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Physicsof PETandPET-CT

• Coincidence detection of two 0.511MeV photons

• Annihilationradiationfrom positron-electronpair

• Photondirectionsat 180o at annihilation point -
diff erent from decaypoint� rangeof positron

• Positronemitterswith biological compatibility

• Low Z (typically), proton rich, shorthalf -lives

• “Local” production with a cyclotron

PositronAnnihilation

11C
13N
15O
18F

positron range



PET Radionuclides
biologically compatible, short half-li fe

Radionuclide Half-Life

Fluorine18 (18F) 110min

Carbon11 (11C) 20 min

Nitrogen 13 (13N) 10 min

Oxygen15 (15O) 122sec

Rubidium 82 (82Ru) 75 sec
(cardiac)

Coincidences:
DetectedEvents

•• TrueTrue

• Scattered

• Random

Detectors

Subject

Adaptedfrom Rohren, Turkington,
Coleman,Radiology2004;
231:305-332

PETDeviceParameters

• Resolvingtime – detector material

• Spatialresolution– nominally, detectorsize
– 4 to 6 mm (voxel side)

• Temporal resolution– acquisition time,gating (?)

• Number of detectors– SNR,spatial resolution

• Aperturesize– 70 cm max– large bore?

• 2D or 3D acquisition modes– both arevolumes

• Several others,inter-related

Characteristics of Detector Crystals

Crystal
Common

name

Formula Density
(g/cm3)

Effective
Atomic
Number

Photoelectric
Effect

Probability
(%)

Energy
Resolution

(%)

Decay
Time
(ns)

NaI N aI(Tl) 3.7 51 17 8 230

B GO Bi 4Ge3O12 7.1 75 40 15 300

L SO Lu 2SiO 5(C e) 7.4 66 32 12 40

GSO Gd2SiO 5(C e) 6.7 59 25 8 60

Desirable: Low decaytime
Impacts: Detector deadtime(affectsscantime); allows shorter

coincidencewindowfor betterrejection of randomevents



Isotope T1/2 Eβ+
(MeV)

Resolution *
(mm)

11C 20 min 0.96 0.92

13N 10 min 1.2 1.35

15O 122 sec 1.7 2.4

18F 110 min 0.64 0.54

68Ga 68 min 1.9 2.8

82Rb 76 sec 3.4 6.1

* 2.35 × rms of distribution - related to the positron range

Effect of PositronRange
inherent lossof spatialresolution

AttenuationCorrectionUsing
TransmissionImages

• Emissionphotonintensity must be correctedfor attenuation
thatoccurredalongthe pathlength from anorigin

• A rotatingsourceof photons is usedto obtaina CT-like
image thatyieldsvoxel electron densities
– Original method:rotatingradioisotope,near 511keV energy
– Recentmethod: CT scan, eg, with a hybrid scanner

γ ray (radioactive material) or x ray(CT)
68Ge(β+) 511keV CT 100kVp
137Cs (β-) 662keV

non-correctedPET Cs-attenuatedcorrectedCT-attenuatedcorrected

Phantomwith
‘normal’ uptake
exceptleft lung that
hasair andone
spherical‘hot tumor’

CT image

With-Without AttenuationCorrection
• Intensities under-estimatedat depth

• Intensities over-estimatedon surface

• Intensities over-estimatedfor low-densityobjects (lung)

With Without

FromRohren, Turkington, Coleman: Radiology 2004;231:305-332



Why PETOncologyImaging?

