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Open Issues:

The following open issues have been raised. They are provided here to capture the associated discussion,

to focus the attention of reviewers on topics needing feedback, and to track them so they ianataly
resolved. Comments on these issues are highly encouraged during the Public Comment stage.

Claim Context

biologic change unrelated to amyloid piesition difference alone.

If and how to address concern that large (>8% change in SUVr across time) may be accounte

Conformance Methodology

DRQx University ofWashingtonDRO development in progress with methodology for image
workstationconformance to follow

ana

Region Segmentation Requirements

If and how to define requirements arourahatomic region segmentation (whether anatomic
specific to a subject (e.g. MRET fused) or atlas based)) across time
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1. Executive Summary

This QIBA Profile documents specifications and requirements to provide comparability and consistency fol
the useof PETimagingusing18F labeled tracers which targatyloidacross scanners imeurology The
document primarily addresses PET/CT imaging; howewagedicated PEThat has transmission capabilities

can also be used”ET/MR scanners are excluded in thession because of their novelty and unknown
guantification differencess compared to PET/CT and dedicated PET scanfieesguidance in this Profile

can be appliedor both clinical trial use as well as individual patient managemehis document orgaizes
acquisition, reconstruction and pegrocessing, analysis and interpretation as steps in a pipeline that
transforms data to information to knowledge.

The document, developed through the efforts of thenyloid Profile writing group in theQIBANuclear
Medicine Technical Subcommittee, has shared content with GiBAFDGPETProfile as well as additional
material focused on the devices used to acquire and analygdoidtracer PET data.

r 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 1: lllustration of the Profile components

The Profile Pa 3 is derived frommultiple sources, includingaterial contained irthe work performed by
GKS 1fT KSAYSNDa 5A4aStH as Ahbigh dedPok ivdga hedstrenteyt précisibnintay S
be most important fora crosssectional Claim wherein thevayloid tracer is used primarily to select amyloid
positive subjects.For thecurrent Profile which is dongitudinal Claim, the primary purpose is to assess for
change in amyloid load following an interventjgmecisionmay be more important thabias

Summary for Clinical Trial Use

The QIBAAmMyloidPET Profile defines the technical and behavioral performance levels and quality control
specifications fobrain amyloidtracer PET scans used in singd@d multicenter clinical trials oheurologic
disease, primarily dementiaWhile the emphasis is on clinical trials, this process is also intended to apply
for clinical practice. The specific claims for accuracy are detailed below in the Claims.

The aim of the QIBA Profile specifications is to minimiz@-iaind intersubject, intra and interplatform,
and interinstitutional variability of quantitative scan data due to factors other than the intervention under
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investigation.PET studiesising an amyloid traceperformed according to the technical spec#tions of

this QIBA Profile provides qualitative and/or quantitative data for mulime point comparative
assessments (e.g., response assessment, investigation of predictive and/or prognostic biomarkers o
treatment efficacy) While the Profile detailalso apply to studies assessing subjects at a single time point, a
crosssectional Claim is not currently included in this Profile.

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

the time that it takesto complete a clinical trial. In additiothere are well know differences between
scanners antbr the operation of the same type of scannerdifferent imaging sites.

Theintended audiencesf this documeninclude

e Technical staff afoftware and device manufacturers who create products for this purpose

e Biopharmaceutical companieseurologists and clinical trial scientists designing trialh imaging
endpoints.

e Clinical research professionals.

e Radiologists, nuclear medicine physicians, technologists, physicists and administratealthtare
institutions considering specifications for procuring new PET{@TPET/MRn subsequent docunré
versionsequipment.

¢ Radiologistsnuclear medicine physiciangchnologists, and physicists designing PET&Od PET/MR)
acquisition protocols.

¢ Radiologists nuclear medicine physiciangnd other physicianor physicistsmaking quantitative
measurenents fromPETimages.

e Regulators, nuclear medicine physiciangjeurologists and others making decisions based on
guantitative image measurements.

Note that specifications stated as ‘requirements' in this document are only requirements to achieve the
claim not 'requirementsfor standard of care.' Specifically, meeting the goals of Phidile is secondary to
properly caring for the patient.

2. Clinical Context and Claims

Accumulation of amyloiB (AB) fibrils in the form of amyloid plaques is a neuroplaitioal requirement
F2N) GKS RSTFAYAGADS RAI Iy 2aAraAl® AmoRgINe Safiaud biomaridzS in ( 2
development to assess AB,ABET amyloid tracersee Table inSection 3.1.3.1.2f current approved
radiotracers for qualitativemyloid burden assessment whiabifer the potential of directly detecting and
guantifying cortical AB depositiofhe 1& amyloid PET tracers have a high affinity for cortical Rig
rationale fortheir use inneurologyis based on the typically increaspresenceof cortical AB depositiom
individuals withmild cognitive impairmentNIC) due to ADand ADcompared to normatontrol subjects
without amyloid deposition

Utilities and Endpoints for Clinicaltility
B-amyloid (AB) imaging with PET perniit&vivo assessment of AB deposition in the brain.

This QIBA Profilspecifically addresses the requirements for measuremerit8% amyloid traceruptake
with PET as an imaging biomarker &msessing the within subject change in brain amyloid burden over
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time (longitudinal Claimjo inform the assessment of disease status or possiblguvaluae therapeutic
drug response Quantitative assessment of amyloid burden at a single time point (cross sectional or bias
Claim)is not part of the current Profile

Biomarkers useful in clinical research for patient stratification or evaluation of therapeutic response would
be useful subsequently in clinical practice for the analogous purposes of initial choice of therapy and then
individualization of therapeutic regiem based on the extent and degree of response as quantified by
amyloidPET.

The technical specificationsdescribed in the Profilare appropriate for measuring longitudinal changes
within subjects.Portionsof the Amyloid PEProfile details aredrawn fromthe FDGPET Profile and are
generally applicable to quantitative PET imadmgother tracers andn other applications.

A negative amyloid PET scan indicates sparse to no neuritic plagues and a positive amyloid scan indicat
moderate to frequent amylai neuritic plaques.

Claim

If Profile criteria are met, then

[ f1FTAY mY | YSI| adzZNBR (')Kl-yzlé AY {1 +tw 2F k 22 Aylii\(')
confidence.

Claim 2: If Y1 and Y2 are the SUVR measurements at two time points, éh8&%hconfidence interval for
the true change i§Y2, M0 B MdPPpc P Kow, M RPRndannobwyHbw, H RPandnnc

The following important considerations are noted:

1. This Claim applies only smbject scanshat are considered evaluable with PET. In practice this means
that scans are of sufficient diagnostic quality and performed with appropriate analysis requirements such
that the target and reference tissue RGire evaluableviore details onwhich subjects scanare evaluable

are described irsection3.6.5.3

2. Detals of the claim were derived from a review of the literature and are summarized in Appendix B. In
these reportqTBD), it was assumed that the repeatability 8#J\Rcould be described

3. This Claim is applicable for singknter studies usinghe same sannermodel (and releasefor multi
center studies, ifLBFamyloid tracerPET imaging is performed using the same scanner and protocol for
eachsubjectat each time point (as described in the Profile), then it is anticipated that this Claim will be
met.

4. For this longitudinal Claim the percent change in SUVR is defined as [(SUVR at Time Point 2 minus SU
at Time Point 1) / SUVR at Time Point 1] x 100.

5. The statisticametric for Claiml is the Repeatability Coefficient (R)d the statistical metad for Claim 2
is the withinsubject coefficient of variatian

6. For both Claims, it is presumed that a) the wCV is constant over the range of SUVR values and b) any b
in the measurements is constant over the range of SUVR values (linearity).

7. In thisProfile, SUVR will be measured using SUVnoédme target regions of interest normalized to that
of a reference region. SUV is a simplified metric representing the radiotracer uptake at a prescribed uptake
time interval post injection. SUV is a composignal consisting of contributions from radioactivity present
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in tissue arising from tracer signal in blood (typical8%8 of tissue consists of blood volume), the tracer
free, nonspecifically and/or nowselectively bound in tissue and the tracer siieally bound to a target of
interest, in this case amyloid (Gunn RN et al. JCBFM. 2001 Jun;21E);6BMHis et al JCBEM2007
Sep;27(9):1539, Schmidt KE Turkheimer FEQ J Nucl Med2002 Mar;46(1):7685.) . By normalising SUV

to that of a reference region a simplified metric for the distribution volume ratio (DVR) is derived
attempting to cancel or compensate for the contributions from the free and-specifically bound tracer

in tissue. However, the absolute signals and relative contributions arising from the various compartments
are uptake time dependent as a result of differescin perfusion and nespecific and specific binding
across the brain. In particular, it should be noted that perfusion does not only determine theimash
(delivery) of the tracer, but also the waslut of the tracer. Moreover, the wasbut is affectedby the
relative contributions of norspecific and specific binding as well,,i¥2 N3 Wo A Y RA Y 3 -autf 2 g a
The latter also explaining the upward bias seen in SUVR compared with DVR (van Berckel et al, J Nucl Me
2013 Sep;54(9):1576). A detded discussion on the various sources of bias when using the simplified
reference tissue model (and SUVR) can be found in (Salinas et al. 8éBE®J:304-11, 2015). From the
fundamental kinetic properties of radiotracers it can be understood thah@®tV and SUVR (as surrogate

for DVR) are perfusion dependent and that changes in perfusion across the brain as well as longitudinall
will result in changes in SUVR. Consequently, changes in SUVR may not represent only a change in spec
signal (amyloijibut could, at least in part, be the result of changes or variability in perfusion (van Berckel et
al, J Nucl Med. 2013 Sep;54(9):1%Jj0Whether or not a change in SUVR is affected by changes in amyloid
and/or perfusion ideally should be first demondtd in a small cohort before SUVR is used in the larger
clinical trial. Athe very least these validation studies should be performed to assess the minimally required
decrease in SUVR that is needed in order to rule out false positive findings becddsease and/or drug
related) perfusion effects.

While the claim has been informed by an extensive review of the litergtbee Appendix Bit is currently

a consensus claim that has not yet been substantiated by studies that strictly conform toetiGcgions

given here. In addition, this claim should beassessed for technology changes, such aqR&#t spread
function) based reconstruction or TQEme of flight)imaging that were not utilized in published testest
studies. A standard utded by a sufficient number of studies does not exist to date. The expectation is that
from future studies and/or field testing, data will be collected and changes made to this Claim or the Profile
specifications accordingly.

Document generated by Profile Editok ProfileTemplate.sps Page:8
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3. Profile Activities

The folowing figure provides a graphical depiction that describes the marker at a technical level.

*80
@ % .
; [ Image SUVR (Target
Slngle Patient Scan r:ci:gne- Image 'lntergre- > R f( g
scan preparation acquisition struction analysis tation to Reference
S S Activity ratio)
. Image Image
Scan 1 Pat|er:: Sc_a_rjc_ recon- Inge_. interpre-
. preparation acquisition e analysis tation Compare for
£ > biomarker
=
| | assessment
mage mage
Patient Scan e Image . €
Scan 2 " e recon- = interpre-
preparation acquisition B analysis tation
~

Figure 3: The method for computing and interpretimgin amyloid burderusing PET may be viewed as a
series of stepsising either onescan (corresponding to é for use ofafuture W/ N2RG@GA 2y brf Q /
two or more scan sequencesr time points (corresponding to a fit for use of tH@dzZNINB y (it NJ
W[ 2 y 3 A G dzR AFgrlaf given /sdarthk BUR represents the ratio oftissue concentrationfor a
designatedbrainregion(or composite regiong)ompared to the activity frona reference regiorfwhich has
typically been cerebellurtwhole or graypr pons but may involve other regionsee Section 4.4). The ratio

of concentrationfrom these distinct regiongtarget/reference) is thencalculated which is termed the
SUVR

Furthermore, as discussedtime Image Analysis Sectiaf this Profile the Centiloid Scalemay;, after further
investigation, provide a mechanism whereby a study can be performeddifgrent amyloid PET tracers
mapped to a standard which is then comparafgeg, by using a linear scaling process and looking at mean
values[See Sectior8.4.3.3.3) to some (to be defined) degred\t this time, pending validation of the
centiloid methodologythis Profile requires the use of a single radiotracer in a reeltiter trial presuming
pooling of data across centers is performed.

Patients may be selected or referred fmmyloidPET imaging though a variety of mechanisms.
The imaging steps correspaing to Figure 1 are:

1) Patients or subjects are prepared for scannifige amyloid traceis administered. Patient waits for
bio-distribution and uptake oamyloid tracer See Section 3.1.3.1f@r ligand-specified timing.

2) Emission and transmissiatataare acquired (typicallghe PETscanand CTscan if a PETT
scanner)

3) Data correction terms are estimated atite attenuation and scatter correctedhages are
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215
216
217

218
219
220
221

222
223

224

225
226
227
228

229

230
231

232

233
234
235
236
237
238
239
240
241
242

QIBA Profé Format 20140221

reconstructed.
4) Images are reviewed for qualitative interpretation.
5) Quantitative(and/or semigquanttative) measurements are performed.

Note that steps 4 and 5 may occur in either order or at the same,tdepending upon the context of the
review (clinical research versus clinical practice) with reference to the specifications described in each
0 NJ Oadkaye insertCurrently, the quantitative use of amyleRET tracers is not approved by any
regulatory authorities in clinical practicklore details on the requirements are given below.

Images may be obtained atsingle time point omultiple time pants overmonths or yearsfor exampleat
a minimum of two time points before and after therapeutic intervention for a response assessment.

The following sections describe the major components illustrated in Figure 3:

Section Title Performed by

31 Subject Personnel, (including Technologists and Schedulers) at an Image Acquisitic
Handling Facility

3.2 Image Data Technologist, at an Image Acquisition Facility using an Acquisition Device
Acquisition

3.3 Image Data Technologist, at an Imagcquisition Facility using Reconstruction Software
Reconstruction

34 Image Analysis Imaging Physician or Image Analyst using one or more Analysis Software tc

35 Image Imaging Physician before or after information obtained by Image Analysis u

Interpretation apre-defined Response Assessment Criteria

Image data acquisition, reconstruction and ppsbcessing are considered to address the collection and
structuring of new data from the 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.

3.1. Subject Handling

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

3.1.1 Subject Selectionand Timing

The utility of correlative anatomic brain imaging, CT or MRI, can be viewed in two different contexts. From
a clinical erspective, he anatomic imagingtudy isused to assessfor evidenceof bleed infection,
infarction, or other focal lesions(e.g., in the evaluation of subjects with dementia, the identification of
multiple lacurar infarctsor lacurar infarctsin a critical memory structure may beimportant). From the
perspective of establishing performance requirements for quantitative amyloid PET imaging, the purpose of
anatomic imaging (separate from the utility of providing an attenuation correction map) is to provide
assessment of cortical atrophy and consequently a falsely decreased SU¥Rnage analyst should also

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

the case of intracranial bleed. The effeof differential BBB integrity inteime point is currently not
guantified in the scientific literatureWhile the performance of anatomic imaging is not a performance

Document generated by Profile Editok ProfileTemplate.sps Page:10
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requirement of the Profile, the value of performing such imaging and the incorporatiats analysis with
the amyloid PET findings may provide additional value in the interpretation for an individual subfest.
should be considered ithe designand implementatiorof the study protocol.

