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I. Executive
 Summary
This QIBA Profile documents specifications and requirements to provide comparability and consistency for  quantitative FDG-PET across scanners in  oncology. It can be applied to both clinical trial use as well as individual patient management. The document, developed through the efforts of the QIBA FDG-PET Technical Subcommittee, has shared content with the FDG-PET UPICT protocol (insert URL link), as well as additional material focused on the devices used to acquire and analyze the FDG-PET data.
Summary for Clinical Trial Use 
The QIBA FDG-PET/CT Profile defines the technical and behavioral performance levels and quality control specifications for whole-body FDG-PET/CT scans used in single- and multi-center clinical trials of oncologic therapies. The specifications that must be met to achieve compliance with this Profile correspond to the acceptable (minimum) levels specified in the FDG-PET UPICT Protocol.    The aim of the UPICT protocol and QIBA Profile specifications is to minimize intra- and inter-subject, intra- and inter-platform, inter-examination, and inter-institutional variability of quantitative scan data due to factors other than the intervention under investigation. FDG-PET/CT study(ies) performed in compliance with this QIBA Profile 
in clinical trials can provide qualitative 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)).  
II. Clinical Context and Claims
Utilities and Endpoints for Clinical Trials
There are multiple utilities for 
which FDG-PET/CT scans may be applied. These are addressed more completely in the FDG-PET/CT UPICT Protocol (UPICT 1.1). This QIBA Profile relates to several of the utilities described; however, the primary objective is to evaluate tumor response. These specifications are appropriate for quantification of tumor metabolism
 using FDG-PET/CT and measuring longitudinal changes within subjects.
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 earlier than changes in standard anatomic measurements. Therefore, tumor response or progression as determined by tumor FDG activity can serve as an endpoint in well-controlled Phase II and III efficacy studies of therapies in FDG-avid tumors.  In tumor/drug settings where the preceding 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 serve as the primary endpoint for regulatory drug approval in registration trials.

1.Define the accurate and precise measurement of metabolic activity at a given time point

2. Define the threshold of change metric required to indicate a change in tumor metabolism which is greater than expected by variance of the imaging experiment alone

3. Response metric (clinical and outcome relevance)

Claim:  
Part 1. For single-center studies. If FDG-PET imaging is performed in accordance with the imaging protocol described in section III 'Profile Details' and while also using equipment, personnel, facilities, and other resources that are in compliance with the specifications listed in section IV 'Compliance Specifications', then 

Tumor glycolytic activity as reflected by the standard uptake value (SUV) can be measured from FDG-PET/CT scans with a ≤ 15% test-retest coefficient of variation
, with 95% confidence interval, for solid tumors at least 2 cm in diameter and with a minimum baseline SUV of 1.5.

Part 2. For multi-center studies. If FDG-PET imaging is performed as described above, and uniformly across imaging sites, then it is anticipated that the same claims in Part 1 can be met
.

III. Profile Details
The following figure provides a graphical depiction 
that describes the marker at a technical level.
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Figure 1: The assay method for computing and interpreting glycolytic metabolic activity using PET/CT may be viewed as a pipeline.  Patients (or subjects) are prepared for scanning, FDG is administered, raw image data (from the PET and CT exams) is acquired and attenuation corrected PET images are formed using mathematical reconstruction and/or post processing methods.  Images may be obtained at a multiplicity of time points, notably at a minimum of two time points for a change assessment as is considered by this document.  Images formed at each of the two time points serve as the input to the downstream image analysis activity for each of the chosen target lesions.  For each qualified target lesion (and for the summation of qualified target lesions), change may be assessed by quantifying lesion glycolytic activity at each of the two time points and performing a change metric determination wherein a direct measure of change is assessed without specific regard to the absolute lesion activity.  Philosophically it is desired that the profile encourage rather than discourage innovation in the means by which this is done; however, in the end, the change is assessed as a percentage according to the formula (change in metabolic activity between the two time points / metabolic activity at time point 1).  Downstream from this analysis, the change value may be interpreted according to a variety of different response criteria.  These response criteria are beyond the scope of this document. 

The identified activities are described in the detail sections given below.
 To meet the claim, the following “Actors” must perform the activities to specification:

· Hardware and software devices (acquisition, reconstruction and analysis)

· Medical Physicists

· Technologists and Imaging Support staff (e.g. Schedulers)
· Image Analysts

· Image Acquisition Facilities 

· Subject/Patient ?

The following sections provide details describing various issues, parameters and specifications for each issue or parameter required for compliance:

Section 1 – Subject Handling, is practiced by personnel (including Technologists and Schedulers) at an Image Acquisition Facility

Section 2 – Image Data Acquisition, is practiced by a Technologist at an Image Acquisition Facility using an Acquisition Device
Section 3 – Imaging Data Reconstruction, is practiced by a Technologist at an Image Acquisition Facility using Reconstruction Software

Section 4 – Image Analysis, is practiced by an Image Analyst using one or more Analysis Software tools
Section 5 – Image Interpretation is practiced by an Image Analyst based on the synthesis of information obtained by Image Analysis using a pre-defined Response Assessment Criteria
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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 a computational step that transforms the data into information, extracting important values. Interpretation is primarily considered to be judgment that transforms the information into knowledge.  
The requirements included here are intended to establish a baseline level of capabilities.  Providing higher levels of performance or advanced capabilities is both allowed and encouraged.  Furthermore the QIBA Profile is not intended to limit equipment suppliers in any way with respect to how they meet these requirements.
1. Subject Handling

