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Change Log

ThisTable lis a besteffort of the authors to summarize significant changes to the Profile.

Table 1 Logging of Profile changes.

Date

Sections Affected

Summary of Change

202204.09

All

Finalization for Technical Confirmation decisiobbased upon
feedback and decisions associated with Technical Conform
guestionnaire responses.

Checklists added per updated Profile template.

Formatting to align with updates to QIBA Profile guidelines.
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99 Openlssues:
100

101 The following issues are provided here to capture associated discussion, to focus the attention of
102 reviewers on topics needing feedback, and to track them so they are ultimately resolved.

103

Issues

None in this version.

104

105 Closedissues:
106

107 The following issues have been considered closed by the biomarker committee. They are provided here
108 to forestall discussion of issues that have already been raised and resolved, and to provide a record of the
109 rationale behind the resolution.

110
Issues
Modifications to address public comments
Modifications have been incorporated to address public comment and issues that
outstanding, including the Claim(s).
Conformance Methodology
The methodology to perform conformance testing of the image analysis workstation is incl
this relies upn using a Digital Reference Object (DRO), which was funded as a NIBIB grou
project. The description of the DRO and its use have been modified to address questio
findings in the testing of this procedure.
Conformance Testing
Describes measureemt procedures that actors need to perform to test that: 1) Their wCV is w
the parameter stated in the Claim, 2) the wCV is constant over a prescribed range of SUVR;:
linearity with a slope of one is a reasonable assumption.
Modifications to address technical conformance questionnaire feedback
Modifications have been incorporated to address responses from the Technical Confor
guestionnaire that indicated a lack of feasibility and/or alternate preferred ways to approach
111
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1. ExecutiveSummay

1.1 Overview

Thegoalof a QIBA Profile is to help achieve a useful level of performance for a given biomarker.

Profile development is an evolutionary, phased process; this Profile is rettteical Conformancdage

in preparation for being Technicallp@irmed. The performance claims represent expert consensus and
will be empirically demonstrated at a subsequent stage. Users of this Profile are encouraged to refer to
the following site to understand the document ' s

http://gibawiki.rsna.org/incex.php/QIBA_Profile_Stages.

TheClaim(Section 2) describes the biomarker performance.

TheActivities (Section 3) contribute to generating the biomarker. Requirements are placed dxcthes
that participate in those activities as necessary to achieve the Claim.

The Conformance section provides AssessmentProcedures (Section 4) for evaluating specific
requirements are defined as needed.

Referencesare provided in section 5.

AppendicegSection 6pare providedthat include additional information for performing Activities as well
as Checklists that can be completedetaluate Profile conformance

In general, QIBA Profiles provideESCRIPTIMiExt sections as background and recommended
considerations, anGPECIFICATION&DbIles) that include prescriptive (required to meet claim) items in
clear boxes and potential ortiure items in gray boxes.

This QIBA Profilél8Flabeled PET tracers targeting Amyloid as an Imaging BiomarkiEcuments
specifications and requirements to provide comparability and consistentlydarse ofPETimagingusing

18F labeled tracerthat bind to fibrillar amyloid in the brainQuantitative measurement of amyloid, a
hall mark pathology of Al zhei mer’s disease, has
inclusion, evaluation of disease progression, and assessment of treatmentseThe currentversion of

the Profilefocuses ora longitudinal Claimyhere the primary purpose is to assetmnge in amyloid load

due to disease dollowing an interventionin this caseprecisionis most importanas long as bias remains
constantover time.Characterization of measurement bias will be important for a csesional Claim
wherein the amyloid tracer is used primarily to select amyloid positive subjects.

This Profile focuses on the use of Standardized Uptake Value Ratios (SUVRS) to measure amyloid burder
while also describindpenefits associated with the Distribution Volume Ratio (D{kiRetic modeling)
approach.The SUVRs determined usinglata acquired dting atime window following a certain time

period aftertracer injectiont h a t i s intended to all ow t hé&histr ac
approach has practical advantages, particularly for riteé studies, due tahe reducedtime required

for the patient to be in the scanngandfor older scannerghe lesseramount of data acquired for a single

scan).

The document primarily addresses PET/CT imaging; howewtgdicated PEThat has transmission
capabilities can also be usedET/MR scannsrare not strictly excluded in this version as long as the
repeatability of the SUVRs from these scanners is conformant with the assumptions underlying the claims.
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The Profildés intended to help clinicians basing decisions on this biomarker, imagirfigystegrating this
biomarker, vendor staff developing related products, purchasers of such products and investigators
designing trials with imaging endpointBhe guidance in this Profile can be applied for clinical trial use as
well as individual patient anagement.

Note that ecifications stated as 'requirements’ in this document are only requirements to achieve the
claim, not 'requirementdor standard of care." Specifically, meeting the goals of Enidile is secondary
to properly caring for the patient.

This Profile developed through the efforts of thamyloid Profile writing group in theQIBANuclear
Medicine Technical Subcommitteeshaes somecontent with the QIBAFDGPETProfile and includes
additional material focused on the devicasd processessed to acquire and analyzenyloidtracerPET
data. QIBA Profiles addressing other imaging biomarkers using CT, MRI, PET and Ultrasbenidwad
at gibawiki.rsna.orgThis Profile is organized as followSigure 1)

/ QIBA Profile for F18 Amyloid PET Brain Imaging \

Part 1: Executive Summary

Part 2: Clinical Context & Claims

Part 3: Profile Activities

\ Part 4: Compliance Procedures /

Figure lillustration of the Profile components

The Profile Part 3 is derived fromultiple sources, includinghaterial contained irthe work performed
by t he AlisedseeNeunenagirg Inibative (ADNI)

1.2 Summary of Use in Clinical Trials

ThisQIBAAmMyloidPET Profile defines the technical and behavioral performance levels and quality control
specifications fobrain amyloidracerPET scans used in singlad multicenter clinical trials afieurologic
diseaseparti cul ar |l y /Akamples oflinieal dpglicatibiare detaikedabelow in the Claims
section 2.3

The aim of the QIBA Profile specifications is to minimize-atrd intersubject, intra and interplatform,

and interinstitutional variability of quantitative scan data due to factoteer than the intervention under
investigation.PET studieasing an amyloid traceperformed according to the technical specifications of
this QIBAProfile providesqualitative and/or quantitative data for muHime point comparative
assessments (e.gresponse assessment, investigation of predictive and/or prognostic biomarkers of

QIBA Amyloid PET Profil&Jur2022| Technically Confirmed Error! AutoText entry not defined.
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treatment efficacy)While the Profile details also apply to studies assessing subjects at a single time point,
a crosssectional Claim is not currently included in this Reof

A motivation for the development of this Profile is that while a typical PET scanner measurement system
(including all supporting devices) may be stable over daygeeks;this stability cannot be expected over

the time that ittakesto complete a clinicktrial. In addition there are well know differences between
scanners ankbr the operation of the same type of scanner at different imaging sisasticularly for
longitudinal studiesprecise quality control of the scanner both daily goetiodicallyfor stability is of
paramount relevance. In addition, a process of harmonization is also of high relevance to make results
comparable between centers.

1.3 Intended Audiences
Theintended audiencesf this documeninclude

1 Technical staff cdoftware and devie manufacturers who create products for this purpose

1 Biopharmaceutical companieseurologists and clinical trial scientists designing trials with imaging
endpoints.

1 Clinical research professionals.

1 Radiologistsnuclear medicine physicians, technologists, physicists and administratbesalihcare
institutions considering specifications for procuring new equipmimtPET imaging

1 Radiologists nuclear medicine physiciansechnologists, and physicists designing PET{&1d
PET/MRacquisition protocols.

1 Radiologists nuclear medicine physicianand other physician®r physicistsmaking quantitative
measurements fronPETimages.

1 Regulators,nuclear medicine physicians)jeurologists and others making decisions based on
guantitative image measurements.

QIBA Amyloid PET Profil&Jur2022| Technically Confirmed Error! AutoText entry not defined.



QIBA Amyloid PET Profile

203

204 2. ClinicalContextand Claims

205 Accumulation of amyloudB (AB) fibrils in the form of amyloid plaguaghe brainis a requirement for the

206 pathologicdiagnosis od e ment i a due t o (AD) Arhoag theevarious biamarkeesdns e
207 development to assess AB,ABET amyloidadictracers(see Table3 in Section3.3.3.1.3for currently

208 approved tracers)pffer the potential of directly detecting and quantifyirgmyloid burden Amyloid

209 quantitationis beingused to determine whethellevels exceed a threshold for positivity (a cross sectional
210 application)for patient inclusion irclinicaltrials and to measure changes in amyloid burden over t{@ae
211 longitudinal application) to assess disease progression or modifichjidherapeutic intervention. The

212 important role of longitudinal quantitation of amyloid has been highlighted with the reE&happroval

213 of antramyloid immunotherapies such as Aduhelm (aducanumabg, other immunotherapies in the
214  regulatory approval pipeline.

215 This QIB Profileaddresses the requirements for measurementl8fF amyloid tracemuptake with PET as
216 an imaging biomarker fomssessing the within subject change in brain amyloid burden over time
217  (longitudinal Claimjo inform the assessment of disease statusamevaluae therapeuticdrug response

218 A potentialfuture clinical use islsoin the individualization of therapeutic regimen based on the extent
219 and degree of response as quantified &yyloidPET Quantitative assessment of amyloid burden at a
220 single time point (cross sectional or bias Claim) is not part of the current Rvafileay ke included in a
221 future versionas bias reference data becomes available

222

223 2.1 Claim

224  If Profile criteria are met, then:
225

226 Claim 1: Brain amyloid burden as reflected by the SUVR is measurable from 18F amyloid tracer PET with
227 a within-subject coefficient of variabn (wCV) of <=1.94%.
228

229 This technical performance claim is to be interpreted in the context of the considerations stated below.

230

231 2.2 Considerations for claim

232 The following important considerations are noted:

233 1. The technical performance claim was derivednira review of the literature summarized in

234  Appendix B, where 18F amyloid PET tracers were used and data acquisition and processing procedure
235 were considered to be adequately aligned with the recommendations in this prdftie. constraint of a

236 sixty dayperiod (or less) for testetest was applied in order to avoid the possible contribution of actual
237 changes in amyloid burden. TReCV cited is the highe$t “ w o r s tof thesa shat’"term test-retest

238 studies wherewCV values ranged from 1.15% in healthy controls using a cerebellar cortex reference
239 region to 1.94% in AD patients using a whole cerebellum reference regidgimitation is that only two

240 relatively small studies covering three study groups (2 AD, XHyedbntrol) satisfied the short term test
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retest criteria and were aligned with profile recommendations. Given this limitation, and in order to assess
the applicability of the short term wCV reference for typical clinical trial durations, the wCV dalinesd

from two studiesof amyloid negative normadontrols from the larger ADNI data set over-g&ar period,

using a variety of reference regions, were examined. WG¥ values these longer term studiesnged

from 1.25% (white matter reference regipto 1.6% (whole cerebellum reference regiam¥our of five
cases, within the range stated by the cl ai m. f
was 3.38%for one reference region vs. 1.37% for another. The important consideraticenalysis
methods is discussed in consideration number 2. The reference literature is discussed further in Appendix
B.

2. Conformance to the Claim depends upon many factors, including minimized subject motion,
alignment of Em/Tx scans, and stability etettion sensitivity from scan to scan in reference region slices
compared to target region slices. In particular, choice of reference regimhthe boundary definition of

the reference region selectedan greatly impact wCV due to the sensitivity offed#nt regions to
technical factors. A more extensive discussion of the considerations in selecting reference region is found
in section3.6.3.2.2

3. This Claim is applicable for single or ma#nter studies assuming that the same 48hRyloid PET
tracer, scanner, scanner software version, image acquisition parameters, image reconstruction method
and parameters, and image processing methousuding target and reference region definition and
boundariesare used for each subject at each time point as described in the Profile.

4, It is presumed that a) the wCV is constant over the range of SUVR values and b) any bias in the
measurements is constant ovéhe range of SUVR values (lineariffhe assumption of linearity and its
demonstration are discussed further in sectbd and Appendix ff

5. The SUVR hagén selected due to its logistical feasibility in mslte trials, and its use to date in

large reference studies such as ADNI. However, from the fundamental kinetic properties of radiotracers it
can be understood that changes in SUVR may not represgytochange in specific signal (amyloid) but
could, at least in part, be the result of changes or variability in perfusion (van Berckel et al, J Nucl Med.
2013) and/or tissue clearance (Carson RE et al, 19@8n random this variability contributes tand is
embedded inthe wCVstated in the Claim However, changes in perfusion and/or clearance can be
systematic due to the action of certain pharmacological agents or due to disease progression, creating
artificial change in amyloid SUMRpublished stdy using ADNI data suggeshat the impact ofregional
cerebralblood flow changeson longitudinal change iS8UVR can be on the order of 2% to iB%ate
MCI/AD patientgCselény)i. Thiscan besignificant in studies of amyloid accumulation, prevention, or
modestamyloidremoval.

Whether or not a change in SUVR is affected by changes in perfusion and/or clearance ideally should be
first demonstrated in a smalk(g.,20 subjects) cohort before SR is used in the larger clinical trial. These
contributions can be quantified pplying kinetic modeling ta fullimageacquisition from time of tracer
injection through late timeframesThese validation studiesan helpto assess the minimally requite
decrease in SUVR that is needed to rule out false positive findings because of disease and/or drug relatec
perfusion effectsAlternate approaches to assessing blood flow changes have also been propaged (
arterial spin labeling MRI) though suitatyilremains to be validatedAs a separate consideration, time

case of a new PET tracer, studies that include blood sampling should be conducted to confirm that the
SUVRapproach and use of a reference region are a suitable approach to measure tracegbiRdr
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further details regarding considerations in kinetic modeling and a comparison to SUVR please see
Appendix I.

2.3 Clinical Trial Utilization

Although the Claim is based on reference literature for a short duration, as suggested byydas 2
compari®n studies, the wCV should apply longer term pending the stated considerations.

The wCV stated in the technical performance Claim can be used to derive confidence intervals for
individual subject changes in amyloid burden. However, because amyloid aatiomuétes reported in

the literature average from 1 percent to a few percent per year, SUVR confidence intervals derived from
the wCV may not be relevant to the assessmanndividual change over the duration of a typical clinical
trial. In this casethe wCV value can be used to guide the number of subjects to include in clinical trials
targeting measurement of longitudinal change in amyloid SUVR. A few examples of practical uses of the
Claim are described bel ow, Statidticaf Rlanning #rra Clinieal Tial n ¢
Guidance documefit post ed on timdevel@pménAas afalloranuscrpt

1. Powering a clinical trial to measure rate of amyloid accumulatioAs an example, suppose you
want to estimate the mean amount of amyloid accumulation in a-jwear period for a cohort of
patients. You want to estimate the mean amount of accumulatiowithin +1% (.e., precision of
95% CI). We considered mean SUVR values at bagelnel.0-1.5 betweensubject standard
deviation(SD_B)anging from0.05 to 0.3, and correlation between the paired measments
from a subject of=0.3(Figure 2ganel), 0.5Figure 2kpanel), and.9 (Figure 2@anel). Figure2
shows the number of subjects needed if the likely rate of amyloid accumulation is 1.5% per year.

Note that the number of subjects required is greatly reduced as the correlation cosfficie
increases between visits. For context, mmernal (unpublished)analysis of florbetapir data
available through ADNit baseline and 2 years suggests that the correlation between scans is
higher for certain reference regions than otheFor example, sing thecompositeof cerebellum

and white matteror only white matter as reference, R was 0.95 or 0.96 respectively for amyloid
positive subjects (N=207) and 0.94 for subjects close to the positivity threshold (N=51). However,
using cerebellar cortex or hole cerebellum as the reference, R values were 0.79 and 0.83
respectively for amyloid positive subjects and 0.33 and 0.48 respectively for subjects close to
positivity threshold.
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2. Powering a clinical trial to measera reduction in the rate of amyloid accumulatioe.q.,due to
treatment intervention). Consider a clinical trial comparing the accumulation in amyloid SUVR
over time between two groups of subjects: those undergoing a new treatment vs. a control group.

Al zhei mer’s patients will be recruitednand
the control group. SUVR will be measured in all subjects at baseline and two years later. The null
hypothesis is that there is no difference in

groups; the alternative hypothesis is that theraislifference (twetailed hypothesis)if the likely

rate of amyloid accumulation is 1.5% per year, the mean SUVR at baseline is 1.5, the between
subject standard deviation is between 0.05 and 0.2, and the correlation between the paired
measurements from gubject is between 0.3 and 0.9, then the followiRgure 3 illustrates the
number of subjects needed per arm to detect a 50% reduction in the rate of accumulation over a
2-year period with 80% power.

1400

1200

=
=
=
=

800

600

Number of Subjects

400

200

——

0.05 0.1 0.15 0.2
Between-Subject SD

Figure 3.Example of pwering a clinical trial to meare a reduction in the rate of amyloid
accumulation

3. Minimum detectable Increase for individual subjecthe smallest increase in SUVR that can be
considered a real increase in amyloid accumulafmman individual subjecfnot just measurement
error), with a certain confidence levetan be calculated asyl x (0.0194)xV Z(z- value). Fgure4
shows the minimum detectable increase for 70%, 80%, 90%, and 95% confidebasdline SUVR
values from 0.8.0.
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Figure 4 Example of minimum detectable increase for individual subject.

4. | 2y FTARSYOS AYVYUSNDIt F2ANdrl ya nA yi RAAA AVR ddiufal & s NSV F
baseline and Y2 at followp, the 95% confidence interval for titreie change assoaied with the wCV
of Claim 1 igjiven by the equation(Y2Y1) +1.96x Vv ( [ Y1 x G[YDXD.9194]"2)2

3. Profile Activities

3.1 Amyloid PETctors and activities

The Profile is documented i n Eqipmmest saftivare, shaff or sitess ”
may ¢l aim conformance to this ProfiTablezas one or

ConformantActorsshall support the listed Activities by conforming to all requirements in the referenced
Section.

Table2: Actorsand Required Activities

Actor Activity Section
PET Tracer Subject handling 3.3
Acquisition Device (Scanner, Equipment qualification 0,4.2
ancillary equipment) Periodic QC 0,4.2
Subject handling 3.3
PET Technologist Image data acquisition 3.2
Image data reconstruction 3.3
Radiologist or Nuclear Medicine | Image analysis 3.6
Physician Image interpretation 3.7
Staff qualification(Quality Control) 0
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Actor Activity Section

Image analyst or other qualified | Imageanalysis 3.6
person Image interpretation 3.7

_ . Equipment qualification 0,4.2
Medical physicist —

Periodic QC 0,4.2

Reconstruction Software Image data reconstruction 3.5
Image Analysis Tool Image analysis 3.6
Site(Imaging Facility Coordinator) | Site conformance 0

The requirements in this Profile do not codify a Standard of Care; they only provide guidance intended to
achieve the stated Claim. Failingto confoormtoa hal | i n this Profile is
deviations invalidate the Profile Claim, such deviations may be reasonable and unavoatabline
radiologist or supervising physician is expected to do so when required by the best interestpaitient

or research subject. How study sponsors and others decide to handle deviations for their own purposes
is entirely up to them.

3.2 Amyloid PET activity process flow

The sequencing of the Activities specified in this Profile are shown in Eidgiew.

Image

SUVR

Single Patient Scan Image ‘
preparation acquisition pecom analysis (or DVR)
ol struction
1 2 3 4 5
: Image
Patient S I SUVR
0 3 pre:alrear:cion acqucizir;ion fecon a::ygseis ‘ (or DVR)
struction . z
GEJ Timepoint
= comparison
|
Scan 2 Patient Scan r:1cac>g|'1e- Image ‘ SUVR
preparation acquisition struction analysis (or DVR)

Figureb: The method for computing and interpretifgain amyloid burdemusing PET may be viewed as a
series of stepsising either onescan (corresponding to afitfo us e of as efcuttiuornearl'’'CrQ
two or more scan sequences time points &ddressed bythe ur r ent Pr of i | e 'S&¥JVR Lon
= Standadized Uptake Value Ratio; DVR = Distribution Volume Ratio.
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The imaging steps corresponding igife5 are:

1) Patients or subjects are prepared for scannifige amyloid traceis administered. Patient waits

for bio-distribution and uptake ohmyloid tracer.

2) Emission and transmissiatata are acquired (typicallghe PETscanand CTscan if a PETT

scanner)

3) Data correction terms arestimated, and the attenuation and scatter correctednages are

reconstructed.

4) Images are assessed for quality control and may separately be reviewed visually for qualitative

interpretation (outside of the scope of thigofile).

5) Quantitative(and/or semiquantitative)measurements are performed.

Prior to the patient preparation steps,afients may be selected or referred famyloidPET imaging
though a variety of mechanismBerformance of the activitiegn Figure Sresuts in a numeric value
representing amyloid burdenThis value is then interpreted per the thresholds and/or other criteria
determined per the study (this differs from visual interpretation of the scahp primary focus of this
Profile is the StandardideUptake Value Ratio (SUVRIg ratio of tissue concentration for a designated
brain region(s) compared to the activity from a reference region. Appendix | provides information
regarding use of kinetic modeling to obtain a Distribution Value Ratio (DBjure rather than SUVR.

The Profile also provides information regarding the conversion of SUVR units to the Centiloid measure
(Klunk et al, 2015, section 3.4.3vhich has beerdeveloped to reconcile values across amyloid PET

tracers and measurement methods.

Note thata visual read of the images and the quantitative measurement and analysis (the topic of this
Profile) may occuin either order or at the same timealepending upoithe context of the review (clinical
research versus <clinical practice) with referert
insert Currently, the quantitative use of amyleRET tracers is not approved by any regulatory authorities

in clinical practicen the U.S. However, quantitation is available as part of various scanner and workstation

software packages and is used extensively in clinical.trials

Images may be obtained atsingle time point omultiple time points ovemonths oryears for example
at a minimum of two time points before and after therapeutic intervention for a response assessment.

Image data acquisition, reconstruction and pgsbcessing are considered to address the collection and

structuring of new data from th subject. Image analysis is primarily considered to be a computational
step that transforms the data into information, extracting important values. Interpretation is primarily
considered to be judgment that transforms the information into knowledge.
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3.3 Subject Handling

This Profile will refer primarily to 'subjects’, keeping in mind that the recommendations apply to patients
in general and thatsubjects are often patientstoo.

3.3.1 Subject Selectionand Timing

The utility of correlative anatomic brain imagi, CT or MRI, can be viewed in two different contexts. From

a clinical perspective,he anatomic imagingtudy isused toassesdor evidenceof bleed infection,
infarction, or other focal lesionge.g., in the evaluation of subjects with dementia, tdentification of
multiple lacurar infarctsor lacurar infarctsin a criticalmemory structure may beimportant). From the
perspective of establishing performance requirements for quantitative amyloid PET imaging, the purpose
of anatomic imagingseparate from the utility of providing an attenuation correction map) is to provide
assessment of cortical atrophy and consequently a falsely decreased $b&/Rnage analyst should also

be aware of the possibility of falsely increased SUVR due to {laod barrier(BBBYreakdown, such as

in the case of intracranial bleed. The effect of differential BBB integrity-imtex point is currently not
quantified in the scientific literaturéWhile the performance of anatomic imaging is not a performance
requirement of the Profile, the value of performing such imaging and the incorporation of its analysis with
the amyloid PET findings may provide additional value in the interpretation for an individual sulijext.
should be considered ithe designand mplementationof the study protocol.

Aside from the exclusiofabsolute or relative contraindicationsj subjects who are unable to remain still
enough to obtain adequate imaging (See SecBdB.2 for information on subject sedatign subject
selectionfor amyloid PET imaging an issue beyond the scope of this Profdaidancefor the use of
amyloid to support diagnosis of symptomatic patients has been pudaligti' Appropriate Use Criteria for
Amyloid PET: A Report of the Amyloid Imaging TaskFarce As y mpt omati ¢ or ot her
by study objectives. See tracemanufacturer guidance foadditional information regarding patient
exclusions

3.3.1.1 Timing of Imaging Test Relative to Intervention Activity

The study protocol should specifically define an acceptable time interval that should separate the
performance of theamyloid tracefPET scan from both (1) the index intervent{erg, treatment with an
amyloid reducing therapeutic agerdnd (2) other iterventions (e.g.prior treatment). Thignitial scan

(or time point) is referred to as the “baseline
scan and the initiation of treatment should be specified as well as the time intervalebatsubsequent
amyloidPET studies and cycles of treatment. Additionally, the study protocol should specifically define an
acceptable timing variance facquisitionof the amyloid PETscanaround each time point at which
imaging is specified (i.e., theae pt abl e wi ndow of time during whi
schedul e”) .

3.3.1.2 Timing Relative to Confounding Activities

There are no identifieddivities, testsor interventions that might increase the chance for false positive
and/or false negativamyloid tracePET studiewhich need tdbe avoided prior to scanning.

3.3.1.3 Timing Relative to Ancillary Testing

Various neuropsychiatric tests may be performed on or around the day of amyloid tracer inaaging
should be coordinated at the time of scheduling
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446 3.3.2 Subject Preparation

447 Management of the subject can be considered in terms of three distinct time intervals (1) prior to the
448 imaging session (prior to arrival and upon arrival), (2) during the imaging session and (3) post imaging
449 session completion. Theg@imaging session issues are contained in this section while theimaging

450 issues are contained in secti@2.1 on image data acquisition.

451 3.3.2.1 Priorto Arrival
452  Theae are no dietary or hydration requirements or exclusions.

453 Theconformanceissues aroud these parameters are dependent upon adequate communication and
454  oversight of the Scheduler or Technologist at the Image Acquisition Facility with the subject.
455 Communication with the subject and confirmationaainformanceshould be documented.

456 3.3.2.2 Upon Arrival

457  Upon arriva) confirmation of subject compliance with pggocedure instructions should be documented
458 on the appropriate case report forms.

459 3.3.2.3 Preparation for Exam

460 Subject preparation after arrival and prior to imagisgould bestandardized mong all sites and subjects
461 throughout the conduct of the clinical trial.

462 T Measurement and documentation of the subject
463 a requirement of this Profile since the measurand, SUVR, is by definitatio af SWs.

464 1 The waiting and preparation rooms should be relaxing and warm (> 752 3rC) during the

465 entire uptake period (and for as long as reasonably practicable prior to injection, at least 15
466 minutes is suggested as acceptable). Blankets should be prbifidecessary(This is for comfort

467 purposes and does not directly impact tracer uptake.)

468 1 The subject should remain recumbent or may be comfortably seddtis is for comfort purposes

469 and does not directly impact tracer uptake.)

470 1 After amyloid tracerinjection, (and if not a full dynamic scan or early frame scan whereby
471 acquisition begins immediately after injection, and if verified with tracer manufactu’ s
472 recommerdations)the subject may use the toilet. The subject should void immediately (within 5
473 —10 minutes) prior to the PET image acquisition phase of the examination.

474 1 Sedationis not routinely requiredlt is not certain whether sedation wilhterfere with amyloid

475 tracer uptake some preclinical testing indicates a possible interactiaut, not all tracers have

476 been tested for possiblmteractioneffects The decision regarding whether or not to use sedation
a77 is beyond the scope of this Profile and requires clinical evaluation of the particular subject for
478 contraindications, as well as knowledge of whether the particular tracer is subject to interaction
479 with the sedating agentSince these interactions have not been fully defined, subject preparation
480 (with or without sedation) should be consistent across time pdiats given subject.

481 1 The amount of fluid intake and use of all medicatiémsthe scan sessn (e.g., diuretic, sedative)

482 must be documented on the appropriate case report form.

483 1 The subject should remove any bulky items from their pockets such as billfolds, keys, etc. In
484 addition, they should remove eyeglasses, earrings and hair clips/c(anbsnything that could
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cause discomfort while the head is resting in the head holdi@resent. They should also remove
hearing aids if possiblalthough it is important that theganfollow instruction (and hear them if
necessary) to remain still while the scanner

3.3.3 Imaging -related Substance Preparation and Administration
3.3.3.1 Radiotracer Preparation and Administration

3.3.3.1.1 Radiotracer Description and Purpose

The specific amyloid radiotracer being administestwuld be of high quality and purity. For example,

the amyloid seekingadiopharmaceutical mudie produced under Current Good Manufacturing Practice

as specifiedy the FDAEU, EuropeaRharmacopeiar anotherappropriatenationalregulatory agency

U.S. egulations such as 21CFR212 or USP<823> Radiopharmaceuticals for Positron Emission Tomograp
must be followedn the U.S. or for trials submitted to US Regulatory

3.3.3.1.2 Radiotracer s within scope of this Profile

This Profile currently addresses radiotracers that have been approved by the FDA as listed in the Tracel
ReferenceTable 3 in section3.3.3.1.3 While beyond the scope of this document, for any new amyloid
tracer it cannot be assumed that SUVR reflects amyloid load without validationfirse.full kinetic
analysis needs to be plermed to check that SUVR has a linear relationship witnBP

The amyloid radiotracer [11C]Pittsburgh Compound B (PiB) is still used routinely by several research sites
PiB production is performedsing local cyclotronand it has a much shorter hdlfe than the [18F]
radiotracers and equirements for control of tracer quality and timeframe use are outsidéhisfProfile

scope. However, the recommendations of this profdeimage data acquisition, image data processing,

and equipment quality contdovould also be applicable to PiB.

3.3.3.1.3 Radiotracer Activity Calculation and/or Schedule

Theamyloidbinding radiotraceractivity administeredwill depend upon the specific tracer utiliz¢8ee
Table3 below, which includes tracers approved by the FDA to Jafeypically, the dosenges between
about 185-370MBq(5— 10 mCi) for regulatory approved tracers, this should be according to the package
insert All tracers approved at the time of this Profile have a maximum of 10meladministered activity
typically depends upon the local imaging protocdie Tocal protocol may require fixed activity, or the
activity may vary as a function of various paramsticluding but not limited to subject size or age
scanningmode. It is possible that a high body mass could be a variable that would affect performance,
for example by reducing the counts available for the injected dose. While an approach might be to
lengthen the scanning time, guidelines may not be specified in labeling and systematic studies are not
available Therefore, no requirement is included in this protocol to address patient weight that exceeds a
given range.

The exact activity and the timat which activity is calibrated should be recorded. Residual activity
remaining in the tubing, syringe or automated administration system or any activity spilled during
injection should be recorded’he objective is to record the net amount of radiotracgected into the
subject to provide accurate factors for the calculation of the net SUV.
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Table 3. Tracer reference table

Parameter Florbetapir (Amyvid) [1] Flutemetamol (Vizamyl) [2 Florbetaben (Neuraceq) [4

Tracer Admin Activity 370 MBq 185MBq 300 MBq
Max 50mcg mass dose/Max 20 mcg mass dose |Max 30 mcg mass dose

3.3.3.1.4 Radiotracer Administration Route

Amyloid seeking radiotraceshould be administeredsee Table 4intravenously through aindwelling
catheter (24 gauge or larger)nto a large vein (e.gantecubital vein) This is usually administered as a
manual injection; a pwer injector may be used especially for studies in which SUVR measures of amyloid
load are compared with dynamic measuresyBRntravenous portshould not be used, unless no other
venous access is available. If a port is used, an additional flush volume should be used. As reproduciblc
and correct administration ofadiotracer is required for quantification purposes, extravasation or
paravenous admmistration should be avoidedt should be ensured, for both automated and manual
injection, that the radiotracer is not being diluted with saline before or during the injection process.
Flushing with saline should only occur after the injection anddsrmenended when using injection lines.

If an infiltrationor extraneous leakage suspected, the event should be record&€te anatomical location
of the injection site should be documented on the appropriate case report form or in the Common Data
Format Mechanism (Appendix E).

Please note that CT contrast agents are not recommended nor supported in the profile.

Table 4. Radiotracer administration route specifications.

Parameter Entity/Actor | Specification

Administered | Imaging Thequalified Health Professionahalt

amyloid mdio- | Technologist L . -

tracerActivity | Physician, 1. Asgay ‘the prenjectlon radiotracer activity (.e.,
NUrse. o radioactivity)and record time of assay
other ’ 2. Inject the quantity ofradiotracer as prescribed in the
qualified protocoland record the time tharadiotracerwas injected
Health into the subject

Professional

3. Assay the residual activity in the syringe (and rea
available tubing and components) after injection a
record the timeof measurement

These values shall be entered into the scanner during the PE
acquisition.

For scanners that do not provide for entry of residual acti
information, the net injected radioactivity should be manua
calculated by decay correcting alleasurements to the time o
injection and then subtracting the residual radioactivity from t
pre-injection radioactivity. The net injected radioactivity is th
entered into the scanner during the PET acquisition.
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Parameter Entity/Actor | Specification
All data described herein oactivity administration shall bg
documented.
All data should be entered into the common data forn
mechanism (Appendix E).

Amyloid Technologist | Technologist or Physician shall administer the amyloid radiotr

radiotracer
administration

or Physician

intravenously through an indwelling catheter (24 gauge or larg
preferably into a large vein (e.g., antecubital veimtravenous

ports should not be usedinless no other venous access
available.

