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X.  Imaging Protocol

0. Executive Summary

Provide a brief (less than 250 words) synopsis to let readers quickly determine if this imaging protocol is relevant to them.  Sketch key details such as the primary utility, imaging study design, specific aims, context, methods, expected results, risks, and deliverables.
EU - The aim of this guideline is to provide a minimum standard for the acquisition and interpretation of PET and PET/CT scans with [18F]-fluorodeoxyglucose (FDG). This guideline will therefore address general information about [18F]-fluorodeoxyglucose (FDG) positron emission tomography-computed tomography (PET/CT) and is provided to help the physician and physicist to assist to carrying out, interpret, and document quantitative FDG PET/CT examinations, but will concentrate on the optimisation of diagnostic quality and quantitative information.

Netherlands - This imaging protocol defines the standard of quantitative FDG whole body PET performed in the Netherlands, officially approved by the Dutch Society of Nuclear Medicine since 09November2007.  The aim is to ensure that multi-center FDG-PET studies using SUV (standardized uptake value) measurements are conducted in a standardized manner.    With the aim to minimize intersubject and inter-institute variability of SUV measures, factors affecting SUV outcomes are reviewed, guidelines and recommendations are described and limitations, pending issues and future work are discussed.  <may need more work?> 

Hallett - As FDG-PET imaging data are currently being used to support internal decision making in drug development, and ultimately may be used to support registration, the data need to be easily acquired, quality controlled and analyzed, with high fidelity. Moreover, qualification of an imaging parameter as a surrogate endpoint will require

standardization of the original imaging data or derived values to support metaanalyses

of several d rug trials, and possibly over different compounds and different companies.

NCI - Despite the increasing use of 18F-FDG PET as a biomarker for predicting therapeutic response, there are no widely accepted standardized protocols for using 18F-FDG PET as a tool for assessing response to therapy, nor are there validated criteria for judging response using 18F-FDG PET.
Enacting these recommendations to develop standard protocols for NCI-sponsored clinical trials should go a long way toward determining when and for what indications 18F-FDG PET can serve as a surrogate measure of therapeutic efficacy.
ACRIN 6665:

Metabolic changes in the tumor in response to Gleevec therapy, as defined by PET and FDG- PET, appear to occur very rapidly, and may precede significant changes in size as defined by conventional anatomic modalities. Therefore, non-invasive imaging studies that allow measurement of regional tumor metabolism on the in-situ tumor prior to and during the drug administration could provide useful information regarding assessment of therapeutic response. Glucose transporters play a major role in FDG uptake and GLUT 4 is overexpressed in gastrointestinal tumors. (Nogushi Y, et. al., Expression of glucose transporters and insulin resistance in human GI cancer. Abstract, Proc. Annual Mtg., AACR 36:A1218, 1995) Hence, the availability of tissue pre and post therapy will help elucidate the relationship between FDG uptake and glucose transporter expression in GIST at baseline, and after therapy. 

ACRIN 6671:

The primary objective of this study is to evaluate the diagnostic sensitivity and specificity of FDG-PET/CT imaging in identifying metastases to abdominal (common iliac, para-aortic, and para-caval) lymph nodes in patients with cervical cancer (stages IB2, IIA ≥4 CM, IIB-IVA) and abdominal (common iliac, para-aortic, and para-caval) and pelvic lymph nodes in patients endometrial cancer (Grade 3 endometrioid or non-endometrioid endometrial carcinoma, any grade carcinosarcom, or Grade 1 or 2 with cervical involvement). The diagnostic sensitivity and specificity of FDG-PET/CT will be evaluated in a central reader study including seven (7) expert readers. 
ACRIN 6678:

Background: Several studies have suggested that positron emission tomography (PET) with the glucose analog fluorodeoxyglucose (FDG) may be used to monitor tumor response very early in the course of therapy for NSCLC. However, further validation is necessary before FDG-PET can be used as a new marker for tumor response in clinical trials or for the management of individual patients.

Aim: The trial aim is to show that quantitative changes in FDG uptake during chemotherapy provide an early readout for the effectiveness of therapy in patients with advanced non-small cell lung cancer (NSCLC).

Hypotheses: The two hypotheses underlying this trial are that (i) a metabolic response, defined as a 25% or greater decrease in peak tumor SUV post-cycle 1 of chemotherapy, provides early prediction of treatment outcome (tumor response and patient survival) and (ii) tumor glucose utilization can be measured by FDG-PET with high reproducibility.

Endpoints: The primary endpoint of this study is the prediction of one-year overall survival by monitoring the metabolic response of the tumor following one cycle of chemotherapy. Secondary endpoints are (i) the correlation between a metabolic response after one cycle of chemotherapy and subsequent best tumor response according to standard anatomic response using the RECIST evaluation criteria, (ii) correlation between a metabolic response after the first chemotherapy cycle and progression- free survival, (iii) a comparison of the predictive value of FDG-PET for one-year overall survival after one and two cycles of chemotherapy, (iv) the test-retest reproducibility of standardized uptake values (SUVs).

ACRIN 6685:
The advent of positron emission tomography (PET) has improved the staging, treatment evaluation, and detection of recurrent disease in patients with head and neck SCC. With added anatomical information from CT, PET/CT has demonstrated the ability to identify metastatic head and neck malignancies in cases where the other imaging techniques have failed. Several studies have evaluated fluorodeoxyglucose (FDG)-PET in this setting, attempting to identify the patients who need radical neck dissection. A large scale clinical trial that shows accurate characterization of disease stage will impact treatment success by potentially identifying true N0 necks without invasive therapeutic treatment and subsequent morbidity while recognizing the most appropriate clinical management.

In this study, participants with newly diagnosed head and neck SCC will undergo a FDG-PET/CT scan prior to surgical resection. The surgeon will have access to the FDG-PET/CT results prior to the surgical procedure. The data will demonstrate how the inclusion of the FDG-PET/CT imaging will impact the determination of extent of disease, disease characterization and prognosis, and the surgical plan originally devised from clinical nodal assessment and CT and/or MRI results. Quality of life (QoL) assessments and cost effectiveness analysis (CEA) will be included in the study to determine the impact of FDG-PET/CT inclusion relative to surgical assessment of the N0 neck. QoL results will be used to evaluate reduction in morbidity associated with potentially more-definitive targeting of metastatic disease; CEA analysis targets potential reductions in costs from identifying a truly N0 neck and reducing need for therapeutic dissection, follow up, subsequent re-dissection from missed disease, etc. Prior to imaging, blood samples will be collected to explore serum biomarkers as they correspond to prognosis, staging, and FDG-PET/CT findings. Future correlation between blood and imaging biomarkers may strengthen clinical confidence in defining the N0 neck. Ultimately, the study may show that FDG- PET/CT images will improve the characterization of the N0 neck by accurately diagnosing N0 necks, better defining extent of primary disease, discovering unappreciated distant metastasis, reducing morbidity, and representing cost-effective value to society.

1. Context of the Imaging Protocol within the Clinical Trial

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

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

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

Common standards will help promote the use of PET/CT imaging and increase the value of publications and their contribution to evidence-based medicine and potentially enable the role of semi-quantitative and quantitative image interpretation since the numeric values should be consistent between platforms and institutes that acquire the data. FDG PET/CT is being used increasingly to evaluate tumour response in addition to diagnosis and staging of tumours. Increasingly, research is being performed in radiotherapy planning and it will be important that areas such as edge detection of tumours have a translatable measurement.
Integrated PET/CT combines PET and CT in a single imaging device and allows morphological and functional imaging to be carried out in a single imaging procedure. Integrated PET/CT has been shown to be more accurate for lesion localisation and characterization than PET and CT alone or the results obtained from PET and CT separately and interpreted side by side or following software based fusion of the PET and CT datasets. PET/CT gains more and more importance in oncology imaging. At the same time, there is greater awareness that the quantitative features of PET may have a major impact in oncology trials and clinical practice.  Therefore this guideline focuses on the use of FDG PET/CT in oncology.

Show the usefulness of FDG-PET quantification using SUV’s for diagnosis and staging, prognostic stratification and monitoring treatment response in multicenter oncology clinical trials.

By standardizing FDG-PET trial design and interpretation the field will contribute to

increased efficiency and precision of its application to decision making in drug

development. In this publication we highlight areas, especially in image analysis

and response classification, that are currently in need of expert guidance and in

some instances further research. While the benefits for treatment planning are clear,

perhaps less obvious are the profound implications for the development of new

tumor agents. Early detection of drug response can significantly reduce the time

required to conduct proof-of-concept studies for new drug candidates and FDG

metabolism may offer a sensitive means of defining the clinical dose range. Moreover, FDG-PET can be used as a translational method; that is, used in

animal models for testing lead candidates for new treatments.
We intend that it (this document) serve as the recommended set of procedures for the acquisition and analysis of 18F-FDG PET scans of patients participating in NCI-sponsored

diagnostic and therapeutic clinical trials. We hope that these guidelines will help bring about a future in which 18F-FDG PET can provide an early metabolic assessment of therapeutic response. 
ACRIN 6665: 
Biological Objectives: 

1) Correlation of glucose transporter expression with PET SUV and TBR pre-and post Gleevec neoadjuvant therapy.

Clinical Objectives: 

1) Measure tumor changes by PET qualitatively and semi-quantitatively with SUV and TBR during the first week of neoadjuvant treatment and prior to surgery (at week 4 in patients with progressive disease, at week 8 to 10 in patients with stable or responding disease), and correlate the findings with size changes as defined by conventional cross-sectional imaging scans.
PET scanning is mandatory for all patients. PET scans may be obtained at affiliated, accredited institutions if the institution enrolling the patients does not have such capability.

2) Determine if the percent decline in SUV and TBR is an earlier, or more accurate predictor of subsequent disease recurrence compared with response assessed by conventional cross-sectional imaging scans.
ACRIN 6671:

Primary Objectives

1) To evaluate the diagnostic sensitivity and specificity of preoperative FDG-PET/CT imaging in identifying metastases to abdominal (common iliac, para- aortic, and para-caval) lymph nodes in participants with locoregionally advanced cervical carcinoma.
2) To evaluate the diagnostic sensitivity and specificity of preoperative FDG- PET/CT imaging in identifying metastases to retroperitoneal abdominal lymph nodes in participants with high-risk endometrial cancer.
Secondary Objectives 
1) To evaluate the diagnostic sensitivity and specificity of preoperative FDG-

PET/CT imaging in identifying metastases to pelvic lymph nodes (obturator, external iliac) and pelvic and abdominal lymph nodes combined in participants with locoregionally advanced cervical carcinoma.
2) To evaluate the diagnostic sensitivity and specificity of preoperative FDG- PET/CT imaging in identifying metastases to pelvic lymph nodes and pelvic and abdominal lymph nodes combined in participants with high-risk endometrial cancer.
3) To evaluate the additive diagnostic value of CT fusion (PET/CT) compared with PET scanning alone in the identification of metastases to pelvic (obturator, external iliac), abdominal (common iliac, para-aortic, and para-caval), and combined (all regions) lymph nodes in participants with locoregionally advanced cervical carcinoma or high-risk endometrial carcinoma.
4) To determine the percentage of participants with locoregionally advanced cervical carcinoma or high-risk endometrial cancer in whom PET/CT detects biopsy- proven disease outside the abdominal or pelvic lymph nodes.
5) To evaluate the diagnostic sensitivity and specificity of PET/CT in the identification of metastases to pelvic (obturator, external iliac), abdominal (common iliac, para-aortic, and para-caval), and combined (all regions) lymph nodes in a combination of locoregionally advanced cervical cancer and high-risk

The primary metrics of diagnostic accuracy for all of the above will be sensitivity and specificity. The reference standard is the result of pathological evaluation of pelvic and abdominal lymph nodes. Objectives will be evaluated primarily through central reader studies.
ACRIN 6678: 

This study has four objectives:

1.) To test whether a metabolic response, defined as a ≥ 25% decrease in peak tumor SUV post-cycle 1 of chemotherapy, provides early prediction of treatment outcome (tumor response and patient survival).

2.) To determine the test-retest reproducibility of quantitative assessment of tumor FDG uptake by SUVs.

3.) To study the time course of treatment-induced changes in tumor FDG uptake.

4.) To evaluate in an exploratory analysis changes in tumor volume during chemotherapy by multislice CT.
The two specific hypotheses underlying this trial are (i) a metabolic response, defined as a ≥ 25% decrease in peak tumor SUV post-cycle 1 of chemotherapy, provides early prediction of treatment outcome (tumor response and patient survival) and (ii) tumor glucose utilization can be measured by FDG-PET/CT with high reproducibility.
Primary Endpoint

The primary endpoint of this study is the prediction of one-year overall survival by monitoring changes in tumor metabolic activity during the first chemotherapy cycle, where metabolic response is classified as ≥ 25% decrease in SUV of the primary tumor relative to baseline (pre-chemotherapy).
Secondary Endpoints

1) Assessment of the association between a metabolic response after one cycle of chemotherapy and subsequent best tumor response according to standard anatomic response evaluation criteria (RECIST).
2) Assessment of the association between a metabolic response after the first chemotherapy cycle and progression-free survival.
3) Assessment of the test-retest reproducibility of SUVs measured by PET/CT systems.
Exploratory Data Analysis

In addition to the specific endpoints described above, the trial provides data for hypothesis-forming analyses. Specifically, the following questions will be addressed:
1) Will the ability of FDG-PET/CT to predict one-year survival be comparable after one and two cycles of chemotherapy?
2) Could ROC analysis be used to estimate an optimal threshold for the SUV differences in defining a metabolic response?
3) Can changes in tumor volume be assessed by multi-detector CT early during the course of chemotherapy?
4) Are tumor volumetric changes correlated with patient outcomes?
5) Can one develop parameters that combine metabolic and volumetric data and do these parameters allow a better prediction of patient outcome than metabolic changes alone?

6) How does the prognostic value of a metabolic response in PET compare with the prognostic value of tumor response according to standard tumor response assessment according to RECIST?
7) What is the correlation between metabolic changes in the primary tumor and in metastatic lesions?
8) How should changes in FDG uptake of multiple metastatic lesions be quantified?
ACRIN 6685:

Primary Endpoint

Determine the negative predictive value (NPV) of PET/CT for staging the N0 neck based upon pathologic sampling of the neck lymph nodes and determine PET/CT’s potential to change treatment of the N0 neck.
3.2 Secondary Endpoints

1) Estimate the sensitivity and diagnostic yield of PET/CT for detecting occult metastasis in the clinically N0 neck (both by neck and lymph node regions) or other local sites;
2) Determine the effect of other factors (eg, tumor size, location, secondary primary tumors, or intensity of FDG uptake) that can lead to identification of patient subsets that could potentially forego neck dissection or provide preliminary data for subsequent studies;

3) Analyze cost-effectiveness of using PET/CT for staging of head and neck cancer versus current good clinical practices;

4) Evaluate the incidence of occult distant body metastasis discovered by whole body PET/CT;

clinicians intend to dissect beyond the initial surgery plan—based on local-reader PET/CT findings shared with the surgeon prior to dissection;
5) Estimate the optimum cutoff value of SUV for diagnostic accuracy of PET/CT test;

6) Evaluate the impact of PET/CT on the N0 neck across different tumor subsites (defined by anatomic location).

7) Correlate PET/CT findings to CT/MRI and biomarker results;

8) Evaluate quality of life, particularly in participants whose patient management could have been altered by imaging results;

9) Evaluate the PET/CT and biomarker data for complementary contributions to metastatic disease prediction;

10) Compare baseline PET/CT and biomarker data to 2-year follow up as an adjunct assessment of their prediction of recurrence, disease-free survival, and overall survival;

11) Determine the proportion of neck dissections that are extended—additional levels

Clinical Implications from the Objectives

1) We will evaluate the potential impact on patient management of PET/CT in staging head and neck cancer. The primary, implied management change will be in treatment of the clinically N0 neck. For example, if PET/CT has a high NPV in the N0 neck, this would imply that observation only of the neck could be entertained.

2) We will assess the potential impact of PET/CT, if found to have high sensitivity for identifying neck disease, to estimate the potential for influencing changes in neck dissection strategies from standard selective neck dissection to standard plus targeted neck dissection or radiotherapy.
3) Newly-identified biomarkers may provide additive predictive ability to PET/CT in the risk assessment of advanced disease/metastasis. We will evaluate the ability of serum biomarkers to predict disease at the time of presentation and in follow up within 2 years.

4) We will be able to estimate the clinical impact of detecting distant metastases using PET/CT.

5) We will be able to estimate the cost-effectiveness of these strategies employed to evaluate N0 neck status.

6) We will assess quality of life among participants, and apply it to those whose clinical strategy could have been adjusted based on information from the PET/CT.

Hypotheses

1) PET/CT can more accurately identify head and neck cancer—or the absence thereof—at primary, nodal, or distant sites than clinical exam, CT, or MRI.

2) This additional PET/CT imaging information will lead to important changes in patient care, patient QoL, costs, and cost-effectiveness, specifically as relate to treatment of the N0 neck. 
3) These changes may result from upstaging an N0 neck to N+, better defining extent of primary disease, or uncovering unappreciated distant metastasis.

Other biomarkers may correspond to FDG-PET/CT findings, clinical stage, and patient outcomes. These findings may reflect the aggressiveness of the clinical course, which in turn may direct the patient towards more or less aggressive modality therapy.
1.2. Timing of Imaging within the Clinical Trial Calendar 
Describe for each discrete imaging acquisition the timing that will be considered “on-schedule” preferably as a “window” of acceptable timing relative to other events in the clinical trial calendar.  Consider presenting the information as a grid which could be incorporated into the clinical trial calendar.

In clinical trials, the study protocol should define the interval between administration of such substances and the PET study. For clinical practice several recommendations have been published [7] (see also e.g. JNM Supplement 2009). A minimum interval

between the last dose (chemotherapy) and the PET study should be 10 days, if possible, or probably as close to the next treatment administration as possible. 

Though there are no conclusive data on the optimum interval between chemotherapy and PET, an interval of at least 10 days is generally considered between the last treatment and PET. This is because of any possible effects on tumour metabolism (such as macrophage impairment) and systemic effects (such as bone marrow activation following bone marrow depression, which may or may not be caused by growth factors). The effects of growth factors (Gm-CSF) or FDG biodistribution (due to enhanced bone marrow uptake) do not last for more than 2 weeks after the final administration.

It is assumed that the effects of radiotherapy are somewhat longer lasting; investigation of cases of laryngeal carcinoma treated by radiation has shown that due to radiation-induced inflammation, it is best to wait for about 3 months after the end of treatment before conducting FDG PET. This timing fits well into this clinical context as these patients rarely develop clinical problems in the first 3 months after treatment. <Reference to section 3.1>
Intervals between interventions and PET should be specified for each (research) protocol.

For routine clinical care in solid tumours, an interval between the end of last (chemo-) therapy cycle and FDG-PET must be at least 14 days.  In case of radiation treatment, an interval up to 4 months may be required occasionally (e.g. larynx carcinoma). For malignant lymphoma therapy evaluation, time intervals have been specified by the Imaging Subcommittee of International Harmonization Project in Lymphoma. - <does this go here or in section 3.1?>

For response monitoring, the time interval between the baseline FDG-PET study and start of treatment as well as the time intervals between subsequent FDG-PET studies and cycles of treatment are of importance - <otherwise not specified>

Insufficient data are available on the optimal interval from completion of therapy to imaging with 18F-FDG PET. Nevertheless, the working group recommends that the complete

treatment history of the patient be documented, particularly the use of supportive therapies such as bone marrow expansion drugs and the recent use of corticosteroids. Pretreatment

scanning is generally critical to assess subsequent response. The timing of posttreatment scanning depends on numerous variables, including correlative studies, whether a complete

clinical response variable is under consideration, the expected responsiveness of the tumor type to the therapy being used, and the endpoints of the study.