1.1  Subject Scheduling

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.  Specifically, consideration should be given to the exclusion of subjects with abnormal fasting blood glucose when quantitative FDG-PET/CT is being used as the study’s primary endpoint. Reference FDG-PET/CT UPICT Protocol for Diabetic Scheduling and Management discussion (UPICT Section 4.2.2).
1.1.1 Timing of Imaging Test Relative to Intervention Activity (UPICT Section 1.2)
The study protocol should specifically define an acceptable time interval that should separate the performance of the FDG-PET/CT scan from both (1) the index intervention and (2) other interventions (e.g. chemotherapy, radiotherapy or prior treatment).  This scan (or time point) is referred to as the “baseline” scan (or time point). The time interval between the baseline scan and the initiation of treatment should be specified as well as the time intervals between subsequent FDG-PET studies and cycles of treatment.  Additionally, the study protocol should specifically define an acceptable timing variance for performance of FDG-PET/CT around each time point at which imaging is specified (i.e., the acceptable window of time during which the imaging may be obtained “on schedule”).  The timing interval and window are dependent upon 1) the utility for the FDG-PET/CT imaging within the clinical trial, 2) the clinical question that is being investigated and 3) the specific intervention under investigation.  Suggested parameters for timing of FDG-PET/CT within oncologic trials are more completely addressed in the FDG-PET/CT UPICT Protocol section 1.2.
1.1.2. Timing Relative to Confounding Activities (UPICT Section 3.2)
Activities, tests and interventions that might increase the chance for false positive and/or false negative FDG-PET/CT studies should be avoided prior to scanning. The allowable interval between the potentially confounding event and the FDG-PET/CT exam 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). 
1.1.3. Timing Relative to Ancillary Testing (UPICT Section 3.3)
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.
1.2 Subject Preparation (UPICT Section 4)
Management of the subject can be considered in terms of three distinct time intervals (1) prior to the imaging session (prior to arrival and upon arrival), (2) during the imaging session and (3) post imaging session completion.  The pre-imaging session issues are contained in this section while the intra-imaging issues are contained in section 2.1 on image data acquisition. 
1.2.1. Prior to Arrival (UPICT Section 4.1)
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). For more detail, refer to the FDG PET UPICT Protocol (Section 4.1) that addresses  (1) Dietary, (2) Fluid Intake, and (3) Other activities that may affect tissue FDG uptake.  
Dietary 
Diabetic management – Refer to FDG-PET/CT UPICT Protocol sections 1.7.2 & 4.2.2
 Fasting status - Subjects should not eat any food (either enteral or parenteral) for an absolute minimum of 4 hours prior to start of FDG-PET study, although the target pre-test fasting period is recommend as a 6-hour minimum. 
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: Adequate hydration (before and after FDG administration) is important both to ensure a sufficiently low FDG concentration in urine (fewer artifacts) and to reduce radiation exposure to subjects. Whichever hydration strategy is used (how much and when to administer), the protocol should be uniform among sites during a trial. Specific hydration recommendations are presented in the FDG-PET/CT UPICT Protocol (reference Section 4.2.1). The fluid administered should not contain glucose or caffeine.  
Other Activities: To minimize FDG uptake in muscle, the subject should avoid strenuous or extreme exercise before the PET exam for a minimum of at least 6 hours (preferably for a time period of 24 hours).  
The compliance issues around these parameters are primarily dependent upon human behavior, that is, the communication and oversight of the Scheduler or Technologist at the Image Acquisition Facility with the subject. Documentation of communication and subject compliance with the instructions. . .

1.2.2. Upon Arrival (UPICT Section 4.2)
Upon arrival 1) confirmation of subject compliance with pre-procedure instructions and 2) the occurrence of potentially confounding events (see listing in Section 4.2.1 of FDG-PET/CT UPICT Protocol) should be documented on the appropriate case report forms. 
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). 
1.2.3 Preparation for Exam (UPICT Section 4.2.3)
In order to avoid heterogeneous physiological distribution of the FDG, it is critical that subject preparation after arrival and prior to imaging is standardized among all sites and subjects throughout the conduct of the clinical trial. 
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. 
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. For brain imaging the subject should be in a room that is dimly lit and quiet for FDG administration and subsequent uptake period. 
The subject may use the toilet, but if possible not for the 30 minutes immediately after injection of FDG. The subject should void immediately (5 – 10 minutes) prior to the FDG-PET/CT image acquisition phase of the examination. 
Bladder catheterization is not routinely necessary; but if necessary the catheter should be placed prior to injection of FDG. Bladder catheterization may be important for the evaluation of pelvic tumors (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). If bladder catheterization is performed, IV diuretics should be administered as described here 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 should 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. 
Subjects undergoing a CT scan should be asked about the presence of implanted electronic devices (e.g. pacemakers, neural stimulators, cochlear implants).

	Height & Weight
	Technologist
	The Technologist shall measure
 and document subject height & weight; then use DICOM tags 


to record


Diabetic Monitoring and Management (UPICT Section 4.2.2)
The subject’s blood glucose level should be measured (using CLIA-compliant device) and documented shortly prior to and target within the 2 hours prior to (ideally within 1 hour for all subjects and target within 1 hour for insulin-requiring diabetic subjects) 

FDG administration (UPICT 4.2.2). Ideally, this would be recorded with DICOM patient information.
	Blood glucose level
	Technologist
	The Technologist shall measure (within specified time window)

 and document subject blood glucose information on case report form or similar; then enter the blood glucose value via text entry into a DICOM tag

	Blood glucose level
	Technologist
	The Technologist shall abide by the glucose tolerance thresholds as defined in the Protocol; if not, then reason for non-compliance shall be provided.


1.3. Imaging-related Substance Preparation and Administration  (UPICT Section 5)
1.3.1. Radiotracer Preparation and Administration

1.3.1.1  Radiotracer Description and Purpose  
FDG is a glucose analogue. The rationale for its use in oncology is based on the typically increased glucose metabolism of tumors compared to normal tissue.  FDG is transported into tumor cells via glucose transport proteins, usually upregulated in tumor cells.  Once internalized, it's phosphorylated.  FDG-6-phosphate does NOT enter glycolysis and becomes metabolically trapped.  Uptake is not specific for tumor cells and there are some normal tissues which show high background uptake.  

The FDG radiopharmaceutical must meet USP (or comparable International equivalent) specifications or meet other current specifications as defined by the FDA, EMEA or other appropriate regulatory agency approval.
1.3.1.2 Radiotracer Dose Calculation and/or Schedule (UPICT Section 5.2)
The administered 18F-FDG dose administered ranges between about 5 – 20 mCi (185 – 740MBq).  The administered dose depends upon multiple factors including but not limited to (1) country where exam is performed, (2) subject weight (3) scanning mode and (4) percentage of scan bed (slice) overlap.  The exact dose and the time at which dose is calibrated should be recorded.  Residual dose remaining in the tubing, syringe or automated administration system or any dose spilled during injection should be recorded. 

	Administered FDG Radiotracer Dose
	Technologist
	The Technologist shall assay FDG dose and time of measurement, residual dose and time of measurement, and the time of injection. These values (including derivation of injected dose if not performed by Acquisition Device) shall be entered into the relevant DICOM fields.


1.3.1.3 Radiotracer Administration Route (UPICT Section 5.4)
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. Intravenous ports should not be used, unless no other venous access is available. If a port is used addition flush volume should be used. As reproducible and correct administration of FDG is required for quantification purposes, extravasation or paravenous administration should be avoided.  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 the study. The injection site should be documented on the appropriate case report form.  
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.
1.3.2 Contrast Material Preparation and Administration

The use of contrast material is not an absolute requirement for this Profile as its utility is related to performance of a diagnostic CT examination which may or may not be medically indicated in defined clinical settings. Contrast characteristics may influence the appearance, conspicuity and quantitative measurement of tumor as well as characterization of non-neoplastic findings on the CT exam which may be analyzed in conjunction with the FDG-PET exam.