Aside from the exclusio(absolute or relatie contraindicationspf subjects who are unable to remain still
enough to obtain adequate imaging (See Sect®ih?2.3 forinformation on subject sedatign ubject
selectionfor amyloid PET imaging an issue beyond the scope of this Profitefer toAppropriate Use
Criteria for Amyloid PET: A Report of the Amyloid Imaging Task Force, the Society of Nuclear Medicine ar
Molecular Imaging, and the Alzheimer's Association and manufacturer guidance for more information
regarding patient selectian

3.1.1.1 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 tracerPET scan from both (1) the index interventi@ng, treatment with an
amyloid reducing therapeutic agerand (2) other interventions (e.gprior treatment). Thignitial scan (or
GAYS LRAYUGOL A& NBFSNNBR (2 a GKS aolaStAaySe ac
scan and the initiation of treenent should be specified as well as the time intervals between subsequent
amyloid PET studies and cycles of treatment. Additionally, the study protocol should specifically define an
acceptable timing variance facquisitionof the amyloidPETscanaroundeach time point at which imaging

Ad AaLISOAFASR O0A®PSPY (GKS | OOSLIIIF6tS 6AYR28 2F GAY
3.1.1.2. Timing Relative to Confounding Activities

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

3.1.1.3. Timing Relative to Ancillary Testing

Various neuropsychiatric tests may be performed on or around the alagmyloid tracer imagingnd

should be coordinated at the time of scheduling.

3.1.2 Subject Preparation

Management of the subject can be considered in terms of three distinct time intervals (1) prior to the
imaging session (prior to arrival and uponieat), (2) during the imaging session and (3) post imaging
session completion. The pimaging session issues are contained in this section while the-imtaging
issues are contained in secti@2.1 on image data acquisition.

3.1.2.1. Prior to Arrival
Thee are no dietary or hydration requirements or exclusions.

The conformanceissues around these parameters are dependent upon adequate communication and
oversight of the Scheduler or Technologist at the Image Acquisition Facility with the subject.
Conmunication with the subject and confirmation cbnformanceshould be documented.

3.1.2.2. Upon Arrival

Upon arrival confirmation of subject compliance with yp@cedure instructions should be documented
on the appropriate case report forms.

Document generated by Profile Editok ProfileTemplate.sps Page:11
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3.1.2.3 Preparation for Exam

Qubject preparation after arrival and prior to imagisgould bestandardized among all sites and subjects
throughout the conduct of the clinical trial.

aSlFcadaNBYSyid IyR R20dzySyidlFdAz2y 27F (K Sged ifzdoBs5 O ¢
requirement of this Profile since the measurand, SUVR, is by definitetioaof SUVS.
The waiting and preparation rooms should be relaxing and warm (> 75° F or 22° C) during the entire

uptake period (and for as long as reasonably practeadvior to injection, at least 15 minutes is
suggested as acceptable). Blankets should be provided if necessary.

The subject should remain recumbent or may be comfortably seated;

After amyloid tracerinjection, the subject may use the toilet. The sulijebould void immediately
(within 5¢ 10 minutes) prior to the PET image acquisition phase of the examination.

Sedationis not routinely requiredlt is not certain whether sedation wilhterfere with amyloid
tracer uptake some preclinical testing indates a possible interactiomut not all tracers have been
tested for possiblanteraction effects The decision regarding whether or not to use sedation is
beyond the scope of this Profile and requires clinical evaluation of the particular subject for
contraindications, as well as knowledge of whether the particular tracer is subject to interaction
with the sedating agent.Since these interactions have not been fully defined, subject preparation
(with or without sedation) should be consistent across tipméntsfor a given subject.

The amount of fluid intake and use of all medications (e.g., diuretic, sedative) must be documented
on the appropriate case report form.

The subject should remove any bulky items from their pockets such as billfolds, keysn etc
addition, they should remove eyeglasses, earrings and hair clips/céamosanything that could
cause discomfort while the head is resting in the head holdgmesent. They should also remove
hearing aids if possiblalthough it is important thathey be able to follow instruction (and hear
them if necessary) to remain still while in the scanner

Document generated by Profile Editok ProfileTemplate.sps Page:12
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3.1.3. Imaging-related Substance Preparation and Administration
3.1.3.1. Radiotracer Preparation and Administration

3.1.3.1.1 Radiotracer Dsgcription and Purpose

The specific amyloid radiotracer being administeséduld be of high quality and purity. For examples
amyloid seekingadiopharmaceutical musbe produced under Current Good Manufacturing Practice as
specifiedby the FDAEU,EuropeanPharmacopeiar other appropriatenational regulatory agency U.S.
regulations such as 21CFR212 or USP<823> Radiopharmaceuticals for Positron Emission Tomography m
be followedin the U.S. or for trials submitted to US Regulatory

While beyondthe scope of this document, for any new amyloid tracer it cannot be assumed that SUVR
reflects amyloid load without validation, i,dirst full kinetic analysis needs to be performed to check that
SUVR has a linear relationship withnBP

3.1.3.1.2 Raditracer Activity Calculation and/or Schedule

The amyloid seeking radiotraceactivity administeredwill depend upon the specific tracer utilizé@ee
Table below) Typically, the doseanges between about 18§ 370MBq (5 ¢ 10 mCi) for regulatory
approved tracers, this should be according to the package ins€hie administered activity typically
depends upon the local imaging protocoheTlocal protocol may require fixed activity, or the activity may
vary as a function of various parameters including maeit limited to subject size or aga scanningnode.

The exact activity and the time at which activity is calibrated should be recorded. Residual activity
remaining in the tubing, syringe or automated administration system or any activity spilled dujeotidn
should be recordedThe objective is to record the net amount of radiotracer injected into shbject to
provide accurate factors for the calculation of the net SUV.

Parameter Florbetapir | Flutemetamol | Florbetaben NAV4694
(Amyvid)[1]] | (Vizamyl)2] (Neuaceq)[3]
Tracer Admin Activity 370 MBq 185MBq 300MBq 300 MBq
Max 50 mcg| Max 20 mcg | Max30 mcg
mass dose mass dose mass dose
Parameter Entity/Actor Specification

Administered Imaging The Technologishall

;mé/_lo;d Technologist 1. Assay the prenjectionradiotraceractivity (i.e. radioactivity
adiotracer and time of measurement,
Activity

2. Record the time thatadiotracerwas injected into the
subject,

3. Assay the residual activity in the syringe (and readily
available tubing and components) aftinjection and record
the time of measurement.
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Parameter Entity/Actor Specification

4. Inject the quantity ofradiotraceras prescribed in the
protocol.

These values shall be entered into the scanner during the PET/
acquisition.

For scanners that do not provide for entry of residual activity
information, the net injected radioactivity should be manually
calculated by decay correcting all measurements to the time of
injection and then subtracting the residual radioactivity from the
pre-injection radioactivity. The net injected radioactivitythen
entered into the scanner during the PET acquisition.

All data described herein on activity administration shall be
documented.

All data should be entered into the common data format
mechanism (Appendix E).

3.1.3.1.3 Radiotracer Administration Rote

Amyloid seeking radiotraceshould be administered intravenously througim adwelling catheter(21
gauge or larger)nto a large vein (e.gantecubital vein)This is usually administered as a manual injection;

a power injector may be used especialty studies in which SUVR measures of amyloid load are compared
with dynamic measures (Rf. Intravenous ports should not be used, unless no other venous access is
available. If a port is used, an additional flush volume should be used. As reproducibleoaect
administration of radiotracer is required for quantification purposes, extravasation or paravenous
administration should be avoidedf. an infiltrationor extraneous leakagis suspected, the event should be
recorded. The anatomical location ahe 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.

Parameter

Entity/Actor

Specification

Amyloid
radiotracer
Administration

Technologist
or Physician

Technologisbr Physiciarshall administethe amyloid radiotracer
intravenously through mindwelling cathetel(24 gaugeor larger)
preferably into a large vein (e,@ntecubital vein)intravenous ports
should not be used, unless no other venous access is available.

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

Suspcted
infiltration or
extraneous
leakage

Technologist
and/or
Physician or
Physicist

Technologist shall

1. Record the event and expected amountaiyloid tracer Minor
(estimated less than 5%), Moderate (estimated more than 5% ang
less than 20%%evere (estimated more than 20%). Estimation will
done based ormnages and/or known injected volumes.
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Parameter Entity/Actor | Specification

2. Image the infiltration site.

Record the event and expected amountashyloid tracerinto the
common data format mechanism (Appendix E).

3.2. Imaye DataAcquisition

This section summarizes the imaging protocols and procedures that shall be performedaioryemdPET
examby using either a PET/CT adedicated PET scanneith the requirement that aGermanium source

can be used to perform attentian correction Note that PET scanners that do not measure in some way
the attenuation of the brain and use a calculated algorithm for estimating the attenuation and scatter
corrections are excluded from this profilen addition, die to their novelty, ET/MR scanners are not
covered in this version of the profile. More research and data need to be done with these scanners to
understand any differences they may have in quantifying PET amyloid data as compared to PET/CT ar
dedicated PET scannerssoing brward in this document, PET scanner can mean either a PET/CT or a
dedicated PET scanner.

For consistency, clinical trial subjects should be imaged on the same device over the entire course of «
study. It is imperative, that the trial sponsor be notifietiscanner substitution if it occurs.

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

When Amyloid PET imaging is performed acrosgetpoints for a given subject (longitudir@him), follow
up scans should be performed with identical acquisition parameters as the first (baseline), inclusive of all
the parameters required for both the CT and PET acquisiisrdescribed further in thiSection

Foramyloid tracePET/CPperform imaging in the following sequence

e CT Scout (i.etopogram or scanogram etc.fpllowed bythe following two acquisitions, in either
order (ensuring that the same sequence is performed for a given subjextsattme points):

e CT(non-contrast)for anatomic localization and attenuation correctiand
e PET Emission scan acquisition

For amyloid tracer scan performed amedicated PET system (no CT), the first butleted steps above
are not performed. Insteagherform the Germaniunbased attenuation correction scan first and then
proceed with the PET Emission scan acquisition.

The issuesdescribed in this Sectioshould be addressed in the clinical trial protocol, ideally with
consistency across all sites antisalbjects (both intesubject, and intraand interfacility) with the target

of consistency across all time point®ngitudinal utility) for each given subject. The actual details of
imaging for each subject at each time point should always be recorded.
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3.2.1 Imaging Procedure

The imaging exam consists of two components, the PET emission scan and the transmission scan
(performed either with CT or witta Germanium source)From these data sets, the nattenuation
corrected PET images may be reconstrdcter quality control purposes and attenuati@orrected PET
images are reconstructed for qualitative interpretation and quantitative analysis. Instrument specifications
relevant to the Acquisition Device are included in Secti@@onformanceéProcedures

3.2.1.1 Timing of Image Data Acquisition

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

(1) in general, the time interval betweesimyloid traceradministration 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 sam
interval between injection and acquisition scans performed across different time points.

Parameter Florbetapir | Flutemetamol | Florbetaben NAV4694
(Amyvid)[1] | (Vizamyl)2] (Neuraceq]3]

Tracer Uptake Tim(

(Mpi = mins post injxn) 30¢ 50 mpi 90 - mpi 45 -130mpi 50¢ 70 mpi

Duration of Inaging

. 10 min 20 min 15¢ 20 min 20 min
Acquisition

TKS adF NBSG¢ ( Ndegesdsdt wxidihe tadiotracdr Wiiizedeterence the above table for
acceptable tracer uptake timgg minutes post injectiofimpli]) for each of the currently avaitde tracers.

The exact time of injection must be recorded; the 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 injectio appropriate to the quality of the vein accessed famyloid tracer
administration so as to avoid compromising the integrity of the wajected

When performing a followup scan on the same subject, especially in the context of therapy response
assessrant, it is essential tasethe same time interval To minimize 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 ef€t on SUVR with varying tracer uptake times in a no change
scenario. The consensus recommendation, to balance practical and ideal, for this Prafleet avindow

of £5 minutes

If, for scientific reasons, an alternate time (between activity adstiation and scan acquisition) is
specified in a specific protocol, then the rationale for this deviation should be stated:timerpoint
consistency must still be followed.

Parameter Entity/Actor | Specification

Tracer Injection | Technologist| Thetime of amyloid tracernnjection shall be entered into PET
Time scanner console during the acquisition.

Tracer Uptake | Technologist| The Technologist shall ensure that the tracer uptake time for the
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Parameter Entity/Actor | Specification

Time: baseline scan within the acceptable range for the spéic
radiotracer(see Tracer Uptake Table in Section 3.2.1.1)

When repeating a scan on the same subject, especially in the co
of therapy response assessment, the Technologist shall apply th
same time intervalised at the earlier time point 5 minutes.

The following sections describe the imaging procedure.

3.2.1.2 Subject Positioning

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

AY LI NIAOdzE F NJ I RAFFSNBYOS Ay (KS adzowa2S0iaqQ Lka
usedfor attenuation correction is the single most common cause of failed studies.

NOTE: The successful implementation of stratepasinimize head motion (and maximize signal to noise)

is critical to overalconformance tothe Profile requirementsThis canbe addressedboth at the time of
image acquisition (through the use of head immobilization techniques described in the paragraphs
immediately below)and at the time ofimageacquisition setup andreconstruction,described inSection
3.3.2.2.1.

Positionthe subjects on the PET or PEJT scanner tablgo that their head/neckare relaxed.To minimize
KSR Y2UA2y > (K®uldd&o eASYOri20aA t RS ISR dzaAy3a GKS Aya
equipment (eg., thermoplastic masktape, etc). It maybe necessary to add additional pads beneath the
neck to provide sufficient supportvacuum bean bags can also be used in this prod@ésshead should be
approximately positioned parallel to the imaginary line between the external canthus of the eythand
external auditory meatus. Foam pads can be placed alongside the head for additional support. Velcrc
straps and/or tape should be used to secure the head position.

It should be assured thahe head of the subjeds positionedin the scanner withtie total brain within the
field of view FOV. Special attention must be paid to include the entire cerebellum in the image as this
region serves as a reference region for subsequent quantification.

For dedicatedamyloid tracer PE®rain scans, the armsheuld be positioned down along the body. If the
subject is physically unable to maintain araiengside the bodyor the entire examinationthen the arms
can be positionedn their chest or abdomen.

Use support devices under the back and/or legs to lielprease the strain on these regions. This will assist
in the stabilization of motion in the lower body.

The Technologist shall document factors that adversely influence subject positioning or limit the ability to
comply with instructions (e.gremainingmotionless).

Parameter Entity/Actor Specification
Subject Technologist | The Technologist shall position the subject according to the spe
Positioning protocol specifications consistently for all scans
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The EBchnologist shall document issues regarding subject non

Positioning compliance with positioning
Nor- Technologist | The Technologist shall document issues regarding subjeet non
compliance compliance with breathing and positioning usthg common data

format mechanism (Appendix E).

Parameter Entity/Actor Specification

The Technologist shall document issues regarding subject not

. compliance witmot remaining still
Motion non- . : : : :
compliance Technologist [ The Technologist shall document issues regarding subjeet nol

compliancgnot remaining stl) motion using the common data
format mechanism (Appendix E).

3.2.1.3 Scanning Coverage and Direction

Anatomic coverage should include from the skull base togkell vertex ensuring complete inclusion of
the cerebellum. The anatomic coveragfguldbe includedin a single bed position

Parameter Entity/Actor Specification

Anatomic Technologist | The Technologist shall perform the scan such that the anatomic

Coverage coveragg(including the entire brain from craniocervical junction
vertex)is acquiredn a single bed positioaccording to the protoco
specifications and the same for all time points.