Currently available information supports the recommendation that posttreatment imaging be performed 2 wk after the end of a specific chemotherapy cycle. The exact timing may depend on the frequency and duration of therapy. It is postulated that the transient and nondurable alterations in 18F-FDGuptake that may occur in tumors during the immediate posttreatment

period will be minimized using this approach. A specific understanding of the basic biology of the tumor from previous clinical and preclinical studies may help one determine the optimal posttreatment time point. Data on the treatment interval after the completion of

radiotherapy are less clear. Acute inflammatory changes with subsequent alterations in 18F-FDG uptake in both tumor and surrounding tissue have been documented.

Newer radiation therapies such as g-knife and focal high dose radiation appear to enhance inflammatory reactions, and thus confound the interpretation of 18F-FDG PET scans, in patients studied within a short period after completing these therapies (32). Many investigators recommend a delay of 6-8 wk or longer after radiation therapy before

performing the posttreatment 18F-FDG PET study.

Although further study may be required to arrive at an appropriate interval for scanning after completion of radiation therapy, a longer wait clearly helps in distinguishing

inflammatory response from viable residual tumor.
ACRIN 6665:

PET will need to be performed pre-treatment at baseline, within 24 hours to 1 week following initiation of therapy, and just prior to surgery. PET is performed at 4 weeks in patients with progressive disease or preoperatively.  
1) Initial PET scanning within 8 weeks before registration prior to initiation of drug therapy.

2) FDG PET Imaging at Week 1: In addition to the baseline PET scan, an additional PET scan will be obtained shortly after the initiation of therapy, optimally 24 hours following the administration of the first dose of the drug.  If not feasible, the scan should be performed during the first week following the start of therapy but no later than day 7.  It will be performed using the same technique used for the baseline scan.

3) FDG PET Imaging Before Surgery : The final study will be done just prior to surgery.  (It is recommended that whenever possible the study be done in the week prior to surgery).  It will be performed using the same technique used for the baseline scan, according to the instructions given in Section 11.6.1.  The scan will be read without knowledge of the pathology results obtained after surgery.
1.3. Management of Pre-enrollment Imaging – 
Describe the evaluation, handling and usage of imaging performed prior to enrollment.
Clearly identify purposes for which such imaging may be used: eligibility determination, sample enrichment, stratification, setting the measurement base-line, etc.
(e.g. What characteristics or timing will make the imaging acceptable for the purpose?

        Will digitized films be accepted?
        Will low-grade images be annotated and/or excluded from parts of the trial?
        Is there normalization that should be done to improve low-grade priors?
        How should such imaging be obtained, archived, transferred, etc.)
ACRIN 6665:

CT or MRI Scans for disease assessment within 8 weeks prior to registration.  All disease assessment must be performed using the same assessment technique (either CT or MRI). 
Initial PET scanning within 8 weeks before registration prior to initiation of drug therapy.

ACRIN 6671:

ACRIN 6678:  
If a pre-enrollment baseline scan was performed on a platform that is not ACRIN-qualified or does not meet the other trial requirements, the baseline scan should be repeated within the trial budget.  Images acquired on ACRIN-qualified platform prior to registration meeting all other trial requirements (including, but not limited to, the trial-specified time window) could be used as the baseline exam.  The exam will still be subjected to trial imaging exam QA.  
ACRIN 6678: 
If the first FDG-PET/CT scan may be completed prior to registration if: a) the PET/CT scanner has been qualified for the 6678 protocol; b) all parameters and scanning techniques are completed per protocol guidelines; and c) all subsequent PET/CT scans are performed on the same scanner or the same scanner model.  


 

Please note that the PET scan must include serum glucose testing prior to scanning 

and the timing and scheduling of the scan must fall within protocol guidelines. 

In addition, if the first FDG-PET/CT scan is completed prior to registration as noted 

above, the participant may undergo a volumetric CT scan after consent and registration to 

the trial is complete. Volumetric CT scans are optional at each FDG-PET/CT time point 

for each group, but are strongly encouraged. If a participant agrees to undergo volumetric 

CT scanning, then two (2) scans must be completed for inclusion of these imaging data in 

the study analysis. In Group B, at least one (1) of these two (2) scans must be obtained 

before treatment. Test-retest volumetric CT scans do not need to be completed on the 

same days as the FDG-PET/CT scans, but do need to be completed within specified time 

frames between scans and prior to treatment initiation. For Groups A and C, the first 

volumetric CT should be completed at least 24 hours before Imaging Visits A2 or C2. For 

Group B, the first volumetric CT must be completed within 7 days before treatment start.


ACRIN 6685: 
1.4. Management of Protocol Imaging Performed Off-schedule -  NA 
Describe the evaluation, handling and usage of imaging performed according to the Procedure below but not within the “on-schedule” timing window described in Section 1.2.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

ACRIN 6671: 

The following statement applies to PET/CT performed either pre-enrollment or after enrollment but pre-treatment.  There is no set criteria that requires the original institution to repeat a PET/CT study. However, considering that PET/CT is standard of care for initial staging of cervical and endometrial cancers, the study may be repeated if it is judged by the original institution that the study is suboptimal and does not provide clinical information to stage the patient prior to therapy.(11/16/09) The most common reasons that result in a suboptimal study can be found in Form C1.
1.6. Management of Off-protocol Imaging – NA 
Describe the evaluation, handling and usage of additional imaging not described below.  This may include imaging obtained in the course of clinical care or potentially for research purposes unrelated to the clinical trial at the local site.

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

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

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

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

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

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

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

1.7. Subject Selection Criteria Related to Imaging 

1.7.1. Relative Contraindications and Remediations

Describe criteria that may require modification of the imaging protocol.

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

1.7.2. Absolute Contraindications and Alternatives

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

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

If plasma glucose level is ≥7 mmol/l (or >120 mg/dl) the FDG PET study must be rescheduled or the patient excluded depending on the patient circumstances and the trial being conducted.
If blood glucose level is greater than 11 mmol/L, the patient must be rescheduled.
The blood glucose level must be checked before FDG administration to ensure it is below the protocol-specified limit. Patients whose serum glucose concentration exceeds the limit should be rescheduled, and adjustments to diet and medications made if necessary, so that the fasting blood glucose concentration can be brought down to the acceptable range at the time of FDG injection.
ACRIN 6671: 
Patients who are pregnant or lactating or who suspect they might be pregnant.
Patients with poorly controlled, insulin-dependent diabetes (fasting blood glucose level >200 mg/dL). 
Patients weighing greater than 300 lbs, which is the limit for current PET/CT scanners.
Patients with a history of anaphylactic or life-threatening allergic reactions to any contrast media.
ACRIN 6678:  Minimum Acceptable Tumor FDG Uptake. If the FDG uptake of the tumor tissue is too low for quantitative analysis (SUV < 4.0), the participant will be removed from 

participation and replaced with another eligible study participant.



ACRIN 6685: 
1.7.3. Imaging-specific Inclusion Criteria

Describe inclusion criteria that are specifically related to the imaging portion of the study.
ACRIN 6665:

ACRIN 6671: Participants of child-bearing potential must have a negative urine or serum pregnancy test result within 7 days prior to undergoing PET/CT. In addition, they would undergo a urine test on the day of PET/CT examination. The urine test at the institution should detect hCG at the sensitivity of 25 mIU/mL. If the urine test does not have the required sensitivity, a negative serum test is required. Postmenopausal women must have been amenorrheic for at least 12 consecutive months to be considered not to be of child-bearing potential.
ACRIN 6678: 

ACRIN 6685:. 
2. Site Selection, Qualification and Training
2.1. Personnel Qualifications –Not specified

2.1.1. Technical

2.1.2. Physics

2.1.3. Physician 

PET and PET-CT scans will be evaluated visually directly from a computer screen by a trained Nuclear Medicine Physician - <otherwise, not specified> <here or section 10.5?>

2.1.4. Other (e.g., radiochemistry, radiobiologist, pharmacist, etc.)
2.2. Imaging Equipment – Not specified ? 
All references mention PET or PET-CT systems
Design of clinical PET/CT instrumentation has stabilized in the last 5 years

(Kelloff et al., 2005), such that the efficiencies and resolutions of most PET

instruments are similar.
Patient scans must be conducted on scanners that have been qualified by the ACRIN PET Core Laboratory per the instructions posted on the ACRIN Web site at: www.acrin.org/corelabs/pet (See Section 12 and Appendix D for detail)
ACRIN 6665:

PET images obtained with dedicated NaI-detector scanners were permitted prior to Amendment 4 (10/28/04) of the study; however, to optimize the quality of PET images in the remaining patients to be accrued, scans obtained with NaI scanners are no longer permitted. 

FDG-PET imaging will be performed using "state-of-the-art" equipment (either a dedicated BGO, LSO or GSO full ring PET system), which will have a field of view appropriate for body imaging (≥ 10 cm), high resolution (FWHM ≤ 6.0 mm), high sensitivity, and post-injection transmission capability.

ACRIN 6671: 
The PET/CT unit should have a multi-slice CT (>1 slice) and BGO (Bismuth Germinate Oxide), LSO (Lutetium Oxyorthosilicate) or GSO only. Sodium Iodide (NaI) based scanners are not acceptable. The ability to calculate standardized uptake value (SUV) is also mandatory. The PET/CT scanner needs to be qualified by ACRIN before participating in this protocol.
ACRIN 6678:

All FDG-PET/CT and volumetric CT scans will be performed on equipment specifically 

qualified for this trial using the same image acquisition parameters as described in 

Appendices.  All FDG-PET/CT and CT scans for an individual participant will be performed on the same scanner throughout the trial.  In the rare instance of equipment malfunction, follow-up scans on an individual participant can be performed on the same type of platform provided that it has been qualified for use in ACRIN 6678 protocol. 


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

Consider discussing the trade-off between accrual rates and the “bullseye rings of compliance” described in Section 7.2.
2.3. Infrastructure – Not specified
List required infrastructure, such as subject management capabilities, internet capability, image de-identification and transmission capability.

2.4. Quality Control (note:  inherent in site selection)
2.4.1. Procedures
See 12.1.1.

2.4.2. Baseline Metrics Submitted Prior to Subject Accrual

See 12.1.2.
ACRIN 6678:

I.  Materials Required     

Submit the following for each scanner to be used in ACRIN research: 

1. Two test patient studies 

2. Uniform phantom images (DICOM) with the SUV measurement 

3. PET qualification application available at: www.acrin.org/petcorelab.html 

II. Test Patient Image Requirements 

Submit images of two unidentified patients consisting of three volume or multi-slice files as 

follows: 

1. Whole body (torso) transmission (or CT from PET/CT scanner). 

2. Whole body (torso) emission with attenuation correction (A/C). 

3. Whole body (torso) emission without A/C. (Note that the whole-body transmission images 

will represent the reconstructed attenuation information that was used to apply attenuation 

correction.) 

III.  Uniform Phantom Scan Requirements  

A. For Water-filled Uniform Phantoms: Fill the phantom with water and inject a known 

amount of F-18 (either as fluoride or FDG) into the phantom. The activity injected should be 

determined by measurement of the syringe before and after the injection in a properly calibrated 

dose calibrator. The injected activity should be chosen to result in an activity concentration 

similar to that encountered in clinical FDG imaging, i.e., 1 to 1.5 mCi of F-18 should be added to  the 6,283 mL phantom, 2 mCi for the 9,293 mL phantom.  

Thoroughly combine the mixture and then scan the phantom with the same protocol used for 

patient imaging.  Reconstruct the images with the same algorithm and filters used for patient 

imaging.  Draw a circular or elliptical region of interest (ROI) covering most of the phantom’s 

interior over all slices.  Measure and report the average SUV and standard deviation in the PET 

Instrument Technical Specification form. The expected SUV for the uniform phantom is 1.0 

and the acceptable range is 0.9 to 1.1  

B. For Ge-68/Ga-68 Calibration Phantoms: Scan the phantom with the same protocol 

used for patient imaging.  Report the assay date and activity from the calibration certificate of 

this phantom on the PET Instrument Technical Specification form. Reconstruct the images with 

the same algorithm and filters used for patient imaging. Draw a circular or elliptical region of 

interest (ROI) covering most of the interior of the phantom over all slices.  Measure and report 

the average SUV and standard on the PET Instrument Technical Specification form.  The 

expected SUV for the uniform phantom is 1.0 and the acceptable range is 0.9 to 1.1. 

 IV.  Image Transmission 

Submit test studies and uniform phantom images in DICOM format to ACRIN’s Imaging Core 

Lab on Magneto-Optical Disk (MOD), Compact Disc (CD) or via the internet – File Transfer 

Protocol (FTP).

2.4.3. Metrics Submitted Periodically During the Trial

See 12.1.3.

Additional task-specific Quality Control is described in sections below.

2.5. Protocol-specific Training

2.5.1. Physician 

See 10.5, …

2.5.2. Physics 

See …

2.5.3. Technician

See …
3. Subject Scheduling

Describe requirements and considerations for the physician when scheduling imaging and other activities, which may include things both related and unrelated to the trial.
3.1. Timing Relative to Index Intervention Activity
ACRIN 6678:

Number and Timing of FDG-PET/CT Scans 

Eligible participants for the study Groups A and B will generally need to undergo at least 

2 cycles of first-line chemotherapy. Eligible participants for Group C will be recruited 

regardless of intended therapy. All participants in Group A will undergo three (3) FDG- 

PET/CT studies; participants in Group B will undergo two (2) FDG-PET/CTs and may 

undergo an optional third FDG-PET/CT; participants in Group C will undergo two (2) 

FDG-PET/CT studies.     

Participants in Group A will undergo a total of three FDG-PET/CT scans: two pre- 

chemotherapy FDG-PET/CT scans (the second pre-chemotherapy FDG-PET/CT scan can 

be performed on the day of treatment, but must be done prior to administration of pre- 

medication or chemotherapy to exclude acute drug effects on tumor FDG uptake and 

FDG biodistribution) and another FDG-PET/CT scan post-cycle 1 of chemotherapy (on 

days 19, 20, 21, or 22 before the start of chemotherapy cycle 2).   

Participants in Group B will undergo a total of two FDG-PET/CT scans: one pre- 

chemotherapy and one post-cycle 1 of chemotherapy (on days 19, 20, 21, or 22 before the 

start of chemotherapy cycle 2). An optional third FDG-PET/CT may be completed for 

participants post-cycle 2 of chemotherapy (on days 19, 20, 21, or 22 before the start of 

chemotherapy cycle 3).   

NOTE: Days are listed based on a 21-day chemotherapy cycle; assume first day of 

chemotherapy = day 1.  Note also that if the beginnning of chemotherapy cycle 2 or cycle 

3 is to be delayed (e.g., because of hematologic toxicity from the prior cycle), the FDG- 

PET/CT scan still must be obtained on day 19, 20, 21, or 22 of the prior cycle. Details of 

the acquisition and analysis of the FDG-PET/CT scans are described in Appendices VI 

and VII, and an overview is provided in Section 10.  

Participants in Group C will undergo a total of two pre-chemotherapy FDG-PET/CT 

scans.  The two pre-chemotherapy FDG-PET/CT scans will be performed at least 24 

hours apart, but no longer than seven (7) days between scans. Subsequent treatment for 

NSCLC is not mandated for this trial group.  

Timing Scenario Guidance for Test-Retest FDG-PET/CT and Optional Volumetric 

CT Scans (Groups A and C Only) 

 The following provides clarifying guidance and examples of possible timing scenarios to 

accommodate the test-retest scan requests for Groups A and C. They are not all inclusive, 

but provide some potential scenarios to aid in completion of the test-retest component of 

the trial. Note that all volumetric CT scans are optional. Two volumetric CT scans need 

to be completed for inclusion of these imaging data in the study analysis. 

 Guidance A: The test-retest FDG-PET/CT and volumetric CT scans do not need to be 

completed within the same 7-day window—there can be no more than 7 days between 

the FDG-PET/CT scans and no more than 7 days between the optional volumetric CT 

scans—but all do need to be completed within a 14-day timeframe prior to any cancer 

treatment.  

 Guidance B: If the participant is able, all four scans (two FDG-PET/CT scans within 7 

days of each other and two volumetric CT scans within 7 days of each other—see NOTE 

below) can be completed on separate days. 

Guidance C: If no treatment is planned for Group C, all scans still need to be completed 

within a 14-day timeline. 

  Guidance D—Example Timeline: In the event that a pre-registration scan is acceptable 

for the A1 or C1 FDG-PET/CT scan, the first volumetric CT scan can be completed the 

same day as the A2 or C2 FDG-PET/CT scan. The second volumetric CT scan could then 

be completed at any time within the following 7 days, still prior to any treatment 

initiation—or even the same day of treatment initiation as long as it is completed prior to 

treatment initiation.

3.2. Timing Relative to confounding Activities (to minimize “impact”)
(e.g. Avoid scheduling a biopsy on a tumor within X days prior to the FDG-PET scan to evaluate tumor viability; Avoid scheduling the MRI scan within X hours following administration of TPA (for stroke) to the subject.)

3.3. Scheduling Ancillary Testing

(e.g. order a blood draw to occur within X hours preceding the imaging procedure.) 
ACRIN 6678:

Registration Visit (≤ 28 Days Before the Start of Chemotherapy)

Obtain a medical history; 

Review clinical laboratory tests completed within 4 weeks of registration to document that 

there are no contraindications to beginning the planned chemotherapy regimen (Groups A 

and B only; this measure is not necessary for Group C participants); 

Perform a physical examination if one has not been performed in the last 6 weeks per 

inclusion criteria;  

Perform a serum pregnancy test, if applicable; 

Obtain pathology reports to confirm the histopathologic diagnosis and stage of NSCLC; 

Confirm that participant is fit for the chemotherapy regimen (Groups A and B only);






4. Subject Preparation

4.1. Prior to Arrival 

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

(e.g. oral and/or IV intake, vigorous physical activity, non-protocol-related medical interventions, etc.)
The main purpose of the patient preparation is the reduction of tracer uptake in normal tissue (kidneys, bladder, skeletal muscle, myocardium, brown fat) while maintaining and

optimizing tracer uptake in the target structures (tumour tissue). In the following, a generally applicable protocol is outlined:

- Patients are not allowed to consume any food or sugar for at least 6 h prior to the start of the PET study (i.e. with respect to time of injection of FDG). In practice, this means that patients scheduled to undergo the PET study in the morning should not eat after midnight and preferably have a light meal (no alcohol) during the evening prior to the PET study. Those scheduled for an afternoon PET study may have a light breakfast before

8.00 a.m. (i.e. up to two sandwiches, no sugars or sugar containing sandwich filling). Medication can be taken as prescribed.

- Adequate pre-hydration is important to ensure a sufficiently low FDG concentration of FDG in urine (less artefacts) and for radiation safety reasons (for example, 1 l of water in the 2 h prior to injection; where necessary, account for volume of water in oral contrast

medium for a diagnostic CT scan).
- Parental nutrition and intravenous fluids containing glucose should be discontinued at least 4 h before the PET/CT examination. In addition, the infusion used to administer intravenous pre-hydration must not contain any glucose.

- During the injection of FDG and the subsequent uptake phase the patient should remain seated or recumbent and silent to minimise FDG uptake in muscles. For a brain examination with FDG, injection should take place in a darkened and quiet room and the patient should stay there for the subsequent uptake phase to avoid areas of enhanced uptake due to brain activation. The patient should be kept warm starting at 30–60 min

before the injection of FDG and throughout the following uptake period and PET examination to minimise FDG accumulation in the brown fat (especially relevant if the room is air conditioned). Moreover, all patients must avoid (extreme) exercise for at least

6 h before the PET study (for example, they must not cycle to the hospital).

- In case of pregnancy: see the Society of Nuclear Medicine Procedure Guidelines for General Imaging Version 3 or national guidelines.
Patients should have fasted [except water] for at least 4 h and preferably 6 h before administration of FDG. 