 The presence or absence of CT contrast material may influence the analysis and interpretation of the FDG-PET/CT exam by affecting lesion conspicuity as well as by more confidently identifying non-neoplastic findings based on the contrast-enhanced CT exam. Additionally, the presence of iodinated contrast does affect the attenuation correction applied for the PET scan with consequent change in SUV of normal tissues which is variable dependent upon tissue of interest. 
Reference QIBA?/UPICT? Section III.2 - Image Data Acquisition for specific scanning strategies. 
2. Image Data Acquisition
This section summarizes the imaging protocols and procedures (for detailed description see FDG-PET/CT UPICT protocol sections referenced) which shall be performed for an FDG-PET/CT exam. 

It is recommended that all FDG-PET/CT scans for an individual subject be performed on the same platform 
throughout the trial.  In the event of equipment malfunction, followup scans on an individual participant can be performed on the same type of platform 
(see site qualification).  All efforts should be made to have the follow up scans performed with identical parameters as the first (baseline), inclusive of as many of the parameters as is possible for both the CT and PET acquisitions. 

The FDG-PET/CT UPICT Protocol (Reference Section 7.1.1) describes two scanning strategies which can be used in a clinical 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 should be described in the protocol and should be tailored commensurate to the level of expectation of the obtained data (e.g. qualitative or quantitative SUV analysis). 
Strategy 1: For FDG-PET/CT in which the CT is used for attenuation correction and localization only (no diagnostic CT intent): 
CT Scout (topogram), followed by 
CT for anatomic localization and attenuation correction, followed by

Emission scan acquisition
Strategy 2: For FDG-PET/CT in which a diagnostic CT is performed in conjunction with FDG-PET, one of two strategies shall be used. Either (2a) follow Strategy 1 and then, with no or minimal patient motion after the PET Emission scan acquisition, perform an additional IV contrast-enhanced diagnostic CT or (2b) perform a contrast-enhanced diagnostic CT before following the workflow described in Strategy 1.    

	Scanning  Strategy (Workflow)
	Technologist          
	Technologist will follow Profile compliant workflow strategy which will be compatible with Acquisition Device capability.  The same workflow used at baseline shall be used at all subsequent time points.


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 and (3) CT scanning technique (kVp, mAs and pitch). Here is a summary of the acceptable level of behavior/procedure for each of these three issues. 
At a minimum, all these issues should be addressed in the clinical trial 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.  Any particular clinical trial should NOT allow some sites to implement one strategy and other sites to implement the alternative.
CT Exam Variables and Specifications: 
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. 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.  
Strategy 1: No IV; dilute positive oral contrast allowed
Strategy 2a: Use negative or dilute positive oral contrast for the non-attenuation CT scan. Ensure that the diagnostic CT acquisition (which may be performed with IV contrast) is performed consistently for a given subject across all time points. 
Strategy 2b:   Diagnostic CT using 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.)
	Contrast
	Technologist
	Contrast shall be given commensurate with the workflow strategy employed




Respiratory Motion - Respiratory motion causes SUV errors by two mechanisms: motion blurring and attenuation correction mismatches between CT transmission map and emission data. Various strategies could be used to minimize, document and compensate for respiratory motion.  Shallow breathing shall be performed during CT AC acquisition (see UPICT Protocol section 7.1.1). The subject should (a) be monitored and coached in the breathing protocol and (b) should remain motionless throughout the scan.  
	Respiratory motion minimization
	Technologist
	The Technologist shall provide verbal instruction to the subject to perform shallow breathing prior to and during CT and PET


The Technologist shall record factors that adversely influence subject positioning or limit their ability to cooperate (e.g. breath-hold, remaining motionless, etc.). These shall be accommodated with data entry fields provided by the Acquisition Device.

	Instruction  Non-compliance
	Technologist
	The Technologist shall provide information 

on subject non-compliance with breathing and motion/positioning


CT Technique 
The actual kVp and exposure (CTDI, DLP) for each subject at each time point should be recorded. CT dose exposure should be appropriately reduced in smaller patients and children. 
	CT Technique: Dose Exposure
	Technologist
	The Technologist shall ensure that CT dose exposure is appropriately reduced in smaller subjects 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.  
2.1 Required Characteristics of Resulting Data
The PET/CT exam will consist of two components, the PET emission scan (non-attenuation corrected data) and the CT transmission scan.  From these data sets, an attenuation-corrected PET data set is created, which will be used for quantitative analysis.  Instrument specifications relevant to the Acquisition Device are included in Section IV Compliance – Acquisition Device. 

2.1.1 Data Structure (UPICT Section 7.1.2)
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 re-binning, etc., of the reconstructed images.
	Matrix/Voxel size
	Technologist
	The Technologist shall perform the scan to achieve the instrument capability as described above



2.1.2 Data Quality (UPICT Section 7.1.3)
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 6.2.3.  
Treatment response assessment and classification (based on criteria) require several quantitative and qualitative assessments.  For determining lesion eligibility and for measuring SUV changes, harmonizing image quality by means of harmonizing recovery coefficient measurements in a specific, dedicated 
phantom will result in more uniform lesion selection and response assessments across institutions. For the assessment of progression based upon identification of a new lesion, it is important to set a minimal threshold for image quality with respect to lesion detectability. Therefore scanners need to have a minimal image quality performance/lesion detectability/SNR in order to be suitable to be used in trials. 


Therefore, there is a need to balance the requirement of detectability with requirement of uniformity and quantitative harmonization, SNR, confidence of new lesion detection, smoothing, etc.   


2.2 Imaging Procedure
2.2.1 Timing of Image Data Acquisition
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 injection and acquisition in scans performed across different time points.  
While the “target” tracer uptake time is 60 minutes, the “acceptable” window is from 55 to 75 minutes 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 as the radiotracer injection time. The injection and flush should be completed within one minute with the rate of injection appropriate to the quality of the vein accessed for FDG administration so as to avoid compromising the integrity of the injection vein.  
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. 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 specified in a specific protocol, then the rationale for this deviation should be stated; inter-time point consistency must still be followed.  

	Tracer Uptake Time
	Technologist
	The time of FDG injection shall be entered into a DICOM tag by the Technologist prior to scan acquisition

	Tracer Uptake Time:

Intertimepoint
	Technologist
	The Technologist shall ensure that the tracer uptake time is within the compliance specifications (+/- 15 minutes) from one time point to the next


The following sections describe the imaging procedure.
2.2.2 Subject Positioning (UPICT Section 7.2.1)
Consistent positioning avoids unnecessary variance in attenuation, changes in gravity-induced shape and fluid distribution, or changes in anatomical shape due to posture, contortion, etc. 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).  Alternatively, the arms can be positioned along the side for head and neck imaging.  If the subject is unable to maintain arms above head for the whole body examination, protocol-specific handling needs to be defined.  

Arm positioning in a particular subject should be consistent between the PET emission and CT transmission scans at each time point and should be as consistent as possible across all time points.