Athree-way valve system should be attached to the intraven
cannula so as to allow at least a 10 cc normal (0.9% NaCl)
flush followingradiotracerinjection.

Suspected Technologist | Technologist shall

infiltration or nd/or .

Infiltration o a d/O. , 1. Record the event and expected amount asfiyloid tracer

extraneous Physician . : o .

leakage Minor (estimated less than 5%), Moderate (estimated more tl
5% and less than 20%), Severe (estimated more than 2
Estimation will be done based omages anddr known injected
volumes.
2. Image the infiltration site.
Record the event and expected amountamiyloid tracelinto the
common data format mechanism (Appendix E).

3.4 Image DataAcquisition

This section summarizes the imaging protocols and procedures that shall be performedaiiorybid

PET exarby using either a PET/CT adedicated PET scannaith the requirement that aGermanium
sourcecan be used to perform attenuation correctiofNote that PET scanners that do not measure in
some way the attenuationf the brain and use a calculated algorithm for estimating the attenuation and
scatter corrections are excluded from this profil@ET/MR scanners are not strictly excluded in this
version as long as the repeatability of the SUVRs from these scanners is conformant with the assumptions
underlying the Claims. This work was not yet published when this Profile was released. Sitaienthe ¢

of this profile are only valid for the same patient being scanned on the same scanner with the same
protocols and analysis, only the repeatability of the PET/MR SUVRs needs to be validated in the context
of the Claims, and not the difference in SUMBsompared to PET/CT scanne@oing forward in this
document, PET scanner can mean either a PET/CT or a dedicated PET @maarestated above,
PET/MR)

For consistency, clinical trial subjects should be imaged on the same device over the amtse aba
study. It is imperative, that the trial sponsor be notified of scanner substitution if it occurs.

For clinical trials with quantitative imaging requirements, a subject should have all scans performed on
only one scanner unless quantitative equerece with a replacement scanner can be clearly
demonstrated. However, it should be noted that there are currently no accepted criteria for
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demonstrating quantitative equivalence between scanners. It is anticipated that future version of this
Profile willprovide such criteria.

WhenAmyloid PET imaging is performed across time points for a given subject (longitgiima|follow
up scans should be performed with identical acquisition parameters as the first (baseline), inclusive of all
the parameters regired for both the CT and PET acquisitiaeslescribed further in this Section

Foramyloid tracePET/CPperform imaging in the following sequence

1 CT Scout (i.etopogram or scanogram etcfpllowed bythe following two acquisitions, in either
order (ensuring that the same sequence is performed for a given subject across time points):

1 CT(non-contrast)for anatomic localization and attenuation correctiand

1 PET Emission scan acquisition

For amyloid tracer scan performed ardedicated PET system (@), the first twdulleted steps above
are not performed. Instead, perform the Germanimased attenuation correction scan first and then
proceed with the PET Emission scan acquisition.

The issuesdescribed in this Sectioshould be addressed in the miltal trial protocol, ideally with
consistency across all sites and all subjects (both-subject, and intraand interfacility) with the target

of consistency across all time poinfiengitudinal utility)for each given subject. The actual details of
imaging for each subject at each time point should always be recorded.

3.4.1 Imaging Procedure

The imaging exam consists of two components, the PET emission scan and the transmission scan
(performed either with CT or witla Germanium source)From these data $& the nonattenuation
corrected PET images may be reconstructed for quality control purposes and attenoatrected PET
images are reconstructed for qualitative interpretation and quantitative analysis. Instrument
specifications relevant to the Acqitisn Device are included in SectiorD4ConformanceProcedures

3.4.1.1 Timing of Image Data Acquisition

Amyloid traceuptake is a dynamic process that may increase at different rates and peak at varioas time
dependent upon multiple variableslifferent for each radiotracerTherefore, it is extremely important

that (1) in general, the time interval betweamyloid trace administration and the start of emission scan
acquisition is consistent and (2) when repeating a scan on the same subject, it is essential to use the same
interval between injection and acquisition in scans performed across different time pdiatde5 below

lists recommended tracer administration parameters at the time of this Profile for those tracers that have
been approved by the FDA in the U.S. However
parameters should be consulted, as these mhgnge over time. In addition, whithe principles of this

profile are fairly generalizable, the specifics apply to the tracers that have already been approved and for
which data is availabl®&ote thatthe durations shown ifable Sshould be considereghinimum durations

for image acquisitionFor example, for florbetapir, the time window used by ADNI is 20 minutes rather
than 10. A d@ll dynamic protocol or longer imaging window (even if not full dynamic) can significantly
improve the quality of the datarlhis will be particularly important for trials in preclinical AD.
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Table 5. Tracer acquisition parametexamples (Refer to manufacter label for actual usen case of
change$

Parameter Florbetapir Flutemetamol Florbetaben
(Amyvid) [1] (Vizamyl) [2] | (Neuraceq) [3]

Tracer Uptake Time (mpi = mins post injectiol 30—50 mpi 60-120- mpi 45-130 mpi

Minimum Duration of Imaging Acquisition 10 min 10-20 min 15-20 min

Another amyloid tracer NAV-4694, has not yet completed validation in phase Il clinical trials and
therefore dose and the following acquisition details are preliminatake time 5670 mpi, and an
acquisition duration of 20 minutes.

The “target” tr depeadent uppntthe kadiotracermtdize®Reserence theTable Sfor
acceptable tracer uptake timés minutes post injectiofmpi]) for each of the currently available tracers.
The exact time of injection must be recordele time of injection initiation should be used as the time

to be recorded as the radiotracer injection time. The injection and flush should be completed within one
minute with the rate of injection appropriate to the quality of the vein accessedafoybid tracer
administration so as to avoid compromising the integrity of the vajiected

When performing a followp scan on the same subject, especially in the context of therapy response
assessment, it is essential isethe same time interval To miimize variability in longitudinal scanning,

for a given subject, the tracer uptake time should be exactly the same at each time point. There is to date
no scientific literature quantifying the effect on SUVR with varying tracer uptake times in a noechang
scenario. The consensus recommendation, to balance practical and ideal, for this ProfteErgsta
window of £5 minutes

If, for scientific reasons, an alternate time (between activity administration and scan acquisition) is
specified in a specifiprotocol, then the rationale for this deviation should be stated; irtiere point
consistency must still be followed.able 6 lists the specifications.

Table 6. Timing of data acquisition specifications.

Parameter Entity/Actor | Specification

Tracer Ingction | Technologist| The time ofamyloid tracerinjection shall be entered into PE
Time scanner console during the acquisition.

Tracer Uptake | Technologist| The Technologist shall ensure that the tracer uptake time for
Time baseline scan isvithin the acceptable range for the specii
radiotracer(seeTable 3.

When repeating a scan on the same subject, especially in
context of therapy response assessmeie Technologist shal
apply the same time intervalsed at the earlier time poinfas
closely as possible and not more thab minutes).

The following sections describe the imaging procedure.
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3.4.1.2 Subject Positioning

Proper and mnsistent subject head positioning is critically important for amyloid PET imaging. is
important to take the time necessary to ensure not only that the subject is properly positioned but can
comfortably maintain that position throughout the duration of the scanning sesskExcesive motion

and in particular a difference in the subjects
scan used for attenuation correction is the single most common cause of failed stithéen can be
measured in terms of linear movemenmtthe x, y, and z directions and rotational movement around those
axes. Figure 6 illustrates the effects of subject head motion between the emission scan and transmission
scan upon measured regional values. These were determined by systematically tngnatadi rotating

the mu maps for the same scan and then reconstructing the image each time (QIBA grant funded project).
Similar errors resulted from the simulation of subject head motion within ¢h@ssion scarthrough
systematic translation and rotatiorf éhe reconstructed scan relative to region of interest placement.
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Figure 6 The effects of linear, rotational, and combiredar and rotationahead movement between
the transmission scan and emission scan upon several target regions and refexgimesi(a)x, y, and
zdirections, (b) percent change in target region of interest measures, (c) percent change in reference
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636 region measures. The SUVR error incorporates the ratio of the percent change in the target region(s) /
637 the percent change in thesference region.

638 NOTE: The successful implementation of strategpeminimize head motion (and maximize signal to
639 noise)is critical to overalconformance tathe Profile requirementsThis can beddressedooth at the

640 time of image acquisition (through the use of head immobilization techniques described in the paragraphs
641 immediately belowlndat the time ofimageacquisition setup andreconstruction,described inSection

642 3.5

643 Position the subjeabn the PET or PEJT scanner tablgo that their headind neclare relaxed.The read

644 should ideally be positioned to have axial slices passing througtetiedellum without intersection with

645 the posterior occipital lobe. This avoids contamination of the posterior cerebellar region by the occipital
646 lobe and the tentoriumTo mi ni mi ze head mo tshoadbe immadbikzedusing jhe ct ’
647 institution’ s head hol der / fgi tkearoplastic maskiape, gichn & may bg necessary

648 to placeadditional pads beneath the neck to provide sufficient supp&acuum bean bags can also be

649 used in this proces3.he head should be approximately gased parallel to the imaginary line between

650 the external canthus of the eye and the external auditory meatuasers are recommenddd aid in

651 horizontal and vertical centeringzoam pads can be placed alongside the head for additional support.
652 Velcrostraps and/or tape should be used to secure the head position.

653 It should be assured thahe head of the subjeds positionedin the scanner with the total brain within
654 the field of view FOV. Special attention must be paid to include the entire telum in the image as
655 this regionmay be useds a reference region for subsequent quantification.

656 Fordedicatedamyloid tracer PERrain scans, the arms should be positioned down along the body. If the
657 subjectis physically unable to maintain arabgngside the bodfor the entire examinationthen the arms
658 can be positionean their chest or abdomen.

659 Use support devices under theatk and/or legs to help decrease the strain on these regions. This will
660 assist in the stabilization of motion in the lower body.

661 The Technologist shall document factors that adversely influence subject positioning or limit the ability to
662 comply with instuctions (e.g.remaining motionless)See Table 7 for the specifications.

663 Table 7. Patient positioning specifications.

Parameter Entity/Actor Specification
Subject Technologist | The Technologist shall position the subject according to
Positioning protocol specifications consistently for all scamgth brain

fully in field of view ideally centeredwith bottom of
cerebellum at leas?2.5cm away from edge of axial FOV unlg
otherwise specified by protocol

Subject Technologist | TheTechnologist shall ensure the comfort of the subject in
Positioning head holder prior to initiating the scan, to minimize t
likelihood of movement.

Subject
positioning

The Technologist shall instruct the subject to hold as sti

Technologist |, yssible duringhe scan.
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Parameter Entity/Actor Specification

Subiect The Technologist shall document the head position of
ject. Technologist | subject in the scanner FOV so that this can be replicatec

Positioning

subsequent scans.

The Technologist shalbcument issues regarding subject AQ
compliance with positioning

Technologist | The Technologist shall document issues regarding subjeet

Positioning Non

compliance ) : ) N
compliance with breathing and positioning usihg common
data format mechanism (Appendix E).
The Technologist shall document issues regarding subjeet
_ compliance witmot remaining still
Motion non- Technologist ' ' ' i
compliance g The Technologist shall document issues regarding subjeet

compliance(not remaining still)motion using the commor
data format mechanism (Appendix E).

3.4.1.3 Scanning Coverage and Direction

Anatomic coverage should include from the skull base toskl vertex ensuring complete inclusion of
the cerebellum. The anatomic coveragf®muld beincludedin a single bed positiofsee Table 8)

Table 8. Scanning coverage specifications.

Parameter Entity/Actor Specification
Anatomic Technologist | The Technologist shall perform the scan such that the anat
Coverage coveragdgincluding the entire brain from craniocervical juncti

to vertex)is acquiredn a single bed positioaccording to the
protocol specifications and the same for all time points.

3.4.1.4 Scanner Acquisition Mode Parameters

We defineacquisitionmode parameters as those that are specified by the Technologist at the start of the
actual PET scan. These include the acquisition fiimthe singlebed positionandthe acquisition mode
(3D mode only. These parameters do not include aspects of the acdarsithat occur earlier (e.g.
injected amount of 18=Amyloid traceror uptake duration) or later (e.greconstruction parameters) in
the overall scan process.

3.4.1.4.1 PET Acquisition

If possible,for SUVR measurementhe PET data should be acquired in listmode format (for fullest
flexibility for correcting for head movement) divided into multiple acquisitions with a maximum of 5
minutes eachlf there were no head motion during the scan, a single acquisition fraoutddbe sufficient.
However, this is difficult to predict ahead of timese of multiple time slices is critical for proper motion
correction if the subject does not remain still throughout the scanfull dynamic scan would include
additional frames bushould also provide for multiple time slices in the late timeframedividualized,
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site-specific acquisition parameters should be determined upon calibration with the appropriate phantom
(seeTable 9.

Table 9. PET acquisition specifications.

Parameter Entity/Actor Specification

The key3-D PET acquisition mode parameteesd.,time per
bed position, acquisition modestc.) shall be specifiedh a
PET acquisitiof manner that is expected to produce comparable resl
mode Study Sponsor | reqardiess of the scanner make and model.

The key acquisition mode parameters shall be spec
according to predetermined harmonization parameters.

The key PET acquisition mode parameterg.(time per bed
position, acquisition modegtc.) shall be set as specifidaly

PET acquisitior Technologist study protocol and used consistently for all patient scans
echnologis
mode J PETshallbe acquired in listmode format (best) or dynan

time framesof no more than 5 minutesach,whenpossible,
in order to allow checking and correction for subject motic

3.4.1.4.2 CTAcquisition

For the CT acquisition componenttoe PET/CT scafTable 10)this Profile only addressthe aspects
related to the quantitative accuracy of the PET image. In other wasjsects of CT diagnostic accuracy
are not addressed in this Profile. principle any CT technique (parameters include kVp, mAs, pitch, and
collimation) will suffice for accurate corrections for attenuation and scatter. However, it has been shown
that for estimating PETfracer uptake in bone, lower kVp CT acquisitions can be moredhidbus higher

kVp (greater thanor equal to80 kVp CT acquisitions are recommended in gendrdbella et al) In
addition, if there is the potential for artifacts in the CT image due to the choice of acquisition parameters
(e.g, truncation of the CT éld of view), then these parameters should be selected appropriately to
minimize propagation of artifacts into the PET image through&SEd attenuation and scatter correction.

The actual kVp and exposure (CTDI, DLP) for each subject at each time galidtghrecorded. CT dose
exposure should be appropriately chosen wherever posgialgicularly in smaller patient§.he radiation
principle ALARA (As Low As Reasonably Achievable) for minimizing radiation dose should be considere
during imaging protodo development. Refer to eucational initiatives, such as Image Wisely
(www.imagewisely.orpwhich provides general information on radiation safety in adult medical imaging,
though not specific to amyloid imagingjlote thatthe ALARA principle is for radiation mitigation and does

not address the diagnostic utility of an imaging t8dte technigie used for an imaging session should be
repeated for that subject for all subsequent time points assuming it was properly performed on the first
study.
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Table 10. CT acquisition specifications.

Parameter Entity/Actor Specification

The key CT acquisition mode parameters (kVp, mAs, [
and collimation) shall be specified in a manner that
expected to produce comparable results regardless of
scanner make and model and with the lowest radiatimses
consistent for the role of the CT scan: diagnostic CT s
anatomical localization, or corrections for attenuation a

Study Sponsor | Scatter,

If diagnostic or anatomical localization CT images are
needed, then the CT acquisition mode shall utilize

protocol that delivers the lowest possible amount

radiation dose to thesubject (e.g, an ultralow low dose
protocol) that retains the quatitative accuracy of correction
for attenuation and scatter.

CT acquisition
mode

The key CT acquisition mode parameters (kVp, mAs, [
Technologist and collimation) shall be set as specified by study protc
and used consistently for alibjectscans.

CT acquisition
mode

If CT kVp is not specified in the study proto@iminimum
Technologist kVp of80 shall beusedand usedconsistently for all subjeg
scans.

CT acquisition
mode

3.5 Imaging Data Reconstruction and PeBtocessing

3.5.1 Image Data Reconstruction

Reconstructed image data the PET image exac#lg produced by the reconstruction process on the PET
scanner, i.e. a PET image volume with no processing other than that occurring during image
reconstruction. This is always a stack of DICOM slices/files constituting a PET image volume that can b
analyzed on one or more of the following: PET scanner console, PET irsplge @iorkstation, PACS
system, etc. See SectidrO for specifications.

The PET reconstruction parameters include the choice of reconstruction algorithm, number of iterations
and subsets (for iterative algorithms), the type and amount of smoothing, ¢he dif view and voxel size.

The guantitative accuracy of the PET image should be independent of the choice of CT reconstruction
parameters, although this has not been uniformly validated. In additibthere is the potential for
artifacts in the CT imagdue to the choice of processing parameters (€gmpensation for truncation of

the CT field of view), then these parameters should be selected appropriately to minimize propagation of
artifacts into the PET image through-Bdsed attenuation and scatteorrection.

At the time of this profile version, mostewerscanners have adice thickness less than or equal2z®
mm, althoughseveral GEnodels have a thickness of approximately 3.27 mm @dedr scannersuch as
the GE Advancand Discovery L@®ay have a slice thickness ap to 4.25 mm (not as recommended)
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726  Greater resolution is desirable particularly for small structures and to measure local chargas. 11
727  lists these specifications.

728 Table 11. Image data reconstruction specifications.

Parameter Entity/Actor Specification

The key PET reconstruction parameters (algorit

iterations, smoothing, field of view, voxel size) shall

specified in a manner that is expected to produy

PET image comparableresults regardless of the scanner make &
. Study Sponsor del

reconstruction model.

The key PET image reconstruction parameters shal
specified according to prdetermined harmonizatior
parameters.

The key PET reconstruction parameters (algorit
Technologist iterations, smoothing, field of view, voxel size) shall
identical for a given subject across time points.

PET image
reconstruction

If available, the Point Spread Function (PSF) option ca
Technologist used;the use or noruse ofPSFnust be consistent for a give
subject across time points.

If available, the time of flight (TOF) option can be udkd;
Technologist use or noruse of TOF must be consistent for a given sub
across time points.

PET image
reconstruction

PET image
reconstruction

The Technologist shall perform the image reconstruct
such that the matrix slice thickness, and reconstructic
zoom shall yield a voxel size ©f2.5 mm in the x and )

:?/IE:-. Noxel | Technologist dimensions ang 2.5mm in the z directiorf3.27 mm in the z
1atnxivoxe echnologis direction for some scanner models such asd@kder scanners
siz€ limited to a thickness c4.25 mm are ot asrecommended)
The final size shall ndie achieved by rébinning, etc., of the
reconstructed images.
All quantitative corrections shall be applied during the im¢
: reconstruction process. These includdenuation, scatter,
Correction . . - o
Technologist random, deadime, and efficiency normalizationglowever,
factors ) : .
no partial volume correctiorshould be performedat this
stage
o All necessary calibration factors needed to output PET im
Calibration . : : : .
factors Scanner in units of Bg/ml ball be automatically applied during th

image reconstruction process.

729

730 As part of the image reconstruction and analysis, correction factors for known deviations from the
731 acquisition protocol can potentially be applied. Corrections for known data entogreand errorsn
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scanner calibration factors should be corrected prior to the generation ofé¢kenstructed images, or
immediately afterwards.

3.5.2 Image Data Post-processing

Processed image data are images that have been transformed in some marunder to prepare them

for additional operations enabling measurement of amyloid burdyme posfprocessing operations are
typically performed by the PET technologist immediately following the scan. Additional steps may be
performed by a core imaging latw, by an analysis software package accessed by the radiologist or nuclear
medicine physician.

Initial postprocessing operations typically performed by the PET technologist at the imaging site include
binning image time frames into a pepecified discret frame duration and total number dfames and
putting the images into a spatial orientation specifiedtbg postprocessingprotocol.

In postprocessing images, only those steps specified per protocol should be performed, as each transform
can slightlymodify the image signal, and the intent is to preserve the numerical accuracy of the true PET
image values.t8dies includindull dynamic imagin@nd kinetic modeling rather than evaluation of a late
timeframe static scamay require additional processiras specified in the individual protocol.

3.5.2.1 Ensure image orientation

Whet her the image is being prepared for a quan
software, or for transmission to a facility for centralized image quabtytrol, processing, and analysis, it

is important to ensure that the image is spatially oriented per protqdable 12) This step may occur
before or after the creation of a static image below, depending upon the actors and image transfer
sequence involved in the protocol.

Table 12. Image orientation specifications.

Parameter Entity/Actor Specification
Image orientation | Technologist The raw image will be spatially oriented per stu
protocol.

3.5.2.2 Create Static Image

Depending upon the study protocol, one or more steps may be involved in the creation of the late
timeframe static image that is then further processed and used for measurement GUh&R In the
simplest case, the image may be acquired as a single ffarge20 minutes long), thus forming a static
image without the need to combine timeframes. In this caSection 3.3.2.2.Below is not applicable.

Due to the inability to correct for subject motion, this single frame approach may increase the risk of
variability outside of the tolerances targeted in this Profile. Alternatively, and commonly in clinical trials,
the output may be a set of discrete time frame images (daur fiveeminute frames) that are then
combined into a single static image in subsent steps. The alternative approach of full dynamic data
acquisition typically involves many (>15) frames of variable length, starting with rapid frames acquired
immediately at tracer injection.
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3.5.2.2.1 Intra -scan inter -timeframe assessment and alignment

For a san comprised of multiple timeframes, it is important to ensure that the frames are spatially aligned
so that the same brain tissue is located in the same coordinates for measurement across the frames. Itis
preferable that this alignment be performed prito attenuation correction (that is, as part of the steps

in the previousSection3.3.2.9 in order to prevent embedded error due to misalignment between
emission and transmission scésee Table 13) However, at present, because of limitations in thel$o
provided with typical scanner workstations, intemeframe alignment is typicallyot performed during

image reconstruction and attenuation correction. Rather, visual checks are tyippllgd,and excessive
motion may or may not be flagged. If amt@ted, precise tools become available in scanner workstations

in the future, the interframe alignment and static image formation described in this section may become
part of the image reconstruction process. Even when Hiteeframe alignment is perfored prior to
attenuation correction or at the imaging site, it is important that the discrete binned frames prior tc inter
frame alignment, the transmission scan, and the alignment parameters applied, be made available for
quality control in later processgnand analysis steps.

Inter-frame alignment is typically performed using automated software that employs mathematical fitting
algorithms to match the image from each timeframe to a reference. The reference frame may be that
acquired closest to the timef transmission scan (e,ghe first frame in late frame acquisition if the
transmission scan precedes the emission scan) or as otherwise stated per protocol. The amounts of
translation or linear adjustment, in each of the x, y, and z directions, ancatheunt of rotational
adjustment in each of three orthogonal directions are measured by the software. Depending upon the
software platform, these parameters are available for review by the image analyst or may be pre
programmed to make pass/fail or other cisions. Large valuégreater than 4 degree rotation or 4 mm
translation)indicate that subject motion is likely embedded within one or more frames introducing noise
(signal variability) that cannot be removed from those particular frames. In additmdass attenuation
correction was performed on a frardgy-frame basis during image reconstruction, large values indicate
that emissiontransmission scan misalignment error is also embedded in one or more frames.

The study protocol should define the allokta translation and rotation permitted between the reference
frames and other frames. Frames exceeding these limits may be removed, with the following caveats: (a)
removal of too many framese(g., more than half of the total acquisition window) magsult in
inadequate total counts and a noisy scan; and (b) frame removal should be consistent across longitudinal
scans for the same subject, or slight error can be introduced. Note that particularly in certain subject
populations it is not uncommon to slerve translational or rotational motion exceeding 2 mm or 2
degrees anaxceeding 5 mm or 5 degrees in some scans. Typical clinical studies of MCI and AD patient:
have had mean (standard deviation) values of 1.7 (1.1) mm for maximum translation gadL) degrees

for maximum rotation. Motion tends to worsen with longer duration scans. The decision to extend
allowable motion thresholds becomes a balance between retaining subject frames and tolerating
increased signal variability.

Currently, most scarer workstations do not provide readily used automated tools for ifitame motion
measurement and correction, and automated alignment to the transmission (or CT) scan prior to
attenuation correction. Once such tools are available, the activity of fralgaraent would best be
performed prior to attenuation correction, to prevent embedded attenuation correction error that cannot

be removed through subsequent interame alignment. On occasion, even with current tools, this can be
performed at the site. EBn when realignment at the imaging site becomes feasible, the -finéene
alignment parameters of the original scan acquisition should be available to the Image Analyst, as under
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810 certain conditions enough withiframe motion may have occurred to merit rema of the frame
811 regardless of inteframe correction.

812 Table 13. Timing assessment and alignment specifications.

Parameter Entity/Actor Specification
Inter-timeframe Image analyst When a multframe PET scan is provided, t
spatial alignment translational and rotational adjustment required |

align the frames will be assessed prior to combin
frames into a single scan.

Action based on inter| Image analyst If inter-frame alignment has been performeatior to
timeframe attenuation correction, frames will be removed if inte
consistency check frame translation exceeds a recommended thresh

of 4 mm or interframe rotation exceedd degrees (of
less if indicated by studyrgtocol) or if inter-frame
alignment has not been performeatior to attenuation
correction, frames will be removed if intérame
translation exceeds a recommended threshold of 4
or interframe rotation exceeds a recommendé
threshold of 4 degrees frorposition of the CT sca
used for attenuation correction (or less if indicated
study protocol)

813

814 3.5.2.2.2 Combine discrete timeframes

815 Once all or a subpopulation of the appropriately aligned timeframes have been identified, a composite
816 image is generated foufther processing and analysis. For late timeframe scans, this is accomplished
817 through averaging or summation of the timeframes into a single image volume. In full dynamic scanning,
818 a “parametric” i mage can be cr eaineldes mdasuong gignal a
819 in amyloid “rich” (having high tracer binding)
820 blood measurements if available, and solving simultaneous equations to determine voxel values. The
821 parametric image can thebe measured using the same Volume of Interest or other methods described
822 below, with the difference that the measure becomes a Distribution Volume Ratio (DVR) rather than SUVR.
823 See Table 14.

824 Table 14. Combining timeframes to for a static image specifmag.

Parameter Entity/Actor Specification
Static Image generation Image analyst or image Only timeframes identified a
processing workstation appropriately aligned will bg
included in this imagge
generation.

825
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3.5.3 Imaging Data Storage and Transfer

Discussions of archiving PET data often mention 'raw data'. This is an ambiguous term as it cansedensay
raw data (i.e., sinograms or lishode) or image raw data. To avoid confusion, the term raw data should not be
used without making it clear wth form is under discussion.

Image raw datais the image data exactly as produced by the reconstruction process on the PET or PET/CT scanner
i.e., a stack of DICOM slices/files constituting a PET image volume with no processing other than that occurring
during image reconstruction. Thistygicallya stack of DICOM slices/files constituting a PET image volume that can
be analyzed on one or more of the following: PET scanner console, PET image display workstation, PACS systel
etc. If inter-frame alignnre nt i s performed prior to attenuation co
emission and transmission frames prior to any ifftame or interscan alignment, the realigned frames that were

used for attenuation correction, and the attenuationroected frames.

Postprocessed image datare images that have been transformed after reconstruction in some manner. This is
typically a stack of DICOM slices/files constituting a PET image volume that can still be analyzed on one or more 0
the following:PET scanner console, PET image display workstation, PACS system, etc.

For archivingat the local site or imaging core lab (if relevaritle most important data are the original images,,
the image raw data. In the unlikely event that the scanner data (which should be archived by the local si®)
required for later reprocessinghis should be made clear in the protocétlease see Table 15.

Table 15. Imaging data storage and transfer specifications.

Parameter Entity/Actor Specification
Dataarchiving raw | Technologist The originally reconstructed PET imadgéevage raw
images data), with attenuation correction, and CT images sk

always be archived at the local site.
If scanner raw data need to be archived for futu
reprocessing, this shadilbe defined prospectively i
the Protocol.

Data archiving: Image analyst If a static image has been generated by aligning fra
post-processed and summing or averaging discrete timeframes,
images through other parametric imaggeneration, the image

will be archived at the site where the static imal
generation occurred.

3.6 Image Analysis

The Image Analyst, through interaction with the Workstation Analysis tools, shall be able to perform
specified measurementand analyse®n the images Image Analysis has qualitative and quantitative
tasks. Bothtasks require high quality image submission armbnsistencyof image interpretation.
Quantitative imaging requires additional system characteristics described furthesctio® 3.2, Image
Data Acquisitionand Section 3.6, Quality Control, of this Profile.
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3.6.1 Input Data

The output ofimage Reconstruction and Pgstocessing (inclusive ofeiic Image Generation) resulting

in a single image volume, corrected for attenuation, scat@mdomsand radiotracer decay, onsidered

the input forstatic scarimage Analysidn the case of full dynamic imaging for kinetic analysis, the-Post
procesing output may be a set of timeframeBhe original input datg¢deidentified when applicable)
without modification,shouldbe maintained as a separate file (or set of files), to be stored along with the
processed data that is ultimately used to perforneasuremens (See Section 3.2)

3.6.2 Image Quality Control and Preparation

Before Image Analysis is performed, stringent image quality control is essential to ensure that images are
suitable for processing and analysitie elements of raw image quality conttbhat should be performed

during performance of posteconstruction processing are defined$ection3.3, Image PogProcessing
Elements of posprocessed image quality control that should be performed by the Image Analyst or the
Processing Workstatiogoftware prior to further processing and analysis of the image data are listed in
Section3.6, Quality Control.

3.6.2.1 Correction for Partial Volume Effects (PVE)

Partial Volume Effects CorrectigRVEc)snotr e c ommended as a “by detbaul t
the fact that the process itself can introduce a great deal of variability, countering the tolerance goals of
the Profile. However, we discuss this step here, as it may be included in certain study protocols particularly
if methodology is systematitig employed that does not increase variability.

As background on this topic, due to the limits of PET scanner resolution, the signal measured at the
borders of white and gray tissue, or tissue and cerebrospinal fluid (CSF) can contain contributions from
both types of tissue within the boundaries of tekame voxel. In particular, some amyloid PET tracers have
high | evels of nonspecific white matter upt ak
neighboring gray tissue measures. In addition, neurodegenerative patients may exhibit substantial,
progressive atrophy, increasing spill from CSF that can dilute increases or accentuate decreases
originating from the atrophic tissue elements

Several different mathematical algorithms and approaches have been developed to correct or
compensate folPVE and tissue atrophyHowever, these approaches are not necessarily sensible in the
setting of amyloid imaging and quantification. Simply applying correction for the loss of cerebral gray
matter results in upscaling of image sigimdénsity andis most appropriate when théssue origin of the
signal is lost, resulting in the atrophsugch adoss of synaptic neuropil {A8F]2fluoro-D-2-deoxyglucose
(FDQ cerebral glucose metabolism imaging). In the case of amylefbsitionin neurodegenerative
dementia, however, the degsits are not contained with normakrebralgray matter elementsAmyloid
plaques are extracellular accumulations and are unlikely to degenerate as gray matteriesrdpé to
losses of synapses and neurons ensues. Thus, applying gray matter atomgtgion PVEC may

i nappropriately *“upscale” the a mysuablyjPdEc apprgached f
result in a new image, typically containing only gray matter, and has been shown to increapp#nent
amyloid in AD patients by as mluas 30% to 56%he most sensible approach to PVEc in amyloid images
is to apply correction for spillover from subcortical white matter into the gray matter regions, which is
likely to become increasingly problematic as the cortical gray matter becotrashéc.
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Appropriate ug of PVEc can potentially help to increase sensitivity to longitudinal change, and to reduce
error associated with changes in atrophy or white matter uptake. However, PVEc methods can also
introduce variability, and results are highsensitive to subjective selections of the parameters used in
calculating the correction. Effects upon measurement of longitudinal change have varied from no effect
to an increase in measured change. The tradeoff between benefit vs. these considenmatishde
considered and the decision as to whether or not to use may be study dependent. The point in the
process at which P¥Es applied may vary, for example either applied to spatially normalized images or
to native images, prior to or after the creah of a SUVR image.

3.6.2.2 Image Smoothing

Depending upon whether more than one scanner and reconstruction software combination is being used
to acquire patient data, and the objective of the image analysis, it may be necessary to smooth the image.
Smoothing aplies a mathematical filter to the image signal at each voxel to help compensate for
differences in spatial resolution that exist between different scannEx&n if the same scanner is used

for each visit by a particular subject, being able to compareSb&R value to a threshold derived using
images from multiple scanners, or to other study subjects whose data is collected on other scanners,
requires adjustment for scanner differences. If not reconciled, these differences can cause a few percent
difference in SUVRJoshi et al, 2009)

By “spreading” signal out, smoothing also hel p:¢
across different subjects, increasing the ability to identify group effects in Adm@ssd comparisons.
However, smooting also dilutes signal, particularly in small structures, and can also increase the mixing
of white, gray, and CSF signRlease see Table 16.

