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ProteinProtein ExpressionExpression



overexpressedoverexpressedproteinsproteinspTnmpTnm

1818FF--PET/CT PET/CT glucoseglucosemetabolismmetabolismforfor breastbreastcarcinomacarcinoma
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PET +  vs  Cancer aggressiveness

SUV
T0

PET + vs  Protein expression levels
SUV

INTEGRATION 

PET +  vs  modified genes
SUV



THE CHALLENGE THE CHALLENGE 

ToTo determinedeterminegeneticgenetic//biochemicalbiochemicalcharacteriscscharacteriscsin vivo & non in vivo & non invasivelyinvasively



Segal E. Segal E. etet al, Nature al, Nature BiotecnologyBiotecnology, , JuneJune 20072007
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•• High High conformalconformal radationradation dosedose
•• SteepSteep dose dose gradientsgradients

IMRTIMRT VMATVMAT CKCK HIT  HIT  

RADIOTHERAPY & HIGH TECHRADIOTHERAPY & HIGH TECH



BTVBTV

MOLECUALAR METABOLIC IMAGING MOLECUALAR METABOLIC IMAGING forfor
RADIOTHERAPY PLANNINGRADIOTHERAPY PLANNING

1818FF--FDG PETFDG PET



• Efficacy of 18F-FDG PET in a wide variety of
malignant tumours

• Sensitivity, specificity and accuracy ~ 90%  

• Better patient management and changes in the 
treatment plans in 25–50% of the cases

MolecularMolecularmetabolicmetabolicimagingimaging: 18F: 18F--FDG PETFDG PET



BetterBetterBTV BTV definitiondefinition

IncreasedIncreasedspatialspatialresolutionresolution
(up (up toto 33--4mm)4mm)

CompensatedCompensatedlesionlesionmotionmotion 4D PET/CT 4D PET/CT gatinggating

HighHigh--tech PETtech PET--CT CT systemssystems
& & improvedimprovedreconstructionreconstruction
alghorithmsalghorithms

MOLECULAR METABOLIC IMAGING & HIGH TECHMOLECULAR METABOLIC IMAGING & HIGH TECH



RPM 
Signal

CT Acq. ……

4D CT-PET Data Acquisition

First Position
Scan

Second Position
Scan Scan

HSR-Milano



HSR-Milano

4D-PET/CT

Conventional PET/CT



Qualitative Qualitative methodsmethods

Quantitative Quantitative methodsmethods

ManualManualcontourningcontourning

SemiSemi--auto/auto/imageimagecontouringcontouring

SegmentationSegmentationtechniquestechniques

BTV BTV fromfrom PET PET imagesimages

More More reproduciblereproducible, , affordableaffordable



••OperatorOperator--dependentdependent, , imageimage--modalitymodalitydependentdependent,,imageimage
samplingsamplingdependentdependent

Qualitative Qualitative methodsmethods



Thresholding methods

Quantitative Quantitative methodsmethods

TT11

TT22

TT33

lesionlesion= T[I(x)] = = T[I(x)] = {{
1, I(1, I(xx) ) ≥≥ TT

0, I(0, I(xx) < T) < T



Thresholding methods

- vs SUV

- vs V

T = a + b x log10(V) + q

T = 2,5 (SUV)
- absolute

T = a + b x SUVmean Black et al., 1990

Biehl et al., 2006; Ford et al., 2006



T = Contrast level x(Lmax-Bmean)+Bmean

T = a x Lmean-70%+Bmean

T= (a x SUVmean-70%+b x Bmean)/SUVmax

Drever et al.,  2006

Nestle et al.,  2005

Schaefer et al.,  2008

Daisne et al. , 2003T = b /LB + c

T = a/V+ b /LB + c

T = a0 + exp[a+b/V +clogV]

2d) iterative

Jentzen et al.,  2007

Nehmeh et al.,  2009

2d) vs LB (adaptative)

T = a + b x 1/LB Erdi et al.,1997



Variational

- edge detectors (Sobel operator)

- ridge detectors (Watershed Transform, WT)

- deformable active contour models (snakes)

GeometricGeometricfunctionfunctionofof surfacesurfacedeformingdeformingunder under internalinternal((surfacesurface
bendingbendingcharacteristicscharacteristics) and ) and externalexternal((directionaldirectionalgradientsgradients) ) 
forcesforces