Ample hydration is recommended by [oral] intake of 1 L of water during 2 h prior to administration of FDG. In case of venous hydration, no glucose may be present in the infusate.  
After administration of FDG, patients should drink 0.5L water before the PET examination.  When necessary, 0.5L water or saline can be given intraveneously.
No or minimal exercise 4 h prior to FDG administration <parsed from full exercise recommendation<see section 4.2.3>

Blood glucose level must be measured before administration of FDG – <timing of blood draw not specified>
Patient fasting minimum of 4hrs before scanning.

Good hydration if possible.
A fasting plasma glucose level of < 6.6 mmol/L (120 mg/dL) can be expected, though this may be higher for a diabetic patient.

The working group also agreed that in patients with a high serum glucose concentration, the

problems with administration of insulin would diminish the accuracy of SUV determination by altering the biodistribution of 18F-FDG, especially in insulin-sensitive tissue such as muscle, myocardium, fat, and gut. In such patients, the 18F-FDG PET study should be rescheduled, and adjustments to diet and medications be made if necessary, so that the fasting blood glucose concentration can be brought down to an acceptable range at the time of 18F-FDG injection, that is, 150 - 200 mg/dL or less. The working group also agreed that diabetic patients should not be excluded from clinical trials but that such patients should be scanned early in the morning before the first meal and that the doses of insulin and hypoglycemic medication should be titrated appropriately the night before and morning of the study. Before scheduling an 18F-FDG PET study, diabetic patients should test their ability to maintain reasonable plasma glucose levels after fasting, while avoiding insulin close to the time that 18F-FDG would be administered.

Patient preparation is critical to the quality of 18F-FDG PET, both as a diagnostic test and as an assessment of therapeutic response. The following are recommendations to ensure consistency of data across institutions, as well as in the same patient in serial 18F-FDG PET studies:

Patients should avoid strenuous exercise for 24 h before the 18F-FDG PET study to minimize uptake of the radiotracer in muscles.

Patients should, as much as possible, be on a low carbohydrate diet for 24 h before the study.

Patients should fast for a minimum of 4 h before receiving the injection of 18F-FDG. 

In general, patients should not eat anything after midnight if a study is planned for the following morning. For 18F-FDG PET studies performed in the afternoon, a light breakfast with minimal carbohydrate-containing foods is acceptable. However, patients should fast for at least 4 h after finishing that meal.

While fasting, patients should consume at least two to three 355-mL (12-oz) glasses of water to ensure adequate hydration.
1.
Patients must be instructed to avoid strenuous exercise for 24 h before the FDG-PET study to minimize uptake of the radiotracer in muscles.

2.
It is recommended that patients be instructed to restrict carbohydrate consumption for 24 h before the study.

3
Patients must be instructed to fast and not to consume beverages, except for water, for at least 4 h before the administration of FDG to decrease physiologic glucose levels and to reduce serum insulin levels to near basal levels. In general, patients should not eat anything after midnight if a study is planned for the following morning. For FDG-PET studies performed in the afternoon, a light breakfast with minimal carbohydrate content is acceptable. However, patients should fast for at least 4 h after finishing that meal.

4.
Intravenous fluids containing dextrose or parenteral feedings also must be withheld for 4–6 h.

5.
While fasting, patients should consume at least two to three 8-12-oz glasses of water to ensure adequate hydration.

6.
When intravenous contrast material is to be used, patients must be screened for a history of adverse reactions to iodinated contrast agents, use of metformin for the treatment of diabetes mellitus, and renal disease.


6.1.
Intravenous contrast material must not be administered when the serum creatinine level is above 2.0 mg/dL. A lower cut-off threshold, in accordance with institutional procedures, is acceptable. The investigator may authorize administration of contrast material to a patient with known chronic renal failure on dialysis, with serum creatinine in excess of 2.0 mg/dL.


6.2.
If steroid premedication is given to a patient with a history of contrast reaction, this must be documented in the medical record and on the study-specific case report form (if applicable).

7.
Patients also must be screened for a history of claustrophobia and for the ability to lie still for the duration of the acquisition (typically 20-60 minutes depending on the type of scanner).



ACRIN 6665:

Patients will be fasted for at least 4 hours prior to imaging. 
ACRIN 6671: 
Measure blood glucose level by glucometer. If it is below 150 mg/dL, continue. If

blood glucose level is above 150 mg/dL, consult nuclear medicine physician.
ACRIN 6678: 
Check Fasting State and Blood Glucose Levels

Blood glucose levels <= 150 mg/100mL: Participant remains in the study. 
Blood glucose levels > 150 mg/100mL: Try to repeat the scan. If the scan cannot be

repeated the participant goes off study.
Participants must fast for a minimum of 4 hours prior to the injection of FDG for the PET scan. 

However, they will be encouraged to drink water to ensure adequate hydration. 



4.2. Upon Arrival 

4.2.1. Confirmation of subject compliance with instructions

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

Date of last cycle of chemotherapy, administration of growth factors (G-CSF, GM-CSF) or other treatments must be reported.  – <this may not be correct section>
Any history of previous treatment with radiation, chemotherapy, or other experimental therapeutics, and when these therapies were performed and completed, should be documented. In particular, the use of medications that may affect the uptake or biodistribution of 18F-FDG, such as marrow stimulating cytokines or steroids, should be noted. These data are important in assessing the interval from the completion of a certain therapy to the time of the 18F-FDG PET study to ensure that all relevant confounding clinical issues

are identified.
Procedures prior to radiotracer injection. 

The procedure must be explained to the patient and any questions the patient has about the procedure must be answered
.
Duration of patient fasting must be recorded on the PET Technical Assessment Form. Document medications given for the PET scan and what medications the patient is taking at the time of the PET scan. Record this information on the TD Form.
4.2.2. Ancillary Testing 

(e.g. blood draws, weight/blood pressure measurement, etc. associated with the imaging and downstream actions relative to such testing)
Height and body weight (these must be determined precisely in the case of SUV measurements, see below). With serial studies in the same patient, weight must be

measured directly prior to each PET study because body weight often changes during course of disease.

Blood glucose level must be measured prior to administering FDG. A Glucometer or a similar bedside device (capable of performing overall euglycaemia measurements) can be used for this purpose, but a blood glucose test must be performed with a calibrated

and validated method if plasma glucose level is used as correction of SUV measurements [27]:

– If plasma glucose level is <7 mmol/l (or <120 mg/dl) the FDG PET study can be performed

– If plasma glucose level is ≥7 mmol/l (or >120 mg/dl) the FDG PET study must be rescheduled or the patient excluded depending on the patient circumstances and the trial being conducted.

– In case the study cannot be rescheduled or when elevated glucose levels cannot be ruled out, blood glucose levels must always be measured using a calibrated and validated method and SUV must be reported with and without glucose correction. Note

that specifically in response-assessment studies blood glucose levels may change with the therapy and it is strongly recommended to measure blood glucose levels using validated and calibrated methods (no bedside devices) during all sequential PET

examinations.

– Reduction of the blood glucose level by administration of insulin can be considered, but the PET/CT examination should also be postponed depending on the type and route of the administration of insulin. N.B.: insulin must not be given to reduce glucose
levels (this leads to greater muscle uptake of FDG) unless the interval between administration of insulin and administration of FDG is more than 4 h.
The following recommendations apply to patients with diabetes mellitus:

type II diabetes mellitus (controlled by oral medication)

– the PET study should preferably be performed in the late morning

– patients must comply with the fasting rules indicated above

– patients continue to take oral medication to control their blood sugar.

type I diabetes mellitus and insulin-dependent type II diabetes mellitus

– ideally, an attempt should be made to achieve normal glycaemic values prior to the PET study, in consultation with the patient and his/her attending medical doctor

– the PET study should be scheduled for late morning

– the patient should eat a normal breakfast at 7.00 a.m. and inject the normal amount of insulin. Thereafter the patient should not consume any more food or fluids, apart from

the prescribed amount of water.
It is good practice to check the blood glucose level of the patient on arrival at the imaging centre to ensure the patients’ sugar is not too low or high, since this may obviate an unnecessary wait.
In the case of patients on continuous insulin infusion, the PET study should if possible be scheduled early in the morning. The insulin pump is kept on the “night setting”

until after the PET study. The patient can have breakfast after the PET study
Patient weight and height must be measured using calibrated and medically approved devices.
Blood glucose level must be measured before administration of FDG. If blood glucose level is greater than 11 mmol/l, the patient must be rescheduled. In case blood glucose level is being used to correct SUV, it must be measured at the clinical laboratory of the hospital using valid methodology.
In case of type II diabetes mellitus, the following additional guidelines apply: 

1. Study will be scheduled preferably at the end of morning 

2. Patients will need to be fasted for at least 4 h. Intake of water is recommended as is nondiabetics. 

3. Oral antidiabetic drugs should be continued. 

In case of type I and insulin-dependent type II diabetes mellitus, the following additional guidelines apply: 

1. It is preferred to reach normal blood glucose levels in mutual agreement with patient and referring physician 

2. Study will be scheduled preferably at the end of morning 

3. Patient will have a normal breakfast at 7:00 A.M. and uses a regular dose of insulin, followed by fasting as described above.
When patients arrive at the PET facility, their height and weight should be measured and recorded. Venous serum glucose should be measured to determine whether the

concentration is within the reference range (<120 mg/dL for nondiabetic patients and 150 - 200 mg/dL for diabetic patients). Before injection of the 18F-FDG tracer, patients

should be asked to urinate to minimize the possibility that they will need to move during the 18F-FDG uptake phase. If the serum glucose concentration is greater than 200

mg/dL, the study should be rescheduled. The glucose concentration should be measured consistently and accurately across all patients, preferably by a credentialed clinical laboratory.

Insulin should not be used to adjust the blood glucose at the time of the imaging procedure.
The working group also agreed that in patients with a high serum glucose concentration, the

problems with administration of insulin would diminish the accuracy of SUV determination by altering the biodistribution of 18F-FDG, especially in insulin-sensitive tissue such as muscle, myocardium, fat, and gut. In such patients, the 18F-FDG PET study should be rescheduled, and adjustments to diet and medications be made if necessary, so that the fasting blood glucose concentration can be brought down to an acceptable range at the time of 18F-FDG injection, that is, 150 - 200 mg/dL or less. 
Patient’s height and weight must be measured (not verbally relayed by the patient) and recorded on the PET Technical Assessment Form. 

Before scheduling an FDG-PET study, diabetic patients should test their ability to maintain reasonable plasma glucose levels after fasting, while avoiding insulin close to the time that FDG would be administered.
The blood glucose level must be checked before FDG administration to ensure it is below the protocol-specified limit. Patients whose serum glucose concentration exceeds the limit should be rescheduled, and adjustments to diet and medications made if necessary, so that the fasting blood glucose concentration can be brought down to the acceptable range at the time of FDG injection. Note: Tumor uptake of FDG is reduced in hyperglycemic states. Most institutions reschedule the patient if the blood glucose level is greater than 150–200 mg/dL.

Diabetic patients should be scanned early in the morning before the first meal, and doses of insulin and/or hypoglycemic medication should be titrated appropriately in consultation with the patient’s referring physician
The blood glucose level must be recorded on the PET Technical Assessment Form.

ACRIN 6678: 

Upon arrival at the PET facility, the participant’s weight and height will be measured and 

recorded.  Serum glucose should be measured to determine that the blood glucose concentration is within the normal range.  

• If the serum glucose concentration is found to be greater than 150 mg/dL, the study should be rescheduled.  The referring oncologist or the primary physician of the patient will be contacted to optimize blood glucose control. 




4.2.3. Preparation for Exam 

(e.g. empty bladder, removal of metal objects, etc.)
The ambient conditions in the waiting room must be relaxing and warm. Give the patient extra blankets if necessary.
Tell the patients to lie or sit as calmly as they can, and not to talk. Provide comfortable beds or chairs. They may go to the toilet while waiting, preferably after the first 30 min p.i. Ask the patient to use the bathroom 5 min before the start of the PET study.

A transurethral catheter is placed only if required (expected urinary activity prohibiting appropriate image interpretation), and this should preferably be done before FDG is

administered. Administration of a diuretic (furosemide) can be considered in the case of small pelvic tumours, but it is not necessary to use this routinely. Clinical experience

suggests that proper prehydration avoids most potential reading errors and that delayed imaging or furosemide intervention is very rarely necessary

- There is no reason for routine administration of sedatives (e.g. short-acting benzodiazepines). Sedatives can be considered in the case of tumours in the head

and neck region to reduce muscle uptake or in anxious claustrophobic patients. In the case of children, sedation may be required depending on the age or the tumour type. A number of agents have been tried and are being tested (e.g. beta-blockers) to reduce brown fat uptake. If an agent is to be used as part of a clinical trial it needs to be effective and must not affect tumour uptake of the radiopharmaceutical. Patients should be instructed not to drive a car after sedation.

Waiting conditions, preparation room and room temperature must be comfortable to allow optimal resting conditions during and after FDG administration in order to minimize muscle and brown-fat uptake. Blankets must be provided to the patient when needed/requested. 

Instruction should be given to the patients to relax, avoid motion and unnecessary talking. 

No or minimal exercise after FDG administration and during the entire PET examination. 

Patients are allowed to visit the rest room.

Patients are asked to void the bladder shortly (5 to 10 min) before the PET examination. 

An urinary catheter may be used upon indication, preferably placed before administration of FDG 
After administration of FDG, patients should drink 0.5 l water before the PET examination. 
When necessary, 0.5 l water or saline can be given intraveneously. 

Administration of a diuretic may be considered in case of expected pathology in the lower abdomen. 

Routine use of tranquilizers (benzodiazepines) is not recommended, but may be considered in case tumours are expected in the head and neck region to minimize FDG muscle uptake. Benzodiazepines have no further use for suppressing the so-called brown fat phenomenon.
Permitted administration of a sedative.
Adequate hydration is important in 18F-FDG PET to ensure excretion of 18F-FDG from background tissue. If possible, patients should drink 500 mL of water after injection and before scanning. Depending on the type of study performed and the area of clinical concern, a urinary (e.g., Foley) catheter may be required to ensure adequate visualization of pelvic structures. If the patient is to be catheterized for the imaging study, the bladder catheter

should be placed before the 18F-FDG injection. In other instances (or in addition to Foley catheter placement), for specific imaging of the pelvis or kidney region, intravenous

administration of a diuretic, such as furosemide, 20–40 mg, may be required. The diuretic should be administered approximately 10–15 min after injection of the 18F-FDG to

allow time for the drug to clear 18F-FDG from the renal collecting system and for patients to void before being placed on the scanner. If there are no medical contraindications,

patients requiring clearance of the urinary background activity should receive 250–500 mL of intravenous saline (not dextrose-containing solutions) during the 18FFDG uptake period to ensure adequate hydration.

Patients should be placed in a comfortable position, either supine or semirecumbent, in a dimly lit, quiet room. The room should be kept warm to avoid shivering and other

temperature effects that may increase muscular or fat uptake.

The administration of a sedative, such as diazepam, is at the discretion of the clinician. A sedative can facilitate muscle relaxation and reduce 18F-FDG uptake in muscle and brown fat—particularly important for patients who are extremely anxious or for whom the area of interest is the head and neck. In patients with a history of or a suspicion of head and neck tumors, a benzodiazepine or similar sedative, if not medically contraindicated, should be administered orally or intravenously approximately 30 min before injection of the 18F-FDG to ensure a degree of relaxation of the neck muscles. The amount and timing of the sedative

should be documented.
Depending on the type of study performed and the area of clinical concern, a urinary (e.g., Foley) catheter may be required in some cases to ensure adequate visualization of pelvic structures. If the patient is to be catheterized for the imaging study, the bladder catheter should be placed before the FDG injection. In other instances (or in addition to Foley catheter placement), for specific imaging of the pelvis or kidney region, intravenous administration of a diuretic, such as furosemide, 20–40 mg, may be required. For this purpose, furosemide is injected at the same time as FDG, to allow time for the drug to clear the FDG from the renal collecting system and for patients to void before being placed on the scanner. If there are no medical contraindications, patients requiring clearance of the urinary background activity should receive 250–500 mL of intravenous 0.9% or 0.45% saline solution (not dextrose-containing solutions) during the FDG uptake period to ensure adequate hydration.
Unless a urinary catheter is in place, the patient must be encouraged to empty his/her bladder immediately prior to the scan, and whether or not he/she does so must be noted on PET Technical Assessment Form.

2.
Patients undergoing a CT scan should empty their pockets and remove and clothing containing metal and any metallic jewelry from the body parts to be scanned, changing into a hospital gown if necessary.

3.
Patients undergoing a CT scan should be asked about the presence of implanted electronic devices (e.g., pacemakers, neural stimulators, cochlear implants). 

Additionally, the preliminary topogram should be inspected for the presence of such devices. If such devices are present and are to be within the CT scanning field, institutional procedures should be followed to minimize the risk of CT-induced device malfunction.

If possible, patients should drink 8-12 oz of water after injection and before scanning (unless intravenous fluid administration is being performed in accordance with Section 4.3.5).

Prior to injection of FDG, patients should be asked to urinate to minimize the possibility that they will need to move during the FDG uptake phase.
Post-injection, patients must be maintained sitting or supine at quiet rest to avoid muscular uptake for a period of 50-70 minutes prior to scanning (unless otherwise specified in the protocol) and the patient must be instructed to minimize speaking for at least 30 minutes. For brain imaging, the patient must be in a quiet and dimly lit room for FDG administration and the subsequent uptake period.
The room should be kept warm to avoid shivering and other temperature effects that may increase muscular or brown adipose tissue uptake.

ACRIN 6665:

The patient must empty his/her urinary bladder immediately prior to imaging.
ACRIN 6678:

The participant should be placed in a comfortable position, either supine or semi-recumbent.  A large-bore intravenous line (21-gauge or greater) should be placed in an arm or hand vein.  The room should be kept warm to avoid shivering and temperature effects that may increase muscular or fat uptake.  The participant should move as little as possible and should not talk more than necessary in the first 30 min following FDG injection. 

Prior to positioning the participant on the PET scanner the participant should be asked to urinate.



5. Imaging-related Substance Preparation and Administration  

(e.g. Contrast agents, radiopharmaceuticals or stress agents intended to directly affect the imaging process.  Does not include therapeutic drugs/agents unless they are also imaging agents.)
For FDG in multidose vials, aseptic procedures must be followed according to good pharmaceutical practices and standard of patient care. A sterilization syringe filter may also be used.

The source of the FDG must be recorded on the Imaging Agent Administration Treatment Form and if FDG is synthesized on site, the additional questions about radiochemical purity and pyrogen test results must be answered.

5.1. Substance Description and Purpose
The most commonly used tracer at present is the glucose analogue FDG. FDG accumulation in tissue is proportional to the amount of glucose utilisation. Increased consumption of glucose is a characteristic of most cancers and is in part related to

over-expression of the GLUT-1 glucose transporters and increased hexokinase activity.

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. <taken from working group outline>
5.2. Dose Calculation and/or Schedule
- Recommendations for FDG activities are based on assuming a fixed scan duration of 5 min per bed position and a bed overlap of less than 25%. In the case of 2D scans: ca. 5 MBq/kg body weight (±10%). In the case of 3D scans: ca. 2.5 MBq/kg body weight (±10%). In paragraph Permitted protocol alterations regarding FDG activity detailed recommendations and permitted alterations of the administration protocol are given, including those for systems that apply a 50% bed overlap.
- For children (<19 years), FDG activity must conform to the EANM recommendations given in the EANM paediatric dosage card [29].

In case of automated administration:

– Make sure that the automated system and procedures assures 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. Follow instructions

given by the manufacturer.