3.2.1.4 Scanner Acquisition Mode Parameters

We defineacquisitionmode parameters as those that are specified by the Technologist at the atahe
actual PET scan. These include the acquisition fimthe singlebed positionandthe acquisition mode (3D
mode only. These parameters do not include aspects of the acquisition that occur earlierifgegted
amount of 18Famyloid traceror uptake duration) or later (e.greconstruction parameters) in the overall
scan process.

PET Acquisition

If possible, the PET data should be acquired in listmode format (for fullest flexibility for correcting for head
movement) ordivided into multiple aquisitions with a maximum of 5 minutes eadhdividualized, site
specific acquisition parameters should be determined upon calibration with the appropriate phastsn
below).
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Parameter Entity/Actor Specification

Thekey3-D PET acquisition mode parameteesd.,time per bed
position, acquisition modeetc.) shall be specifieth a manner
PET acquisition that is expected to produce comparable results regardless of
mode Study Sponsor | scanner make and model.

The key acquisition mode parametersafitbe specified
according to predetermined harmonization parameters.

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

PE; acquisitior Technologist protocol and used caistently for all patient scans.
mode

PET should be acquired in listmode format (best) or dynamic
time framesof no more than 5 minutes each

CTAcquisition

For the CT acquisition componenttae PET/CT scan, this Profile only addesske aspects relaté to the
guantitative accuracy of the PET image. In other woadpects of CT diagnostic accuracy are not addressed
in this Profile. Inprinciple,any CT technique (parameters include kVp, mAs, pitch, and collimation) will
suffice for accurate correctiorfer attenuation and scatter. However, it has been shown thatefstimating
PETtracer uptake in bone, lower kVp CT acquisitions can be more biased. Thus highigrdater than
80kVp)CT acquisitions are recommended in general. In additidhere isthe potential for artifacts in the

CT image due to the choice of acquisition parameters,(&uncation of the CT field of view), then these
parameters should be selected appropriately to minimize propagation of artifacts into the PET image
through Clbased attenuation and scatter correction.

The actual kVp and exposure (CTDI, DLP) for each subject at each time point should be recorded. CT dc
exposure should be appropriately chosen wherever posgibtécularly in smaller patientsThe radiation
principle ALARA (As Low As Reasonably Achievable) for minimizing radiation dose should be considere
during imaging protocol 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 imagindNote thatthe ALARA principle is for radiation mitigation and does

not address the diagnostic utility of an imaging test.

Parameter Entity/Actor Specification

The key CT acquisition mode parameters (kVp, mAs, pitch, a
collimation) shall be specified in a manner that is expected to
produce comparable results regardless of the scanner make
model andwith the lowest radiation doses consistent for the
role of the CT scan: diagnostic CT scan, anatomical localizat
or corrections for attenuation and scatter.

CT acquisition

mode Study Sponsor
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Parameter Entity/Actor Specification

If diagnostic or anatomical localization CT images are not
needed, then the CT acquisitionoate shall utilize the protocol
that delivers the lowest possible amount of radiation dose to {
subject(e.g, an ultralow low dose protocol) that retains the
guantitative accuracy of corrections for attenuation and scattg

The key CT acquisition mode parameters (kVp, mAs, pitch, a

CT acquisition Technolgist collimation) shall be set as specified by study protocol and us

mode consistently for alsubjectscans.
Parameter Entity/Actor Specification
A team comprising a Technologist / Physician / Medical
_ Technologist / Physicist shall ensure that CT protocols are designed such
CT TeChnlque: .. . d is the | diati d
Physician / Medical | dose exposure is the lowest radiation dose necessary to

Protocol Desigr Physicist achieve the diagnostic objective.

The protocol shabe recorded and documented.

The Technologist shall ensure that CT dose exposure is th
Technologist lowest radiation dose necessary to achieve the diagnostic
objective.

CT Technique:
Dose Exposure

Regarding CT radiation exposure, the lowest radiatiosedeecessary to achieve the diagnostic objective
should be used. For a given protocol, the purpose of performing the CT searorily needed for
attenuation correction anfbr anatomic localization versus one intended for diagnostic purpasesuld be
determined. The CT technique (tube current, rotation speed, pitch, collimation, kVp, and slice thickness)
used should result in as low as reasonably achievable exposure needed to achieve the necessary PET ime
guality. The technique used for an imagingsses should be repeated for that subject for all subsequent
time points assuming it was properly performed on the first study.

3.3. Imaging Data Reconstruction and Pd&tocessing

3.3.1 Imaging Data Reconstruction

Reconstructed image daia the PET imagexactly as 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 bleat can
analyzed on one or more of the following: PET scanner console, PET image display workstation, PAC
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, the field of view and voxel size.
The quantitative accuracy of the PET image should be independent of the choice of CT reconstructior
parameters, although this has not been uniformgligated. In addition if there is the potential for artifacts
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in the CT image due to the choice of processing parameters ¢(empensation for truncation of the CT
field of view), then these parameters should be selected appropriately to minimize propaged artifacts
into the PET image through ©&sed attenuation and scatter correction.

Parameter Entity/Actor Specification
The key PET reconstruction parameters (algorithm, iterations
smoothing, field of viewyoxel size) shall be specified in a
PET image manner that is expected to produce comparable results
reconstruction | StUdY SPONSOr | yegardiess of the scanner make and model.
The key PET image reconstruction parameters shall be spec
according to predetermined harmonization parameters.
The key PET reconstruction parameters (algorithm, iterations
PETimage . . : . . . : .
. Technologist smoothing, field of view, voxel size) shallidentical for a given
reconstruction : : :
subject across time points.
PET image Technologist If available, any reawstruction algorithm that uses point spreac
reconstruction g function (PSF) modeling sholN®DTbe used.
. If available, the time of flight (TOF) optioanbe usedthe use
PET image : : . .
: Technologist or nonuse of TOF must be consistent for a given subject acr
reconstruction : :
time points
The Technologist shall perform the image reconstruction suc
that the matrix, slice thickness, and reconstruction zoom shal
PET_ _ yield a voxel size ¢f2.5 mmin the x and ydimensionsand<3
Matrix/Voxel | Technologist mm in the z dirension
size
The final size shall nbie achieved by rébinning, etc., of the
reconstructed images.
All quantitative corrections shall be applied during the image
Correction . reconstruction process. These include attenuation, scatter,
Technologist , g o
factors random, deadtime, and efficiency normalizationgdowever, no
partial volume correctiorshould be performed.
L All necessary calibration factors needed to output PET image
Calibration . : ) )
factors Scanner units of Bg/ml shall be automatically applied during threage
reconstruction process.

As part of the image reconstruction and analysis, correction factors for known deviations from the
acquisition protocol can potentially be applied. Corrections for known data entry errors and emrors i
scanner calibration fetors should be corrected prior to the generation of theconstructed images, or
immediately afterwards.

3.3.2 Image Data Poprocessing

Processed image data are images that have been transformed in some marmnder to prepare them for
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additional operations enabling measurement of amyloid burdé&Some posprocessing operations are
typically performed by the PET technologist immediately following the scan. Additional steps may be
performed by a core imaging lab, or by an analysis software padagssed 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 pspecified discrete frame duration and total numbdrfeames, and
putting the images into a spatial orientation specifiedthg postprocessingprotocol.

In postprocessing images, only those steps specified per protocol should be performed, as each transform
can slightly modify the image signal, and th&ent is to preserve the numerical accuracy of the true PET
image values.t8dies includindull dynamic imagingnd kinetic modeling rather than evaluation of a late
timeframe static scamay require additional processing as specified in the individuabpol.

3.3.2.1Ensure image orientation

2 KSGKSNJ GKS AYIF3IS Aa o0SAy3a LINBLINBR FT2NJ I ljdzr y
software, or for transmission to a facility for centralized image quality control, processing, and analysis, it is
important to ensure that the image is spatially oriented per protocol. 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.

Parameter Entity/Actor Specificaton

Image orientation PET technologist| The raw image will be spatially oriented per stu
protocol.

3.3.2.2 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 tmefurther processed and used for measurement of ®&VR In the
simplest case, the image may be acquired as a single frameZ@.qinutes long), thus forming a static
image without the need to combine timeframes. In this c&egtion 3.3.2.2.Belowis 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 aset of discrete time frame images (e.tpur fiveminute frames) that are then combined into a
single static image in subsequent steps. The alternative approach of full dynamic data acquisition typically
involves many (>15) frames of variable lengthrtstg with rapid frames acquired immediately at tracer
injection.

3.3.2.2.1 Intra -scan inter -timeframe assessment and alignment

For a scan comprised of multiple timeframes, it is important to ensure that the frames are spatially aligned
so that the same brain tissuis located in the same coordinates for measurement across the frames. It is

preferable that this alignment be performed prior to attenuation correction (that is, as part of the steps in

the previousSection3.3.2.2 in order to prevent embedded error due misalignment between emission

and transmission scan. However, at present, because of limitations in the tools provided with typical
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scanner workstations, inteimeframe alignment is typicallpot performed during image reconstruction

and attenuationcorrection. Rather, visual checks are typically applied and excessive motion may or may
not be flagged. If automated, precise tools become available in scanner workstations in the future, the
inter-frame alignment and static image formation described iis thection may become part of the image
reconstruction process. Even when inteneframe alignment is performed prior to attenuation correction

or at the imaging site, it is important that the discrete binned frames prior to #rne alignment, the
transmission scan, and the alignment parameters applied, be made available for quality control in later
processing and analysis steps.

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

The study protocol should define the allowable translation and rotation permitted between the reference
frames and other frames. Frames exceeding these limits may be removed, withlltheirig caveats: (a)
removal of too many frames (e.g. more than half of the total acquisition window) may result in inadequate
total counts and a noisy scan; and (b) frame removal should be consistent across longitudinal scans for thi
same subject, or slig error can be introduced. Note that particularly in certain subject populations it is not
uncommon to observe translational or rotational motion exceeding 2 mm or 2 degrees, and exceeding 5
mm or 5 degrees in some scans. Typical clinical studies cdMICAD patients have had mean (standard
deviation) values of 1.7 (1.1) mm for maximum translation and 1.5 (1.1) degrees for maximum rotation.
Motion tends to worsen with longer duration scans. The decision to extend allowable motion thresholds
becomes a blance between retaining subject frames and tolerating increased signal variability.

Currently, most scanner workstations do not provide readily used automated tools forfratae motion
measurement and correction, and automated alignment to the transmis (or CT) scan prior to
attenuation correction. Once such tools are available, the activity of frame alignment would best be
performed prior to attenuation correction, to prevent embedded attenuation correction error that cannot
be removed through sulegjuent interframe alignment. On occasion, even with current tools, this can be
performed at the site. Even when realignment at the imaging site becomes feasible, theframer
alignment parameters of the original scan acquisition should be availalieetémage Analyst, as under
certain conditions enough withiframe motion may have occurred to merit removal of the frame
regardless of inteframe correction.

Parameter Entity/Actor Specification

Inter timeframe Image analyst or,l When a multiframe PET scan is provided, t

consistency pendingprotocol, | translational and rotational adjustment require
to align the frames will be assessed prior
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Parameter Entity/Actor Specification

PET technologist| combining frames into a single scan.

Action based on inter | Image analyst or,| If inter-frame alignment has been performemutior
timeframe consistency pending protocol,| to attenuation correction, frames will be remove
check PET technologist| if inter-frame translation exceeds a recommend
threshold of4 mm or interframe rotation exceed:s
4 degrees (or less if indicated by study protoc
or if inter-frame alignment has not bee
performed prior to attenuation correction, frame
will be removed if intefframe translation exceed
a recommended threshold of 4 mm or intBame
rotation exceeds aacommended threshold of 4
degrees from position of the CT scan used
attenuation correction (or less if indicated I
study protocol)

3.3.2.22 Combine discrete timeframes

Once all or a subpopulation of the appropriately aligned timeframes have been identfiedmposite
image is generated for further processing and analysis. For late timeframe scans, this is accomplishe
through averaging or summation of the timeframes into a single image volume. In full dynamic scanning, a
G LI NI YSGNR O A YihrBugh aOoré comflex rotBdurd Bar involves measuring signal in
FYet2AR AGNROKé OKIF@AYy3a KAIK GNIFOSNI O6OAYRAYy3IOL FyR
measurements if available, and solving simultaneous equations to determine walyels. The parametric
image can then be measured using the same Volume of Interest or other methods described below, with
the difference that the measure becomes a Distribution Volume Ratio (DVR) rather than SUVR.

Static Image generation Image analyst oimage Only timeframes identified a
processing workstation appropriately aligned will bg
included in this imagg

generation.

3.3.3 Imaging Data Storage and Transfer

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

Image raw datais the image data exactly as produced bg teconstruction 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. Thigyicallya stack of DICOM slices/files constitgtia PET

image volume that can be analyzed on one or more of the following: PET scanner console, PET image
display workstation, PACS system, dfanter-frame alignment is performed prior to attenuation
O2NNBOUA2Y S (GKSYy NI gmisibniahdtrangnissionArgii@s pdizi ® any Btérk (i K S
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frame or interscan alignment, the realigned frames that were used for attenuation correction, and the
attenuation corrected frames.

Postprocessed image datare images that have been transformed aftecoastruction 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 of the following: PET scanner console, PET image display workstation, PACS system, etc.
For archivingat the local site or imaging core lab (if relevarttje most important data are the original

images, i.e. the image raw data. In the unlikely event that the scanner raw(whteh should be archived

by the local sitejs required for later reprocessinthis should be made clear in the protocol.

Parameter Entity/Actor Specification
Data archiving raw | Technologist The originally reconstructed PET imag@esage raw datg)
images with attenuation correction, and CT images shall always

archived at the loal site.

If scanner raw data need to be archived for future
reprocessing, this should be defined prospectively in thg

Protocol.
Data archiving: post| Image analyst If a static image has been generated by aligning frames
processed images and summing or\eraging discrete timeframes, or throug

other parametric image generation, the image will be
archived at the site where the static image generation
occurred.

3.4. Image Analysis

The Image Analyst, through interaction with the Workstation Analysis tabiall be able to perform
specified measurementsn the imagesimage Analysis has qualitative and quantitative tasks. Basks

require high quality image submission ar@bnsistencyof image interpretation.Quantitative imaging
requires additional systa characteristics described further ire@ion 3.2, Image Data Acquisitioand

Section 3.6, Quality Control, of this Profile.

3.4.1 Input Data

The output ofimage Reconstruction and Pgstocessing (inclusive of Static Image Generation) resulting in

a sngle image volume, corrected for attenuation, scatt@mdomsand radiotracer decay, onsidered the

input for static scanimage Analysisin the case of full dynamic imaging for kinetic analysis, the-Post
processing output may be a set of timeframdhke original input data as received, 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 perform measurement (See Section.3.2)

3.4.2 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 analysifie elements of raw image quality control that should be performed
during performance of posteconstruction processing are defined$ection3.3, Image PodProcessing
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Elements of posprocessed image quality control that should be performed by the Image Analyst or the
Processing Workstation software prior to further processing and analysi® afniiige data are listed in
Section3.6, Quality Control.