GradientGradientVectorVectorFlow (GVF), iterative Flow (GVF), iterative evolutionaryevolutionaryPoissonPoisson
DiffererentialDiffererentialEquationEquation(up (up toto the the balancebalancebetweenbetweeninternalinternal
and and externalexternalforcesforces) (e.g. ) (e.g. levellevel set set methodmethod, , deblurringdeblurring
alghorithmalghorithm))

Drever et al. , 2007

Drever et al. , 2007

El Naqa et al. , 2007; 
Li et al., 2008



levellevel set set methodmethod

1it1it 40 40 itit convergenceconvergence
Li et al. , 2008



Learning methods

learning task aims to discriminate L from B based on a set of
extracted features

Supervised Unsupervised

Training sets of labelled images
+ unknown samples

Unknown samples

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

Clustering
k-means
Fuzzy C-means (FCM) 
Expectation maximization (EM)

Belhassen et al. , 2010



Stocastic modeling

Gaussian mixture model (GMM)

EM (maximum likelihood)estimates the volumes by the 
probability of each voxel to belong to one of the three class

The The intensityintensitydistributiondistributionofof L and B are L and B are statisticallystatisticallydifferentdifferent

BB
LL

““ the the uncertainuncertain””
3 3 classesclasses

HattHatt etet al., 2010al., 2010



ValidationValidationofof BTVBTV in in clinicalclinical studiesstudiesisis crucialcrucialand and stillstill limitedlimited

byby histologicalhistologicalspecimensspecimens

-- PET PET reducesreducesGTV GTV 

DaisneDaisneetet al., 2004al., 2004

-- PET BTV PET BTV isis more accurate more accurate withwith respectrespecttoto CT/MRI GTVCT/MRI GTV



MRIMRI 1818FF--FET PETFET PET MRIMRI--PETPET

GTVGTVMRIMRI
BTVBTVmanman

GTVGTV2,52,5

BTVBTV40%40% BTVBTVLBLB BTVBTVgrdgrd

Vees et al.,  2009



-- PET PET segmentationsegmentationtechniquestechniquesextractextractsimilarsimilar d d butbut differentdifferentV  V  

byby histologicalhistologicalspecimensspecimens

BelhassenBelhassenetet al., 2009al., 2009

What is the best PET BTV?

ValidationValidationofof PET BTV in PET BTV in clinicalclinical studiesstudiesisis crucialcrucialand and stillstill limitedlimited



ComparisonComparisonofof 9 9 segmentationsegmentationtechniquestechniques

BelhassenBelhassenetet al., 2009al., 200918F18F--FDG PETFDG PET CTCT



ddmaxmax(cm)(cm) V (cc)V (cc)

6.56.5 9898CTCTmanman

7.57.5 8080PETPETmanman

6.06.0 6161RGRG
7.07.0 138138NestleNestle
6.56.5 117117BlackBlack
6.56.5 6565SBRSBR
4.84.8 3232FCMFCM
5.55.5 4545FCMFCM--SS

6.56.5 7676FCMFCM--SWSW

BelhassenBelhassenetet al., 2009al., 2009

ddGSGS=7cm=7cm



PET PET RadiotracersRadiotracers

TumourTumourproliferationproliferation

AminoacidAminoacidmetabolismmetabolism

CellCell membranesmembranes/ / fattyfatty
acid acid metabolismmetabolism

SomatostiatinSomatostiatinreceptorsreceptors

HypoxiaHypoxia

1111CC--acetate, acetate, 1111CC--Choline, Choline, 1818FF--CholineCholine

1818FF--FMISO, FMISO, 1111FF--FAZA, FAZA, 6464CuCu--ATSM, ATSM, 
1818FF--EF3, EF3, 1818FF--EF5EF5

6868GaGa--DOTADOTA--TOCTOC

6868FF--FluorotimidineFluorotimidine

6868FF--Fluoroethyltyrosine, Fluoroethyltyrosine, 1111CC--methionine, methionine, 
1111CC--tyrosine          tyrosine          

ApoptosisApoptosis

AngiogenesisAngiogenesis

18F-Annexin V

18F-RGD peptide



1818FF--FAZA PETFAZA PET--CTCT

gliomaglioma

Postema Postema etet al., 2009al., 2009



HypoxiaHypoxiaaffectsaffectsoutcomeoutcomeofof radiotherapyradiotherapytreatmenttreatment