Table 16. Image smoothing specifications.

Parameter Entity/Actor Specification

Image smoothing Image analyst When combining scans from different scanng
and/or reconstruction software that produc
different image resolutions, filtering will be applig
per protocol to produce comparable signal for t
same amount of radioactivity.

3.6.3 Methods to Be Used

The methodology and sequence of tasks used to perform amyloid tracer arfaysisistorically varied
across studiegdepending upon the radiotracer, image analysis workstgtisoftware workflow and
parameters determined to be of interest in the study desiBrocessing and analysis steps have ranged
from a manual workflow to a semiautomatic workflow (which requires some urteraction with the
workstation) to an automatic workflow (with littler no userinteraction), with various alternatives
possible at each stepAn outline of thanajor stepgypically included in the workflow is provided below

in Figure 7 These steps are associated with a Standardized Uptake Value Ratio (SUVR) calculatio
approach wusing an equilibrium stage “l|l ate ti me:
reliability, and guidelines are then provided. Points where order of operations can vary without impacting
end result, such as the option to generate 8UVR image prior to target region measurement, are noted.
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Notes are also included regarding the alternative use of the full dynamic scan and kinetic modeling to
produce measures of amyloid burden.

Spatially match subject scan with source image on which regions of
interest (ROIs) have been defined. This may be the subject’s MRI

Spatially match subject scan, segmented into anatomical regions, or it may be a “template”
scan with source image MRI or PET scan on which regions have been pre-defined. If a
for ROI definition template is used, a spatial transformation or “warping” is required

to match the template and subject scan so that the defined regions

can be mapped onto the subject scan.

As an optional step, create an intensity-normalized version of the

(optional) Create SUVR scan (“Standardized Uptake Value Ratio”, or “SUVR” image) by

image dividing all voxels in the scan by the average measured intensity in a

selected reference region (such as cerebellum). This can be useful
for visual assessment and comparisons between scans.

C Apply boundaries (“masks”) for target regions of interest and

measure average intensity. If the image has already been intensity

Measure regions of normalized to the selected reference region, these are equal to the
interest and calculate SUVR. If the image has not been intensity normalized, or to use a
SUVRs different reference region, measure reference region intensity and

calculate SUVR as target region intensity divided by reference region
intensity. Other voxel-based analyses may also be performed.

Figure7. Typical steps in image processing and measient for SUVR calculation

Despite variability in workflows that may be applied, several fundamental factors can impact the accuracy
and reproducibility of measurement. The$&ctors are discussedbelow, and guidances provided to
achieve accuracy and regglucibility.

3.6.3.1 Spatially Match Subject and Template

The fitting of Volumes of Interest (VOIs) to a scan for amyloid studies has typically been performed by
automated software, reducing the subjectivity, intexader differences, and labor intensity of mahua
delineation. In order to measure piefined VOIs foBUVRalculation (or DVR in the case of full dynamic
scanning) , it is necessary to map these spatia
vice versa.

36311 O0&0O0OA6 -2) AT A 0ws EIi ACAO

The majority of amyloid testetest studies and most clinical trials with quantitative amyloid imaging have
used the subject’s MRI scan as a high resoluti
above. With clinical application as a considema, processing pipelireusing specific amyloid PET
radiotracers have beedeveloped to use PH®O-PET spatial transformation optimized PET0-PET
transformation approach has been developed for flutemetamol, and similar approaches have been
developedf or ot her tracers. Il n cases where an MRI [
registered to one another using a linear transformation performed by automated software. While either
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MRI or PET can serve as the target to which the other-regstered, registering the MRI to the PET
prevents interpolation of the PET image. However, preserving the resolution of the MRI image, typically
higher than that of the original PET, is useful for later operations including segmentation of the MRI and
transformation to template space. This can be accomplished Wggistering the PET to MRI, or by-up
sampling the PET prior to €egistration of the MRI to the PET or otherwise preserving output resolution.

Since mapping operations performed on the MR e applied to its coegistered PET scan, it is critical

to ensure that the PET and MRI have been properly aligned to one another. Visual inspection should be
conducted with careful attention to proper lefight orientation and alignment in all threplanes
(transaxial, sagittal, and coronatee Table I fjuantitative goodness of fit measures can also be applied.
Successful fusion may be indirectly checked through verification of correct VOI placement and/or correct
spatialnormalization. However, if misalignment occurs, one must backtrack to determine where in the
process this happened, and verification of each step is recommended. Automated methods to assure
goodness of fit may also be employed.

Table 17. Fusing MRI amET images specifications.

Parameter Entity/Actor Specification

PET and MRI imag Image analyst | Wh e n coregistering a
fusion images, accurate alignment of the images in
planes(transaxial, coronal, sagittal) will be verifi¢
visually or using an alternate method that achie
this.

3.6.3.1.2 Longitudinal PET co -registration

Forlongitudinal amyloid measurement, @egistering subsequent PET scans to the baseline PET scan is
recommended, as separate MRI to PEF¥agistrations or separate spatial warping operations (described
below) may produce slightly different alignments. Téas cause differences in VOI measurement, and
even a few percent can be significant for longitudinal evaluation. Goodness of fit ofFB{Erscan
alignment should be visually verified; quantitative metrics such as correlation can also be applied.

Succedll longitudinal ceregistration may again be indirectly checked through verification of correct VOI
placement and/or correct spatial normalization. In addition, if a process involving separate spatial
normalization of longitudinal scans is applied andieehs comparable fit, the result would be acceptable.
However, if misalignment occurs, one must backtrack to determine where in the process this happened,
and therefore explicit verification of proper longitudinal coregistration is recommeriged Table 8).

It is noted here that some studies (unpublished, multiple groups) have shown that a superior longitudinal
alignment of sequential PET scans can be achieved wheggsiering the series of PET scans together
rather than separately coegistering eactPET to the MRI. However, it is also noted that in cases of
substantial longitudinal atrophgr ventricular expansigncare must be taken in ensuring that the VOIs
applied to each scan account for the actual gray tissue present in the brain.

In addition, itis also noted that although not ordinarily expected, it is possible for longitudinal structural
changes (abnormalities) to occur that impact the ability to use a common mapping across scans. One suct
example iscerebellar encephalomalciddowever, such aeventis not within the scope of this profile
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version,and it is rather recommendetb exclude thesubjectin this caseor to usetarget and reference
regions that are unaffected by the abnormality.

Table 18. Longitudinal PET-oegistration specificatiors.

Parameter Entity/Actor Specification
Coregistration of Image analyst |[When <coregistering a
longitudinal scans Images, accurate alignment of the images in

directions (transaxial, coronal, sagittal) will
verified visually or using an alternate method
achieve this

3.6.3.1.3 Spatial Mapping of Subject Image and Template Image
The following approaches can be applied for spatial mapping:

(a) Spati al mapping (“warping”) dévingi predefined DU a |
boundari es. The VOls are then measured in “tem
brain tissue. The goodness of fit of subject to template depends upon multiple factors including: the
spatial warping algoritim applied, the parameters selected for the warping algorithm, and the template
selected. For example, scans acquired in an aging, atrophic population may warp in a superior manner to
a template that was also derived from an aging, atrophic population.

(b) Spatial mapping of the template brain and ptefined VOI boundaries to the individual brain scdns
this case, the VOIs are stildl probabilistic but

(c) Use of segmentation algorithms that identif
native morphol ogy usi ng t h elrhesasltingesegmergatiofil the ( e .
identification of various gray tissue regionsdn vary dependingipon several factors including: the
segmentation software and version applied, the operating system on which the software is run, the
parameters selected in the segmentation softwatee MRI sequence usednd.

The mapping between sugjt image and template image is accomplished through automated spatial
normalization or warping software algorithms. When an MRI is used, the transformation is determined
t hough a “warp” between subject MRI anisappliedtop | a't
the coregistered PET scan (if transforming to template space) and/or to the ROIs (if transforming to the
native subject scan). The accuracy of the spatial transformation depends upon the algorithm. Certain
software and software versions hashown superior alignment of cerebellum, deep structures such as
putamen and medial temporal regions, and ventricles as compared to older algorithms (Klein et al, 2009).
In addition, the template to which images are warped can impact goodness of fagmdization for the

study population may be of use.

When an MRI is not available, the subject PET scan can be transformed directly to the template PET. Sinc
the signal within gray matter and the intensity contrast between gray and white matter in a imegat
amyloid scan are substantially different than those in an amyloid positive scan, images at the extremes of
positive and negative may not spatially normalize well. To address this, various approaches have been
developed that test the fit to a series tdmplates (Lundqvist et al, 2013), selecting the best fit. Other
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confounds in PEbased spatial normalization can occur when the amyloid PET image has high intensity
signal in portions of dura akull ormissing (truncated) tissue at the top or bottormtbe brain. Various
additional steps have been employed to address these issues.

Regardless of the approach used for spatial normalization, an accurate match between subject and
template is critical to amyloid measurement. Goodness of fit should be eealusing visual inspection,
and quantitative goodness of fit algorithms can also be applieege Table 19As a note, ad hoc manual
(e.g.,touch screen or mouse based) modification of warping results should not be used as changing the
fitforonesetofs| i ces t hrough “eyeballing” is very |ike

Table 19. Spatial mapping specifications.

Parameter Entity/Actor Specification

Spatial mapping witl Image analyst When spatially mapping a subject image anc
template image template image to one another accurate alignme
of the images in all directions (transaxial, coror
sagittal) willbe verifiedvisually

3.6.3.2 VOI Placement: Target / Reference

3.6.3.2.1 Determine Target Regions for Measur ement

The selection and delineation of target regions for amyloid measuremant depending upon study
objectivesand should be specified in the protocdror clinical application, some manufacturers have
specified predefined VOIs associated with a thadd SUVRhat they have correlated to autopsy data.
Some clinical trials havesed a cortical average consisting oftd 6 regions with individual regional
amyloid measures providing further information. Whene me r gubjecig ith amyloid levelsearer

to threshold are studiedh clinical trials analysis of specific subgions may become important.

Given a specified anatomical regi¢a.g, frontal, orcingulate) thereare several ways to define the tissue
that is included in the region, amngkveral considerations that are not mutually exclusive, listed below.
Automation of region definition is important given the high level of subjectivity that can be associated
with manual definition.

1 Region Boundarie§Some approaches use the entire anaioai region, whereas others define a
subregion empirically determined to accumulate greatest amyloid burden.

f aStK2R (2 YIFIGOK (KS NIHEdn®eyodsiapplysn drandai@iagad redioy | U
definitions (predefined anatomical boundaries bes upon reference brainsandrely upon the
transformation between the subject’s morpho
regions to the subject. These may be refer
estimate anatomical boundai es based upon the individual
reference information in a more complex way (eKyeesurfer).

1 Region confinement to gray tissi&hen atlas based regions are applied, these may or may not
be thresholded (restricted)usstn t he gray tissue segment from
can help to assure alignment bet wmaaephologyanidp | at
can be done using either native space images or warped images.
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1 Region erosion from surrounditigsue or CSROI boundaries may be eroded (e.perimeter
reduced by one to two voxels) away from the neighboring CSF and white tissues, in order to reduce
atrophy effects and spillover from negray tissue types. This is most often applied to prolsthul
regions that tend to be larger and incorporate tissue adjacent to gray matter.

 abl GA @S . 6L YOSEl (ZDIsmay bd 8efinéd only in template space, for measuring

the subject’s warped scan, or scary Usb ef the mataven s f ¢
scan can reduce interpolation and signal changes arising from stretching or compressing subject
anatomy.

Comparisons of different approaches to regional definition, including whether native vs. template scans
are used, have yielddaigh correlation coefficients (Landau et al, 2013). However, it is important to note
that measurement oflifferent portions of tissue will give different result# is therefore important that

the same tissue definition be applied across saamd acrossubjects within a studgTable 20)

Table 20. Target regions specifications.

Parameter Entity/Actor Specification

Target Region Image Analyst | The same target region definitions (which may

Definition transformed to each indiyv
applied consistently to subjects and across a study.

3.6.3.2.2 Determine Reference Region

The definition of the reference region is one of the most critical aspects of image andserence
regions are used for image comparison because raw image counts for the same subject will change from
scan to scan due to injected dose, scanner cdiitmna or other factors unrelated to amyloid. If every
region in the brain changes in the same proportion due to these factors, then such changes will cancel by
taking the ratio of target region to reference region. The reference region is typicallyom tbgt does

not accumulate or lose amyloid, enabling changes in target regions due to amyloid to be detected.

This Profile does not dictatespecificreference regior(see Table 21)ecausdracer manufacturers and
leading research institutions have differed and continue to evolve, on this tdpaovever,there is a
growing body of evidence that certain reference regi@xhibit less longitudinal variabilityPublished
work also suggests #tthe optimal reference regiomay differ for someadiotraces (Villemagne, AAIC
2015) Regardless of the reference regiagrtain practices should be followed toinimize variability
arising from the scanneand to ensure the validity of the referenceeasurement Reference regions and
practices to minimize variabiligre discussed below.

Cerebellar cortexThe cerebellar cortefgray matterhas been a reference region of choice in numerous
studies of amyloid since it typically does not accumuldbelfar amyloid and because its gray tissue
kinetics areassumed be reasonably matched to those of gray tissue target regions. Because of its low
signal and lack of binding, tleerebellar cortexprovides the most sensitive reference for measuring cross
sectional differences. However, due to its low signal level, small swings in value will create large swings
in calculatedSUVR Further, the physical location of the cerebellum toward the edge of the scanner
transaxial field of view makes it susceptibleddge noise, scatter, and tissue exclusion (particularly in
scanners with a shorter axial field of view). In head rotation and in emigioBmission scan
misalignment, the posterior edge of the cerebellar cortex can be particularly impacted. Iroaddlight
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shifts in position can cause a blending of white and gray tissue that will impact the reference
measurement. Further, the cerebellum is located in transaxial slices that are not in proximity to several
typical target VOIs, and signal in thosieess may not change in the same way due to technical fackors
longitudinal studiesof florbetaben the cerebellar cortexhas been demonstrated tehow stability over

time (Villemagne, AAIC 2015) while for otheasiability with regard to measured chgahas been shown
decreasing statistical poweEven in crossectional measurements, technical noise embedded in the
cerebellum(or any reference regionpay cause a subject whose amyloid burden is at the threshold of
positivity t o oOrtanofér If thenrefevence regiangoesantludeha cerebellum, it is
recommended to omit the superior portions of the cerebellum to avoid radiotracer contamination form
surrounding structures such as the occipital cortex or the fusiform gyrus anditdf@mowest slices that
exhibit greatestvariability. These strategies have been employed in various studies (Shcherbinin et al,
2016; Barrtet et al, 2016; Pontecorvo et al, 2017; Hahn et al, 20Alf@rnate reference region
comparisons are also recommeed to ensure that noise has not driven the SUVR result.

Whole cerebellum:Use of whole cerebellum has been specified as a reference of chiditeomePET
tracers (such as florbetapiandcanreduce variability arising from shifts thatclude more white matter
(Joshi, INM 20)5sincewhite matteris already included. However, the same issues with spatial location,
edge noise, and lower average signal still apflys noted that the Centiloid measurement method,
discussed in furtheretail in section3.6.3.4 uses the whole cerebellum in its pipeline (2015). However,
the scope of that selection was for cressctional measurement rather than tHengitudinal measure

that is the subject of the first Claim of this Profile. Subsequent work by Bourgeat et al (2021) found that a
composite reference including subcortical white matter has lower variance for longitudinal florbetapir
imaging. Nonethelesslthough the literature supporting the Claim of this Profile was achieved using
white matter reference regions, the tight control of head motion, head placement, scanner uniformity
may support claim achievement with whole cerebellum per the Centiloidiipipe

Pons:As an alternative reference, the pons has been applied in multiple studies, and found to have a
slightly lower variability. Its advantages include higher signal due to white matter inclusion, and more
central location in the brain at a slightiyrther distance from the edge of the scanner transaxial field of
view. Some studiessing florbetapir, flutemetamol and 11€1Bhave found that the pons exhibited lower
longitudinal variability than a cerebellar reference regi¢hhurfjell et al, 2014Shokouhi et al, 2016;
Edison et al, 2002 However, the narrow cylindrical size and shape of the pons make it vulnerable to
subject motion, and it, too, can be affected by technical variability.

Subcortical white matterSubcortical white matter provideshather alternate reference region, with the
advantages of higher signal, larger measurement volume, transaxial alignment with target regions of
interest. Studies have demonstrated benefit in lower variability using subcortical white matter, and thus
greate statistical power in measuring longitudinal change, relative to other reference reffidren et al,
2015; Brendel et al, 2015; Schwarz et al, 2016; Blautzik et al).ZDA& consideration in the use of a white
matter reference is that the kinetic propies of white matter differ from those of the gray tissue target
regions, with unclear impact upon measurement validitfhere is not yet a published full dynamic
modeling study of white matter as a reference. White matter axonal integrity may declitie ADD
progression and age, potentially increasiagvantageouscrosssectional differences between AD and
Normal, and introducing possible variability over tinkéowever, findings support the ability to detect
increases in amyloid positive populations agpected and seen with gray tissue reference regions, yet
with lower variability(ideally this would be compared to full kinetic modeling results to demonstrate
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accuracy) When white matter is used, careful definition based upon the MRI, with erosion from
neighboring gray tissue, is recommended.

CompositesCombinations of whole cerebellum, pons, and subcortical white matter, or cerebellar white
matter and pons, or “amyloid poor” gray region
reductions in longitudinal variabilitffor florbetapir)resulting n increased statistical powérryputsen et

al, 2015; Landau et al, 2015It is finally noted that regions comprised of both gray and white matter,
whether whole cerebellum or composite regions, may include divergent changes over time. These may be
a sutable match for probabilistic target regions that include both gray and white mattegiven white

matter spillover into gray tissue. However, for "pure” gray target regions, their longitudinal use may
introduce some noramyloid related variability. Allfahis must be weighed against other sources of
variability arising from use of a pure cerebellar cortex reference due to low signal, scatter, subject motion,
and differences in the axial placement from scan to scan.

G! Yef 2AR LJ2 2ilNtke sansaxi@ plane a& thelzdrget regions can provide the dual benefit of
co-location, protecting against sometimes major changes arising from differences in slice sensitivity in a
scanner, as well as matching of gray tissue perfusion rates. A caveat is thatef riibgions slowly
accumulate amyloid or do have amyloid accumulation that can be removed during aanayibid drug

study, reference stability may be compromised.

With the above caveats in mindh¢ use of a combined reference, subcortical white mattarotherstable
“amyl oid poor regi on snaypeadvisedrdepéndirng on theaadigtedeforr e g i
longitudinal studies and for measurement of amyloid in subjects near the threshold of positivity. A cross
check across reference regiotasn also be used to screen for reference region reliability.

Table 21. Reference region specifications.

Parameter Entity/Actor Specification

Reference Regio| Image Analyst | The reference region definition will conform to protocol
Definition including the specified tissue.

Quality control measures will be applied to ensure ti
longitudinal change is not attributable to technical noise
artifact in a particular reference region.

3.6.3.2.3 Apply Regions to Subject Scans for Measurement

TargetVOlIs may be applied for measurement either to the smiensity normalized image, or to an SUVR
image that was first generated by dividing each voxel by the average value in the reference region. When
placing VOlIs, it is critical to ensure accurate fit] #mat only appropriate tissue is includ€dable 22)
Potential sources of error include the following:

Differences in tissue composition: Positioning of a cortical VOI toward the edge of gray matter in one scan
vs. toward white matter in aecond longitudinal scan will introduce measurement error due to the tissue
composition and partial volume effects. In cresesctional measurement, these differences can also be
significant for subjects at threshold of positivity.

Tissue truncation: lthe scan does not have a complete cerebellum or other region, and the VOI samples
the empty space, a large error can residfpending upon proportion of missing tissue for the VOI
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Differences in tissue sampled: Measurmtifferent portions of tissude.g, the full region in one scan vs.
only a part of the region due to tissue truncation in the second sean)ss longitudinal scans can
introduce erros of a few to several percent

Table 22. Region placement specifications.

Parameter Entity/Actor Specifiation

Region placemen| Image Analyst| The placement of all regions of interest and referer
region(s) will be verified to be on the correct tissue

Region placemen| Image Analyst| All regions will be checked to ensure that boundaries do
include empty space (scan truncation). Regions will
adjusted using a consistent approach, such as autom|
exclusion of voxels, with a sdbreshold value, to exclud;
voxels where tissue is missing.

Region placemen| Image Analyst| The same portion of tissue libe measured betweel
longitudinal scans for the same subject.

3.6.3.3 Determine SUVR
3.6.3.3.1 Generate SUVR image

There are two ways to generate SUVR values. In one case, the SUVR image can be generated, and th.
each target region measurement constitutes a SUVR yakuéhere is no need to divide by the reference
region, which is 1. In the other case, SUVR values are generated by measuring values in target regions ar
dividing each by the value measured in the reference region. To generate a SUVR imageageteeace

region has been applied to the scére.,the boundaries aligned with the scathe SUVR image (or DVR

in the case of a fully dynamic scan) can optionally be generated by dividing each voxel value by the
reference region mean.

This is useful for sual comparison and evaluation of images, regardless of which regions are to be
measured quantitatively. Once an SUVR image has been generated, target VOIs can also be applied an
measured without further division by a reference region value.

3.6.3.3.2 Measure Regional Values

The mean value within each VOI is calculated as the numerator f@th&RA cortical average may be
calculated as the average of multip©ls oweighted by the number of voxels in each V@hile the
selection of which regions to include@ how to combine them is dependent upon the study objectives,
minimizing variatiordue to numerous technical factors (including subject motion, axial variability, and
image alignmentjs best achieved when using an average of multiple regidhs. perfomance claims
derivedfrom published studiesn whicha nonweighted average of cingulate, frontal, lateral temporal,
and lateral parietal regionsas applied

3.6.3.3.3 Calculate SUVR

If a SUVR image is not being used, thenSh®/Rs calculated by dividing the VOI value by the reference
region value (which will be 1.0 if measured o8@VRmage). If a parametric image was generated using
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full dynamic scanning, or if a kinetic modelbeing applied to a multimeframe dynamic image, a DVR
value is generated instead.

3.6.3.4 Relating SUVRvalues to other studies : the Centiloid
3.6.3.4.1 The Centiloid Method

Different protocols involve different tracers, target regions, and reference regions, ara #ilese
contribute to how theSUVRan be interpreted with regard to amyloid burden. A value of 1.2, for example,
can be amyloid positive using one tracer and/or set of regions for analysis, but amyloid negative using a
different tracer and/or regions.nl orderto reconcile findings across data acquisition, processing, and
analysis protocols, the concept of the Centiloid was developddnk et al, 2016 The Centiloid is not
intended to dictate the method for acquiring and processing data, but rathgrawvide a way to equate
results obtained with a broad variety of pr ot c
standard” set of results derived from young hee
been generated using theadiotracer 11E€PiB and a defined set of target region, reference region, and
image processing and analysis steps. A linear progression of values from 0 (no amyloid) to 100 (mean fo
amyloid positive sporadic AD patients) has been established tiaggpproach

To establish the equivalent “Centiloid value”
differ from the gold standard, two sets of relationships aequired to beempirically derived. Using the
control image set provided by ¢éhCentiloid project, it is first confirmed that by using the prescribed
regions and analysis approaches, @entiloidvalues can beeplicatedwith a correlation(r*2) exceeding

0.98 Secondly, using the new tracer and/or acquisition and analysis parasnet@ues are generated
using both the “gol d-PBtandttdeaattetnate traeet dnd/at methods. Thel C
regression between the two sets of results yields a transform equation that can be applied to results to
convert themttso “fGerntciolnmpiadr iusnoin t o ot her studi e
being applied that for which conversion to Centiloid units has already been established, this reference
transform can bedirectly applied to new studies using the sammonversion parameters. PiB,
flutemetamol, fluorbetaben andther image, SUVR and conversion data are available on the GAAIN
website:http://www.gaain.org/centiloidproject

It is noted that while the Centiloid cdme used to reconcile values across tracers and methods, its use
does not change the withimethod variability or error that is already present (Su et al, 2018).

3.6.3.4.2 Reference Region when using Centiloids

Duringthe development and evaluation of the Centiloidpsioach, several different reference regions
were compared and the best performance was obtained using the Whole Cerebellum, which
outperformed cerebellar cortex and pons (Klunk et al, 2018 Whole Cerebellum is incorporated into

the standard Centiloid pipeline. However, longitudinal evaluation was outside the scope of the original
work, and left forfuture evaluation(Klunk et al, 2015)More recently,the standard Whole Cerebellum
reference region wascomparedto a Subcortical White Matter and Whole Cerebellum (WM+WC)
referencefor potential use in Centiloidharmonization across longitudinal studies (Bourgeat et al, 2021).
Based upon results, a composite reference region including subabvthitematter was recommended

for Florbetapir longitudinal Centiloids. As discussed in se@iéii3.2.2 the whole cerebellum is not
excluded by this Profileub requires particular attention (as must always be paid) to subject motion, edge
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of scanner field of view effects, and consistent head placement within the scanner from scan to scan;
statistically, the longitudinal studies that support the claim tolerarmeggested an advantage for
subcortical white matter.

3.6.3.4.3 Other Factors when using Centiloids

Whil e beyond the scope of this profile, 1t -is n
negative factorization” a e gecampasdd into trompohents bsedSnU V R
calculating Centiloid values improved longitudinal measurement robustness in Centiloid measurement.

3.6.4 Required Characteristics of Resulting Data

The specific trial protocol shall prospectively define the SW&tiRops b be measured, which regions are

to be included in a cortical average if applicable, and how the average is to be calytiated required

for the imaging endpoint. SUVR measueesl the analysis tools used to obtaimeim, including software
versionshall be specified for each protocol and shall be used consistently across all subjects and across al
sequential measurements.

It should be clear which values belong to which brain regreports must clearly associate the region,
including any hemispherieference, with the measured value via column headers or other information
display. Correct association of value and region should be assured via documentation that may include
audit log via software that has been validated to correctly produce thisnméition, DICOM cordinates
captured along with the SUV, provision of t he
measurements for each subject, secondary screen captures of the ROI for identificatibhe volume

of each region measured, in vogdahat can be translated into cc, or in cc, should also be included, along
with the minimum, maximum, and standard deviation within the region mentioned.

The referenceissue (e.g.cerebellum(whole or gray,) pons, subcortical white matter, combinatiorther)
must be reported along with the target region SUV ddtientification should be specific, indicating
whether gray, white, or both tissue types were included, and which slices were included or excluded.

The analysis $tware should generate a repothat is clear, traceable, and interpretable.

3.7 Image Interpretation and Reporting

In the context of this quantitative Profile, interpretation refers to the way in which the quantitative SUVR
or DVR measurements are used, rather than to a visual interpogtati the scan Reporting of SUVR or
DVR values is subject to the requirements of the stisdy Table 23)

Table 23. Image reporting specifications.

Parameter Entity/Actor Specification
Image Image analyst Imaging reportshallconform to the requirements of thg
Reporting study protocol
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3.8 Quality Control

The following section deals with multiple aspects of quality contrahmyloid-PET studies. This includes
selecting and qualifying a PET/CT imaging facility, imaging personnel and PET/CT scanners and ancilla
equipment. In addition, the use of phantom imaging (prior to study initiation and ongoing) is discussed as
well as identifyig subjects whose data may need to be censored duglézk of data integrity. Finally,
postimageacquisition quality assessment is detailed.

3.8.1 Imaging Facility

It is essential to implement quality processes that ensure reliable performance of the scander
consistent image acquisition methodology. These processes must be in place prior to subject imaging and
be foll owed for the duration of the trial. A f
facility selection for participation inrgy clinical trial involving the use amyloidPET/CT as an imaging
biomarker. This imaging capability assessment will include

1 Identification of appropriate imaging equipment intended for use in the trial

1 Documented performance of required quality contqmocedures of the scanner and ancillary
equipment (e.g.radionuclide calibrator

1 Radiotracer quality control procedures

1 Experience of key personnel (technologists, radiologists, physicists and/or other imaging experts)

1 Procedures to ensure imaging protad conformanceduring the trial

3.8.1.1 Site Accreditation/Qualification Maintenance

Whilst imaging facility accreditation is generally considered to be adequate for routine clinical practice
purposes (e.g., ACR, IAC, and TJC), facility qualificatiore@RJ.SNMMI-CTN, ACRIN, and imaging core
labs)-may be requiredor clinical reseash/clinical trial participation. In order to be considered to be
conformantwith this Profile, an imagingcannerfacility must provide documentation of current qualified
status. Appropriate forms, checklists or other process documents should be maintained and presented
upon request to verify that ongoing quality control procedures are being performed in a timelyanann
as dictated by specific clinical study requiremenfsexceptions to any of the performance standards
stated below occur and cannot be remediated on site, the site should promptly communicate the issue to
the appropriate internal overseer for advice tashow the irregularity should be managed. In addition to
documenting the level of performance required for this Profile (and the level of performance achieved),
the frequency of facility accreditation/qualification also needs to be described.

It is impotant to note that that imaging facility Accreditation and/or Qualification, as defined in this Profile
(Table 24)are considered necessary, but are not sufficienbieing conformantvith this ProfileIn order

to be conformantwith the Profile and thusto support the claims of the Profile, all normative
requirements must be met.

Table 24. Site accreditation/qualification specifications.

Parameter Entity/Actor Specification

Accreditation/ | ImagingFacility | Shall maintain andlocument Accredited status for clinic
Quialification Coordinator practice (ACR, IAC, TJC, etc.) or Qualified status for c
trials €.9.,ACRIN, SNMI-CTNEARL]CROs, etc.)
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1300

1301 3.8.2 Imaging Facility Personnel

1302 For each of the personnel categories describedlable 25 there should be training, credentialing,
1303 continuing education and peer review standards defined. Guidelines for training/credentialing for each
1304 resource category are summarized below (UPICT ProSectibn 2.1) Note that only physicians reading
1305 the PEICT amyloid scans need specific training and certification for PET amyloid interpretation.

1306 Table 25. Imaging facility personnel specifications.

Parameter Entity/Actor Specification

Each site shall, at the time of trial activation and prior
Personnel Imaging Facility | subject accrual, have the support of certified technologi
Roster Coordinator physicists, and physicians (as defined below), experienc

the use ofamyloidPET/CT in the conduct of clinical trials

Technologist certification shall besquivalent to the
recommendations published by the representatives fr
the Society of Nuclear Medicinand Molecular Imaging
Technologists Section (SNMTS) and the AmericsSaiety
of Radiologic Technologists (ASRT) and should also me
local, regional, and national regulatory requirements for {
administration of ionizing radiation to patients.

Imaging Facility

Technologist Coordinator

Medical physicists shall be rtidied in Medical Nuclea
Physics or Radiological Physics by the American Boa
Radiology (ABR); in Nuclear Medicine Physics by
Medical Imaging Facility | American Board of Science in Nuclear Medicine (ABSNN
Physicist Coordinator Nuclear Medicine Physics by the Canadian Colleg
Physicistan Medicine; or equivalent certification in othe
countries; or have performed at least two annual faci
surveys over the last 24 months.

Physicians overseeing PET/CT scans dimle board
certification by the Mnerican Board of Nuclear Medicir
(ABNM) and/or the American Board of Radiology (A
(Diagnostic and/or Nuclear Radiology)emuivalent within
the United States or an equivalent entity appropriate for t
geographic location in which the imaging studsgjievill be
performed and/or interpreted.Physiciansinterpreting the
scansshould have appropriate, specific initial training

interpretation of amyloid brain PET studiéspecific to the
PET amyloid tracer being usedhd maintain continuing
proficiency as outlined by national imaging professior
societies, appropriate for the geographic location in wh
imaging studies are performed.

Imaging Facility

Physician Coordinator

1307
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3.8.3 PETScanner

3.8.3.1 PET scanner models

AmyloidPET studies as described in this Profile receitteera PET/CT scannera dedicated PET scanner
with the ability to acquire a transmission imageET/MR scanners majsobe usedif the repeatability
of the SUVRs from these scanners is conformart wieé assumptions underlying the claimSee Table
26.

Scanners used in a study shouddd identified based on manufacturer, name and model. Hardware
specifications should be documented. Scanner software name and version should be documented at the
time of trial initiation and at the time of any and all updates or upgrades.

PET scanner teablogy continues to evolve and in general for a study, and where possible it is advisable
to minimize variability in scanner resolution and performaaceoss sitesNewer scanners with greater
resolution and lower noise offer the opportunity to resolvgrgl in smaller structures and to minimize
spilkin to cortical regions from surrounding tissue. ladvisableto use scanners that are well supported

by the manufacturerand likely to be in use for the duration of a clinical trial

3.8.3.2 Use of same scannerfor longitudinal scans

To achieve its longitudinal clajrihis Profile requireshat all scans fom given subjecbe imaged on the

same device over the entire course of a study. In theory, it may be feasible to use a replacement scanner
if quantitative equivalence with the replacement scanner can be clearly demonstrated. However, there
are currently no accepted criteria for demonstrating quantitative equivalence between scariheiise
versions of this Profile may provide such criteria. It is impeeatinat the trial sponsor be notified of a
scanner substitution i& scanner change occurs

It is also advisable that the same scanner software be used for all longitudinal scans for a sutiject.
event that software upgrades are required, the qualiontol measures discussed in section 3.8.4 should
be performed before and after to assure that SUVR or other quantitative endpoints will be consistent.