3.4.2.1 Correction for Partial Volume Effects

Partial Volume Effects CorrectiRVEC)sNOTNBE O2 YYSYRSR & | &aoé& RSTFI dzf i
the fact that the process itself can introduaggreat 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 systematically employed that does not increase variabilityaékground 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 the samvoxel. In particular, some amyloid PET tracers have high levels of nonspecific white
YFEGGSNI dzLJGF 1 ST LINPRdAzOAY3a KAIK aAdylt AydSyarde
addition, neurodegenerative patients may exhibit substantial goessive atrophy, increasing syillfrom

CSF that can dilute increases or accentuate decreasgigating from the atrophic tissue elements

Several different mathematical algorithms and approaches have been developed to correct or compensate
for PVE ad tissue atrophy However, 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 signal intensity, and is mogtrapriate when the tissue origin of the signal is lost,
resulting in the atrophy (ex loss of synaptic neuropil in FDG cerebral glucose metabolism imaging). In the
case of amyloid deposits in neurodegenerative dementia, however, the deposits are not eahtdth
normalcerebralgray matter elements; amyloid plaques are extracellular accumulations and are unlikely to
degenerate as gray matter atromsdue to losses of synapses and neurons ensues. Thus, applying gray
matter atrophy-correction PVEc may ingpNR2 LINRA | 6 St & dadzLJa ol £ S¢ GKS | yef 2
regions. Usual PVEc approachesult in a new image, typically containing only gray matter, and has been
shown to increase thapparentamyloid in AD patients by as much as 30% to S8%.nost 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
becomes atrophic. Appropriate e®f 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 highly sensitive to swigjsetiections 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
considerations must be considered artetdecision as to whether or not to use may be study dependent.
The point in the process at which PVE correction is applied may vary, for example either applied to spatially
normalized images or to native images, prior to or after the creation of a $bge.

3.4.2.2Image 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 appliesa mathematical filter to the image signal at each voxel to help compensate for
differences in spatial resolution that exist between different scannéven if the same scanner is used for
each visit by a particular subject, being able to compare the SAdMR 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
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in SUVR.

. @ AdAaLINBIFIRAY3IE aArAdylt 2dziz avyz22diKAy3a | faz2 KSf LA
across different subjects, increasing the ability to identify group effects in dm@s®d comparisons.
However, smoothing also dilutes signadricularly in small structures, and can also increase the mixing of
white, gray, and CSF signal.

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 b
applied per protocol to produce comparab
signal for the same amount of radioactivity.

3.4.3 Methods to Be Used

The methodology and sequence of tasks used to perform amyloid tracer anadysshistoricall varied

across studiesdepending upon the radiotracer, image analysis workstatisaftware workflow and
parameters determined to be of interest in the study desifnocessing and analysis steps have ranged
from a manual workflow to a semiautomatic wolddv (which requires some usenteraction with the
workstation) to an automatic workflow (with little or no useteraction), with various alternatives possible

at each step An outline of themajor stepstypically included in the workflow is provided Iba.. These

steps are associated with a Standardized Uptake Value Ratio (SUVR) calculation approach using :
SlidzZAf AONAdzy &Gl 3S aft+bdS GAYSTFNIXrYSE AYF3ASo 5Sil
guidelines are then provided. Points wheraler of operations can vary without impacting end result, such

as the option to generate an SUVR image prior to target region measurement, are noted. Notes are alsc
included regarding the alternative use of the full dynamic scan and kinetic modeling tagerodeasures

of amyloid burden.
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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.

@ 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.

Figure4. Typical steps in image processing and measurement for SUVR calculation

Despite variability in workflows that may be applied, several fundamental factors can impact the accuracy
andreproducibility of measurement. These are discussed below and guidance provided to achieve accurac
and reproducibility.

3.4.3.1 Spatially Match Subject and Template

The fitting of Volumes of Interest (VOIs) to a scan for amyloid studies has typicaflypbdermed by
automated software, reducing the subijectivity, inbe¥ader differences, and labor intensity of manual
delineation. In order to measure piefined VOIs foSUVRcalculation (or DVR in the case of full dynamic
scanning), itis necessarytdm.J G KSaS &Ll GAFf o62dzyRFNASa (G2 (KS
versa. The following approaches can be applied: (a) Spatial mapping of individual brain scans to a templat
brain having predefined VOI boundaries; (b) Spatial mapping of teplate brain and prelefined VOI
boundaries based upon a probabilistic atlas of gray matter segments or otherwise delineated regions to the
AYRAGARdAzZEE ONIAY &aOFyaT FyR 600 !aS 2F &asSavySydil
interest wil KAY GKS &adzwa2aSo0iQa ylFriAGS Y2NLK2f 238 dzaAy:
individual subject scans to a brain template is also required to allow scans to be compared to one another
using voxebased analysisSegmentation results are depeadt upon the MRI sequence used; even the
same sequence may produce different results on different MRI scanners.

Spatial Mapping Image Analyst / Workstation | Perform  spatial mappin
consistently as defirgtin the
Protocol
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34311 O0&00A6 -2) ABA 0%4 EIiI AC

The majority of amyloid testetest studies and most clinical trials with quantitative amyloid imaging have
dzZaSR (KS &dzoa2S0iQa awL aldly & | KA3IK NBaz2fdzia
above. With clinical application as a caies@tion, processing pipeligeusing specific amyloid PET
radiotracers have beemleveloped to use PH®-PET spatial transformatiorAn optimized PET0o-PET
transformation approach has been developed for flutemetamol, and similar approaches have been
deveR LISR F2NJ 20KSNJ GNF¥OSNE® LYy OFasSa gKSNB | y- awl
registered to one another using a linear transformation performed by automated software. While either
MRI or PET can serve as the target to which the othasoregistered, 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 thentMRI a
transformation to template space. This can be accomplished begistering 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 MiRI be 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 tee planes
(transaxial, sagittal, and coronal quantitative goodness of fit measures can also be applied. Successful
fusion may be indirectly checked through verification of correct VOI placement and/or correct spatial
normalization. However, if misaligrent occurs, one must backtrack to determine where in the process
this happened, and verification of each step is recommended. Automated methods to assure goodness 0
fit may also be employed.

Parameter Entity/Actor Specification

PET and MRl image |Image analyst [2 KSy O2NB3IAAGSNAYy3I |

fusion images, accurate alignment of the images in
planes (transaxial, coronal, sagittal) will &
verified.

3.4.3.1.2 Longitudinal PET co -registration

For longitudinal amyloid measurement, -oegidering subsequent PET scans to the baseline PET scan is
recommended, as separate MRI to PEregpistrations or separate spatial warping operations (described
below) may produce slightly different alignments. This can cause differences in VOI measumament,
even a few percent can be significant for longitudinal evaluation. Goodness of fit ofFARf{Erscan
alignment should be visually verified; quantitative metrics such as correlation can also be applied.

Successful longitudinal gegistration may agaibe 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 and achieves comparable fit, the result woatdtdyzable.
However, if misalignment occurs, one must backtrack to determine where in the process this happened,
and therefore explicit verification of proper longitudinal coregistration is recommended.
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Parameter Entity/Actor Specification

Coregistraton of Image analyst |2 KSy O2NBIAAGSNRAYy3A |

longitudinal scans images, accurate alignment of the images in
directions (transaxial, coronal, sagittal) will
verified.

3.4.3.1.3 Spatial Mapping of Subject Image and Template | mage

Depending upon the approach taken to map regions of interest or reference regions to the PET scan, spatic
GNF YAaF2NXYIFGAZ2Y 02N a6l NLIAYy3IE0 06S0GisSSy GKS AYlF3S
native space MRI is segmented and usedfine region of interest boundaries, and no velzased group
analyses are performed, then spatial warping is not required. However, if regiordepred in template

space are to be applied to the scan, then the transformation is a critical step.

The mapping between subject image and template image is accomplished through automated spatial
normalization or warping software algorithms. When an MRI is used, the transformation is determined
0K2dzaK + a6l NLJX¥ 0SG6SSy &dzo 2 S @hematioalliransfofmRis apdiadld I
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 andsoftware versions have shown superior alignment of cerebellum, deep structures such as
putamen and medial temporal regions, and ventricles as compared to older algorithms (Klein et al, 2009).

When an MRI is not available, the subject PET scan can lsfdrared directly to the template PET. Since

the signal within gray matter and the intensity contrast between gray and white matter in a negative
amyloid scan are substantially different than those in an amyloid positive scan, images at the extremes of
postive and negative may not spatially normalize well. To address this, various approaches have beer
developed that test the fit to a series of templates (Lundqvist et al, 2013), selecting the best fit. Other
confounds in PEbased spatial normalization casccur when the amyloid PET image has high intensity
signal in portions of dura or skull, or missing (truncated) tissue at the top or bottom of the brain. Various
additional steps have been employed to address these issues.

Regardless of the approach usedr fspatial normalization, an accurate match between subject and
template is critical to amyloid measurement. Goodness of fit should be evaluated using visual inspection,
and guantitative goodness of fit algorithms can also be applied. As a note, ad hm@in{a.g. touch
screen or mouse based) modification of warping results should not be used as changing the fit for one se
2F aft A0Sa UKNRdAZAK aSeSolftAy3aéd Aa GOSNEB fA1Ste ¢z

Parameter Entity/Actor Specification

Spatial napping with | Image analyst | When spatially mapping a subject image an(
template image template image to one another accura
alignment of the images in all directior
(transaxial, coronal, sagittal) will beverified
visually

3.4.3.2 VOI Placement: TargeReference
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3.43.2.1 Determine Target Regions for Measurement

The selection and delineation of target regions for amyloid measuremang depending upon study
objectivesand should be specified in the protocoFor clinical application, some manufadts have
specified predefined VOIs associated with a thresHlé/Rhat they have correlated to autopsy data.
Some clinical trials havwesed a cortical average consisting of;4 regions with individual regional amyloid
measures providing further infaration. Whend S Y' S NBukjetts with amyloid levels nearer to threshold
are studiedin clinical trialsanalysis of specific sulegions may become important.

Given a specified anatomical regide.g, frontal, or cingulate) there are several ways tdefine the tissue

that is included in the region, and several 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.

¢ Rgion BoundariesSome approaches use the entire anatomical region, whereas others define-a sub
region empirically determined to accumulate greatest amyloid burden.

e aSiK2R 02 YIGOK (KS NIsame2métholdszapply dest@nSaitiafed ofived | 2
definitions (predefined anatomical boundaries based upon reference brains), and rely upon the
GNI YaF2NXYIGA2Y 0SG6SSYy (KS adzwaSOoiQa Y2NLIK2f 213
GKS &adzoa2SOouo ¢CKSAS YI & NS INBRYINNIBR KENJ H L ILINBNE
02dzy RI NASa o6FaSR dz2l2y GKS AYRAGARdAzZf adzwaSodQ
more complex way (e.g-reesurfer).

e Region confinement to gray tissud/hen atlas based regions are appli¢hese may or may not be
GKNB&aK2f RSR ONBaAaUNROGSRO dzaAy3d GKS 3INIF& (GAaadzs
Fdadz2NB FfA3IYyYSyld o0SGeSSy GSYLX TGS NBIA2YyEA | YR
using either native space imager warped images.

e Region erosion from surrounding tissue or @&H:boundaries may be eroded (eerimeter reduced
by one to two voxels) away from the neighboring CSF and white tissues, in order to reduce atrophy
effects and spillover from noegraytissue types. This is most often applied to probabilistic regions that
tend to be larger and incorporate tissue adjacent to gray matter.

e Gbl GADS . @&LSE VIS | (PSOIsirmady keSiéfived only in template space, for measuring the
4dz0 2SOURQEE QA IYNDLIRZ2 NI YI & 06S GNIYyaF2NNX¥YSR G2 GKS adz
reduce interpolation and signal changes arising from stretching or compressing subject anatomy.

Comparisons of different approaches to regional definition, includingtihmdr native vs. template scans are
used, have yielded high correlation coefficients (Landau et al, 2013). However, it is important to note that
measurement ofdifferent portions of tissue will give different resultst is therefore important that the

same tissue definition be applied across scand across subjects within a study.

Parameter Entity/Actor | Specification

Target Region Image The same target region definitions (which may

Definition Analyst OGN yaF2NXYSR G2 SI OK logf)Rmill
be applied consistently to subjects and across a study.
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3.43.2.2 Determine Reference Region

The definition of the reference region is one of the most critical aspects of image andRefisrence
regions are used for image comparison h&s@ raw image counts for the same subject will change from
scan to scan due to injected dose, scanner calibration, or other factors unrelated to amyloid. If every
region in the brain changes in the same proportion due to these factors, then such chaifigesneel by
taking the ratio of target region to reference region. The reference region is typically a region that does not
accumulate or lose amyloid, enabling changes in target regions due to amyloid to be detected.

This Profile does not dictate a i@ular reference region, since tracer manufacturers and leading research
institutions have differed and continue to evolve, on this topldowever,there is agrowing body of
evidence that certain reference regioeghibit less longitudinal variabilignd it has been shown that the
optimal reference region can be different for each radiotracer (Villemagne, AAIC. 2@1&jdition, certain
practices should be followed tminimize variabilityarising from the scanneand to ensure the validity of
the reference measurementThese considerations are discussed below.

The cerebellar cortefgray matter)has been a reference region of choice in numerous studies of amyloid
since it typically does not accumulate fibrillar amyloid and because its gray tis®iekiareassumed be
reasonably matched to those of gray tissue target regions. Because of its low signal and lack of binding, th
cerebellar cortexprovides the most sensitive reference for measuring cross sectional differences.
However, due to its lowignal level, small swings in value will create large swings in calcubieR
Further, the physical location of the cerebellum toward the edge of the scanner transaxial field of view
makes it susceptible to edge noise, scatter, and tissue exclusiatc(parly in scanners with a shorter axial

field of view). In head rotation and in emissittansmission scan misalignment, the posterior edge of the
cerebellar cortex can be particularly impacted. In addition, slight shifts in position can cause iagleind
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 those slices may no
change in the same way due to tetgbal factorsin longitudinal studiesfor one radiotracer,the cerebellar

cortex has been demonstrated t@show stability over time (Villemagne, AAIC 2015) while for others
variability with regard to measured chang@s been showndecreasing statisticagower. Even in cross
sectional measurements, technical noise embedded in the cerebdlurany reference regionpay cause

I adzoaS0i ¢K2aS |Y&@f2AR 0dz2NRSYy Aa G (GKS {MaNBak
minimum, the inferior magin of thecerebellar reference boundaries shouidt extend to the edge of the

FOV where the greatest technical variability occuternate reference region comparisons are also
recommended to ensure that noise has not driven the SUVR result.

Use ofwhole cerebellum has been specified as a reference of chwitte someligands andcanreduce
variability arising from shifts that include more white mat{@oshi, JNM 20)5since it is already included.
However, the same issues with spatial locatiodge noise, and lower average signal still apply. 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 morelden#ton in

the brain at a slightly further distance from the edge of the scanner transaxial field of view. Some studies
using florbetapir, flutemetamol and 11RIB have found that the pons exhibited lowdongitudinal
variability than a cerebellar refence region(include reference 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 matter provides another alternate reference regiath) 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 greater statistical power
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in measuring logitudinal change, relative to other reference regiorfgeference needeli One
consideration in the use of a white matter reference is that the kinetic properties of white matter differ
from those of the gray tissue target regions, with unclear impact up@asurement validity. However,
findings seem to support the ability to detect increases in amyloid positive populations as expected and
seen with gray tissue reference regions, yet with lower variability. Combinations of whole cerebellum, pons,
and subcol A OF f @gKAGS YIFIGGSNE 2NJ OSNBOSEEIN gKAGS YU i
than cerebellum have also been applied with reductions in longitudinal varia@iditylorbetapir) resulting

in increased statistical powggdd a reference tqustify the composite reference regiqn It should be

noted, however, that the signal from reference regions using subcortical white matter may be affected by
vascular pathology, common in the elderly

Theuse of a combined reference, subcortical whité i G SNE 2NJ 2G4 KSNJ aF Y&t 2AR
target regionsmay be advised (radiotracer dependent) particularly for longitudinal studies and for
measurement of amyloid in subjects near the threshold of positivity. A cross check across reference
regons can also be used to screen for reference region reliability.