If PET-CT data are used for 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. 

	Subject Positioning
	Technologist
	The Technologist shall position the subject the same as for prior scans.  If the previous positioning is unknown, the Technologist shall position the subject Supine/Arms UP, if possible.




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 UPICT Protocol Section 7.2.1).
2.2.3 Scanning Coverage and Direction (UPICT Section 7.1.1)
For most Oncology indications, anatomic coverage should include from the skull base (external auditory meatus) to the mid-thigh.  If other ranges are used, which may be appropriate for specific clinical trials, then the clinical trial protocol should provide specific instructions with justification.  Scanning direction should be caudiocranial to minimize effects from increasing bladder activity during the scan.  Scanning direction should be specified in the clinical trial protocol.  It is critical that for a given subject, scanning direction on baseline scans be duplicated at follow-up time points.
	Scanning Direction
	Technologist
	The Technologist shall scan the subject caudocranial for whole body examination. Scanning direction shall be the same for each subject at all time points.

	Anatomic Coverage
	Technologist
	The Technologist shall perform the scan such that the acquired anatomic coverage  is the same for all time points


3. Imaging Data Reconstruction & Post-Processing
3.1 Imaging Data Reconstruction (UPICT Section 7.3)
Reconstructed Image Data: This is the image data exactly as produced by the reconstruction process on the PET or PET/CT scanner, i.e., a stack of DICOM slices/files constituting a PET image volume with no processing other than that occurring during image reconstruction. This is always a stack of DICOM slices/files constituting a PET image volume that can be analyzed on one or more of the following: PET scanner console, PET image display workstation, PACS system, etc.  See Section IV Compliance – Image Reconstruction Software for specifications.  
3.2 Imaging Data Post-processing (UPICT Section 8)
Post-Processed Image Data: An image that has been transformed in some manner, including but not limited to: smoothing, sharpening, image zoom, rotation/translation, resampling, interpolation, slice averaging, MIP, etc. This is typically a stack of DICOM slices/files constituting a PET image volume that can still be analyzed on one or more of the following: PET scanner console, PET image display workstation, PACS system, etc.
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.  
	Post-Processing 
	Image Reconstruction Software and Display Workstation
	Image Post-Processing methods and parameters that are used should be recorded 
and applied to all images in a consistent manner

	Data Archiving
	
	The originally reconstructed PET data set should always be preserved. If processed PET datasets are required, they should be saved as separate secondary datasets.


Concepts presented in UPICT Section 8.2.3 regarding difference between ‘visualized data’ and ‘data used for quantification’. Acceptable level: For visual inspection/interpretation of PET/CT data by the viewing software or platform 
default online 
interpolation and zooming may be used. In addition, so-called maximum intensity projections (MIP) may be generated as they may facilitate localization and detection of lesions. Additional processing, such as zooming, re-binning, reorientation and filtering may be applied upon user request only. User should be able to manipulate color scale settings (window/level and color table). It should always be possible to revert to the default orientation, zoom and binsize (preferably a ‘revert to default’ button is available).
3.3 Imaging Data Storage & Transfer

Two sources mention 
use and storage of DICOM formatted data. One source 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. PET data shall be encoded in the DICOM PET or Enhanced PET Image Storage SOP Class, and in activity-concentration units (BQML) or SUVbw units (GML) with header parameter values sufficient to transcode between the two. CT data should be encoded in CT or Enhanced CT Image Storage SOP Class. DICOM data shall be transferred using the DICOM Part 8 network protocol or as offline DICOM Part 10 files. They shall be transferred without lossy compression (which affects quantification).
	Data Archiving
	Imaging Facility
	

	Data Archiving
	Workstation
	


4. Image Analysis (UPICT Section 9)
The Image Analyst, through iteration with the Workstation Analysis tools, will be able to perform certain measurements. Image Analysis has qualitative and quantitative tasks.  Both require consistency and high quality images.  Quantitative imaging requires additional system characteristics described further in this Profile. 

 4.1 Input Data
Input for Image Analysis is considered output of Reconstruction and Post processing software activity.  If the Image Analyst alters input data (e.g. zoom) this is considered part of Image Analysis activity.  If this occurs, the original input data will be maintained as separate file, both to be stored. (See Section 3.2)
4.2 Methods to Be Used
Each region to be investigated quantitatively (either tumor lesion or normal tissue) is characterized by obtaining a measure of glycolytic activity within that region.  The image analyst will use tools (as defined in Section IV Compliance – Software Analysis Tools) to define ROI/VOI’s both in clinical subject datasets and in the digital reference object (DRO). 
4.3 Required Characteristics of Resulting Data (UPICT Section 9.3)
The ability to derive and report several SUV measures is required 
for each lesion that is reported as specified in the study protocol and/or considered clinically relevant. SUV measures (and the analysis tools used to obtain them) need to be specified for each protocol and need to be used consistently across all subjects and across all sequential lesion measurements. In addition to reporting the SUV max (maximum voxel value or hottest voxel) for a given lesion, consensus opinion from the FDG-PET UPICT group is that SUVmean of the ROI/VOI be obtained and reported
.  The SUVpeak, which equals the SUVmean only when the VOI is a sphere with a specified diameter, is also suggested 
as a reportable statistic.
- Automatic vs. Semi-automatic vs. Manual and circumstance qualifiers - Strategy for analysis of necrotic core lesion 
- 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 re-binning, resampling, smoothing by user is allowed Issues relevant to dynamic analysis 
5. Image Interpretation & Reporting (UPICT Section 10
)
No QIBA Profile specification can be provided for image interpretation at this time.  Image Interpretation is considered to be beyond the scope of this document.  Refer to FDG-PET/CT UPICT Protocol (Section 10).

Regarding Image Reporting, considered ideal to populate reports from DICOM header information.  ? EDC with automatic derivation based on programmed response criteria paradigm?  The reporting software shall provide a mechanism for flagging scan artifacts. 
Issues to address -   
5. Normal-appearing tissue reporting requirement (e.g. liver, muscle, blood pool background)  CONSENSUS: - 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. Quality Control
The following section deals with multiple aspects of quality control in FDG-PET/CT studies.  (See FDG-PET/CT UPICT Protocol Section 12 for additional information). This includes selecting and qualifying a PET/CT imaging facility, imaging personnel and specific PET/CT scanners.  In addition, the use of phantom imaging (prior to study initiation and ongoing) is discussed as well as mechanisms for determining appropriate patient and tumor selection and identifying subjects whose data may need to be censored due to lack of data integrity.  Finally, post-image-acquisition quality assessment is detailed.  Details of these processes will vary for investigator-initiated single site studies versus sponsor-driven multi site studies.
6.1. Image Acquisition Facility

It is essential to implement procedures that ensure quality assurance of the scanning equipment and reliable image acquisition methodology.  These processes must be set-up at the outset, and be followed throughout the duration of the trial. A facility “imaging capability assessment” prior to facility selection is therefore a requirement for any trial using FDG-PET/CT.  This will include assessment of:

· appropriate imaging equipment and quality control processes

· appropriate ancillary measurement equipment and radiotracer quality control processes

· experienced personnel (technologists, radiologists and other imaging experts)

· procedures to assure imaging protocol compliance during the trial

6.1.1. FDG-PET/CT Acquisition Scanner
FDG-PET/CT studies as developed in this profile require a dedicated PET/CT scanner.  PET/CT scanners should be identified based on their vendor, model and machine name. Hardware specifications should be documented. Software versions in place at the time of trial initiation and at all upgrades should be documented as well.  