- The administration system can be removed after intravenous administration (unless CT contrast agent is to be administered subsequently by intravenous injection).
FDG dose; In principle, a dosage of 5 MBq/kg for 2D scanners and 2.5 MB/kg for 3D scanners with minimal bed overlap (<25%) assuming a (fixed) 5 min emission scan per bed position is used. In case of 3D scanners with a 50% bed overlap of subsequent bed positions of a whole body PET scan 1.25 MBq/kg is sufficient. For shorter scan times per bed position, the dosage can be adjusted proportionally but with an additional surplus of 10% to (partly) compensate for lower noise equivalent count rates per MBq at higher doses. The following formulas apply to determine the patient specific FDG dosage (MBq):

1. For 2D PET scanners with less than 25% bed overlap the total amount of FDG dose is given by:

a. Dosage=27.5 times patient weight (kg) and divided by the scan time per bed position (min per bed) 

2. For 3D PET scanners with less than 25% bed overlap the total amount of FDG dose is given by:

a. Dosage=13.8 times patient weight (kg) and divided by the scan time per bed position (min per bed) 

3. For 3D PET scanners with 50% bed overlap the total amount of FDG dose is given by: a. Dosage=6.9 times patient weight (kg) and divided by the scan time per bed position (min per bed)

The following additional recommendations apply:

1. Net administered dose should be within 10% of the recommended dose but must be exactly known within 3%.

2. Increasing the FDG dosage to reduce overall scanning time should not result in count rates exceeding the maximum count rate capabilities of the PET scanner, i.e., above which corrections for dead time or others can no longer be accurately performed (<5%). When specified, the recommendations of the manufacturer on maximum dosage should be followed.

3. When variable scan times per bed position can be applied, it is allowed to reduce the scan time per bed position with 50% for scan trajectories outside thorax and abdomen (thus for head, neck and legs) to reduce overall scanning time. For the calculation of the FDG dose, it is still required to use the scan time per bed as needed for scans at the thorax and abdomen regions.

4. To facilitate clinical use, a table specifying required FDG dose in 10 kg patient weight steps may be used (see table 4).
<should this go here or section 13.2?>

One should be aware of any activity remaining in the syringe, needle or administration system. If rest–activity in syringe, needle or administration system cannot be minimized using appropriate procedures (<1%); remaining activity should be measured afterwards in a calibrated dose calibrator.
Current recommendations allow ether 2D or 3D PET acquisition depending on

local protocol.
It is then reasonable to suggest an injected activity, perhaps taking the FDA approved product label activity of 370 MBq of [F-18]FDG tracer, with some recommendations on the dependency on scanning mode and patient weight. This could be coupled to a practical scanner acquisition time. Adjustment for body weight is however important to avoid large variations in image quality from subject to subject.
The dose of 18F-FDG should be 5.18–7.77 MBq (0.14– 0.21 mCi) per kilogram of body weight, with a typical range of 370–740 MBq (10–20 mCi). This amount may need to be adjusted for a 3-dimensional brain acquisition. The exact times at which the dose is calibrated and the

injection given should be recorded to permit correction of the administered dose for radioactive decay. In addition, the dose remaining in the tubing or syringe, or that spilled

during injection, should be recorded.
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The dose of FDG to be administered should be 10 to 20 millicuries (mCi), adjusted according to weight as suggested by the scanner manufacturer.   

The exact time of calibration of the dose should be recorded and the exact time of injection noted to permit correction of the administered dose for radioactive decay.  In addition, the dose remaining in the tubing or syringe, or that was spilled during injection should be recorded. The injection should be performed through an intravenous catheter.  



5.3. Timing, Subject Activity Level, and Factors Relevant to Initiation of Image Data Acquisition
The recommended interval between FDG administration and the start of acquisition is 60 min. However, for certain clinical trials this may change depending on the disease and aims of the study. This should then be clearly stated in the study protocol. The actual interval should be recorded, i.e. the time of FDG injection (administration) should be reported. Please be aware that this is usually not equal to the FDG activity assay

or calibration time. Note that consistency of SUV measurements (in-house and compared with literature) depends on strict application of the interval schedule and therefore a 60-min interval is recommended. When repeating a scan on the same patient, especially in the context of therapy response assessment, it is essential to apply the same interval (tolerance ±5 min). In addition, use of the same PET or PET/CT system and identical

acquisition and reconstruction settings must be applied when making multiple scans of the same patient. <or section 7.2.3?>
Emission scanning should start at 55 to 65 min after FDG administration <or section 7.2.3?>
PET scan timing approx. 60 min. after injection of the tracer.
Whole-body imaging should begin 60 +/- 10 min (mean +/- SD) after injection.

Therefore, it is extremely important that in serial examinations the target lesion or

lesions be imaged at exactly the same time after injection of the tracer. An 18F-FDG uptake period of at least 60 min is generally considered most appropriate for patients with

malignancy, and this period was used in most of the published clinical studies. However, uptake in the tumors of some patients evaluated with dynamic imaging may not peak or plateau until 90 or 120 min, or longer, after tracer injection. Therefore, in a given patient, image acquisitions should commence at exactly the same time after injection of 18F-FDG and the sequences should be of exactly the same time and length to ensure that each component static image of the whole-body image is obtained similarly.
1.
Post-injection, patients must be maintained sitting or supine at quiet rest to avoid muscular uptake for a period of 50-70 minutes prior to scanning (unless otherwise specified in the protocol).

2.
The FDG uptake interval must be as tightly controlled as possible, especially when serial studies of the same patient will be compared.

3.
In serial scans of the same patient, all subsequent image acquisitions should commence at the same time after injection of FDG as for the initial scan (within the limits set forth in the protocol).

4.
For either a CT scan done for attenuation correction/anatomic localization (AC/AL) or a diagnostic CT scan of the abdomen or pelvis, an intraluminal gastrointestinal contrast agent may be administered to provide adequate visualization of the gastrointestinal tract unless it is medically contraindicated or unnecessary for the clinical indication.
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PET scanning must begin 60 ± 10 minutes after FDG injection.  The time between injection and the start of the PET scanning for the second and third scans should be match possible to that for the first scan (less than 10 min difference in uptake times
). 



5.4. Administration Route
Intravenous; see 5.5 for complete description

Intravenous through an indwelling catheter in an antecubital vein.
Obviously, paravenous injection may still allow visual interpretation of the PET study, but will make quantification based on SUV incorrect. A reproducible and correct administration of FDG is required.
A large-bore intravenous line (21 gauge or greater) should be placed in an arm or hand vein contralateral to any known site of disease. 
Injection
 methodology may vary and site should follow site-specific standard of care. However, the ACRIN PET Core Laboratory recommends that:

1. A large-bore intravenous catheter (21 gauge or larger) be placed in an arm or hand vein contralateral to any known site of disease for injection of the FDG.

Location of injection site must be recorded on the Imaging Agent Administration Treatment Form.
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The injection should be performed through an intravenous catheter.  



5.5. Rate, Delay and Related Parameters / Apparatus
(Ideally) a triple-channel system (=standard system with three-way tap to enable saline flush) for administering the tracer and flushing with physiological saline. However, if automated bedside administration systems are being used then other types of lines may be required to obtain the same flushing and administration results.

In case of manual administration:

– An indwelling intravenous device is used to administer the FDG intravenously once the

patient’s blood glucose has been determined and blood samples for laboratory testing have been taken if necessary. Make sure that if there is a needle on the syringe it is free from FDG.

– Flush and rinse out the administration syringe with at least 10 ml of normal saline (NaCl 0.9%) using the three-way valve.
It is preferred to administer FDG through a three-way valve system attached to a venous canula. After injection, the entire administration system should be flushed with at least 10 cc saline to avoid remaining activity in the system. 
The injection should be performed through an intravenous catheter using a slow infusion over 1–2 min.

Injection methodology may vary and site should follow site-specific standard of care. However, the ACRIN PET Core Laboratory recommends that:

2. The catheter be flushed post-injection of FDG with 0.9% saline solution.

In
 order to ensure optimal quantitative results of the PET study, the level of activity at time of injection should be known with a high degree of accuracy.

1.
Verify that the clock used to record time of assay and injection is correct and is synchronized with the scanner’s clock.

2.
Assay the syringe and record the result and time of measurement on the Imaging Agent Administration Treatment Form.

2.1.
Amount of activity at time of injection must be within the range specified in the protocol.

2.2.
Time of injection must be recorded on Imaging Agent Administration Treatment Form. This form may differ slightly from study to study.

Assay the empty syringe after FDG injection promptly (within ten minutes) and record the result and time of measurement on the Imaging Agent Administration Treatment Form before disposal of syringe in shielded sharps container.

The degree of radiotracer infiltration at the injection site (or other injection-associated problem should be estimated and recorded on the Imaging Agent Administration Treatment Form. If significant infiltration is suspected, a separate scan of the arm should be obtained.

5.6. Required Visualization / Monitoring, if any – Not specified
5.7. Quality Control 

See 0.
The source of the FDG must be recorded on the Imaging Agent Administration Treatment Form  and if FDG is synthesized on site, the additional questions about radiochemical purity and pyrogen test results must be answered.

6. Individual Subject Imaging-related Quality Control
See 12.2
.
7. Imaging Procedure
When the imaging procedure involves acquisition of multiple series, Section 7 may be repeated (7a, 7b) as necessary to describe each acquisition.
7.1. Required Characteristics of Resulting Data

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

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

(e.g. Anatomic Coverage, Field of View)
Scan trajectory: for most oncology indications, a wholebody scan is sufficient. A ‘whole-body’ uptake normally covers the part of the body from the mid-femora to the external auditory meatus (in that direction, as bladder activity increases during the scan). A longer scanning trajectory may be used if appropriate. Wholebody PET/CT offers the opportunity for whole-body staging/re-staging. For most oncology indications, skull

base-to-mid thigh tumour imaging is sufficient. Extended whole-body examinations are performed in tumours that show a high probability of metastases in the head, skull, brain, cranium, and in the lower extremity. Limited-area tumour imaging can be considered for

follow-up examinations, if the disease is restricted to a defined region (i.e. solitary pulmonary nodule, suspicion of lung cancer, examination of hilar lymph nodes, head and neck tumours, assessment of therapy response).

- Scan acquisition depends on various factors, including the system type and acquisition mode (2D, 3D). For CT settings in case of PET/CT, CT whole-body or low-dose CT, see Other acquisition parameters, CT-protocol. Transmission scanning time for each bed position depends on whether the scan is a CT scan or a transmission scan with Ge-68/Ga-68 source.

- In general, PET/CT is carried out using a protocol comprising a scanogram/scout scan/topogram and a low-dose CT for attenuation correction (CT-AC) and anatomical correlation. IV contrast agent must not be administered during the low-dose CT, used for attenuation correction purposes, because of its potential influence on SUV calculation.

- A standard diagnostic CT scan with (i.v.) contrast agent may, if appropriate, be carried out according to standard radiological methods after the low-dose CT and PET

acquisition in case quantification of the PET study will be performed or is required.
For CT of the abdomen or pelvis, an intraluminal gastrointestinal contrast agent may be administered to improve the visualisation of the gastrointestinal tract in CT (unless it is not necessary for the clinical indication or it is medically contraindicated). Contrast agents must only be used in accordance with the recommendations given in paragraph Other acquisition parameters, CTprotocol.

For most oncological applications, a ‘whole body’ scan trajectory extends from proximal thigh up to skull-base.
General PET-CT procedure consists of a scout scan for positioning the PET and CT scan trajectories. Next, a low-dose CT scan for attenuation correction is performed followed by the emission scan. Upon indication, the procedure may be concluded by a diagnostic CT scan including use of intravenous contrast agents and applying maximal inspiration breath hold. Diagnostic CT settings should be according to specifications provided by the radiologist and/or specialised medical physicist.
For CT-based attenuation correction generally a low-dose CT is performed (CT-AC).  For the CT-AC scan, the recommendations provided by the manufacturer may be followed.  Generally, CT-AC scans are operated using 30 MAs or less.  During and prior to CT-AC scanning, no [Iodine based] intravenous contrast agents may be used.
Scanning direction should be in the caudocranial direction to have minimal bladder filling at the time of scanning the lower abdomen (‘feet first’). Alternative scan trajectories can be used upon indication.

The whole-body acquisition should sample from the angle of the jaw to the level of the mid thigh. Because several target lesions may be identified on the initial 18F-FDGPET study or

on anatomic imaging studies, it is critical that for a given patient, all subsequent 18F-FDG PET studies be performed identically to the first to ensure the quantitative integrity of the data and the validity of comparisons. For example, if the patient is scanned from the head to the thighs in the baseline scan, subsequent scans should also be started at the head and

extend to the thighs.

Patients with head and neck malignancies may require more extensive imaging of the head. Some patients (e.g., those with malignant melanoma or sarcoma) may require imaging of the lower extremities. Patients with brain tumors require imaging of the whole brain, typically using either 1 or 2 acquisitions and bed positions depending on the field of view of the PET camera.

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 patient throughout the clinical trial. The use of CT in combined PET/CT scanners is strongly encouraged to provide anatomic registration for PET data.
For the examination of head and neck tumours, a twostep protocol is recommended (head and neck portion and from the apex of the lung through mid thigh) with

the appropriate acquisition and reconstruction parameters adapted for the protocol. 

Whole-body PET scans should extend from the external auditory meatus to the mid-thigh region, unless the protocol specifies otherwise.

If CT is to be performed with intravenous contrast material administration, it generally should be conducted after the PET scan, with the patient in the same anatomic position as during the PET scan. Protocol-specific instructions regarding performance of contrast-enhanced CT as part of the PET/CT procedure must be followed.
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Acquisition protocols of the PET and CT studies are described in Appendices.  

Study participants will undergo a static whole body PET/CT study sixty (60) minutes after injection of FDG.  Photon attenuation will be corrected by a low-dose CT scan.  In addition to this scan used for attenuation correction only (acquired during shallow breathing), participants will be asked to undergo optional CT scans of the chest in full inspiration for measurement of tumor volume.

The axial field of view of the CT scan for attenuation correction will range from the mid thighs to the base of the skull.


7.1.2. Data Structure
Describe how the data should be organized/sampled.

(e.g. Spatial Resolution, Collimation Width, Slice Interval, Temporal Resolution, Framing Rates)
7.1.3. Data Quality
Describe any needed measurements of quality.

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





7.2. Imaging Data Acquisition
For serial scans of the same patient, every attempt should be made to use the same scanner, or the same scanner model. Where two or more scanners of the same model are to be used in interchangeably the ACRIN PET Core Laboratory must qualify these devices as equivalent.
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Acquisition and Analysis of the CT Scans 

The CT scans serve three purposes: (a) attenuation correction and registration with PET scans for anatomic localization of FDG uptake; (b) response assessment using RECIST; and (c) high spatial quality data sets for central volumetric analyses of lung lesions.  Depending upon considerations of workflow and the need for intravenous contrast, individual institutions may have different processes for completing the chest CT scans used for RECIST and tumor volumetric assessments.  The following are potential scenarios: 

 Single Platform: fusion PET/CT scanner: All studies are performed on a fusion PET/CT scan, 

including the PET/CT scanner, and one single inspiratory CT without contrast for both RECIST 

criteria and tumor volumetry.   

 Single Platform: fusion PET/CT scanner: All studies are performed on a fusion PET/CT scan, 

including the PET/CT scanner, an inspiratory CT with contrast for RECIST criteria, and an 

inspiratory CT without contrast for tumor volumetry. 

 Dual Platforms:  Fusion PET/CT scanner used to perform a PET/CT scan and an inspiratory CT 

without contrast for tumor volumetry as well as a dedicated, standalone CT scanner to perform a CT with contrast for RECIST criteria. 

1.  Low Dose CT for PET Attenuation Correction Parameters for these CT scans are described in Appendix VI (Acquisition Parameters and Analysis of the PET/CT Scans), since the primary purpose of these scans is to correct the PET emission data for photon attenuation.


A low-dose CT scan will be acquired for attenuation correction and anatomical localization of 

findings in the PET scan.  

• The acquisition parameter for the low-dose CT scan for attenuation correction should be:  kV = 120; effective mAs = 30-80 (patient dependent); gantry rotation time ≤ 0.5 sec; maximum reconstructed width = 3-5 mm without overlap; standard reconstruction algorithm, minimum reconstruction diameter = outer arm to outer arm; and without iodinated contrast (86). 

• The axial field of view of the CT scan for attenuation correction will range from the mid thighs to the base of the skull.  Arm positioning will be the same as for the PET scan, typically above the head. 

• The CT scan will be performed during "shallow breathing" as described previously (21).  No 

respiratory gating will be applied.


7.2.1. Subject Positioning
- The patient should be positioned with the arm elevated over the head to avoid beam hardening artefacts as well as artefacts caused by truncation of the field of view.

Alternatively, the arms can be positioned along the side for head and neck imaging.

If the FDG PET/CT data are used for radiation planning, the examination should be carried out in the radiation position using the same dedicated radioopaque

positioning devices as used in the radiotherapy department (e.g. same table tops, laser alignment, immobilisation measures, etc.).

During PET-CT, arms should preferably be elevated over the head to minimize streak artefacts (in case of positioning along the body) due to, e.g., beam hardening of CT-AC.


Subject Positioning

4.
Patients must be positioned carefully in the center of the field of view (FOV) to prevent truncation artifacts. Support devices under the back and/or legs are encouraged to enable the patient to comfortably maintain his/her position throughout the scan.

5.
Whole-body PET acquisition should be performed with the patient in the supine position with arms above the head (unless otherwise specified in protocol). Patients unable to maintain arms above the head should be handled according to protocol, and may be ineligible to participate in some protocols.

6.
Arm positioning in a particular patient should be consistent for baseline and follow-up scans.
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Participants will generally be positioned in the PET/CT scanner with their arms raised above the head.  If participants cannot tolerate this position for the duration of the PET/CT study, a different participant positioning may be chosen.  However, arms should be positioned in the same way at the baseline and the follow-up studies. 



7.2.2. Instructions to Subject During Acquisition 

(e.g., breath hold, etc.)
In the case of single slice or dual-slice CT, artefacts are created in the diaphragm area when the patient breathes. The patient must therefore hold his/her breath for a few

seconds on the technician’s instructions during CT-AC acquisitions. No such instructions need be given in the case of PET/CT systems with more than two slices. The

CT-AC scan can then be carried out while the patient continues to breath shallowly.

During CT-AC, shallow breathing is recommended for multi-slice CT scanners to minimize effects of patient motion on attenuation correction.
Instructions to Subject During Acquisition

1. Prior to starting the acquisition the patient must be coached in the breathing protocol if one is used.

2. The patient must be monitored periodically during the scan and coached to remain motionless, if necessary.

7.2.3. Timing/Triggers 

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


There needs to be a general acquisition parameters section and the model-specific parameters would be an optional subset.
Acquisition

All patient demographics must be accurately entered into the acquisition interface, particularly:

1.
The patient’s measured height and weight

2.
The net injected dose (or equivalent, i.e., full syringe activity and residual syringe activity)

3.
The time that the dose was assayed

4.
The time of injection

4.1.
If the acquisition interface has only one place to enter a time related to the dose, then the time of dose assay must be entered, not the time of injection.

In general, manufacturer recommendations for scanning parameters must be followed unless protocol directs otherwise. Any deviations from protocol specifications must be approved by the study chair.


For PET/CT scanners, the acquisition parameters for the CT data used for attenuation correction can vary widely, and protocol specific parameters must be followed. Whether or not oral or intravenous contrast agents were used must be recorded on the protocol-specific PET Technical Assessment Form.

For serial scans of the same patient, it is critical for the target lesion or lesions to be imaged with the same delay time after injection of the tracer. Therefore, all subsequent acquisition sequences must be as close as possible to those used on the baseline scan, including identical CT technique or transmission scan technique (as applicable), emission scan duration per bed position, patient orientation, start position on the patient, and gantry travel direction.

The following acquisition parameters must be recorded on the PET Technical Assessment Form (SOP 922.01, Attachment 8.1):

1.
The number of bed positions

2.
Make and model of the scanner

3.
Start and end times of emission scan

4.
Type of transmission scan

5.
Any additional parameters required on the protocol-specific PET Technical Assessment Form.




Post-scan Procedures

1.
Remove patient’s IV catheter.

2.
After the scan, the patient must be asked to void again and whether or not he/she does so must be noted on PET Technical Assessment Form.