• Distributionof activity is imaged
– Physiology,function, biology

• Complementaryto (~anatomic) CT and MR

• Increasedsensitivity comparedto CT alone

• Indicationsapprovedfor reimbursement
– Most approvedindicationsarefor oncology

• Devicesavailable

• Imagehandlingtoolsetsmaturing, still new

Why PET?
A Pictureof thePatient

CT-PETHybrid Imaging
for TumorDiagnosisand
Treatment Planning:
(CourtesyGeneralElectric
Healthcare)

MR “ Radiograph”

MR “ Radiograph”
with boneadded -
theMR is changed
intoa CT-li ke
radiograph

PET-avid tumor
registeredwith
CT obtainedat
the sametime

© JD Bourland

OncologyImaging with FDG PET

• Diagnosis– lesscommon

• Staging - yes
• TargetDefinition

– Radiation treatment

– Other“ targeted” therapy

• Re-staging – yes

• Treatment Evaluation

2-[18F]-fluoro-2-deoxy-D-glucose(FDG)

• Themostimportantpositron-emittingradiotracer for oncologytodayis 2-
18F-fluoro-2-deoxy-D-glucose(FDG)

• Glucoseanaloguetaggedwith 18Fluorine

• Many malignant tissuesareassociatedwith increasedglycolysisand thus
demonstrateincreaseduptakeof FDG

• FDG-PETimagesare mapsof glucosemetabolism



Example: Non-Small Cell Lung Cancer
Diagnosis Staging Re-Staging

From Rohren, Turkington, Coleman:Radiology 2004;231:305-332

Example: ColonCancer
Initial Staging Initial Staging Re-Staging

FromRohren, Turkington, Coleman: Radiology 2004;231:305-332

Example: Head& NeckCancer
Diagnosis Staging Re-Staging

From Rohren, Turkington, Coleman:Radiology 2004;231:305-332

Approved Indications: OncologyFDG PET

X (Char)SolitaryNode

XOvarian

XBrain

XXXXCervical, + mets?

XXXXThyroid

XXXXBreast + mets, recur

XXXXHead/Neck

XXXXEsophageal

XXXLymphoma

XXXXColorectal

XXXXLung

Monitor ing
(Clin Tri al)

Re-StagingStagingDiagnosisCancer

Caveat: A summary: Restrictionsand latest information on:
http ://cms.hhs.gov/manuals/103_cov_determ/ncd103c1_Part4.pdf



Clinical Imaging(FDG) with PET

• 18F-Fluorodeoxyglucose(FDG) only

• Imaging of tumorglucosemetabolism:glycolysis

• Non-specific imagingagent– metabolically active sites

• Staging,re-stagingof lung,breast,colon, cervical,
head/neck, melanoma,lymphoma.Somediagnosis.

• Dif ficulties with smalltumors(< 3 – 10 mm diameter)

• Useincreasing– 200PET-CT scannersin 2 years*

• PET-CT hybrid scanners: registration solved

*FromBradley,Thorstad, Mutic, et al., IJROBP 59(1):78-86,2004.

PETandRadiationTreatment Planning

• Main contribution– Staging:TargetLocalization
– Very important:stagedeterminestreatmentapproach

– Binary results:presence/absenceof disease,metastasis

• Dramatic differences possible
– Treatmentmode:reamo, chemo, beamo(EG Shaw)

• none,one,all three?10-30%NSCLCpatientsstagechanges

– Radiation treatmentfields:ie, inclusion of nodes
• Estimation– better coverageof targetwith PETin 30 – 60%of

patientsreceiving definitive radiationtreatment*

*FromBradley,Thorstad, Mutic, et al., IJROBP59(1):78-86,2004.

ColonCancer:PossibleTreatmentFields
Initial Staging Initial Staging Re-Staging

Adaptedfrom Rohren, Turkington, Coleman: Radiology2004; 231:305-332

No TreatmentSimpleField

Initial Staging Initial Staging Re-Staging

Adaptedfrom Rohren, Turkington, Coleman:Radiology 2004;231:305-332

Colon Cancer:PossibleTreatmentFields

No TreatmentField Includes
Nodal Region



FDG PET andStaging,Localization

Changein stagebefore andafter PET-CT

From Koshy, Paulino, Howell etal., Head& Neck, 27:6494-502,2005.

IncreasedDose:Boost High UptakeRegions

• Daset al. Med Phys.2004 lookedat feasibility of delivering
radiation dosein proportionto FDG distribution in 2 patients

• Rationale: FDG-uptakeis correlatedto tumorcell proliferation rate
• PETfor targeting; SPECT (normallung perfusion)for avoidance
• Compareduniform dosedistribution with non-uniform dose based

on FDG distribution& IMRT
• While feasible,word of caution, wasthatnon-uniform dose

distributionsattemptingto increasedoseto high uptakeregions,
may resultin unacceptabledose-volumelevelsfor normal
structures.

