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Full document 

X.  Imaging Protocol (Italicized text within draft consensus statements indicates editorial suggestions compatible with the intent of the reference source materials but not extracted directly from those source materials)
0. Executive Summary

Provide a brief (less than 250 words) synopsis to let readers quickly determine if this imaging protocol is relevant to them.  Sketch key details such as the primary utility, imaging study design, specific aims, context, methods, expected results, risks, and deliverables.
Consolidated Statement - (draft pending completion of the extraction process) – This UPICT Protocol is intended to guide the performance of whole-body FDG-PET/CT within the context of single- and multi-center clinical trials of oncologic therapies by providing acceptable (minimum), target, and ideal standards for all phases of the imaging examination as defined by the UPICT Template (ref) with the aim of minimizing intra- and inter-subject, intra- and inter-platform, inter-examination, and inter-institutional variability of primary and/or derived data that might be attributable to factors other than the index intervention under investigation.  The specific potential utilities for the FDG-PET/CT study(ies) as performed in accordance with this Protocol within any particular clinical trial could be to utilize qualitative, semi-quantitative, and/or quantitative data for single time point assessments (e.g., diagnosis, staging, eligibility assessment, investigation of predictive and/or prognostic biomarker(s)) and/or for multi-time point comparative assessments (e.g., response assessment, investigation of predictive and/or prognostic biomarker(s)).  More generally, such standardization of FDG-PET/CT within the conduct of clinical trials should 1) support internal decision-making in drug, biologic, and device development, 2) provide data to support registration and market-label indications, and 3) allow the eventual qualification of one or more imaging biomarkers (perhaps as surrogates for clinical endpoints) by supporting meta-analyses of multiple clinical trials (possibly over different compounds or devices and as contributed by different companies).
This document does include specifications for the performance of CT for the purposes of attenuation correction and/or localization, but does not address the performance of diagnostic CT within the context of FDG-PET/CT; although the integration of diagnostic CT in conjunction with FDG-PET/CT for oncology is acknowledged as potentially useful and appropriate.  When the integration of diagnostic CT is desired as part of the imaging protocol within the clinical trial, specifications for the CT portion of the imaging protocol may be derived from other UPICT protocol(s).
1. Context of the Imaging Protocol within the Clinical Trial

Describe how this imaging protocol interfaces with the rest of the clinical trial.

1.1. Utilities and Endpoints of the Imaging Protocol
Describe one or more utilities or endpoints this Imaging Protocol could serve in a Clinical Trial.

(e.g. to determine eligibility of potential subjects in the clinical trial; to triage eligible subjects into cohorts based on stage or severity of disease; to assess response to treatment; to establish the presence of progression for determining TTP, PFS, etc.; to monitor for adverse events; to establish a database for the development, optimization, and validation of imaging biomarkers, etc.) 

Consolidated Statement – The specific utility(ies) for which the FDG-PET/CT imaging study(ies) in the clinical trial authored using this UPICT Protocol should be clearly stated within the documentation of the clinical trial.  This Protocol has been derived from various referenced standards documents and publically listed clinical trials.  The specific utilities for the FDG-PET/CT imaging stated in those source materials include:

· diagnosis and staging of tumors (EU, Neth, ACRIN protocol #s 6671, 6685)

· prognostic stratification / biomarker (Neth, Hallett, ACRIN protocol # 6685)

· treatment planning or triage (ACRIN protocol # 6685)

· edge detection of tumors in radiotherapy planning (EU)

· lesion localization and characterization (EU, ACRIN protocol #s 6671, 6685)

· evaluate tumor response / predictive stratification / biomarker (EU, Neth, Hallett, Shankar,
 ACRIN protocol #s 6665, 6678
)
· correlation between imaging and tissue biomarkers and/or pathway activity (ACRIN protocol # 6665)
1.2. Timing of Imaging within the Clinical Trial Calendar 
Describe for each discrete imaging acquisition the timing that will be considered “on-schedule” preferably as a “window” of acceptable timing relative to other events in the clinical trial calendar.  Consider presenting the information as a grid which could be incorporated into the clinical trial calendar.

Consolidated Statement - The study protocol should specifically define an acceptable time interval that should separate the performance of FDG-PET/CT image acquisition from both (1) the index intervention and (2) other interventions (e.g. chemotherapy, radiotherapy or prior treatment).  If response assessment will be based on serial FDG-PET/CT imaging studies, the time interval between the baseline study and the initiation of treatment should also be specified as well as the time intervals between subsequent FDG-PET studies and cycles of treatment.  Additionally, the study protocol should specifically define an acceptable timing variance for performance of FDG-PET/CT around each time point at which imaging is specified (i.e., the acceptable window of time during which the imaging may be obtained “on schedule.”  The timing interval and window are entirely dependent upon 1) the utility for the FDG-PET/CT imaging within the clinical trial, 2) the clinical question that is being investigated, and 3) the specific intervention under investigation.  There is some difference of opinion based on the reference source and the specific index intervention.  Suggested parameters for timing of FDG-PET/CT within oncologic trials include:

· When results of FDG-PET/CT are a study entry criterion the scans ideally should be performed within 21 days before initiation of the therapeutic intervention.  It should be noted that tumors with low FDG uptake may not be suitable for follow-up studies of treatment response with PET (PERCIST cut off as an example
).

· For FDG-avid and evaluable tumors, the minimum interval between the last dose of chemotherapy or biologic therapy and FDG-PET ideally should be 10 days(EU) with an acceptable interval of 14 days (Neth, NCI), if possible
;
· As an alternative if FDG-PET/CT is being used during an ongoing treatment schedule (perhaps as an early predictor of response), the test should be performed at an interval within the treatment schedule that is determined by factors including, but not limited to, the type of treatment, specific cancer diagnosis, specific treatment target, and details of the treatment schedule itself.  For example, if the FDG-PET/CT will be performed between cycles that have no “break,” the scan might be performed as close to the start of the next cycle as possible (EU).  However, if the FDG-PET/CT will be performed within a treatment plan that incorporates periodic “breaks” between sets of treatment cycles, the scan might be performed shortly after the completion of the preceding cycle rather than after the “break” and therefore prior to the next cycle.

· In trials of or including radiation treatment, an interval up to 4 months may be required (Neth), although many investigators recommend a minimum delay after radiation therapy of 6-8 wks or longer before performing the post-treatment FDG-PET study (NCI).  Studies evaluating completeness of response should be performed later, however investigational studies used to modify therapy or predict outcome may be performed during therapy
.
· When FDG-PET/CT is used for response assessment in lymphoma, imaging should not be performed before at least 3 weeks after chemotherapy and
 preferably 8 – 12 weeks after completion of radiotherapy per the consensus statement of the Imaging Subcommittee of the IHP in Lymphoma as published in JCO 25(5) p572 (EU)
· An issue that must be addressed in the study-specific clinical trial protocol is the specific windows about each time point that would constitute an appropriate variance with that specific clinical trial

1.3. Management of Pre-enrollment Imaging – 
Describe the evaluation, handling and usage of imaging performed prior to enrollment.
Clearly identify purposes for which such imaging may be used: eligibility determination, sample enrichment, stratification, setting the measurement base-line, etc.
(e.g. What characteristics or timing will make the imaging acceptable for the purpose?

