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I. Executive Summary
This Profile documents specifications and requirements for the use of FDG-PET as an imaging biomarker in oncologic indications. It covers both clinical trial usage as well as individual patient management. The document is built in part from extracting relevant information from its sister UPICT protocol as indicated below as well as directly through the efforts of the QIBA FDG-PET Technical Subcommittee.
Summary of Clinical Trial Usage as described in assimilated protocol "Protocol: FDG-PET/CT as an Imaging Biomarker Predicting Response to Cancer Therapy for Patient Management and Oncologic Drug Development"
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). 
II. Clinical Context and Claims
The clinical context sets out the utilities and endpoints for clinical trial usage and then proceeds to identify targeted levels of accuracy for named measurement read-outs that may be used in the clinical trial setting and/or individual patient management.
Utilities and Endpoints for Clinical Trials
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, NCI, ACRIN protocol #s 6665, 6678) 
correlation between imaging and tissue biomarkers and/or pathway activity (ACRIN protocol # 6665)  
If quantitative FDG-PET/CT is to be used towards either primary, secondary, or exploratory aims, the study should include specific directions as to the management of subjects with abnormal fasting blood glucose measurements whether known to be diabetic or not. While there is a paucity of scientific data to suggest that subjects with abnormal blood glucose measurements should be excluded from clinical trials that use FDG-PET/CT scan data, it is important to define how such subjects and the data from their imaging studies are managed to ensure comparability of imaging data within and among clinical trials. 
Claim 1:  Response Assessment
FDG-PET scans are sensitive and specific for detection of malignant tumors. FDG-PET scans reliably reflect glucose metabolic activity of cancer cells and can be measured with high reproducibility over time. Longitudinal changes in tumor FDG activity during therapy predict clinical outcomes (define examples?) earlier than changes in standard anatomic measurements. Therefore, tumor response or progression as determined by tumor FDG activity will be able to serve as an endpoint in well-controlled Phase II and III efficacy studies of cytotoxic and targeted therapies in FDG-avid tumors. In tumor/drug settings where the preceeding phase II trials have shown a statistically significant relationship between FDG-PET response and an independent measure of outcome, changes in tumor FDG activity can then serve as the primary endpoint for regulatory drug approval in registration trials.
Compliance levels for results are given in the table below.
	Measurement or Categoric Result
	Performance Levels Achieved under Bull's Eye Conditions

	SUVmax
	If Activities are Performed at Acceptable Level
<1.0%
If Activities are Performed at Target Level
<0.1%
If Activities are Performed at Ideal Level
<0.01%


	**for example, PR
	If Activities are Performed at Acceptable Level
**e.g., coef. of corrlelation 85%
If Activities are Performed at Target Level
**e.g., coef. of correlation 90%
If Activities are Performed at Ideal Level
**e.g., coef. of correlation 95%


	**for example, presence of carcinoma
	If Activities are Performed at Acceptable Level
e.g., AUC of ROC 80%
If Activities are Performed at Target Level
e.g., AUC of ROC 87%
If Activities are Performed at Ideal Level
e.g., AUC of ROC 90%