Table 26. PET scanner specifications.

Parameter Entity/Actor Specification
Scannehardware | Imaging Facility The same scanner will be used for all longitudi
Coordinator scans acquired for the same subject.
Scanner operating | Imaging Facility The same scanner software will be used for
software Coordinator longitudinal scans acquired féhe same subjecfor
requalified if update is necessary)

3.8.4 PET Scanner Quality Control

3.8.4.1 Requirements for quality control

In order to meet profile claims, it is important that the PET scanner meets certain performance
specifications.PET scannermust undergo routine quality assurance and quality control processes

QIBA Amyloid PET Profil&Jur2022| Technically Confirmed Error! AutoText entry not defined.



1339
1340
1341
1342
1343
1344
1345

1346
1347
1348

1349

1350

1351
1352
1353
1354
1355

1356

1357
1358
1359
1360

1361
1362
1363
1364
1365

1366
1367
1368
1369
1370
1371
1372
1373
1374
1375

1376
1377

QIBA Amyloid PET Profile

(including preventive maintenance schedules) appropriate fomaal applications, as have been well
established by professional and/or regulatory agendie®rder toassure adequate quantitative accuracy
and precision of imaging resultseveralquality assurance measures require particular attention and
explicittesting. These are discussed in the sections below and include: uniformity, calibration, resolution,
and contrastA baseline assessment of ggscanner imaging properties is required before any subjects
are scanned in the trial, after any major hardwaok software modifications that could affect these
properties and at least annually in an extended study.

During clinical trials, iy changes to scanner equipment, either hardware or software, should be
immediately reported to the trial sponsor and/or igeng CRO and may result in the need for re
qualification prior to imaging additional trial subjects.

3.8.4.2 Phantoms for quality control

3.8.4.2.1 Phantom requirements

Some of the required tests, such as uniformity, can be performed with a uniform cylinder and appropriate
measurement software. Other tests, such as contrast or spatial resolution, require phantoms and/or
software methods beyond simple uniform cylinder megsnents.The type of phantom(s) that can be
used to test each specification are indicated for each case below. Phastwukl be adequate to model

and characterize effects of attenuation correction and scatter correction.

3.8.4.2.2 Anthropomorphic phantoms

An anhropomorphic phantom with a spatial distribution similar to cortical gray/white matseich as the
Hoffman Phantom,s recommended when available for testing some of the specifications. Such a
phantom isuseful to simulate the human brain, amyloid uptakatterns, and the amyloid SUVR
measurandTests (described in sections below) for which such a phantom can be used include verifying:

contrast

resolution

uniformity

scanner normalization via-plane and axial comparisons to an analytical gold standarthfdr
phantom over the complete field of view to be used by the amyloid measurement.

T
T
T
1

Contrast ratios of amyloid tracer uptake vary between normal and abnormal subjects, and also between
different amyloid tracersHowever it is recommended that the phantotme filled such that the activity
concentration in the highest uptake regions be similar to the expected white matter uptake in subjects
with amyloid deposition. For the Hoffman phantom, it is recommended that the activity at the start of the
scan be 0.8.6 mCi (18.22.2 MBq) to obtain approximately a 15 kBqg/ml activity in the gray matter
regions of the phantom. For data acquisition, the Hoffman phantom should be centered in the FOV of the
PET scanner and data acquired for 20 minutes. Moreover, imagastaction methods and settings
should equal those specified in the study. The gwstcessing and data analysis should be as similar as
possible to those used with patient data. See AppeesdiG and for best practices guidance for this
phantom.

A cavat in using the Hoffman phantorns that due toits complexity filling artifacts (air bubbles, uneven
mixing) can arise, leading to erroneous conclusions regarding uniformity.
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To support use of phantoms such as the Hoffman, options that might be consideradoerprotocol
basis include but are not limited to:

1. Each site uses a single phantom for the duration of the trial but not necessarily the same model of
phantom used at other sites.

2. All sites use phantoms of the same model for the duration of the. trial

3. All sites use phantoms built to precise specifications for the duration of the trial.

4. All sites share a single phantom for the duration of the trial.

3.8.4.2.3 Alternate phantoms

Phantoms such as the Hoffman are relatively expensive and therefore many or mgstgnsées do not

own one. Sharing a phantom may not be feasible for a clinical trial, or for clinical application that does not
involve a centrally managed trial. Alternative phantom approaches are therefore listed for each of the test
requirements.In adlition, software developed by Lodge et al (2009) and available to SNMMI members at
www.SNMMI.org/PA®Rllows systematic measurement of the following scanner characteristgisg a
uniform cylinder:

1 contrast

1 resoluion

1 uniformity

9 scanner normalization

An example report produced by the softwaeeincluded as Appendix J.

Alternative phantoms having variable intensity regions may also be used for testing.

3.8.4.2.4 Other considerations

Forphantomimage analysis, there are many combinations of hardware and software that are used. The
software alone comprises multiple layers including the operating system, several base modules for input
and display, and the components that draw/calculate ROIs aluliledethe SUVRSee Section 4.4 and
Appendix F for information regarding analysis workstations.

3.8.4.3 Routine quality control schedule

Table 27. Routine QC specifications.

Parameter Entity/Actor Specification
RoutineQA/QC Technologist At a minimum, QA/QC procedures shall be perforn
Checks daily, quarterly, and annuallyaccording to vendo

recommendations.

Daily QC procedures shall be performed prior to
subjectscan.
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3.8.4.4 Uniformity and Calibration

Verificationof scanner normalization with uniform phantom is a minimum requirement for all scanners
used in clinical trials including those that only have qualitative endpdd®s. Tables 27 and 28.

In addition to head motion, variation in the uniformity of the PET scanner can have one ofjtleatest
adverse effects upon longitudinal amyloid measurement variability.

To illustrate this, Figur8 shows a volumetric MRI brain positioned within the axial field of view of two
different scanners. Within the brain, an example target region and reference region are delin€aeed.
deviations of the actual slieley-slice decay and scattercorrected values measured using aniform
cylindrical phantonmelative to the average value are plotted. These graphs were generatedaadtagre
(Lodge et al, 2009jvailable to members of SNMMI aivw.SNMMI.org/PATThe scanar on the left has
uniformity within 1.55% of the mean axial value, whereas the scanner on the right deviates by more than
5%.Worse cases exist in the field, and the standard allowed tolerance isTh@tolerance is problematic

for longitudinal amyloidmeasurementand can introduce error that would invalidate the longitudinal
Claim of this profile.In the case on the right, if the head is positioned differently from one scan to the
next, an automatic measurement error will be introduced into the SUM&td the difference in slice
sensitivities.For example, target region and/or reference region values may change by several percent
simply because they are now aligned with a slice(s) whose sensitivity deviates from that of the previous
slice(s) with whik the regions were alignedf.the reference region and target region are in the same axial
slices the difference will cancel outHowever, the cerebellum or pons, often used as reference regions,
do not occupy the same slices as most target regionslaeetfore error does not cancel out. In practice,

the head is typically at an angle within the scanner, but the same principles apply.

% Mean normalized intensity profile - Mean=1.00 SUV Mean normalized intensity profile - Mean=1.37 SUV

i
=}
1

o
®

Mean normalized intensity
<] =]
S o

0.2

90 7% -1s0 -100 %0 o 50 100 150 200 =300 %0 5 0 100
Offset from center in axial direction (mm) Offset from center in axial direction (mm)
Figure8. Uniformity measurement across the axial field of view, and impact on SUVR
measurement. The scanner at lefidra maximum deviation from the mean valuehb65%,
whereas the scanner on the right deviates by 5.059fical standards allow deviations of up to
10%, which can introduce significant error into longitudinal measurement.

In addition, in both of the exampleshown in Figurd, it can be seen that toward the edges of the axial
field of view (FOV), measurement sensitivity becomes much more variable. This is particularly
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problematic in scanners with short FO\&ich as the Sieems ECAT HR¥hefiltering that is typically
applied to compensate for sensitivity loss at the edgetiallyserves to amplify noise. If the reference
tissue is at the edge of the scanner field of view additional error may be introduced that causes large
swings in measured SUVBngitudinal errors of up to 33% have been measured in data from ADNI 1, for
example, when using cerebellar cortex as the reference region.

Selection of reference region and target region in the same axial slices can helpgatenihis potential
source of noise, as the differences cancel dlternativelyor i n addi tion, positi
in exactly the same location from scan to scan can help to minimize error as long as the scanbgr slice
slice sensitivity @ not changed (which may or may not be the caBespite these mitigations, it is still
important to assure that scanner uniformity (other than at the very edge, where typically infeasible), is
within a tolerance that is +/3% in this Profile.

Note thatuniformity should also be consistentplane,i.e.,in x and y directionsAn example of poor in
plane uniformity is shown in Appendix Eixample 5, visibly obviousing a Hoffman phantom.

Table 28. Uniformity and calibration specifications.

Parameter Entity/Actor Specification

Uniformity QC | Technologist At baseline and ateast quarterly and following softwar
upgrades,maintenance or repairs, and new setuhall
assess transverse and axial uniformity across image pl
by imaging ainiform cylinder phantom

1. Visual check that no streak artifacts or axial plane-n
uniformities are present.

2. The mean values of a large central 2D ROI for all in
slices(resulting in a 3D VOBBhall be compared with
similar previous scans to check for measura
differences.

Alternatively, ifthe Hoffman phantom or equivalent
available, ifplane and axial uniformity can also be visug
assessed as shown in Appendix H.

Uniformity Technologisbr Axial uniformityshall bemeasuredat least monthlyby
measurement Medical Physicist| placing a circular ROI that is at least 1 cm in diameter
than the active diameter of the cylinder phantom, center
on each of the axigblanes The phantom image is to b
corrected for attenuation, scatter, and decaylean axia
concentrdions in ROIs in the central 80% of plaskallbe
within £3% of the overall averager each qualified axig
slice within sufficient distance from thaxial edge of the
field of view (24 cmas availablg A method and software
such as the PAT Uniformity software available from SNI
may be used for measurement.
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Parameter Entity/Actor Specification

Uniformity across planes against a gold standard refere
can also be measured using a Hadfm phantom ag
described in Appendix H.

Harmonized image reconstruction protocols are availa
(i.e., known recovery coefficients versus size for a gi
test object such as the modified NEMA {8Umage Quality
phantom.

3.8.4.5 Resolution

The spatial resolution of a scanner refers to its ability to distinguish betweenlififezent point sources

in a reconstructed imageypically referred to as the fulividth at haltmaximum (FWHM) of a point spread
function (PSFPET scanndrardware, reconstruction methods and reconstruction parameter selections
can result in dramatically different spatial resolutions in the reconstructed images. Because partial volume
effects (especially between gray and white matter regions) can bias nmaglpia PET measurands, it is
essential to calibrate the spatial resolution of each scanner using the acquisition and reconstruction
protocol planned for patient imagindhe assessment of adequateannerresolution should include both

a qualitative evalu@on (using clinicabr anthropomorphic phantonmmages) and quantitative assessment
(using phantorrdefined criteria).

For group analyses involving scans acquired from different scann@sstaeconstruction smoothing
operation can then be applied foralculation of a measurand at a uniform spatial resolutamross
scannersReducing variability translates into increased statistical power given a certain samplé size.
slight favorable impact of smoothing upon longitudinal variability was reported bygeat et al (2021),
although this effect was not as great as reference region or other fackmmsa single withisubject
evaluation where crosscanner reconciliation is not relevant, ensuring adequate resolutiaptranslate

to clinical impact regaiidg the ability to distinguish amyloid signal and to detect charigehis case,

while smoothing to adjust for small spatial differences in signal between longitudinal scans may be useful,
oversmoothing could reduce sensitivity to changée Claim of tlsi Profile is for a singlsubjectand
smoothing, while recommended for group analyses, is not stated as a required ac8eryTable 29.

Table 29. Resolution specifications.

Parameter Entity/Actor Specification
PET scanner NuclearMedicine | Shall performand documenton at least an annual basis
Resolution Physiciaror during an initial site qualification procesa qualitative

Image Analyst resolution QC test by wusi
verifying resolution of normal gross anaic features
within either a clinical image or representativbrain

phantom
PET scanner Medical Physicist| Shall perform quring an initial site qualification proces
Resolution and then at least everyone yean and document
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Parameter Entity/Actor

Specification

performance of a guantitative assessment (using

phantom with differing size defined targets such as

Hoffman,ACR or NEMA 1Q phantoms) $patialresolution.
The FWHM resolution of the scanner should be <= 8.0
with apreferable targt of 4 to 5 mm

Measuremenimethods may include the following:

(1) Acquire data using the Hoffman phantom a
comput e t he FWHM “H
[Joshi/Koeppe Neurolmage 46 (2009) 459] FWHM
resolution, in transverse and axial directions. ¢
appendk H for details.

(2) Follow the modified procedure developed by Lodge
al. [JNM 2009; 50:130¥314] to use a slightly tilte
uniform phantom to get axial and 4plane spatial
resolution. Use the softwareavailable to SNMM
members atvwww.SNMMI.org/PAT

(3) Usea published method as iGong et al, Phys Med
Biol. 2016 Mar 7; 61(5): N19R203, or Quality
assurance for PET and PET/CT systemd/ienna:
International Atomic Energy Agency, 2008BN 978
92-0-1036094, or alternativereference.

3.8.4.6 Noise

The PET noise shall be checked per the specifications in Table 30.

Table 30. Noise specifications.

Parameter Entity/Actor Specification

Phantom tests: | Medical physicist| Shall performat baseline,quarterly and after scanne
Frequencyof upgradesmaintenance or repairgndnew setups.

noise

measurements

Phantom test Medicalphysicist
noise
measurements

A uniform cylinder phantom or equivalent shall be fill
with an 18F concentration in the uniform ares
(approximately 0.1 to 0.2rC/ml) and scanned using thg
intended acquisition protocol. Using a rectangular
spherical region as close as possible to, but no smaller t
3cmto a side, the COV of the voxel values withe region
should be belowl 5% for the slices within the central 80
of the axial FOV
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3.8.4.7 Contrast

Generally, thepurposespecificphantom scans must provide a metric to characterize these imaging
propertiesas shown in Table 31.

Table 31. Contrast spéications.

Parameter Entity/Actor Specification

Phantom test: Medical physicist | At baseline and atleast quarterly and following
contrast software upgradesmaintenance or repairs, and ne
measurement setups,shall assessnage contrast afollows:

Using a phantom that contains different regio
having uptake ratios between 2:1 and 4:1, meas
the high to low ratio and ensure that the ratio is with
the spec.

1 If using ACR PET phantom, see thmerican
Association of Physicsin Medicine (AAPMYask
Group 126 (T€26) 2019 report on PET/C]
Acceptance Testing and Quality Assurance

1 If using Hoffman phantom, see Appendix H for m
details on use of the Hoffman phantom, which h
a 4.1 gray to white contrast ratio.

3.8.4.8 Accuracy

For trials with quantitative PET measurements, assessmkeatanner uniformityshould also include a
comparison against a radionuclide calibrator to ensure quantitative accuracy; that is, a comparison of the
absolute activity measured versus the measus@tbunt injected should be performe@.cross calibration

of the PET system against the (locally) used radionuclide calitslaterdd bewithin 10%(Table 32) The

QC procedures should utilize the same acquisition/reconstruction protocol, software anigsetitiat are

used for the subject scans. This comparison is particularly important after software or hardware upgrades.
If the trial requires absolute quantification in baseline images or absolute changes in longitudinal studies,
it should be considered timclude an image quality and/or contrast recovery QC assessment as part of the
routine QC procedures and/or scanner validation process.

Clinical trials using only relative changes in longitudinal studigsh as for the claim in this Profitaay
not require contrast recovery assessments prowdeere is appropriate consideration for the minimum
size of target lesions based on the partial volume effect.
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Table 32. Accuracy specifications.

Parameter Entity/Actor Specification

Phantom testSUVR | Medical physicist| The quantitative accuracy of the scanner shall
accuracy within +10% of the crosseferenced radionuclidg
calibrator (when properly calibrated).

Accuracy may be tested using the SNMMI F
Uniformity software and a uniform cylinde
Alternatively, sing a Hoffma phantom PET image ¢
an alternate phantom measurement method th
provides similar contrast intensities, perform t
intended postprocessing and image analysis
confirm SUVR accuracy. See Appendix H for n
details on the Hoffman phantom, and Appexd for
DRO.

3.8.5 Ancillary Equipment

3.8.5.1 Radionuclide Calibrator

The following guidelines are collected from ANSI standard N42.13, 2004 and IAEA Technical Report Serie
TR$A54. All requirements assume measurements on unit dosesnofioid tracerand that calibration
sources are in the 'syringe' geometry (i.e., no kidkes).

The Constancy tesinsures reproducibility of an activity measurement over a long period of time by
measuring a longjved source of known activity.

The Accuracy test ensures that the activity values determined by the radionuclide calibratomiaet co
and traceable to national or international standards within reported uncertainties.

The Linearity test confirms that, for an individual radionuclide, the same calibration setting can be applied
to obtain the correct activity readout over the rangeusfe for that radionuclide calibratoiSee Table 33
for more details.

Table 33. Radionuclide calibrator specifications.

Parameter Entity/Actor Specification

Radionuclide Technologist Shall evaluate daily (or after any radionuclide calibrat
Calibrator event) using a NISifaceable (or equivalent) simulatek8F,
Constancy Cs137, or Ceb7 radionuclide calibrator standard ar

confirmed that measured activity differs by no greater th
2.5 % from the expected value.

Radionuclide Technologist Shallevaluateannually(or after any radionuclide calibratg
Calibrator event) with a NISTraceable (or equivalent) simulated18
Accuracy radionuclide calibrator standar(preferred although use o

other longlived NIST staratds are acceptable) Shall
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Parameter Entity/Actor Specification
confirm that net measured activities differ no greater th
+2.5% from expected value.
Radionuclide Technologist or | Shallevaluatequarterly(or after any radionuclide calibratg
Calibrator Radiation safety | event) using eithel8F or Te99m and should be within £2.
Linearity officer or Medical | % of the true value over an operating range of13710 MBq

Physicist (1 to 30 mCi) and the true value is determined by a lineg
(to the log data) over the same oging range Concentric

sleeve method is acceptable.

PET Radiation
Dose

Shall record the radiation dose from the administer
activity and accompanying information in a DIC(
Radiopharmaceutical Administration Radiation D¢
Structured Report.

Technologist

3.8.5.2 Scales and stadiometers
Scales and stadiometers should be inspected and calibrated at installation and arihabley 34)

Table 34. Scales and stadiometers specifications.

Parameter Entity/Actor Specification

Scales Technologist / Shall evaluate annually or after any repair by qualifig
Physicist / personnel.
Approved
personnel

3.8.5.3 Clocks and timing devices

ThePETand CTscanner computeyand all clocks in an imaging facility used to record activity/injection
measurements should be synchronized to standard time reference withinminute (Table 35) These
include any clocks or timekeeping systems that are connected wihuab j antylod-PETstudy, in
particular those associated with the radionuclide calibrator, the injection room, the scaandrthe
acquisition computer(s)The synchronization of all clocite date, time of day and to time zonshould

be monitored periodically asgot of ongoing QA program. In particular, clocks should be inspected
immediately after power outagesr civil changes for Daylight Savings (NA) or Summer Time (Eurgct
synchronization could be achieved using the Consistent Time Integration Peofikefiaed in the IHE IT
Infrastructure Technical Framework. The Consistent Time Profile requires the use of the Network Time
Protocol (NTPWww.NTP.ory
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1530 Table 35. Clocks and timing devices specifications.

Parameter Ertity/Actor Specification

Scanner and sitg Technologist PETand CTscanner computeyand all clocks in an Imagir

clocks Physicist facility used to record activity/injection measurements sk
approved be synchronized to standard time reference within-1+
personnel minute.

Synchronization of all clocks used in the conduct of
amyloidPET study shall be checked weekly after power
outagesor civil changes for Daylight Savings (NA) or Sum
Time (Eur)

Scanner and sitq Specific Device | Provide time synchronization as per the IHE Consistent
clocks Integration Profile.

Dose calibrator | DoseCalibrator | Electronic record of output from a dose calibrator shall
clock synchronized with other time keeping devices.

1531

1532 3.8.6 Quality Control of Amyloid-PETstudies

1533 3.8.6.1 Data Integrity

1534 The integrity of DICOM image headers should be reviewed and confirmed for DICDNarst

1535 compliance, regulatory compliance (including privacy protection, such as may be required by such rules
1536 as the HIPAA Privacy Rule if applicable), protocol compliance, sufficiency for the intended analysis (e.g.
1537 to compute SUV) and consistency withusce data such as CRFs.

1538 3.8.6.2 Determination of Image Quality

1539 CTand 68Ge transmissiommages should be reviewed by the Image Analystafsessment of image
1540 quality and forpotential artifacts such as beam hardening, metal objects, and motion. PET imagé&s shou
1541 be compared to thetransmissionimages for proper image registration and potential attenuation
1542 correction artifacts.Both uncorrected and attenuation corrected images may need to be assessed to
1543 identify any artifacts caused by contrast agents, metallanfs and/or subject motion. For example,
1544 ~movement or migegistration can lead to poor quality quantitative data and invalid numbers. Some
1545 images may be too poor in quality to quantify. Statistical quality of images is important to report, but not
1546 a fullsubstitute for quality.

1547
1548
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4. ConformanceProcedures

Relation of this Profile to Expectations for QIBA Pr&fdaformance
Definitions (from Appendix C):

Qualified The imaging site is formally approved by an appropriate body A@RIN, CQIE, SMMN,
EANMEARL, an imaging laboratary CRO) for a specific clinical research study.

Accredited Approval by an independent body or group for broad clinical usage (requires ongoing QA/QC)
e.g,ACR, IAC, TJC

Conformant The imaging siteand equipment meet all the requirements described herein, which are
necessary to meet the QIBA Profile claim.

The requirements included here are intended to establish a baseline level of capabilities. Providing higher
levels of performance or advanced edgilities is both allowed and encouragdelrthermore,the QIBA

Profile is not intended to limit equipment suppliers in any way with respect to how they meet these
requirements. Institutions meeting the stated criteria are considered to be Qi@#&ormant

4.1 PerformanceAssessmentImage Acquisition Site

Typicallyglinical sites are selected due to their competencaeenrologyand access to a sufficiently large
subject population under consideration. For imagsigs, it is important to have availabilitgf:

Appropriate imaging equipment and quality control processes,

Appropriate ancillary equipment and access to radiotracer and contrast material,

Experienced Technologists (CT and PET trained) for the subject handling and imaging procedure,
Appropriately tained Radiologists/Nuclear Medicine Physicians for image analysis and diagnostic
interpretation,

Appropriately trained image analysts, with oversight by a Radiologist or Nuclear Medicine Physician,
Medical Physics support to ensure appropriate scanner egudpment calibrationand to address
issues relating to quantification such as attenuation maps or movement

1 Processes that assure imaging QIBA Probildformantimage generation in appropriate time window

il
il
T
T

= =

A QA/QC program for PET scanners and ancillevices must be in place to achiethe goals of the
clinical trial. The minimum requirements are specified able 36 This program shall include (a) elements

to verify that imaging facilities are performing imaging studies correctly and (b) elementgifp that
facility's PET scanners are performing within specified calibration values. These may involve additional PE’
and CT phantom testing that address issues relating to both radiation dose and image quality (which may
include issues relating to watecalibration, uniformity, noise, spatial resolutienin the axial plane
reconstructed slice thicknessaxis resolution, contrast scale, and othend constancy There is
agreement that some performance testing.g.,constancy phantom) addglue; however, acceptable
performancelevels, frequency of performance, triggers for action and mitigation strategies need further
definition before these can be requiredhis phantom testing may be done in addition to the QA program
defined by the dewie manufacturer as it evaluates performance that is specific to the goals of the clinical
trial.
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1586 Table 36. Performance assessment for site specifications.

1587

1588

1589
1590
1591
1592
1593
1594

1595
1596
1597
1598

1599
1600
1601
1602

1603
1604
1605

Parameter | Entity/Actor Specification

PETScanner | Site ThisProfile shall only address full rif@ET scannetbat have the
capability of acquiring a transmission image for attenuat
correction and have a minimum axial FOV of 15 cm for a s
bed position

CT Scanner | Technologist Foll ow manufacturer’s recom

Calibration

PETScanner | Technologist Shall perform daily/weekly/monthly scanner Q#nd vendor

Calibration recommended maintenance procedures (e.g., replace w
transmission sources for dedicated PET scanrem¥ure that
output values are acceptable and manually enter
form/electronic database

PET Scanne| Technologist Shall perform constancy for example, aGe68 cylinder if

Calibration applicablg scan (preferably NIST traceable or equivaletd

Constancy gather information regarding uniformity as wedt least weekly

Check and after each calibration.

Radionuclide Technologist Calibrated tal8F using NIST traceable source or equivadghier

calibrator by site or calibrator manufacturer

4.2 Performance AssessmenfPETAcquisition Device

Distinct from theperformance specifications and frequency of testing described in Sectignwhigh

apply to quality control of the Acquisition Device at the imaging facility, this Section defines performance
specifications of the Acquisition Device to be met upon leathegnanufacturing facilityln order to be

in conformancewith this Profile, the Acquisition Device should be held to the same standard whether a
mobile utility or a fixed installation; a mobile scanner may require additional calibration to achieve this
performance(see Table 37)

The PET scanner should use DICOM attributes to follow version numbers of software for: 1 Acquisition, 2
Reconstruction, 3 Pogtrocessing, 4 Display/ROI analysis, 5 Dynamic Andgsfermance requirements
regarding softwareversion identification, documentation and tracking across time are described in
Section 4.5.

The PET scan acquisition start time should be used for the decay reference time and the integral model
should be used for decay correction. The scanner shouttbpe all decay corrections.€., not the
operator).Image data are to be given inunits Bg/Mil.LDer i ved” i mages (di sti nc
be flagged following the DICOM standard and should retain the scan acquisition date and time fields.

All needed information for fully corrected administered activity (eigsidual activity, injection time,
calibration time) is required. Note that use of the teadministered activitypelow refers to fully corrected
net radioactivity.
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Baseline levatonformaner equi res t hat the DI COM i mage set fr
metadata (that is not currently captured by all PET scanner acquisition processes) is captured in trial
documentation, e.g.case report forms. The metadata is required to perform the quantitative analysis and
perform quality control on SUV covariates. This includes for examplejmestion residual activity and
subject height. This data should be captured in the '‘Commoma BPatmat Mechanism' as described in
Appendix E.

The DICOM format used by the PET scanner should meet the Conformance Statement written by
manufacturer of the PET system. PET data shall be encoded in the DICOM PET or Enhanced PET Im:e
Storage SOP Classgan activityconcentration units (Bg/ml) with additional parameters in public DICOM
fields to calculate SUVs (e.geight, weight, scale factors). CT data should be encoded in CT or Enhanced
CT Image Storage SOP Class. DICOM data shall be transfergetthe&:§)ICOM Part 8 network protocol or

as offline DICOM Part 10 files for media storage including CDs and DVDs. They shall be transferred withot
any form of lossy compression.

The metainformation is the information that is separate, or in addition tbetimage values (in units of
Bg/ml) that is deemed necessary for quantitatively accurate representation of PET SUVs. The meta
information may also include other information beyond that need for calculation of SléV.she type

and or sequencing of thepy, the blood glucose levels, the scanner SUV stability history, etc. The actual
mechanism of capturing the information is not specified in this Profile. The intent here is to list what
information should be captured rather than the mechanism itself. Tleelmanism can range from paper
notes, to scanned forms or electronic data records, to direct entry from the measurement equipment into
pre-specified DICOM fields (i,drom the PET scanner or auxiliary measurement devices such as the
radionuclide calibratg. Ideally all of the specified met#ata will be captured by direct electronic entry

to DICOM fields, after suitable modification of the DICOM format for PET imaging.

In some facility workflows, the Acquisition Device may also provide workstation&isalpol
functionality. For example, the display of an SUV statistdisplay of Tracer Uptake Time nmeago appy
to the Acquisition Devigef used in this manner.

The concept endorsed here is that the needed radda is identified. Through revisie of this Profile,
the DICOM standard, and technology the mdta is inserted into the analysis stream (Figbyen a
more direct manner and technology and accepted standards evolve.

Table 37. Performance assessment for PET acquisition device spdicifis.

Parameter Entity/Actor Specification

CT calibration | Acquisition Daily water equivalent phantom values shall be tracked in

tracking Device DICOM header

PET calibration| Acquisition The currentSUV calibration factoshall be included in thg¢

factor Device DICOM header

PET QA status| Acquisition Date/time and $atus of systemwide QA checksshould be
Device captured separatly.

Radionuclide | Acquisition Calibration factor for an -E8 NIST-traceable (or equivalent

calibrator Device source with identifying information shall be tracked in t

calibration DICOM headewith Date/Time
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Parameter Entity/Actor Specification

PET Scanner | Acquisition Shall be able to be calibrated according to fipecifications in sectio

calibration Device 3.8.4

Weight Acquisition Shall be able to record patient weight in Ibs or kg as supy
Device from the modality worklist and/or operatr entry into scannel

interface. Shall be stored in Patient Weight field (0010,103(
the DICOM image header, as per DICOM standard.

Patient weight shall be specifiable with 4 significant digits.

Patient weightshall betransferrabledirectly from measuremen
device into scanner by electronic, HIS/RIS, or other me
bypassing all operator entry, but stippermitting operator

correction
BMI Acquisition Depending upon the study requirements, BMI shall be speci
Device
Height Acquisition Shall be able to record patient height in feet/inches or cm/m
Device supplied from the modality worklist and/or operator entry in

scanner interface. Shall be stored in Patient Size |
(0010,1020) in the DICOM image header, as p¢COM
standard.

Patient height shall be specifiable with 3 significant digits.

Patient heightshall betransferrabledirectly from measuremen
device into scanner by electronic, HIS/RIS, or other me
bypassing all operator entry, but stifpermitting operator
correction

Administered | Acquisition Shall be able to accept the radionuclide type (F€l8) from the
Radionuclide | Device DICOM Modality Workliseither from the NM/PET Protocg
Context, if present, or by deriving it from the Reques
Procedure Code via a locally configurable tables of values
Shall be able to enter the radionuclide type (i.€-18) by
operator entry into the scanner interface.

Shall be recorded in Radionuclide Code Sequence (0054,03
the DICOM image header (e.9;XA 1 A1 ,®FERD r i 1

Shall be able to accept the radionuclide type (iFl8) directly
from the measurement devic@lose calibrator) or managemel
system, using the Sup 159 Radiopharmaceutical Administrz
Radiation Dose Repoftypassing all operator entry, but st
permitting operator correction

Administered | Acquisition Shall be able to record thepecificradiotraceras supplied by,
Radiotracer Device operator entry into the scanner interface. Shall be recorde(
Radiauclide Code Sequence field (0054,0300) in the DIG
image headere.g., GB1031 S Rubrodedxyglucose'® ) .
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Parameter

Entity/Actor

Specification

Administered
Radiotracer
radioactivity

Acquisition
Device

Shall be able tenter the administered radioactivity, in bot
MBq and mCias supplied by operator entry into the scann
interface. Shall be recorded in Radionuclide Total Dose
(0018,1074) in the DICOM image heanfeBq

Shall be able to record with separate entry fields on scar
interface:

the pre-injection 18FAmyloid tracerradioactivity

time of measurement of prénjection 18FAmyloid tracer
radioactivity

the residual activity after injection
time of measurement the residual radioactivity after injectior

Shall automatically calculate the administered radioactiahd
store in the Radionuclide Total Dose field (0018,1074) in
DICOM image header.

Alternatively, shall be able to receive this information as
DICOM Supplement 159.

Patient Administered Radiotracer radioactivity information sk
be transferred directly from measurement device into scan
by electronic, HIS/RIS, or other means, bypassing all ope|
entry, but stillpermitting operatorcorrection

Administered
Radotracer
Time

Acquisition
Device

Shall be able to record the time of the start of activity inject
as supplied by operator entry into the scanner interface. Shal
recorded in Radiopharmaceutical Start Date Time f
(0018,1078) (preferred) or Radiopinaaceutical Start Time fiel
(0018,1072).

Shall be able to recorthe time of the start of activity injectiorn
as supplied by operator entry into the scanner interface. Sha
recorded in Radiopharmaceutical Start Date Time f
(0018,1078).1.e., not Radiopharmaceutical Start Time fie
(0018,1072).

Shall be able to recorthe time of the stop of activity injectio
as supplied by operator entry into the scanner interface. Sha
recorded in Radiopharmaceutical Stop Date Time f
(0018,1079).