        Will digitized films be accepted?
        Will low-grade images be annotated and/or excluded from parts of the trial?
        Is there normalization that should be done to improve low-grade priors?
        How should such imaging be obtained, archived, transferred, etc.)
Consolidated Statement:  The imaging protocol must contain documentation as to how pre-enrollment imaging should be managed; specifically 1) will imaging obtained prior to enrollment be used as baseline imaging and 2) if so under what specific conditions.  It is suggested that the specific conditions should take into account technological factors related to the imaging platforms (PET and CT) as well as the biology of the disease and the specific interventions used in the trial.  In general, scans performed as standard clinical care on PET/CT scanners that have not been previously qualified for the clinical trial and/or not in conformance with the imaging protocol would not acceptable for the clinical trial.  One reference suggests that PET/CT scanning performed within eight weeks prior to initiation of drug therapy could be used as the baseline study (ACRIN 6665).  While another source states that if the pre-enrollment PET/CT was performed on an imaging platform not approved for use in the trial or otherwise does not meet trial requirements, the scan should be repeated within the trial budget; but that studies that are performed on approved scanners and otherwise conforming to all trial specification will be accepted as baseline studies and will be subjected to the same QA as studies performed after registration (and even if originally obtained as standard of care imaging therefore might need to be repeated (ACRIN 6671, 6678
).
1.4. Management of Protocol Imaging Performed Off-schedule

Describe the evaluation, handling and usage of imaging performed according to the Procedure below but not within the “on-schedule” timing window described in Section 1.2.

(e.g. For what purpose(s) may such imaging be used (for clinical decision-making; for data

           analysis; for primary endpoints; for secondary endpoints; for continued subject eligibility

           evaluation; to supplement but not replace on-schedule imaging, etc.)?  

        What characteristics or timing will make the imaging acceptable for the purpose?

         Is there normalization that should be done to account for the schedule deviation?

        What is the expected statistical impact of such imaging on data analysis? 

        How should such imaging be recorded, archived, etc.)

1.5. Management of Protocol Imaging Performed Off-specification
Describe the evaluation, handling and usage of imaging described below but not performed completely according to the specified Procedure.  This may include deviations or errors in subject preparation, the acquisition protocol, data reconstruction, analysis, interpretation, and/or adequate recording and archiving of necessary data.

(e.g. For what purpose(s) may such imaging be used (for clinical decision-making; for data

           analysis; for primary endpoints; for secondary endpoints; for continued subject eligibility

           evaluation; to supplement but not replace on-schedule imaging, etc.)?  

        What characteristics or timing will make the imaging acceptable for the purpose?

         Is there normalization that should be done to account for the schedule deviation?

        What is the expected statistical impact of such imaging on data analysis? 

        How should such imaging be recorded, archived, etc.)

Consolidated Statement:  Criteria should be included in the protocol that define acceptable, target, and ideal FDG-PET/CT imaging specifications and parameters.  Imaging studies judged to be sub-optimal, if performed for “standard of care” could be repeated at the discretion of the site if the site deems the scan clinically unacceptable (ACRIN 6671).  If the scan is judged unacceptable for research purposes, the study may be repeated as dictated by the protocol and informed consent.  The protocol should then state how the cost of such repeated studies should be managed within the trial budget (ACRIN 6678
).
1.6. Management of Off-protocol Imaging

Describe the evaluation, handling and usage of additional imaging not described below.  This may include imaging obtained in the course of clinical care or potentially for research purposes unrelated to the clinical trial at the local site.

 (e.g. For what purpose(s) may such imaging be used (for clinical decision-making; for data

           analysis; for primary endpoints; for secondary endpoints; for continued subject eligibility

           evaluation; to supplement but not replace on-schedule imaging, etc.)?  

        What characteristics or timing will make the imaging acceptable for the purpose?

         Is there normalization that should be done to account for the schedule deviation?

        What is the expected statistical impact of such imaging on data analysis? 

        How should such imaging be recorded, archived, etc.)

1.7. Subject Selection Criteria Related to Imaging 
1.7.1. Relative Contraindications and Remediations

Describe criteria that may require modification of the imaging protocol.

(e.g. subjects with kidney insufficiency are contraindicated for Contrast CT in this protocol, at the physicians discretion, kidney function may be re-evaluated prior to imaging to see if the insufficiency has resolved, or the subject may be evaluated for dialysis, etc.)

Consolidated Statement – Inability to comply with or tolerate the performance of FDG-PET/CT imaging may be a relative exclusion criterion for subjects in a clinical trial that depends upon FDG-PET/CT for a primary or secondary endpoint.  Examples of such relative contraindications include inability to remain motionless for the duration of the scan time or to lie flat for any number of reasons (e.g., severe congestive heart failure).  However, such relative exclusion criteria are not unique to FDG-PET/CT.  A plasma glucose level above the threshold as defined in Section 4.2.2 may necessitate the rescheduling of the FDG-PET/CT test to another day when the plasma glucose level is less than the defined threshold.  For this reason, subjects at risk for elevated plasma glucose levels should be scheduled early during the timing interval as specified in Section 1.2 so that if the test must be rescheduled the test date will still fall within the acceptable timing interval (See Section 1.2) so as to avoid a protocol deviation.  Relative contraindications become absolute (i.e., Imaging Exclusion Criteria) when they cannot be remediated.  When the FDG-PET/CT imaging endpoint is a trial endpoint, the subject would then be excluded from the trial.
1.7.2. Absolute Contraindications and Alternatives

Describe criteria that may fully disqualify the subject for the imaging protocol.  
 If possible, identify possible alternative imaging protocols.

(e.g. subjects with pacemakers are disqualified for this MRI protocol.  Consider using CT protocol UPICT-31254 instead)
These alternatives may also be useful for relative contraindications if remediations described in 1.7.1 are not possible or successful.

Consolidated Statement – The protocol should specifically define a threshold plasma glucose level that should represent an absolute exclusion criterion for participation in any clinical trial that depends on FDG-PET/CT imaging for a primary or secondary endpoint if the plasma glucose level cannot be maintained below that threshold level using the diabetic management procedures as described in Section 4.2.2.  Threshold plasma glucose levels as suggested by referenced standards documents and publically listed clinical trials include:

· A plasma glucose level ≥7 mmol/l (or >120 mg/dl) (EU)

· A blood glucose level >11 mmol/l (Neth)
· Blood glucose levels ≥ 150 mg/100mL (ACRIN 6678)

· Blood glucose levels > 200 mg/dl (ACRIN 6671)

Some clinical trials exclude subjects who are pregnant (or suspect they are pregnant) or breastfeeding when FDG-PET/CT is being used as a primary or secondary endpoint.  However, such potential subjects may already be excluded on the basis of the index intervention under investigation without regard to the use of FDG-PET/CT.  Additional suggested exclusion criteria include weight exceeding table limits (>300 lbs for most current PET/CT scanners) and subjects with a history of life-threatening allergic / anaphylactoid reactions to any contrast media (ACRIN 6671).
Relative contraindications become absolute (i.e, Imaging Exclusion Criteria) when then can no longer be remediated.  When the FDG-PET/CT imaging endpoint is a trial endpoint, the subject would then be excluded from the trial.
1.7.3. Imaging-specific Inclusion Criteria

