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Head and neck cancer SNM Image of the Year 1999

CT: 160 mAs; 130 k\/‘_‘ pitch 1.6; 5 mm slices
PET: 7 mCi FDG; 2 x 15 min; 3.4 mm slices

Transverse

Sagittal

Role of PET/CT Imaging
.|

* In oncology,imagingstudiesplayingan
increasingl impartantrolein assessingatiert’s
responseo treatmeat

— SerialCT scansareevaluatedfor changesin numberand
sizeof tumors

— SerialPET scansare assssedfor changesn metabolic
activity of the lesions
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UPenn Installation of Gemini TF: November 2005
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PET scamer
LYSO: 4x4x22mm?
28338crystak, 420PMTs
70-cm bore, 18-cm axial FOV

CT scanner
Brilliance 16-slice

Spatial resdution: 4.8mmaticm
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Confoun ding effects
- |

= Trying to gleaninformationaboutpatient s
diseasestae from quantiative measurementsof
imagedata

« Howevertherearemany confoundingeffectsthat
complicatequantificaion in PET/CT imaging.

» Saurces of variability can begroupednto three

categoies:
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The heavy patient problem

* G ;
Slim 58 kg “Normal’ 89kg Heavy127kg
Object Equivalent Relative Pea NEC ratio Pe& NEC densty
diameter pt.wt. atenuaion ratio
20cm 41kg 1 6 18
27cm 71kg 22 27 45 ——
35cm 106kg 43 1 1

Can't compensate simply by increasing scan time!

Patient-related factors affectin g quantifica tion
- |

Factorswe carit control:

x body habitus(affeds atenudion andscatter)

X patientsflexibility (ability to hold armsoverheal)

X patients ability to hold still (pain, cognitive impairmert)

x patientsindividual physiology (affectstracer distribution
within paient)
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More patie nt-related factors
- |
Factorswe CAN control:
« doseadminigered

— weightbasedr doesonedosefit all?

— whataboutCT dose-- adjustmAs for attenuation
correctionCT?

* uptaketime beforeimaging
— standardizatioffor FDG, e.g.50-70 minutewindow, then
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Patient Weight vs Effective Diameter
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More patient -related factors

- |
Factors we CAN cortrol:
» doseadninistered

— weight-basedor does onedosefit all?

— what abou CT dose-- adjustmAs of attenuatiorcorrection
CT?

« for FDG, uptaketime beforeimaging
— standardizatione.g. 50-70 minutewindow, then+/- 5 minutes
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Dependence of Standard ized Uptake Value (SUV)
on FDG uptake time
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Reference: Lowe VJ, Delong DM, Hoffman JM, Coleman RE. Optimum scanning protocol
for FDG-PET evaluation of pulmonary malignancy. J Nucl Med 1995;36:883-87.

The increase in SUVs with increasing uptake time motivates:

1) Some sites using 90-minute uptake periods instead of 60.

2) Sites performing second timepoint images of lesions to see by how
much the SUV has changed.

Measured AC: Rotatin g rod/point sourc e
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Instrument -related factors affecting quantificatio n
- |

X spatialandenegy resoluton

— partialvolumeeffect

— discriminateagainstscatteed events
X sansitivity: highersensiivity => lower Poissomoise
x dataacquisitionmodefor PET (2-D vs 3-D)
— 2D reducesscatterandrandomsbut at costof sentivit;
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Switch to CTAC has effect on quantification
.|

« “...CT-basedattenuationcarrection producedadioactivity
corcertrationvaluessignificantly higherthanthe
gemanium-basedcorrectedvalues. Theseeffects,
esped@lly in radiocensetissues shouldbe notedwhen
using and compariny quantitative PET andysesfrom PET
ard PET/CT systems.

Nakamoto Y. Osman M. Cohade C. Marshall LT. Links JM. Kohimyer S. Wahl RL,
PET/CT: comparison of quantitative tracer uptake between germanium and CT
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Additional issues with CT-based attenuation corr ection

ourtesy of Paul Kinahan

Time of Flight PET - Basic Conce pt

Localizesourcealong line of respmse-
depend®n timing resolutiont

A x = uncertaintyin positionalongLOR
=c A2

x*
3

Conventional TOF
Back-projection  weighted

Gredestpotental benetft is
for largestpatients

Instrume nt-related factors continued
- |
* scdter correction method
— backgroundsubtra¢ion method
— singlescattersimulaton (modetbased
« addtional instrumentcapabiities
— Time of Flight (TOF)
— respiratorymotion-correction
— cardiacgating
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PHILIPS

Comparison of TOF and nonTOF images: heavy patient

56 year old male with a history of NHL
237 Ibs, 37.2 BMI, 15 mCi FDG, | hr post-injection
TOF lesion uptake to nonTOF = 1.6

Standard clinical TOF protocol |Retrospective nonTOF protocol

Same patient data reconstructed differently.