ReducedReducedperfusionperfusioncorrelate correlate withwith therapytherapyfailurefailure
e.g. e.g. HermansHermansetet al., 2003; al., 2003; VauperVauperetet al., 2004, 2005al., 2004, 2005

e.g. e.g. NordsmarkNordsmarketet al., 1996, 2000; al., 1996, 2000; JomathanJomathanetet al., 2006al., 2006



““ Dose Dose paintingpaintingbyby numbersnumbers”” ((BentzenBentzenetet al. al. Lancet oncol, 2005)2005)

Prostate tumour T2* relaxivity

10    13    16    19    22    25    28    31    34    37    40

7070 7575 8080 8585 8585

Normo-oxic Hypo-oxic

GyGy
CTV CTV fromfrom MR MR 
transferredtransferredon on 
BOLD MRBOLD MR

IntensityIntensity

inverse treatment-planning : pixel-driven dose distribution

HypoxiaHypoxiamarkermarker



Are Are wewe readyreadywithwith dose dose paintingpaintingbyby numbersnumbers??

1) Assess temporal and spatial stability of PET hypoxia maps

3) Improve quantification of PET hypoxia maps

2) Assess time of reoxigenation of hypoxic areas



HypoxiaHypoxia: 100: 100µµmm

MultiparametricMultiparametricimagingimaging((DynamicDynamic//MultimodalMultimodal (PET and CT/MRI)(PET and CT/MRI)

HypoxiaHypoxiaand and normoxicnormoxicareasareascan can coexistcoexistin in oneonePET voxelPET voxel

1) Assess temporal and spatial stability of hypoxia maps

IntermittentIntermittenthypoxiahypoxia: : minutesminutes--hourshours



2) Assess time of reoxigenation of hypoxic areas

Multiple Multiple imagingimagingsessionssessionsduringduringRTRT



LinLin etet al., 2008al., 2008

(3 (3 daysdays afterafter))

HypoxiaHypoxiaduringduringRTRT

<

L/blood=3L/blood=3



Time of reoxigenation depends inversely from perfusion efficiency

e.g. e.g. EschmannEschmannetet al., 2007; al., 2007; ThorwarthThorwarthetet al., 2007al., 2007

TCP can be used to stratify patients vs RT

Cell sensitivuty dependes from tracer retention

EarlyEarly PET PET scansscans Late PET Late PET scansscans



Ideal lesion Real lesion Corrected lesion

RC 

Underestimation

PET Partial Volume Effect

3) Improve quantification of PET hypoxia maps



Ideal lesion Real lesion Corrected lesion

RC 

Measurement of RECOVERY COEFFICIENTS 
(taking account of the system state)

PVE PET correction



Recovery coefficients (RC) and RC curves from NEMA 2001 IQ phantom

RC =
S/Bm

S/BGS

RC function of measured sphere diameter (equivalent to Vm) and S/Bm

Methods

RC-based PVE correction method

L/Bm

dm

RC
L/Bm

dm

Ccorrected= 
Cuncorrected

RC

SUVcorrected= 
SUVuncorrected

RC

*GS = Gold Standard

Castiglioni Castiglioni etet al., 2009al., 2009



Dose Dose byby BTVBTV

Dose Dose byby BTV & BTV & 
subvolumessubvolumes

((““ dose dose paintingpainting”” ))

SegmentationSegmentationofof qualitative PET qualitative PET metabolicmetabolicimagesimages

SegmentationSegmentationofof qualitative PET qualitative PET hypoxiahypoxiaimagesimages

Dose Dose byby PTV & PTV & 
numbersnumbers

((““ dose dose paintingpaintingbyby
numbersnumbers”” ))

QuantitativeQuantitativePET PET hypoxiahypoxiaimagesimages

((LyngLyng etet al. al. Int J Radiat Oncol Biol Phys, 2000)2000)

((BentzenBentzenetet al. al. Lancet oncol, 2005)2005)



Dose Dose byby PTV & PTV & numbersnumbers((““ dose dose paintingpaintingbyby numbersnumbers”” ))

numbersnumbers= (PET voxels accurate = (PET voxels accurate numbersnumbers) ) 

RT planningRT planning RT RT monitoringmonitoringaddressingaddressingtoto RTRT



Molecular imaging for RT   

Personalized therapy periodically monitored

Ethiology, prognosis, tumour response to therapy

ProteinProtein ExpressionExpression