III. Profile Details
The following figure provides a graphical depiction that describes the marker at a technical level.
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The identified activities are described in the detail sections given below.
0. Reserved (included above)
1. Reserved (relevance restricted to Protocol)
2. Reserved (relevance restricted to Protocol)
3. Subject Scheduling
CONSENSUS:  
Baseline exam scheduling: 
1..For known diabetic subjects with a history of adequate control achieved without the use of short-acting insulin (continuous infusion or periodic frequent administration) that might be needed within the four hours preceding the proposed scheduled FDG-PET/CT study (routinely <200mg/dl daily fasting blood glucose), the exam should be scheduled as follows:  
For known diabetic subjects with anticipated fasting blood glucose measurements for the day of the examination between 126 mg/dl and 200mg/dl, the following scheduling recommendations apply:  
Ideal / Target: Type I and Type II diabetic subjects should be scanned early in the morning before the first meal, and doses of insulin and/or hypoglycemic medication should be withheld if glucose levels remain in the acceptable range. This should be established from morning blood glucose levels prior to the study.   
Acceptable: Type I and Type II diabetic subjects, who cannot reliably attain acceptable glucose levels early in the morning, should be scheduled for late morning, and should eat a normal breakfast at 7 am and take their normal morning diabetic drugs; then fast for at least 4 hours till exam. This strategy is acceptable only for 
 Non-quantitative PET/CT, or 
 Endpoints that are not for the primary aim, or 
 Subjects whose baseline study was performed with a FBG <200 mg/dl, but who have become uncontrolled hyperglycemics secondary to treatment effect, disease progression, or are being evaluated for exploratory endpoints  
 For known diabetic subjects with a longstanding or recent history of inadequate control or without routine daily fasting blood glucose testing results, it is suggested that three serial daily fasting blood glucose measurements be obtained with a value of <200mg/dl prior to scheduling the FDG-PET/CT examination. If the fasting blood glucose measurements obtained during these serial tests cannot be maintained under the prescribed limit, please see section “inclusion/exclusion criteria, 1.7.1 and 1.7.2.” 
 For subjects who achieve adequate control of FBG through the use of continuous or frequent use of regular insulin (i.e., within four hours preceding the proposed scheduled FDG-PET/CT study), please see section “inclusion/exclusion criteria, 1.7.1 and 1.7.2.” Specifically, subjects who achieve adequate blood glucose control through the use of continuous infusion insulin pumps or frequent use of regular insulin should not be excluded from participation in a clinical trial if blood glucose levels are maintained at an adequate level (as defined to follow) after at least four hours without insulin infusion or administration. 
 For subjects not known to be diabetic, please see sections 4, 5, and 7 (i.e., perform the procedure as scheduled). 
Follow-up or repeat exam scheduling: 
For known diabetic subjects with a history of adequate control (routinely <200mg/dl daily fasting blood glucose), the exam should be scheduled as per number one above (baseline exam scheduling). 
For known diabetic subjects with a longstanding or recent history of inadequate control or without routine daily fasting blood glucose testing results, it is suggested that three serial daily fasting blood glucose measurements be obtained with a value of <200mg/dl prior to scheduling the FDG-PET/CT examination. If the fasting blood glucose measurements obtained during these serial tests cannot be maintained under the prescribed limit, please see section “inclusion / exclusion criteria, section 1.7.1 and 1.7.2.” 
For subjects not known to be diabetic, please see Section 4, 5, and 7 (i.e., perform the procedure as scheduled). 
For subjects who are either diabetic or non-diabetic prior to the investigational protocol, but in whom the therapeutic intervention or deterioration of diabetic control for general health reasons is known or suspected to cause hyperglycemia, it is suggested that one or more fasting blood glucose measurements should be obtained prior to scheduling the FDG-PET/CT exam so as to ascertain if pre-imaging hyperglycemic management should be optimized prior to the imaging test. For subjects with persistent fasting blood glucose measurements (>200 mg/dl), please see the “inclusion/exclusion criteria, 1.7.1 and 1.7.2” and “upon arrival testing, 4.2.2” sections. 
3.1. Timing Relative to Index Intervention Activity
Consensus – Please see Section 1.2
3.2. Timing Relative to confounding Activities (to minimize “impact”)
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
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
The following sections describe how subjects are prepared.
4.1. Prior to Arrival 
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.  
Dietary (for the management of previously known or unknown diabetic subjects please see section 4.2.2): 
According to two sources, 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) 
Two sources have stated that a low carbohydrate diet should be followed for 24 hours before the study, culminating with fasting for the final six hours. (NCI, ACRIN) 
One large study (ref) has suggested that a high-fat, low-carbohydrate meal is preferred for the last meal prior to commencing the period of fasting; as well one study has suggested that beta blockade may be useful to decrease brown fat uptake. Although there are insufficient data to recommend these strategies as routine at this time (SNM GHS) 
However, on the basis of the SNM harmonization summit the acceptable and target timing for discontinuing enteral nutrition is at least six (6) hours prior to the anticipated time of FDG administration. (SNM GHS)  
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.  
However, on the basis of the SNM harmonization summit the acceptable and target hydration for studies without iodinated contrast material is at least 500ml PO or IV in the two hours prior to FDG administration and for studies utilizing iodinated contrast 1L PO or IV during the two hour period. The fluid administered should not contain glucose or caffeine. (SNM GHS)  
While two sources (EU, ACRIN) indicate that parenteral 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. However, on the basis of the SNM harmonization summit, the acceptable and target are both set to six (6) hours in the consensus protocol. (SNM GHS)  
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. Based on the SNM global harmonization summit the acceptable and target time for avoidance of strenuous physical activity and cold exposure is 24 hours prior to the study.  
Other activities that might be avoided are contained in sections 3 and 3.2.  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 
The following sections describe steps taken upon arrival.
4.2.1. Confirmation of subject compliance with instructions
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 prior to the PET/CT scan (e.g., the last cycle of chemotherapy or non-cytotoxic pharmacotherapy, administration of growth factors, cytokines, steroids, beta blockers, etc.) 
extent of physical activity and most recent exposure to cold temperature for the preceding 24 hours 
timing and description of medical procedures performed prior to the PET/CT scan (e.g., radiation therapy, biopsy, surgery) 
timing and description of relevant medical tests performed prior to the PET/CT scan (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 
CONSENSUS:  
Management of pre-scan fasting blood glucose results on the day of the FDG-PET/CT study is as follows: 
For known diabetics with FBG of <200 mg/dl, the baseline scan should be performed as scheduled, given the caveats described in sections “scheduling” and “inclusion/exclusion criteria.” Specifically, the subject’s blood glucose of <200 mg/dl should not be related to administration of regular or short-acting insulin within the four hours preceding the PET study. 
For known diabetics with FBG of >200 mg/dl, the baseline scan and/or follow up scan(s) should be rescheduled only if the quantitative FDG-PET/CT results are to be used as a primary endpoint, except as provided for by the discussion in Section 3 consensus statement regarding baseline examination scheduling bullet point 2” and “inclusion/exclusion criteria, Section 1.7.2.” However, if the FDG-PET/CT exam is contributing to secondary or exploratory endpoints and/or is being used as a qualitative measure, then the subject does not need to be rescheduled. 
For subjects not known to be diabetic with FBG >150 mg/dl, the baseline scan should be rescheduled and the referring physician should be contacted so that a diabetic work-up may be performed (unless it is clear that the subject merely did not follow dietary instructions properly, in which case the study should just be rescheduled). If the subject is found to be diabetic, the subject should be managed as per the diabetic management protocol. If the subject is found to be normal (not diabetic), then the subsequently performed FBG will be <150 mg/dl by definition. 
For subjects not known to be diabetic but in whom treatment, disease-progression effect, or physiology has caused hyperglycemia and/or a significant change in blood glucose from baseline, the scheduling and management of the FDG-PET/CT should take into account statements for Section 1.7.2 Consensus Statement regarding “On-study inclusion/exclusion criteria bullet points #1 and 2.” 
4.2.3. Preparation for Exam 
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 (> 75° F or 22° C) during the entire uptake period (and for as long as reasonably practicable prior to injection, at least 15 minutes is suggested as acceptable). Blankets should be provided if necessary. (SNM GHS) 
The subject should remain recumbent or may be comfortably seated; activity and conversation should be kept to an absolute minimum. For example, the subject should be asked to refrain from speaking, chewing, or reading during the uptake period (SNM GHS). 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 (SNM GHS). 
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 (e.g., cervix or prostate cancer). 
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). Fluid intake may need to be modified for those subjects on fluid restriction. 
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). Per the SNM harmonization summit if bladder catheterization is performed IV diuretics should be administered as described herein so as to ensure that the concentration of activity in the renal collecting systems and bladder is relatively dilute. 
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 SOP). 
Subjects undergoing a CT scan should be asked about the presence of implanted electronic devices (e.g. pacemakers, neural stimulators, cochlear implants) (ACRIN SOP).  
5. Imaging-related Substance Preparation and Administration  
IV and oral iodinated contrast is not discussed as part of this document as its utility is related to the diagnostic CT examination.
Per the SNM harmonization summit, the FDG must meet USP specifications or meet other current specifications as defined by the FDA or other appropriate regulatory agency. 
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).
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	DICOM recording
	Acceptable
Substance description and purpose
Target
Ideal



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, SNM GHS). 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). 
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	DICOM recording
	Acceptable
Dose calculation and schedule
Target
Ideal