Describe inclusion criteria that are specifically related to the imaging portion of the study.
Consolidated Statement - One source states that for clinical trials with longitudinal FDG-PET measurements as a primary endpoint might require a minimum tumor FDG-avidity based on the SUV (e.g., >4, tumor to background ratio of >1.5 hepatic mean) at baseline in order to remain on or to be eligible for participation on the study and have subsequent follow-up FDG-PET/CT scans (ACRIN 6678).  There may also be lesion “size” threshold (RECIST, WHO, volume) and/or lesion multiplicity (stage) threshold for eligibility.
2. Site Selection, Qualification and Training (See also Section 12 relative to QC)
2.1. Personnel Qualifications – 
2.1.1. Technical
Consolidated Statement:  Technologist:  Appropriate education, training, and certification of technologists is required to perform PET/CT. Representatives from the Society of Nuclear Medicine Technologist Section (SNMTS) and the American Society of Radiologic Technologists (ASRT) met in 2002 and published specific recommendations (J Nucl Med Technol. 2002;30:201​204).  (Delbeke)
2.1.2. Physics
Consolidated Statement:  Physicist: The SNM considers certification and continuing education in the appropriate sub- field(s) to demonstrate that an individual is competent to practice one or more of the subfield(s) of medical physics and to be a qualified medical physicist. The SNM recommends that the individual be certified in the appropriate subfield(s) by the American Board of Radiology (ABR) or the American Board of Science in Nuclear Medicine (ABSNM).  (Delbeke)
2.1.3. Physician
Consolidated Statement:  Physician: Imaging experts interpreting PET/CT scans should have appropriate training in both PET and CT. A working group of representatives from the American College of Radiology, the Society of Nuclear Medicine (SNM), and the Society of Computed Body Tomography and Magnetic Resonance agree only appropriately trained, qualified physicians should interpret PET/CT images (J Nucl Med. 2005;46:1225​1239). This working group has also recommended the number of continuing medical education credits earned and the number of cases interpreted that would demonstrate adequate training. (Delbeke)
2.1.4. Other (e.g., radiochemistry, radiobiologist, pharmacist, etc
.)
2.2. Imaging Equipment

List required equipment and software packages, such as CT scanners, image processing workstations, and analysis packages.  Specific capabilities of the equipment are described in later sections of this document.

Consider discussing the trade-off between accrual rates and the “bullseye rings of compliance” described in Section 7.2.

Multiple references suggest that integrated PET/CT scanners are preferable to be used for imaging based on increased accuracy for lesion localization and characterization than that obtained from the results obtained from PET and CT separately and interpreted sided by side or following software based fusion of the PET and CT datasets (EU).  
PET scanners that utilize NaI detectors are excluded. (NCI and ACRIN)

ACRIN trials require that PET and PET/CT scanners are qualified in order to participate in the trial and all data must be acquired on an ACRIN qualified scanner. 

An important aspect of quantitative multi-center PET imaging studies and therefore integral to the qualification of imaging platforms is the cross-calibration of scanner performance across various imaging sites.  Several societies, organizations and clinical trials networks, such as the NCI, ACRIN, EORTC, EANM and SNM, etc. have developed multi-center clinical trials imaging guidelines and have set up or are setting up PET/CT system validation and site accreditation programs to ensure that data collected using these systems are comparable, i.e. can be exchanged.  These site accreditation programs use different phantoms for this purpose, among the performance characteristics that are tested are:  (1) the verification of a correct (cross-) calibration of the PET/CT system (against a dose calibrator) (ACRIN, Neth, EU, SNM), (2) scanner normalization and uniformity (ACRIN), and (3) the assessment of 2D or 3D SUV recovery coefficients (thereby essentially assessing contrast recovery and/or partial volume effects as a function of sphere size or rod diameter) (Neth, EU, SNM).  Despite the differences in the implementation of scanner validations, all site accreditation programs aim to assess image quality on some or all of these main image characteristics.  Future work should focus on further aligning the activities of these societies, either by cross-calibrating the scanner validation platforms/phantoms or development of a common scanner multi-center QC program.  The latter should be feasible considering the good agreement between the societies regarding the image characteristics to be verified.  At present there is a strong interest from all groups in establishing a common FDG PET standard
.
Initial and ongoing periodic QC for CT as used for attenuation correction and localization is included within the scope of this document (see 12.1.1 and Appendix D for detail).  However, QC for diagnostic CT performed in conjunction with oncologic FDG-PET/CT is not included within the scope of this document.  Documentation for diagnostic CT may be obtained from other UPICT documents (see url XXXXXX).
Details of several such accreditation programs are contained in Section 12 and Appendix D.
2.3. Infrastructure – Not specified
List required infrastructure, such as subject management capabilities, internet capability, image de-identification and transmission capability.

2.4. Quality Control 

2.4.1. Procedures 

See 12.1.1.
2.4.2. Baseline Metrics Submitted Prior to Subject Accrual

See 12.1.2.

2.4.3. Metrics Submitted Periodically During the Trial

See 12.1.3.

Additional task-specific Quality Control is described in sections below.
2.5. Protocol-specific Training   
Consolidated Statement – By definition Section 2.5 inclusive of all subsections will be directed by the specific needs and details of the protocol within which the FDG-PET/CT will be performed.  For non-protocol specific training and qualifications please see Sections 2.1 – 2.4 inclusive of all subsections.

2.5.1. Physician 

See 10.5
2.5.2. Physics 

See …

2.5.3. Technician

See …
3. Subject Scheduling

Describe requirements and considerations for the physician when scheduling imaging and other activities, which may include things both related and unrelated to the trial.
Consolidated Statement:  Prior to scheduling potential and/or already accrued subjects for FDG-PET/CT with its inherent (albeit minimal) risks confirmation of appropriateness for imaging (e.g., history, physical examination, staging, biopsy for diagnosis, etc.) should be performed and documented.   Scheduling diabetic subjects may require special attention (please see Section 4.2.2 for additional details).

3.1. Timing Relative to Index Intervention Activity
Consensus – Please see Section 1.2

3.2. Timing Relative to confounding Activities (to minimize “impact”)
(e.g. Avoid scheduling a biopsy on a tumor within X days prior to the FDG-PET scan to evaluate tumor viability; Avoid scheduling the MRI scan within X hours following administration of TPA (for stroke) to the subject.)
Consolidated Statement – Activities, tests, and interventions that might increase the chances for false positive and/or false negative FDG-PET/CT studies should be avoided prior to scans.  The allowable interval between the potentially confounding event and the imaging test will be dependent on the nature of the confounder.  For example, a percutaneous or excisional biopsy of a suspicious mass may cause focally increased FDG-PET activity or might lead to the appearance of a non-malignant mass (e.g., hematoma) on the CT portion of the study.  A percutaneous ablation procedure of a known malignant focus may cause focally increased FDG-PET activity and/or an immediate post-ablation increase in the apparent volume of the ablation target lesion.  The time of onset and the duration of the increased FDG-PET activity and/or the change in lesion volume might be different for these two different confounding factors.
If iodinated contrast is to be used for the CT portion of the PET/CT study, conflict with other tests and treatments should be avoided congruous with community standards of care (e.g., thyroid scan).
3.3. Scheduling Ancillary Testing

(e.g. order a blood draw to occur within X hours preceding the imaging procedure.) 
Consolidated Statement – Avoid scheduling tests that might confound the qualitative or quantitative results of the FDG-PET/CT study within the time period prior to the scan.  For example, a glucose tolerance test should not be scheduled during the 24 hours prior to the performance of FDG-PET/CT.  Similarly, other tests that might involve increasing plasma glucose, insulin, or corticosteroid levels should also be avoided.  Exercise cardiac stress testing should be avoided during the twenty-four (24) hours prior to the performance of FDG-PET/CT.  Similarly, other tests that might involve vigorous exercise and thereby increase muscle metabolic function should also be avoided.
4. Subject Preparation

4.1. Prior to Arrival 

Describe the presence/absence/timing of subject activities that may impact the procedure or results. These items should typically result in instructions for the subject at time of scheduling, or reminders sent to the subject shortly prior to imaging.

(e.g. oral and/or IV intake, vigorous physical activity, non-protocol-related medical interventions, etc.)
Consolidated Statement - The main purpose of subject preparation is to reduce tracer uptake in normal tissue (kidneys, bladder, skeletal muscle, myocardium, brown fat) while maintaining and optimizing tracer uptake in the target structures (tumor tissue).  Below is a generally applicable protocol to address (1) Dietary, (2) Fluid Intake and (3) Other activities that may impact the FDG-PET/CT procedure or results.