PETandRadiationTreatmentPlanning

• Secondary contribution– TargetDefinition
– Image-basedtargetextent, shape – quantitative

– Importanttopic

– Subjectof investigation: concepts,methods,tools

• Secondary contribution– TreatmentMonitoring
– Image-basedresponseand evaluation of treatment

– Importanttopic

– Subjectof investigation: concepts,methods,tools

“Secondary” to become“Primary” ?

PETfor Planning NSCLC



Impacton sizeof PTV: CT vs PET/CT
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• Relativechangesranged
from 0.40 to 1.86

• In 5 of 23 cases,new
FDG nodesdetectedthat
increased PTV

MahMah, Caldwell,, Caldwell,UngUng et al. IJROBP 52,2002et al. IJROBP 52,2002

FDG PETandRadiationTreatment
Changein PTV andprescribeddose

From Koshy, Paulino, Howell etal., Head& Neck, 27:6494-502,2005.

Ex: FDG-PETdecreasedthetarget volume

Purple Outline: CT only GreenOutline:PET/CT PTV basedon CT only

PTV based on PET/CTReductionof radiation
volumedueto
better distinction between
tumorandatelectasis

Sparing of normal tissue
suchaslung wil l resultin
lessmorbidity andpossibly,
allow higherdoseto tumor

PET canminimizevolumeof normaltissuePET canminimize volumeof normal tissue
irradiatedirradiated



Ex: FDG-PETincreasedthetarget volume

Pre-PET : RLL lesionwith right
paratrachealnode

Post-PET:RLL lesion with right
paratracheal; subcarinal; and hilar
lymphadenopathy (some< 1 cm
on CT)

GTV increasedto encompass
thesenodalregions.

Impactof PET-CT on RT VolumeDelineationUsing
CombinedPET-CT Scanner: WashU Group

• Prospectivestudy: 26 NSCLCpatients
– 8/26(31%)PETchangedstaging
– Of 24 still plannedradically

• In 3, PET/CTreducedvolumecomparedto CT alonedueto atelectasis
• In 10,PET/CT increasedvolumeas unsuspectednodaldiseasewas

detected
• In 1, newseparatetumourfocuswas found in samelung

– OverallPET/CT resulted in alterationsin radiationplanning in
over50%of patientsby comparisonto CT alone.

Bradley, J et al. IJROBP59, 2004

GTV: CT v PET-CT
Useof PET-CT mayreduceGTV/CTV

GTV-CT GTV-PET-CT

FromSchwartz, Ford, Rajendran, etal., Head& Neck 27(6): 478-487,2005.

Process: PETin Radiation Treatment

• Cancerdiagnosis� biopsy, imaging

• Treatmentposition, immobilization

• PETimagingin treatmentposition

• Expertimagereview

• Imagetransfer– DICOM, other?

• Imageregistration(if needed)

• Target localizationand definition

• Treatmentplanning



Radiation TreatmentPlanningwith PET

• Setupreproducibili ty the
primaryconcern

• Poorsetup reproducibil ity
mayrequiredeformable
imageregistration

4

3

2

1

1

CT

PET

Thesecanbe separateunits
or a combinedPET-CT

PatientPositioningAnd Immobilization

Flat TabletopFlat Tabletop ImmobilizationDeviceImmobilizationDevice

3-ModeFiducialMarkers
non-hybrid PETscanning

• For face mask
patients,markers
are attachedto the
mask

• For bodymould
patients,markers
are attachedto the
skin

3-Mode FiducialMarkers

PET CT



PET-CT ImageRegistration Hybrid PET-CT Scanner

• Combinedhelical,
multislice CT scanner
mated to a PETscanner

• Possibly threescans
acquiredduringprocedure
– Attenuation correction CT
– PET: 2D or 3D acquisition
– TreatmentplanningCT +C