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 based on historical use of this test; assuming this is the target window, an acceptable window is often cited as +/- 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.  
However, on the basis of the SNM harmonization summit while the “target” tracer uptake time is 60 minutes, the “acceptable” window is from 55 to 75 minutes so as to ensure that imaging does not begin prematurely so as to allow adequate tumor uptake of FDG and to account for the practicality of work flow which often does not accommodate imaging at exactly 60 minutes after FDG injection. The exact time of injection must be recorded; the time of injection initiation should be used as the time to be recorded per the SNM GHS. Ideally, the injection and flush should be completed within one minute with the rate of injection appropriate to the quality of the vein accessed for FDG administration so as to avoid compromising the integrity of the injection vein.  
Insert paragraph suggesting that more recent evidence might justify a target interval of greater than 60 minutes for a particular trial. If a target time greater than 60 minutes is chosen for a specific trial, the imaging protocol should justify the specific time chosen as well as the acceptable window about this target time. Furthermore, as routine clinical practice might not allow the use of pre-recruitment scan for the study, the protocol should include a plan for repeating the baseline scan if necessary to allow appropriate inter-time-point comparisons.  
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 – 75 minute (SNM harmonization summit) 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 +/- 10 minutes (with an acceptable window of +/- 15 minutes) provided that the scan must not begin prior to 55 minutes after the injection of FDG (SNM GHS). 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).  
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	DICOM recording
	Acceptable
Subject activity level
Target
Ideal



5.4. Administration Route
Consolidated Statement – FDG should be administered intravenously through a large bore (≥21 gauge) indwelling catheter placed anatomically remote (e.g., contralateral extremity to site of disease if at all possible) to any site(s) of suspected pathology, preferably in an antecubital vein (SNM GHS). Intravenous ports should not be used, unless no other venous access is available. If a port is used addition flush volume should be used (SNM GHS). As reproducible and correct administration of FDG is required for quantitation purposes extravasation or paravenous administration should be avoided (EU, Neth, NCI, ACRIN). If an infiltration is suspected, the fact should be recorded and if the study is quantitative, i.e. SUVs will be measured, then the infiltration site should be imaged and the approximate amount of infiltration should be calculated If the infiltration is greater than 5% of the administered dose and the quantitative result from the FDG-PET/CT study is a primary or secondary endpoint, the data point might be censored from review or the subject might not be included in study (SNM GHS). 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. 
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	DICOM recording
	Acceptable
Administration route
Target
Ideal



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 at least a 10 cc normal (0.9% NaCl) saline flush following FDG injection. Residual activity within the syringe, and as much of the administration system as is available (inclusive of the needle cap) 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) 
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	DICOM recording
	Acceptable
Rate and delay
Target
Ideal