3.
The patient must be counseled on the importance of continuing to drink fluids for several hours after the scan. This will increase urine flow rate, which will help to minimize the radiation dose to the bladder wall.
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Transmission scanning matching the areas covered by the emission scan will need to be performed for attenuation correction of the emission scan.  This will be done after injection of FDG.  If positron emitting transmission sources are used, we recommend at least 3 minutes per bed position for segmented attenuation correction and at least 10 minutes per bed position for measured attenuation correction. 

Emission scans are to be initiated from the pelvis upward, so that the abdominal or pelvic tumor(s) is/are imaged between 45 and 70 minutes after injection of 10-20 mCi of F-18-FDG.  The 20 mCi dose is highly recommended if feasible.  Emission data must be collected for at least 7 minutes and will be corrected for scatter, random events and dead-time losses using manufacturer's software. Bed positions should be overlapped to avoid large changes in sensitivity at the joints between the bed positions.
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PET scanning must begin 60 ± 10 minutes after FDG injection.  The time between injection and the start of the PET scanning for the second and third scans should be matched as closely as possible to that for the first scan (less than 10 min difference in uptake times). 

• Participants will generally be positioned in the PET/CT scanner with their arms raised above the head.  If participants cannot tolerate this position for the duration of the PET/CT study, a different participant positioning may be chosen.  However, arms should be positioned in the same way at the baseline and the follow-up studies. 

• A low-dose CT scan will be acquired for attenuation correction and anatomical localization of findings in the PET scan.  

• The acquisition parameter for the low-dose CT scan for attenuation correction should be:  kV = 120; effective mAs = 30-80 (patient dependent); gantry rotation time ≤ 0.5 sec; maximum reconstructed width = 3-5 mm without overlap; standard reconstruction algorithm, minimum reconstruction diameter = outer arm to outer arm; and without iodinated contrast (86). 

• The axial field of view of the CT scan for attenuation correction will range from the mid thighs to the base of the skull.  Arm positioning will be the same as for the PET scan, typically above the head. 

• The CT scan will be performed during "shallow breathing" as described previously (21).  No 

respiratory gating will be applied. 

• After the CT scan, a PET scan covering the same axial field of view will be performed.  This scan will start at the mid thighs.  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. 


 

7.2.4. Model-Specific Parameters 

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

. . . PET studies from various scanners and centres will have a final image resolution as close as possible to 7 mm FWHM. When possible, specific image reconstruction algorithms and settings are defined per scanner. Settings are chosen such that, for iterative reconstructions, sufficient convergence is achieved. Other settings, such as smoothing filters and image matrix size, will be chosen such that final image resolution will be close to 7 mm FWHM. Optimal settings need to be derived so that activity concentration recovery coefficients as function of sphere size will meet QC specifications, as described later (Fig. 2).  

7.2.5. Archival Requirements for Primary Source Imaging Data

See 11.3.
The technologist must ensure that all questions on the protocol-specific PET Technical Assessment Form have been answered, then sign and date the form.

The site-specific procedure for transmitting the PET Technical Assessment Form or the data from the form to ACRIN must be followed.

If data from the form is sent to ACRIN via the Web interface, then the person entering the data must sign and date the Local Interpretation Form.

The completed forms must be handled according to the site-specific procedure, and a copy placed in the site’s regulatory binder.

Removal of Confidential Participant Information: The header record on DICOM formatted image data, which often contains information identifying the participant by name, MUST be scrubbed before the images are transferred.



7.3. Imaging Data Reconstruction

Describe the data reconstruction process including any inherent data correction, smoothing, etc.  This may conceivably be performed on a different system than acquisition, and occasionally at a later time, particular for supplementary reconstructions.
Images must be reconstructed with and without attenuation correction. The slice thickness and pixel size of the images must be recorded on the PET Technical Assessment Form (SOP 922.01, Attachment 8.1) and should comply with protocol specifications.

For serial scans of the same patient, image reconstruction techniques and parameters must be consistent a across all scans, including filters and application of the attenuation map.

When images are fully processed with all manufacturer-available corrections (commonly including attenuation correction, scatter correction, decay correction, and randoms correction), the technologist should inform the physician that the images are ready for review.
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The PET data will be corrected for dead time, scatter, randoms and attenuation using standard algorithms provided by the scanner manufacturers.  

Image reconstruction will be performed as specified in the ACRIN certification of the PET/CT 

scanner. 



7.3.1. Model-Specific Parameters 

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

The PET emission data must be corrected for geometrical response and detector efficiency (normalisation), system dead time, random coincidences, scatter, and attenuation. Some of these corrections (for example attenuation correction) can be

directly implemented in the reconstruction process. In all cases, all corrections needed to obtain quantitative image data should be applied during the reconstruction process. 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. Iterative reconstruction algorithms represent the current standard for clinical routine and have meanwhile replaced filtered backprojection algorithms for PET reconstruction. It is good clinical practice to perform reconstructions

with and without attenuation correction to tackle potential reconstruction artefacts caused by a CT-based attenuation correction. For clinical cases, reading the reconstructed 3D volume data set is visualized in transaxial, coronal, and sagittal slices, but also the maximum intensity projections should be available.

Further standardisation of reconstruction settings is necessary in order to obtain comparable resolutions and SUV recoveries and make SUVs interchangeable, i.e.

reconstructions are chosen such to achieve convergence and resolution matching across various PET and PET/CT systems and sites, especially within a multi-centre setting

[15, 30, 33]. However, also for clinical practice, strict standardisation is needed to provide the same quality of care across sites and to allow for exchange and use of quantitative PET information elsewhere. Some indicative reconstruction settings are suggested in Appendix II. However, most importantly, reconstructions should be chosen so that they meet the multi-centre QC specifications for both calibration QC and image quality/SUV recovery QC, as described in “Quality control and inter-institution cross-calibration”.
The following reconstruction parameters are defined.

1. All correction methods needed for quantification need to be applied. These include decay correction, dead time correction, corrections for detector efficiencies (normalisation), random correction, attenuation correction  and model-based scatter correction, such as the single scatter simulation method by Watson et al. [25] or similar ones

2. Additional and indicative reconstruction settings are suggested.  See section G.2.

Scanning in 2D or 3D mode. <where to insert?>
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Image reconstruction generally will depend upon the scanner manufacturer’s recommendations.  When it is available, we would recommend an iterative reconstruction method, with preference for OSEM reconstruction. For Siemens/CTI HR+ in 2D mode, we recommend the use of OSEM with 8 subsets, 2 iterations, followed by smoothing with a 6-mm 3D Gaussian kernel. For a GE Discovery ST in 2D mode, we recommend the use of OSEM with 21 subsets, 2 iterations, z-axis smoothing, a 4-mm loop filter, and a 7-mm post filter, with a 60 cm FOV. 

7.3.2. Archival Requirements for Reconstructed Imaging Data
See 11.4.

7.3.3. Quality Control

See 12.4.

8. Image Post-processing

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

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

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)
If RECIST scans are to be done using a combined PET/CT device, then the

choice of contrast agents will be important. Contrast agents used with CT may

impact attenuation correction and therefore quantification of PET values. An

assessment of the impact of different contrast administrations on CT image

quality and PET quantification (Beyer et al., 2005) is required
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)
During image formation, either pre- or post-reconstruction, filtering is done which

imposes a final resolution on the images and affects the signal-to-noise ratio.

Subsequent image analysis e.g. tumor thresholding will be sensitive to the

smoothing parameters. By selecting a fixed pre- or post-reconstruction filter, the

point spread function of the final image can be controlled; irrespective of the

reconstruction algorithm. Filtering also ensures a spatially smooth response and

adequate pooling of data. It should be possible to describe smoothing in terms of

a final target image resolution that would reduce the variability in signal-to-noise

and resolution between centers and scanners.
Nevertheless, partial volume effects are often ignored since any correction

scheme is likely to be inaccurate. This might result in an overestimation of

response in small tumors that decrease in volume. By specifying a minimum

apparent tumor size for quantification, partial volume effects could be limited and

the potential effect of tumor volume change, controlled. <does this go in section 9.3?>
Data reconstruction algorithms are still evolving and the precise algorithms and

parameters depend on the equipment and manufacturer.
Within common methods such as OSEM reconstruction, some guidance on numbers of subsets and iteration would simplify protocol selection.
Filters, image reconstruction techniques and parameters, and application of the attenuation

map must be consistent across all scanning of a given patient.



8.3. Required Characteristics of Resulting Data

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

See 11.5.

8.6. Quality Control

See 12.5.

9. Image Analysis

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

(e.g. organ segmentation, size or volume measurement, flow rate calculation, tissue characterization, observation of the presence/absence/degree of features such as edema) 
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)
Both uncorrected and attenuation-corrected images need to be assessed in order to identify any artefacts caused by contrast agents, metal implants and/or patient motion.

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)
The maximum SUV measure (SUVmax) is required for each lesion as specified in the study protocol and/or as considered clinically relevant. The voxel with maximum

uptake should be determined as follows:

– This volume of interest equals the voxel with highest uptake in tumour/lesion. The maximum uptake should be defined on original reconstructed PET images, i.e. no additional rebinning, resampling, smoothing by the user is allowed.

Use of a 2D peak ROI/VOI is recommended as well (providing SUVpeak). The volume of interest that shouldbe generated is:

– Approximately 1.2 cmdiameter fixed size circular ROI (defined in axial plane), centred on the tumour area with highest uptake, as recently suggested in [12].
Use of a 3D peak ROI/VOI (providing SUV3Dpeak) may be determined (when possible) as follows:

– 3D 1.2 cmdiameter spherical VOI centred on area with maximum uptake (SUV3Dpeak) may be defined [12].

The following additional 3D volumes (volumes of interest, VOI) are frequently used [30, 35]. It is recommended, when possible, to include one of the following 3D volumes of interests during the data analysis and reporting:

– 3D isocontour at 41% of the maximum pixel value adapted for background (A41)

– 3D isocontour at 50% of the maximum pixel value (50)

– 3D isocontour at 50% adapted for background (A50)

– 3D isocontour at 70% of the maximum pixel value (70)

– 3D isocontour at 70% adapted for background (A70)
The isocontour described as A41 generally corresponds best with the actual dimensions of the tumour, but only for higher tumour-to-background values and homogenous

backgrounds. In practice, however, this VOI seldom results in useful tumour definition because of noise, inhomogeneities in tumour and background, and sometimes low tumour-to-background ratios (low contrast between tumour and background). In this case, the VOI based on a higher isocontour value should be chosen for all sequential scans of the same patient.

Other tumour segmentation methods have been described for tumour volumetry in literature, such as gradient-based methods [36], iterative methods [37], and fuzzy clustering/segmentation methods [38]. These, however, are not routinely used for determining SUVs and are not widely available. Yet these new methods may be used provided that at least the maximum uptake (SUVmax) always and, for clinical trials, preferably 2D SUVpeak will be determined and reported as well.
When VOIs are generated semi-automatically, it is often not possible to generate a reliable VOI if there is a high background or an area of high uptake (bladder, heart)

close to/adjacent to the lesion, or if there is low uptake in the lesion. Semi-automatically generated VOIs must therefore be checked visually. If the VOIs are not reliable and/or do not correspond visually with the lesion, only the maximum SUV based on a manually

generated VOI and 2D SUVpeak should be used forreporting.

Specification for Region of Interest (ROI) and Volume of Interest (VOI) strategies:

The following regions of interest are suggested to be useful:


3D isocount contour at 41% of maximum uptake including local background corrections, i.e. an adaptive 41 % VOI (VOIA41)  


3D isocount contour at 50% of maximum uptake (VOI50)


3D isocount contour at 50 % of maximum uptake including local background correction (VOIA50)


3D isocount contour at 70 % of maximum uptake (VOI70)


3D isocount contour at 70 % of maximum uptake including local background corrections (VOIA70)


Maximum voxel value (Max)

Volume of Interest recommendations:

· The maximum voxel value or maximum SUV (SUVmax) must always be reported



-     In case automated VOI strategies cannot be applied reliably, the maximum



       SUV should be derived from a manually drawn 3D volume of interest which 

     
       includes the entire tumour and excludes normal tissue.


In all cases, SUVmax and its change need to be reported in addition to all other VOI strategies agreed upon.
Region of interest boundary definition is the single most important image

dependent step in analysis. Issues here include whether a 2D or a 3D region of interest is appropriate, whether a ‘percentage maximum’ or fixed SUV threshold should be used and whether for a necrotic tumor the core should be included.
Tumors are extremely heterogeneous and contain necrotic tissue, cystic components, and fibrous elements, as well as malignant tumor cells. This heterogeneity becomes a critical

issue after therapy begins and the malignant or other components of the ‘‘tumor’’ mass change. Drawing of the ROI by hand or by edge-finding techniques is typical for defining the

tumor boundaries. Both methods appear to work well as long as they are performed in the same, systematic manner on serial examinations. Threshold-determination or edge-finding

algorithms are accurate and can be applied with less subjective interaction from the technician or physician determining the ROI. It should be obvious, however, that the same

approach must be applied systematically and uniformly across all patients and across all sequential tumor measurements.
Another factor that may confound ROI determination is the partial-volume effect already mentioned. Both the mean value within the ROI and the maximum value (reflecting the most metabolically active region) within the ROI may have clinical importance and should be reported.

Tumors can be of various sizes and of various heterogeneities. Accurate and reproducible determination of the ROI will be critical for determining SUV. With therapy, alterations in the pattern of heterogeneity and in 18F-FDG uptake may occur and must be considered when one is drawing or determining the ROI. On the pretreatment scan, the identified target lesion should be the most visible and easily defined lesion. The mean SUV of the region and the

maximum pixel SUV should be determined and recorded. No prescribed methodologies for determining regions of interest have been validated. Thresholding techniques or

freehand drawing are typically used. No specific recommendations on either of these approaches can be made. The choice of method will depend on the technical support staff,

expertise, and image-processing capabilities of an individual PET center. However, in each clinical trial, the same ROI technique should be specified (e.g., whether to include

necrotic areas) and used in subsequent 18F-FDG PET studies to ensure quantitative consistency. Quantitative measurements of mean and maximum tumor ROI counts per

pixel, calibrated as mBq/L (mCi/L), should be obtained with the scanner. The consensus of the working group was that maximum or ‘‘peak’’ approaches are the most robust and reproducible and that the maximum SUV and mean SUV of each tumor should be recorded.

Image Analysis

1.
The physician reader should review all images to determine whether PET and/or PET/CT image quality is adequate for interpretation.

1.1.
If overall image quality is determined to be inadequate or suboptimal for interpretation or if the study is technically unsatisfactory for quantification, the reader must record the reason on the protocol-specific PET or PET/CT Interpretation Form.

1.1.
Sign and date the protocol-specific ACRIN PET or PET/CT Interpretation Form.

1.2.
If image quality is adequate, and unless otherwise specified in the protocol, a circular (2-D) ROI or spherical (3-D) VOI must be drawn in normal-appearing tissue within the liver.

2.1.
The mean SUV of the region must be compared to the permissible ranges specified in the protocol-specific ACRIN PET or PET/CT Interpretation Form.

2.2.
If the mean liver SUV falls outside the range(s) specified, this must be recorded on the interpretation form.

2.
Determination of target lesions

2.1.
The procedure specified in the protocol must be followed to determine which is the target lesion(s). The location of the target lesion(s) must be recorded on the PET or PET/CT Interpretation Form.

3.
Procedure for measuring the SUVmax of target lesion(s)

3.1.
For SUVmax determination, an ROI or VOI incorporating the gross tumor volume will be identified by the physician reader and the manufacturer’s algorithm will be used to calculate the SUVmax within this region or volume.

3.1.1.
Screen captures or prints of the image that includes the ROI must be acquired and retained for source documentation.

3.1.1.1.
If prints are made they are to be attached to the protocol-specific ACRIN PET or PET/CT Interpretation Form.

4.
Procedure for measuring SUVpeak of target lesion(s), unless otherwise specified in protocol:

4.1.
The “hottest” pixel (the pixel with the highest SUV) within the lesion(s) of interest should be located using either manufacturer’s algorithm or manual search.

4.2.
A circular (2D) region of interest (ROI) with a diameter ranging from 0.75 to 1.5 cm must be drawn in the transverse slice containing the “hottest” pixel. This ROI must be centered on the “hottest” pixel.

4.3.
The mean SUV within this ROI must be reported on the protocol-specific Interpretation Form as the peak SUV. In addition, the maximum SUV value must be recorded on the Form.

4.4.
Screen captures or prints of the image showing placement of the region of interest and maximum and peak SUV readout must be acquired and retained for source documentation.

4.4.1.
If prints are made they are to be attached to the protocol-specific ACRIN PET or PET/CT Interpretation Form.

5.
Completion of PET or PET/CT Interpretation Form (Attachment 9.1)

5.1.
The physician reader must complete all applicable questions on the protocol-specific PET or PET/CT Interpretation Form, then sign and date it.

5.2.
The site-specific procedure for transmitting the PET or PET/CT Interpretation Form or the data from the form to ACRIN must be followed.

5.2.1.
If data from the Form is sent to ACRIN via the Web interface, then the person entering the data must sign and date the Interpretation Form. 

5.3.
A copy of the Interpretation Form (Attachment 9.1) must be maintained in the site’s regulatory binder. 

ACRIN 6665:

PET Data Analysis 
The PET and conventional cross-sectional imaging (CT, MRI) scans will be submitted electronically to ACRIN and stored in an electronic database (see Appendices IX and X) (10/10/03).  The scans will be used for both visual interpretation and semi-quantitative analyses.  All scans will be interpreted  independently by two readers. Visual comparison of the pretreatment and post-treatment scans will be performed to determine the change in tumor FDG uptake.  The change will be rated as follows: marked decrease in activity, slight decrease, no change, slight increase, or marked increase. The visual interpretation of the PET scans will be done without knowledge of the conventional cross-sectional imaging, or other clinical information.  These scans will then be re-read with knowledge of the conventional cross-sectional imaging and clinical information.   
 A subsequent multireader study to assess accuracy and variability across readers will occur if results of statistical analyses for the data from these two readers indicate correlation with glucose transporter expression, size changes on conventional cross-sectional imaging, or ability to predict recurrence. The number of readers will be determined based on those results. 
 For semi-quantitative analysis, regions of interest (ROIs) will be placed about the regions of abnormal FDG uptake (target lesions) as determined by visual inspection.  If there are three tumor sites or less, ROIs should be placed on all these sites.  If there are more than three lesions, ROIs should be placed on the three most intense sites.  Given that the typical appearance of GIST tumors on FDG-PET consists of a mass containing a central photopenic center surrounded by a rim of intense FDG uptake, the ROIs will be placed in the axial plane containing the maximum uptake value for that tumor site.  ROIs will be drawn on the 70% 
maximum uptake iso-contour.  Four background ROIs will also be drawn by placing  copies of the ROI used to measure the tumor in  normal-appearing regions of the tissue/organ of origin on the same slice used for tumor analysis.  If necessary, the background ROIs may be placed on the contra-lateral side of the body. 
For each region maximum SUV, average SUV and TBR will be recorded, along with the number of pixels (SUV and TBR are calculated as indicated below). This ROI analysis is to be performed by an experienced physician who may use conventional cross-sectional imaging information to help draw the regions of interest.  The same reader will do the visual interpretation to be followed by the semiquantitative calculations.  This can be done in the same sitting. 
 For the post-treatment measurements, ROIs will again be drawn in what appears to be the axial plane containing the maximum uptake value for that tumor site. If the tumor has elevated FDG uptake compared to background, the tumor ROI will be drawn on the 70% maximum uptake iso-contour. If the tumor does not have elevated FDG uptake compared to background, the ROI will be drawn around the observer’s best estimate of the tumor margin. In this case, information from cross-sectional anatomical images and from the previous FDG image may be used to guide the ROI placement. The post-treatment SUV will then be calculated as specified below.  
 After correction for radioactive decay, standardized uptake values (SUV) are computed according to the following: 
SUV =           ROI activity (mCi/ml) 
            injected dose (mCi)/body wt (g) 
 TBRs will be computed for each lesion by calculating the ratios of the mean SUVs for the tumor and background regions.  
Conventional cross-sectional images will be interpreted independently by radiologists at participating sites in order to measure the change in size of the lesion.  They will have no knowledge of the clinical details (history, PET results or biopsy results) of each case.  These images will also be independently interpreted by ACRIN investigators. 