PET-CT Logistics
• On-sitecyclotronfor FDG production
• Delivery to secureisotoperoom
• Calibration checkandsyringe preparation
• Injection in Injection Room, andwaiting there
• Usually: CoarseCT, PET, hi-qualityCT

– Protocols matchRadiology protocols
– Researchprotocols – H/N chemo-radiationtrial

• Dosemonitoring to environs show no difficul ties
• Approximately five PET-CT patients per week
• Cross-trained technologists and Radiology faculty input
• All scansto institutionalPACSfor interpretation,archive
• Performing CT +C scansper Radiology protocol LA 3

LA 2

LA 1

MR

PET-CT

R/F

VSim



PET-CT
• Adjacentcontrol, scanner,

inject-wait, lab, andtoilet
• 1/8 in Pb; control, scanner

– adjacentwaiting, scannerbkg
• 1/2 in Pb; inject-wait, toilet
• Isotopeprepnearon-site
• CT, PET-CT operation is

quality – futureadditional
QA testing

• Shared Virtual Simulation
• Laser marking system
• AutomatedPACSarchive,

selective pushto TPS
• Normal accesssecurity

MR

PET-CT

MR Control

Virtual
Sim

P
E

T
-C

T
C

ontrol

MR
Annex

Inject
-Wait

Office

Office

Wait

MR
Equip

Wait

View from OperatorEntry

PatientAccess,InjectionRoom Target Definition

• Qualitative:Expertclinical review
– Visual,inclusionof clinical history anddata

– Abovebackground

• Quantitative: Voxel intensity values
– 40-50% of peakintensity (abovebackground?)

– StandardizedUptakeValue(SUV) of ROI
• ie, SUV > 2.5indicatespositive for cancer

– Regiondeterminedby PET, extent by CT



RadiationTreatmentPlanningwith PET
TargetDefinition

Depending on imagewindowandlevel setting, target
volumecanchangeby 50%. Also:
a) SUV not a partof DICOM data
b) SUV utility unclear

Samepatientimage:different window andlevel!

Radiation TreatmentPlanningwith PET
TargetDefinition

In this example,Lt targetis larger thanRt
target by factorof 1.2 (Lt v Rt), andshapeis
slightly different

Samepatientimage:diff erentwindow andlevel!

RadiationTreatmentPlanningwith PET
TargetDefinition

In this example,Lt target is largerthanRt
targetby factor of 1.2 (Lt v Rt), andshapeis
slightly different

Samepatientimage:different window andlevel!
StandardizedUptakeValue (SUV)

• Semi-quantitative measure of glucosemetabolism
• Essentially:Averagevoxel valuewithin anROI

– normalizedby activity and bodyweight

• Relativeto anindividual patient
– Malignancyv benign
– Tumor grade
– Treatmentresponse
– Prognosis(?) – biological models

In part from Rohren, Turkington, Coleman:Radiology2004;231:305-332



SUV Limitations

• Semi-quantitativemeasureof glucosemetabolism
• Definition of theROI (CT?self-referencing),andits

locationover time (ie, scanto scan)
• Tumorheterogeneity:necrosis, variablegrade
• Tumorvolumechangeswith time
• Small tumors difficult to image(size� resolution)
• Glucose load?

Consensus?Quantificationof FDG uptake?

In part from Greven: SemRadOnc14:2,2004.

SUV PhantomInvestigation

• Threshold SUV-function canbe
determinedvia measurement to enable
definition of anFDG PET-GTV

• Dependson meantargetSUV

• May be betterthanconstant-valued
SUV (ie, “2.5” or 50%FWHM)

• Difficult for low SUVs(SUV < 2.0)

• Testedin patient population

FromBlack, Grills, Kestin, et al., IJROBP60(4):1272-1282,2004

Approachesto PET-Target Definition

• 40-50%of peakintensity(abovebackground?)

• StandardizedUptakeValue(SUV) of ROI
– ie, SUV > 2.5 indicatespositive for cancer

• Regiondeterminedby PET,extentby CT

• Calibratedmethodfor scanner?