5.6. Required Visualization / Monitoring, if any
N/A
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



5.7. Quality Control 
See 12.2
6. Individual Subject Imaging-related Quality Control
See 12.3
7. Imaging Procedure
This section describes needed specifications and requirements related to the actual imaging procedure. It is structured in such a way as to extract relevant content from the Protocol and then extending that with extensions necessary to explicitly meet the claims as set in the Profile.
The following sections describe the imaging procedure.
7.1. Required Characteristics of Resulting Data
The following sections describe required characteristics of the resulting data.
7.1.1. Data Content
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. Per the SNM GHS the acceptable / target / ideal field of coverage is from the external auditory meatus to mid-thigh. However, other ranges could be used as appropriate for specific clinical trials. However, the clinical trial should then provide specific instructions with justification. Threereferences (EU, Neth, SNM GHS) 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, SNM GHS).  
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.  
Three references indicate that the subject should be fully included within the CT and PET FOV in order to avoid attenuation and scatter correction artifacts resulting in non-quantifiable data (NL, EANM, ACRIN)  
Among various clinical trials and authoritative sources, there is currently no broadly accepted scanning workflow strategy for obtaining the PET and CT components of a FDG-PET/CT exam. The following text describes two scanning strategies which can be used in a given trial. For strategy 1, there is no intent to obtain a diagnostic CT scan at the FDG-PET imaging session while for strategy 2, a diagnostic CT scan is obtained. There are further considerations which must be followed for each of the two strategies. The workflow chosen for a given protocol (1) should be described in the protocol and (2) should be tailored commensurate to the level of expectation of the obtained data (e.g. qualitative or quantitative SUV analysis). 
For both strategies, there are several common issues specific to the CT exam that may have an impact on quantitative FDG-PET output, which need attention and protocol specification. These include (1) contrast material administration, (2) respiratory motion compensation instructions (reference section7.2.2 for complete respiratory instructions) and (3) CT scanning technique (kVp, mAs and pitch). An attempt is made below to identify ideal, target and acceptable levels of behavior/procedure for each of these three issues. 
Understandably, there are practical issues, some of which are conflicting in regard to combining quantitative FDG-PET and diagnostic CT imaging, such that target or ideal behavior may not be achievable for both the FDG-PET and diagnostic CT aspects of certain imaging protocols in certain clinical trials, at least not in a single acquisition. By understanding these issues, imaging protocols should be written to achieve prioritized image quality to address specific protocol goals. At a minimum, all these issues should be addressed in the protocol, ideally with consistency across all sites and all subjects (both inter subject, and intra- and inter-facility) with the target of consistency across all time points for each given subject. The actual details of imaging for each subject at each time point should always be recorded. 
Strategy 1: For FDG-PET/CT in which the CT is used for attenuation correction and localization only (no diagnostic CT intent): 
Scout, followed by 
CT for anatomic localization and attenuation correction, followed by 
Emission scan acquisition  For the CT scan (Item 2 above), the following considerations apply: 
Contrast Material The presence of a positive contrast agent (IV or oral), by affecting the CT attenuation map, can result in a small variability of quantitative SUV evaluation. If this was the only consideration, then ideal would be to prohibit CT contrast administration. However, in some clinical situations (dependent upon tumor type, tumor behavior or level of anatomic interest), the benefit of oral CT contrast may outweigh the small errors induced in SUV measurement which may include increased SUV variability. Consequently, ideal and target approaches are grouped as below. Each protocol should specify the desired approach for the given study. Most importantly, for each subject, the same approach should be followed for all imaging time points.  
Ideal / Target 
No positive contrast agent (IV or oral) for FDG-PET/CT studies with a predominant intent of quantitation at both baseline and follow-up 
No IV contrast agent; negative or dilute positive oral contrast is allowed for FDG-PET/CT studies with primary quantitative intent with additional need for oral contrast to increase confidence of true positive disease detection and/or additional qualitative assessment. 
Acceptable No IV contrast; dilute positive oral contrast is acceptable. 
Respiratory Motion Compensation Respiratory motion causes SUV errors by two mechanisms: motion blurring and attenuation correction mismatches between CT transmission map and emission data. 
Ideal Verbal instructions to subject for similar shallow breathing during both the PET and CT acquisitions; respiratory gating if called for given protocol specification; possibly with advanced methodologies for respiratory synchronization if offered by manufacturer and appropriate to the study. Respiratory gating on PET may require several CT attenuation maps for optimal quantitation.  
Target Verbal instructions to subject for similar shallow breathing during both the PET and CT acquisitions; respiratory gating if called for a given protocol specification 
Acceptable Verbal instruction to the subject for shallow breathing during CT and PET. 
CT Technique 
Ideal Use of manufacturer recommended kVp and exposure CT Dose Index (CTDI) or Dose Length Product (DLP) settings for low dose exam in addition to the Target and Acceptable conditions stated below. CT dose exposure should be appropriately reduced in smaller patients and children. 
Target Consistency in use of kVp and low exposure (CTDI, DLP) for all time points for a given subject in addition to the Acceptable conditions stated below. CT dose exposure should be appropriately reduced in smaller patients and children. 
Acceptable Recording of actual kVp and exposure (CTDI, DLP) for each subject at each time point. CT dose exposure should be appropriately reduced in smaller patients and children. 
Regarding CT radiation exposure, rules of “As Low as Reasonably Achievable” (ALARA) should be followed. For a given protocol, the purpose of performing the CT scan (attenuation correction only or attenuation correction and anatomic localization) should be determined. The CT technique (mAs, pitch, collimation, kVp, and slice thickness) used should result in as low as reasonably achievable exposure needed to achieve the intended goal of imaging working with the scanner manufacturer (Appendix reference) to achieve this objective. The technique used for an imaging session should be repeated for that subject for all subsequent time points assuming it was properly performed on the first study.  
Strategy 2: For FDG-PET/CT in which a diagnostic CT is performed in conjunction with FDG-PET: As there may be variability introduced into SUV calculations by the presence of even dilute intravascular iodinated contrast, each clinical trial should choose either the Target / Ideal strategy OR the Acceptable strategy as described below for use at all sites, for all time points, and for all subjects. Any particular clinical trials should NOT allow some sites to implement one strategy and other sites to implement the alternative. 
Target / Ideal –  Follow Strategy 1 (steps 1-3 above) and then with no or minimal patient motion between the diagnostic CT and the PET/CT perform an additional IV contrast-enhanced diagnostic CT after the emission PET scan acquisition. Ensure that the diagnostic CT acquisition is performed consistently for a given subject across all time points. Note that for this case, use negative or dilute positive oral contrast for the non-attenuation CT scan. In some instances, such as head and neck cancer, a separate dedicated PET and CT acquisition may be appropriate with the arms in a different position (down) than would be used for the remainder of the whole body study (see also Section 7.2.1 “Subject Positioning”). 
Acceptable –  Perform a contrast enhanced (IV and dilute or negative oral contrast) diagnostic CT before step 1 of Strategy 1, then with no or minimal patient motion between the diagnostic CT and the PET/CT complete steps 1-3 (including a separate tidal-breathing AC / localization CT) of Strategy 1 ensuring that the diagnostic CT acquisition is performed consistently for a given subject across all time points. The IV contrast would then be in equilibrium phase during the emission scan acquisition and the AC / localization CT scan. (note – since there are no data as to the magnitude of variance in SUV calculation between the IDEAL / Target strategy and the Acceptable strategy, perhaps QIBA should investigate if the Acceptable strategy is indeed truly acceptable for quantitative FDG-PET/CT in the conduct of a clinical trial.) 
Unacceptable -  Performance of a single diagnostic quality CT study prior to or after the emission scan for all purposes (i.e., anatomic localization, attenuation correction, and diagnostic CT information) is considered unacceptable for clinical trial use. This potential strategy of performing a diagnostic contrast enhanced CT (and using this scan for attenuation correction and anatomic localization purposes as well) and emission FDG-PET scan was considered; but this is deemed not acceptable. This decision is supported by two sources that state that the diagnostic CT cannot be used for attenuation correction purposes (EU, Neth) and by the SNM GHS meeting. The major negatives for this strategy are due to misregistration and incorrect attenuation correction application (especially around the level of the diaphragm) due to differential diaphragmatic position between optimal diagnostic CT (typically full breath hold inspiration) and emission (tidal breathing) FDG-PET scan acquisitions. This is believed to strongly outweigh the benefit of radiation dose reduction achieved by eliminating the low-dose CT for anatomic localization / attenuation correction map. A dose reduction can be achieved in cases in which a diagnostic IV contrast CT is required, by limiting the CT with contrast to the most relevant regions of the body, which may be a smaller extent than the area imaged on PET. 
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	Scan duration per bed position 
	Acceptable
Target
Ideal


	Number of bedpositions 
	Acceptable
Target
Ideal



7.1.2. Data Structure
**Describe how the data should be organized/sampled. (e.g. Spatial Resolution, Collimation Width, Slice Interval, Temporal Resolution) 
	Parameter
	Compliance Levels

	
	Acceptable
Acceptable / Target – The matrix size, slice thickness, and reconstruction zoom will yield a target reconstructed voxel size of 3 – 4 mm in all three dimensions (i.e., not achieved through post-processing), although not necessarily isotropic. – for QC see section 12.1.1. QIBA and/or SNM Image Reconstruction Committee?????
Target
Ideal
Ideal – Reconstructed voxel size (i.e., not achieved through post-processing) should be as small as possible without introducing artifacts and also so as to be consistent across all trial sites; with current technology 2 – 3 mm in all three dimensions is achievable.