A. Perkins etal, “ Clini cal optimization of the acquisition time of FDG time-of-flight PET”, SNM 2007. 2



PHILIPS

Comparison of TOF and nonTOF images: heavy patient

20 year old male recently diagnosed with Hodgkin’s lymphoma
255 Ibs, 38.9 BMI, 15 mCi FDG, 2 hr post-injection
TOF lesion uptake to nonTOF = 2.1

]
9 |

Standard clinical TOF protocol ||Retrospective nonTOF protocol

Same patient data reconstructed differently.

Timing resolution (FWHM) vs. time
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Operator -related facto rs affecti ng quantifica tion
- |
« acquisitionandreconstructiorproto®ls
— armsup/down, imagingtime perbedposition
— reconstructia protocolcan makea differencein SUVs

* WesterterpM et al. Quantificaton of FDG PET studesusing standadizeduptake
valuesin multicertre trials: effects of imagerecnstriction, reolution and ROI
definition parametersizur J Nucl Med Mol Imaging(2007)34:392-404.

* instrunentquality control
— daily QC, air cals PMT gains,energyresolution, timing
resoluion cheks
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GE Discovery ST Average SUVs
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Data from cylinders submitted to ACRIN for PET credentialing which indicate

that can’t assume interchangeability even between cameras of same make

and model.



Aim: Relative comparison of change analysis methods

Operator -related factors continued —
« methodof image andysis - How to characterizeatients
diseag?
— Whatto measureMow to measure?
+ sizeof lesion?(2-D or 3-D)?
* maxSUV? averageSUV within aregon?
— Vendorspecifc SUVs
+ nonuniform uptakewithin tumor (e.g.necrotic certer)

— Importantif usingimagefor treatmenplanring
— CT notashelpfulin determhing sizeof PET lesion asyou mightthink

Ly 2 BT From talk by Larry Clark of NIH's CIP at RSNA 2006 “Imaging as a Biomarker: Importance of Technique.”
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Take Home Messag es

Operator -related factors continu ed
- | - OO O O _____
- methodof image andysis - How to characterizatients 1) Reduce/ariat:_iility in factorsyou cancontol by standrdizing everythingas
diseag? muchaspossibé
— Whatto measureMow to measure? 2) Ensureconsigercy by creatingStandardOperating Procedues(SOPs)
—  ACRIN PET SOPsonline: http:/Avww.acrinorg
—  Shankaretal, ConsensuRecommendabnsfor the Useof 18F-FDG PET asan
Indicatorof TherapeuticResponsén NCI Trials. J Nud Med (2006);47(6):1059-

« sizeof lesion?(2-D or 3-D)?
1006

3) If makechangesn acquisitionandprocessig protocok, characerizethe

effecton quantfication and commuricate info to clinicians

4) Clearly labelimagesto denoteany differencesn acqusition and/or

+ maxSUV? averageSUV within aregon?
— Vendorspecifc SUVs dueto limitationsin currert DICOM standard
« nonuniform uptakewithin tumor (e.g.necrotic certer)

— Importantif usingimagefor treatmenplanring
— CT notashelpfulin determning sizeof PET lesion asyou might think
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Future Challenges
- |

 Increasng presure for earlier feedback on
treatmentfficacy

« Expansio from diagnosigstagingto
individualizedtreatment

« Newtracers hypoxiatracers like EF5, new
apgications of exiging tracer's— FDOPA for

infant hyperinsuinism
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Additio nal comple xiti es in multicenter trials
.|

* Multiple readers
- Corelab“ove”-reads
* Multiple analysistools
— Makesit difficult to specfy a uniform measuremerthat
all participantscan accomplish
« Westerterpetal (2007): “Small unavoidabé differencesin
methodologycanbe accommodatedy performinga phanbm

Quantification in 3-D PET/CT Imaging

July 26, 2007

Complexities inherent in multi center trials
- |
* Multiple instrumentsDifferencein performance
characteristicgresolution,sensiivity, scatter
fracion, countrateperformane)
— ACRIN - PET credentialingprogam
* 11%failureratein first 53 applications

— SNM Validation Phantomexercise
« IEC phantom (without lunginsert)mace of Ge-68
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