Parameter Entity/Actor | Specification
Reference Regior| Image The reference region definition will conform to protog
Definition Analyst by including the specified tissue.

Quality control neasures will be applied to ensure th
longitudinal change is not attributable to technical no
or artifact in a particular reference region.

3.43.2.3 Apply Regions to Subject Scans for Measurement

Target VOIs may be applied for measurement eitleetnie nonintensity normalized image, or to an SUVR
image that was first generated by dividing each voxel by the average value in the reference region. Wher
placing VOlIs, it is critical to ensure accurate fit, and that only appropriate tissue is incRiokedtial
sources of error include the following:

Differences in tissue composition: Positioning of a cortical VOI toward the edge of gray matter in one scar
vs. toward white matter in a second longitudinal scan will introduce measurement error dine tiissue
composition and partial volume effects. In cresctional 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, hkadviOl samples
the empty space, a large error can residfpending upon proportion of missing tissue for the VOI

Differences in tissue sampled: Measuridifferent portions of tissuge.g, the full region in one scan vs.
only a part of the region du¢o tissue truncation in the second scaagross longitudinal scans can
introduce erros of a few to several percent

Parameter Entity/Actor Specification
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Parameter Entity/Actor Specification

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

Region placemen| Image Analyst| All regions will be checked to ensure that boundaries
not include empty space (scan truncation). Regions
be adjusted using a consistent approach, such
automated exclusionof voxels, with a sulhreshold
value, to exclude voxels where tissue is missing.

Region placemen| Image Analyst| The same portion of tissue will be measured betwg

longitudinal scans for the same subject.

3.43.2.4 Generate SUVRImage

Once a referenceegion has been applied to the scan, and either before target region measurement, or
afterward, a SUVR image (or DVR in the case of a fully dynamic scan) can optionally be generated I
dividing each voxel value by the reference region mean.

This is usefufor visual 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 a
measured without further division by a reference region value.

3.4.33 Create SUVR

3.433.1 Measure Regional Values

The mean value within each VOI is calculated as the numerator f@WNWERA cortical average may be
calculated as the average of multiple VOIs, or weighted by the number of voxels in each VOI.

3.4.3.3.2 Calculate SUVR

The SUVRis calculated by dividing the VOI value by the reference region value (which will be 1.0 if
measured on é&S8UVRmage). If a parametric image was generated using full dynamic scanning, or if a
kinetic model is being applied to a midlimeframe dynamic image, a DVR value is generated instead.

3.4.3.3.3 Relating SUVRvalues to other studies

Different protocols involve different tracers, target regions, and reference regions, and all of these
contribute to how theSUVR:an be interpréed 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 &
different tracer and/or regions. In ordeto reconcile findings across data acquisitiqorocessing, and
analysis protocols, the concept of the Centiloid was developed (Rowe et al, 2013). The Centiloid is no
intended to dictate the method for acquiring and processing data, but rather to provide a way to equate
results obtained with a broa®d NA Sdi& 2F LINRPG202f LI N} YSGISNEO®
adFyRINRE 4SO 2F NBadzZ §a RSNAOSR FNRY &2dzy3d KSI
been generated using the radiotracer 2PB and a defined set of target regioreference region, and
image processing and analysis steps. A linear progression of values from 0 (no amyloid) to 100 (mean fc
amyloid positive sporadic AD patients) has been established using these values. To establish the equivalel
G/ SYyGuAtée2 AlR2 NOLIE diBNF OSNJ ' YRk 2NJ | OljdZAaAdAz2y FyR |yl
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two sets of relationships are empirically derived. Using the control image set provided by the Centiloid
project, it is first confirmed that by using the prescribeegions and analysis approaches, the values can be
generated with a correlation exceedingo. Secondly, using the new tracer and/or acquisition and analysis
LI N» YSGSNRZ @I fdz2Sa FNB ISYSNI (SR dzaPByaAd tiieAliekte G K S
tracer and/or methods. The regression between the two sets of results yields a transform equation that can
0S LI ASR G2 NBadzZ Ga G2 O2y@SNI GKSY G2 &/ Syidait
of approaches are being appli¢idat for which conversion to Centiloid units has already been established,
this reference transform can be applied to new studies using the same parameters.

3.4.4 Required Characteristics of Resulting Data

The specific trial protocol shall prospectivebfide the SUVR¢€gions to be measured, which regions are to

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

the imaging endpoint. SUVR measur@sd the analysis tools used to obtaiheim, inclding software
versionshall be specified for each protocol and shall be used consistently across all subjects and across &
sequential measurements.

It should be clear which values belong to which brain regiteports must clearly associate the region,
including any hemispheric reference, 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 reatly produce this informationDICOM cordinates

OF LWidzNBR |f2y3 gAGK (GKS {!+3 LINRPGAaAAZ2Y 2F GKS
measurements for each subject, secondary screen captures of the ROI for identificatibhe volume of
eachregion measured, in voxels that can be translated into cc, or in cc, should also be included, along witt
the minimum, maximum, and standard deviation within the region mentioned.

The referencdissue (e.g.cerebellum(whole or gray,) pons, subcortical wke matter, combination, othéer
must be reported along with the target region SUV ddtentification 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 report that is clear, traceable, and interpretable.

3.5. Image Interpretation and Reporting

No QIBA Profile specification can be provided for image interpretation at this time. Image Interpretation is
considered to be beyond the scopetbfs document.

In other words, how quantitative response is measushould be specifie@ prioriby the trial itself. This
also applies to target lesion selection.

Parameter Entity/Actor Specification
Image Imaging Facility| Imaging reports sall be populated from DICOM header informatio
Reporting using structured reporting.

3.6. Quality Control

The following section deals with multiple aspects of quality contrannyloid-PET studies. This includes

Document generated by Profile Editok ProfileTemplate.sps Page:35



960
961
962
963

964

965
966
967
968
969

970

971
972

973
974
975

976

977
978
979
980
981
982
983
984
985
986
987

088
989
990
991

QIBA Profé Format 20140221

selecting and qualifying a PET/CT imaging facititaging personnel and PET/CT scanners and ancillary
equipment. In addition, the use of phantom imaging (prior to study initiation and ongoing) is discussed as
well as identifying subjects whose data may need to be censored dadack of data integrityFinally,
postimageacquisition quality assessment is detailed.

3.6.1 Imaging Facility

It is essential to implement quality processes that ensure reliable performance of the scanner and
consistent image acquisition methodology. These processes mustiade prior to subject imaging and

0S F2ff26SR FT2NJ GKS RdzNF GA2Yy 2F (GKS GNRIFfo 1 F
facility selection for participation in any clinical trial involving the useamfloidPET/CT as an imaging
biomarker. This imaging capability assessment will include

e |dentification of appropriate imaging equipment intended for use in the trial

e Documented performance of required quality control procedures of the scanner and ancillary
equipment (e.g.radionuclide alibrator)

e Radiotracer quality control procedures
e Experience of key personnel (technologists, radiologists, physicists and/or other imaging experts)
e Procedures to ensure imaging protocainformanceduring the trial

3.6.1.1 Site Accreditation/Qualificatio n Maintenance

Whilst imaging facility accreditation is generally considered to be adequate for routine clinical practice
purposes (e.g., ACR, IAC, and TJC), facility qualificationE@RLSNMMI-CTN, ACRIN, and imaging core
labs) -may be requiredfor dinical research/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 shoellchaintained and presented
upon request to verify that ongoing quality control procedures are being performed in a timely manner as
dictated by specific clinical study requiremenifsexceptions to any of the performance standards stated
below occur andccannot be remediated on site, the site should promptly communicate the issue to the
appropriate internal overseer for advice as to how the irregularity should be managed. In addition to
documenting the level of performance required for this Profile (amellevel of performance achieved), the
frequency of facility accreditation/qualification also needs to be described.

It is important to note that that imaging facility Accreditation and/or Qualification, as defined in this Profile,
are considered necessarput are not sufficient folbeing conformantwith this Profile.In order to be
conformantwith the Profile and thus to support the claims of the Profile, all normative requirements must
be met.

Parameter Entity/Actor Specification

Accreditation / | Imaging Sit& Shall maintain and document Accredited status for clinical

Qualifcation Image Acquisition | practice (ACR, IAC, TJC, etc.) or Qualified status for clinica
Device trials (e.g. ACRIN, SMNtCTNEARLJCROs, etc.)
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992 3.6.2 Imaging Facility Personnel

993 For each of the personnel categories described below, there should be training, credentialing, continuing
994 education and peer review standards defined. Guidelines for training/credentialing for each resource
995 category are summarized below (UPICT Prot8edtion 2.1).Note that only physicians reading the PET/CT
996 amyloid scans need specific training and certification for PET amyloid interpretation.

Parameter Entity/Actor Specification

Each site shall, at the tin trial activation and prior to subjec
Personnel Imaging Facility | accrual, have the support of certified technologists, physicist
Roster Coordinator and physicians (as defined below), experienced in the use o

amyloidPET/CT in the conduct of clinical trials

Technologist certification shall leguivalentto the
recommendations published by the representatives from the
Society of Nuclear Medicine Technologists Section (SNMTS
the America Society of Radiologic Technologists (ASRT) an
should also met all local, regional, and national regulatory
requirements for the administration of ionizing radiation to
patients.

Imaging Facility

Technologist Coodinator

Medical physicists shall be certified in Medical Nuclear Phys
or Radiological Physiby the American Board of Radiology
(ABR); in Nuclear Medicine Physics by the American Board
Science in Nuclear Medicine (ABSNM); in Nuclear Medicine
Physics by the Canadian College of Physicists in Medicine;
equivalent certification in other countrge or have performed a
least two annual facility surveys over the last 24 months.

Medical Imaging Facility
Physicist Coordinator

Physicians overseeing PET/CT scans shall be qualified by tt
ABR (Diagnostic and/or Nuclear Radiology) or American Bo
of Nuclear Mdicine (ABNM) oequivalent within the United
States or an equivalent entity appropriate for the geographic
location in which the imaging study(ies) will be performed
and/or interpreted.Physiciansnterpreting the scanshould
have appropriate, specifiaitial training in interpretation of
amyloid brain PET studiéspecific to the PET amyloid tracer
being usedpand maintain continuing proficiency as outlined b
national imaging professional societies, appropriate for the
geographic location in which irgang studies are performed.

Imaging Facility

Physician Coordinator

997

998 3.6.3 Amyloid- PETAcquisition Scanner

999 AmyloidPET studies as described in this Profile reqeitteer a PET/CT scanner a dedicated PET scanner
1000 with the ability to acquire a transmission imageET/MR scanners may be addeduture versions of this
1001 Profile. The scanners should be identified based on manufacturer, name and model. Hardware
1002 specifications should be documented. Scanner software name and version should be documented at the
1003 time of trial initiation and at the the of any and all updates or upgrades.
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The scanner must undergo routine quality assurance and quality control processes (including preventive
maintenance schedules) appropriate for clinical applications, as defined by professional and/or regulatory
agences. In order to assure adequate quantitative accuracy and precision of imaging results, additional
guality assurance measures are required, as discussed below.

For consistency, clinical trial subjects should be imaged on the same device over the entse aba
study. A replacement scanneof the same make and modehay be used if it is properly qualified. It is
imperative, however, that the trial sponsor be notified of scanner substitution if it occurs.

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

Parameter Entity/Actor Specification

Physical Technologist Shall, on a daily basis, check gantry covers in tunnel arjdctu
Inspection handling system.

QA/QC Checks | Technologist At a minimum, QA/QC procedures shall be performed each

according to vendor recommendations.

Daily QC procedures shall be performed prior to sulyject
scan.

3.6.3.1 Ancillary Equipment

3.6.3.1.1Radionuclide Calibrator

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

The Constancy testnsures 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 radidewalibrator are correct 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 reaaut over the range of use for that radionuclide calibrator.

Parameter Entity/Actor Specification

Constancy Technologist Shall be evaluated daily (or after any radionuclide calibrator
event) using a NIStfaceable (or equivalent) simulatekBF, Cs

137, orCo57 radionuclide calibrator standard and confirmed
that net measured activity differs by no greater than +2.5 %
from the expected value.
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Parameter Entity/Actor Specification

Accuracy Technologist Shall be evaluated monthly (or after any radionuclide calibre
event) with a NISTraceabk (or equivalent) simulated-E8
radionuclide calibrator standard. Shall confirm that net
measured activities differ no greater than +2.5% from expeg
value.

The scanner calibration shall be tested using a {itegEable
(or equivalent) simulated 8F source object, e.g. a uniform
cylinder, large enough to avoid partial volume effects or othg
resolution losses.

Linearity Technologist or | Shall be evaluated annually (or after any radionuclide ictiii

Radiation safety | event) using eithel8F or Te99m and should be within £2.5 9
officer or Qualified| of the true value over an operating range of-8¥10 MBq (1 to
Medical Physicist | 30 mCi) and the true value is determined by a linear fit (to th
log data) over the same operating range.

PET Radiation | Dose Calibrator Shall record the radiation dose from the administered activit
Dose and accompanying information in a DICOM
Radiopharmaceutical Administration Radiation Dose Structy
Report.

3.6.3.1.2 Scales and stadiometers

Scales and stadiometers shoudd inspected and calibrated at installation and annually.

Parameter Entity/Actor Specification
Scales Approved Shall be evaluated annually or after any repair by qualified
personnel personnel.

Shall be confirmed that error is less than 2/5% from
expected values using NI$faceable or equivalent standards.

3.6.3.1.4Clocks and timing devices

The PETand CTscanner computes and all clocks in an imaging facility used to record activity/injection
measurements should be synchronized to standard timierence within +/1 minute. These include any
clocks or timekeeping systems that are connected with dzo 2 &QIGidPE Tstudy, in particular those
associated with the radionuclide calibrator, the injection room, the scanmerd the acquisition
computier(s) The synchronization of all clocfte date,time of day and to time zoneshould be monitored
periodically as part of ongoing QA program. In particular, clocks should be inspected immediately after
power outagesor civil changes for Daylight Savin@\) or Summer Time (EurCorrect synchronization
could be achieved usinthe Consistent Time Integration Profile as defined in the IHE IT Infrastructure
Technical Framework. The Consistent Time Profile requires the use of the N&imerkrotocol (NP)
(Www.NTP.org)
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Parameter Entity/Actor Specification
Scanner and site| Approved PETand CTscanner computesand all clocks in an Imaging
clocks personnel facility used to record activity/injection measurements shall

synchronized to standard time refence within +/1 minute

Synchronization of all clocks used in the conduct ofaimgloid
PET study shall be checked weekly and after power outaiges
civil changes for Daylight Savings (NA) or Summer Time (Eu

Scanner and site| Specific Device
clocks

Provide time synchronization as per the IHE Consistent Time
Integration Profile.

Dose calibrator | Dose Calibrator

clock

Electronic record of output from a dose calibrator shall be
synchronized with other time keeping devices.