The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



7.1.3. Data Quality
Image quality (as defined by SUV calibration, SUV Recovery Coefficient, and SNR) should be such that when applying the same acquisition and reconstruction protocol as used in subject scanning to the protocol specified phantom(s) the output should meet the QC standards as stated in Section 12.1.1.  
Treatment response assessment and classification (based on criteria) require several quantitative and qualitative assessments: 
First of all, lesion eligibility will be based on tumor tracer uptake above a certain threshold (section 10 ?). 
Secondly, response will be determined by measuring changes in SUV over time (either in the same lesion(s), EORTC, or in the ‘hottest per scan’ lesion, PERCIST). Apart from a percentage change above or below a threshold to determine progression, stable disease or response, a minimal absolute change is suggested as well (Percist) 
Finally, an important factor in the assessment of disease progression is not only an increase in SUV above a certain specified threshold, but also the appearance of new lesions.  
For the first two aspects (lesion eligibility and measuring % changes) harmonization of quantitative image quality, e.g. be means of harmonizing recovery coefficients measured in specific dedicated phantoms, will result in more uniform lesion selection and response assessments across institutes. Consequently, harmonizing quantitative performance of PET/CT systems should be aimed at in a multicenter trial.  
For the assessment of progression when new lesion appears it is important to set a minimal threshold for image quality with respect to lesion detectability. As such scanners need to have a minimal image quality performance/lesion detectability/SNR in order to be suitable to be used in trials.  
Insert text per discussion 01052011 – Ronald to author first draft regarding the balance of detectability and uniformity and quantitative harmonization, SNR, confidence of new lesion detection, smoothing, etc. (attribution to SNM GHS) 
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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).  
Per the SNM GHS, the ideal level of performance is that all serial scans on a subject should be performed on the same scanner with the same software version; target performance is that all serial scans on a subject should be performed on equivalent scanners (i.e., the same model) but also with the same software version. (SNM GHS)  
Additionally, all scan acquisitions for a given subject should include identical transmission and emission 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). Per the SNM harmonization summit the minimum acceptable time per bed position should be between 2 and 4 minutes for a 3D acquisition with 2D acquisitions typically requiring at least 1.5 - 2x longer depending on the administered FDG dose; although the absolute impact on image quality by scan time per bed position is currently undefined it is dependant on several pertinent factors including, but not limited to, administered dose, body weight and habitus, bed overlap, and specific model / version of the imaging platform used. In general, increased scan time per bed position will improve the SNR and thus it may be important to increase scan time when quantitative metrics are used towards a primary endpoint. A more detailed set of preliminary recommendations for time per bed position relative to pertinent factors is provided in Appendix XYZ (or is this Table X in Section 13.2??).  
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). 
Acceptable: While there may be variance based on type of scanner, scanning algorithm, model, and software version, the following guidelines are meant to assist each site in achieving the desired data quality as specified in Sections 5.2, 7.1.3, xxxx, and yyyy.  
For a dose of 5 MBq/kg or higher (370 MBq or more for a 75 kg patient) the minimal time per bed position using the manufacturers’ recommended bed overlap specifications. The time per bed position should be at least 2 mins for 3D systems showing ≥50% bed overlap and at least 4 min for 3D systems showing <50%. Time per bed position may be modified inversely proportional to alteration in injected dose per body weight within the limits of the scanner performance as determined by the manufacturer or an appropriately qualified independent standard-setting organization or peer-reviewed publication.  
For 2D systems these times per bed should be at least 1.5 times longer for the same injected dose based on body weight. Time per bed position may be modified inversely proportional to alteration in injected dose per body weight within the limits of the scanner performance as determined by the manufacturer or an appropriately qualified independent standard-setting organization or peer-reviewed publication.  
In general, increased scan time per bed position will improve the SNR and thus it may be important to increase scan time when quantitative metrics are used towards a primary endpoint.  
Target (just an idea we are working on at EANM See the additionally attached document); Use an anthropomorphic phantom (SNM, EANM) with a uniform area to assess ‘noise’ by means of the coefficient of variation of the pixel values within a specified region of interest (ROI) positioned in the uniform area. Phantom should be filled such that activity concentration in the uniform area is similar (within 10%) to the expected average normal tissue concentration seen in an average weight (70-80 kg) subject in combination with the intended FDG dosage. Phantom should than be scanned with various times per bed and reconstructed using the acceptable reconstruction methods and settings (e.g. minimal and/or harmonized resolution criteria etc etc) . Next COV will be derived in each image following the NEMA NU-2 protocol. The COV within the above indicated ROI should be plotted as function of time per bed. The minimal allowable time per bed position is then given by the time per bed that provides a COV of 10% or better. Afterwards higher FDG doses may be offset by longer scan durations  
Ideal: I guess this is yet unknown. 
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, SNM GHS). Alternatively, the arms can be positioned along the side for head and neck imaging (for two-step procedure – see section 7.1.1) (EU, SNM GHS). 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 radio-opaque 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). 
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



7.2.2. Instructions to Subject During Acquisition 
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 should the diagnostic CT is being used for attenuation correction (i.e., there is only one CT scan performed for both diagnosis and attenuation correction which is not the UPICT recommended method per section 7.1.1). Therefore, two references (EU, Neth) indicate that during CT-AC, shallow breathing is recommended for multi-slice CT scanners; one reference (EU) notes that for single or two-slice CT scanners, breath hold acquisition should be acquired. Per the SNM GHS, the CT acquisition for attenuation correction should be done with shallow breathing without regard to the CT technology used (acceptable / target / ideal).  
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  
For Acceptable, Target, and Ideal performance levels please see Section 7.1.1, 
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



7.2.3. Timing/Triggers 
**(e.g., relative to administration of imaging agents; inter-time point standardization)
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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. 
7.2.5. Archival Requirements for Primary Source Imaging Data
See 11.3
7.2.6. Quality Control
See 12.3
7.3. Imaging Data Reconstruction
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. Input Data to Be Used 
**Place requirements on the input data to be used.
Parameters that need to be available for the user to be specified (and stored in a study specific acquisition/reconstruction protocol) are: 
	Parameter
	Compliance Levels

	Image matrix size
	Acceptable
(128-512), zoom (1-2) OR voxel size (2,3,4,5 mm). Should be reconstructed voxel size and not obtained after rebinning of reconstructed image) 
Target
Ideal


	Number of iterations and subsets (and relaxation factor) 
	Acceptable
Target
Ideal


	ToF kernel size
	Acceptable
Target
Ideal


	Image filtering (type and FWHM)
	Acceptable
Target
Ideal



7.3.2. Methods to Be Used 
Data can be reconstructed including all corrections needed for quantification as well as without scatter and attenuation correction. Iterative reconstruction method should be applied.   PET/CT systems are equipped with a harmonized reconstruction protocol (NB not the algorithm or settings are harmonized, but the resulting specified quantitative image characteristics for specified phantoms/experiments) – SNM Image Reconstruction Workgroup.
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