In common– digital imagewith voxel intensities

The Digital Contour
A ThresholdProcess

Peak

Threshold
Value

Bkg

Target
Width



TheDigital Contour
A ThresholdProcess

Peak

Threshold
Value

Bkg

Target
Width

The Digital Contour
TargetComplexity

Peak

Threshold
Value

Bkg

Target
Width

TheDigital Contour
Target Complexity

Peak

Threshold
Value

Bkg

Target
Width

Sameimage:different windowandlevel

Study: FixedThresholds
Courtesy, A Kirov (AAPM 2006)

4) SUV=2.53) Background based

2) MeantargetSUV1) FPT 40%



ConceptualFramework:Image-Based

� � � �

Pre-T        Mid-Point T End T           1 mo post       3+ mo post 
T T               

Imaging Pre, During, and Post Therapy: Ideal Timepoints

Hypotheses for use of midpoint-RT imaging:

• Imaging will provide data for identifying early response and/or modifying therapy

• Imaging will provide data useful for therapy modification for no response

PET-CT DoseAssessment
• Whole-bodyPET-CT scanning(top of headto mid-thigh) is proposedfor the evaluation of squamous

head/neckcancerto betreatedby combinedmodalitychemo-radiation.ThePET-CT simulationsare a) PET-
CT, followedby b) CT + contrast.

• Doseassessmentis summarizedasfollows:
•
• ScanType DoseEquivalent (rem; (mSv)) [per scan]
• 1. CT attenuation scan 1.3 rem (13.4mSv)
• 2. PET scan(FDG,per10 mCi) 0.7rem (7 mSv)
• 3. CT + contrast, highqualityCT 2.1rem (20.8mSv)
• Total dose-equivalentperset of scans:4.1 rem (41.2mSv)
• (Whole-body)
• Assumptions
• CT attenuation scan:3.75 mmthickness,130mA, CTDI ~ 9.1 mGy
• PETscan:18F-FDG, per10 mCi
• CT +C, highquality scan:2.5 mmthickness,200mA, CTDI ~ 14.2 mGy
• Note:CT scansobtainedwith auto-mA; actualmA varieswith bodythickness
• Formulismis asfollows1:
• D = G x CTDI, whereD[T] is doseandG[T] ("Gamma") is theorgan-specif ic dosecoefficient. Then,G[E] is

usedto computeEffective DosewhereG[E] = S(G[T]i x w[T]i ) (classicweight factorsper organ). So,D[E] =
G[E] x CTDI

•
• Thetotal conversioncoefficient,G [E], weightedoverall organs, is1.47mSv/mGy1
•
• References
• 1. Brix, Lechel, et al, JNM 46:608-613, 2005.

FDG PET andCT ImageRegistration

Original CT defined 
PTV

Paraesophageal 
node seen on 
PET, but not CT

Courtesy of A Kir ov, MSKCC Courtesyof A Kirov, MSKCC

FDG PETandCT ImageRegistration



TargetVolume
Diff erences

Patient Tumor Volume PET/CT Volum e Irradia ted PET/CT Lung V20 PET/CT Comments
1 3.25 1.25 1.11 unsuspected chest wall disease on PET
2 5.52 1.52 1.45 unsuspected supraclavicular node on PET
3 5.05 1.5 1.18 more extens ive mediastinal disease on PET than CT
4 1.19 1 0.86 good correlation between CT and PET
5 0.48 0.83 0.66 atalectasis identified in area suspic ious for tumor on CT
6 1.75 1.2 1.37 larger tumor mass on PET than identified on CT
7 1.5 1.6 1.25 larger tumor mass on PET than identified on CT
8 3.83 1.8 1.5 unsuspected superior mediastinal disease on PET
9 1.34 1.29 1 slightly larger tumor mass on PET than identified on CT
10 4.49 1.25 1.48 more extensive nodal involvement/ bone involvement on PET
11 2.55 1.03 1.03 unsuspected superior mediastinal disease on PET
12 2.33 1.13 1.19 larger tumor mass on PET than identified on CT
13 0.92 1 1 atalectasis identified in area suspic ious for tumor on CT
14 9.57 1.08 1.31 extens ive mediastinal disease, addit ional parenchymal nodule on
15 1.65 1 1 fairly good correlation between CT and PET