PET Criteria for Evaluation of Response and Endpoint Definitions 
 The imaging done just prior to surgery (at week 4 in patients with progressive disease, at week 8 in patients with stable or responding disease) will be used for measurement of the primary endpoint. A number of different measures can be obtained from the PET scans.  We have chosen to use the percent decline in the maximum SUV just prior to surgery  (at week 4 in patients with progressive disease, at week 8 in patients with stable or responding disease) as the primary PET endpoint.  Other measures that will be included for subsequent analysis include the following PET measures: use of average SUV, use of SUV-lean, which will 
be calculated using ideal body weight; percent change in background subtracted SUV; percent change in tumor-to-background ratio; post-therapy SUV alone; and visual analysis results.  We will also analyze the scans done during the first week following initiation of therapy to determine if they are predictive of the response just prior to surgery (at week 4 in patients with progressive disease, at week 8 in patients with stable or responding disease) and the ultimate pathologic and clinical outcomes. 
 The PET results will be compared to the pathologic results of glucose transporter expression.  The primary endpoint from the pathologic studies will be the correlation of glucose transporter expression at baseline and following treatment to the maximum SUV at baseline and the percent decline in maximum SUV just prior to surgery (week 4 or 8, depending on the course of the disease).    
ACRIN 6671: 

Semiquantitative analysis of selected lesions (primary tumor and up to five additional lesions involving each lymph node group and/or distant organs) using the standardized uptake value (SUV) method also will be performed. The SUV is the ratio of the decay-corrected concentration of FDG within the tumor (μCi/g) to the average concentration of FDG in the body (i.e. the administered activity divided by the body weight). This will be performed by visually identifying the region or regions of the tumor on the PET images that qualitatively appear to have the most intense FDG uptake. A circular region of interest 1 cm in diameter centered on the maximum-value pixel will be drawn to calculate the mean SUV within the region. This value will be reported as peak SUV. Initially, attenuation-corrected and non-attenuation-corrected PET images will be evaluated for presence of primary cervical or endometrial cancer and nodal and distant metastasis, which will be recorded on the data form.(11/16/09) The SUV data obtained from this trial will be used to directly compare SUVs of the primary and nodal disease in comparison to biopsy proven metastatic deposits.

ACRIN 6685:
ACRIN 6678:

Analysis of FDG-PET/CT Scans 

FDG uptake of the primary tumor will be quantified by SUVs, normalized to the body 

weight of the participant.  In a subgroup of participants, the primary tumor may be small 

(< 2 cm ) and show only low FDG uptake in PET due to partial volume effects or it may 

have been resected in participants with recurrent NSCLC.  In this case, the metastatic 

lesion with the highest FDG uptake will be used for analysis.  Regions of interest for 

measuring tumor FDG uptake will be defined as previously described in patients with 

advanced NSCLC and other tumor types (27).  Briefly, “peak” tumor SUV will be 

determined by placing small regions of interest in the area of tumor with highest FDG 

uptake in three consecutive axial slices and calculating the average SUV in this volume.  

All data analysis of the FDG-PET/CT scans will be performed blinded at the ACRIN 

Image Management Center.  Details of the data analysis are described in Appendix VI.  

For quality control purposes, a local read of the FDG-PET/CT scans will also be 

performed (see Appendix VI).  This read will include SUV measurements for the primary 

tumor and normal liver.  However, only the results of the central read will be used for 

correlation with the primary or secondary endpoints and for further statistical analysis. 

Blinded Central Image Analysis 

• Activity concentrations in the attenuation-corrected PET images will be converted to 

standardized uptake values (SUVs) by dividing the activity concentrations by the decay- 

corrected injected dose and multiplying with the body weight of the participant. 

• The intrathoracic lesions with the highest FDG uptake in the pre-chemotherapy PET scan (scan 2 in group A and scan 1 group B) will be analyzed in order to determine the metabolic response of the participant (primary endpoint). 

• A circular region of interest (ROI) with a diameter of 0.75 to 1.5 cm will be centered at the site of maximum FDG uptake within this lesion.  ROIs of the same size will be placed in the slices immediately above and below, at the same transverse location.  

• The average SUV within the volume encompassed by these three ROIs will be determined and recorded.  This approach for definition of ROIs has been successfully used for assessment of tumor response in patients with advanced NSCLC (26) and a variety of other malignant tumors (26-29, 31, 93-95).  In total these studies include more than 300 patients and more than 600 PET scans.  As part of the exploratory analyses, the maximum SUV and glucose-corrected average and maximum SUVs (25) will be recorded and analyzed. 

• In most patients the primary tumor will show the highest FDG uptake.  However, in a small 

subgroup of participants the primary tumor may be small (< 2cm) and show only low FDG 

uptake in PET or it may have been resected in participants with recurrent NSCLC.  In this case, 

the intrathoracic metastatic lesion with the highest FDG uptake will be used for analysis.   

• As part of an exploratory analysis, ROIs will be placed in the same way in up to 6 metastatic 

lesions.  In participants with more than 6 metastatic lesions in several organs a maximum of 3 

lesions should be in the same organ.  In each organ, the lesions with the highest FDG uptake will be selected for analysis. 

• For quality control purposes, a large circular ROI (diameter >= 5 cm) will be placed in normal 

liver tissue.  The mean SUV in this ROI will be recorded. 

• In the case of multiple liver metastases, it may not be feasible to place one large ROI in normal liver tissues.  In this case, several small ROIs, including the same number of pixels as one 5-cm ROI, may be placed in normal liver tissue.  FDG uptake within these lesions will be averaged and used for further analysis. 

• If the mean SUV within the liver changes by more than 1.0 between two scans, the SUV 

calculation will be checked for errors.  Specifically, the scanner cross calibration, the decay 

correction of the injected activity, and the participant's body weight will be checked (see 

checklist below for details) 


• Previous studies have shown that this approach for quantitative analysis of tumor FDG uptake is highly reproducible (9).  Nevertheless, quantitative analysis will be performed independently by two observers in order to minimize random errors in SUV measurements.  Discrepant findings will be discussed and resolved by consensus. 

Local Image Interpretation 

• Describe the location of the primary tumor and of metastatic lesions. 

• Measure and record the maximum SUV in the primary tumor.  If maximum SUV is less than 4.0, contact ACRIN Image Management Center (IMC) to determine whether the participant should remain in the study or not. 

• If the diameter of the primary tumor is less than 2 cm or the primary tumor demonstrates only low FDG uptake, measure the maximum SUV of the lesion with the highest FDG uptake in the chest. 

• Measure and record the mean SUV in the liver as described in Section 5 above.  

• Check image quality according to the checklist below. 



9.3. Required Characteristics of Resulting Data

The presence or absence of abnormal FDG accumulation in the PET images, especially focal accumulation, in combination with their size and intensity are evaluated.
Criteria for visual analysis must be defined for each study protocol.
Standardized uptake values are increasingly used in clinical studies in addition to visual assessments. SUV is a measurement of the uptake in a tumour normalized on the basis of a distribution volume. It is calculated as follows:
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The following calculation is applied in the case of plasma glucose correction

[image: image2.png]Actyoi(kBg/ml)
Actaministered(MBq) /BW (kg)

Glucplagma (mmol /1)
5.0(mmol/1)

SUVy, =




In these calculations, Actvoi is the activity measured in the volume of interest (see “Definitions for volumes of interest (VOI) and regions of interest (ROI)”), Actadministered is the administered activity corrected for the physical decay of FDG to the start of acquisition, and BW is body weight. Patient height, weight, and gender should be reported to allow for other SUV normalisations (LBM, BSA). The latter is of importance to meet EORTC recommendations [13] and, for response assessment studies, when large changes in body weight occur during the course of the treatment. As stated earlier, it is recommended to measure plasma glucose levels using validated methodology and calculate SUV with and without plasma glucose correction in all response monitoring

assessment studies (“Patient preparation”, extra notes). Note that the measured glucose content (Glucplasma) is normalized for an overall population average of 5.0 mmol/l so that the SUVs with (SUVglu) and without (SUV) correction of glucose content are numerically practically identical (on average) [3].

It is recommended to report SUV normalized by body weight.

Patient height and gender should be reported thereby allowing calculating other SUV measures.


    Blood glucose correction is not mandatory, but may be performed, calculated as follows:
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<Equation explanation to be inserted here?>
Use of standardized uptake value (SUV) as an outcome measure, though there

is no clear standardization of the normalization parameters used to compute

SUV, however peak (SUVmax) is thought to be the most robust parameter.
The aim of the quantitative PET analysis is to yield a numerical endpoint which

can be used to assess treatment effect. The most widely used metric is SUV, a

measure of the local uptake of [F-18]FDG activity, normalized for injected activity

or body mass. There are three aspects to the computation of this endpoint – 1)

definition of the region for quantitation and 2) computation of a region statistic

e.g. maximum or mean uptake and 3) Normalization of uptake for subject height

or weight.
The most widely used endpoint is SUVmax, corrected for body weight. Lean body

mass is sometimes used, based on height and weight (Hallynck et al., 1981).

Using a maximum SUV is relatively insensitive to region of interest (ROI)

definition. Within the limits of resolution and the size of the smallest quantifiable

tumor, the SUVmax is also precise. Other normalization factors (e.g. body surface

area) have been suggested for SUV, but their increased precision, accuracy or

sensitivity is not clear when weighed against the difficulty of computation or

sensitivity to region of interest definition. Use of an average SUVmean or a total

metabolic load may also be useful if the increased sensitivity of these measures

can be demonstrated but this will be dependant on standardisation of ROI

definition Other measures, such as whole body metabolic burden and dynamic

measures of [F-18]FDG uptake may also be valuable. It would be valuable to

gather the information necessary to compute these endpoints for retrospective

analysis where possible. This might include, plasma glucose level, multiple nonspecific regions of interest (e.g. muscle, liver).
Other normalizations e.g. for glucose level, organ background, muscle

background are possible (Hoekstra et al., 2000) although their utility for

increasing precision SUV assessments has not been consistently demonstrated.
The working group agreed that there is no single optimal method for analysis of 18F-FDG PET whole-body images in oncology but that there can be standardized protocols for use in a particular clinical trial. The working group recommended that phase I trials use either full or partial kinetic analysis, such as Patlak analysis, if deemed necessary, along with semiquantitative SUV analysis based on lean body mass and body surface area. The reason for recommending that SUVs be calculated on the basis of both lean body mass and body surface area is to develop a body of data to determine whether they are equivalent or whether one is better than the other. It is also critical that before a particular clinical trial begins, the method of ROI determination be agreed on and specified in the protocol.

The concentration of circulating glucose can significantly affect 18F-FDG uptake by tumors, and various groups have reported schemes for correcting the 18F-FDG SUV for the circulating plasma glucose concentration. The working group agreed that in patients with a plasma glucose concentration within the reference range, SUV determinations are not appreciably related to serum plasma glucose concentration

SUV should be determined for all target lesions and should be calculated consistently on the basis of either lean body mass or body surface area. No data indicate that one is

superior to the other.

Partial-volume effects secondary to scanner resolution are an important technical factor. Most PET scanners have a reconstructed image resolution of approximately 5–10 mm. However, this may be altered depending on the filtering applied before, during, or after reconstruction and on the reconstruction and display matrix sizes (27). It has been

amply demonstrated that measuring objects of less than 2 times the resolution of the scanner results in varying and possibly significant partial-volume effects. Unfortunately,

partial-volume correction is often complicated and laborious. Nevertheless, partial-volume correction has been shown to improve the diagnostic accuracy of SUV measurements

(28,29). This point is critical, because many therapeutic interventions reduce the size of the tumor. In the absence of partial-volume correction, 18F-FDG uptake in small tumors

will be underestimated.

As discussed, partial-volume effects on determinations of 18F-FDG uptake may be significant. If a significant decrease in tumor size is evident from anatomic imaging studies (which are typically available throughout therapy), this information should be documented because subsequent analysis may require partial-volume corrections of the 18FFDG PET data. Further data analysis and research are required to better define how the assessment of response

can be adjusted to account for partial-volume effects, tumor heterogeneity, and other confounding variables.

Visual assessment, the easiest method, is subjective and not suitable for clinical trials in which a more objective quantitative measure is desirable, barring the uncommon

occurrence of a complete response to therapy. Visual assessment is based on a comparison of 18F-FDG uptake in tumor with 18F-FDG uptake in surrounding tissue, either of which may show the effects of a therapeutic intervention on subsequent scans.
A major issue in monitoring tumor response by determining 18F-FDG uptake is that the uptake depends on the time of measurement. An important aspect of oncologic 18F-FDG

PET is whole-body imaging, because it assesses the entire body for malignant disease. However, whole-body imaging complicates semiquantitative and quantitative techniques

because various parts of the body are imaged at different times after the injection of 18F-FDG. In reality, whole-body images are a composite of static images obtained sequentially

beginning at some defined time after the injection of 18F-FDG. The static images are typically obtained over a defined period and often are corrected for attenuation using a separate transmission scan. When used to assess the response of tumors to therapy, whole-body 18F-FDG PET must be attenuation corrected to allow for accurate kinetic analysis or

semiquantitative measurement.
The standardized uptake value (SUV) is the semiquantitative method most commonly used to determine 18F-FDG uptake in attenuation-corrected PET images. With this technique, the tumor 18F-FDG concentration is normalized to the amount of injected activity and total volume of distribution. Numerous indices have been used to represent the volume of distribution, such as body weight, lean body mass, and body surface area (10). Another variable incorporated into the SUV equation is normalization for the serum glucose concentration. When corrected only for body weight, SUV does not take into account the relatively lower 18F-FDG accumulation in fatty tissues (11). Normalization to body surface area or lean body mass potentially reduces the effect of weight loss (which may occur during therapy) on subsequent SUV determinations. Lean body mass may be the better method because of the availability of sexspecific corrections

Comparisons of various kinetic modeling and semiquantitative techniques show a good correlation between absolute quantitative metabolic rate and SUV normalized to body weight, lean body mass, or body surface area. Many members of the working group expressed a preference for normalizing to lean body mass, but existing data did not

warrant a unanimous preference for normalizing to lean body mass over other parameters. Given the complexities of conducting kinetic analysis, the working group concluded

that a reasonable approach for large phase II or III clinical trials would be semiquantitative analysis (i.e., measurement of SUV normalized to either lean body mass or body surface

area). If there is a perceived need to obtain the absolute quantitative metabolic rate or more detailed information on 18F-FDG kinetics in a protocol evaluating therapeutic response (e.g., for new therapies that may affect tracer delivery to the tumor and limit uptake), this need could be more easily addressed in the setting of a single-institution phase I or early phase II study.

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

9.6. Quality Control

See 12.6.

10. Image Interpretation

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

While Analysis is primarily about computation; Interpretation is primarily about judgment.  Interpretation may be performed at both the lesional / target level and in the aggregate at the subject level (e.g., in an oncology study each index lesion may be measured in longest diameter during the analysis phase, but in this phase a judgment may be made as to whether there is a new “non-index” lesion; the aggregation of the measured lesions with comparison to previous studies coupled with the judgment as to the presence or absence of a new lesion will result in the RECIST classification at the subject level).
10.1. Input Data to Be Used – Not specified
Describe required input data and any necessary validation or adjustments which should be performed on it. May also specify data which should not be used until after the clinical trial interpretation is recorded.

(e.g. particular image series or views; before and after processing versions of images to evaluate/validate the effects of processing; analysis results)
10.2. Methods to Be Used  - Not specified
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)
EORTC only suggests a tumor response classification of partial metabolic

response being a decrease of 15-25% in tumor uptake.
This is based on the EORTC criteria (Young et al., 1999) which give clear

guidance on the classification of response as: Complete Metabolic Response

(CMR) SUV same as background; Partial Metabolic Response (PMR);

Progressive Metabolic Disease (PMD); Stable Disease (SMD) change in SUV

between the PMR and PMD criteria. The classification criteria are linked to

observed change in SUV, based on test-retest data from a literature review. The

percent change in SUV that is suggested varies between early cycle 1 and later

cycle 2 changes.
Therefore, it is also critical that the whole-body 18F-FDG PET study be interpreted carefully and reported as a clinical study would be reported to ensure that new lesions are identified. This care will be critical in the development of subsequent response criteria. SUV should be determined in order to assess the 18FFDG uptake and define the response in target lesions of

interest. Image reconstruction parameters depend on the PET scanner and other variables.

In addition, the SUV of a reference organ or tissue not involved in the neoplastic process should be measured after each scan to help ensure that SUV changes in tumors are

related either to treatment response or to disease progression.
ACRIN 6671: All PET/CT scans will be required to undergo centralized/decentralized review to be organized by ACRIN (see Section 12.1.5 for instructions on submitting images to ACRIN). The central reading for PET/CT will be conducted at the ACRIN headquarters (Philadelphia, PA).

 Suspicious lymphadenopathy on PET/CT scans will be defined as: visible lymph nodes ≥10 mm in the short axis if the node is oval shaped and >8 mm in diameter if rounded. In addition, necrotic lymph nodes on contrast-enhanced CT will be considered abnormal. 

FDG-PET/CT images will be evaluated qualitatively for focal areas of abnormally increased FDG uptake. The likelihood of the spread of disease in pelvic lymph nodes, para-aortic lymph nodes, and other sites is according to the following scale: definitely benign, most likely benign, probably benign, probably malignant, most likely malignant, definitely malignant. A positive finding is defined as the presence of abnormal FDG uptake (when accumulation of the tracer is moderately to markedly increased relative to the uptake in comparable normal structures or surrounding tissues, with the exclusion of physiologic bowel and urinary activity), even when the lymph node has normal size (see above Section for criteria used to characterize lymph node based on size). A negative finding is defined as no detectable FDG uptake, even when the lymph nodes are enlarged.
ACRIN 6678:

Image Interpretation 

Blinding Investigators measuring tumor FDG uptake will be blinded to patient outcome, namely 

tumor shrinkage and patient survival.  Treating physicians will be blinded to the results of 

the FDG-PET/CT done after cycle 1.  In order to ensure that treating physicians are 

blinded, sites will need to take appropriate measures to prevent these digital images from 

being accessible in their institution’s PACS system.  A full written report of the results of 

CT should also not be made available to the treating physicians, but a limited report 

indicating there were no life threatening or serious changes may be made available after 

chemotherapy cycle 1.  For ethical reasons, it is not possible to blind the treating 

physicians also to the results of the later PET and CT studies, since this represents a 

routine time point for response assessment.


10.3. Required Characteristics of Resulting Data – Not specified
10.4. Platform-specific Instructions 
Appendix G.5 provides instructions for specific models/versions that can be expected to produce data meeting the requirements of Section 10.3.  
10.5. Reader Training


Evaluation to be performed visually directly from a computer screen by trained Nuclear 
Medicine Physician <or section 2.1.3>
10.6. Archival Requirements 
See 11.7.

10.7. Quality Control - Not specified
See 12.7.
11. Archival and Distribution of Data 
Describe the required data formats, transmission methods, acceptable media, retention periods, …
(e.g. Is the site required to keep local copies in addition to transmitting to the trial repository?  Must all intermediate data be archived, or just final results? At what point may various data be discarded?)
11.1. Central Management of Imaging Data
When using DICOM format, verify that all factors (scaling and calibration factors) are present in header

Use DICOM format Part 10: Media Storage and File Format for Media Interchange DICOM format should meet the Conformance Statement written by manufacturer of scanner

Transport of data or DICOM images may be performed by storing it on media (CD or DVD) and sending it by regular mail. Electronic transport using  ftp is allowed  provided that ftp is secured and ftp-server password protected.