7.3.3. Required Characteristics of Resulting Data
Store PET image data always in units of Bq/ml in DICOM files, decay reference time should equal (PET) scan acquisition time and integral model should be used for decay correction.  
Vendors should clearly specify which time (series, study, acquisition, dose essay time, injection time) is used as reference for decay correction when data are given in units Bq/ml.  
All needed information for fully corrected net injected activity (e.g. residual activity, injection time, calibration time) is required. Scanner performs all decay corrections (not the operator)
The matrix, slice thickness, and reconstruction zoom will yield a target voxel size of 3 – 4 mm in all three dimensions, although not necessarily isotropic and not achieved by rebinning etc of the reconstructed images  
Include reference tissue value (e.g. 3 cm diameter VOI in liver) 
Mechanism for flagging artifacts (motion, extravasation, etc.) 
decay reference time should equal (PET) scan acquisition time and integral model should be used for decay correction
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



7.3.4. Platform-specific Instructions
Appendix G.2 lists reconstruction parameter values for specific models/versions that can be expected to produce data meeting the requirements of Section 7.2. 
7.3.5. Archival Requirements for Reconstructed Imaging Data
See 11.4
7.3.6. Quality Control
See 12.4
8. Image Post-processing
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.  
Insert statement of intent and purpose with reference to QIBA to implement – move to archival section and link to acquisition, reconstruction, post-processing. 
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) 
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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) 
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



8.3. Required Characteristics of Resulting Data
**Place requirements on characteristics of resulting data.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



8.4. Platform-specific Instructions 
Appendix G.3 lists post-processing parameter values for specific models/versions that can be expected to produce data meeting the requirements of Section 8. 
8.5. Archival Requirements
See 11.5
8.6. Quality Control
See 12.5
9. Image Analysis
Obtain actual maximum activity concentration or voxel value (units Bq/ml) and maximum SUV (BW, LBM, BSA normalised), which are the activity concentration value and the SUV of a single voxel from the actual original image that has the highest value within a volume of interest drawn around the object of interest. The latter will avoid additional error in activity concentration values and SUVmax due to viewing/display interpolation and/or minimize round-off errors in SUV calculation within defined tolerances.
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). 
CONSENSUS: (rw3) 
- SUV max single pixel (normalized for LBM) - ?acceptable   
- SUV peak 3D for 1 cm volume (1.2 cm sphere) - ? ideal   
- SUV peak 2D (1.2 cm diameter) - ?target 
- SUV values based on bw, lbm, bsa  
CONSENSUS: (rw2) - SUV normalized to lean body mass (SUL?) - ? ideal <equation to be used needs further review>   
- SUV based on body weight should be reported - ?target 
- 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) 
CONSENSUS: (rw5) - Tumor ROI's reflecting the metabolic volume of the tumor is desirable. Volumes based on a 50% and (?) 70% threshold of the peak tumor SUV should be produced. Alternative is to use the PERCIST threshold at 2SD above mean liver activity as a floor value for the ROI's. (?) These can reflect tumor volume and tumor volume x mean SUV lean - viewed as exploratory. 
CONSENSUS: (rw4) - Suggested that use of partial pixel values to secure a 1.2 cm diameter (1cc volume) ROI was appropriate and desirable, since standard pixel sizes would not allow selection of a 1cc volume precisely in most cases.  
- 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) 
DICOM image set from patient PET scan. 
Necessary metadata that is not captured by the PET scanner acquisition process. This may include for example, post-injection residual dose or parameters needed for lean-body-mass SUV normalization. 
Covariates: 
Weight - allow disabling of auto weight import from HIS/RIS  Height - required field 
All needed information for fully corrected net injected activity (e.g. residual activity, injection time, calibration time) is required. Scanner performs all decay corrections (not the operator) 
Blood glucose (from CLIA compliant device) at time of injection is recorded with DICOM patient information  All scanner times and/or all clocks in a PET/CT system should be synchronized to NTP 
Patient meta-data recorded, e.g. using enhanced DICOM attributes 
Displays should have ability to show information that effects SUVs (uptake time, etc.)  
Tumor ROI's reflecting the metabolic volume of the tumor is desirable. Volumes based on a 50% and (?) 70% threshold of the peak tumor SUV should be produced. Alternative is to use the PERCIST threshold at 2SD above mean liver activity as a floor value for the ROI's. (?) These can reflect tumor volume and tumor volume x mean SUV lean - viewed as exploratory. 
Measurement system (viewing and analysis software) shall provide the actual maximum voxel value in Bq/ml and the actual maximum SUV (SUVmax), which is the value or SUV of a single voxel from the actual original image (digital reference object, DRO) that has the highest value within a volume of interest drawn around the object of interest (maximum voxel value test object in DRO). 
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	ROI extraction of activity concentration
	Acceptable
<1.0% error
Target
<0.1% error
Ideal
<.01% error



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) 
9.2.1 ROI/VOI
The measurement system (viewing, ROI/VOI or analysis tool) is used by the user to define a 3D volume of interest around the SUVmax test object in the digital reference object (DRO). The VOI should fully encompass the entire test object in the DRO in all 3 directions by at least 2 voxel dimensions or 1 cm. ROI/VOI and analysis software is responsible for correct implementation of SUVmax extraction and calculation. The manufacturer should guarantee that maximum voxel value and/or SUVmax represents the activity concentration of a single voxel having the highest value within a 3D VOI. Moreover the manufacturer is responsible for correct implementation of SUV calculations, with e.g. correct implementation of corrections for decay. Moreover, the manufacturer should implement various versions of SUV normalizations (body weight, body surface area and lean body mass). Finally the manufacturer should guarantee that the same methodologies for obtaining the maximum voxel value (Bq/ml) and SUVmax from the DRO are available and can be applied to clinical whole body data. 
9.2.2 Calculation of SUV
The VOI is used to extract the maximum voxel value (Bq/ml) and maximum SUV. 
SUVmax normalized by body weight should be calculated as follows: 
………………………………………………………………………………………………………. 
SUVmax normalized by body surface area should be calculated as follows: 
………………………………………………………………………………………………………. 
SUVmax normalized by lean body mass should be calculated as follows: 
………………………………………………………………………………………………………. 
Report actual max. voxel value  
Capablity to label, save, recall (in a std format, e,g, Advanced Technology Consortium (ATC) for Clinical Trials Quality Assurance)  
Report VOI activity as Bq/ml  
Report SUVs normalized to Weight, LBM, BSA  
Report volume in cc (or ml) and voxels  
Describe voxel inclusion policy  
Use weighting for partial voxels  
Fully included voxels use weight of 1.0  
Output statistics inlcude mean, max, std. dev. to 3 sig figs  
Describe rounding policy for outputs  
VOI dimensions (sphere) should be specifiable to ±1 mm  
Automatic centering for peak VOI calculation  
Three threshold methods: fixed, % of max, gradient   
Produce correct SUVs from QIBA DRO   
All needed information for fully corrected nett injected activity (e.g. residual activity, injection time, calibration time) is required. 
Scanner performs all decay corrections (not the operator)  
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	Activity concentration
	Acceptable
Target
Ideal


