess time of reoxigenation of hypoxic areas

3) Improve guantification of PET hypoxia maps




1) Assess temporal and spatial stability of hypoxia maps

Hypoxia 10Qum

Intermittenthypoxia minuteshours

. =

Hypoxiaandnormoxicareasancoexistin onePET voxel

. B

Multiparametricimaging(DynamidMultimodal (PET and CT/MRI)




2) Assess time of reoxigenation of hypoxic areas

. B

Multiple imagingsessionsluring RT




HypoxiaduringRT
L/blood=3

@

FMISO 1 FMISO 2 (3 days after)

Lin etal., 2008




e.g.Eschmanretal., 2007;Thorwarthetal., 2007

Time of reoxigenation depends inversely from perfusiorcefhcy

Cell sensitivuty dependes from tracer retention

. B

TCP can be used to stratify patients vs RT




3) Improve gquantification of PET hypoxia maps

PET Partial Volume Effect

Ideal lesion Real lesion




PVE PET correction

Ideal lesion Real lesion Corrected lesion




Methods

Recovery coefficients (RC) and RC curvesfrom NEMA 2001 1Q phantom

B,
YBge

*GS = Gold Standard

RC function of measured sphere diameter (equivalent foavid S/B,

RC-based PVE correction method

C
corrected: RC

uncorrected

C

SUV,

uncorrected

S chorrected: RC

Castiglionietal., 2009




Doseby BTV of qualitative PETmetabolicimages

Doseby BTV & of qualitative PET Images
subvolumes

(“ dosepainting’) (Lyng etal. Int J Radiat Oncol Biol Phys, 2000)

Doseby PTV & Images
numbers

(“dosepaintingby
num be rg) (Bentzenretal. Lancet oncol, 2005)




Doseby PTV & numbers(“dosepaintingby numbers)

numbers= (PET voxels accurataumber$

N




Molecular imaging for RT
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