11.2. De-identification / Anonymization Schema(s) to Be Used

All data, including DICOM images, need to be anonymized.  Patient name and ID need to be erased or replaced by study ID and randomization number, respectively, before sending these data to other centers.  The birth date needs to be erased as well.  This is especially required when data are exchanged over the Internet.
ACRIN 6665:

Digitally generated and scanned PET diagnostic images can be transmitted to ACRIN via 

FTP. The FTP site is located at ftp://xray.acrin.org.  For each transmission a new folder 

for each institution and sub-folders for each corresponding exam must be created.  Images 

are then transferred into those folders.  An e-mail verifying the transfer and its contents 

including the name and number of exams as well as image count for each will be sent to 

rwelsh@phila.acr.org or alevering@phila.acr.org. Transmission will be verified by 

examining the folders to make certain that all the images were received. 

The header recorded on DICOM formatted image data, which often contains information 

identifying the patient by name, MUST be scrubbed before the image is transferred.  This 

involves replacing the Patient Name tag with the Institution ID or number, replacing 

Patient ID tag with the ACRIN case number and the study number should be put on the 

Other Patient ID tag.  This can either be done by software present at the institution or 

software available from ACRIN. Please contact Rex Welsh (215-574-3215) for further 

information. 

Images will be stored in the ACRIN image archive once reviewed by Dr. Abbeele. These 

images will then be routed to other sites involved using either FTP or CDROM where 

appropriate for purposes of secondary interpretation. 

11.3. Primary Source Imaging Data

11.4. Reconstructed Imaging Data

11.5. Post-Processed Data

11.6. Analysis Results

11.7. Interpretation Results

12. Quality Control

12.1. QC Associated with the Site

12.1.1. Quality Control Procedures

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

Daily QC-Daily

Crosscalibration- At least 1× per 3 months and always immediately following software and hardware revisions/ upgrades and immediately following new setups/

normalisations
IQRC Once per institution participating in a multi-centre trial and always following software adjustments (especially adjustments to the reconstruction and/or data analysis

(region of interest) software/hardware) and relevant PET or PET/CT system hardware changes  

CT quality control - In general, QC for CT scanner (and CT part of PET/CT) are already defined by the radiological societies and software and procedures are usually incorporated in the scanner (software). It is recommended to follow the QC-CT guidelines as required by national law and/or as indicated by the (national) radiological societies.
Additionally recommended quality-control measures, specifically for PET or PET/CT systems & Alignment of PET and CT images on a PET/CT system should be checked following manufacturer’s procedure and frequency.
Setup and normalisation for both PET and CT should be performed according to procedure and frequency as recommended by the manufacturer.
All devices involved (PET and PET/CT camera’s, dose calibrators, well counters, clocks, scales) should be maintained according to the manufacturer’s recommendations.

This includes preventive and corrective maintenance required to ensure correct and accurate functioning of the devices.
Calibration of the above-mentioned devices should always be performed or correct (cross)calibration should be verified (by means of QC) after maintenance and software upgrades.
Dose calibrators and well counters should be calibrated at least once per year.
The accuracy of scales used to weigh patients should be checked.

In case of PET-CT scanners, it is recommended to perform all CT QC measures as recommended and implemented by the manufacturer.  Guidelines for execution of diagnostic CT studies and of CT-QC measures on a PET-CT scanner should follow the recommendations provided by the Radiological Society and/or upon indication by a radiologist.

The following PET QC measures are recommended: (1) daily quality control; (2) (cross-) calibration of PET or PET-CT scanner against the (local) dose calibrator used for measurement of patient-specific FDG doses and; (3) an inter-institute cross-calibration and recovery coefficient assessment. <should the additional supporting information for each of these 3 bullets be added here or the bullet’s below - section 12.3.1 and 12.3.2?>

1. Daily quality control (Daily QC) - The purpose of a DailyQC is to assess correct functioning of the PET or PET-CT system, i.e., to detect detector failures and/or (overall) drift. Most commercial PET and PET-CT systems are equipped with a (semi-) automatic procedure for performing a DailyQC. It is recommended to follow the procedure provided by the manufacturer. The user has to check whether the DailyQC has passed the test correctly.
2. Quality control of (Cross-)Calibration of PET or PETCT system - The purpose of the (cross-)calibration is to assure correct and direct calibration of the PET or PET-CT camera against the (local) dose  calibrator used for measurement of the (FDG) dose to be administered to the patient [32]. In case patient specific doses are directly ordered from or provided by a pharmaceutical company, the cross-calibration of the PET or PET-CT has to be performed based on a calibrated FDG sample provided by that company. Note that the cross calibration is the direct relative calibration of the PET system

against the (locally) used dose calibrator, and it therefore provides information about potential discrepancies in calibration between PET and dose calibrator. The latter is required because separate calibration of dose calibrators, well counters and PET-CT systems may still result in (small)

discrepancies under specific clinical conditions. Standard operating procedures (SOP) for performing the PET (cross) calibration QC are made and provided to all Dutch centres.  The procedure has been described elsewhere in more detail [32]. A crucial principle of the calibration QC is that, during execution of this measurement, acquisition and reconstructions settings should be identical to those

used during patient studies (and as recommended in this paper). Following the SOP, the cross-calibration factor between the PET or PET-CT scanner and dose calibrator should equal one within 5%.
<how to integrate SOP reference??> 

2. Image quality and recovery coefficients - <see section 12.3.1>
For certain PET-CT scanners, the CT or CT-AC FOV may be smaller than that of the PET. Therefore, truncation of CT-AC should be avoided to avoid attenuation (and scatter) correction artefacts and quantification errors.

In case transmission scans based on radioactive sources (generally Ge-68 line sources) are used for attenuation correction, these sources must have sufficient strength to acquire transmission scans. Low transmission source activity will result in poor SNR in transmission scans affecting image quality and quantification of emission scans. Transmission scan sources should fulfill criteria specified by the manufacturer. Moreover, Ge-68 line sources need to be replaced at least every 1.5 years.
FDG dosage, dose calibration time, patient weight must be correctly set when required by the acquisition software.
A frequently overlooked problem may arise from an incorrect synchronisation of clocks in a PET system with those of the dose calibrator used (or computer attached to it for read-out and/or) or with clocks in various rooms/locations. <where should the clock synchronization issue go
??>
Current recommendations require calibration of equipment to manufacturer’s

standards, including attenuation, randoms, scatter, dead-time, detector sensitivity variations (ie normalization). Future improvement in the precision of longitudinal measures may require the use of more detailed standard test objects

(phantoms). In some studies, site quality assurance is considered sufficient and

in others phantom assessments have been employed as part of site initiation.

These assessments can include qualification using the American College of

Radiologist (ACR) phantom and simpler uniformly filled phantoms (ACRIN).
PET scanners should routinely be assessed for quantitative integrity and stability by being tested using various imaging protocols on a standard phantom. 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. This comparison is particularly important after software or hardware upgrades.

A daily QC check must be performed at the beginning of each day of scanner use in accordance with manufacturer recommendations. If any of the QC results are outside of the manufacturer's guidelines, the study must be rescheduled and the problem rectified before scanning any patients. 6.1.5.1 Documentation that daily scanner QC was performed on the date of the PET study must be entered on the protocol-specific PET Technical Assessment Form.

The PET scanner must be kept calibrated in accordance with the manufacturer's recommendations, and the date of the latest verification of its quantitative accuracy must be recorded on the PET Technical Assessment Form. PET scanners should routinely be assessed for quantitative integrity and stability by being tested using various imaging protocols on a standard phantom. 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 activity injected, should be performed. This comparison is particularly important after software or hardware upgrades. Hardware and software changes should be reported to the imaging core laboratory, which will determine whether requalification of the scanner is necessary.
If applicable, quality control of the blood glucose meter must be performed according to the manufacturer’s or institution’s procedure to ensure proper functioning.

12.1.2. Baseline Metrics Submitted Prior to Subject Accrual

See section 12.1.1.+ appendix E

12.1.3. Metrics Submitted Periodically During the Trial

See section 12.1.3. + appendix E

QC Associated with Imaging-related Substance Preparation and Administration  
Moreover, the net dose given to the patient needs to be known exactly.

Thus, any remaining activity in the syringe after administration should be minimized to within 1% using appropriate procedures. Alternatively, remaining activity in the syringe may be measured after the administration. In the majority (95%) of the cases, remaining activity in the syringe is smaller than 3% of the specified dose,

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

A daily constancy check of the dose calibrator must be performed prior to dose assay. Additional periodic quality control procedures, including quarterly linearity tests and annual accuracy checks, also must be followed.

1.
Ensuring USP Compliance of 18F-Fluorodeoxyglucose Used in ACRIN Studies

1.1.
 All FDG used in ACRIN studies must be manufactured according to and in compliance with USP standards in effect at the date of injection.

1.2.
 The principal investigator at each specific site may demonstrate compliance in one of four ways:

1.2.1.
The FDG can be obtained from a supplier authorized by the U.S. Food and Drug Administration (FDA) to distribute FDG pursuant to an approved New Drug Application or Abbreviated New Drug Application.

1.2.2.
The FDG can be obtained from a supplier that attests that its production of FDG is compliant with relevant USP standards in accordance with ACRIN SOP 921.01 “Ensuring USP Compliance of 18F-Fluorodeoxyglucose used in ACRIN studies”, and that it will, if deemed necessary, allow ACRIN to audit its facilities in order to verify compliance. This attestation must be maintained by the principal investigator at each specific site.

1.2.3.
The FDG can be manufactured on site if the site attests that its production of FDG is compliant with relevant USP standards in accordance with ACRIN SOP 921.01 “Ensuring USP Compliance of 18F-Fluorodeoxyglucose used in ACRIN studies”, and that it will, if deemed necessary, allow ACRIN to audit its facilities in order to verify compliance. This attestation must be maintained by the principal investigator at each specific site.

1.2.4.
For a site outside of the United States, the FDG can be obtained from a supplier or manufactured on site if the supplier or site attests that its production of FDG is compliant with the compendial standard, if any, in effect in that country, is compliant with all relevant laws and regulations of that country, and also is compliant with relevant USP standards in accordance with ACRIN SOP 921.01 “Ensuring USP Compliance of 18F-Fluorodeoxyglucose used in ACRIN studies”; and that it will, if deemed necessary, allow ACRIN to audit its facilities in order to verify compliance. This attestation must be maintained by the principal investigator at each specific site.

1.3.
A unique batch record number or identifier must be given to every batch of FDG

1.3.1.
If the dose is a unit dose, intended for a single injection into a patient, it should have a unique identifier on it. The identifier may include any of the following:

1.3.1.1.
Patient name, initials, or ID number

1.3.1.2.
Time of the injection

1.3.1.3.
A unique batch number

1.3.1.4.
Other unique identifying label that would allow the dose to be traced backwards to the manufacturer, patient, date and/or other such information

1.3.2.
If the dose is being drawn from a single vial from which multiple doses are being removed:

1.3.2.1.
The names, IDs, or other identifiers of the patients should be listed on an appropriate injection record so that the batch of FDG that is administered to each patient can be traced backwards to the manufacturer.

1.3.2.2.
Actual amount of FDG injected should be logged along with the time of injection and the patient’s name or other identifier.

1.3.3.
In the event that both on-site and commercially manufactured FDG are used:

1.3.3.1.
The injection logs or records should allow for the source of the FDG that was injected into each patient to be clearly identified in case of any adverse effects.

ACRIN 6671: 

Chemical Name: 2-[18F]fluoro-2-deoxy-D-glucose

Molecular Formula: C6H1118FO5

Description: FDG is a positron-emitting radiopharmaceutical containing no- carrier added, radioactive fluoride F18 that is used for diagnostic purposes in conjunction with positron emission tomography (PET) imaging. FDG is an analog of glucose with a hydroxyl group substituted by F18. FDG maps the distribution of glucose metabolism in the body. The half-life of FDG is 110 minutes.

Supplier/How Supplied: Commercially available, although sites have the option of making their own. FDG is provided as a ready to use isotonic, sterile, pyrogen- free, clear and colorless solution.

Solution Preparation: FDG is typically packaged in a multiple-dose glass vial and does not contain any preservatives. FDG is typically provided in an isotonic, sterile, pyrogen free, clear and colorless solution.

Dosage and Route of Administration: 10-20 mCi of FDG will be administered intravenously as a bolus.

Storage: FDG should be stored upright in an appropriate lead or tungsten alloy shielded container at room temperature.

Stability: Refer to the guidelines from the provider, but typically FDG should be used within 10 hours of the end of synthesis.

Precaution: Caution related to the use of FDG is limited to blood glucose level; tumor FDG uptake is affected by high blood glucose level. FDG should be administered by nuclear medicine personnel trained to handle radioactive material.

Synthesis, Apyrogenicity, and Purity: FDG will be synthesized using the method in place at each performance site. The apyrogenicity of the product will be established with the bacterial endotoxin test. The radiochemical purity of the product will be evaluated by high-performance liquid chromatography and/or thin-layer chromatography (TLC) and should be greater than 90%.

12.3. QC Associated with Individual Subject Imaging 

12.3.1. Phantom Imaging and/or Calibration

<Do we want to place reference here to Appendix D?>

12.3.2. Quality Control of the Subject Image and Image Data
Image processing and quality check: Before releasing the patient, the technologist should review an initial reconstruction of the PET data to ensure that: The proper body regions were included in the scan; There are no obvious motion artifacts or other problems; The administered activity, injection time, patient weight have been entered correctly, as reflected in the DICOM header. If problems are noted, the protocol-specific procedure must be followed, which may include re-scanning the patient.

The user has to check whether the DailyQC has passed the test correctly. 

ACRIN 6678:

For quality control purposes, a large circular ROI (diameter >= 5 cm) will be placed in normal 

liver tissue.  The mean SUV in this ROI will be recorded. 

• In the case of multiple liver metastases, it may not be feasible to place one large ROI in normal liver tissues.  In this case, several small ROIs, including the same number of pixels as one 5-cm ROI, may be placed in normal liver tissue.  FDG uptake within these lesions will be averaged and used for further analysis. 

• If the mean SUV within the liver changes by more than 1.0 between two scans, the SUV 

calculation will be checked for errors.  Specifically, the scanner cross calibration, the decay 

correction of the injected activity, and the participant's body weight will be checked (see 

checklist below for details) 

Checklist for PET/CT Image Quality Control 

7. SUV Calculations 

7.1 Time of Injection and Scan Start Time 

7.1.1 Data Correctly Recorded and Entered? 

Check whether the time of injection and the scan start time have been correctly recorded. 

If the PET scanner software performs decay correction for the time interval between 

injection and imaging, check whether the time of injection and the start time of the 

scanner have been correctly entered.  

7.1.2 Data correctly recorded and entered: Proceed to 7.2 

7.1.3 Injection Time Missing 

7.1.3.1 Time between injection and start of scan known: Record time between 

injection and start of scan and proceed to 7.2 

7.1.3.2 Time between injection and start of scan unknown: Record a protocol 

violation and try to repeat the scan. If the scan cannot be repeated, the 

participant goes off study. 

7.1.4 Scan Start Time Missing 

7.1.4.1 Time between injection and start of scan known: Record time between 

injection and start of scan and proceed to 7.2 

7.1.4.2  Time between injection and start of scan unknown: Record a protocol 

violation and try to repeat the scan. If the scan cannot be repeated, the 

participant goes off study. 

7.2 Is the Time between FDG injection and Start of the PET Emission Scan within the 

Specifications of the Protocol? 

7.2.1 All Scans (Baseline and Follow-up Scans) 

7.2.1.1 Time between injection and start of PET scan within 50-70 min: If it is a 

baseline scan, proceed to 7.3.  If it is a follow-up scan, proceed to 7.2.2 

7.2.1.2 Time between injection and start of PET scan >=45 and < 50 min: Record a 

protocol variation.  Participant remains in the study.  

7.2.1.3 Time between injection and start of PET scan >70 min and <= 80 min: 

Record a protocol variation.  Participant remains in the study.  

7.2.1.4 Time between injection and start of PET scan < 45 min: Record a protocol 

violation and try to repeat the scan.  If the scan cannot be repeated, the 

participant goes off study. 

7.2.1.5 Time between injection and start of PET scan > 80 min: Record a protocol 

violation and try to repeat the scan.  If the scan cannot be repeated, the 

participant goes off study. 

7.2.2 Follow-up Scans 

7.2.2.1 Time between injection and PET imaging differs by 10 min or less between 

the baseline and the follow-up scan: Proceed to 7.3 

7.2.2.2 Time between injection and PET imaging differs by more than 10 min, up 

to 15 min: Record a protocol variation.  Participant remains in the study. 

7.2.2.3 Time between injection and PET imaging differs by more than 15 min: 

Record a protocol violation and try to repeat the scan.  If the scan cannot be 

repeated, the participant goes off study. 

9. Measure Liver SUV 

(Internal quality control, see Section 5 above for details of this measurement) 

9.1 All Studies (Baseline and Follow-up Studies) 

9.1.1 Mean liver SUV within 1.5 – 4.0 (expected variability): Proceed to 9.2. 

9.1.2 Mean liver SUV < 1.5 or > 4.0: Check scanner calibration and cross calibration of dose 

calibrator and PET scanner. Are there signs of partially paravenous tracer administration 

in the images?  Record protocol variation, if no explanation for the unusual liver SUV 

can be found or there is evidence of partially paravenous tracer administration. 

9.2 Follow-up Scans 

9.2.1 Difference in mean liver SUV between the baseline and follow-up scan less than 1.0: 

Proceed to 10. 

9.2.2 Difference in mean liver SUV between the baseline and follow-up scan greater than 

1.0: Check scanner calibration and cross calibration of dose calibrator and PET scanner.  

Are there signs of partially paravenous tracer administration in the images?  Record 

protocol variation, if no explanation for the unusual liver SUV can be found or there is 

evidence of partially paravenous tracer administration.



12.4. QC Associated with Image Reconstruction

ACRIN 6678:

Artifacts in the Reconstructed Images 

1 Beam hardening artifacts in CT 

1.1 Are there any metal implants or other structures with high density in the chest?  No, 

proceed to 1.1.2 

1.1.1.1 Do the implants cause beam hardening artifacts on CT that are visible on 

the reconstructed PET emission images? No, proceed to 10.1.2 

1.1.1.2 Are the beam hardening artifacts overlying the tumor region? No, 

proceed to 10.1.2 

1.1.1.3 Is there an alternative lesion in the chest that could be used for 

quantitative measurements in PET (e.g. pulmonary metastasis or lymph 

node metastasis): If yes, use this lesion for quantitative analysis.  If no, the 

participant goes off study.   

1.1.2 Was the scan acquired with the arms raised above the head?  Yes, proceed to 10.2. 

1.1.2.1 Are the resulting beam hardening artifacts visible on the PET images and 

over the tumor region?  No, proceed to 10.2 

1.1.2.2 Is there an alternative lesion in the chest that could be used for 

quantitative measurements in PET (e.g. pulmonary metastasis or lymph 

node metastasis): If yes, use this lesion for quantitative analysis. If no, the 

participant goes off study.   

1.2  Participant Movement 

1.2.1 Is there any visible mis-registration between the outer contours of the tumor as seen 

on CT and the outer contours seen on PET?  This is checked on the PET/CT fusion 

images. 

1.2.1.1 If yes, estimate the degree of misregistration by counting the number of 

slices that the tumor is visible on CT, but not on PET.  If there is 

misregistration by more than 3 slices of the PET scan (about 1 cm), report a 

protocol variation.  

1.2.2 Can the volume of interest for quantitative analysis of the PET scans be placed in an 

area where PET and CT images overlap?  If yes, use this area for quantitative analysis. 