(1) Dietary:

· Subjects should not eat any food for an absolute minimum (acceptable level) of 4 hours prior to start of FDG-PET study (ACRIN), although the target pre-test fasting period is recommend as a 6 hour minimum (Neth, EU).  This can be achieved as follows:

· Subjects scheduled to undergo the PET study in the morning should not eat after midnight and preferably have a light meal during the evening prior to the PET study.

· Subjects scheduled for an afternoon PET study may have a light breakfast before 8 am.

· Medication can be taken as prescribed (see Section 4.2.2 for diabetic management)

· Ideally a low carbohydrate diet should be followed for 24 hours before the study (NCI, ACRIN)  
(2) Fluid Intake:


-All references note that adequate hydration (before and after FDG administration) is important (both to ensure a sufficiently low FDG concentration in urine (less artifacts) and for radiation safety reasons). Whichever hydration strategy is used (how much and when to administer), the protocol should be uniform among sites during a trial.   Specific hydration recommendations include: one reference (NCI) suggests oral intake of at least 710-1665 mls of water while fasting, an additional reference (ACRIN) recommends consumption of two to three 8-12 oz water (??? = 473-1065 mls) while fasting, and two references (Neth and EU) suggest 1 liter during 2 hours prior to FDG administration.   


-Two sources (EU, ACRIN) indicates that parental nutrition and intravenous fluids containing glucose should be discontinued at least 4 (acceptable) - 6 (target) hours before the PET examination.  The infusion used to administer intravenous prehydration must not contain any glucose.
(3) Other Activities:


- The subject should avoid strenuous or extreme exercise before the PET exam to minimize uptake of the radiotracer in muscle (ACRIN), for a minimum acceptable time period of at least 6 hours (EU) but preferably for the target time period of 24 hours (NCI, EU, ACRIN) prior to the PET exam.  Other activities that might be avoided are contained in sections 3.2 and 3.
Insert screening for claustrophobia here with ACRIN attribution.
Insert screening and pretreatment for iodinated contrast issues here with ACRIN attribution – separate paragraph
.
4.2. Upon Arrival 

4.2.1. Confirmation of subject compliance with instructions

(e.g. instructions to the admitting nurse/tech to confirm with the subject upon arrival that they have complied with each of the instructions in 4.1.)

Consolidated Statement – Upon arrival 1) confirmation of subject compliance with pre-procedure instructions and 2) the occurrence of potentially confounding events should be documented on the appropriate case report forms.  The documentation might include some or all of the following:

· timing, character, and amount of the most recent previous oral and/or intravenous intake of fluid and nutrients

· timing and dosages of relevant non-prescription and prescription medications taken within the previous XX hours (e.g., the last cycle of chemotherapy or non-cytotoxic pharmacotherapy, administration of growth factors, cytokines, steroids, etc.)

· extent of physical activity for the preceding 24 hours

· timing and description of medical procedures performed within the previous YY days (e.g., radiation therapy, biopsy, surgery)

· timing and description of relevant medical tests performed within the previous ZZ hours (e.g., invasive tests and/or tests that involve the administration of exogenous substances and/or tests that involve vigorous physical activities)
· confirmation that the subject has completed the trial Informed Consent Document.

The FDG-PET/CT procedure should be explained to the subject and exam-specific consent should be obtained if that is the standard of care for the site or the standard established for the specific clinical trial.  There should be documentation of subject-specific risk factors including, but not limited to, previous contrast reactions (if iodinated contrast is to be used).
4.2.2. Ancillary Testing To Be Performed Upon Arrival
(e.g. blood draws, weight/blood pressure measurement, etc. associated with the imaging and downstream actions relative to such testing)
Consolidated Statement: - Subject height and body weight must be measured precisely and recorded as the minimum acceptable standard (EU, Neth, NCI, ACRIN).  The target standard would add that for serial studies in the same subject, weight should be measured directly prior to each PET study since body weight often changes during the course of the study (EU).

Blood glucose monitoring, measurement and documentation and the appropriate management/disposition of hyperglycemic/ diabetic subjects are addressed by all references and should be included as a minimum acceptable standard of performance.
· It is important to measure and document subject blood glucose level prior to FDG administration (all).

· The ideal is blood glucose level < 120 mg/dL (all).

· Subjects with blood glucose level > 200 mg/dL should be rescheduled (all).

· For subjects with blood glucose measurements between 120 mg/dL and 200mg/dL, there are varying actions suggested by the different references.

· Two references (EU, ACRIN) indicate that the subject must be rescheduled, and adjustments to diet and medications made if necessary, so that the fasting blood glucose concentration can be brought down to the acceptable range at the time of FDG injection, or excluded depending on the subject circumstances and the trial being conducted.

· One reference (NCI) indicates that for diabetic subjects, the allowable glucose reference range is up to 150-200mg/dL.  The handling of non-diabetic subjects is not specifically addressed.  

· One reference (Neth) indirectly indicates that for diabetics (and non-diabetics?) with glucose levels between 120-200 mg/dl, PET scanning can proceed

· There is no consensus from these references for diabetic or non-diabetic subject management in the  glucose range of 120-200 mg/dL.  The imaging protocol for each individual clinical trial should indicate the glucose cut-off thresholds and  the exact management for  diabetic and non-diabetic subjects with plasma glucose levels between 120-200 mg/dl,  especially if the data from the FDG-PET/CT examination will be used towards a primary or secondary endpoint and/or will be compared in a serial manner over the course of the protocol.

· Secondary to recognized problems with administration of insulin (due to alteration of FDG biodistribution and diminished accuracy of SUV determination-NCI), insulin must not be given to reduce pre-FDG-administration glucose levels (EU, NCI), unless the interval between administration of insulin and FDG is more that 4 hours (EU).  One reference (ACRIN) suggests that if a hyperglycemic subject is to be rescheduled, the subject’s physician should be contacted to manage the blood glucose prior to the rescheduled study.
· Additional scheduling recommendations for diabetic subjects are suggested by two references (EU and Neth).  These include the following:

· For type I diabetes:

· Ideal to achieve euglycemia prior to PET study

· Schedule study for late morning by eating normal breakfast at 7 am and taking normal amount of  insulin; then fast for at least 4 hours till exam

· For type II diabetes:

· Schedule study for late morning

· Comply with at least 4 hour fast till exam

· Continue oral medication (hypoglycemic) as usual
· One reference (ACRIN) suggests the following for diabetic management:
· Diabetic subjects should be scanned early in the morning before the first meal, and doses of insulin and/or hypoglycemic medication should be titrated appropriately in consultation with the subject's referring physician. 
· Before scheduling an FDG-PET study, diabetics subjects should test their ability to maintain reasonable plasma glucose levels after fasting, while avoiding insulin close to the time that FDG would be administered.
4.2.3. Preparation for Exam
(e.g. empty bladder, removal of metal objects, etc.)

Consolidated Statement – In order to avoid artifactual distribution of the FDG, it is critical that subject preparation after arrival and prior to imaging are standardized among all sites and subjects throughout the conduct of the clinical trial. (EU, Neth, NCI, Hallet, ACRIN)

· The waiting and preparation rooms should be relaxing and warm.  Blankets should be provided if necessary.

· The subject should remain recumbent or may be comfortably seated; activity and conversation should be kept to an absolute minimum.  For brain imaging the subject should be in a room that is dimly lit and quiet for FDG administration and subsequent uptake period (ACRIN).

· The subject may use the rest room, but if possible not for the 30 minutes immediately after injection of FDG.  The subject should void immediately (5 – 10 minutes) prior to the FDG-PET/CT image acquisition phase of the examination.

· Bladder catheterization is not routinely necessary; but if necessary the catheter should be placed prior to injection of FDG.  Bladder catheterization may be important for the evaluation of pelvic tumors.