	Glucose correction
	Acceptable
Target
Ideal



9.3. Required Characteristics of Resulting Data
**Place requirements on characteristics of resulting data.
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	Method to compute maximum SUV ("SUVmax")
	Acceptable
SUV normalized by body weight
Target
Ideal
lean body mass


	Voxel value and/or activity concentration tolerances
	Acceptable
<1.0% up to 2 decimals
Target
<0.1% up to 2 decimals
Ideal
<.01% up to 2 decimals


	SUVmax tolerance
	Acceptable
<1.0% up to 2 decimals
Target
<0.1% up to 2 decimals
Ideal
<.01% up to 2 decimals



9.4. Platform-specific Instructions 
Appendix G.4 lists image analysis parameter values for specific models/versions that can be expected to produce data meeting the requirements of Section 9. 
9.5. Archival Requirements 
See 11.6
9.6. Quality Control
See 12.6
10. Image Interpretation
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).  CONSENSUS: (rw8) - Image quality should be noted. For example, movement or misregistration can lead to poor quality quantitative data and invalid numbers. Some images may be too poor in quality to quantify. CONSENSUS: (rw9) - Statistical quality of images is important to report, but not a full substitute for quality. Liver noise per PERCIST was considered a reasonable start.  
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)  CONSENSUS: (rw7) - Internal normalization should be reported. Considerations included use of normal liver and use of blood pool activity. For liver, mean SUL was suggested using 3 cm diameter VOI (PERCIST standard). These outputs could be used as QC parameter as well as available for normalization (if desired). 
6. Baseline target lesion requirements (number, size and metabolic activity thresholds/dependencies) CONSENSUS: (rw6) - Number of target lesions – up to 5; not more than 2/organ CONSENSUS: Minimum threshold requirements: - Baseline size (rw6): GTD > 2 cm - Baseline metabolic (rw1): Qualification as quantifiable target lesion requires Tumor to Background ratio (TBR) of >2:1 - using liver mean ??or other background tissue?? Recognition of recommendation of PERCIST of 1.5 x liver mean + 2xSD of liver noise. Lesion has to be "hot" enough at baseline so that a reduction in tumor metabolism can be detected at follow up. 
7. Response Classification strategies (e.g. EORTC, lymphoma, PERCIST) - The SUV change metric - use of % SUV change only or also absolute SUV change? - Whether/how to assess non-targets - Whether/how to identify new lesions and incorporate into scheme - How to deal with mixed response CONSENSUS: (rw10)Response Interpretation briefly discussed PERCIST criteria a reasonable beginning. Issue of confirmation was raised; agreement that PD with new lesion consistent with tumor also if CT worsened and PET progressed (i.e. no need to confirm). However, if PET worsened without change in CT, conservative approach would be to confirm (but not firm on this point).  
Response assessment bins and definitions (this was discussed, but not in consensus notes to date): - PD = new lesions or incr. of > 25-30%? - SD = no new; between PR and PD quantitatively - PR = > 25-30 % reduction - CR = no visible tumor remaining  <issue of reporting confidence level of interpretations based on QA and/or examination intertimepoint variables not addressed> (esp note) 
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) 
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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) 
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



10.3. Required Characteristics of Resulting Data
**Place requirements on characteristics of resulting data.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



10.4. Platform-specific Instructions 
Appendix G.5 lists image interpretation parameter values for specific models/versions that can be expected to produce data meeting the requirements of Section 9. 
10.5. Archival Requirements 
See 11.7
10.6. Quality Control
See 12.7
11. Archival and Distribution of Data 
**Introduce the section.
**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. Reserved
11.2. Reserved
11.3. Primary Source Imaging Data
The following requirements are placed on primary source imaging data.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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.
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	CT
	Acceptable
Target
Daily water equivalent phantom values tracked in DICOM header
Ideal


	PET
	Acceptable
Daily/weekly/monthly scanner QA values included in DICOM header
Target
Daily uniform cylinder analysis, with link to results in patient DICOM header
Ideal


	Dose calibrator
	Acceptable
calibrated for F-18 using NIST-traceable source with information included in patient DICOM header
Target
Ideal



11.5. Post-Processed Data
The following requirements are placed on post-processed data.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



11.6. Analysis Results
The following requirements are placed on analysis results.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



11.7. Interpretation Results
The following requirements are placed on interpretation results.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



12. Quality Control
**This is the section where all aspects of Quality Control are identified and described.
12.1. QC Associated with the Site
The following sectins consider various aspects of quality control.
12.1.1. Quality Control Procedures
Draft Consolidated Statement: - PET and PET-CT systems (and dose calibrator, scales, glucose monitoring equipment, 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 (5% NL, 10% 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).  
	Parameter
	Compliance Levels