Decay
Correction
Methodology

Acquisition
Device

Encoded voxel values with Rescale Slope field (0028,1
applied shall be decay corrected by the scanner software
the operator) to a single reference time (regardless of |
position), which is the start time of the first acquisition, wh
shall beencoded in the Series Time field (0008,0031) for orig

images.
Corrected I mage field (0028
and Decay Correction f i ewhidh
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Parameter Entity/Actor Specification
means that the images are decay corrected to the earl
Acqgusition Time (0008, 0032)
Scanning Acquisition Shall be able to support Profile Protocol (Sec®®PET and C
Workflow Device order(s) of acquisition.
Shall be able to preefine and save (by imaging site) a Pro
acquisition Protocol fopatient acquisition.
Shall be able to interpret previouskgconstructed patient
Images to regenerate acquisition protocol.
Shall be configurable to store (or receive) acquisition parame
as predefined protocols (in a proprietary or standdamat), to
allow reuse of such stored protocols to meet mutenter
specifications and to achieve repeatable performance ac
time points for the same subject
CT Acquisition | Acquisition Shall record all key acquisition parameters the CT image
Parameters Device header, using standard DICOM fields. Includes but not limite
Actual Field of View, Scan Duration, Scan Plane, Total Collin
Width, Single Collimation Width, Scan Pitch, Tube Poter
Tube Current, Rotation Time, Exposure and SNedth in the
DICOM image header.
CT based Acquisition Shall record information in PET DICOM image header whig
attenuation Device images were used for corrections (attenuation, scatter, etc.)
correction
PETICT Acquisition Shall beable to align PET and CT images within £2 mm in
Alignment Device direction.
Shall be able to align PET and CT images within £2 mm i
directionunder maximum load over the excan length.
CT Absorbed | Acquisition Shall record thabsorbed dose (CTDI, DLP) in a DICOM Rad
Radiation Dose Device Dose Structured Report.
Activity Acquisition Shall be able to store and record (rescaled) image data in
Concentration | Device of Bg/ml and use a value of BQML for Units field (0054,1001
in the
Reconstructed
Images
Tracer Uptake | Acquisition Shall be derivable from the difference between t
Time Device Radiopharmaceutical Date Time field {801078) (preferred) o

Radiopharmaceutical Start Time field (0018,1072) and the S
Time field (0008,0031) or earliest Acquisition Time f
(0008,0032) in the series (i.e., the start of acquisition at the
bed position),which should be reportedhs series time fielg
(0008,0031).
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Parameter Entity/Actor Specification
PET Voxel size| Acquisition See Section 4.3 (PET Voxel size) under the Reconstry
Device Software specification requirements.
CT Voxel size | Acquisition Shall be no greater than the reconstructed PET voxel size
Device Voxels shall be square, although are not required to be isotr
in the Z (headoot) axis.
Not required to be the same as the reconstructed PET voxel
Subject Acquisition Shall be able to record the subject position in the Pati
Positioning Device Orientation Code Sequence field (0054,04@@ether prone or
supine)and Patient Gantry Relationship Code field Seque
(0054,0414) whetherheador feet first).
Scanning Acquisition Shall be able to record the scanning direction (craniocauslg
Direction Device caudocranial) into an appropriate DICOM field.
Documentation| Acquisition Shall be able to record and define theyaxis FOVcquired in
of Exam Device Field of View Dimensions (0018,1149) and reconstructe
Specification Reconstruction Diametg0018,1100).
Shall be able to define the extent of anatomic coveragsed on
distance from defined landmark site (e.gertex, EAM). (both
the landmark location (anatomically) and the distance scan
from landmark) would require DICOM tags)
Shall be able to be reportable for future scanning sessions.
The Acquisition Bvice shall record the -axis FOV whic
represents the actual distance of scan anatomic coverage (¢
Differential Acquisition Shall be able tacquire and record non uniform scan times
Acquisition Device dependent upon areas of clinicebncern Recording can b
Time done through the use of Actual Frame Duration (0018,1242)
Frame Reference Time (0054, 1300).
Events Acquisition Shall record any events such as patient stopped scanning sg
Device or got up out of scanner durirgcanning session. (These eve
are to be recorded on the scanning session CRF at a minim
DICOM Acquisition All image data and scan parameters shall be transferable
Compliance Device appropriate DICOM fields according to the DIC&iviformance
statement for the PET scanner.
DICOM Data | PET Scanner ¢ PET images shall be encoded in the DICOM PET or Enhang
transfer and Display Image Storage SOP Class, using actaitgentration units
storage format | Workstation (Bg/ml) withadditional parameters stored in public DICOM fig
to enable calculation of SUVSs.
PET images shall be transferred and stored without any for
lossy compression.
DICOM Editing| Acquisition Shall be able to edit all fields relevant for SUV catmriebefore
Device image distribution from scanner.
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Parameter Entity/Actor Specification

Shall provide appropriatevarnings if overriding of the curren
values is initiated.

4.3 Performance AssessmenfReconstruction Software

Reconstruction Software shall propagate the information collected atpher Subject Handling and
Imaging Acquisition stages and extend it with those items noted in the Reconstruction section.

Data can be reconstructed including all corrections needed for quantification as well as without scatter
and attenuation correction. Balytical or iterative reconstruction methods should be appliéthe system
iscapableopr ovi ding resolution recovery and/ or ti me
this /these capabilities should be made prospectively, as didtaiethe specific protocol, and should be
consistent for a given subject across multiple time points.

Standardization of reconstruction settings is necessary to obtain comparable resolution and SUV
recoveries across the same subject and irgebject acrss sites.See Table 38.

Table 38. Performance assessment for reconstruction software specifications.

Parameter Entity/Actor Specification
Metadata Reconstruction Shall be able to accurately propagate the information colleg
Software at the prior stages and extend it with those items noted in {
Reconstruction sectian
Data Reconstruction PET emission data must be able to be corrected for geomet
Corrections Software response and detector efficiency, system dead time, rang

coincidences, scatter and attenuation

Reconstruction Reconstruction Shall be able to provide iterative atod analytical (e.qgfiltered
Methodology | Software back projection) reconstruction algorithms.

Shall be able to indicate, for both TOF delsolution recovery
if eitheris being usedor purposes ofmagereconstruction.

Reconstruction Reconstruction Shall be able to perform reconstructions with and withg

Methodology /| Software attenuation correction.

Output

Data Reconstruction Shall be able to perform reconstruction of data acquired in
Reconstruction Software mode using 3D image reconstruction algorithms.

2D/3D If 3D mode data can be 4@inned into 2D mode, shall be able
Compatibility perform reconstructionof data acquired in 3D mode using i

image reconstruction algorithms.
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Parameter Entity/Actor Specification
Quantitative | Reconstruction Shall apply appropriate quantitative calibration factors such t
calibration software all images have units of activity concentration, gk@qg/mL
Voxel size Reconstruction Shall allow the user to define the image voxel size by adjus
software the matrix dimensions and/or diameter of the reconstructi
field-of-view.

Shall be able to reconstruct PET voxels with az&mm or less
in the transaxial directions and 2.5 mm or less in the a
dimension(as recorded in Voxel Spacing field (0028,0030)
computed from the reconstruction interval between Ima
Position Patient) (0020,0032) values of successive sli(Rgy
mm in zdirection permissible; older scanners with greater s
thickness not as recommended)

Pixels shall be square, although voxels are not required t
isotropic in the z (heafbot) axis.

Shall be able to reconstruct PET voxels with acfizenm or less
in all three dimensions (as recorded in Voxel Spacing
(0028,0030) and computed from the reconstruction inter
between Image Position (Patient) (0020,0032) values
successive sks).

Voxels shall be isotropic.

Reconstruction Reconstruction Shall allow the user to control image noise and spatial resoly
parameters software by adjusting reconstruction parameters, e.gaumber of
iterations, postreconstruction filters.

Shall be able to record reconstruction parameters used in in
DICOM header using the Enhanced PET 10D, developg
DICOM working group.

Reconstruction Reconstruction Shall allow a set of reconstruction parameters to be saved
protocols software automatically applied (without manual intervention) to futu
studies as needed.

4.4 Performance Assessmentimage Analysis Workstation

Currently, there is no commercially available taith which image analysis workstation conformance can
be assessed. Versions of a Hoffmann brain DRO have been used by some labs to perform some of th
necessary tasks, but not all requirements, as defined in this Profile can be assessed with #hi3Ria&s

A digital reference object (DRO) series of synt
(also provided) shall be used evaluate conformance of the image analysis workstation (IAW). Users
should use the DRO series (as per the DR@sugpa@ide in Appendix F) to verify correct implementation of

VOI placement for both target and reference regions, SUVR calculations, PET alignment to standardizec
atlases (when applicable), system linearity and system reproduci@iktyle 39)

QIBA Amyloid PET Profil&Jur2022| Technically Confirmed Error! AutoText entry not defined.



QIBA Amyloid PET Profile

1658 Table 39.Performance assessment for DRO specifications.

Parameter Entity/Actor Specification

Performance Image Analyst & | Shall use the DR&&riesto verify adequate performance g

Evaluation Analysis described in Appendix F and save the resulth any study
Workstation compliant with this Profile.

Repeatability Image Analysis | Shall be validated to achieve repeatability watwithin-
Workstation subject CV of less than or equal to 2.6%&e Appendix F.

Image Analyst | Shall, if operatorinteraction is required by the Imag
Analysis Workstation tool to perform measurement,

validated to achieve repeatability with a withgubject CV
of less than or equal to 2.6%. See Appendix F.

Linearity Image Analysis
Workstation

Shall bevalidated to achieve:
1 slope &,) between 0.95 and 1.05
1 Rsquared (R >0.90

See Appendix F.

1659

1660 The postprocessing software, which may be integral to the scanner workstation or providethiyda
1661 party vendor, shall have the ability to perform the operations specifi¢gation 3.3.2, Image Data Pest
1662 processingTables 40 and 41)

1663 Table 40. Perfonance assessment for pogtrocessing workstation specifications (parameter capture).

Parameter Entity/Actor Specification
Metadata ImagePostprocessing | Shall be able to accurately propagate the informat
workstation collected at the priorstages and extend it with thos

items noted in the Image Analysis Workstation secti

Shall be able tadisplay all information that affect
SU\Rs either directly in calculation (e,gregion of
interest intensity or indirectly {mage acquisition

parameters.
Image ImagePostprocessing | Shall be capable to display include link to displathe
acquisition workstation number of minutes between injection and initiation
parameters imaging (as per derivatiorguidelines described i
Display Section 4.2) and the duration of each timeframe

cases where the image consists of multiple timefram

1664

1665 The Image Pogtrocessing workstation will allow for the following operations that may or may not have
1666 beenperformed as part of image reconstruction.
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1667 Table 41. Performance assessment for ppsbcessing workstation specifications (functionality).

1668

1669
1670
1671
1672
1673

1674

Parameter Entity/Actor Specification

Decay Image Posprocessing| Shall allow for image decay correction if not perform

correction workstation during reconstructionShalluse either theAcquisition
Time field (0008,0032dr Radiopharmaceutical Sta
Time (0018,1072), if necessarif.a series (derived 0
not) is based on Acquisition Timeahy correctionthe
earliest Acquisition Time (0008,0032) shall be use
the reference time for decay correction.

Image Image Posprocessing | Shall allow user to orient image per protocol in X, Y,

orientation workstation z directions.

Intra-scan, Image Posprocessing| Shall be able toautomatically spatially align the

inter-frame workstation different timeframes that may have been acquired

alignment

Intra-scan, Image Posprocessing| Shall allow seleatn of an anchor frame to which othe

inter-frame workstation frames are aligned

alignment

Intra-scan, Image Posprocessing| Shall measure and display the translational &

inter-frame workstation rotational parameters necessary to align each frame

alignment the reference frame.

Static image Image Posprocessing| Shall allow exclusion of one or more frames from
creation workstation static image that is created through frame averaging
summation
Static image Image Posprocessing| Shall be able to sum afat average the selecte

creation workstation timeframes to create a static image for analysis

Smoothing Image Posprocessing| Shall be able to apply 2D smoothing filter if indicated
workstation as part of study protocol

Data storage | ImagePostprocessing | Shall be able to store imagedter each major step o

and transfer workstation image manipulatiorfe.g, after frame summation)

The features required of the analysis workstation are dependent in part upon the methods chosen for
definition and appliciion of the target and reference regions of interest to the PET §Cahle 42)Certain
additional features such ddnetic modeling for full dynamic scansrtial volume correctionand MRI
segmentation to create regions of interaestay also beelevantper study protocol, but their description

is beyond the scope of this document

Table 42. Performance assessment for image analysis workstation specifications.

Parameter Entity/Actor Specification

Image Quality | ImageAnalysis Shallbe able to display each image in a manner s
control: Visual | workstation that all image slices in the transaxial, sagittal, &
inspection coronal views may be examined visually.
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Parameter Entity/Actor Specification

Spatial Image Analysis Shall beable to automatically and accurately spatia
mapping: Image workstation align the PET i mage wi't
fusion (ce where this approach is implemented.

registration)

Spatial Image Analysis Shall be able to automatically and acataly spatially]
mapping: Ce workstation align multiple PET visits to one another when t

registration
between visits

approach is implemented.

Spatial Image Analysis Shall be able to automatically and accurately spati

Mapping: warp | workstation map the subject’s scae

to template when this approach is implemented.

Target and Image Analysis Shall provide either the means for defining target g

reference workstation reference region of interest boundaries to be applied

region the subject scan, or famporting predefined region of

definition interest boundaries (or masks) that may have bg
generated using other software (such as genera
t hrough segment at i o-defired
based upon an image template and atlas).

SUVR image Image Anbysis Shall be able to create an SUVR image by dividing

creation workstation voxel by the average value within a selected refere
region, if this option is implemented.

Region Image Analysis Shall be able to apply (place for measurert)epre-

placement workstation specified regions of interest onto the PET scan in
anatomically accurate manner.

Region Image Analysis Shall allow means for quality assurance that regions

placement workstation measurement have been accurately placed on BT

quality control

scan (either by final region placement inspecti
and/or inspection and/or automatic qualit
measurements performed at each image manipulat
step) (Accuracy is defined by alignment with the tar
tissue, placed on the correct region or structy
without overlap into unintended CSF or white matte

Region of Image Analysis Shall be able to calculate the mean value within e
interest workstation region of interest, and store for SUVR calculationg
measurement not based on an SUVR imagey/or reporting.

SUVR Image Analysis Shall be able to calculate SUVR values by dividing
calculation workstation mean value in a target region by the mean value in

reference region (if not based on an SUVR image).

SUVR output

Image Analysis
workgation

Shall be able to store and output SUVR values
display and for transfer to a study report, to a precis
as required by the study protocol.
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1675

1676 4.5 Performance AssessmeniSoftware Version Tracking

1677 Ideally, he PET scanner should be ablétold a list on the console of the dates of all software versions
1678 (software changes that might impact quantitative accuraepuld typically be inclusive of hardware
1679 change) Furthermore, he scanner software version should be identified and tracked adhoes with

1680 updates and changes in scanner software naladngthe trial. At a minimum, Software Versions should
1681 be manually recorded during the qualification along with the phantom imaging performance data and the
1682 record should be updated for every sofive-upgrade over the duration of the trial. This includes the
1683 flagging of the impact on quantification for now; in the future, record all software version numbers in
1684 DICOM headefTable 43)

1685 Table 43. Software version trackirgpecifications.

Parameter Entity/Actor Specification
Software Version Acquisition Shall record the software version(s) used for acquisi
tracking Device and reconstruction in appropriate DICOM field(s).

Software version Workstation | Shall provide mechanism to provide analysis of the im
backtesting data using updated as well as prior (platfeapecific)
compatibility versions of analysis software.

1686
1687
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6.2 Appendix B: Background Information for Claim

A meta-analysisof publihed datawas performed to determine the repeatability of amyloid PET imaging
with 8 Fluorine labeled radiotracerd.wo types of repeatability studies were considered. The first of these
restricted the testretest period to less than 60 days, over whiahtbrs such as longer term scanner drift

or appreciable amyloid accumulation would not occur. These studies provided the basis of the wCV value
used in the technical performance Claim. The second set of studies compared baseline values to those
acquired affer a two year period, a typical clinical trial duration. Since amyloid accumulation is unlikely to
occur in a majority (though not all) of amyloid negative cognitively normal subjects, longitudinal values in
this group were examined. These studies wereused to determine the wCV but did provide a practical
indicator of longer term technical variance given a population presumed to be fairly stable with regard to
amyloid pathology.

TestRetest studies: Testretest amyloid PET studiegere identified forthe tracers florbetapir (Joshi et

al, 2012, scans within 4 weeks) and flutemetamol (Vandenberghe et al, 2010, scans 7 to 13 days apart)
Other available studies with images acquired during this time period were excluded for reasons including:
a) use of 11PIB and a 60 to 90 minute timeframe at the end of a full dynamic scanning session where
greater technical variability is observed; this can be due to subject motion and also to low signal whereby
decay correction amplifies the noise contribution; andrisgntional varying of administered radioactivity
during the study to test the impact of that parameter. The study by Joshi et al acquired florbetapir PET
images in 10 AD patients and 10 healthy controls (HC) over a time window of 50 to 70 minutes post
injection andused whole cerebellum as the reference region. Mean Repeatability Coefficient (RC) and
95% confidence intervals (Cl) were 5.38% (3.76% to 9.44%) for AD subjects and 3.32% (2.32% to 5.84¢
for HC. Values for wCV were 1.94% and 1.20% respectiledystudy by Vandenberghe et al acquired
flutemetamol PET images in 5 AD patients over a time period of 85 to 115 minutesjposbn andused
cerebellar cortex as the reference region. Mean Repeatability Coefficient (RC) was 3.18% with a 95% CI c
1. 99% to 7.81%. The value for wCV was 1. 15%. T
was applied to the Claim.As noted in the Claim Considerations, the number of short termregsist

studies was a limitation, and for thisason and for practical context, this value was also compared to the
wCVs calculated for the longer term studies described below.

Longer term longitudinal variability Several studies have examined the effects of applying different
reference regions or tker parameters to amyloid SUVR data acquired over one or two years. Two studies
were identified that measured amyloid SUVR in florbetapir PET scans acquired in subjects from the
Al zhei mer ' s Di sease Neuroimaging | msi This periodvie  (
representative of a clinical trial durationTable 44below shows the RC means and 95% CI for these
studies, using different reference regions. The mean RC in four of the five cases ranged from 3.45% tc
4.45%, within the range of 3.1884 5.38% of the short term tegetest studies described above (Joshi,
Vandenberghe). In the Brendel analyses, SUVRs measured using the same subjects but two differen
reference regions resulted in an RC% of 9.37% that was more than 2x larger when wsiolg &full)
cerebellum reference as that using white matter as a reference. This was also double the RC% measuret
by Chen using a different subset of ADNI scans across three different reference regions: pons, cerebellal
cortex, and subcortical white mi@r. These comparisons suggest the following: 1) even over a
longitudinal period of 2 years, it is feasible to achieve the wCV identified through the short term test retest
studies above; and 2) choice of reference region coupled with analysis methodsatamally impact the

RC% and wCV, using the same subject scans.
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2042 Table 44 Effect of applying different reference regions to data acquired over 2 years

2043
2044

2045

2046
2047

Author

Population

Number of subjects
Amyloid status
Time between scans
Reference Region

RC%
95% Cl - lower
95% Cl - upper

Chen et al 2015
CN
88
Negative
2 years
Pons

3.45%
3.01%
4.05%

Chen et al 2015
CN
88
Negative
2 years
Cerebellum

4.45%
3.87%
5.21%

Chen et al 2015 Brendel et al 2015 Brendel et al 2015

CN CN CN
88 62 62
Negative Negative Negative
2 years 2 years 2 years
White Full cerebellum White
4.28% 9.37% 3.81%
3.73% 7.97% 3.24%
5.02% 11.36% 4.61%

CN = cognitively normal
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2048 6.3 Appendix C: Conventions and Definitions

2049 6.3.1 Convention Used to Represent Profilerequirements

2050 Requirements for adhering to this Profile are presented in tables/boxes as shown in the eXablael5
2051 below. Shaded boxes are intended future requirements and are not at this time required for adhering to
2052 the Profile.

2053 Table 45. lllustratie example.

2054 Parameter Entity/Actor Normative text: Clear boxes are current requirements

2055 Shaded boxes are intended for future requirements
Phantom tests] Imaging Site Using ACRuniform cylinder phantom or equivalentall
transaxial uniformity obtain an SUVfor a large central ROI of 1.0 with
measurement acceptable range of 0.9 to 1.1.

Using ACR or uniform cylinder phantom or equivalent g
obtain an SUVfor a large central ROI of 1.0 with {
acceptable range of 0.95 to 1.05.

2056 Itemswithin tables are normativei.g., requiredto be conformantwith the QIBAProfile). The intent of
2057 the normative text is to be prescriptive and detailed to facilitate implementation. In gertbraintent is
2058 to specify the final state or output, and not how that is to be achieved.

2059 All other textoutside of thesdablesis considered informative only
2060 6.3.2 Definitions
2061 Please see Table 46 for a list of definitions used in this Profile

2062 Table 46. Acronys and definitions.

2063
3D Threedimensional
11C Carbonl1l, an isotope of carbon
18F Flourine18, an isotope of fluorine
AB AmyloidB

Attenuation Correction. Attenuation is an effect that occurs when photons emitte
the radiotracer inside théody are absorbed by intervening tissue. The result is |
structures deep in the body are reconstructed as having falsely low (or even neg

AC tracer uptake. Contemporary PET/CT scanners estimate attenuation using inte
x-ray CT equipment. Whiletteanuation-corrected images are generally faithf
representations of radiotracer distribution, the correction process is itself suscef
to significant artifacts.

Approval by an independent body or group for broad clinical usage (requires on
QA/QCk.g.,ACR, IAC, TJC.

AD Al zhei mer’' s Disease

Accreditation
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ALARA
BBB

BRip

CLIA

Cob7

Conformance

CRF

CRO

Csl137
CSF

CT

CTDI

DICOM

DLP
Dose

DRO
DVR

As Low As Reasonably Achievable
Blood Brain Barrier

Binding Potential. Bi3is the ratio of the density of available receptors to the affir
of the tracer for the receptor, corrected for the free fraction of ligand in the n
displaceable compartment.

Clinical Laboratory Improvement Amendments: Accreditation systeras@ablishing
quality standards for laboratory testing.

Cobalt57, an isotope of cobalt

Meeting the list of requirements described in this document, which are necesse
meet the measurement claims for this QIBA Profile.

CaseReport Form (CRF) is a paper or electronic questionnaire specifically u:
clinical trial research. The CRF is used by the sponsor of the clinical trial (or desi
CRO etc.) to collect data from each participating site. All data on each pi
participating in a clinical trial are held and/or documented in the CRF, inclt
adverse events.

Contract Research Organization. A commercial or-feeprofit organization
designated to perform a centralized and standardized collecteorglysis, and/or
review of the data generated during a clinical trial. Additional activities which me
performed by an imaging core lab include training and qualification of imaging ce
for the specific imaging required in a clinical trial, develeptof imaging acquisitior
manuals, development of independent imaging review charters, centralized colle
and archiving of images received from study sites, performingspeeified quality
control checks/tests on incoming images and development amglementation of
guality assurance processes and procedures to ensure that images submitted
accord with imaging time points specified in the study protocol and consistent
the quality required to allow the protocelpecified analysis /assessnien

Cesiuml37, an isotope ofesium
Cerebrospinal fluid

X-ray computed tomography (CT) is a medical imaging technique that utilizss Xo
produce tomographic images of the relativeay absorption, which is closely linke
to tissue density.

Computed tomography dose index

Digital Imaging and Communications in Medicine (DICOM) is a set of standal
medical images and related information. It defines formats for medical images
can be exchanged imaanner that preserves the data and quality necessary for clir
use.

Dose length product

Can refer to either radiation dose or as a jargon term for 'total radioactivity'.
example, 10 mi®f 18FFDG is often referred to as a 10 mCi dose.

Digital Reference Object
Distribution Volume Ratio
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FDG
FWHM
HIPAA

IAC

IAEA
IOD
kBq
kVp

LBM

mAS

MCI
mCi

mpi
MRI
NA
NTP
PACS
PiB

PET

PET/CT

PSF
PVEC

QA

Fluorodeoxyglucose
Full width at half maximum
Health Insurance Portability and Accountability Act

Thelntersocietal Accreditation Commission (IAC) provides accreditation progran
Vascular Testing, Echocardiography, Nuclear/PET, MRI, CT/Dental, Carotid ¢
and Vein Center.

International Atomic Energy Agency
Information ObjecDefinition
Kilobecquerel

Peak kilovoltage

Lean Body Mass is calculated by subtracting body fat weight from total body w
The Lean body mass (LBM) has been described as an index superior to tote
weight for prescribing propetevels of medications and for assessing metab
disorders.

Milliampere-seconds

Megabequerel. An Slerived unit of radioactivity defined as 1.0 x 106 decays
second.

Mild Cognitive Impairment

millicuries. A nofSSI unit ofradioactivity, defined as 1 mCi = 3.7 x 10"7 decays
second. Clinical FDRET studies inject (typically) 5 to 15 mCi of-EBIG.

minutes post injection

Magnetic Resonance Imaging

North America

Network Time Protocol

Picture archiving and communication system

Pittsburgh compound B, a radioactive analog of thioflavin T.

Positron emission tomography (PET) is a tomographic imaging technique
produces an image of the in vivo distribution ofaaiotracer, typically FDG.

Positron emission tomography / computed tomography (PET/CT) is a medical in
system that combines in a single gantry system both Positron Emission Tomog
(PET) and anray Computed Tomography (CT) scannershabiimages acquired fron
both devices can be taken neadimultaneously.

Point Soread Function
Partial Volume Effects Correction

Quality Assurance. Proactive definition of the process or procedures for
performance. Thenaintenance of a desired level of quality in a service or prod
esp. by means of attention to every stage of the process of delivery or productio

QIBA Amyloid PET Profil&Jur2022| Technically Confirmed Error! AutoText entry not defined.



QIBA Amyloid PET Profile

Quality Control. Specific tests performed to ensure target requirementa QA
QC program are met. Typally, this is doneby testing a sample of the output against tl
specification.

Quantitative Imaging Biomarkers Alliance. The Quantitative Imaging Biome
Alliance (QIBA) was organized by RSNA in 2007 to unite researchers, hea
professionad and industry stakeholders in the advancement of quantitative ima
and the use of biomarkers in clinical trials and practice.

QIBA

Approved by an independent body or group for either general participatiariinical
Qualification ' researcfACRINCQIESNMCTN others) or for a specific clinical trial (requires ongt
QA/QC). This includes CROs, ACRIN;GNW CALGB and other core laboratories

Region of interest. A region in an image that is specified in some manner, typicall
user-controlled graphical elements that can be either 2D areas or 3D volumes. ’
elements include, but not limited to, ellipses, ellipsoids, rectangles, rectan
volumes, circles, cylinders, polygons, and fieen shapes. An ROI can alsadefined
by a segmentation algorithm that operates on the image. Segmentation algorif
include, but are not limited to, fixedalue thresholding, fixeg@ercentage

ROI thresholding, gradient edge detection, and Bayesian methods. With the definitic
an ROI, metrics arthen calculated for the portion of the image within the ROI. Th
metrics can include, but are not limited to, mean, maximum, standard deviation,
volume or area. Note that the term ROI can refer to a 2D area on a single imag
or a 3D volume.n some caseghe term ROI is used to refer to 2D area and the te
volume of interest (VOI) is used to refer to a 3D volume. In this Pribfdderm ROI is
used to refer to both 2D areas and 3D volumes as needed.

Standardized Uptake Value. A measure of relative radiotracer uptake within the |
Typically defined for a time point t as

SUVmax The maximum SUV within the ROI.
SUVmean The average SUV within the ROI.
The average SUV withinfixed-sized ROI, typically a 1 cm diameter sphere.

SuUV

SUVpeak spheres location is adjusted such that the average SUV is maximized.
Tc99m Technetium99m, an isotope of technetium
TOF Time of Flight (TOF) is a PET imaging technique utilidfagential annihilation photon

travel times to more accurately localize the in vivo distribution of a radiotracer.

United States Pharmacopeial Convention establishes written and physical (refel
USP standards for medicines, foodngredients, dietary supplement products at
ingredients in the U.S.

VOl Volume of Interest

2064

2065 Organizations

The American Association of Physicists in Medicine is a member society concerned v
AAPM topics of medical physics, radiatimncology, imaging physics. The AAPM is a scier
educational, and professional organization of 8156 medical physicists.

QIBA Amyloid PET Profil&Jur2022| Technically Confirmed Error! AutoText entry not defined.



QIBA Amyloid PET Profile

ABNM
ABR

ABSNM

ACR

ACRIN

ANSI

CQIE

CRO

CTN

EANM

EARL

ECOG
ACRIN

EMA

EU

American Board of Nuclear Medicine

The American Board of Radiology
Nuclear Medicine Physics by tAenerican Board of Science in Nuclear Medicine

The 36,000 members of |include radiologists, radiation oncologists, medical phys
interventional radiologists, nuclear medicine physicians and allied health professiona

The AmericarCollege of Radiology Imaging Network (ACRIN) is a program of the Am
College of Radiology and a National Cancer Institute cooperative group. Focused on
related research in clinical trials.

American National Standards Institute

The Centers of Quantitative Imaging Excellence (CQIE) program was developed by /
response to a solicitation for proposals issued in December 2009 byF&&d€rick on
behalf of the National Cancer Institute (NCI). The primary objective of the C&Yyiam is
to establish a resource of *trial reac
capable of conducting clinical trials in which there is an integral molecular and/or func
advanced imaging endpoint.

Contract Research Orgaation. A commercial or ndor-profit organization designated t
perform a centralized and standardized collection, analysis, and/or review of the
generated during a clinical trial. Additional activities which may be performed by an im
core labinclude training and qualification of imaging centers for the specific ima
required in a clinical trial, development of imaging acquisition manuals, developme
independent imaging review charters, centralized collection and archiving of i
received from study sites, performing pspecified quality control checks/tests c
incoming images and development and implementation of quality assurance process:
procedures to ensure that images submitted are in accord with imaging time p
specifed in the study protocol and consistent with the quality required to allow
protocolspecified analysis /assessments

The Clinical Trials Network (CTN) was formed by SNMMI in 2008 to facilitate the ef
use of molecular imagingiomarkers in clinical trials.

The European Association of Nuclear Medicine (EANM) constitutes the European ur
organization of nuclear medicine in Europe

EANM Research Ltd (EARL) was formed by EANM in 2006 to pnomittenter nuclear
medicine and research.

A National Cancer Institute cooperative group formed from the 2012 merger of the Ec
Cooperative Oncology Group (ECOG) and the American College of Radiology
Network (ACRIN).

European Medicines Agency is a European Union agency for the evaluation of me
products. Roughly parallel to the U.S. Food and Drug Administration (FDA), but w
FDAstyle centralization.

European Union
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FDA

HIPAA

IAC

IAEA

MITA

NEMA

NIST

QIBA

RSNA

SNMMI

TJC

UPICT

Food and Drug Administration isgponsible for protecting and promoting public health
the U.S. through the regulation and supervision of food safety, tobacco products, d
supplements, prescription and owdre-counter pharmaceutical medications, vaccin
biopharmaceuticals, blab transfusions, medical devices, electromagnetic radia
emitting devices, and veterinary products.

Health Insurance Portability and Accountability Act

The Intersocietal Accreditation Commission (IAC) provides accreditation progran
Vascular Testing, Echocardiography, Nuclear/PET, MRI, CT/Dental, Carotid Stent
Vein Center.

International Atomic Energy Agency

The Medical Imaging & Technology Alliance is a division NEMA that develops and pr
standards formedical imaging and radiation therapy equipment. These standards
voluntary guidelines that establish commonly accepted methods of design, produ
testing and communication for imaging and cancer treatment products.

NationalElectrical Manufacturers Association is a forum for the development of tech
standards by electrical equipment manufacturers.

National Institute of Standards and Technology is a measurement standards labao
which is a norregulatory agency ahe United States Department of Commerce.

Quantitative Imaging Biomarkers Alliance. The Quantitative Imaging Biomarkers A
(QIBA) was organized by RSNA in 2007 to unite researchers, healthcare professior
industry stakeholders in the advancement of quantitative imaging and the us
biomarkers in clinical trials and practice.

Radiological Society of North America (RSNA). A professional medical imaging socit
more than 47,000 members, including radiologists, radiation oncologists, medical phy
and allied scientistsiTe RSNA hosts the world’”s | ar

Society of Nuclear Medicine and Molecular Imaging (formerly called the Society of N
Medicine (SNM)). A nonprofit scientific and professional organization that promote:
science, technology and practical application of nuclear medicine and molecular im
SNMMI represents 18,000 nuclear and molecular imaging professionals worlc
Members include physicians, technologists, physicists, pharmacists, scientists, lac
professionals and more

The Joint Commission (TJC) accredits and certifies health care organizations and pi
in the United States.