· Following the administration of FDG, the subject should drink 500 ml (or 8 – 12 oz 237-354 ml per ACRIN) of water (or receive by intravenous administration 250 - 500 ml of non-glucose containing fluid).

· For specific areas of anatomic interest (e.g., tumors located in the lower abdomen, pelvis or kidney) intravenous diuretic agents may be used (e.g., 20 – 40 mg of furosemide given nearly contemporaneously (within 10 – 15 minutes) with the administration of FDG).

· Sedation is not routinely required, but is not contraindicated provided that the sedative used does not interfere with the uptake of FDG.  If sedation might be used, the subject was be instructed in advance that operation of a motorized vehicle will be prohibited after the FDG-PET/CT test.  Sedation may have utility in specific clinical circumstances such as brain or head and neck tumors, claustrophobic subjects, or children.

· The amount of fluid intake and use of all medications (e.g., diuretic, sedative) must be documented on the appropriate case report form.
· Subjects
 undergoing a CT scan should empty their pockets and remove any clothing containing metal and any metallic jewelry from the body parts to be scanned, changing into a hospital gown if necessary (ACRIN).

· Subjects undergoing a CT scan should be asked about the presentce of implanted electronic devices (e.g. pacemakers, neural stimulators, cochlear implants) (ACRIN). 
5. Imaging-related Substance Preparation and Administration  

(e.g. Contrast agents, radiopharmaceuticals or stress agents intended to directly affect the imaging process.  Does not include therapeutic drugs/agents unless they are also imaging agents.)
IV and oral iodinated contrast is not discussed as part of this document as its utility is related to the diagnostic CT examination.

FDA currently, etc. and
…….

5.1. Substance Description and Purpose
FDG is a glucose analogue.  Its use in oncology is based on the fact that most types of tumours need more glucose than most other types of normal tissue (Neth).

5.2.  Dose Calculation and/or Schedule
Consolidated Statement - The 18F - FDG dose is usually around 5mCi in Europe and between 10mCi (=370 MBq) (Hallet) and 20 mCi (=740 MBq) (ACRIN) in the United States.  Further FDG dose refinement and/or dose reduction can be achieved by taking into account: (1) patient weight, for example by applying a dose of 5 – 8 MBq/kg (NL, EANM, Hallet, NCI, ACRIN); (2) 2D versus 3D scanning mode (NL, EANM, Hallet, NCI); (3) acquisition time per bed position (NL, EANM, HALLET) and; (4) percentage bed overlap of subsequent bed positions (NL, EANM). The exact dose and the time at which dose is calibrated should be recorded (all). Residual dose remaining in the tubing, syringe or automated administration system or any dose spilled during injection should be recorded (all).

· In the case of using a syringe for administration, residual activity within the syringe and administration system must be measured and the residual dose should be documented (EU, NL).

· In the case of using an automated system and procedures must assure a net administered FDG activity within 3% accuracy (this must be ensured by manufacturer and verified by the user); i.e., the actual administered activity may not deviate more than 3% from that indicated by the reading of that device or used dose calibrator following instructions given by the manufacturer of the automated administration system (EU).

· Residual activity as determined by the above methods should be used to correct the administered dose for any quantitative results reported
.

Any upper dose limits recommended by the manufacturer to take dead time/count rate limitations into account should be considered (EANM, ACRIN). Moreover, (upper) dose limits may apply because of national or local legislation (EANM). In case upper dose limits apply, consistent image quality across sites should be accomplished by increasing scanning time (time per bed, NL, EANM, Hallet). For pediatric studies, other (existing) guidelines may apply, such as the EANM pediatric dose card (EANM).
5.3.   Timing, Subject Activity Level, and Factors Relevant to Initiation of Image Data Acquisition
Consolidated Statement:

FDG uptake into both tumors and other body tissues is a dynamic process that peaks and plateaus at various time points dependent upon multiple variables.  Therefore, it is extremely important that (1) the time interval between FDG administration and the start of emission scan acquisition is consistent and (2) when repeating a scan on the same subject, it is essential to use the same interval between scans performed across different time points.

The suggested consensus time (from all references) between FDG administration and scan acquisition is 60 minutes; assuming this is the ‘ideal’, the target window of acceptability is +/- 5 minutes (55-65 minutes).  Two references (NCI and ACRIN) allow the acceptable window to be +/- 10 minutes (50-70 minutes), which is considered the absolute minimum of acceptability. The exact time must be recorded.  

Multiple references (EU, ACRIN, and NCI) imply that the consistency of  timing (relative to baseline) for a follow-up time point should be prioritized for a case where the baseline scanning ideal/target was not achieved; rather than defaulting to a 55 – 65 minute expectation at follow-up if baseline was performed outside this targeted window.  This issue should be specifically addressed for each individual protocol.
When repeating a scan on the same subject, especially in the context of therapy response assessment, it is essential to apply the same time interval with target window of +/- 5 minutes.  If a limited or targeted scan is obtained at follow-up after a whole body scan was performed at baseline, one should consider adjusting the timing of the follow up scan to be congruent with the timing for the same anatomic region as achieved during the baseline study.

If, for scientific reasons, an alternate time (between dose administration and scan acquisition) is targeted for a specific protocol, then the rationale for this deviation should be stated; inter-time point consistency must still be followed (NCI, EU, Neth).   
5.4. Administration Route

Consolidated Statement – FDG should be administered intravenously through a large bore (≥21 gauge) indwelling catheter placed anatomically remote to any site(s) of suspected pathology, preferably in an antecubital vein.  As reproducible and correct administration of FDG is required for quantitation purposes extravasation or paravenous administration should be avoided (EU, Neth, NCI, ACRIN) and consideration might be given to documentation of extravasation by imaging the injection site if extravasation is suspected.  The injection site should be documented on the appropriate case report form (ACRIN).

Presuming that the IV access site is properly functioning, the same route of administration may be used for iodinated contrast as is used for FDG.
5.5. Rate, Delay and Related Parameters / Apparatus
Consolidated Statement – Either manual or automated injection systems may be used to administer the FDG.

· In the case of manual administration, a three-way valve system should be attached to the previously placed intravenous cannula (See Section 5.4) so as to allow a 10 cc normal (0.9% NaCl) saline flush following FDG injection.  Residual activity within the syringe and administration system must be measured and the residual dose should be documented; and if the residual dose is >1%, the remaining activity should be measured in a calibrated dose calibrator (See Section 5.2) (EU, NL, ACRIN)

· In the case of an automated administration system, the manufacturer’s instructions should be followed.  However, the automated system and administration procedures must be ensured by the manufacturer and verified by the user to perform within the characteristics specified in Section 5.2) (EU)
5.6. Required Visualization / Monitoring, if any – NA
5.7. Quality Control

See 12.2.

6. Individual Subject Imaging-related Quality Control
See 12.3.

7. Imaging Procedure
When the imaging procedure involves acquisition of multiple series, Section 7 may be repeated (7a, 7b) as necessary to describe each acquisition.
7.1. Required Characteristics of Resulting Data

Describe the characteristics of the imaging data resulting from acquisition and reconstruction that are relevant to its use in the clinical trial.  This description is generally independent of the vendor, platform, and version of the imaging equipment.

7.1.1. Data Content
Describe what the acquired images should contain/cover.

(e.g. Anatomic Coverage, Field of View)
Consolidated Statement  

For most Oncology indications, anatomic coverage should include from the skull base (external auditory meatus (EU, ACRIN), skull base (Neth), angle of jaw (NCI)) to the proximal to mid-thigh, considered a ‘whole body’ scan.  Two references (EU and Neth) specify that scanning direction should be caudiocranial to minimize effect from increasing bladder activity during the scan.  Scanning direction should be protocol specified.  It is critical that for a given subject, scanning direction on baseline scans be duplicated at follow-up time points (NCI).