3.6.4 Phantom Imaging

3.6.4.1 Uniformity and Calibration

Verification of scanner normalization with a uniform phantom is a minimum requirement for all scanners
used in clinical trials including those that only have qualitative endpoitddoffman or equivalent
phantom may be usediplace of a uniform phantom to verify scanner normalization viplame and axial
comparisons to an analytical gold standard for that phantom over the complete field of view to be used by
the amyloid measurand-or trials with quantitative PET measurenrthis assessment should also include

a comparison against a radionuclide calibrator to ensure quantitative accuracy; that is, a comparison of the
absolute activity measured versus the measured amount injected should be performed. 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 to include an imag
guality and/or contrast recovery QC assessmantpart of the routine QC procedures and/or scanner
validation process. Clinical trials using only relative changes in longitudinal studies may not require contras
recovery assessments providiéhere is appropriate consideration for the minimum size afget lesions

based on the partial volume effect.

An essential requirement for extracting quantitative data from images is that there be known calibration
accuracy and precision and/or cross calibration of the PET system against the (locally) used lrdelionuc

calibrator (within 10%). The QC procedures should utilize the same acquisition/reconstruction protocol,
software and settings that are used for the subject scans.

Parameter Entity/Actor Specification

Phantom tests: | Imaging Site Shall performat baselineguarterly and after scanner

Frequencyof upgradesmaintenance or repairgndnew setups.
uniformity

measuremats

Uniformity QC Technologist At least quarterly and following software upgrades, shall
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Parameter

Entity/Actor

Specification

assess transverse and axial uniformity acrossenplanes by
imaging auniform cylinder phantom.

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

2. The standard deviation of a large central 2D ROI shall k
compared with similar previous scans to check for
measurable difrences.

3. The mean values of a large central 2D ROI for all image
slices shall be compared with similar previous scans to
check for measurable differences.

Phantom tests:
transaxial
uniformity
measurement

Imaging Site

Using ACRuniform cylinder phantonor equivalent shall
obtain anSUMor a large central ROI of 1.0 with an accepta
range of 0.9 to 1.1.

Using ACR or uniform cylinder phantom or equivalent shall
obtain anSUMor a large central ROI of 1.0 with an accepta
range of 0.95 to 1.05.

Phantom tests:
axial uniformity
measurement

Imaging Site

Using uniform cylinder phantom or equivalent shall obtain g
sliceto-slice variability of less than 10%.

Using uniform cylinder phantom or equivalent shall obtain &
sliceto-slice variability of lesthan 5%.

Harmonized image reconstruction protocols are available,
known recovery coefficients versus size for a given test obj
such as the modified NEMA MUmage Quality phantom.

3.6.4.2 Resolution

The assessment of adequate resolutishould include both a qualitative evaluation (using clinical
anthropomorphic phantomimages) and quantitative assessment (using phanttafined criteria).

Parameter Entity/Actor Specification
Resolution Nuclear Medicine | Shall perform, on aeast an annual basis, and document a
Physician jdzl €t AGF GADS NBaz2tdziazy v/
settings and demonstrating resolution of normal gross
anatomic features within clinical images of the brain
Resolution Medical Physicist | Shall performduring an initial site qualification process, and

then on at least everpneyearn and document performance
of a quantitative assessment (using a phantom with differin
size defined targets such as th®ffman,ACR or NEMA IQ
phantoms) forspatialresolution.
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Parameter Entity/Actor Specification

Follow the modified procedure developed by Lodge et al.
[JNM 2009; 50:13071314] to use a slightly tilted uniform
phantom to get axial and #plane spatial resolution.

3.6.4.3 Noise

Parameter Entity/Actor Specification

Phantom tests: Imaging Site Shall performat baselineguarterly and after scanner

Frequencyof upgradesmaintenance or repairgndnew setups.

noise

measurements

Phantom test Medical Physicist | A uniform cylinder phantom or equivalent shall be filled witt

noise an 18Fconcentration in the uniform areapproximately 0.1

measurements to 0.2uC/ml), andscanned using the intended acquisition
protocol. Using a rectangular or spherical region as close a
possible to, but no smaller than,cdn to a side, the COV of th
voxel values within the region should be bel®®#4 for the
slices within thecentral 80% of the axial FOV

3.6.4.3 Amyloid -PET Specific Phantom Measurements

The above more general phantom evaluations of a PET scanner are needed to qualify it for clinical practic
or a clinical trial. However, mogrposespecific phantomsare also neededo simulatethe human brain,
amyldd uptake patterns, and the amyloid SUVR measurdhdposespecific phantom ptions that might

be considered on a perotocol basis include, but are not limited to:

1. Each site uses a single phantom for the atiwn 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 slare a single phantom for the duration of the trial.

The phantom scans and performance evaluation should be performed prior to the start of a trial and
repeated during the course of the trial as specified by the individual protocol. Any changes to scanner
equipment, either hardware or software, should be immediately reported to the trial sponsor and/or
imaging CRO and may result in the need fequalification prior to imaging additional trial subjects. In
particular, it is strongly recommended that subjedh a longitudinal study be scanned on the same PET
system with the same software version whenever possible.

Generally, thepurposespecific phantom scans must provide a metric to characterize these imaging
properties:

e Spatial resolutiorg PET scanner hdware, reconstruction methods and reconstruction parameter
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selections can result in dramatically different spatial resolutions in the reconstructed images.
Because partial volume effec{especially between gy and white matter regiornjscan bias many
amybid PET measurands, it is essential to calibrate the spatial resolution of each scanner using the
acquisition and reconstruction protocol planned for patient imaging. A -pasbnstruction
smoothing operation can then be applied for calculation of a measdirat a uniform spatial
resolution between scanners.

e Uniformity ¢ In-plane and axial uniformitpf the purposespecific phantonshould be within 10%
throughout the scanner field of view to be used in the calculation of the amyloid PET measurand.

e Absence b reconstruction artifacts¢ Reconstructedpurposespecific phantom data should be
visuallyfree of reconstruction artifacts, such as streaks due to failing detectors or axial plare non
uniformities due to errors in normalization.

e Qualitative and quantitave accuracy¢ Measurands using ratios, such as the SUVR must
demonstrate accuracy with0%of an analytical or otherwise known gold standard.

An anthropomorphic phantom, such as the 3D Hoffman phantom or equivalent, ideally with a spatial
distribution similar to the cortical gay/white matter is required to characterize tHese imaging properties
listed above A uniform phantom oma point source phantom by themselvesnist adequate to sufficiently
characterize the amyloid imaging properties of a PETrera The phantom should be adequate to model
and characterize effects of attenuation correction and scatter correction. Contrast ratios of amyloid tracer
uptakevary between normal and abnormal subjects, and also between different amyloid tradevsever,

it is recommended that the phantom be filled such that the activity concentration in the highest uptake
regions be similar tdhe expected white matter uptake in subjectsith amyloid deposition For the
Hoffman phantom, it is recommended th#te activty at the start of the scan b68.50.6 mCi (18.22.2

MBq) to obtain approximately a 15 kBg/ml activity in tigeay matter regions of the phantom. See
Appendix Hor best practices guidander this phantom.

TheHoffmanphantom should beentered in theFOV of the PET scanner atata acquired for 20 minutes
Moreover, image reconstruction methods and settings should equal those specified stuthe The post
processing and data analysis should be as similar as possible to those used with patient data.

A baseline assessment of the scanner imaging properties is required before any subjects are scanned in tr
trial, and after anymajor hardware of software modificaticsithat could affect these properties. Following

a baseline qualification assessment gsihe Hoffman phantom, routine manufactureecommended QA
procedures €.g.daily QC checks, quarterly normalization, etc.) using simpler phantoms may be adequate to
demonstrate acceptable scanner performance over the course of a clinical trial. A bapadilifecation
assessment is required at least eveneyear in an extendedtudy:.

The normative list below is based on thiéoffman anthropomorphicNEMA Image Quality, ACR, and
uniform cylinder phantoms as appropriate.

Parameter Entity/Actor Specificaton

Phantom tests: Imaging Site Needed as an initial baseline characterizatand
Frequency of thereafter annually as well agfter majorscanner
measurements upgradesmaintenance or repaits

based on Hoffman
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Parameter Entity/Actor Specificaton

phantom data

Phantom test: Imaging Site Acquire data using the Hoffman phantom and compute
resolution GKS C21 a al 27F FNoshfKoéphedzA G| €
measirement Neurolmage 46 (2009) 15l69] FWHM resolution, in

transverse and axial directions. The resolution should
<=8.0mm FWHM.

Phantom test: Imaging Site Register the Hoffman phantom PET image to thaaligi

gray/white matter representation of thgophantom, and compute the

ratio measurement gray/white matter ratio. This ratio should be 0.55. See
Appendix | for more details.

Phantom testSUVR | Imaging Site Using the Hoffman phantoRET image perform the sam

accuracy post-processing and image analysis to confirm the SUV

accuracy. SeAppendix for more details.

3.6.4.4 Phantom imaging data analysis

ForamyloidPET image analysis gtfe 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 and calcthlatSUVRSee Section 4.4 and
Appendix F.

3.6.5 Quality Control of Amyloid -PETstudies
3.6.5.1 Data Integrity

The integrity of DICOM image headers should be reviewed and confirmed for DICOM standard compliance
regulatory compliance (including prisya protection, such as may be required by such rules as the HIPAA
Privacy Rule if applicable), protocol compliance, sufficiency for the intended analysis (e.g., to compute SUV
and consistency with source data such as CRFs.
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3.6.5.2 Determination of Image Quality

CTand 68Ge transmissionmages should be reviewed by the Image Analystassessment of image
guality and forpotential artifacts such as beam hardening, metal objects, and motion. PET images should
be compared to théransmissiorimages for prper image registration and potential attenuation correction
artifacts. Both uncorrected and attenuation corrected images may need to be assessed to identify any
artifacts caused by contrast agents, metal implants and/or subject motion. For example, mdvenmis
registration can lead to poor quality quantitative data and invalid numbers. Some images may be too poor
in quality to quantify. Statistical quality of images is important to report, but not a full substitute for quality.

3.6.5.3 Determination o f subjects unsuitable for Amyloid -PET analysis

3.6.6 Quality Control of Interpretation

To promote quantifiable performance standards for the quality control of interpretation there is a need for
intra-reader variability studies. Intavo-Reader paradigmhen interreader variability is needed as well. It

is currently unclear what statistics to evaluate dmolv these performance metricshould be used in the
analysis

4. ConformanceProcedures

Relation of this Profile to Expectations for QIBA Prof@enfomance
Definitions (from Appendix C):

Qualified The imaging site is formally approved by an appropriate body A€RIN, CQIE, SNBTN,
EANMEARL, an imaging laboratayCRO) for a specific clinical research study.

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

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

The requirements included her@e intended to establish a baseline level of capabilities. Providing higher
levels of performance or advanced capabilities is both allowed and encouraged. Furthermore the QIBA
Profile is not intended to limit equipment suppliers in any way with respechéw they meet these
requirements. Institutions meeting the stated criteria are considered to be @@#Aormant
4.1.Performance Assessmentmage Acquisition Site

Typically clinical sites are selected due to their competengeeiurologyand access ta sufficiently large
subject population under consideration. For imaggi@sit is important to have availability of:

e Appropriate imaging equipment and quality control processes,
e Appropriate ancillary equipment and access to radiotracer and contrastmast
e Experienced Technologists (CT and PET trained) for the subject handling and imaging procedure,

e Appropriately trained Radiologists/Nuclear Medicine Physicians for image analysis and diagnostic
interpretation,
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Appropriately trained image analysts, tibversight by a Radiologist or Nuclear Medicine Physician,
Medical Physics support to ensure appropriate scanner and equipment calibration,
Processes that assure imaging QIBA Probilgformantimage generation in appropriate time window

A QA/QC prograrfor PET scanners and ancillary devices must be in place to athéegeals of the

clinical trial. The minimum requirements are specified above. This program shall include (a) elements to
verify that imaging facilities are performing imaging studies adlyeand (b) elements to verify that
facility's PET scanners are performing within specified calibration values. These may involve additional
PET and CT phantom testing that address issues relating to both radiation dose and image quality
(which may includ issues relating to water calibration, uniformity, noise, spatial resolugionthe

axial plane, reconstructed slice thicknessaxis resolution, contrast scale, and otheasnd constancy

There is agreement that some performance testing (e.g. comgtphantom) adds value; however,
acceptable performanckevels, frequency of performance, triggers for action and mitigation strategies
need further definition before these can be require@ihis phantom testing may be done in addition to

the QA program dined by the device manufacturer as it evaluates performance that is specific to the

goals of the clinical trial.

Parameter | Entity/Actor Specification
PETScanner| Acquisition ThisProfile shall only address full ring PET scantieais have the
Facility capability of acquiring a transmission image for attenuation

correction and have a minimum axial FOV of 15 cm for a single b
position.

CT Scanner | Technologist Shall perform daily water equivalent phantom analysis; ensure tha

Calibration output is accepble and manually enter on form /electronic
database

PET Scanne| Technologist Shall perform daily/weekly/monthly scanner @Ad vendor

Calibration recommended maintenance procedures (e.g., replace weak
transmission sources for dedicated PET scaneadure that output
values are acceptable and manually enter on form/electronic
database

PET Scanne| Technologist Shall perforntonstancy phantom (e.g., @S cylinder)scan

Calibration (preferably NIST traceable or equivaléatgather information

Constancy regarding uniformity as wélht least weeklyand after each

Check calibration.

Radionuclide Calibrated tal8F using NIST traceable source or equivalent

calibrator

4.2.Performance AssessmenPET Acquisition Device

Distinct from the performance geifications and frequency of testing described in Sectionwihich 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 leaving the manufagttacility. In order to bein
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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.

The PET scanner should use DICOM attributes to follow version numbers of software for: 1 Acquisition, :
Reconstruction, 3 Pogirocessing, 4 Display/ROI analysis, 5 Dynamic Andhgsigrmance requirements
regarding software version identification, dooentation 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 mode
should be used for decay correction. The scanner should perform all decay correctensof the
operator).Image data are to be given in units Bg/nil.5 SNA GSRé A Yl 3ISa O0RAAGAYOI
flagged following the DICOM standard and should retain the scan acquisition date and time fields.

All needed information for fully ceected administered activity (e.gresidual activity, injection time,
calibration time) is required. Note that use of the teadministered activitypelow refers to fully corrected
net radioactivity.

Baseline levetonformancerequires that the DICOMim3S &a4SG FTNRBY (GKS &dzoaSoi
metadata (that is not currently captured by all PET scanner acquisition processes) is captured in tria
documentation, e.g.case report forms. The metadata is required to perform the quantitative anadysis
perform quality control on SUV covariates. This includes for examplesirmgestion residual activity and
subject height. This data should be captured in the '‘Common Data Format Mechanism' as described ir
Appendix E.

The DICOM format used by the PEJarmer 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
Storage SOP Class, and in actieggcentration units (Bg/ml) with additional parameters in public ONC

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 transferred using the DICOM Part 8 network protocol or
offline DICOM Part 10 files for medimge including CDs and DVDs. They shall be transferred without any
form of lossy compression.

The metainformation is the information that is separate, or in addition to, the image values (in units of
Bg/ml) that is deemed necessary for quantitativelyca@te representation of PET SUVs. The meta
information may also include other information beyond that need for calculation of SUVSs, i.e. the type and
or sequencing of therapy, the blood glucose levels, the scanner SUV stability history, etc. The actua
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. The mechanism can range from paper
notes, to scanned forms or electronic data recordsdirect entry from the measurement equipment into
pre-specified DICOM fields (i,dfrom the PET scanner or auxiliary measurement devices such as the
radionuclide calibrator). Ideally all of the specified mdtta will be captured by direct electronic tey to
DICOM fields, after suitable modification of the DICOM format for PET imaging.