If there is more than one PET/CT scanner at a facility, it is beneficial to qualify each of the scanners.  This will ensure that if the primary PET/CT scanner is temporarily unavailable, the FDG-PET/CT study may proceed on a secondary scanner.
	Physical Inspection
	Technologist
	Shall, on a daily basis, check gantry covers in tunnel and subject handling system

	Daily QC Check
	Technologist
	Shall, on a daily basis, test operation of scanner (per manufacturers recomendations) - reference Appendix? 


6.1.2. 'Other' devices (e.g. dose calibrator, glucometer, scales. . .)
6.1.2.1 Dose calibrator . . . .

	Constancy (precision)
	Technologist
	Shall be evaluated daily and confirmed that net measured activity differs by less than +/- 5 % from the expected value 

	Channel Check
	Technologist
	Shall be evaluated daily and confirmed that net measured activity differs by less than +/- 5 % from the expected value

	Accuracy
	Technologist
	Shall be evaluated annually - what threshold of acceptable?

	Linearity
	Technologist
	Shall be evaluated quarterly - what threshold of acceptable?

	Geometry
	Technologist
	Shall be evaluated after any/all repair - what threshold?


Glucometer, scales, stadiometers . . . 

Scanner times and/or all clocks in an Imaging facility and in a PET/CT instrument/system used to record or capture dose timing should be synchronized (to a single common timebase, whether internal or external, such as by using a standard network time protocol, with an error not to exceed 1 minute) and periodically monitored as part of ongoing QC program.
6.1.3. Personnel

6.1.3.1. Radiologists/Nuclear Medicine Physicians

6.1.3.2. Nuclear Medicine/PET Technologists 
6.1.3.3. Other Site Personnel performing FDG-PET/CT studies
6.1.4. Site Qualification 
Process

The PET/CT scanner must undergo routine quality assurance and quality control processes (including preventive maintenance schedules) appropriate for clinical PET/CT applications.  In order to assure adequate quantitative integrity 
and stability of PET/CT imaging results, additional quality control measures are required, as discussed below.

The phantom scans and analysis should be repeated at regular intervals, such as every XX months, during the course of the trial.  Any changes to scanner equipment, including major hardware changes or any software version change, need to be documented 
and will result in the need for imaging qualification renewal prior to repeat imaging.  In particular, it is strongly recommended that patients undergoing longitudinal study be scanned on the same PET/CT system with the same software version whenever possible. 

6.1.5. Phantom Imaging 

To qualify 
the PET/CT scanner, a phantom imaging process is required.  Specific phantoms might be needed 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 include, 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 amount injected should be performed (5% NL, 10% EANM, ACRIN). This comparison is particularly important after software or hardware upgrades. If 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 Of UPICT Protocol.

If there were an easy and fast procedure to adjust calibration of scanner, e.g., 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.

6.1.5.1. Uniformity

An essential requirement for extracting quantitative data from images is that there be correct 
calibration and/or cross calibration of the PET/CT system against the (locally) used dose calibrator (within 10%).   The QC procedures should utilize the same acquisition/reconstruction protocol, software and settings that are used for the subject scans.  
	Uniformity QC
	Technologist
	Shall assess (at least quarterly and following software upgrades) transverse and axial uniformity across image planes by imaging a uniformly filled object and . . .

	Cross Calibration
	Technologist
	Shall perform (at least quarterly and after scanner upgrades, new setups and modifications to the dose calibrator) to monitor and identify discrepancies between the PET scanner and dose calibrator


6.1.5.2. Resolution Recovery

If absolute besides relative (longitudinal, response assessment) quantification 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.

6.1.5.3. SNR
6.1.6. Phantom imaging data analysis

Need to produce correct SUV from QIBA DRO

6.2. Quality Control of FDG-PET/CT studies
6.2.1. Data Integrity

The integrity of DICOM image headers should be reviewed and confirmed for DICOM standard compliance, regulatory compliance (including privacy protection, such as may be required by such rules as the HIPAA Privacy Rule if applicable), protocol compliance, sufficiency for the intended analysis (e.g., to compute SUV) and consistency with source data such as CRFs. In some cases, internal references such as the liver can be used for quality control to confirm acceptable ranges of SUVs.
6.2.2. Determination of Image Quality (?refer to UPICT re: DRO noise/resolution/uniform?)

6.2.3. Determination of suitable tumor lesions

6.2.4. Determination of subjects unsuitable for FDG-PET/CT analysis

6.2.5. Determination of FDG-PET exams unsuitable for FDG-PET/CT analysis

CT images should be reviewed by the Image Analyst 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.

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: - 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: - Statistical quality of images is important to report, but not a full substitute for quality. Liver noise per PERCIST was considered a reasonable start.  
6.3. Quality Control of Interpretation

Minimum is Intra-reader variability study needed. If a 2-Reader paradigm, then inter-reader variability is needed as well.  Lesion quantitative vs. interpretation; target lesion choice; calling new lesion – additional investigation needed.  Currently unclear which statistics to evaluate and what should it trigger. The following requirements are placed on QC associated with interpretation.
IV. Compliance


Software version tracking?? - manually record the software version and flag the impact on quantification for now; in the future, record all software version numbers in DICOM header

.

	Hardware
 Version tracking
	Acquisition

Recon

Workstation
	

	Software Version tracking
	Acquisition Device
	Shall record the software (what about hardware?) version used for subject image acquisition in DICOM tag

	Software Version tracking
	Technologist
	Shall record the software version used for subject image reconstruction . . .where - form that's held locally-perhaps quantitative PET field- QPR
 - perhaps as screen capture?; transfer to CRO in what format

	
	Reconstruction SW
	Shall record the software version used for subject image reconstruction in DICOM tag

	Software Version tracking
	Technologist
	Shall record the software version used for subject image analysis . . .where??

	
	Workstation
	Shall record the software version used for subject image analysis - where?

	Software version back-testing compatibility
	Workstation
	Shall provide mechanism to provide analysis of the image data using updated as well as prior (platform-specific?) versions of analysis software.