m ean 3.03 1.23 1.16
stdev 1.13 0.18 0.08
sem 0.29 0.05 0.02

0

2

4

6

8

10

12

Tumor Volume PET/CT Volume Irradiated PET/CT Lung V20 PET/CT

- New targetareanot
previously covered

- Changein target volume
- Union of CT + PET

Tomlinson, Russo, Bourland: ASTRO2000

GTV-CT andGTV-PET
Other Issue:Inter-observerVariation

PET CT

FromCaldwell, Mah, Ung, et al., IJROBP51(4):923-931,2001

OtherIssue:PETArtifact Neara Cavity

RT planningcontoursdisplayedon registered CT (left) andPET(right) imagesfroma
PET/CT scan,showingPET signalappearing to originatefrom a ~1 cm wide air cavity
insidethetrachea.

Courtesy of A Kir ov, MSKCC

PETin Brachytherapy
• Applicators,critical

structuresandtumor
contoured

• Softwareplacessourcesat
predefined positionswith
respect to applicatortips

• Sourcestrengthsand
treatments times
optimized

• Alternatively, deliver
conventionaldose
distributions

Target

65 cGy/hr

18 cGy/hr

Tandem

Til ted Coronal View



Non-FDG PETOncology Imaging
Biological andMolecularImaging

• Hypoxia: F-misonidazole (U Wash)

• Hypoxia: Cu-ATSM (WashU)

• Proliferation:C-Thymidine(U Wash)

• Blood flow: Water

• Others: permeability, DNA synthesis,tumor
receptors,chemotherapydrugs

Radiopharmaceutical developmentimportant

Does It Matter?
Indicators of CancerDiagnosis, Treatment, and

Evaluationcan beMolecularlyImaged

• Hypoxia andindicators/results of hypoxia
• Cell proliferationandcell cyclesensitivity
• Apopotosis
• Growth factors,stromaandvascular

environments
• Radiosensitivityand radioresistance

Molecular Signature

IMT (Thymidine)-SPECT/MRI: GBM
Proliferation

(from Grosu, Weberet al, Technical Universityof Munich)
MethioninePET:Anaplastic Astro

MRT (T2) FDG-PET Methionine-PET

From Weber, Grosu* et al, Technical University of Munich

* Grosu et al, ASTRO 2002: MET PET delivered additional information in 79% patients with 
resected gliomas



BioanatomicImaging and Treatment
BAIT – WakeForestUniversity

• Cantumorbiology beimaged?
– MR, MRs, PET,SPECT, fMR

• Canimage-basedtumorbiology direct
“biologically correct” cancertherapy

• RTPhasbeen/isanatomicallybased

• Whatwill molecularimagescontribute?

ParadigmShift for RadiationOncology
a shift to

• Biological andMolecularTargetVolumes

• Bio-physicalModeling

• Custom DoseCoverageof TargetVolumes
madepossibleby

• Quantitative Useof Bio-molecular Images

• Hi-Tech RadiationTreatment,called:

Intensity Modulated Radiation Treatment
© JD Bourland

Patient 3: Bioanatomic Imaging
F18MisonidazolePETandMRI Spectroscopy

Applications
• 3D RTP(IMRT)
• “Biologically targeted” therapy
• Responseassessment

Ch/Cr NAA Lact

Spectroscopic
sample region

MR1

MR Spectroscopy

Hypoxic region
Tumor region

MR3MR2 PETHypoxia

© JD Bourland

Conformal RadiationTreatment
conventionaltreatment

(rectangular dose
distribution)

conformal
(dosematches
targetshape)

bioanatomic IMRT
(dosematchestarget
shapeandbiology)

© JD Bourland,WakeForestUniversity



TheIdealDose Distribution?
A “New” Model

Thetargetmodelis wrong!
Higher
Dose

100

0

Non-homogeneous
dosedistribution

Dose

Position

Lower
Dose

Is the target model wrong?