In some facility workflows, the Acquisition Device may also provide workstation/analysis tool functionality.
For example, the display of an SUV statigtansideredn Section 4.4.) or display of Tracer Uptake Time
(considered in Section 4. 4payalso appy to the Acquisition Devigef used in this manner.

The concept endorsed here is that the needed rmea#da is identified. Through revisions of this Profile, the
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1240 DICOM standard, and technology the melata is inserted into the analysis stream (Figure 3) in a more

1241 direct manner and technology and accepted standards evolve.
1242
Parameter Entity/Actor | Specification
CT calibration | Acquisition Daily waterequivalent phantom values shall be tracked in the DIC
tracking Device header
PET calibration| Acquisition The currentSUV calibration factahall be included in the DICOM
factor Device header
PET QA status| Acquisition Date/time and tatus ofsystemwide QAchecksshould be captured
Device separatdy.
Radionuclide | Acquisition Calibration factor for an-E8 NISTFtraceable (or equivalent) source
calibrator Device with identifying information shall be tracked in the DICOM header
calibration with Date/Time
PET Scamer Acquisition Shall be able to be calibrated according to the following
calibration Device specifications:
e Using an ACR type uniform cylinder containing FDG in water
(ideally the same used for radionuclide calibrator cross
calibration)
e Using a long scaime of 60 min or morgto minimize noise)and
an ACRype ROI analysis
The average measured SUV shall be in the range of 0.98 to 1.02.
(Note this is not the performance expected during clinical imaging
operation as discussed in preamble to this Section).
Sliceto-slice variability shall be no more than + 5%. (not including
slices, as per AGET Core Lab
In-plane uniformity for above phantom shall be less than.5 %
Weight Acquisition Shall be able to record patient weight in Ibs or kguwgspdied from the
Device modality worklist and/oroperator entry into scanner interface. Sha
be stored in Patient Weight field (0010,1030) in the DICOM image
header, as per DICOM standard.
Patient weight shall be specifiable with 4 significant digits.
Patient weightshall betransferrabledirectly from measurement
device into scanner by electronic, HIS/RIS, or other means, bypas
all operator entry, but stilpbermitting operator correction
Height Acquisition Shall be able to recorpatient heightin feet/inches or cm/m as
Device supplied from the modality worklist and/or operator entry into
scanner interface. Shall be stored in Patient Size field (0010,1020Q
the DICOM image header, as per DICOM standard.
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Parameter Entity/Actor | Specification

Patient height shall be specifiable witts@nificant digits.

Patient heighsshall betransferrabledirectly from measurement
device into scanner by electronic, HIS/RIS, or other means, bypas
all operator entry, but stilpermitting operator correction

Administered | Acquisition Shall be able to accept the radionuclide type (il&F) from the
Radionuclide | Device DICOM Modality Workligtither from the NM/PET Protocol Context
if present, or by deriving it from the Requested Procedure Code v
locally configurable tables of values

Shall beable to enter the radionuclide type (i,eL8F) by operator
entry into the scanner interface.

Shall be recorded in Radionuclide Code Sequence (0054,0300) ir
DICOM image header (e.g;NQum! mZ {we¢ X dwmy U

Shall be able to accept the radiaclide type (i.e.~18) directly from
the measurement devic@lose calibrator) or management system,
using the Sup 159 Radiopharmaceutical Administration Radiation
Dose Reporbypassing all operator entry, but sflermitting operator
correction

Adminstered | Acquisition Shall be able to record thepecificradiotracer as supplied by

Radiotracer Device operator entry into the scanner interface. Shall be recorded
RadiouclideCode Sequence field (0054,0300) in the DICOM imag
header,e.g., GB1031{ w ¢FRioraleoxyglucose F 18" &

Administered | Acquisition Shall be able tenterthe administered radioactivity, in both MBq ar
Radiotracer Device mCi, as supplied by operator entry into the scanner interface. Shg
radioactivity recorded in Radiontlide Total Dose field (0018,1074) in the DICO
image headem Bq

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

(1) the pre-injection 18FAmyloid traceradioactivity

(2) time of measurement of prénjection 18FAmyloid tracer
radioactivity

(3) the residual activity after injection
(4) time of measurement the residual radioactivity after injectig

Shall automatically calculate the administered radioactivity and st
in the Radionuclide Total Dose field (0018,1074) in the DICOM im
header

Alternatively, shall be able to receive this information as per DICC
Supplement 159.
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Parameter

Entity/Actor

Specification

Patient Administered Radiotracer radioactivity information shall bg
transferred directly from measurement device into scanner by
electronic, HIS/RIS, or other meabgpassing all operator entry, but
still permitting operator correction

Administered
Radiotracer
Time

Acquisition
Device

Shall be able to record the time of the start of activity injection as
supplied by operator entry into the scanner interface. Shall b

recorded in Radiopharmaceutical Start Date Time field (0018,107
(preferred) or Radiopharmaceutical Start Time field (0018,1072).

Shall be able to recorthe time of the start of activity injection as
supplied by operator entry into the scanner intece. Shall be
recorded in Radiopharmaceutical Start Date Time field (0018,107
I.e. not Radiopharmaceutical Start Time field (0018,1072).

Shall be able to recorthe time of the stop of activity injection as
supplied by operator entry into the scanneterface. Shall be
recorded in Radiopharmaceutical Stop Date Time field (0018,107

Decay
Correction
Methodology

Acquisition
Device

Encoded voxel values with Rescale Slope field (0028,1053) appli¢
shall be decay corrected by the scanner software {hetoperator)

to a single reference time (regardless of bed position), which is th
start time of the first acquisition, which shall be encoded in the Se
Time field (0008,0031) for original images.

Corrected Image field (0028,0051) shall include tHe daS & 5 9
5S0Fe& / 2NNBOGA2Y ¥FASt Rwhichnmeans >
that the images are decay corrected to tearliestAcquisition Time

(0008, 0032)

Scanning
Workflow

Acquisition
Device

Shall be able to support Profile Protocol (SatBpPET and CT
order(s) of acquisition.

Shall be able to prdefine and save (by imaging site) a Profile
acquisition Protocol for patient acquisition.

Shall be able to interpret previousigconstructed patient images to
regenerate acquisition protodo

Shall be configurable to store (or receive) acquisition parameters
pre-defined protocols (in a proprietary or standard format), to alloy
re-use of such stored protocols to meet medenter specifications
and to achieve repeatable performance acrtisge points for the
same subject

CT Acquisition
Parameters

Acquisition
Device

Shall record all key acquisition parameters in the CT image heade
using standard DICOM fields. Includes but not limitedAiiual Field
of View, Scan Duration, Scan Plar@alCollimation Width, Single
Collimation Width, Scan Pitch, Tube Potential, Tube Current, Rot:
Time, Exposure and Slice Width in the DICOM image header.
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Parameter Entity/Actor | Specification
CT based Acquisition Shall record information in PET DICOM imaggder which CT
attenuation Device images were used for corrections (attenuation, scatter, etc.).
correction
PETCT Acquisition Shall be able to align PET and CT images within £2 mm in any
Alignment Device direction.
Shall be able to align PET and CT images within £2 mm in any
direcion under maximum load over the excan length.
CT Absorbed | Acquisition Shall record the absorbed dose (CTDI, DLP) in a DICOM Radiatig
Radiation Dose Device Dose Structured Report.
Activity Acquisition Shall be able to store and record (rescaled) image data in units of
Concentration | Device 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 the
Time Device Radiopharmaceutical Date Time field {801078) (preferred) or
Radiopharmaceutical Start Time field (0018,1072) and the Series
field (0008,0031) or earliest Acquisition Time field (0008,0032) in
series (i.e., the start of acquisition at the first bed positiavhjch
should be reportedhs series time field (0008,0031).
PET Voxel size| Acquisition See Section 4.3 (PET Voxel size) under the Reconstruction Softw
Device 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 isotropic i
the Z (heaefoot) axis.
Not required to be the same as the reconstructed PET voxel size.
Subject Acquisition Shall be able to record the subject position in the &atiOrientation
Positioning Device Code Sequence field (0054,041@hether prone or supineand
Patient Gantry Relationship Code field Sequence (0054,0414)
(whetherheador feet first).
Scanning Acquisition Shall be able to record the scanning directiorafiiocaudal s.
Direction Device caudocranial) into an appropriate DICOM field.
Documentation| Acquisition Shall be able to record and define theg xaxis FO¥cquired in Field of
of Exam Device View Dimensions (0018,1149) and reconstructeRé&tonstruction
Specification Diameter(0018,1100).

Shall be able to define the extent of anatomic coverage based on
distance from defined landmark site (e.gertex, EAM). (both the
landmark location (anatomically) and the distance scanned from
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Parameter Entity/Actor | Specification
landmark) would require DICOM tags)
Shall be able to be reportable for future scanning sessions.
The Acquisition Device shall record thaxas FOV which represents
the actual distance of scan anatomic coverage (cm).
Differential Acquisition Shall be able tacqure andrecordnon uniform scan times
Acquisition Device dependent upon areas of clinical conceRecording can be done
Time through the use of Actual Frame Duration (0018,1242) and Frame
Reference Time (0054, 1300).
DICOM Acquisition All image data and scarapameters shall be transferable using
Compliance Device appropriate DICOM fields according to the DICOM conformance
statement for the PET scanner.
DICOM Data | PET Scanner | PET images shall be encoded in the DICOM PET andathPET
transfer and or Display Image Storage SOP Class, using actieitgentration units (Bg/ml)
storage format | Workstation | with additional parameters stored in public DICOM fields to enablg
calculation of SUVs.
PET images shall be transferred and stored without any form of Ig
compression.

1243
Parameer Entity/Actor Specification
DICOM Editing Acquisition Shall be able to edit all fields relevant for SUV calculation before
Device image distribution from scanner.
Shall provide appropriate/arnings if overriding of the current value
is initiated.
1244
1245 4.3. Performance AssessmenReconstruction Software
1246 Reconstruction Software shall propagate the information collected at the prior Subject Handling and
1247 Imaging Acquisition stages and extend it with those items noted in the Reconstruction section.
Parameter Entity/Actor Specification
Metadata Reconstruction Shall be able to accurately propagate the information collected at
Software prior stages and extend it with those items noted in the
Reconstruction sectian
1248 Data can be reconstructed including @rrections needed for quantification as well as without scatter and
1249 attenuation correction. Analytical or iterative reconstruction methods should be apgfitite system is
1250 capable oproviding resolution recovery and/or time of flight, then the degisio G 2 Wi dzNy 2y Q 2
1251 this /these capabilities should be made prospectively, as dictated by the specific protocol, and should be
1252 consistent for a given subject across multiple time points.
1253 Standardization of reconstruction settings is necessabitiain comparable resolution and SUV recoveries
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across the same subject and irtgubject across sites.

Parameter Entity/Actor Specification
Data Reconstruction PET emission data must be able to be corrected for geometrical
Corrections Software responseand detector efficiency, system dead time, random

coincidences, scatter and attenuation

Reconstruction
Methodology

Reconstruction
Software

Shall be able to provide iteratiandor analytical (e.gfiltered back
projection) reconstruction algorithms.

Shallbe able toindicate for both TOF and Resolution recovery, if
either is beingusedfor purposes ofmagereconstruction.

Reconstruction

Reconstruction

Shall be able to perform reconstructions with and without

Methodology /| Software attenuation correction.
Output
Data Reconstruction Shall be able to perform reconstruction of data acquired in 3D m@

Reconstruction
2D/3D

Software

using 3D image reconstruction algorithms.
If 3D mode data can be#gnned into 2D mode, shall be able to

Compatibility perform reconstruction of data acquired in 3D mode using 2D img
reconstruction algorithms.

Quantitative | Reconstruction Shall apply appropriate quantitative calibration factors such that s

calibration software images have units of activity concentiat, e.g, kBg/mL

Voxel size Reconstruction Shall allow the user to define the image voxel size by adjusting th

software

matrix dimensions and/or diameter of the reconstruction fielfi
view.

Shall be able to reconstruct PET voxels with az&em or lessin

the transaxial directions an2.5mm or less in the axiaimension(as
recorded in Voxel Spacing field (0028,0030) and computed from
reconstruction interval between Image Position (Patient) (0020,0(
values of successive slices).

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

Shall be able to reconstruct PET voxels with acfizenm or lessin
all three dimensions (as recorded in Voxel Spacing field (0028,00
and computed fron the reconstruction interval between Image
Position (Patient) (0020,0032) values of successive slices).

Voxels shall be isotropic.

Reconstruction

Reconstruction

Shall allow the user to control image noise and spatial resolution
adjusting reconstruction parameters, e,gumber of iterations, post
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Parameter Entity/Actor Specification

parameters software reconstruction filters.

Shall be able to record reconstruction parameters used in image
DICOM headeusing the Enhanced PET IOD, developed by DICO
working group.

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

4.4. Performance AssessmentmageAnalysisWorkstation

. Currently, there is no comercially available tool with which image analysis workstation conformance can
be assessed. Versions of a Hoffmann brain DRO have been used by some labs to perform some of the
necessary tasks, but not all requirements, as defined in this Profile can émsadswith this/thee DROs.

I RAIAGFE NBFTFSNBYyOS 202500 65wh0y &aSNASAa 2F adyick
(also provided) shall be used in order to evaluate conformance of the image analysis workstation (IAW).
Users should uste DRO series (as per the DRO user's guide in Appendix F) to verify correct
implementation of VOI placement for both target and reference regions, SUVR calculations, PET alignment
to standardized atlases (when applicable), system linearity and systemdegbility.

Parameter Entity/Actor Specification

Performance Image Analyst & | Shall use the DR€2riesto verify adequate performance as

Evaluation Analysis described in Appendix F and save the results with any stud
Workstation compliant with this Profd.

The postprocessing software, which may be integral to the scanner workstation or providéhlirg goarty
vendor, shall have the ability to perform the operations specifiegeirtion 3.3.2, Image Data Pest
processing.

Parameter Entity/Actor Specification
Metadata ImagePostprocessing | Shall be able to accurately propagate the information
workstation collected at the prior stages and extend it with those ite

noted in the Image Analysis Workstation section

Shall be able tdisplayall information that affects SURS
either directly in calculation (e.gegion of interest
intensity) or indirectly (mageacquisition parametens

Image ImagePostprocessing | Shall be capable to display indude link to displayhe
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Parameter Entity/Actor Specification

acquisition workstation number of minutes between injection and initiation of
parameters imaging (as per derivation guidelines described in Sect
Display 4.2), and the duration of each timeframe in cases where

the image consists of multiple timeframes

The Image Pogtirocessing workstation will allow for the following operations that may or may not have
been performed as part of image reconstruction.

Parameter Entity/Actor Specification

Decay Image Posprocessing | Shall allow for image decay ceation if not performed

correction workstation during reconstructionShalluse either theAcquisition
Time field (0008,0032)r Radiopharmaceutical Start Tim
(0018,1072), if necessaryf.a series (derived or not) is
based on Acquisition Time decay correctithrg earliest
Adqyuisition Time (0008,0032) shall be used as the
reference time for decay correction.

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

orientation workstation directions.

Intra-scan, inter
frame alignment

Image Pst-processing
workstation

Shall be able tautomaticallyspatially align the different
timeframes that may have been acquired

Intra-scan, inter
frame alignment|

Image Posprocessing
workstation

Shall allow selection of an anchor frame to which other
frames are aligned

Intra-scan, inter
frame alignment

Image Posprocessing
workstation

Shall measure and display the translational and rotatior
parameters necessary to align each frame to the refere
frame.