Image Acquisition Site

Typically clinical sites are selected due to their competence in oncology and access to a sufficiently large subject population under consideration.  For imaging it is important to consider the availability of:


Appropriate imaging equipment and quality control processes,


Appropriate ancillary equipment and access to radiotracer and contrast material,


Appropriately trained Radiologists/Nuclear Medicine Physicians for image analysis . . . 


Experienced Technologists (CT and PET trained) for the subject handling and imaging procedure


Medical Physics support to ensure appropriate . . . 


Processes that assure imaging QIBA Profile-compliant image generation in appropriate time window 

A calibration and QA program shall be designed consistent with the goals of the clinical trial. 
 This program shall include (a) elements to verify that imaging facilities are performing correctly and (b) elements to verify that facilities’ PET/CT scanners(s) is(are) performing within specified calibration values.  These may involve additional phantom testing that address issues relating to both radiation dose and image quality (which may include issues relating to water calibration, uniformity, noise, spatial resolution – in the axial plane-, reconstructed slice thickness z-axis resolution, contrast scale, and others.  This phantom testing may be done in addition to the QA program defined by the device manufacturer as it evaluates performance that is specific to the goals of the clinical trial.

	PET/CT Scanner
	Acquisition Facility
	What are minimum (bix picture) requirements - e.g. dedicated PET/ single slice CT vs. multi?

	CT Scanner Calibration
	Technologist
	Shall perform daily water equivalent phantom analysis; ensure that output is acceptable and manually enter on form /electronic database

	PET Scanner Calibration
	Technologist
	Shall perform daily/weekly/monthly scanner QA; ensure that output values are acceptable and manually enter on form/electronic database

	Dose Calibrator
	
	Calibrated to F-18 using NIST traceable source



Acquisition Device 
Use 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 software versions.  The scanner software version should be identified and tracked across time, with updates and changes in scanner software noted during the course of the trial. 
Decay reference time should equal (PET) scan acquisition time and integral model should be used for decay correction.  Scanner should perform all decay corrections (not the operator).

Vendors should clearly specify which time (series, study, acquisition, dose assay 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.)

Baseline level compliance requires that the DICOM image set from the subject’s PET/CT scan and necessary metadata (that is not currently captured by all PET scanner acquisition processes) is captured.  The metadata is required to perform the quantitative analysis which is central to this effort.  This includes for example, post-injection residual dose and subject height.

	CT Calibration Tracking
	Acquisition Device
	Ideally, daily water equivalent phantom values would be tracked in the DICOM header

	PET Calibration Tracking
	Acquisition Device
	Ideally, daily/weekly/monthly scanner QA values would be included in the DICOM header 

	Dose Calibrator Calibration Tracking
	????
	Calibrated to F-18 using NIST (or other traceable source authorities)-traceable source with information included in subject DICOM header

	Scanner calibration
	Acquisition Device
	Shall be normalized and calibrated to ensure uniformity and accuracy of SUV measurements within the limits of the spatial resolution  

	Weight
	Acquisition Device
	Shall record patient weight as supplied from the modality worklist and/or operator entry in Patient Weight (0010,1030) in the DICOM image header.

	Height
	Acquisition Device
	Shall record patient height as supplied from the modality worklist and/or operator entry in Patient Size (0010,1020) in the DICOM image header.

	Blood glucose level
	Technologist
	Shall document subject blood glucose on Form or in Electronic database (entry into DICOM tag if/when available) 

	
	Acquisition Device
	Ideally, would have a DICOM tag for subject blood glucose  

	Administered FDG Radiotracer
	Acquisition Device
	Shall record the tracer used in Radionuclide Code Sequence (0054,0300) in the DICOM image header.

	Administered FDG Radiotracer Dose
	Acquisition Device
	Shall record the administered dose in Radionuclide Total Dose (0018,1074).  This may or may not include accounting for any post-injection residual doseand/or pre-injection dose calibrated with post injection residual.  Additionally, a field should be available to capture the time of calibration.  

	
	
	Ideally scanners would allow entry of these parameters and automatically calculate the net injected activity. For those that do not, the net injected activity should be manually calculated by decay correcting all measurements to the time of injection and then subtracting the decay corrected assay activity from the residual activity. calculate administered dose (subtraction of pre minus post) and record information in text entry fields

	Administered FDG Radiotracer Time
	Acquisition Device
	Shall record the time of the start of dose injection in Radiopharmaceutical Start Time (0018,1072) or DateTime (0018,1078).

May record the time of the end of dose injection in Radiopharmaceutical Stop Time (0018,1073) or DateTime (0018,1079).

	Decay Correction Methodology
	Acquisition Device
	Encoded pixel values with Rescale Slope (0028,1053) applied shall be decay corrected by the scanner software (not the operator) to a single reference time (regardless of bed position), which is the start time of the first acquisition, which shall be encoded in the Series Time (0008,0031) for original images (though a check should be performed by receiving devices that the Series Time (0008,0031) is not later than the earliest Acquisition Time (0008,0032) of all images in the Series in case the images have been derived, in which case the earliest Acquisition Time (0008,0032) is the reference time for decay correction). Corrected Image (0028,0051) shall include the value “DECY” and Decay Correction (0054,1102) shall be “START”.

	Scanning  Strategy (Workflow)
	        Acquisition Device
	Profile compliant workflow strategy shall be supported by Acquisition Device capability.  The same workflow used at baseline shall be used at all subsequent time points.

	Instruction  Non-compliance
	Technologist
	Shall enter pertinent comments on Form or Electronic database

	
	Acquisition Device
	Ideally, would include data entry fields to record factors influencing subject positioning and/or breathing limitations

	CT Technique
	Acquisition Device
	Shall record actual kVp and exposure (mAs) in the image header.  

	CT Absorbed Radiation Dose
	Acquisition Device
	Shall record the absorbed dose (CTDI, DLP) in a DICOM Radiation Dose Structured Report.  

	Activity Concentration
	Acquisition Device
	Shall store and record (rescaled) image data in units of Bq/ml and use a value of BQML for Units (0054,1001).

	Tracer Uptake Time
	Acquisition Device
	Shall be derivable from the difference between the Radiopharmaceutical Start Time (0018,1072) or DateTime (0018,1078) and the Series Time (0008,0031) or earliest Acquisition Time (0008,0032) in the series (i.e., the start of acquisition at the first bed position).

	PET Voxel size
	Acquisition Device
	Shall reconstruct PET voxels with a size of 3-4 mm in all three dimensions (as recorded in Pixel Spacing (0028,0030) and computed from the reconstruction interval between Image Position (Patient) (0020,0032) values of successive slices). 
Pixels shall be square, although they are not required to be isotropic in the z (head-foot) axis.

	CT Voxel size
	Acquisition Device
	Shall be no greater than the reconstructed PET voxel size.