PETImagingandBiological Models

• MathematicalRepresentations of Effect

• Model Generation
– Theoretical models: bio-physio-molecular principles

– Micro models: fit of bio-molecular observations

– Macromodels: fit of clinical observations

• Model Application
– Predictive models: guidanceof therapeuticdecisions

– Predictive models: estimationof prognosis

• Image-Based:whatdoesvoxel intensitymean?

© JD Bourland,WakeForestUniversity

BiologicalModeling: Dose FunctionHistogram
SPECTLung Perfusion, Normal TissueInjury

(Munley/Marks,Duke/WFU)

pre-treatment

post-treatment

0

10

20

30

40

50

60

70

80

90

100

0 10 20 29 39 49 59

Dose (Gy)

P
er

ce
nt

F
un

ct
io

n

objective anatomic

bioanatomic

Anatomic

Normallung sparing

Bioanatomic

© JD Bourland,WakeForestUniversity
Buuset al, RadiotherapyandOncology 73:289-296,(2004).

Right side: meandose30Gy Left side: mean dose57 Gy

11C-MethioninePET
RegionalSalivaryGland Function



a) Volumeof distribution of 11C-methionine

b) K, thenetmetabolic clearanceof 11C-methionine

Buusetal, RadiotherapyandOncology 73:289-296,(2004).

11C-MethioninePET
RegionalSalivaryGlandFunction

TheDigital ImagingProcess

• Acquisition Mode/Device

• PostAcquisition Processing

• Manipulation/Application

• Secondary ImageGeneration

• Display

• MR (MR MRs, pMR, fMR); PET
(FDG, hypoxia, perfusion,
proliferation);SPECT;Optical (in
vivo microscopy, tomography)

• Reconstruction, Transfer

• Classification, Localization,
Registration, Segmentation,
Measurement [spatial, intensity],
PhysicalandBiologicalModels

• DRRs, Composite Images

• Observation, Evaluation

Digital ImagingandRTP
ImageContentandPixel Meaning

Imagesprovide3D and4D
information. Thechallengeis to
extractthemorphologic,pathologic,
biologic, physiologic, or metabolic
“meaning” of theimagenumbers.

ImagingScience Tasks
Classifi cation/Estimation
Hypothesisof data, (tumor,kidney)
Sampleobject

� image:SNR,contrast, …

CT: electron density (attenuation,dose)
MR: proton density,magnetic moment (?)
PET: radionuclide distr ibution (physiology?)
SPECT: radionuclide distribution (physiology ?)
Other: What doesa pixel mean?

Imaging ScienceTasks
Fouroutcomes

• Truepositive(TP);Sensitivity(TPF)
• Falsepositive(FP); Specificity(1 - FPF)
• Truenegative(TN)
• Falsenegative(FN)

LimitationsandOpportunities
PET OncologyImaging And Treatment

• Imageresolution,SNR,specificity, sensitivity
• Scanspeed,effectsof motion, gating
• FDG and radiopharmaceutical development
• Imageregistration/imageprocessing tools
• Kinetic modeling
• SUVs,equivalentreferencevalues
• Patient positioning
• RTPtargetdelineation
• RTPdosecompartments and resolution



Why ImagePatients?

A Pictureof thePatient
• Thepatientis his own bestrepresentation

• An imageset is only anapproximation

• Do we know whatthe numbers mean?

“A picturetells …”

A collageshowing
wheretumorhas
regressed, stayedthe
same,or grown.

© JD Bourland

Summary
• Physicsof PET andPET-CT

• PET oncologyimaging: impactis staging and
thustreatmentpathwayor approach

• PET andRadiationTreatment Planning
– Localization of regionsto betreated

– Targeting,contourdelineation,with limits

– Clinical trials important:H/N, Lung, GI

• Non-FDG PETOncologyImaging

• Limitationsandopportunitieswith PET

• Paradigmshift for Radiation Oncology

• Growth of PET,PET-CT in theRadOncclinic
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