Two references (EU, NCI) note that extended ‘whole body’ anatomic coverage may be performed for tumors that show higher probability of metastasis or direct extension to other levels (e.g. head, skull, brain or extremities). 
One reference (EU) recognizes an option of performing  a two-step protocol for examination of head and neck tumors (head / neck portion and apex of lung through mid thigh portion). 

One reference (EU) suggests that limited-area tumor imaging can be considered for follow-up examinations, if the disease is restricted to a defined region.  If this strategy is used, attention to scan timing is critical to provide comparison with earlier timepoint(s) – reference section 5.3.
Various scanning strategies may be employed in a given specific trial.  Potential acceptable scanning strategies include:

For FDG-PET/CT in which the CT is used for attenuation correction and localization only:
1. Scout, followed by
2. CT for anatomic localization and attenuation correction, followed by
3. Emission scan acquisition.
For FDG-PET/CT in which a diagnostic CT is performed in conjunction with FDG-PET/CT there are two main options, (1) to perform a single CT study prior to or after the emission scan for all purposes (i.e., anatomic localization, attenuation correction, and diagnostic information) or (2) to perform an additional diagnostic CT prior to or after the emission scan.
Note there is currently no consensus on all of the details of these options among various clinical trials and authoritative sources.  However, note is made of the following consideration.  The diagnostic CT is usually performed in maximal inspiration breath-hold which could result in image artifacts due to mis-registration of the lung-liver interface between emission and CT images when the diagnostic CT is being used for attenuation correction (i.e., there is only one CT scan performed for both diagnosis and attenuation correction).  Therefore two sources state that the diagnostic CT cannot be used for attenuation correction purposes (EU, Neth).
7.1.2. Data Structure
Describe how the data should be organized/sampled.

(e.g. Spatial Resolution, Collimation Width, Slice Interval, Temporal Resolution, Framing Rates)
QIBA and/or SNM Image Reconstruction Committee?????

7.1.3. Data Quality

Describe any needed measurements of quality.

(e.g. Image Quality, Noise Levels, Motion Artifacts, Radiation Dose)

QIBA and/or SNM Image Reconstruction Committee?????
7.2. Imaging Data Acquisition
For serial scan of the same subject, every attempt should be made to use the same scanner, and the same scanner model throughout the trial (ACRIN). 
However, in some cases a different scanner that has been previously qualified and is the same platform as the scanner used at baseline can be used for a subject’s follow-up scan in the instance of equipment malfunction (ACRIN 6678).
Additionally, all scan acquisitions for a given subject should include identical transmission scan technique and emission scan duration per bed position (ACRIN
).  There is no consensus provided on emission scan time range. The number of bed positions and the acquisition time per bed position will be scanner specific.  Typical parameters are 6 bed positions and an acquisition of 2 – 5 min per bed position (ACRIN 6678).
One reference (NCI) notes that whole body acquisitions can be in either 2- or 3- dimensional mode with attenuation correction, but a consistent method should be chosen for all serial scanning of an individual subject throughout the trial
.
Two references (NL, EU) describe a relationship between applied FDG dose, acquisition time per bed position, percentage bed overlap and scanning mode (2D, 3D) in order to harmonize image quality (and avoid bias in quantification). Using this relationship these parameters are directly linked, e.g. a higher FDG dose can be offset by shorter acquisition times per bed position etc.  Please see the equations and Table X in Section 13.2 for examples relating dose, bed positions, scan time per bed position, scanning mode, and bed overlap, etc
. (NL, EU).
7.2.1. Subject Positioning
Consolidated Statement – 

During PET-CT, subjects should be positioned in the center of the field of view (FOV), preferably with the subjects’ arms to be positioned over head (to minimize beam hardening and FOV truncation artifacts) (ACRIN).  Alternatively, the arms can be positioned along the side for head and neck imaging (for two-step procedure – see section 7.1.1) (EU).  One reference notes that subject may be unable to maintain arms above head for the examination, in which case protocol specific handling needs to be defined.  Arm positioning in a particular subject should be consistent as possible across all time points. (ACRIN)
One reference (EU) notes that if PET-CT data are used to radiation planning, the examination should be carried out in the radiation position using the same dedicated radioopaque positioning devices as used in the radiotherapy department.  Support devices, under the back and/or the legs, may be used to enable the subject to comfortably maintain his/her position throughout the exam (ACRIN).
7.2.2. Instructions to Subject During Acquisition 

(e.g., breath hold, etc.)
Consolidated Statement -  The diagnostic CT is usually performed in maximal inspiration breath-hold which could result in image artifacts due to mis-registration of the lung-liver interface between emission and CT images when the diagnostic CT is being used for attenuation correction (i.e., there is only one CT scan performed for both diagnosis and attenuation correction).  Therefore, two references (EU, Neth) indicate that during CT-AC, shallow breathing is recommended for multislice CT scanners; one reference (EU) notes that for single or two-slice CT scanners, breath hold acquisition should be acquired.
One reference (ACRIN) notes that the subject should be monitored and coached (1) in the breathing protocol, if one is used and (2) to remain motionless throughout the scan
7.2.3. Timing/Triggers 

(e.g., relative to administration of imaging agents; inter-time point standardization
)

7.2.4. Model-Specific Parameters
 

Appendix G.1 lists acquisition parameter values for specific models/versions that can be expected to produce data meeting the requirements of Section 7.1 while also complying with the radiation dosimetry specified in Section 13.  
7.2.5. Archival Requirements for Primary Source Imaging Data

See 11.3.
7.3. Imaging Data Reconstruction

Describe the data reconstruction process including any inherent data correction, smoothing, etc.  This may conceivably be performed on a different system than acquisition, and occasionally at a later time, particular for supplementary reconstructions.
Consolidated Statement (n.b., concepts to capture
 STILL A WIP, NOT COMPLETED)

 - PET emission data must be corrected for geometrical response and detector efficiency (normalization), system dead time, random coincidences, scatter and attenuation (EU, Neth, ACRIN).

-  Data acquired in the 3D mode can be reconstructed directly using a 3D reconstruction algorithm or rebinned in 2D data and subsequently be reconstructed with a 2D reconstruction algorithm (EU).

- Iterative reconstruction algorithms are current standard for PET (rather than filtered back projection) (EU).

- (ACRIN, Must) Perform reconstructions with and without attenuation correction (EU, ACRIN).
-Scanners must be properly normalized and calibrated to ensure uniformity and accuracy of SUV measurements within the limits of the spatial resolution (ACRIN)
- Standardization of reconstruction settings is necessary to obtain comparable resolution and SUV recoveries across the same subject and inter-subject across sites < model specific issues to allow multicenter convergence - reference in template to 7.3.1 and Appendix??> (Netherlands, EU
) 

7.3.1. Model-Specific Parameters 

Appendix G.2 lists reconstruction parameter values for specific models/versions that can be expected to produce data meeting the requirements of Section 7.1.  
7.3.2. Archival Requirements for Reconstructed Imaging Data

See 11.4.

7.3.3. Quality Control

See 12.4.

8. Image Post-processing

Describe subsequent modification of the reconstructed image pixels prior to analysis. This is often performed on a different platform than the acquisition system.

(e.g. spatial registration, spatial re-orientation, re-slicing, feature enhancement, 3D view generation) 

Consolidated Statement:
Standard whole-body FDG-PET oncology studies typically include all necessary data corrections and processing within the reconstruction process and do not require additional post-processing other than data de-identification (see section 11.2). More advanced studies such as those including dynamic imaging may require additional post-processing as specified in the individual protocol.

8.1. Input Data to Be Used 
Describe required input data and any necessary validation or adjustments which should be performed on it.