Pixels shall be square, although are not required to be isotropic in the Z (head-foot) axis.
Not required to be the same as the reconstructed PET voxel size.

	Subject Positioning
	Acquisition Device
	Shall record the subject position in the Patient Orientation Code Sequence (0054,0410) and Patient Gantry Relationship Code Sequence (0054,0414).

	Scanning Direction
	Acquisition Device
	Shall record the scanning direction

	Documentation of Exam Specification
	Acquisition Device
	The Acquisition Device shall record actual anatomic coverage, field of view, . . . (what else??). . in the Image Header

	Protocol Specific Instrument configuration
	Acquisition Device
	Shall be configurable to store (or receive) acquisition parameters as pre-defined protocols (in a proprietary or standard format), to allow re-use of such stored protocols to meet multicenter specifications and to achieve repeatable performance across time points for the same subject. 

	Recalibration Capability
	Acquisition Device
	Should be equipped with procedure for easy and fast calibration/recalibration (e.g. scanner drift or cross-calibration with dose calibrator

	DICOM Writing Compliance
	Acquisition Device

	


Reconstruction Software
Reconstruction Software shall propagate the information collected at the prior Subject Handling and Imaging Acquisition stages and extend it with those items noted in the Reconstruction section.
	Metadata Mapping
	Reconstruction SW
	Shall propagate the information collected at the prior stages and extend it with those items noted in Reconstruction section

	
	Reconstruction SW
	The Reconstruction  needs to be supplied with an Reconstruction (button) enabled to meet multicenter specifications of Scientific Specifications that in combination with above mentioned Acq Protocol meets multicenter


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.

- 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??>
	Data Correction
	Reconstruction Software
	PET emission data must be corrected for geometrical response and detector efficiency, system dead time, random coincidences, scatter and attenuation

	Reconstruction Methodology
	Reconstruction Software
	Shall use iterative reconstruction algorithm (rather than filtered back projection)

	Reconstruction Methodology / Output
	Reconstruction Software
	Shall perform reconstructions with and without attenuation correction

	Data Reconstruction 2D/3D Compatibility
	Reconstruction Software
	Shall be able to perform data reconstruction of data acquired in 3D mode using 3D algorithm or if data re-binned into 2D, can be reconstructed with a 2D algorithm 


Image Analysis Workstation and Software Tool(s)
The image analysis workstation shall have the ability to receive and propagate the data output (imaging and metadata) collected from the prior activities (Subject Handling, Image Acquisition, Reconstruction and Post-Processing).  With the input data, the analysis workstation (and software analysis tools) will be able to make use of certain attribute values to perform certain measurements and computational analysis.  The analysis workstation and software may be coupled to the PET/CT scanner system or provided by a 3rd-party vendor. 

	Metadata Mapping
	Image Analysis Workstation
	Shall receive and propagate . . .


Input for Image Analysis is considered output of Reconstruction and Post processing software activity.  If the Image Analyst  alters input data (e.g. zoom) this is considered part of Image Analysis activity.  If this occurs, the original input data will be maintained as separate file, both to be stored. (See Section 3.2)

Pixel/Voxel and Sphere specification

The use of partial pixel values to secure a 1.2cm diameter (1cc volume) ROI/VOI was suggested to be appropriate and desirable, since standard pixel sizes would not allow selection of a 1 cc volume precisely in most cases.

	Voxel Inclusion Policy
	Analysis Tool
	Shall describe methodology describing voxel inclusion policy

	
	
	Ideally, would use weighting for partial voxels; fully included voxels use weight of 1.0

	Sphere Specification
	Analysis Tool
	Shall describe capabilities and limits of sphere specification

	
	
	Ideally, VOI dimensions (sphere) would be specifiable to +/- 1 mm


ROI/VOI

The scanner-display-analysis system shall provide a tool for the user to define a 3D volume of interest around the SUVmax test object both in clinical subject datasets and 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. 

	Quantification Computation
	Analysis Tool
	Tool specs

	ROI/VOI Computation
	Analysis Tool – Image Analyst
	Shall provide a tool and user strategy, the combination of which should allow the placement of an ROI/VOI which is centered on max voxel for lesion analysis

	
	Analysis Tool
	Ideally, would provide a tool which is capable of automatically centering for peak VOI calculation

	Edge Detection
	Analysis Tool
	Three threshold methods: fixed, % of max, gradient


Calculation of SUV

 The workstation and repository shall be able to create, store and retrieve markups of SUV measurements in accordance with a standard definition for ROI that provides a known balance between precision and accuracy.  For a given pixel cluster . . .

	
	Analysis/Archival 
	Capability to label, save, recall (in a std format, e,g, Advanced Technology Consortium (ATC) for Clinical Trials Quality Assurance)


Required Characteristics of Resulting Data (UPICT Section 9.3)
The scanner, viewing and analysis system combination shall produce an output image data set from which actual maximum activity concentration or voxel value (units Bq/ml) and maximum SUV (bw, lbm) measures can be determined.  The maximum SUV(bw or lbm) represents the activity concentration value of a single voxel from the actual original image that has the highest value within a constraint 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?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)
 Patient meta-data recorded, e.g. using DICOM attributes

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. 

	Activity Concentration
	Acquisition Device
	The scanner shall produce an output image data set from which actual maximum activity concentration or voxel value and maximum SUV/SUL can be determined

	Lesion Analysis:  Single Pixel/Voxel
	Analysis Tool
	Shall provide tools to determine hottest voxel measurement using body weight (SUVmax) and lean body mass (SULmax) 

	Lesion Analysis:   Multiple Pixels/Voxels
	Analysis Tool
	Shall provide tools to measure and report SUV/SUL mean

	
	
	Ideally, would provide tools to measure and report SUV/SUL mean and SUV/SULpeak

	Lesion Analysis Tool: Size
	Analysis Tool
	Shall provide tools to measure and report size assessment of ROI/VOI(e.g. number of pixels and cc/ml (volume))

	ROI/VOI tool and usage
	Analysis Tool
	ROI (or VOI) shall be provided and shall 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

	Output Statistics 

	Analysis Tool
	Shall provide standard uptake statistics to include single voxel SUV & SUL; and multislice (ROI/VOI) max, mean (with std dev) 

	
	
	Ideally, would provide peak SUV & SUL data in addition to compliance requirement

	Rounding Convention
	Analysis Tool
	Shall provide capability to display and record standard uptake statistic to at least the tenths place (e.g. 4.8)

	Handling odd matrix sizes
	
	??????????

	
	Analysis Workstation
	Shall display data in same matrix as in which image was originally reconstructed


Displays should have ability to show information that affects SUVs (uptake time, etc.)