	
	Acceptable
Acceptable:  minimally required is that images can be used in a quantitative manner. The latter implies at least correct calibration and/or cross-calibration of the PET-CT systems against the (locally) used dose calibrator within 10%. (NL, EANM, ACRIN, NCI, Hallet) The same scanner with the same acquisition/reconstruction protocol, software  and settings should be used for each subject study to ensure consistent image quality characteristics for all scans performed for each individual patient ().  As well the QC procedures should utilize the same acquisition/reconstruction protocol, software and settings that are used for the subject scans.  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 (NL, EANM, SNM-CTN).
Target
Target:  SUV calibration accuracy should be within 5% (NL), voxel size should be 3 – 4 mm in all three dimensions but not necessarily isotropic, SUV recovery should be measured and stored as meta-data for the trial, but there is no minimum performance threshold, uniformity should be XXXX, SNR should be YYYY.  These can be verified using various QC methods as described in Appendix E. The same (type and set of) phantoms, metrics and specifications should be used across all sites participating in a specific trial .  Vendors implement tools or provide functionality such that users can modify acquisition and image reconstruction settings (iterations, filters, matrix size etc) that change these image characteristics and thereby allow users or CTNs to implement an acq.recon.protocol that collects data which meets the trial specified image characteristics (see Appendix G). The same scanner with the same acquisition/reconstruction protocol and settings should be used for each patient study. 
Ideal
Ideal:  All vendors have implemented one acquisition and reconstruction protocol on each of their machines such that use of this protocol ensures that the specified image characteristics are met (and by implication the SUV Recovery Coefficient is not only measured and saved as meta-data but is standardized by default at some value for any and all PET/CT platforms). This implies that vendors may need to revise this protocol to deal with SW or HW upgrades, i.e. in all cases use of the ‘standard’ protocol should ensure that image characteristic are and remain globally harmonized.  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, SNM GHS). 



Easy and fast procedure to adjust calibration of scanner, eg when dose calibrator is recalibrated then it would be very convenient to simply adjust calibration of scanner with a simple correction factor rather than an extensive procedure. Preferably a correction factor that is automatically generated and applied (upon user request) based on a calibration QC experiment. 
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



12.1.2. Reserved
12.1.3. Reserved
12.2. QC Associated with Imaging-related Substance Preparation and Administration
The following requirements are placed on QC associated with imaging-related substance preparation and administration.
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



12.3. QC Associated with Individual Subject Imaging 
**fill in
The following sections describe aspects of QC associated with individual subject imaging.
12.3.1. Phantom Imaging and/or Calibration 
**fill in
<Do we want to place reference here to Appendix D?>
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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.
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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.
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



12.5. QC Associated with Image Processing
The following requirements are placed on QC associated with image processing.
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



12.6. QC Associated with Image Analysis
The following requirements are placed on QC associated with image analysis.
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



12.7. QC Associated with Interpretation
The following requirements are placed on QC associated with interpretation.
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



13. Imaging-associated Risks and Risk Management
The following sections consider various 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. 
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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 
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



13.3. Imaging Hardware-specific Safety Considerations
The following requirements are placed regarding hardware-specific safety considerations.
The following set of requirements extends what has been stated in the protocol.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



13.4. Reserved
13.5. Reserved
IV. Compliance
Acquisition Scanner
What we do to test for compliance by acquisitions systems 
Use enhanced DICOM attributes to follow version number of software for: 1 Acquisition, 2 Reconstruction, 3 post-processing, 4 Display/VOI analysis, 5 Dynamic Analysis. Build list (on console) of dates of all s/w versions 
Contrast Inject Device
A power injector is required for DCE-MRI studies. It needs to be properly serviced and calibrated. 
Analysis Software
Analysis software, which performs SUVmax analysis. May be coupled to the PET/CT scanner system or provided by a 3rd party vendor. 
[this is where we talk about compliance testing with a DRO] 
[output parameters relative to a DRO have to be within tolerances specified in the details section above] 
Users should use the DRO in order to verify correct implementation of maximum voxel value extraction and SUVmax calculations. 
Viewing System
**fill in
Performing Site
Healthcare system (e.g. hospital or clinic)  including technologists and physicians, which both produce the PET DICOM images, perform the SUVmax analysis using analysis software, and analyze the results. 
References
**fill in
Appendices
Appendix A: Acknowledgements and Attributions
**
Appendix B: Background Information
**
Appendix C: Conventions and Definitions 
Definitions: Review this document and define relevant terms and notations here.  
Acquisition vs. Analysis vs. Interpretation: This document organizes acquisition, reconstruction, post-processing, analysis and interpretation as steps in a pipeline that transforms data to information to knowledge. Acquisition, reconstruction and post-processing are considered to address the collection and structuring of new data from the subject. Analysis is primarily considered to be computational steps that transform the data into information, extracting important values. Interpretation is primarily considered to be judgment that transforms the information into knowledge. (The transformation of knowledge into wisdom is beyond the scope of this document.)  
Bulls-eye Compliance Levels Acquisition parameter values and some other requirements in this protocol are specified using a “bullseye” approach. Three rings are considered from widest to narrowest with the following semantics:  
ACCEPTABLE: failing to meet this specification will result in data that is likely unacceptable for the intended use of this protocol.  
TARGET: meeting this specification is considered to be achievable with reasonable effort and equipment and is expected to provide better results than meeting the ACCEPTABLE specification.  
IDEAL: meeting this specification may require unusual effort or equipment, but is expected to provide better results than meeting the TARGET.  
An ACCEPTABLE value will always be provided for each parameter. When there is no reason to expect better results (e.g. in terms of higher image quality, greater consistency, lower dose, etc.), TARGET and IDEAL values are not provided.  
Some protocols may need sites that perform at higher compliance levels do so consistently, so sites may be requested to declare their “level of compliance”. If a site declares they will operate at the TARGET level, they must achieve the TARGET specification whenever it is provided and the ACCEPTABLE specification when a TARGET specification is not provided. Similarly, if they declare IDEAL, they must achieve the IDEAL specification whenever it is provided, the TARGET specification where no IDEAL level is specified, and the ACCEPTABLE level for the rest.  
Appendix D: Documents included in the imaging protocol (e.g., CRFs)
**(Material the site needs to submit)  
**Subject preparation  
**Imaging agent dose calculation  
**Imaging agent  
**Image data acquisition  
**Inherent image data reconstruction / processing 
**Image analysis  
**Interpretation  
**Site selection and Quality Control  
**Phantom Imaging and Calibration  
Appendix E: Associated Documents
**e.g. the Imaging Charter, Site Manual, Standard Operating Procedures, etc.
Appendix F: TBD
Appendix G: Model-specific Instructions and Parameters 
The presence of specific product models/versions in the following tables should not be taken to imply that those products are fully compliant with the QIBA Profile. Compliance with 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) is compliant, please refer to the QIBA Conformance Document for that product. G.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 requirements of Section 7.1.  
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 model/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 and consistency. Sites using models not listed here may be able to devise their own acquisition parameters that result in data meeting the requirements of Section 7.1 and conform to the considerations in Section 13.  
In some cases, parameter sets may be available as an electronic file for direct implementation on the imaging platform.  
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