(e.g. particular image series or views; raw, processed, both)
8.2. Methods to Be Used
Describe how the analysis should be performed. 
(e.g. algorithms to be used; where measurements should be taken; definition of key anatomical points or pathology boundaries; related annotations)

8.3. Required Characteristics of Resulting Data
8.4. Platform-specific Instructions 
Appendix G.3 lists parameter values and/or instructions for specific models/versions that can be expected to produce data meeting the requirements of Section 8.3.  
8.5. Archival Requirements

See 11.5.

8.6. Quality Control

See 12.5.

9. Image Analysis

Describe the generation of new data/information based on the images. This may be performed by an automated program, a semi-automated program, or entirely by a human.

(e.g. organ segmentation, size or volume measurement, flow rate calculation, tissue characterization, observation of the presence/absence/degree of features such as edema) 
Consolidated Statement – n.b., WIP certainly not complete, high level concepts only; citations may be incomplete or in error; also need to be parsed among the various subsections within Section 9 – BUYER BEWARE.
Issues to address in Analysis:

What data are to be used and for each type of data for what purposes is it appropriate to use which specific data?

SUV measure to be utilized needs to be specified for each protocol and needs to be used consistently across all subjects and across all sequential lesion measurements.

Categories for consideration and definition include:
1. Options for Region-of-Interest Statistics - 

- Values to report: SUVmax, SUVmean, SUVpeak, TLG?

All references indicate that SUVmax (maximum voxel value or hottest voxel) is required for each lesion which is reported as specified in the study protocol and/or considered clinically relevant.


Multiple references (NCI, ACRIN, EU) also indicate that SUVmean of the ROI/VOI obtained be reported.  The SUVpeak equals the SUVmean only when the VOI is a sphere with a specified diameter which is also indicated as a reportable statistic (EU, ACRIN).


- SUV values based on bw, lbm, bsa

- Other values of ROI/VOI to be reported (e.g. number of pixels, counts/pixel, size)

2. Definition of the region for quantitation - 

- ROI (or VOI) tool to be utilized to define lesion constraint condition and strategy to define edge detection; region growing versus based on threshold condition (% of max / absolute threshold / gradient sampling/ iterative / fuzzy clustering)


- Automatic vs. Semi-automatic vs. Manual and circumstance qualifiers


- Strategy for analysis of necrotic core lesion
3. Normalization (if required) (e.g. based on lesion size, glycemic status)

 
- Strategies around the issue of partial volume effects

- Strategies for glucose correction
Analysis to be based on original reconstructed PET image (no additional rebinning, resampling, smoothing by user is allowed
Issues relevant to dynamic analysis
9.1. Input Data to Be Used 
Describe required input data and any necessary validation or adjustments which should be performed on it. 
(e.g. particular image series or views; raw, processed, both)
9.2. Methods to Be Used
Describe how the analysis should be performed. 
(e.g. algorithms to be used; where measurements should be taken; definition of key anatomical points or pathology boundaries; scoring scales and criteria, related annotations)

9.3. Required Characteristics of Resulting Data
9.4. Platform-specific Instructions 
Appendix G.4 lists parameter values and/or instructions for specific models/versions that can be expected to produce data meeting the requirements of Section 9.3.  
9.5. Archival Requirements 
See 11.6.

9.6. Quality Control

See 12.6.

10. Image Interpretation
Describe the diagnostic conclusions of interest to be drawn from the images. 
(e.g. progression of disease, presence/absence/degree of pathology, viable tumor vs. necrotic)

While Analysis is primarily about computation; Interpretation is primarily about judgment.  Interpretation may be performed at both the lesional / target level and in the aggregate at the subject level (e.g., in an oncology study each index lesion may be measured in longest diameter during the analysis phase, but in this phase a judgment may be made as to whether there is a new “non-index” lesion; the aggregation of the measured lesions with comparison to previous studies coupled with the judgment as to the presence or absence of a new lesion will result in the RECIST classification at the subject level).

Consolidated Statement: n.b., WIP certainly not complete, high level concepts only; citations may be incomplete or in error; also need to be parsed among the various subsections within Section 9 – BUYER BEWARE.
Issues to address - 


1. Quality assessment of exam and actions based on assessment (of what specific parameters??)
Both uncorrected and attenuation corrected images need to be assessed in order to identify any artifacts caused by contrast agents, metal implants and/or subject motion (EU). 


2. Presence or absence of abnormal FDG accumulation in combination with size and intensity of focal accumulation is evaluated


3. Use of qualitative vs. quantitative measurements

4. Target, Non-target, New lesion binning and metadata requirements


5. Normal appearing tissue reporting requirement (e.g. liver, muscle, blood pool background) 

6. Baseline target lesion requirements (number, size and metabolic activity thresholds/dependencies)

7. Response Classification strategies (e.g. EORTC, lymphoma, PERCIST)



- The SUV change metric



- Whether/how to assess non-targets



- Whether/how to identify new lesions and incorporate into scheme
<issue of reporting confidence level of interpretations based on QA and/or examination intertimepoint variables not addressed>
10.1. Input Data to Be Used 
Describe required input data and any necessary validation or adjustments which should be performed on it. May also specify data which should not be used until after the clinical trial interpretation is recorded.

(e.g. particular image series or views; before and after processing versions of images to evaluate/validate the effects of processing; analysis results)
10.2. Methods to Be Used
Describe how the interpretation should be performed. 
(e.g. definition of key anatomical points or pathology boundaries; scoring scales and criteria such as BIRADS, interpretation schema such as RECIST, related annotations)

10.3. Required Characteristics of Resulting Data

10.4. Platform-specific Instructions 
Appendix G.5 provides instructions for specific models/versions that can be expected to produce data meeting the requirements of Section 10.3.  
10.5. Reader Training

10.6. Archival Requirements 
See 11.7.

10.7. Quality Control

See 12.7.
11. Archival and Distribution of Data
 
Describe the required data formats, transmission methods, acceptable media, retention periods, …
(e.g. Is the site required to keep local copies in addition to transmitting to the trial repository?  Must all intermediate data be archived, or just final results? At what point may various data be discarded?)
11.1. Central Management of Imaging Data
Two sources (EANM, ACRIN) mention use of DICOM formatted data. One source (EANM) indicates that data should be stored in DICOM format Part 10: Media Storage and File Format for Media Interchange.  DICOM format should meet the Conformance Statement written by manufacturer of the PET/CT system (EU
).
11.2. De-identification / Anonymization Schema(s) to Be Used
Two sources (EU, ACRIN) indicate that DICOM image data need to be de-identified/anonymized. The header of the DICOM formatted images may contain information that identifies the patient and these tags should be scrubbed or these tags may be replaced by information about study ID, randomnisation or case IDs as indicated upon by the image core lab.  De-identification must be performed prior to transmittal of the data from the local site to the image core lab. Both sources indicate use of (s)FTP as means of transmittal. One source (EU) indicate storing de-identified DICOM formatted images on media (CD, DVD) and sending it by regular mail.

11.3. Primary Source Imaging Data
Not mentioned in either of the sources
11.4. Reconstructed Imaging Data

Two sources (EU, ACRIN) mention use and storage of DICOM formatted data. One source (EU) indicates that data should be stored in DICOM format Part 10: Media Storage and File Format for Media Interchange.  DICOM format should meet the Conformance Statement written by manufacturer of the PET/CT system.

11.5. Post-Processed Data


Not mentioned in either of the sources

11.6. Analysis Results


Not mentioned in either of the sources

11.7. Interpretation Results


Not mentioned in either of the sources

12. Quality Control

12.1. QC Associated with the Site

12.1.1. Quality Control Procedures

Describe required procedures and documentation for routine and periodic QC for the site and various pieces of equipment.