Performance Specifications
The digital reference object (DRO), which is a noise-free image with no smoothing, shall be used in order to evaluate compliance to the level of performance of analysis station/display station. Users should use the DRO (as per the DRO user's guide?)  in order to verify correct
 implementation of maximum voxel extraction and SUV calculation.
	 Performance Evaluation
	Analysis Workstation
	Shall use the version? Of DRO to achieve threshold of . . .

	Analysis Accuracy
	Analysis Workstation/SW
	Shall reproduce the known SUV max with a threshold of .01? to expectation to XX number of digits (precision) and other measurements (range of other tests) as outlined in the DRO



	Other Activities TBD
	Analysis Workstation/SW
	Specifics to be determined

	DICOM Compliance Reading Check?
	
	


[output parameters relative to a DRO have to be within tolerances specified in the details section above] 

Image Display System
**fill in
References
**fill in Extraction performed from Hallet / EANM/ EORTC / Netherlands/NCI/PERCIST/Delbeke
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Appendix B: Background Information
Appendix C: Conventions and Definitions 
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.  
�Needs to be updated upon completion of draft


�Will either need abbreviation / acronym page; and/or define terms as they arise (e.g. QIBA, UPICT, FDG-PET) or does this go n Appendix C?


�Seems to be missing the relation to the technical specifications?


�Some of these descriptions seem too abstract or formal, and risks appearing stilted, could just be me.


�Metabolism ( FDG uptake everywhere


�error term is in between this and number 2. 


�This sounds like a generic QIBA process statement.  Is it necessary to this Profile?


�Confidence interval


�Insert language in the claim to address the second level hierarchy of change metric / biologic change - awaiting for Otto paper.


�Show scans at two or more time points?


�Really only needed for accreditation


�Researchers or radiologists?


�This is confusing.  Seems like the Profile should make a decision and state clearly 4 or 6.


�Yes; this is an identified discordance which needs to go back to the UPICT group for clarification and update.


�???


�Is it necessary to say this?  This always has to be done.


�Ambiguous.


�Agreed; this was pending finalization of UPICT wording


�Is this necessary to the Profile?  Seems like it would be standard part of institutional policy for sedation.


�Are these statements necessary in the Profile.  Wouldn’t this part of SOP at every site that does CT?


�And not rely on other sources of information for these


�Is a “DICOM tag” the same as a “DICOM field”?


�Good point; probably not synonymous - I can check with DC


�The tech enters them into the scanner.  The scanner can already be verified as per section IV? To then place the values in DICOM fields.


�Not clear what’s the acceptable  level for this Profile.


�Agreed; this was pending final wording from UPICT


�Shouldn’t the specified time window be stated here?


�Agreed; once this is determined by UPICT (as above), then should insert


�Could this be moved to Clinical Context section?


�Aren’t all of the studies using this Profile quantitative, by definition?  This qualifying phrase seems unnecessary.


�This Profile could also apply to studies (e.g. lymphoma trials) where subjective - qualitative - assessment only (or in combo with quantitative) would be performed. 


�Purpose of this sentence is not clear.


�I tried rewording as the following sentence intended as replacement.  perhaps this is not needed?


�Scanner?


�Scanner?


�Should the 2 strategies be listed as sub-bullets in this box?


�I don't think there are two different line items; but certainly could go that way.


�Where?


�This is a 'hole' currently; there are several other line items which also need to be captured - either on a CRF (paper or electronic), some type of DICOM report (captured as a separate line item in Compliance) or ??? 


�Voxel size of 3 – 4 mm?


�What does this mean?


�Does the Profiles need to say more about this?  Maybe a statement that each clinical trial protocol needs to specify these minimal performance specifications?


�The QC (Section 6) goes more into detail here - as its been evolving.  Perhaps a reference to Section 6 would be helpful?


�Purpose of this sentence is not clear.  Seems to be “hanging out there”.


�Yes, this is vestige of earlier drafts.  Seems like an important concept -question is where to capture this content most appropriately. Suggestions?


�Confusing use of the word “targeted”.  In the prior sentence “target” means something else.


�How about delete the word or insert 'anatomically focused' instead?


�Not sure what the sequence of events is here.  Presumably a protocol is written before subjects are scanned.


�Yes; handle with reword?


�Is this relevant to the QIBA Profile?


�“If the previous positioning is unknown”, wouldn’t that be a violation of the QIBA Profile, and therefore the Claim could not be met?


�Agreed, it would seem harsh to have this as violation possibly 'invalidating' the exam's compliance toward quantification; no sure how to reconcile - suggestions? 


�Where?


�Scnner?


�Workstation?


�From 12-23 call: In each section where it matters to record DICOM attribute, should insert in the appropriate section throughout section 3.


�Need to clarify or resolve this.


�This implies that it is always required to measure several SUV measures.  Is that the intent?


�I don’t think this is an appropriate reference for the QIA Profile because it’s not clear who the FDG-PET UPICT group is.  Maybe better to call this the target or ideal level.


�By whom?


�Minimum is intra-reader variability study needed. If a 2 Reader paradigm, then inter-reader variability is needed as well.  Lesion quantitative vs. interpretation; target lesion choice; calling new lesion – additional investigation needed.  Currently unclear which statistics to evaluate and what should it trigger.  The following requirements are placed on QC associated with interpretation.


�Inserted post 13Jan tcon - from JY's notes; need insertion of text and review of items.


�Is this qualification for the individual protocol, or the Profile?


�Accuracy?


�Where?


�For the protocol, or the Profile?


�Sounds speculative.  Is this a part of the Profile?


�What does “correct” mean in this context?


�Need local PET Quantitative record as essential document


�Consider Image Analyst as an Actor


�There may be a bifurcation between the clinical trials and the clinical practice worlds


�These may be elements which could be reported in structured report


�separate hardware / software or distinct? model number can be captured in DICOM?


Specifc Model number for each manufacturer and specific software VERSIONS. ?Action item for manufacturers to provide


�Quantitative PET Record - include things like subject/patient specifics versus device specifics.


�If the QA program can be anything that a clinical trial protocol says, then does there need to be a section on this in the Profile?  Or should the Profile define a minimally-acceptable QA program?


�Inserted on 12-23 tcon


�From 12-23 tcon: Is this duplication of Lesion Analysis: Multiple Pixels/Voxels and therefore can be deleted or ‘output’ rather than tool and therefore should remain?


�testing registration(?) and. testing interpretation of DICOM information


�Put reference to DRO specific threshold values - DRO user's guide as stand-a-lone  document?? but the specific item as appendix


�consider insertion of background region to evaluate fundamental registration issue as possible reason for error as opposed to a DICOM interpretation issue.


�Would insert manufacturer specific QC tables (from JY)


�There is no Section 7.1.
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Change in target lesion(s) size metric

Target lesion(s) SUV/SUL change metric

Integration of anatomic and functional change metric e.g. TLG

Response  Assessment  Criteria
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