Uniform Protocoldor Imaging in Clinical Trials (UPICH)RSNAQIBA initiative that seek
to provide a library of annotated protocols that support clinical trials within institutic
cooperative groups, and trialsonsortia. The UPICT protocase based on consenst
standards that meet a minimum set ofiteria to ensure imaging data quality.
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6.4 Appendix D: Modelspecific Instructions and Parameters

The presence of specific product models/versions in the following tables should not be taken to imply that
those products are fullyn conformancewith the QIBA Profile Conformancewith a Profile involves
meeting a variety of requirements of which operating by these parameters is just one. To determine if a
product (and a specific model/version of that product) dsnformant please refer to the QIBA
Conformance Document for that product.

6.4.1 Image Acquisition Parameters

PET image acquisition parameters have been optimized through large-smelstudies such as the

Al zhei mer’ s Di sease Neand manyndirgecal trigls have iadoptea thedstee ( A
acquisition protocols. For each phase of ADNI, the protocols for each of the scanners included in the study
(arange of Siemens, GE, and Philips models) have been made avaitabée mrtluding both acquisition

and reconstruction parameters.

6.4.2 Quality Assurance Procedures

Examples of recommend quality assurance procedures are shown for specific GE, Philips, and Siemen
PET/CT scannersTiables 4749. However, since equipment models continually evolve, it is important to
reference the manufacturers speci fi cations for the particul
acquisition.
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Table 47. Example quality assurangecedures and reportgor Philips scanners

QC procedures and schedules for Philips Gemini TF, V3.3 and V3.4

Automated Baseline collection

Device QA Procedure Frequency
Tube Calibration Daily
Air Calibration Daily
Noise. On head phantom Daily
Noise and Artifacts. On body phantom Daily
CT
Contrast scale and artifacts Monthly
Impulse Response Advanced test as needed
Slice thickness Advanced test as needed
System Initialization Daily
Baseline collection (analog offsets of all photomultiplier channels) Daily
PMT gain calibration Daily
Daily PET CT
Energy test and analysis Daily
PET Timing test Daily
Emission sinogram collection and analysis Daily
AutoQC Automated System Initialization Daily, prescheduled to shorten daily QC

Daily, prescheduled to shorten daily QC

Uniformity check

Monthly

SUV calibration

Every 6 months, after recalibration, when
SUV validation shows discrepancy

SUV validation

Every 2 months, when PM is performed

QIBA Amyloid PET Profil&Jur2022| Technically Confirmed
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Table 48 Example quality assurance procedures and reports for GE scanners.

QA procedures and schedules for GE Discovery ST, STE, Rx and Discovery 600/700 series PET/CT systems

Device QA Procedure Frequency
Computers [System reboot Daily or as needed
CT tube warm up Daily or after 2 hours of inactivity
Air calibrations (fast cals) Daily
Generator calibrations Daily
Contrast Scale Acquire scans daily
High Contrast Spatial Resolution Acquire scans daily
cT Low Contrast Detectability Acquire scans daily
CT QA phantom
Noise and Uniformity Acquire scans daily
Slice Thickness Acquire scans daily
Laser Light Accuracy Acquire scans daily
Full system calibration Performed after tube replacement or as PM
Coincidence Daily
PET coincidence mean Daily
PET coincidence variance Daily
Singles Daily
PET singles mean Daily
PET Daily Quality Assurance (DQA) PET singles variance Daily
Deadtime Daily
PET mean deadtime Daily
Timing Daily
PET PET timing mean Daily
Energy Daily
PET energy shift Daily
PET singles update gain Weekly
Clean database Weekly

PET 2D normalization

Quarterly (if appropriate for the system)

PET 2D well counter correction

Quarterly (if appropriate for the system)

PET 3D normalization and well counter correction

Quarterly

Establish new DQA baseline

Quarterly

Ge-68 source pin replacement

Every 18 months

2093 Table 49. Example quality assurance procedures and reports for Siemens scanners.

2094
2095
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QA pracedures and achedules for Siemens Bingraph 6/16 Hi-Rez, Biograph 16 Truepoint, Bingraph 16 Truepoint with TrueV, PET Syngo 20104, Biograph mCT
Device Q& Procedure Freguency
Restart romputers Lraily at Startup
Clear scheduler Loaily
Computers  |Clear network, lnnal, and film queues Far times; daily
Archive natient data Laily
Syatem cleanupiefragmentation Weekly
Daily, after 60 minutes of full lnad, vithin
CT ChernkupiCaliratinn 1 hanr of patient scan
CT .
. Iizter HL Loy
CT Quality Fixel noige Liaily
Tuhe voltages Ly
Laily nomalization Laily
Computation! verfication of the PET calitratinn factor (FGF) Laily
PET Caily QC
PET Marmalizatian results display and sinngram inspection Laaily
Syatemn quality report Laaily
Partial detector setup: generate crvatal region mapaienergy profiles Weekly
Full datarti zatun and time alianment Quartari
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6.5 AppendixE Data fields to be recorded in the Common Data Format
Mechanism

The list below compress metainformation (.e., in addition to image values of kBg/ml) that is necessary
for quantitatively accuratei ., known and minimal uncertainties) of PET 8sI\Vl'he intent here is to list
what information should be captured rather than the mechanism itself. fidnmat and corresponding
mechanismof data capture/presentations currently unspecified, but ranges from paper notes, to
scanned forms or electronic data records, to direct entry frdra measurement equipmenti.¢., the
PET/CT scanner or auxiliary measurement devices such as the radionuclide calibrator)-ggeqgiied
DICOM fields. Ideallgll the specified metadata will be captured bylirect electronic entry to DICOM
fields, aftersuitable modification of the DICOM format for PET imaging.

The concept endorsed here is that the needed mesda is identified. Through revisions of this Profile,
the DICOM standard, and technology the mdtta is inserted into the analysis stream (Fegh) in a
more direct manner and technology and accepted standards evolve.

1 The needed information, where feasible, is listed in order from least frequently changing to most
frequently changing.

1 In all casesote whether measurements are made directly @tinated. If the latter case, note the
source of information and the date and time.g.,if subject cannot be moved from bed to measure
weight or height).

Data fields to be recorded:

1. Site specific
Site information(include name and/or other identifiers)
Scanner make and model
Hardware Version numbers
Software Version numbers
Confirmation that scanner used was previously qualified (or not)
Protocol specific
PET
i. Duration per bed
ii. Acquisition mode (3D)
iii. Reconstruction method
CT techniquéif PET/CT scan)
Scanner specific QA/QC
Most recent calibration factors (scanner)
Scanner daily check values
most recent clock check
most recent scanner QA/QC
Subject exam specific
Weight(optional)
Pre and postinjection assayed activities and timesasfsay
Injection time

PNOOO T

CTOYPP2LOT O WD
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d. Site of injection (and assessment of infiltration)

e. Net injected activity (calculated including decay correction)

f. Uptake time

QIBA Amyloid PET Profil&Jur2022| Technically Confirmed
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2154
2155
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2159
2160
2161
2162
2163
2164
2165
2166
2167

2168
2169
2170
2171
2172
2173

2174
2175
2176

2177
2178
2179
2180
2181

2182
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6.6 Appendix F: Testing PET Measurement Systems with theRET QIBA
Amyloid Digital Reference Object (DRO)

6.6.1 DRO Description

The Wiversity ofWashingtorPET QIBA PET Amyloid DRO series is a synthetically generated set of DICOIM
image files of known voxel values for PET. The PET data were derived from desdeglgéfieds ubj ect ’
MRI scan (provided with the DRO series). The-REV QIBA DRO series iended to test the
computation of standardized uptake value ratios (SUVRs) by PET amyloid image analysis workstation:
(IAWSs). This is motivated by venekpecific variations in PET amyloid IAWSs. The development of the UW
PET QIBA DRO series is supportgdife Quantitative Imaging Biomarker Alliance (QIBA) and the
University of Washington.

The primary goals and objectives of the LRET QIBA DRO series are to support the QIBA PET amyloid
‘Performance Assessment: | ma g frts fon Rxdfilg devetopméfd.r k s
This will be done by (1) visual evaluation of the target and reference region placement, (2) evaluation and
validation of SUVR calculations with regards to reproducibility and linearity and (3) providing a common
reference sandard that can be adopted and modified by IAW manufacturers.

As mentioned above, the VARET QIBA PET Amyloid DRO series is based on a single segmented MRI sca
of a patient. The MRI scan digitally had the skull and skin removed, and then was segmenteil]

WM, and CSF, which allows for different values of PET activity to be simulated in these r8gions.

di fferent ver si on@avingfthe same brananmarphologganebbpes créated, each

with a different ratio of cortical gray tissualue to white tissue value. These simulptegressive levels

of tracer uptake (in this case, amyloid accumulation) in cortex. The cerebellar cortex is maintained at a
constant value, simulating gray tissue devoid of tracer target and upfBke.range ofvalues (ratios
between cortical tissue and white tissue) was selected to cover negative and positive SUVR values that
could be encountered using a range of tracers including florbetapir and flutemetamol.

These simulated images have been modulated withital noise to simulate the somewhat lower
resolution and increased technical noise that would be expected in a PET image. For each ratio of gray tc
white matter, five different “noise instances
to the image. These instances are intended to capture additional technical variability that would be
encountered in clinical PET imageawever, for each of the six ratio versions, the noise variation should
not impact the mean SUVR value measured intigsue.

The simulated PET scans that comprise the DRO series are deidentified, and any subject or birth date
information present in the image headers do not represent an actual individddle file names for each
instance are identified by theratio of gray to white matter.

A deidentified T1 weighted MRI scan is made available for use in image processing pipelines that use ar
MRI for region of interest segmentation and/or spatial warping. As in typical clinical studies, the PET
images should be coregesed to the MRI scan and any other processing steps applied as part of the
measurement pipeline. The simulated PET images may also be processed and measured wmihg PET
pipelines.
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2183

2184  Figure9 below shows three of the DRO gray/white ratios, prior tousan of random noisén this case,
2185 the image was spatially warped to a common template.

Gray/white ratio = 0.5,
showing high contrast
(“amyloid negative”) between
gray and white tissue

Gray/white ratio = 0.8, with
lessened contrast between
gray and white tissue

Gray/white ratio = 1.0,
simulating higher end of
amyloid positivty

2186
2187 Figure 9 Images showing the three DRO gray/white ratios.

2188 Normally, a system of measurement would have assessments and conformance levels for bias, linearity

2189 and reproducibility. Snce the claim in this Profile is a longitudinal claim (as opposed to a-seatisnal

2190 claim)and the same imaging methods shall be used at each time point, bias does not need to be assessed

2191 Therefore, conformance assessment as detdileere will focus on linearity and reproducibility.

2192 6.6.2 Linearity

2193 The linearity of the IAW will be assessed by testing a range of different subjects, as defined by varying
2194 SUVR values. The table below gives more detail about the simulated subjects and their respective SUVI

2195 values. Note that due to the simulation of FIEKE resolution and noise in the images, the actual ratios

2196 measured will likely not be identical to the designed ratio shown in the table below. Similarly, depending

2197 upon the region definition boundaries applied for target regions and reference regienmimasured

2198 SUVRs may vary. However, for a given processing and measurement pipeline or software platform, the

2199 relationship between the measured valuasd the ratios shown iffable 5G6should be linear. The slope
2200 of the relationship will be important in apipation of the claim.
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Table 50. Expected linearity SUVR DRO values.

Simulated SUVRs by reference

A SUV settings in DRO Ratios
region
Ref. Whole | Ref. Cbl Ref. White Cerebellar | Cortical White /
Cbl Cortex . cortex gray tissue Gray
0.88 1.00 0.50 0.5 0.50 1.0 0.25 0.50 2.00
1.06 1.20 0.60 0.5 0.60 1.0 0.25 0.60 1.67
1.23 1.40 0.70 0.5 0.70 1.0 0.25 0.70 1.43
1.41 1.60 0.80 0.5 0.80 1.0 0.25 0.80 1.25
1.59 1.80 0.90 0.5 0.90 1.0 0.25 0.90 1.11
1.76 2.00 1.00 0.5 1.00 1.0 0.25 1.00 1.00

Cbl = cerebellum

Hippocampus, amygdala, thalamus, putamen, globus pallidus regions are same value as cortical
gray

Subcortical white, white cerebellum, and pons all have same value

6.6.3 Reproducibility

The reproducibility of the IAW will be assessed by making multiple realizations of the same subject. This
can be thought of as simulating tedtest multiple times on the same subject. The multiple realizations
will be done by adding typical levelsahihical noise five times to each subject. Pleasagpael0below

for a pictorial representation.

The simulation of six subjects and five realizations means that the DRO series will contain 30 simulated
PETvolumes. These volumes will be stored ifCOM format and can be downloaded from the
Quantitative Imaging Data Warehouse (QIDW), with the link given below.

6.6.3.1 |IAW Conformance Procedure
1. Download the UWPET QIBA PET Amyloid DRO series from QIDW

http://depts.washington.edu/petctdro/DRObrain _main.html

2. Analyze the 30 volumes using the same procedure, target regions and reference regions as will
be used with patient data.

3. For each target region for a fixed reference region, the information to form the graptgure 10

should be <calcul ated, and wielg.)(Frobta TacgatMWhoted a
Cerebellum Reference Regiorjote that the appropriate vae r ange f or “truth
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the reference region selected. The slope of the line does not need to be, and is not expected to

be, 10 because of the degraded resolution, added noise, and the variation introduced by region
of interest boundary definibn. However, that slope should be documented and taken into
account whercalculating study powedsased upon expected performance.

1.4

1.3

1.2

1.1

SUVE —from 1AW

1.0

0.9

Example Output—For Single Target Region
Wil be one zraph for each Target Region if single reference region is used
If multiple reference regions, then total graphs = (number of target regions) x (number of reference regions)

IAW Conformance — Target Region 1

Errorbars

calculated
from5
different
“times"
. a% Mean values
e calculated
; o from5

different
“times”

0.9 1.0 1.1 1.2 1.3 1.4
SUVR - Truth

Figure 10 Example output when testing the IAW.

4. If multiple reference regions will be used, generate the samf@mation as in point 3 above using
this new reference region. The final number of target results or graphs will be (number of target

regions) x (number of reference regions).

5. The following statistical analysis should be performed on each target result.

a. Fit an ordinary least squares (OLS) regression of thesY jo& gwh e

measurements from the
is first included in the mode]: ' ob - ).

r e
I AW, and X' s a

Y
r

1 The estimate of o, 1 andi 2, along with their 95% Confidence Intervals (Glsall
be reported as part of the assessment record (see last point below).

b. Refit a linear modelY= A+AX(red dotted line on graph above).

1 The estimate ofy and A, along with their 95% Clshallbe reported as part of the

assessment record (see last point below).
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2247 7 Rsquared (R shall be >0.90 for the IAW to be compliant for the given target and
2248 reference regions.
2249 c. For each of the 6 true SUVR values, calculate the mean (blue points in graph above) of the
2250 5 measurements and the wSD (blue error bars in graph above) using theifglo
2251 equations where the summations are frakl to J=5:
- 7, = X(%;)/] and wSD? = Z(¥; — F)?/(J - 1).
2253 d. Estimate wCV using the equation, where N=6:
I
2254 wCV = wfz‘;‘":l(w.ﬂﬂf /T2)/N.
2255 f. Estimate the % Repeatability Coefficient (%RC) using the equation:
2256 GoRC = 2.77 X wCV X 100,
2257 1 The%wCVshall be< 2.6% for the IAW to be complianfor the given target and
2258 reference regions. (Note that this conformance criterion allows 95% confidence that
2259 the %RC of the IAW meets the Profile claBacause this is a small sample set, the
2260 value of 2.6% may not be meflhe value increases with a reable reduction in
2261 the required confidence interval for a sample set of this size. It is also noted that if
2262 the pons is used as a reference region for these calculations, the variability in the DRO
2263 is likely to be higher. Therefore, for the purposes affoomance, it may be useful to
2264 apply whole cerebellum, cerebellar cortex, or white matter as the reference rather
2265 than pons.
2266 1  For future reference, the number of subjects and tests per subjects can be changed
2267 in the DRO series, which will change We&V% thesholdas perTable 51
2268 Table 51. wCV% threshold changes as a function of the number of subjects.
# of Subjects (SUVRS) # of Realizations wCV% Threshold
(Tests per subject)

6 5 2.6%

7 5 2.8%

9 5 2.9%

11 5 3.0%

6 10 3.1%
2269
2270 6. For each target’s results, reportinTable52f ol | ow
2271
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Table 52. Example reporting DRO results.

Ref Visual | Target| Visual Bo | B | B2 | A | A | R [R> wCV | %RQ %RC
Region| Placement| Region| Placement] 0.90 ¢
Check Check 2.6%
1 Pass 1 Pass |0.03|0.91|0.01| 0.1 [0.97|0.92| Pass| 7.6x10° | 2.1 | Pass
1 Pass 2 Pass |[0.05| 0.9 | 0.02|0.07(0.95( 0.91| Pass| 1.05x10( 2.9 | Falil
2
1 Pass 3 Fail - - - - - - - - - -
1 Pass 4 Pass [0.16]0.81]0.14) 0.14( 1.2 | 0.85] Falil - - -
2 Fail - - - - - - - - - - - -
3 Pass 1 Pass |0.03|0.91]|0.01| 0.1 [0.97|0.92| Pass| 7.6x10° | 2.1 | Pass
3 Pass 2 Pass |0.04]|0.95|0.04| 0.03| 0.92 0.93| Pass| 8.0x10° | 2.2 | Pass

Thereport should be saved and archived with any Riglyloid patient study that is compliant with this

Profile.
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6.7 AppendixG. Best Practice Guidance for the Hoffman Brain Phantom

1 Make sure that before the 18 or 18FDG is added, you start with a completely filled phantom

(less ~100ml, describddter). It is helpful to fill the phantom with water the day before to help

remove small air bubbles.

Purified or distilled water is preferred, normal tap water is OK.

When you are filling, it helps to tip the phantom slightly (use a syringe or simikectabyderneath

one side). It also helps to open more than one of the filling ports while f(lieg Figure 110Once

you have the phantom completely filled, then use a@&c syringe to take out ~7ZB)OmI before

injecting with the FDG. This allows fatter mixing.

1 Prepare the F18 tracer (typically FDG) in a volun@%hl, calibrated for an injected amount of
0.50.6 mCi (18.5-22.2 MBQq) at the projected time of scanning.

= =

Figure 11.Picture of Hoffman Brain Phantom, with red arrow marking th&egor filling port.

1 Switch the needle on the syringe &dong, blunt tip needle. Insert through the top filling port (the
b r a lamerios side) until the tip of the needle igpproximately half way down through the
phantom. Rinse the syringe 2 or 3es to reduce the residual in the syringe.

1 To ensure there is no tracer left in the original (short) needle, attach that needle, and also-rinse 2
3 times.

QIBA Amyloid PET Profjl&Jun2022| Technically Confirmed Error! AutoText entry not defined.



2296
2297
2298
2299
2300
2301
2302
2303
2304
2305
2306
2307
2308
2309
2310

2311
2312
2313

2314
2315
2316
2317

2318
2319

2320

QIBA Amyloid PET Profile

1 Measure the residual in both needles and syringe. We suggest you place these in a surgical glove
before placing in the dose calibrator to prevent contamination of the dose calibrator.

1 Once injected, replace the cap and roll back and forth vigorously for about 5min. Occasionally, pick
up and tip up and down the other way.

1 Top off as best you can, fillingrough 1 or two of the ports (wherever bubbles are).

1 Roll a 29time, briefly for about 1min. this will help to get bubbles out.

f Top off a 29time. The focus now is to remove any remaining air getting bubbles. An effective
method is to hold upright (withilling ports up andshake back and forth vigorously to make the
bubbles rise. (Remember when filling to minimize spills. Wipe with a paper towel, and this goes to
radioactive waste)

f Roll afinal 3time. Then top off again to remove any remaining aibbles.

1 As afinal check, look through the phantom at a bright light to check for bubbles. If there are some

large bubbles (greater than ~3 mm), try another shaking/tapping/rolling/filling session.
1 Finally, if you do the CT scan and notice there are bidplies or air spaces, take the phantom and
try to top off/remove the bubbles before doing tHmal CT/Pet scans

Generally, this process takes about2@min

Figure 2. Positioning of Hoffman Brain Phantom in scanner.

Position the phantom on the snaer bed with the filling ports towards the foot of the béBigure 12)

and the anterior filling port at 12 o’'clock. (
bottom of the phantom andshould appear in the reconstructed image agati were imaging a supine
subject).
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6.8 AppendixH: Detailed Example of Hoffman Phantom Data Analysis

The basic methodology in the quantitative analysis is to first align the test scan to the digital atlas using
an affine registration, then tantensity normalize the data, and finally to find a smoothing factor for the
digital atlas that best matches the spatial resolution of the test scan. Once a registered, the intensity
normalized test image and smoothed gold standard are computed, and ffexetice image can be
viewed visually and quantified by various methods described below to assess overall scan quality.

(Note that contributions to scan quality outcome include (a) the scanner, (b) reconstruction software, (c)
implementation of the meas@ment methods described below, and (d) proper (or improper) filling of the
phantom. Phantom filling artifacts can include air spaces as well as laterality. When poor quality is
identified, all factors should be assessed in order to form a proper conclieganding the scanner. If the
problem is the scanner, then the Medical Physicist and technical support should be involved to address
the issue(s).)

b) d)

Figure B. Digital Hoffman Phantom. a) Elice version supplied by Da&pectrum. b) 9&lice version
modeling more accurately individual layers of each slice. ¢) smoothed version of thlec®@ligital
phantom. d) sample real phantom data obtained from the kigbolution HRRT scanner.
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6.8.1 Phantom Description

The interior of theHoffman brain phantonfFigure B) is composed of 19 separate plexiglass plates, each
6.1 mm thick. To achieve the 4gtay.white uptake ratio via displacement of a uniform concentration of

radi oi sotope solution, eachepfght es eparcagaye osslaidcee
(G), cut to the shape of modelggtaymat t er , and “white” slices (W),
matter. Areas of CSF are | eft completely void.

order:GG|W|GG|W|GG. The most caudal slice and most cranial slice consist ofguaylayers (GG|GG).

Data Spectrum, who manufactures the phantom, supplies a 256x256x19 voxel digital atlas that models
the phantom appearance as having one of 3 types of unifan@as in each 6.1 mm slicgréy=4, white=1,

csf=0). See Figur&1Dr. Bob Koeppe from the University of Michigan, in collaboration with Data Spectrum
and CTI (now Siemens) constructed a more accurate 160x160x90 voxel, 1.548x1.548x1.548 mm version «
this phantom that models the individual layers between the slices. Each slice of thisc®(@phantom
represents either a “GG” all gray | ayer with va
or 1.0. This digital phantom (Fig 1b,c) Isgkuch more like data obtained from a higgsolution PET
scanner (Fig Jdand can be smoothed to approximate images from lowesolution scanners. The
individual layers can actually be seen in some higher resolution scanners, such as the Siemens HRRT.

One important item to note is that the actual phantom size, especially the actual physical slice thickness
of each phantom, can vary slightly. Therefore, when comparing data, it is important to deal with the

scaling appropriately. Alternatively, if companns are made between two acquisitions, one messure

that the identical phantom is used in the comparison. If there are multiple phantoms in use, it is good

practice to track each phantom with an appropriate identification number.

Regarding smoothing, i assumed that the PET scanner resolution can be modeled by smoothing with a
Gaussian kernel with the same size in the transaxial directienX and y direction), and another size in

the axial directioni(e., z direction). This is approximate, sing@rring increases transaxially away from

the center, and is different in the radial and tangential directions. Also, axial resolution is degraded in the
outer end planes of the scanner. However, the uniform smoothing assumption is fairly reasonable for
head imaging, where the field of view is fairly close to the center of the scanner.

6.8.2 Methods and Metrics
6.8.2.1 Method Overview

The method for quantitative analysis can be summarized by the following steps:

1) Sum a dynamic PET test image, which we will calltf®our ce | mage” acqui s
single average PET volume

2) Register the averaged Source Image to thes®€e digital reference using an affine transformation

3) Determine Gaussian smoothing factors FHWMxy, FWHMz, to be applied to the digital pfsmtom
that it best matches the registered Source dataset.

4) Compute image metrics on differences betweel
the registered Source data.

5) Create different images and graphics to augment a visual assessment of imagg qualit

(Note: The methods described here make use of certain software packages such as MATLAB and PMOI
These packages may have license requirements that would need to be addressed by the user. The
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descriptions provided here convey the functionality needetijch may also be addressed using other
software platforms with similar capabilities.)

6.8.2.2 Relevant Data Files

The following input and reference files are used in the analysis:
Reference Files

ctiHoffman0.0_0.0.nitThis is the 160x160x90 digital gold stardidata.

ctiHoffman5.0_5.0.nii~ This isctiHoffman0.0_0.0.nismoothed by a Gaussian kernel 5.0 mm FWHM in
the x, y, and z dimensions. This represents an image at about the resolution of the hegastion
scanners, such as the HRRT.

HoffmanVOISmm6Leve25 .95BrainMask.ni-This is a volumef-interest (VOI) mask file with six levels
created in PMOD using mulevel thresholding on the smoothed, phantom fitgiHoffman5.0_5.0.nii

The resulting segmentation is seen in Figlde Idealized voxel intesities for CSF, white matter and gray
matter are 0.0, .025, 1.0 respectively, but blurring of the digital phantom results in a partial volume effect
so that voxel values vary continually between 8.0.0. Regions were defined with the following IDs and
thresholding criteria ashown in Table 53.

Table 53. Definition of regions and respectivesID

Region | Threshold Description

ID

1 Val < 0.01 outside brain contour nonbrain

2 Val <0.05 Pure CSF

3 0.05 < Val <.20 White/CSF mixture

4 0.20 < Val 30 Mostly “pure
5 .30 < Val <.90 Gray/white mixture

6 .90 < Val Most !l ygrdypur e

Regions 4 and 6, which represent areas of mostly white and gray matter, respectively, are the main regions
used for comparison in the analysis.
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2398

2399

2400 Figurel4. Sixregion Volume of Interest mask. The smoothed digital reference (left), and the volume of
2401 interest mask volume created in PMOD using rahitesholding segmesttion (right). The VOI mask is
2402 used to define areas representing primarily pueay (shownin red) and pure white matter (shown in
2403 green). These regions are used for image intensity normalization and various image quality metrics.

2404  Input files

2405 SourceXXX original dynamic PET data. Usuallpi€OMormat, and for this profile isscommended to
2406 bea 4x5minute acquisition.

2407

2408 Intermediate Files

2409 AvgSourceXXXii ¢ summed dynamic data.

2410 RegSourceXXX.riisummed dynamic data registered to 160x160x90 voxel digital phantom template
2411 RegSourceNorm.ng version ofRegSourceXXX.niitensity normalized to values between 0 and 1.0.
2412

2413 Output Files

2414 Volumes

2415 RegSourcEXXit.nii —smoothed version of the Hoffman digl template ,ctiHoffman0.0_0.0.nij, that is
2416 the best fit toRegSourceNorm.nii.

2417 RegSourceXXXAbsDiff.nii¢ absolute difference volume between RegSourceXXXFit.nii and
2418 RegSourceNorm.nii

2419

2420 Text

2421 RegSourceXXXfit.txt summary output file
2422
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JPG

RegSourceXXX0tAbsDiffProfilejpg — plot showing slicedy-slice profiles of ROI absolute difference
sums vs image plane number in the RegSourceXXXAbsDiff.nii volume for these four ROIs: whole volume
whole brain, pure grey ROI, pure white RGée example plot < >)

RegSourceXXXXpletaywhiteProfile.jpg - plot showing slicéby-slice profiles of ROl # 4 (pure white
matter) and #6 (pure grey matter)" ratios between the reference data (RegSourceXXXFit.nii) and the test
data (RegSourceNorm.n{gee example plot < >)

RegSourceXXXXplotimgDjffg - central three orthogonal planes througkegSource XXXAbsDiff jgray
scale set betweer0.2 and 0.2.

RegSourceXXXXplotimgNorspg — central three orthogonal planes througRegSourceNorm.niigray
scak set between 0.0 and 1.0

6.8.3 Method Details: Processing Steps

1) Manual step: Load/visual check of image data. Add to PMOD batch file list

Images need to be manually loaded to check visually that the orientation is correct. If the image loads
using default pameters, it can be simply added to a PMOD file list for later batch processing. If the default
settings do not work, the image must me manually loaded using the correct image reorientation switches,
saved as a new dynamic file, then added to the PMOD Hdéchst.

2) Batch step: PMOD script: Dynamic Averaging, Affine Registration to Hoffman Digital reference

This step sums the dynamic PET data to obtain an averaged PET source file, and then registers th.
averaged PET to the Hoffman reference image.dssimed that there is no motion between image time
frames, so a motion correction step is not necessary like it would be for a patient study. As a reference
image, the version of the Hoffman reference smoothed with a 5 mm isotropic Gaussian filter is used
(ctiHoffman5.0_5.0.nij. This represents the resolution of an image that would be expected from the
hi ghest resolution PET scanner s. Il n PMOD’ s regi
“scale” option ar e s e ltmcwilleanpensate frlsliglalydiffarent padntorn n e
actual sizes. No other pr@moothing is used during the registration. The batch process saves the averaged
and the registered dataset as two separate files. This step can be run on one or many diftefefileB.
PMOD is not set up yet to record the reorientation matrix (I have requested this), so we do not have a full
track of all operations.

3) Batch step: Matlab script: Normalize PET, Fit Smoothing Model, Quantify Difference Image

Once the PET source hasen registered to the Hoffman reference, the following steps are carried out
using aMATLAB script:

a) Normalize the Registered PET source inten§hg. noiseless digital phantom has values ranging
between 0.0 and 1.0. Rather than normalizing to maximutarisity of the source image, the
following approach is taken which adjusts for the partial volume effect and for the expected
Poissorrelated variability around the mean for the expected values in the areas represeragg
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and white matter. Using the-evel VOI mask, we use region 6, the area representing mostly pure
graymatter, as a reference region. The mean intensity of voxel values in this region is computed
in both the smoothed reference volume and the registered source volume. A scale term is
computed as the ratio of reference volunggayregion mean intensity / source volunggayregion

mean intensity. This results in the mean with the area representing gragarea to be set to a
voxel intensity of 1.0 in the normalized image.

b) Fit Gaussian snathing kernels, FWHMxy and FWHM unconstrained nonlinear estimation
approach isusedto find the Gaussian smoothing kernels that produce a smoothed version of the
digital reference phantom best matching the normalized source volume. (ugilgT L AB’ s
“f miermr c h” f inwvestipated vajous invige difference measures: absolute difference,
squared difference, correlation, and brammasked differences, and the simple absolute difference
appeared to work well. The code is written so that any of theseomgtcan be selected, but the
default is the absolute difference.

2) Calculation of Quality Metrics from the Normalized Source Image and Difference Image

The difference between the normalized source image and the digital reference smoothed to fit the source
image is the main basis for the comparison. Additionally, some measures can also be computed from the
normalized source image alone. Basic ideas to consider in this analysis include:

- The ideal grewhite contrast ratio should be 4:1 in a noise free settimigh perfect spatial
resolution. We need to consider the partial volume effect, so most evaluations are made in
comparison to global or VOI measures on the néise smoothed digital reference.

- For evaluations using a uniform phantom, the usual figuraefit for an acceptable measurement
variance is +10% from the mean both tplane and axially. Therefore, an absolute difference of
about 10%.i.e., + 0.1 intensity units would ideally be a maximum difference between the
normalized source and the smoottheeference image.

Quiality Metrics

a) Global Volume Metrics

) / 2YLI NRA&2y 2F FTAO aY220KAYy3 LI NFYSGSNBR. G2 |
This value should be consistent for a given scanner type. Differencesnnathing compared
to ADNIresults are expected due primarily tesgaling during the affine registration process
(see Figure 9). Based on empirical observation, there most likely is a problem if the fit
smoothing parameters differ by more than 1 mm FWHM.

i) Average Global Absolute Berence ¢ total image volume: ideally, this should be less than
10%, therefore less than 0.1 for the images intensity normalized to values between 0.0 and
1.0.

iii) Average Global Absolute Difference in the brain region antleally, this should be less than
10%, therefore less than 0.1 for the images intensity normalized to values between 0.0 and
1.0.

Iv) Gray:White mater ratio in the source imagddeally, this should be 4.0. For scanners of lower
resolution,we would expect the value to be less.

v) Ratio of Grg:White in the Source image compared to smoothed referendeally, this should
be 1.0.Would expect at most a 10% variation

vi) Ratio of White matter intensity standard deviation in the Source imaging compared to the
smoothed reference This measure gives amdication of image noise. By comparing to the
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b)

reference volume, variation with the white matter region due to the partial volume effect
should cancel out.

vii) Ratio of Gray matter intensity standard deviation in the Source imaging compared to the
smoothed refegence : This measure gives an indication of image noise. By comparing to the
reference volume, variation with the white matter region due to the partial volume effect
should cancel out.