Static image Image Posprocessing | Shall allow exclusion of one or more frames from the st

creation workstation image that is created through frame averaging or
summation

Static image Image Posprocessing | Shall be able to sum and/or average the selected

creation workstation timeframes to create atatic image for analysis

Smoothing Image Posprocessing | Shall be able to apply2ZDsmoothing filter if indicated as

workstation

part of study protocol

Data storage
and transfer

Image Posprocessing
workstation

Shall be able to store imagafter eachmajor step of
image manipulatior{e.g, after frame summation)

The features required of the analysis workstation are dependent in part upon the methods chosen for

definition and application of the target and reference regions of interest to the PET Geatain
additional features such dsnetic modeling for full dynamic scamartial volume correctionand MRI
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segmentation to create regions of interasiay also beelevant per study protocol, but their
description is beyond the scope of this document

Parameter Entity/Actor Specification

Image Quality | Image Analysis Shallbe able to display each image in a manner such th
control: Visual | workstation all image slices in the transaxial, sagittal, and coronal
inspection views may be examined visually.

Spatial Image Analysis Shall be able to automatically and accurately spatially g
mapping: Image| workstation GKS t9¢ AYFI3AS gAGK (KS ac
fusion (ce this approach is implemented.

registration)

Spatial Image Analysis Shall be able to automatically and accurately spatially g
mapping: Ce workstation multiple PET visits to one another when this approach i

registraion
between visits

implemented.

Spatial Image Analysis Shall be able tautomatically and accurately spatially mé

Mapping: warp | workstation 0KS &ddzoa2So0iqQa aoly |yR Gf

to template approach is implemented.

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

reference region workstation referenceregion of interest boundaries to be applied to

definition the subject scan, or for importing piaefined region of
interest boundaries (or masks) that may have been
generated using other software (such as generated
GKNRdzZAK aS3aAYSyidl (A 2gefinedf 2
based upon an image template and atlas).

SUVR image Image Analysis Shall be able to create an SUVR image by dividing eac

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

Region Image Analysis Shall be able to apply (place for measurement)pre

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

Region Image Analysis Shall allow means for qualityssurance that regions for

placement workstation measurement have been accurately placed on the PET

quality control

scan (either by final region placement inspection and/o
inspection and/or automatic quality measurements
performed at each image manipulation step)

Region of Image Analysis Shall be able to calculate the mean value within each
interest workstation region of interest, and store for SUVR calculations (if nc
measuremen based on an SUVR image) and/or reporting.

SUVR Image Analysis Shall be able to calcula®UVR values by dividing the

mean value in a target region by the mean value in the
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Parameter Entity/Actor Specification
calculation workstation reference region (if not based on an SUVR image).
SUVR output Image Analysis Shall be able to store and output SUVR values for displ
workstation and for transfer to a stdy report, to a precision as
required by the study protocol.

4.5. Performance AssessmentSoftware version tracking

Ideally, he PET scanner should be able to build a list on the console of the dates of all software versions
(software changes that might impa quantitative accuracywould typically be inclusive of hardware
change) Furthermore, he scanner software version should be identified and tracked across time, with
updates and changes in scanner software noted during the course of theAtial.minimum, Software
Versions should be manually recorded during the qualification along with the phantom imaging
performance data and the record should be updated for every softwigrade over the duration of the

trial. This includes the flagging of the impaxt quantification for now; in the future, record all software
version numbers in DICOM header.

Parameter Entity/Actor Specification
Software Version Acquisition Shall record the software version(s) used for acquisition an
tracking Device reconstruction m appropriate DICOM field(s).
Software version Workstation Shall provide mechanism to provide analysis of the image ¢
backtesting using updated as well as prior (platforspecific) versions of
compatibility analysis software.
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1419

1420 Appendix B: Background Information for Claim
1421

1422 References

1423

1424 Appendix C: Conventions and Definitions

1425 Convention Used to Represent Profile requirements

1426 Requirements for adhering to this Profile are presented in tables/boxes @srsin the example below.
1427 Shaded boxes are intended future requirements, and are not at this time required for adhering to the
1428 Profile.

1429 lllustrative example:
1430 Parameter Entity/Actor Normative text: Clear boxes are current requirements

1431 Shaded boxes aratended for future requirements
Phantom tests: Imaging Site Using ACRuniform cylinder phantom or equivalent shall
transaxial uniformity obtain anSUMor a large central ROI of 1.0 with an
measurement acceptable range of 0.9 to 1.1.

Using ACR or uorm cylinder phantom or equivalent shall
obtain anSUMor a large central ROI of 1.0 with an
acceptable range of 0.95 to 1.05.

1432 Items within tables are normative (i.e. requiréal be conformantwith the QIBAProfile). The intent of the
1433 normative text isto be prescriptive and detailed to facilitate implementation. In gengettaé intent is to
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specify the final state or output, and not how that is to be achieved.
All other textoutside of thesdablesis considered informative only

Definitions

MCI: Mild ©gnitive Impairment

's5Y {1 KSAYSNRa 5AaSlas
mpi: minutes post injection

CTDI: Computed tomography dose index

DLP: Dose length product

ALARA: As Low As Reasonably Achievable

ROI: Region of interest. A region in an image that is specified in some marmealyywith useicontrolled
graphical elements that can be either 2D areas or 3D volumes. These elements include, but not limited
to, ellipses, ellipsoids, rectangles, rectangular volumes, circles, cylinders, polygons, afarnfree
shapes. An ROI can@aldefined by a segmentation algorithm that operates on the image. Segmentation
algorithms include, but are not limited to, fixedlue thresholding, fixegpercentage thresholding,
gradient edge detection, and Bayesian methods. With the definition of an R@lrics are then
calculated for the portion of the image within the ROI. These metrics can include, but are not limited to,
mean, maximum, standard deviation, and volume or area. Note that the term ROI can refer to a 2D area
on a single image slice or3D volume. In some cases the term ROI is used to refer to 2D area and the
term volume of interest (VOI) is used to refer to a 3D volume. In this Profile the term ROI i®used
refer to both 2D areas and 3D volumes as needed.

VOI: Volume of interest. Seefthition for ROI.

Dose: Can refer to either radiation dose or as a jargon term for 'total radioactivity'. For example, 10 mCl of
18FFDG is often referred to as a 10 mCi dose.

Profile:

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

PET/CTPositron emission tomography / computed tomography (PET/CT) is a medical imaging system that
combines in a single gantry system both Positron Emission Tontog(&&ET) and anray Computed
Tomography (CT) scanners, so that images acquired from both devices can be taken nearly
simultaneously.

CT: Xray computed tomography(CT) is amedical imaging technique that utilizesrays to produce
tomographic images ohe relative xray absorption, which is closely linked to tissue density.

TOF: Time of Flight (TOF) is a PET imaging technique utilizing differential annihilation photon travel time
to more accurately localiz#he in vivo distribution of a radiotracer.

URCT:Uniform Protocols For Imaging in Clinical Trials (UPICT). A@BNAnitiative that seeks to provide
a library of annotated protocols that support clinical trials within institutions, cooperative groups, and
trials consortia. Th&JPICTprotocols ae based on consensus standards that meet a minimum set of
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criteria to ensure imaging data quality.

DICOMDigital Imaging and Communications in Medicine (DICiOM)set olstandards for medical images
and related information. It defines formats for medigamages that can be exchanged in a manner that
preserves the data and quality necessary for clinical use.

CRF: Case Report FOIGRF) is a paper or electronic questionnaire specifically used in clinical trial research.
The CRF is used by the sponsor @ thinical trial (or designated CRO etc.) to collect data from each
participating site. All data on each patient participating in a clinical trial are held and/or documented in
the CRF, including adverse events.

mCi: millicuries. A nel unit of radioactity, defined as 1 mCi = 3.7 x 10"7 decays per second. Clinical
FDGPET studies inject (typically) 5 to 15 mCi of-EBiG.

MBq: megabequerelAn Siderived unit of radioactivitylefined as 1.0 x 10”6 decays per second.

QA: Quality AssuranceProactive defiition of the process or procedures for task performance. The
maintenance of a desired level of quality in a service or product, esp. by means of attention to every
stage of the process of delivery or production.

QC: Quality Control.Specific tests perfored to ensure target requirements of QA program are met.
Typically by testing a sample of the output against the specification.

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

Qudification: Approved by an independent body or group for either general participation in clinical
research (ACRINQIE , SNMITN others) or for a specific clinical trial (requires ongoing QA/QC). This
includes CROs, ACRIN, SE@W, CALGB and other coreoliatories.

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

AC: Attenuation Correction. Attenuation is an effect that occurs when photons emitted by thetreswstr
inside the body are absorbed by intervening tissue. The result is that structures deep in the body are
reconstructed as having falsely low (or even negative) tracer uptake. Contemporary PET/CT scanner
estimate attenuation using integrated-ray CTequipment. While attenuatiorcorrected images are
generally faithful representations of radiotracer distribution, the correction process is itself susceptible
to significant artifacts.

Organizations

QIBA: Quantitative Imaging Biomarkers Alliance. Then@ative Imaging Biomarkers Alliance (QIBA) was
organized by RSNA in 2007 to unite researchers, healthcare professionals and industry stakeholders in th
advancement of quantitative imaging and the use of biomarkers in clinical trials and practice.

RSNARadiological Society of North America (RSNA). A professional medical imaging society with more tha
47,000 members, including radiologists, radiation oncologists, medical physicists and allied scientists. Th
w{b! K2ada GKS ¢2NI Reétingt | NBESad | yydzaf YSRAOI

SNMMI: Society of Nuclear Medicine and Molecular Imaging (formerly called the Society of Nuclear
Medicine (SNM)). A nonprofit scientific and professional organization that promotes the science,
technology and practical application of nuclear ne#oe and molecular imaging. SNMMI represents 18,000
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nuclear and molecular imaging professionals worldwide. Members include physicians, technologists,
physicists, pharmacists, scientists, laboratory professionals and more

CTN: TheClinical Trials Network T®l) was formed by SNMMI in 2008 to facilitate the effective use of
molecular imaging biomarkers in clinical trials.

AAPM:The American Association of Physicists in Medicine is a member society concerned with the topics
of medical physics, radiation oncolggimaging physicsThe AAPM is a scientific, educational, and
professional organization of 8156 medical physicists

EANM: Te European Association of Nuclear Medicine (EANM) constitutes the European umbrella
organization of nuclear medicine in Europe

EARLEANM Research Ltd (EARL) was formed by EANM in 2006 to promote multicentre nuclear medicin
and research.

ABNM: American Board of Nuclear Medicine
ABR: The American Board of Radiology
ABSNM: The American Board of Science in Nuclear Medicine

ACR: The 3600 members of |[include radiologists, radiation oncologists, medical physicists, interventional
radiologists, nuclear medicine physicians and allied health professionals.

ACRIN: ThA&merican College of Radiology Imaging Network (ACRIN) is a program of¢hieah College
of Radiology and a National Cancer Institute cooperative group. Focused on -calated research in
clinical trials.

ANSI: American National Standards Institute

ECOGACRINA National Cancer Institute cooperative group formed from the26ierger of the Eastern
Cooperative Oncology Group (ECOG) and the American College of Radiology Imaging Network (ACRIN).

IAC:The Intersocietal Accreditation Commission (IAC) provides accreditation programs for Vascular Testing
Echocardiography, Nuclea#, MRI, CT/Dental, Carotid Stenting and Vein Center.

TJC:The Joint Commission (TJC) accredits and certifies health care organizations and programs in th
United States.

CROContract ResearcBrganization.A commercial or nefor-profit organization dsignated to perform a
centralized and standardized collection, analysis, and/or review of the data generated during a clinical trial.
Additional activities which may be performed by an imaging core lab include training and qualification of
imaging centerdor the specific imaging required in a clinical trial, development of imaging acquisition
manuals, development of independent imaging review charters, centralized collection and archiving of
images received from study sites, performingspeecified qualiy control checks/tests on incoming images
and development and implementation of quality assurance processes and procedures to ensure that
images submitted are in accord with imaging time points specified in the study protocol and consistent with
the qualty required to allow the protoce$pecified analysis /assessments

CQIEThe Centers of Quantitative Imaging Excellence (CQIE) program was developed by ACRIN in respor
to a solicitation for proposals issued in December 2009 by-Breiderick on behalf ahe National Cancer
LyadAiddziS o6b/ LO® ¢KS LINAYFINE 202SOGAGS 2F GKS |/
within the NCI Cancer Centers Program that are capable of conducting clinical trials in which there is ar
integral molecular ad/or functional advanced imaging endpoint.
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CLIA: Clinical Laboratory Improvement Amendments: Accreditation system for establishing quality
standards for laboratory testing.

USP: United States Pharmacopeial Convengistablishes written and pfsical (reference) standards for
medicines, food ingredients, dietary supplement products and ingredients in the U.S.

EMA: European Medicines Agency is a European Union agency for the evaluation of medicinal products
Roughly parallel to the U.S. Food dmnaig Administration (FDA), but without Fi3#le centralization.

FDA: Food and Drug Administratianresponsible for protecting and promoting public health in the U.S.
through the regulation and supervision of food safety, tobacco products, dietary emeplts, prescription

and overthe-counter pharmaceutical medications, vaccines, biopharmaceuticals, blood transfusions,
medical devices, electromagnetic radiation emitting devices, and veterinary products.

NIST: National Institute of Standards and Techgwlsa measurement standards laboratory which is a
non-regulatory agency of the United States Department of Commerce.

NEMA: National Electrical Manufacturers Associaisoa forum for the development of technical standards
by electrical equipment manufaurers.

MITA: TheMedical Imaging & Technology Alliance is a division NEMA that develops and promotes
standards for medical imaging and radiation therapy equipment. These standards are voluntary guidelines
that establish commonly accepted methods of desigroduction, testing and communication for imaging

and cancer treatment products.

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 pralucts are fullyin conformancewith the QIBA ProfileConformancewith 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) denformant, please refer to the QIBA Conformance
Document for that product.

D.1. Image Acquisition Parameters

The following technique tables list acquisition parameter values for specific models/versions that can be
expected to produce data meeting the regerinents of Sectio.6.4 ('Phantom Imaginfg

These technique tables may have been prepared by the submitter of this imaging protocol document, the
clinical trial organizer, the vendor of the equipment, and/or some other source. (Consequently, a given
modé/version may appear in more than one table.) The source is listed at the top of each table.

Sites using models listed here are encouraged to consider using these parameters for both simplicity anc
consistency. Sites using models not listed here may Ibetaldevise their own acquisition parameters that
result in data meeting the requirements of Secti®®.4and conform to the considerations in Section 4. In
some cases, parameter sets may be available as an electronic file for direct implementati@ioraging
platform.

D.2. Quality Assurance Procedures

Examples of recommend quality assurance procedures are shown for specific GE, Philips, and Sieme
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1590 PET/CT scanners in the tables below.

1591

1592
1593

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

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

Automated Baseline collection

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
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1594

1595

1596 AppendixE Data fields to be recorded in the Common RaFormat
1597 Mechanism

1598 The list below comprises metaformation (i.e. in addition to image values of kBg/ml) that is necessary for
1599 quantitatively accurate (i.e. known and minimal uncertainties) of PET SUVs. The intent here ighatlist
1600 information should be captured rather than the mechanism itself. Tharmat and corresponding
1601 mechanisnof data capture/presentations currently unspecified, but ranges from paper notes, to scanned
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