Draft Consolidated Statement: - PET and PET-CT systems (and dose calibrator, scales, etc.) should routinely be assessed for quantitative integrity and stability by being tested using various imaging protocols on a standard phantom (NL, EANM, Hallet, ACRIN).  n.b., no consensus from extractions but for consideration:  Currently there is no single “standard phantom” agreed upon by all references or extracted studies.  Phantoms might need to be specified for certain types of cancers or anatomic locations and therefore might vary from trial to trial based on diagnosis, treatment, and/or anatomic location.  Options that might be considered on a per protocol basis including, but are not limited to 1) each site would use the same phantom for the duration of the trial (but the phantoms might not be exactly the same among all sites), 2) all sites would use the same general type of phantom for the duration of the trial, 3) all sites would use phantoms that are precisely specified for the duration of the trial, 4) all sites would share the exact same phantom for the duration of the trial.  For SUV measurements, this assessment should include a comparison against a dose calibrator to ensure accuracy; that is, a comparison of the absolute activity measured, versus the measured injected, should be performed (NL, EANM, ACRIN).  This comparison is particularly important after software or hardware upgrades (NL, EANM, ACRIN).  In case absolute besides relative (longitudinal, response assessment) quantitation is required, it should be considered to include an image quality and/or contrast recovery QC assessment as part of the routine QC procedures and/or scanner validation process, see Appendix E.  (NL, EANM).
Scanner clocks and all clocks used to record dose timing should be synchronized and periodically monitored as part of ongoing QC program (EU, ACRIN, Neth).
12.1.2. Baseline Metrics Submitted Prior to Subject Accrual

See section 12.1.1.+ appendix E

12.1.3. Metrics Submitted Periodically During the Trial

See section 12.1.3. + appendix E

QC Associated with Imaging-related Substance Preparation and Administration  

12.2. QC Associated with Imaging-related Substance Preparation and Administration

12.3. QC Associated with Individual Subject Imaging 

12.3.1. Phantom Imaging and/or Calibration

<Do we want to place reference here to Appendix D?>
12.3.2. Quality Control of the Subject Image and Image Data
Consolidated Statement – The integrity of DICOM image headers should be reviewed and confirmed for regulatory compliance (HIPAA), protocol compliance, and consistency with source data such as CRFs. In some cases, internal references such as the liver can be used for quality control to confirm acceptable ranges of SUVs (ACRIN 6678).  For details of performance see Appendix D
.
12.4. QC Associated with Image Reconstruction

Consolidated Statement - CT images should be reviewed for potential artifacts such as beam hardening, metal objects, and motion. PET images should be compared to the CT images for proper image registration and potential attenuation correction artifacts. (ACRIN 6678).  For details of performance see Appendix D
.
12.5. QC Associated with Image Processing

12.6. QC Associated with Image Analysis

12.7. QC Associated with Interpretation

13. Imaging-associated Risks and Risk Management
13.1. Radiation Dose and Safety Considerations
The radiation dose of the PET/CT study results from the radiation exposure from the injection of FDG and the CT study (EANM, ACRIN, HALLET). One source (EANM) indicates that CT scans can be performed as low dose CT to be used for attenuation correction purposes to minimize radiation dose. Two sources (EANM, HALLET) indicate that radiation dose from the CT scans should be estimated specific to the system and imaging protocol used (EANM) or by means of standard estimates (HALLET). These standard estimates can be utilized within the framework of local regulatory requirements for risk analysis (HALLET), which will also depend on patient populations and life expectancy (HALLET) and particular considerations to reduce radiation exposure should be given for paediatric applications (EANM).  The protocol should contain language estimating the total radiation dose and its comparative radiation risk.  The exact estimates of radiation and risk will be protocol-specific and based on factors such as the number and frequency of studies.  
13.2. Imaging Agent Dose and Safety Considerations
(ACRIN) Approximately 1 person in 1000 may have an allergic reaction from the iodinated contrast drugs. These reactions are temporary and treatable. Allergic reactions may include: mild itching or hives (small bumps on the skin), and shortness of breath and swelling of the throat or other parts of the body. The subject should be instructed to tell the technologist immediately if s/he experience any of these symptoms so s/he can be treated promptly.

(ACRIN) The placement of intravenous catheters has the associated risk of making the patient temporarily uncomfortable and a small bruise may form.  A slight bruise may form where the needle has been in a vessel.  There is a slight risk of infection at the site, but sterile technique reduces this risk nearly completely.  The patient may also experience claustrophobia from the imaging ring apparatus or discomfort from lying on the scanner table for 60-120 minutes

13.3. Imaging Hardware-specific Safety Considerations
Not mentioned in either source
13.4. Management and Reporting of Adverse Events Associated with Imaging Agent and Enhancer Administration
Not mentioned in either source
13.5. Management and Reporting of Adverse Events Associated with Image Data Acquisition


Not mentioned in either source

�Should we change this to NCI – we need consistent referencing of references in document.


�Once PERCIST is extracted include PERCIST within potential utilities per RW.


�Bullet from R Wahl.  Need reference or retain as editorial.


�Italicized text in this bullet from R Wahl.  Need reference or retain as editorial.


�Italicized text in this bullet from R. Wahl.  Need reference or  retain as editorial.


�Per R. Wahl:  unclear. If this is post chemotherapy completed fine. However, for intratherapy monitoring, it may be that 2 weeks post most recent dose is a fine time to assess response.  n.b., Direct quote from JCO.


�Per R. Wahl:  End of therapy assessments can allow a greater variance in timing than intratherapy monitoring studies.


�Per R. Wahl:  It is probably too long for aggressive tumors to wait 8 weeks. The 21 days suggested before is probably more acceptable. Note also that qualitative PET for staging may be less of an issue than quantitative. For quantitative, the same scanner model, ideally scanner etc. must/should be used. For staging, probably less of an issue.


�Per R. Wahl:  typically qualitative PET imaging for staging will require less stringency for repeat than for quantitative.


�Should we call this section Imaging Exclusion Criteria and should we merge 1.7.1 and 1.7.2 since relative contraindications become absolute when they cannot be remediated?  And furthermore when the imaging endpoint is a trial endpoint should there be a statement that the potential subject should be excluded from the trial?  Consider for UPICT V1.1


�Perhaps incorporate text from the FDA Guidance on FDG GMP etc.????


�QIBA???


�GSD


�New draft material added 27May


�Suggest leaving out statements related to GMP, sterility, etc. in anticipation of FDA Guidance document.  What does SNM believe on this?


�QIBA – need to address the issue of DICOM field and standardization among vendors for recording dose information.


�Should the “ideal” be identical dose and identical timing per bed position while “target” should be that the timing per bed position could be corrected on the basis of administered dose based on the equations and tables as cited in the following paragraph; but only within a pre-specified limit / range so as to maintain an acceptable SNR.


�Should “ideal” be that this should be the same for all subjects and all sites; “target” should be all subjects at a given site; “acceptable” would remain as written.


�This material may be moved from Section 13.2 to an Appendix in the final version, tbd.


�See section XXXX.


�Could vendors take first pass at providing text for Appendix G for QIBA review.  Boilerplate language – SNM and QIBA facilitated activity????


�Needs to include consideration of PET and CT alignment / registration.


�To be further discussed during the SNM Reconstruction workshop and potentially QIBA thereafter.


�This is important for DICOM, vendors, QIBA to address and standardize to allow compatibility among all workstations for PET datasets.


�New text 30May


�??? QIBA


�This section could benefit from QIBA PET/CT TC input.


�As multi-center clinical trials might use data from various manufacturers, private tags that are vital to image data analysis could be “anonymized” thereby rendering the study quantitatively useless.  QIBA should find some mechanism to overcome this issue.


�Insert from multi-extract into Appendix D.


�Insert from multi-extract into Appendix D.





1