Sliceby-slice Metrics (computed between planes-80, which represetthe plane with brain data

in the Hoffman reference volume)

1) Average Slice Absolute Differencdotal slice ideally, this should be less than 10%, therefore
less than 0.1 for the images intensity normalized to values between 0.0 and 1.0.

i) Average Slice Adplute Difference— brain region only: ideally, this should be less than 10%,
therefore less than 0.1 for the images intensity normalized to values between 0.0 and 1.0.

iii) Average Slice Absolute Differenaegray matter only (VOI region #6)deally, this shald be
less than 10%, therefore less than 0.1 for the images intensity normalized to values between
0.0 and 1.0.

iv) Average Slice Absolute Differencenhite matter only (VOI region #4)deally, this should be
less than 10%, therefore less than 0.1 for theages intensity normalized to values between
0.0 and 1.0.

v) Ratio of meargrayintensity in VOI region #6 for Source compared to smoothed reference
ideally, this should be 1.0

vi) Ratio of mean white intensity in VOI region #6 for Source comparathtmthed reference
Ideally, this should be 1.0.

vii) Profile Coefficient of Variation foGrayslice meangrayintensity. This metric can be used as
a sentinel for unacceptable variations in axial sensitivities.

3) Outputs: Graphics, Text Summary and Imagingmes
a) JPGs

b)

c)

i) 3 orthogonal slices through the center of the difference volunoelor bars set to +0.2 for all
evaluations to highlight significant areas that differ from the reference volume. A

i) 3 orthogonal slices through the normalized, registered sovaiame

iii) Sliceby-slice profiles of error measures between source and reference volumes

iv) Sliceby-slice profiles of the ratio of meagrayand white matter region intensity regions for
the source volume compared to the reference volume.

Text file

i) Numericalvalues for the global and plad®y/-plane metrics

Image volumes

i) Difference Volume

i) Fit Smoothed Reference Volume

Note: Matlab Modules UsedIn addition to the base Matlab package, the processing pipeline used the
standard Matlab Image Processifigolbox and the Optimization Toolbox. The pipeline also used'the 3

par

ty Matl ab package f or r e a ddolsfgr NIfThand ANALYZE indaged

found athttp://ww w.rotman-baycrest.on.ca/~jimmy/NIfT.I
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2548 a)

2549 Figure15. Affine Registration Process. Source image in original orientation (a). Source image (colored
2550 grayscale, and digital gold standargkéyscale) unregistered (b), and after registration in PMOD
2551
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Example Results using the ADNI Hoffman Qualification @&atahown in Figures 120.

Figure 16.Example 1. Good quality scan. Siemens HIREZ (037_P_0001)

Figure 16a:
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2558 Figure 16b:
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2561 Figure 16c:
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2564  Figure 16d:

RegOSTP0001 Test Region:Model Fit Region Ratio vs Plane
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2567 Figure 17.Example #2Another example of a good quality scan. ECAT HR+ (006_P_0001)
2568 Figure 17a:
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2571 Figure 1b:
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2574 Figure 1¢:
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2577 Figure 14:
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RegUOBP0001 Test Region:Model Fit Region Ratio vs Plane
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2581 Figure 18. Example #3. Siemens ECAT Accel (098_P_0002). Example with relatively poor image quality
2582 Asymmetry seen between leftnd right side, and large errors between planes 30 and 50. But is this a
2583 function of poor scan quality, or a Hoffman phantom with extra space between plexiglass planes?

2584  Figure 18a:
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2588 Figure 18:
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2591 Figure 18l

RegOBSP0001 Test Region:Model Fit Region Ratio vs Plane
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2594  Figure 19.Example #4. HRRT Example (128_P_0001). Poor performance at bottom of volume most likely
2595 due to scatter correction problems. Otherwise, the scan quality is reasonably good. Difference image for
2596 most of the brain is negative (blue regions) probably due ¢ba@limage intensity normalization been

2597 driven too low by the high intensities seen in the lower planes.
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2601 Figure Bb:
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2606 Figure Bd:
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2610 Figure 20 Example #5. (136_P_0004%E Discovery ST. Poor Quatlitikely fail. Veryarge errors in the
2611 frontal lobe regions. White matter values compared to reference very high.

2612 Figure 20a:
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2616 Figure 2@:
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2618 It is noted that a poor quality phantom scan may point to the scaritsetf but can also be caused by
2619 improper filling of the phantom. For example, in cases where laterality is observed in a phantom scan, the
2620 possible contribution of phantom filling could be determined (and ruled out as appropriate) by flipping
2621 the direction of the phantom and rescanning.
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6.9 Appendixl: Kinetic Modeling ad Comparison to SUVR

6.9.1 Introduction

This section is intended as a reference to explain (a) the difference between late timeframe SUVR
measurementand the DVR measure calculated through full kinetic modeling, (b) reabahsmyloid
burden values can differ between these two approaches, (c) cautions regarding potential sources of error
introduced in SUVR measurement that are addressed through kinetic modeling, (d) logistical
considerations in acquiring full dynamic imagasg (e) recommendations for measurement approaches.

6.9.2 The contributors to amyloid PET signal

The signal intensity measured in a particular image voxel (three dimensional pixel) of a PET image reflects
the amount of radiotracer present in that location atethime of measurement. To translate the signal
intensity of an amyloid PET tracer into a meaningful measure of amyloid binding, it is necessary to separate
out the contributions of tracer present in the blood, tracer bound to the target (the measurement of
interest), tracer bound nosspecifically (to entities other than target, for example white matter) and
unbound tracer in tissue. The amount of tracer in each of these is dependent upon blood flow rate,
membrane permeability impacting the rate of traceffdsion into tissue, the presence of targed.g.,
amyloid) in tissue, and the rate at which the t

Sgnal intensity in first few
minutes reflects perfusion

» \ 11C:PiB Time Activity Curve | iTarget regioné
. Pseudo-equilibrium Amyloid rich
2.36 50-70 min. window region (e.g.
1.77 o | / cingulate)
118 ) . . oReference regioné
553 E B R ' Amyloid poor
200 4 Before elquilibri_um . . \ Zzgr:aobnel(lzfq.)gray
: 177 1 35.1 526 70.0 87.5
[\ minutes Intensity in target region
Tracer injection SUVR :Intensity in reference region

Figure21. Time activity curves.

Figure21 shows the signal intensity measured for the original amyteader 11CPIB in two different
regions of the brain from the time of tracer injection to 90 minutes pogtction. The signal intensity
curve for any given region over the time from tracer injection to a time following achievement of relative
equilibriumis called a Time Activity Curve (TAC). In the initial minutes, the signal intensity reflects the rate
at which the tracer is being taken up into tissue (perfusion multiplied by first pass extraction), which is
driven by the combination of blood flow rai@nd membrane permeability. Studies of amyloid tracers
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including 11€PI1B and Amyvid (florbetapir) have demonstrated a strong correlation between the early
frame image and that of a blood flow image for the same subject (Forsberg 2012, Gjedde 2013, Hsiao
2012, Rostomian 2011). Following the first few minutes, the tracer begins to clear from the tissue, clearing
less rapidly from amyloidontaining tissue to which the tracer binds. The rate of clearance into the
bloodstream and out of the body is determined Igveral factors including kidney function and
medication effects. After a tracespecific period of time (40 to 45 minutes for 2P(B), the rate of tracer

influx to tissue is in approximate equilibrium with its efflux back to the bloodstream.

Using theTAC values from Figufd, the SUVR over time is shown in Fig2@2elt can be noted that this
SUVR is not a stable value over time, for reasons discussed below. For a visualization of SUVR over tin
using the amyloid tracer flutemetamol see also Figuo# Belissen et al (2009).

SUVR over time

2.40

2.30
» A /
-
w 210

2.00

1.90

1.80

52.5 57.5 62.5 67.5
Minutes post tracer injection

Figure22. SUVR over time based upon the TAC values in RAdgure

6.9.3 Kinetic modeling

Several different models have been developed that use simultaneous differential equations to solve for
the “flux” 1 nto a mdulimatelythedmountoiracaribdumleonargst (in thas case,
amyloid). The gold standard approach uses arterial blood measurements to obtain the actual tracer
concentration in blood. This method has some disadvantages due to patient and staff burden a
variability in the blood measurements (Lopresti 2005, Tolboom 2009). Alternate modeling approaches
make use of regional measurement of carotid artery radioactivity (Lopresti 2005) or eliminate the need
for blood sampling by making use of reference meaments in tissue that does not contain the binding
target. For amyloid tracers, this is often the cerebellar cortex, which is generally devoid of amyloid except
in | atest stages of Al zhei mer ' s Sdpulgeddaala01). Thef )
validity of the reference region approach as an approximation for blood based modeling must be tested
for each new tracer, as it has been for-RIB (Price 2005), Amyvid (florbetapir, Wong 2010), Vizamyl
(flutemetamol, Nelissen 2009), and Neseq (florbetaben, Becker 2013). All kinetic models make use of
the entire time course of tracer measurement (T
equil i brium” has been reached. Al | be contribuBos e M
of blood flow and clearance from that of bound
i.e., perfusion relative to reference perfusion. Given the correlation between blood flow and cerebral
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glucose metabolism that existsinmy cases, this provides an addi
neuronal function. The creation of a full TAC using an early time window and late time window has also
been demonstrated (Bullich 2017). The measure of target burden (in this case andg@oiwdd from a

kinetic model is called the Distribution Volume Ratio (DVR &d¥nondisplaceanl}, €qual to nonr
displaceable Binding Potential (BPnd) + 1. Published studies that used kinetic modeling may state the DVI
value or mayalternatively state the BPnd value when stating amyloid burden.

6.9.4 Standardized Uptake Value Ratio

Despite the advantages provided by full kinetic modeling in accounting for contributions from blood flow,
binding, and clearance, there are practical drawbadkss difficult for patients, particularly those with
disease, to lie still in the scanner for the hour plus it may take to acquire a dynamic scan. Acquiring dynamic
scans presents additional burden staff andstarting the scan at time of injection maequire two
technicians to be present. Historically, not all scanners have supported the acquisition modes or memory
capacity required to acquire the number of discrete timeframes necessary to capture a full TAC, although
most newer scanners have thispaility. Using the scanner for a full hour or more also precludes its use
for other patients during that entire time.

For these reasons, the SUVR is often used as an approximation for DVR. This measurement uses only
“l ate ti mef r ame "hthe gagamisin equilidbrium.ilnirge equitibriton, and assuming that
blood flow rates are the same in target and reference tissue, the ratio of the two tissues provides a relative
measure of the signal contribution due to amyloid binding. Inrealityjegu br i um i s “ pseud
continues to lose activity. However, numerous studies have demonstrated that the simpler SUVR
approach can provide discrimination between normal, MCI, and AD groups and, with adequate numbers
of subjects, measure groupvel increases or decreases (Biogen ref) over time.

6.9.5 Bias in SUVR measurements

The fact that true equilibrium is never reached can create an upward bias in SUVR value relative to DVF
(Slifsteinet al, 2007, Carsort al, 1993, Frokjaeet al, 2007, vanBerckelet al, 2013) To illustrate this
conceptually, from the TACs in Fig@® it can be seen that the rec
asymptotes, or flattens, more rapidly than the
tracerflux back into the bloodstream. Even in late timeframes, neither curve is flat, which would be the
case if equilibrium wereeachedand net flux were zero. However, the receptor poor curve approaches a
“flatter” stage fir ste betweentissheeandplasma is lower. ahe difterenceal i |
between the rate of change in the receptor rich TAC (the SUVR numerator) and the reference TAC (the
SUVR denominator) creates an artificially high value. A mathematical expression of this is provided in
Slifstein et al (2007), which the reader is encouraged to review for further detail along with other
references cited. In brief, as described mathematically in Slifstein, a change in concentration in a given
region is depicted by [kCpiasmd minus [k*Cissud, Where k is the transport coefficient from plasma to
tissue, GiasmalS the concentration in plasmag is the transport coefficient from tissue to plasma, anekée

is the concentration in tissue. At equilibrium, these would sum to zero consistégh a lack of net
concentration change. The expressiaigstd Creterenca Which is the SUVR, would equal the DVR (where DVR

= MissslVband ND refers to nondisplaceabl e binding
equi |l i bri um’instea, Giué€CarkeBe® [Missudi(Ku Gplasma+ |dCtissue/Ct|)]/[V tissue' (K1 Golasmat
|dCreferencdCt])]. The rate of change in tissue|dtudct| in the numerator of this expression is greater

than the rate of change |dGerencdCt| fortherefere nce ti ssue (which “fl atter
denominator. This erroneously increases the value of the,dCeference the SUVR.
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SUVR bias is often on the order of 10% (Lopresti 2005) but can reach 20% or greater depending upon the
valueof ki (van Berckeét al,2013). Bias increases from the point at which the approach toward pseudo
equilibrium begins€.g.,30 to 35 minutes for 11€1B) and continues to increase (until approximately 70
minutes for 11&PIB, van Berckel al,2013) befoe plateauing. If blood flow and clearance rates do not
change from scan to scan, this bias would cancel out for longitudinal measurement. However, longitudinal
error in measuring a change in SUVR can occur ifithellie changes from one scan to anoth@hanges

in k. are influenced by blood flow and first pass extraction. Blood flow in particular can be impacted by
medications including candidate therapeutics for AD. In a simulation modeled by van Berckel et al, error
decreases with later timeframes, bédr a decrease in:Hrom 0.32 to 0.26 the error introduced at 60
minutes would be approximatei%, significant in the context of amyloid accumulation rates.

Longitudinal error can also occur if the ratio (R1) of the rate of tracer delivery to thdtarge* amy | oi d
region to the rate of tracer delivery to the reference region changes from one scan to another. Such a
change could be produced by (a) blood flow rate changes.,[decreases) in certain cortical regions
relative to flow rate in acerebellar reference region, or (b) changes in regional membrane permeability
influencing tracer extraction efficiency. Using a longitudinal follow up period of/36 #onths, Van
Berckel et al found that R1 values were stable over time in normal cerdrad MCpatients butwere
reduced by approximately 20% in AD patients. This is consistent with decreases in blood flow that have
been observed with AD progression in regions consistent with those in which glucose hypometabolism
becomes pronounced. Chaesyin regional blood flow rate and local membrane permeability can also be
caused by therapeutic agents. A 20% reduction in R1 value was estimated to create a 2% longitudinal
increase in SUVR at 60 minutes post tracer injection (van Berékstudy thatusedthe early (first 20
minutes) and late frames (50 to 70 minutes) of florbetapir imageguired in ADNI subjects estimate

the contribution of blood flow unaccounted for in SUVR measwabsifound that potential longitudinal

errors on the order 02% to 5% could occun late MCI/AD patientdue to changes in blood flow (Cselenyi

et al, 2015). In the van Berckel example (Figure 1 of the reference publication), it can be seen that the
error is more pronounced in the 60 to 90 minute SUVR than the #Dtminute SUVR. While part of this

may be due to the bias phenomenon, it has also been observed that 60 to 90 minute PIB SUVR
measurements involve substantially more technical variability than earlier measurement, likely arising
from lower tracer signalith noise inflated through decay correction, and greater subject motion as time

in scanner proceeds.

Bias in kinetic models (and SUVRS) that use a reference region

It should be noted that bias also occurs in kinetic models, depending upon the modelatamdially the
tracer) used, for a different reason than that discussed above for SUVRs. All reference tissue models,
whether DVR or SUVR assume that:

1. the level of norspecific binding is the same in target and reference regions
2. the ratio K1/k2 is thesame for target and reference regions.

If either of these assumptions is violated, then the reference tissue model will not produce a true
reflection of binding to target. Whether or not the model can still be used on a practical basis depends
upon study djectives. Assumption 1 could be violated in the case otavffet binding, which is not

homogeneous, and assumption 2 could be violated in the case of blood brain barrier (BBB) breakdown.
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In a comparison of several modeling methods applied to the sah@P1B scans, Lopresti et al (2005)
compared DVRs generated using the Logan graphical model with arterial blood sampling over 90 minutes
(“gold standard”) to DVRs generated using met hc
Logan referenceegion models with cerebellar cortex as reference, the Simplified Reference Tissue Model
(SRTM), and SUVRs measured from 40 to 60 minutes and 40 to 90 minutes with cerebellar cortex ac
reference. Logan reference tissue models showed a negative bias ageiatlo for high DVR subjects,
while the SRTM model showed a mean 5% bias but with broader variance than all other models for low
DVR subjects, and a med&®% bias for high DVR subjects. For comparison, the mean bias for SUVR models,
high DVR subjects w#&86 (60 minutes) to 9% (90 minutes). Van Berckel et al (2013) showed that DVRs
generated using the Logan reference region method were 6% lower than those generated using the model
Receptor Parametric Mapping (RPM2), while SUVRs were biased upward. Wioggicbias has been
attributed to a suspected difference between tracer clearance rate in the cerebellar cortex reference
tissue vs. plasma (Lopresti 2005), or to differences in model susceptibility to reference region noise (van
Berckel 2013). These facs can be mitigated in part through optimized model selection.

6.9.6 Logistical considerations for dynamic modeling

Acquisition of discrete timeframe data for dynamic modeling requires several short duration frames
occurring immediately following tracer injeoti, followed by longer timeframes later on. The scanner
must be capable of acquiring muftame data and must have adequate memory storage to support what
will likely be more than 20 frames in a single seséibis issue has decreased with newer scanperbe

site must also either have scanner equipment that provides for a button enabling start of scan along with
tracer injection, or a second staff person available to initiate scanner data acquisition at time of injection.
There are further consideratis with the length of the IV line depending upon the tracer (due to affinity

for tubing walls for some tracers), and the position of the subject within the scanner. As additional
considerations, scanner utilization time and patient burden are increasetlufa | “early” (f

post injection) and “later” (pseudo equilibriui
all owed extrapolation of a full TAC for kinetic
(Bullich 2017). Heever , t he potenti al benefit of all owin

period is offset by the potential occurrence of a delay in continuing the scan, and associated introduction
of technical variability.To assess blood flow changedeaiate modalities such as arterial spin labeling
(ASL) MRI have been proposed; however, these require validation for use in this context and do not
capture clearance changes.

It should be noted that kinetic modeling does not overcome error introduced ukjest motion,
misalignment between emission and transmission scan, or other technical sources of noise. Since the risk
of subject movement increases with longer times in the scanner, these variables can actually outweigh
the benefits unless provisions amgade to align each timeframe prior to attenuation correction.

6.9.7 Conclusions

Longitudinal changes in SUVR arising from systematic changes in blood flow ratios and clearance rate:
mentioned in this section are not accounted for in the coefficient of variatiame profile Claim, which
captures norsystematic variability. The impact of systematic changes is highly dependent upon the study
population and therapeutic agent. When evaluating patient populations where the disease process may
impact blood flow or learance rate, or where a therapeutic intervention could impact these factors, it is
strongly recommended to conduct at least an initial study using full dynamic modeling in order to
determine whether the SUVR approach is an acceptable substi@spitethe logistical challenges of
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2807 conducting full dynamic imaging, there are certain sites that routinely acquire data of this type. The
2808 benefit of characterizing potential erroneous signal changes due to changes in blood flow or clearance
2809 merits inclusion ofuch studies prior to broadening a longitudinal amyloid measurement trial through use
2810 of SUVR.

2811
2812
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6.10 Appendix I: SNMMPAT Uniform Phantom Analyssample report

SOCIETY OF

M NUCLEAR MEDICINE
.I] AND MOLECULAR IMAGING

CLINICAL TRIALS NETWORK

Introduction

The Uniform Phantom Analysis is meant to provide five distinct measuresasfsadormance. These are
relevant for daily clinical performance as well as qualifying a scanner for use in trials.

1.

abrwn

Scanner Quantitative Calibration Accuracy
Uniformity in the axial (across planes) direction
Uniformity in the radial (withplanes) direction
Spatial resolution in the axial direction

Spatial resolution in the radial direction

Phantom Data Acquisition and Reconstruction

This

phantom study is meant to quantify some of the most fundamental metrics associated with your PE

scanner performance. To get accurate measures this test is meant to be performed using:

1.

A lengthy twebed position (at least) scan of your 20 cm diameter uniform phan@in (15

minutes per bed position). The phantom is tilted on a slight incline (feordisdd

approximately 2 cm) so that spatial resolution can be accurately assessed from the edge of the
phantom given that its physical edge occurs at a gradual progredsicatiohy (floor to ceiling)

in different axial slices. The long acquisitimimmzes statistical noise.

Your standard clinical oncology reconstruction to get an accurate assessment of resolution using
your clinicalhjused reconstruction algorithm and parameters.

Software Functioning

The

software expects the uniform phantom tdakee acquired on a slight incline. It understands the

cylindrical geometry of the phantom and analyzes the images to determine the 3D equation of the centra

axis

of the cylinder. Given this information, a series of measurements is made withoutisequiring

interaction.

O«

O«

O«

O«

Calibration Accuracy:A large cylindrical VOI is placed in the center of the phantom

(avoiding edge effects).

Uniformity in the Axial Direction : Individual approximately 15 cm diameter circular ROIs are

placed in the center of eaohal slice.

Uniformity in the Radial Direction: Five individual circular regions of interest approximately 4 cm

in diameter are placed in each axial slice anterior, posterior, left, right, and center.

Spatial Resolution in the Axial Direction An edge pifde is drawn for the central axial slice, and
several slices in front and several slices behind. Using the measured phantom axis angle to calcula
fractional offset of the adjacent edge curves, a highly sampled edge response curve can be pieced
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togetherA mathematical function is fit to this curve in order to measure the axial resolution.

0 Spatial Resolution in the Radial Direction An edge profile is drawn on the central coronal slice
and several slices to the left and right. In a manner similar tevibepstep, piecing these several
profiles together creates a highly sampled edge response function that can be used to assess the
radial resolution.

Caveats

The software expects the phantom data to be collected at a slight incline. If @&ni$ thet,scan is
performed with the phantom parallel to the axis of the scanner then all measurements will still be vali
EXCEPT the resolution measurements, which require the higher sampling afforded by the inclined
phantom.

Report Header
The header of threport is at the top of the first pagee Figure 23

Facility: University of lowa Hospitals Phantom: Uniform Concentration: 0.21uCi/ml
Scanner Model: SIEMENS Biograph64_Vision 600 Scan: 08/02/2019 Time Per Bed: 3.0min.
Reconstruction: PSF+TOF 4i5s Gauss3.00

Figure 23 Example report header.

This Section reads the facility name, scanner make and model, reconstruction, scan date, and time per b
position from the DICOM Tags. It also reportsdbtial concentration in the phantom based upon the
reported activity injected into the phantom, and the phantom volume.

Scanner Calibration and Axial Uniformity

The scanner calibration accuracy i s rregortedised a
the PET measured concentration from a large cylindrical VOI automatically placed on the image date
divided by the actual concentration at scan time as determined by the decay corrected concentration
calculated from the data entered intd@ Ractivity injected into the phantom, time of dose measurement,
the phantom fill volume). The Calibration reported should ideally be 1.00 with an acceptable range betwese
0.90-1.10 (within £10% of actual concentration).
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Axial Uniformity & Calibration Results
M normal it y profile - Mean=0,98 SUV
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024 “ : : ‘l
} 1 1
i A
100
Offset from center xial direction (mm)
Representative Slice Axial Uniformity Profile
Value Recommended Range
Calibration 0.98 0.90-1.10
Uniformity Max Error 1.27% -5.0-5.0%

Figure 24 Example results re.

Axial uniformity is reported both graphically as a profile through all axial slices of the scanner, an
numerically in a downloadable spreadsheet available frqrigtAa& 24)For purposes of uniformity (but

not of accuracy) the plotis normalizedtt he mean measur ed aoiewanmill t he
always be centered around 1.0. A circular region of interest of approximately 15 cm is centered in each ¢
around the centroid pixel to determine the mean concentration per slice.

For purposes of uniformity assessment, only the central 80% of slices are analyzed (designated by two ©
vertical lines in the plot) so as to avoid edge/resolution effects. Two horizontal dotted lines are provided a
5%. Typically, a scanner showgiehuniformity that stays within that + 5% window. The largest deviation
from 1.0 is reported in the first box underneath the Calibratasure. One shouldtobserve a gradient

from front to back (or vice versa), and this would be evidence of a pestgent it were to stay within the

+ 5% boundaries.

Radial Uniformity

Radial uniformity is reported both graphically and numerically in the second box as a profile through all a
slices of the scannéFigure 25) For this measurement, fiugdividual circular regions of interest
approximately 4 cm in diameter are placed in each axial slice anterior, posterior, left, right, and center to a
radial uniformity in each slice. Like the first box, this plot is normalized to the mean noeassirée a
scanners axial field of view, and so will always be centered around 1.0.
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Radial Uniformity

Mean normalized intensity profiles

o s

i
right: 0.98 UV

i
150 100 50 o 50 100
Offset from center @ axial direction (mm)

Value Location Recommended Range
Uniformity Max Error 3.40% center -5.0-5.0%

Figure 25. Example results report.

For purposes of uniformity assessment, only the central 80% of slices are analyzed (designated by two dt
vertical lines in thegqi) so as to avoid edge/resolution effects. Two horizontal dotted lines are provided at
+ 5%. Typically, all five regions should have uniformity that stays within that + 5% window, however becau
these are smaller regions, noise may result in excligiiysabove and below the 5% line, which is to be
expected and is likely of no consequence. Here we are looking for geometric bias. Is the anterior rec
systematically different than the posterior region? Is the left different than the righthter tregiom

higher or lower than the peripheral regions (as might be seen if either attenuation or scatter corrections
not being performed appropriately)? It is up to the reader to make these determinations, as no autome
detection of regional biaspgerformed.

The largest deviation from 1.0 is reported in the first box underneath the Calibration measure, along v
which region this occurred in.

Resolution Measurement

Spatial resolution measurements of PET scanners have historically been psifigypadt sources of F

18 in air reconstructed using filtered fmolection. This is the NEMA approach, which has the explicit
purpose of measuring therinsicesolution of a PET scanner; it does not, however, provide a meaningful
measurement ofgelution under clinical scanning conditions.

The PAT approach targets providing sites with a meaningful measure of spatial resolution under more
clinically relevant conditions. PAT implements an algorithm developed Bythaidgses the edge
response function measurement from the uniform phantom acquired at a slightbngjidiqoieneasure

both axi al and radi al resolution. This approac|
reconstruction method ithe presence of scatter and attenuation material to generate a clinically
meaningful measurement of resolution.

The table provided in the PAT report includes the composite edge response function for the radial anc
axial planes, along with the functionabfthe dataFigure 2&locuments the axial and radial resolution
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2934 measurements. The dots indicate#t@and the curves indicate the function fit from which the resolution
2935 measure is derived.
2936
FWHM = 5.0 mm FWHM = 4.6 mm
1.2
1.0 L
1.0
0.8 \ \
|I 0.8 I‘
06 ||s “ 0.6 "I
a l a’ \
04 I'. 0.4 \
0.2 I'.‘ 0.2 ".I
0.0 Il\*——- 0.0 "\._; .
=30 =20 —-10 1] 10 20 an =30 =20 =10 1} 10 20 a0
5—51 ﬂ’lf‘.‘?:l s—- S.l:ﬂ'lf'.".‘:l
Radial Resolution Axial Resolution
Value Recommended Range
Radial Reconstructed Resolution 5.0mm <9mm
Axial Reconstructed Resolution 4.6mm =9mm
2937 Figure 26. Example results report.
2938
2939 DICOM and Fill Inform ation
2940
2941

Relevant DICOM header and fill information is displayieidume 27This is provided to provide a simple
means to check the fill and reconstruction information.

584

2944
2945

Name Value
Institution University of lowa Hospitals
Phantom Uniform
Series Description PET WB ultraHD
Scan Date 08/02/2019
Scan Time 14:58:07

Assay Time 14:32:00
Background Volume 6303.0g9
Background Activity 1.59
Uptake Time 26.1
Minutes per Bed 3.00
Voxel Dimensions 1.65x1.65x3.00mm

Matrix Dimensions

440x440x88

Scanner Make and Model

Reconstruction Method

SIEMENS Biograph64_Vision 600
PSF+TOF 4i5s

Reconstruction

Parameters

Reconstruction Filter

XYZ Gauss3.00

Figure 27. Relevant DICOM information.
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6.11 Appendix K: Conformance Checklists
6.11.1 INSTRUCTIONS

Amyloid PET Imaging

ThisChecklist is organized by "Actor" for convenierioelTables 5462. If a QIBA Conformance Statement
is already available for an actae.§.,your analysis software), you may choose to provide a copy of that
statement rather than confirming each of the neéigements in that Actors checklist yourself.

Within an Actor Checklist the requirements are grouped by the corresponding Activity in the QIBA Profile
document. If you are unsure about the meaning or intent of a requirement, additional details may be
available in the Discussion section of the corresponding Activity in the Profile.

Conforms (Y/N) indicates whether you have performed the requirement and confirmed conformance.
When responding N, please explain why.

An additionalSite Opiniorcolumnisincluded during the Technical Confirmation process to allow you to
indicate how the requirement relates to your current, preferred practice. When responding Not Feasible
or Feasible, will not da.€., not worth it to achieve the Profile Claim), pleasgkexn why.

An additional column has been included to assess the impact of a given step for the purposes of checklist
finalization. Thigolumn could be migrateth a quantitativescoringor note regarding quantitative impact

in future versions.Some itemghat are“Low Impactor el se “Done anyway” may
include in practical useFor example, ithe case of requirements that relate to DICQilds, typically

these could be confirmed through knowledge of the scanmerdel, software version, and DICOM
conformance, rather than checked separately.

Feedback on all aspects of the Profile and associated processes is welcomed.

Site checklist Page2
Imaging Facility Coordinator checklist Page 3
Nuclear Medicine PhysicidiRadiologisthecklist Paged
Medical Physicist checklist Pageb
Technologist checklist Page7

AcquisitionDevice andReconstructionsoftware checklist Pagell
Image Analyst / Tool checklist Pagel6
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2993 6.11.2 SITECHECKLIST

2994 Table 54. Site checklist
Conforms . .
Parameter (Y/N) Requirement(Site)

Acquisition Device|

\Shall confirm all participating acquisition devices conform to this Pro:

Reconstruction Shall confirm all participatingeconstruction software conforms to this
Software Profile.

Image Analysis Shall confirm all participating image analysis tools conform to this Pr
Tools (not applicable in clinical trial with central data QC, processing, analy
|Radio|ogists | \Shall confim all participating radiologists conform to this Profile.
|Physicists | ‘Shall confirm all participating physicists conform to this Profile.

|Techno|ogists |

‘Shall confirm all participating technologists conform to this Profile.

2995
2996
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6.11.3 IMAGING FACILITYOORDINATORHECKLIST
2999 Table %. Imaging facility coordinatorchecklist
, Conforms . . - . Inclusion
Section |Parameter (YIN) Requirement(Imaging Facility Coordinator) notes
Shall maintain and document Accredited status fa A High impact
382 Accreditation / clinical practice (ACR, IAC, TJC, etc.) or QualiﬁecD QIJ_ o Vs i
e Qualification status for clinical trialss(g.,ACRIN, SNMMITN, 0 Done anywa
EARLjCROs, etc.). '
Each site shalave the support of certified I
technologists, physicists, and physicians experier A High impact
3.8.2 Personnel Roster in th f ' I '{IDET}CT in th duct of O Low i
in the use of amyloi in the conduct o 0 Done anywa:
clinical trials.
Technologist certification shall be equivalent to th
recommendations published by the Society of I
- . A High impact
. Nuclear Medicine and Molecular Imaging .
3.8.2 Technologist . ) . IO Low i
Technologists Section (SNMiWIE) and the America 0 Done anywa
Socety of Radiologic Technologists (ASRT)raadt '
all relevant regulatory requirements
Medical physicists shall be certified in Medical I
. . Nuclear Physics or Radiological Physics by the A High Impact
3.8.2 Medical Physicist American Board of Radiolo BRequivalent O Low i
. gy (ABRequivalen O Done anywa)
certification.
Physicians overseeing PET/CT scans shallhave [0  Hi g h
3.8.2 Physician certification by the American Board Niuclear A Low impact
Medicine (ABNM) or equivalent O Done anyway
The same scanner will be used for all longitudinal|A High impact
3.8.3.2 |Scanner hardware scans acquired for the same subject. O Low i
O Done anywa)
Scanner operating The same scanner software will be used for all  ||A High impact
3.8.3.2 |software longitudinal scans acquired for the same subject [0 Low i
requalifiedif update is necessary). O Done anyway
This Profile shall only address full ring PET scann
that have the capability of acquiring a transmissio|A High impact
4.1 PET scanner image for attenuation correction and have a O Low i
minimum axial FOV of 15 dor a single bed O Done anywa
position.

3000
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3001

3002 6.11.4 NUCLEAR MEDICINE PHYSICIARADIOLOGIST CHECKLIST
3003

3004 (Note: This Profile addresses quantitation and does not cover visual reads, which would involve additional
3005 requirements for the Nuclear Medicine Physician or Radiologist. Certificaitibe physicianss covered
3006 under the Facility Coordinator as an ac)

3007 Table %. Physicianchecklist

. Conforms . . Inclusion
Section |Parameter (YIN) Requirement(Physician) -~

Qualified health professional shall assay the-pre
injection activity, record time of assay, inject O High impact
quantity per protocol and record time @fjection, [0 Low i
assay residual activity after injection and record ti|A Done anywa;
of measurement

Administered amyloi

33313 radiotracer Activity

Shall administer tracer intravenously through

Amyloid radigracer indwelling catheter (24 gauge or larger), witiw@ay O High Impact
3.3.3.14 . . O Low i
administration valve system attached to allow at least 10 cc norn|
. s A Done anywa
saline flush after injection
33314 Suspected infiltration Shall record event and expected amount, and ime é H'?_h ém\zifti
or extraneous leakag infiltration site 0 Done anywa
Shall perform and document, on at least an annuz
basis or during an initial site qualification process, . .
. . ; OHi gh i
3845 PET scanner qualitative resolution QC test by using the A Low impact
T Resolution ma n u f a c ettings and vesfying resolution of

. D O Done anywa)
normal gross anatomic features within either a

clinical image or representative brain phantom.

3008
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3009
3010 6.11.5 MEDICALPHYSICIST CHECKLIST
3011 Table ¥. Medical physicisthecklist
Section |Parameter C%T;?\lr)ms Requirement(Physician) Inncitflon
Axial uniformity shall be measured at least month
by placing a circular ROI that is at least 1 cm in
diameter less than the active diametertbi
cylinder phantom, centered on each of the axial
planes. Mean axial concentrations in ROIs in the
central 80% of planes shall be within £3% of the || . .
Uniformit overall average for each qualified axial slice withir> 19" Impact
3.8.4.4 y e . 9 q . . Low i
measurement sufficient distance from the axial edge of the field | - Done anywa
view (24 cm). A method and software such as the '
PAT Uniformity software available from SNMMI
be used for measurement.
Uniformity across planes against a gold standard
reference can also be measured using a Hoffman
phantom as described in Appendilx
Shall perform (during an initial site qualification
process, and then at least every one year) and
document performance of guantitativeassessmen A High i ¢
PET scanner (using a phantom ith differing size defined targets gh impact
3.8.4.5 . O Low i
Resolution such as the Hoffman, ACR or NEMA IQ phantom: 0 Done anywa
spatial resolution. The FWHM resolution of the '
scanner should be <= 8.0 mm with a preferable
target of 4 to 5 mm.
Phantom tests: . Shall perform at baseline, quarterly and after scarD Hi gh :
38.4.6 Frequency of noise upgrades, maintenance oepairs, and new setups - Low |
measurements ' ' "|A Done anywa:
A uniform cylinder phantom or equivalent shall be
filled with an 18F concentration in the uniform are
(approximately 0.1 to 0.8C/ml) and scanned using
. the intended acquisition protocol. Using a O High
Phantom test: noise . ) . .
3.8.4.6 measurements rectangular or spherical region as close as possik D Low i
to, but no smaller than, 3 cm to a side, the COV o||A Done anywa
the voxel values within the region should be belov
15%, for the slices within the central 80% of the a
FOV.
Phantom test: Using a phantom _that contains (.:iifferent.regions A High impact
. having uptake ratios between 2:1 and 4:1, measu .
3.8.47 gray/white matter . . L O Low i
ratio measurement th'e hlgh to low ratio .and ensure that the ratis 0 Done anywar
within 10% of specified contrast. '
_ The quantitative accuracy of the scanner shall|A High impact
3.8.4.8 ngur}f:; test: SUVR within +10% of the crosseferenced radionuclid® Low i
calibrator (when properly calibrated). O Done anywa:

QIBA Amyloid PET Profil&Jur2022| Technically Confirmed

Error! AutoText entry not defined.




3012

QIBA Amyloid PET Profile

. Conforms . - i
Section |Parameter (z:;/?\lr)m Requirement(Physician) Irlnc;iléjslon
Shallevaluatequarterly(or after any radionuclid
calibrator event) using eithel8F or Te99m anc
. . ithin 2.5 © P .
Radionuclide should_ be within +2.5 % of the true value ove_! A High impact
3.85.1 CalibratorLinearit operating range of 31110 MBq (1 to 30nCij0 Low i
y and the true value is determined by a linear fit|Z Done anywa:
the log data) over the same operating ran
Concentric sleeve method is acceptable.
.. JO Hi gh
3852 |Scales Shall_lf_e\;aluate annlljally or after any repair lALow impact
qualified personnel. 0 Done anywa
PET and CT scanner computers and all clocks|[. . , .
. . . .. IA High impact
Scanner and site Imaging facility used to record activity/injecti .
3.8.5.3 . O Low i
clocks measurements shall be synchronized to standard 50 D
- . one
reference wihin +/-1 minute.
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3013
3014 6.11.6 TECHNOLOGIST CHECKLIST
3015 Table B. Technologisthecklist
, Conforms . : Inclusion
Section  |Parameter (Y/N) Requirement(Technologist) notes
Qualified health professional shall assay the-pre
Administered amvloit injection activity, record time of assay, inject OHigh impact
3.3.3.1.3 radio-tracer Activi)t/y quantity per protocol and record time @fijection, [0 Low i
assay residual activity after injection and record ti|A Done anywa;
of measurement
Shall administer tracer intravenously through S High impact
Amyloid radiotracer indwelling catheter (24 gauge or larger), witiway gh impact
3.3.3.14 L . O Low i
administration valve system attached to allow at least 1ncemal ||
. s A Done anywa
saline flush after injection
33314 Suspected infiltratior Shall recorcevent and expected amount, and imag g H'*Clj_h émvf/)ac'[i
or extraneous leakag infiltration site 0 Done anywa
Shall enter the time of amyloid tracer injection intc A High impact
3.4.1.1 |Tracer Injection Time PET le d y th . J't' O Low i
scanner console during the acquisition 0 Done anywa
Shall ensure that the tracer uptake time for the  ||A High impact
3.4.1.1 |Tracer Uptake Time baseline scan is within the acceptable range for tfjo0 L impact
specific radiotracer O Done
When repeating a scan on same subject, shall ap||.. .. . .
. ; o TlIA High impact
. the same time interval used at the earlier &npoint ;
3.4.1.1 |Tracer Uptake Time . O Low i
as closely as possible and not more than5+/ O Done
minutes
Shall position the subject according to protocol
specifications consistently for all scans, with brain|. . .
o ) . . A High impact
. _— fully in field of view, ideally centered and with .
3.4.1.2 Subject Positioning O Low i
bottom of cerebellum at leas2.5cm away from 0 Done
edge of axial FOV unless otherwise specified by
protocol.
Shall ensure the comfort of the subject in the |A High impact
3.4.1.2 |Subject Positioning head holder prior to initiating the scan, to O Low i
minimize the likelihood of movement. O D amyway
. . : A High impact
3412 |Subject Positioning Shalll mstruc.t the subject to hold as still as S Low i
possible during the scan. 5 Done
Shall document the head position of the subject ir|A High impact
3.4.1.2 |Subject Positioning the scanner FOV so that this can be replicated foil& L ow i
subsequent scans. O Done
3.4.12 Subject Positioning Shall document issues regarding subject-non SH'?_hi[;]mpift
T (non-compliance) compliance with positioning. 9 Do I?e
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Section

Parameter

Conforms
(Y/N)

Requirement(Technologist)

Inclusion
notes

3.4.1.3

Anatomic Coverage

Shall perform the scan such that the anatomic
coverage (including the entire brain)asquired in a
single bed position according to the protocol
specifications and the same for all time points.

[ High impact
O Low i
A Done anywa)

34141

PET acquisition mod

The key PET acquisition mode parameters (e.qg., |
per bed position, acquisition mode, etc.) shall be ¢
as specified by study protocol and used consister
for all patient scans.

Hi gh
Low i
Done anywa

>0 0

34141

PET acquisition mod

PET shall be acquired in listmode format (best) or
dynamic time frames of no more than 5 minutes
each,whenpossiblejn order to allow checking and
correction for subject motion.

High impact
Low i

A
O
O Done

3.41.4.2

CT acquisition mode

The key CT acquisition mode parameters (kVp, I
pitch, and collimation) shall be set as specified by
study protocol and used consistently for all subjec
scans.

O High
A Low impact
O D amyway

3.4.1.4.2

CT acquisition mode

If CT kVp is not specified in the study protocol, a
minimum kVp of 80 shall be used and used
consistently fo all subject scans.

O High
A Low impact
O Done

3.5.1

PET image
reconstruction

The key PET reconstruction parameters (algorithr
iterations, smoothing, field of view, voxel size) sh¢
be identical for a given subject across time points

A Hich impact
O Low i
O Done

3.5.1

PET image
reconstruction

If available, the Point Spread Function (PSF) optic
can be used; the use oon-use of PSF must be
consistent for a given subject across time points.

A High impact
O Low i
O Done

(High impact
relates to the
need for
consistent use
if applied.)

351

PET image
reconstruction

If available, the time of flight (TOF) option can be
used; the use or nomse of TOF must be consisten
for agiven subject across time points.

A High impact
O Low i
O Done

(Highimpact
relates to the
need for
consistent use
if applied.)

351

PET image
reconstruction

The Technologist shall perform the image
reconstruction such that the matrix, slice thicknes
and reconstruction zoom shall yield a voxel sizg ¢
2.5 mm in the x and y dimensions ap@.5 mm in
the z direction ifelatively receit GE scanners have |
resolution of 3.27 mm but are also acceptaléer
scanners such as GE Advaand GE Discovery LS

A High impact
O Low i
O Done

Loss of
resolution
reducesability
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_ Conforms . : Inclusion
P
Section arameter (YIN) Requirement(Technologist) notes
may require up to £5 mmandare not as to detect signa
recommended). change
All quantitative corrections shall be applied during|. .. . .
b . . A High impact
. the image reconstruction process. These include .
3.5.1 Correction factors . . O Low i
attenuation, scatter, random, deatiime, and 0 Done
efficiency normalizations
352 B5 The raw image will be spatially oriented per study|A High impact
7 iImage orientation protocol. O Low |
2.2.1
O Done
Data archiving: raw The originally reconstructed PET images (image[J H impaht
3.5.3 images g data), with attenuation correction, and CT ima|A Low impact
g shall always be archived at the local site. O Done
Shall evaluate daily (or after any radionuc
calibrator event) using a NISfaceable (o A High impact
Radionuclide equivalent) simulated 18F, @87, or Ceb7 gh impact
3.85.1 . . . . . O Low i
Calibrator Constancy radionuclide calibrator standard and confirmed t\D Done
measured activity differs by no greater than +2.!
from the expected value.
Shall evaluate annually (or after any radionuc
Radionuclide cgllbrator event) W_|th aNISffacgabIe (onequwalentD Hi g h
- simulated F18 radionuclide calibrator standard (U :
3.8.5.1 |Calibrator Accuracy : A Low impact
of other longlived NIST standards are acceptatD D
: .y i one
Shall confirm that net measured activities differ
greater than £2.5% from expected value.
Shall evaluate quarterly (or after any radionuclide O Hi ah
3.85.1 Radionuclide calibrator event) using either 18F or-%8m and A Low imgact
R Calibrator Linearity should be within £2.5 % of the true value over an 9 Do 2 e
operating range of 31110 MBq (1 to 30 mCi).
PET Radiation Dose Shall record the radiation dose from the 0 High
3851 administered activit L Low impact
Y- A Done anywa)
O Hi gh
Shall | I i b A Low impact
3852 |Scales all eva uate annually or after any repair by O Done
qualified personnel. _
Not required
for claim
PET and CT scanner computers and all clocks in
Imaging facility used to recomttivity/injection o
Scanner and site measurements shall be synchronized to standard A High impact
3.8.53 | 0cks time reference within +1 minute. 0O Low 1
O Done
Synchronization of all clocks used in the conduct |
the amyloidPET study shall be checked weekly ai
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_ Conforms . : Inclusion
P
Section arameter (YIN) Requirement(Technologist) notes
after power outages or civil changes for Daylight
Savings (NA) or Summer Time (Eur)
O Hi gh
4.1 g;isbf;?gfr Fol |l ow ma macdmaendation® r ' s |[JLow impact
A Done anywa)
Shall perform daily/weekly/monthly scanner QA ¢ .. , .
, A High impact
PET Scanner vendor recommended maintenance procedures ( ,
4.1 . . .. . O Low impact
Calibration replace weak transmission sources for dedicated 0 Done
scanner); ensure that output values are acceptabl
Radionuclide Calibrated to 18F using NIST traceable sourc® Hi gh
4.1 calibrator equivalent either by site or calibrator manufacture | Lowimpact
A Done anywa;
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6.11.7

IMAGE ANALYSAND WORKSTATIOKHECKLIST

Table ®. Image analysthecklist

, Conforms . Inclusion
Section |Parameter (Y/N) Requirement(Image Analyst) notes
When a multiframe PET scan is provided, the e
. . . . . A High impact
35221 Inter timeframe translational and rotational adjustment required to 9 Low i
T |spatial alignment align the frames will be assessed prior to combini 0 Done
framesinto a single scan.
If inter-frame alignment has been performeuior to
attenuation correction, frames will be removed if
Action based on intel inter-frame translation exceeds a rmmended A High impact
3.5.2.2.1 |timeframe threshold orif inter-frame alignment has notbeen |[@ L ow i
consistency check performedprior to attenuation correction, frames [0 Do ne
will be removed if intefframe translation exceeds &
recommended threshold.
- Only timeframes identified as appropriately aligne|A High impact
Static Image . . L . :
3.5.2.2.2 eneration will be included in this image generation. O Low i
9 O D amyway
If a static image has been generated by aligning
S frames and summing or averagidigcrete O High
Data archiving: post . o - :
3.5.3 rocessed images timeframes, or through other parametric image |A Low impact
P g generation, the image will be archived atthe site [ Do ne
where the static image generation occurred.
When combining scans from different scanners
and/or reconstruction software that produce A High impact
3.6.2.2 Image smoothing different image resolutions, filtering will be appliec|Z Low impact
per protocol to produceomparable signal forthe @ Done
same amount of radioactivity.
Whenc or egi stering a subij. . .
. . . . A High impact
36311 PET and MRI image accurate alignment of the images in all planes a9 Low i
T lfusion (transaxial, coronal, sagittal) will be verifiedually
. . . O Done
or using an alternate method that achieves this
When coregistering a s
. . images, accurate alignment of the images in all |A High impact
Coregistration of L9 . . . .
3.6.3.1.2 lonaitudinal scans directions (trasaxial, coronal, sagittal) will be O Low i
9 verifiedvisually or using an alternate method that & Do ne
achieves this
The same target region definitions (which may be|. . , .
. " A High impact
Target Region transformed to each in .
3.6.3.2.1 s . . . B Low i
Definition morphology) will be applied consistently to subjec 0 Done
and across a study.
Reference Region The reference region definition will conform ||A High impact
3.6.3.2.2 - . . e ;
Definition protocol by including the specified tissue. O Low i
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_ Conforms . Inclusion
Section |Parameter (YIN) Requirement(Image Analyst) notes
Qualitycontrol measures will be applied to ensureld Do ne
that longitudinal change is not attributable to
technical noise or artifact in a particular reference
region.
The placement of all regions of interest and A High impact
3.6.3.2.3 |Region placement reference region(s) will be verifiedtobeonthe |0 Low i
correct tissue O Done
All regions will be checked to ensure that bounda
do n_ot mclt_Jde en_1pty space (scan trt_mcatlon). A High impact
. Regions will badjusted using a consistent approa ;
3.6.3.2.3 |Region placement : . O Low i
such as automated exclusion of voxels, with a sut 0 Done
threshold value, to exclude voxels where tissue is
missing.
The same portion of tissue will be measured A High impact
3.6.3.2.3 |Region placement between longitudinal scans for the same subject. [ L ow i
O Done
Image analysis Shall use the DRO series to verify adequate o
workstation performance as described in Appendix F aade thelA High impact
4.4 performance results with any study compliant with this Profile. |~ :5 8 ‘r’:’e :
evaluation
Shall, if operator interaction is required by the Ime
Image analysis Analysis Workstation tool to perform measuremer|A High impact
4.4 workstation be validated to achieve repeatability with a within[0 L ow i
repeatability subject CV of less than or equal to 2.6%. See O D anmyway
Appendix F.
3022 Table60. Image post processing workstatiochecklist
Section |Parameter O Requirement(Image Analyst) [T
(YIN) q g y notes
Shall be able to accurately propagate the informa O Himpaht
collected at the prior stages and extend it with tho mg
4.4 Metadata items noted in the Image Analysis Workstation CLow impact
section 9 y A Done anywa
Shall be able to display all information that affects A Highimpact
SUVRs either directly in calculation (e.g., region ¢ ghimp
4.4 Metadata . . : J o . e O Low impact
interest intensity) or indirectly (image acquisition 0 Done anywa
parameters). '
Shall be capable to display or include link to displ|. ,,. , .
_ the number of minutes between injection and A ngh'lmpact
4.4 Image acquisition o : , . S O Low impact
initiation of imaging (as per derivation guidelines 0 Done
described in Sectio#.2), and the duration of each
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_ Conforms . Inclusion
Section |Parameter (YIN) Requirement(Image Analyst) notes
timeframe in cases where the image consists of
multiple timeframes.
Shall allow for image decay correction if not
performed during reconstruction. Shall use either
Acquisition Time field (0008,0032) or A High impact
. Radiopharmaceutical Start Time (@)1072), if gh Imp
4.4 Decay correction . . . O Low impact
necessary. If a series (derived or not) is based or 0 Done
Acquisition Time decay correction, the earliest
Acquisition Time (0008,0032) shall be used as the
reference time for decay correction.
: . Shall allow user to orient image per protocol in X, A H'gh.'mpaCt
4.4 Image orientation nd z direction O Low impact
and z directions. 0 Done
. . . . A High impact
4.4 Intra-scan, inter Shall be able to automatically spatially align the A Low impact
' frame alignment different timeframes that may have been acquirec 9 Do E e
. . . |A High impact
Intra-scan, intef Shall allow selection of an anchor frame to which :
4.4 f i ¢ ther f i d O Low impact
rame alignmen other frames are aligne 0 D amyway
. Shall measure and display the translational and ||A High impact
Intra-scan, inter . . .
4.4 frame alianment rotational parameters necessary to align each fraidJ Low impact
g to the reference frame. O Decamyway
Shall allow exclusion of one or more frames from |A High impact
4.4 Static image creatior static image that is created through frame averagi[C Low impact
or summation O Done
. . Shall be able to sum and/or average the selected A ngh_lmpact
4.4 Static image creatior : . 7O Low inpact
timeframes to create a static image for analysis
O Done
e O High
e D Sy M o mpa
P yp A Done anywa)
, : O High
4.4 Data storage and Shall be able to store images after each major ste O Low impact
transfer image manipulation (e.g., after frame summation) A Done anywa

3025 Table6l. Image analysis workstatioghecklist

3026

, Conforms : Inclusion
Section |Parameter (Y/N) Requirement(Image Analyst) notes
Shall use the DRO series to verify adequate A High impact
Performance . . . .
4.4 Evaluation performance as described in Appendix F and savid  Limpact
results with any study compliant with this Profile. [ Do n e
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Section |Parameter C%r;];?\lr)ms Requirement(Image Analyst) Irlnc;iléjslon
Shall be validated to achieve repeatability with a |A High impact
4.4 Repeatability within-subject CV of less than or equal t0 2.6%. SO0 Low i
Appendix F. O Done
Shall be validited to achieve: A High impact
4.4 Linearity 1 slope ;) between 0.95 and 1.05 O Low i
1 Rsquared (R >0.90 O Done
See Appendix F.
: Shall be able to display each image in a manner /A High impact
4.4 '”.’age .Quallty.contro that all image slices in the transaxial, sagittal, anddC® L ow i
Visual inspection . o
coronal views may be examingdsually. O Done
Spatial mapping: Shall be able tautomatically and accurately spatig|a High impact
4.4 Image fusion (co align the PET image Wwig Low i
registration) cases where this approach is implemented. O Done
Spatial mapping: Go Shall be able to automatically and accurately spat|A High impact
4.4 registration between align multiple PET visits to one another when thisjo L ow i
visits approach ismplemented. O Done
Spatial Mapping: Shall be able to automati_cally and1accurately spal|A High impact_
4.4 warp to template map_the s_u_bject S scan|@d Low i
when this approach is implemented. O Done
Shall provide either the means for defining target
and referenceegion of interest boundaries to be
applied to the subject scan, or for importing pre ||, .. . .
. . ; . A High impact
4.4 Target anq r_e?ference defined region of interest bou_ndarles (or masks) t 9 Low i
region definition may have been generated using other software (s 0 Done
as generated through s
or pre-definedbased upon an image template and
atlas).
Shall be able to create an SUiRge by dividing ||A High impact
4.4 SUVR image creatio each voxel by the average value within a selectec@ L ow i
reference region, if this option is implemented. |[© Done
Shall be able to apply (place for measurement) pr|A High impact
4.4 Region placement specified regions of interest onto the PET scanin|[Z@ L ow i
anatomically accurate manner. O D anmyway
Shall allow means for quality assurance that regic
for measurement have been accurately placed on
: PET scan (either by final region placement inspec|A High impact
Region placement . . . ) ;
4.4 quality control and/or inspection and/or automatlc'quahty O Low i
measurements performed at each image O Done
manipulation step)(see section 4.4 for accuracy
description)
Region of interest Sha_LII be a_tble to calculate the mean value Withi_n €|A High impact_
4.4 measurement region of interest, and store for SUVR calculationsd L ow i
not based on an SUVR image) and/or reporting. @ Done
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. Conforms . i

Section |Parameter (YIN) Requirement(Image Analyst) Ln;lg:mn
Shall be able to calculate SUVR values by dividin|.. . .
mean value in a target region by the mean value i/ High impact

4.4 SUVR calculation arget region by O Low i
the reference region (if not based on an SUVR 0 Done
image).
Shall be able to store and output SUVR values foi|/A High impact

4.4 SUVR output display and for transfer to a studgport, to a O Low i
precision as required by the study protocol. O Done
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6.11.8

Notes:

1 Requirements pertaining to acceptance of data in DICOM fields should be standard with DICOM
conformant scanners. A more efficient approach to verifying those line items may be to confirm

ACQUISTION DEVICE AND RECONSTRUCTION SOFTWARE CHECKLIST

that the scanner used at the site is among an acceptable list of manufacturers and models.

1 The ability to accept information into DICOM headers does not preclude errors made during entry,

and Quality control should be implemented through personnel, study protomoti use of
transmittal forms where applicable.

1 Similarly, the reconstruction capabilities could be covered using a list of acceptable operating

software and version numbers

9 Since this Profile makes use of SUVR and DVR, height and weight maiewvemt unless to detect
cases where injected dose compared to weight or body mass is out of expected range.

3041 Table62. Imageacquisition device and reconstructioohecklist

Section

Parameter

Conforms
(Y/N)

Requirement(Image Analyst)

Inclusion
notes

4.2

PET Scanner
calibration

Shall be able to be calibrated according to
specifications in sectioB.8.4

A High impact
O Low i
O Done

4.2

PET scannewWeight

Shall be able to record patient weight in lbs or ki
supplied from the modality worklist and/or operat
entry into scanner interface. Shall be stored in Pai
Weightfield (0010,1030) in the DICOM image hea
as per DICOM standard.

O High impact
O Low impact
A Done anywa)

Not required
for claim

4.2

PET scanneHeight

Shall be able to record patient height in feet/inche:
cm/m as supplied from the modality worklist and,
operator entry into scanner interface. Shall be stc
in Patient Size field (0010,1020) in the DICOM in
header, as per DICOM standard.

O High impact
OLow impact
A Done anywa)

Not required
for claim

4.2

PET scanner:
Administered
Radionuclide

Shall be able to accept the radionuclide type (i.e
18) from the DICOM Modality Worklist either from f
NM/PET Protocol Context, if present, or by derivil
from the Requested Procedure Code vidoaally
configurable tables of values.

Shall be able to enter the radionuclide type (i.e18)
by operator entry into the scanner interface.

Shall be recorded in Radionuclide Code Sequ
(0054,0300) in the DICOM image header (e.g
111A1,%F8ROyrihe”)) .

O High impact
O Low impact
A Done anywa

Impacts decay
correction;
impact lowerec
for SUVR due
to ratio
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Section |Parameter C%r;];?\lr)ms Requirement(Image Analyst) Irlnc;iléjslon
Shall be able to record the specific radiotracelDHigh impact
PET scanner: supplied by operator entry into the scanner interfal | o, i
4.2 Administered Shall be recorded in Radionuclide Code Seqeéielc|s pone anywa:
Radiotracer (0054,0300) in the DICOM image header, e.g: |
B1031, SRT, ®“Fluorodeo
PET scanner: Shall be able to enter the administered radioacti\| High impact
Administered in both MBq and mCi, as supplied by operator e\ 5 | o w i
4.2 Radiotracer into the scanner interface. Shiabe recorded iilA pone anywa;
radioactivity Radionuclide Total Dose field (0018,1074) in
DICOM image header in Bq.
Shall be able to record the time of the start of acti
PET scanner- injection as supplied by operator entry into -tgHithci)mvsaCti
4.2 Administered scanner mterfag:e. Shall be record_ed |rA 5 ‘
Radiotracer Time Radiopharmaceutical ~ Start ~Date  Time f|A Lone anywa:
(0018,1078) (preferred) or Radiopharmaceutical $
Time field (0018,1072).
Encoded voxel values with Rescale Slope
(0028,1053) applied shall be decay corrected by
scanner software (not the operator) to a sin
reference time(regardless of bed position), whick
PET scanneBecay the start ti_me of the first af:quisi_tion, which shall |7 High impact_
) encoded in the Series Time field (0008,0031)0 Low i
4.2 I\C/Iort':]ecéloln original images. A Done anywa:
ethodology Corrected Image field (0028,0051) shall include
val ue “DECY” and DB84¢la0g]
shall be “START"”, whi ¢
decay corrected to the earliest Acquisition Ti
(0008, 0032).
Shall be able to support Profile Protocol (Sectio| = |
PET scanne8cannin PET and CT order(s) of acquisition. H H|gh'|mpact
4.2 . . . I|A Low impact
Workflow Shall be able to preefine and save (by imaging sl pop e
a Profile acgisition Protocol for patient acquisition
Shall record all key acquisition parameters in the
image header, using standard DICOM fields. Incl| =~
PET scanne€T but not limited to: Actual Field ofiew, Scan Duratio| High impact
4.2 Acquisition Scan Plane, Total Collimation Width, Si ? Low i
Parameters Collimation Width, Scan Pitch, Tube Potential, 'IA Done anywal
Current, Rotation Time, Exposure and Slice Wid
the DICOM image header.
A High impact
. . .. O Low i
PET scannePETCT Shall be able to align PET and CT images within :
4.2 . . ) . O D amyway
Alignment mm in any direction. I al bt the
newest scanners
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_ Conforms . Inclusion
Section |Parameter (YIN) Requirement(Image Analyst) notes
this is a manual
operation and not
frame by frame.
PET scanne€T Shall record the absorbed dose (CTDI, DLP) in a [0 High impact
4.2 Absorbed Radiation Radiation Dose Structured Report. O Low i
Dose A Done anywa
PET scanneActivity Shall be able to store and record (rescaled) image [0 High impact
4.2 Concentration in the in units of Bg/ml and use a value of BQML for LD L ow i
Reconstructed Imagt field (0054,1001). A Done anywa
Shall be derivable from the difference between
Radiopharmaceutical Date Time field (0018,1(
(preferred) or Radiopharmaceutical Start Time 1DHi h impact
45 PET scannefracer (0018,1072) and the Series Time field (0008,003| " "%
' Uptake Time earliest Acquisition Time field (0008,0032) in AD |
. . . : one anywa
series (i.e., the start of acquisition at the first &
position), which should be reported as series t
field (0008,0031).
See Section 4.3 (PET Voxel size) under |2 Highimpact
Reconstruction Software specification requiremer|2 L O W |
4.2 PET scannePET A Done anywa;
Voxel size This is simply a
referenceto
another section.
Shall be no greater than the reconstructed PET \
size. High
PET scanne€T Voxe Voxels shall be square, although are not require HHig _|mpact
4.2 . . S . A Low impact
size be isotropic in the Z (heafibot) axis. 5 Done
Notrequired to be the same as the reconstructed
voxel size.
Shall be able to record the subject position in the
. . . : A i
PET scanneBubject Patient Orientation Co_de Sequenc_e field (0054,0 m H|gh'|mpact
4.2 Positionin (whether prone or supine) and Patient Gantry A Low impact
g Relationship Code field Sequence (0054,0414) [0 Becanyway
(whether head or feet first).
PET scanner: ShaII_ be a_1b|e.to recorq ar_1d defl_ne thg axis FOV O High impact
. acquired in Field of VieBimensions (0018,1149) .
4.2 Documentation of . . . O Low i
Exam Specification and reconstructed in Reconstruction Diameter A Done anywa
(0018,1100). '
All image data and scan parameters shall be L
. . : O High impact
PET scanneDRICOM transferable using appropriate DICOM fields .
4.2 : . O Low i
Compliance according to the DICOM conformance statement 1| ; ,
A Done anywa:
the PET scanner.
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_ Conforms . Inclusion
Section |Parameter (YIN) Requirement(Image Analyst) notes
PET images shall be encoded in the DICOM PET
Enhanced PET Image Storage SOP Class, using
PET scanneRICOM activity-concentration units (Bg/ml) with additional |0 High impact
4.2 Data transfer and parameters stored in public DICOM fieldstoenabm L ow i
storage format calculation of SUVs. A Done anywa
PET images shall be transferred and stored witho
any form of lossy compression.
Shall be able to edit all fields relevant for SUV High i
40 PET scanneBICOM calculation before image distribution from scanne” IgL (l)mvsacti
' Editing Shall provideapproprigt_e_warnings if overriding of |3 pone anywa
the current values is initiated.
. Shall be able to accurately propagate the informaj|0 High impact
Reconstruction . o .
4.3 Software Metadata collected at the prior stages and extend it withthg®@ L ow i
items noted in the Reconstruction section. A Done anywa
. PET emission data must be able to be corrected f| .. .
Reconstruction . . O High impact
geometrical response and detector efficiency, sys .
43 Software Data dead time, random coincidences, scatter and 0 Low i
Corrections ! ' A Done anywa)
attenuation.
Reconstruction Shall be able to providigerative and/or analytical |0 High impact
Software : - . .
4.3 . (e.g., filtered back projection) reconstruction O Low i
Reconstruction algorithms A Done anywa
Methodology g ' '
Reconsruction Shall be able to perform reconstructions with and O High Impact
4.3 Methodology / without attenuation correction 0 Low i
Output ' A Done anywa)
Shall be able to perform reconstruction of data
Reconstruction acquired in 3D mode using 3D imageonstruction I High | ¢
43 Software Data algorithms. - IgL cl)mvsaci
' Reconstruction 2D/3| If 3D mode data can be4ginned into 2D mode, shijz pone anywaj
Compatibility be able to perform reconstruction of data acquirec '
3D mode using 2D image reconstruction algorithn
Reconstruction Shall apply appropriate quantitative calibrati|_ .. .
. . O High impact
43 Software factors such that all images have units of acti O Low i
Qu_antltgtlve concentration, e.g., kBg/mL. A Done anywa
calibration
. Shall allow the user to define the image voxel siz[0 High impact
Reconstruction L o ) . .
4.3 Software Voxel size adjusting the matrix dimensions and/or diameter@ L ow |
the reconstruction fielebf-view. A Done anywa
Shall be able to reconstruct PET voxels with a siz Lo
. . e O High impact
43 Reconstruction _ mm or less in the transaxial directions and 2.5 mt O Low i
Software Voxel size less in the axial dimensioas recorded in Vox|i pone anywal
Spacing field (0028,0030) and computed from '
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_ Conforms . Inclusion
Section |Parameter (YIN) Requirement(Image Analyst) notes
reconstruction interval between Image Posit
(Patient) (0020,0032) values of successive slices)
Pixels shall be square, although voxels are
required to be isotropic in the z (hddoot) axis.
Reconstruction Shall allow the user toontrol image noise and .
. . S . O High impact
43 Software spatial resolution by adjusting reconstruction O Low i
' Reconstruction parameters, e.g., number of iterations, pest A Done anywa
parameters reconstruction filters. '
Reconstruction Shall allow a set of reconstruction parameters to t|[ High impact
Software . . : ;
4.3 Reconstruction saved and automatically applied (without manual [© L iopact
protocols intervention) to future studies as needed. A Done anywa;
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