If no, proceed to 10.2.1. 

1.2.3 Is there another lesion that can be used to quantify FDG uptake (see Appendix VI 

for criteria)?  If no, try to repeat the PET scan. If it is not possible to repeat the scan, the 

participant goes off study.


12.5. QC Associated with Image Processing

12.6. QC Associated with Image Analysis

12.7. QC Associated with Interpretation
13. Imaging-associated Risks and Risk Management
13.1. Radiation Dose and Safety Considerations
The radiation dose with PET/CT or PET is the combination of the radiation exposure caused by the radiopharmaceutical and the CT study (or the external transmission sources). Radiation dose of diagnostic CT has been a matter of debate over the last years,

particularly for paediatric examinations. It is difficult to state a mean dose for a CT scan because of the variety of applications, protocols, and CT systems. Especially for children but also for adults it is of importance to optimise the radiation exposure with respect to the diagnostic question. In recent years there has been much effort to minimise the

radiation dose related to a conventional CT-or PETexamination.

The radiation dose of FDG is approximately 2 × 10−2 mSv/MBq according to ICRP publication 106 [28], i.e. about 3–4 mSv for an administered activity of 185 MBq. The radiation exposure related to a CT performing a PET/CT examination depends on the

intention of the CT carried out and may differ from case to case: the CT can be performed as a low-dose CT (with lower voltage and current) to be used for attenuation correction and localisation of PET lesions.  Alternatively (or additionally) a diagnostic CT can be

indicated (in most cases with intravenous contrast agent application and deep inspiration in case of a chest CT) for a full diagnostic CT examination. The effective CTdose could range from 1–20 mSv and may be even higher for a high resolution diagnostic CT scan. Given the variety of CT systems and protocols the radiation

exposure for a PET/CT examination should be estimated specific to the system and protocol being used and an expert from radiology or guidelines provided by the

European radiological societies should be consulted regarding effective dose from the CT examination.3
The radiation dose for the PET/CT scan will depend on injected activity of FDG and the dose of the CT scan (Brix et al., 2005). It would be useful to have some standard estimates of radiation dose which can then be utilized within the framework of local regulatory requirements for risk analysis and which will also depend on patient populations and life expectancy .
ACRIN 6665: 

Potential Risks Related to PET Scanning 

 The potential risks inherent in this study are as follows: this research study involves exposure to radiation from an intravenous injection of F-18 fluoro-2-deoxy-D-glucose for the PET scans.  The amount of radiation exposure (effective dose) from three PET scans (the minimum number to be performed for research purposes), if each is performed with the maximum injected dose of 20mCi of FDG, is equivalent to a uniform whole-body exposure of approximately 4.5 rem.  The exposure from the PET scans is similar to the allowable annual dose for radiation workers (for example, x-ray technicians). The risk from radiation exposure of this magnitude is too small to be measured directly and is considered to be low in comparison with other everyday risks.   

 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.  For the dose of FDG used in this study there are no anticipated toxicities (other than the radiation exposure mentioned above). 

ACRIN 6671: The radiation exposure from a PET/CT scan is no higher than what you would experience with a normal CT scan. This can be higher than the radiation exposure from a regular x-ray.
ACRIN 6678:

Participants will be injected with 370-740 MBq of FDG (10-20 mCi) for each research PET scan. The exact amount of FDG injected depends on the characteristics of the PET/CT system used and will be adjusted by the participating sites.  According to ICRP Report 80, a typical dose of 15 mCi  results in an effective dose of 10.6 mSv (1.06 rem) per PET scan. The critical organ is the bladder, which according to ICRP Report 80 receives a radiation dose of 90 mSv (9 rem).  However, several studies have demonstrated that the radiation dose to the bladder can be reduced by approximately 50% if participants void after completion of the PET study (99–103).  The effective dose of a whole-body low-dose CT for attenuation correction of the PET data is in the range of 3 mSv (0.3 rem) (104).  The effective dose due to the diagnostic CT scan of the chest for measurements of tumor volume is in the range of 6 mSv (0.6 rem) (105). The critical organ are the lungs, which will receive a radiation dose of approximately 15 mSv (1.5 rem) (105).  These figures compare with the annual background radiation in the US, which is approximately 3.6 mSv (0.36 rem). It can also be compared to the annual amount of radiation allowed for a radiation worker, such as a CT technologist or radiologist, which equals 50 mSv (5 rem) per year. 

13.2. Imaging Agent Dose and Safety Considerations  <should this go here or section 5.2?>
Approximately 1 person in 1000 may have an allergic reaction from the 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. You should tell the technologist immediately if you experience any of these symptoms so you can be treated promptly.
A prescription of FDG dosage as function of patient weight, scanner type, percentage bed overlap, and time per bed position is given to minimize variability in scan statistics across  scanners and patients (with different weights). 
Insert pertinent equations from Neth / EU papers here
	Table 4 FDG dose as function of patient weight (10 kg steps) 
	

	Mode 
	2D 3D 
	3D 
	3D 
	3D 
	3D 
	3D 
	3D 
	3D 

	Time/bed 
	5 5 
	4 
	3 
	2 
	5 
	4 
	3 
	2 

	Bed overlap (%) 
	25 25 
	25 
	25 
	25 
	50 
	50 
	50 
	50 

	Patient weight (kg) 
	FDG Dose (MBq) 
	
	
	
	
	
	
	

	30–39 
	170 
	80 
	120 
	160 
	240 
	40 
	60 
	80 
	120 

	40–49 
	220 
	110 
	150 
	200 
	310 
	60 
	70 
	100 
	150 

	50–59 
	270 
	130 
	180 
	250 
	370 
	70 
	90 
	120 
	180 

	60–69 
	320 
	160 
	220 
	290 
	440 
	80 
	110 
	140 
	220 

	70–79 
	370 
	180 
	250 
	340 
	510 
	100 
	120 
	170 
	250 

	80–89 
	420 
	210 
	290 
	390 
	580 
	110 
	140 
	190 
	290 

	90–99 
	470 
	230 
	320 
	430 
	650 
	130 
	160 
	210 
	320 

	100–109 
	520 
	260 
	360 
	480 
	720 
	140 
	180 
	240 
	360 

	110–119 
	570 
	280 
	390 
	520 
	– 
	150 
	190 
	260 
	390 

	120–129 
	620 
	310 
	430 
	570 
	– 
	170 
	210 
	280 
	430 

	130–139 
	670 
	330 
	460 
	620 
	– 
	180 
	230 
	310 
	460 

	140–149 
	720 
	360 
	500 
	660 
	– 
	200 
	250 
	330 
	500 


Exceptions

For new scanners, e.g., scanners with time of flight (ToF) or equipped with new reconstruction methods (e.g., recovery correction), it is allowed to deviate from the above specifications.

In the latter case, it is up to the users to demonstrate that use of other than the recommended dose-scan time per bed specifications does not result in a change of observed SUV. To that end, the deviation from the above-given specifications must be justified using phantom experiments, as described later in the QC section of this protocol, as well as by a clinical study relevant to the ongoing multi-centre study (i.e., using the same patient population). 
Increasing the FDG dosage to reduce overall scanning time should not result in count rates exceeding the maximum count rate capabilities of the PET scanner, i.e., above which corrections for dead time or others can no longer be accurately performed (<5%). When specified, the recommendations of the manufacturer on maximum dosage should be followed.
When variable scan times per bed position can be applied, it is allowed to reduce the scan time per bed position with 50% for scan trajectories outside thorax and abdomen (thus for head, neck and legs) to reduce overall scanning time. Net administered dose should be within 10% of the recommended dose but must be exactly known within 3%.


13.3. Imaging Hardware-specific Safety Considerations


13.4. Management and Reporting of Adverse Events Associated with Imaging Agent and Enhancer Administration


13.5. Management and Reporting of Adverse Events Associated with Image Data Acquisition
Appendix A:  Acknowledgements and Attributions

The Procedure Guidelines for Tumour Imaging with FDG PET/CT 1.0 of the Society of Nuclear Medicine (SNM)1 [1], the German Guidelines for FDG-PET/CT in Oncology2 [2], the quality control/assurance procedures used in the UK for lymphoma/head and neck cancer studies and the Netherlands protocol for standardisation of quantitative

whole-body FDG PET/CT [3] studies have been integrated in the present guideline.
(EU article)
PET imaging working group formed by the Dutch Society of Haemato-Oncology (HOVON) and by Nuclear Medicine Physicians, representatives of the Dutch Society of Nuclear Medicine, and Medical Physicists, representative of the Dutch Society of Nuclear Medicine and Dutch Society of Clinical Physics.  Imaging workgroup members:

Ronald Boellaard, Wim Oyen, Corneline Hoekstra, Otto Hoekstra, Eric Visser, Antoon Willemsen,

Bertjan Arends, Fred Verzijlbergen, Anne Paans, Emile Comans, Jan Pruim, Ellie Lugtenburg, Jaap Stoker, Cornelia Schaefer, Josee Zijlstra
(Netherlands article) 
In preparing this paper we have briefly summarized the areas where there is

already consensus from the NCI and EORTC working groups.(Shankar et al.,

2006, Young et al., 1999). We think that further consensus is especially needed

in the area of image analysis, where there are many potential solutions and

where we are often working with external partners to accomplish a successful

imaging trial.
(Hallett et al. article)

To provide such guidance and to help standardize the acquisition and interpretation of 18F-FDG PET images in clinical trials sponsored by the National Cancer Institute (NCI), the Cancer Imaging Program of the NCI convened a workshop on January 10211, 2005, in Washington, DC, at which the current status of 18F-FDG PET technology and clinical experience—both in diagnosis and in monitoring therapeutic response—was reviewed.
(Shankar et al. article)
Appendix B: Background Information
Positron emission tomography (PET) is a tomographic technique that computes the three-dimensional distribution of radioactivity based on the annihilation photons that are

emitted by positron emitter labelled radiotracers. PET allows non-invasive quantitative assessment of biochemical and functional processes.
Given the kinetics of FDG adequate static images are most frequently acquired

approximately 60 min after administration. It is recognized, however, that the uptake period is highly variable, FDG concentration not reaching a plateau for up to 4–6h in some tumours [16]. Moreover, not all cancers are FDG avid. Variable uptake is likely related to biological features of individual cancers, as is observed in bronchoalveolar

carcinomas, renal, thyroid cancers, several subtypes of malignant lymphoma, carcinoids but also most prostate carcinomas.
In contrast to PET, computed tomography (CT) uses an x-ray beam to generate tomographic images. CT allows the visualisation of morphological and anatomic structures with a high anatomical resolution. Anatomical and morphological

information derived from CT can be used to increase the precision of localisation, extent, and characterisation of lesions detected by FDG PET. FDG PET and CT are established imaging modalities that have been extensively validated in routine clinical practice.

Quantification of FDG whole body PET studies and need for standardisation of FDG-PET studies      <this referenced section contains literature history of background issues> <needs work>

FDG-PET is recognized as a sensitive tool for the diagnosis and staging of a

number of solid tumor types and assessing their response to treatment.

Combining PET/CT imaging in the same scanning session offers efficiency in

patient care and increased accuracy (Antoch et al., 2003). The rapid downregulation of FDG uptake in GIST responsive to TK inhibitors, observed weeks in advance of significant tumor volume changes, illustrate the importance of accurate tracking of both functional and anatomical parameters (Van den

Abbeele and Badawi, 2002).
18F-FDG PET has become a common imaging modality in oncology, primarily as a result of the widespread availability of PET instruments, an accumulation of clinical data, and the gradual expansion of oncology indications that Medicare will reimburse. With this increasing clinical

experience, it is becoming clear that 18F-FDG PET may have an important role as a surrogate endpoint for assessing the clinical efficacy of novel oncologic therapies. At the same time, it has become equally clear that the potential of 18F-FDG PET as such a tool will not be achieved unless standard protocols are developed so that data can be accumulated

and compared across multiple clinical sites. Today, the methods of obtaining 18F-FDG PET scans and assessing 18F-FDG metabolism and uptake vary. 18F-FDG is a marker of metabolic activity in a variety of tissues and tumors (2). Most malignant tissues have increased

18F-FDG uptake associated with an increased rate of glycolysis and of glucose transport. Warburg first described this fundamental aberration of malignant cells in the 1930s (3), and more recently, several groups have described the specific cellular mechanisms associated with glucose uptake in malignant tissue (4–6). The increase in 18F-FDG uptake noted in malignant tissue is related in a complex manner to the proliferative activity of malignant

tissue and to the number of viable tumor cells (7–9). For these reasons, investigators have postulated that alterations and changes in 18F-FDG uptake after treatment of cancer should reflect the cellular response to the treatment, likely including effects such as changes in the number of viable tumor cells and altered cellular proliferation. However, a complex mix of different cellular processes determines the rate of glucose metabolism. The precise mechanism by which alterations in these cellular processes with cancer treatment lead to changes in 18F-FDG uptake is incompletely understood and may be different for different tumor types and different treatments.

Appendix C: Conventions and Definitions 

Definitions
Review this document and define relevant terms and notations here.

 - An integrated PET/CT system is a combination of a PET and a CT scanner with a single patient table.

 - PET/CT allows a sequential acquisition of correspondingPET and CT portions of the examination without having to move the patient. Both data sets are intrinsically coregistered given that the patient does notmove during or in between the acquisitions.

 - The PET+CT fusion is the mechanical and data related fusion of PET and CT volume data sets in a combined data set. The software fusion of separate PET and CT

data sets is referred to as PET+CT.

 - A fused PET+CT data set allows the combined visualization of the fused PET and CT datasets.

 -  A PET/CT examination can include the whole body or a portion of the body.

 - Total body imaging: from the top of the head through the feet (only in a minority of the cases).

 - Whole-body imaging: Base of the skull-base to midthigh imaging (covers most of the relevant portions of the body in oncology imaging).

 - Limited-area tumour imaging (for the evaluation of tumour-related changes in a limited portion of the body).

 - In PET/CT attenuation and scatter correction is carried out using the CT-transmission data.

 - Low-dose CT or anatomical CT: CT that is only performed in order to carry out an attenuation correction (CT-AC) or used for anatomical co-localisation of PET findings

(with reduced voltage and current of the x-ray beam), i.e. a low-dose CT is NOT intended for radiological diagnosis.

 - If clinically indicated, a proper ‘diagnostic’ CT scan with intravenous and/or oral contrast media and deep inspiration breath hold can typically be combined with

the PET/low-dose CT acquisition.  <extracted from Definitions section of paper>
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 (derived from the imaging protocol or supportive of the imaging protocol)

Move to D in appropriate sub-section and include appropriate introductory stating that the “following are extractions with no attempt to achieve consensus at this time”:  The aim of calibration and cross-calibration is to determine the correct and direct calibration of a PET or PET/CT camera with the institution’s own dose calibrator or against another one which is used to determine patient-specific FDG activities [39]. If these FDG activities are ordered directly from and supplied by a pharmaceutical company, cross-calibration of the PET camera should be carried out using a calibration sample supplied by that company (i.e. the customer should order an FDG activity of about

70 MBq, see below, as if it concerns an FDG activity needed for a clinical study). Remember that cross calibration must not be confused with normal calibration.

Cross-calibration is a direct, relative calibration between the used (or institution’s own) calibrator and the PET camera, and therefore provides information about possible calibration discrepancies between the PET camera and the dose calibrator, which is more essential for correct SUV quantification than the individual calibrations themselves.
In short, the procedure is as follows: A syringe is filled with approximately 70±10 MBq of FDG solution and is remeasured in a calibrated dose calibrator (or the syringe is ordered from the pharmaceutical company). The FDG is then introduced into a calibration phantom with an exact known volume (<1%) filled with water, which results in a

solution containing an exactly known activity concentration (Bq/ml). Homogenisation of the FDG in the phantom should be achieved by leaving an air bubble of approximately 10–20 ml within the phantom and subsequently shaking/mixing the phantom for a short period of time (10 min). If the institution has a calibrated well counter, three samples of approximately 0.5 ml should be taken from the calibration phantom solution using a pipette. The exact weight/volume of the samples should be determined before placing the samples in the well counter. Emission scans of the calibration phantom are

performed with the PET or PET/CT camera using the recommended whole-body acquisition protocol/procedure (including multi-bed acquisitions, see Appendix III).

Once the activity has decayed (after an interval of 10 h or more), a transmission scan is performed without moving the phantom from its position in the PET or PET/CT system. For PET/CT cameras on which attenuation correction is performed using a low-dose CT-scan (CTAC), the CT-AC scan can be carried out either directly before or after the emission scan.
Emission scans are reconstructed in accordance with the recommended reconstruction parameters as described in “Image reconstruction” on image reconstruction and

Appendix II. VOI analysis is performed in order to determine the average volumetric concentration of activity within the phantom as measured by the PET camera.

Cross-calibration factors between the PET or PET/CT camera and dose calibrator and well counters can then be derived directly. Once the cross-calibration procedure has

been completed, conversion factors will be known with which the counts/measurements for different equipment can be synchronised. N.B.: The cross-calibration factor between the PET camera and dose calibrator should be equal to 1.0 (<10%). A ‘standard operating procedure’ (SOP) is described in Appendix III.1

It is therefore important to determine the accuracy of the SUV using a standardized ‘anthropomorphic’ phantom containing spheres (tumours) of varying sizes. Phantoms

such as these enable to verify SUV quantification under clinically relevant conditions. The aim of the IQRC quality-control procedure is:


- To determine/check the correctness of a calibration and quantification using a non-standard (calibration) phantom


-  To measure ‘activity concentration recovery coefficients’ as a function of sphere (tumour) size.
The IQRC quality-control procedure is carried out closely in accordance with the ‘image quality, accuracy of attenuation and scatter corrections’ procedure described in the NEMA Standards Publication NU 2-2001, “Performance measurements of positron emission tomographs”. VOIs are defined manually according to this procedure.

However, it is known that automatic definition of 3D volumes of interest (VOI) based on isocontours using fixed percentages results in a higher SUV accuracy and precision

than those determined using manually defined ROIs or VOIs (2,3,6). Therefore, 3D-VOIs are also determined using an automatic VOI method such as described in “Definitions for

volumes of interest (VOI) and regions of interest (ROI)”:


- 3D isocontour at 50% adapted for background correction (A50)


- Maximum pixel value (max)
The procedure for making this VOI is as follows: Firstly, the location of the pixel with the maximumSUVin the tumour must be determined (manually or semi-automatically). Secondly, a 3D-VOI is generated automatically based on the maximum SUV/pixel value and its location with a 3D ‘region growing’ algorithm in which all pixels/voxels above the

defined threshold limit are included. Once a VOI has been generated for each sphere, the average concentration of activity (or SUV) for the sphere can also be determined. The

average VOI activity concentration value measured is then normalized with the actual concentration of activity in the spheres, which indicates the ‘activity concentration recovery coefficient’ per sphere (i.e. the ratio of the measured and actual concentration of activity as a function of sphere size). The ‘recovery coefficient’ is finally defined as a function of sphere size and VOI definition. A standard operating procedure is presented in Appendix III.2. 
The measured activity concentration recovery coefficients must meet the specifications given below. These specifications are based on recovery coefficients measured

according to this protocol on various PET and PET/CT systems of different vendors [3].

Specifications for activity concentration recovery coefficients (RC) measured according the Image Quality QC SOP (Appendix III.2). Specifications are given for recovery

coefficients obtained using A50 VOI and the maximum pixel value only.

[image: image4.png]RC specification for AS0

Sphere volume (ml)  Expected RC Minimal RC  Maximal RC
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RC specifications for maximum pixel value

Sphere volume (ml)  Expected RC Minimal RC  Maximal RC

0.98 0.88 108
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0.89 077 101
0.84 075 094
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It is required to assess the accuracy of SUV using an image quality phantom containing variously sized sphere simulating tumours. Such a phantom will allow assessment of SUV accuracy in ‘tumour’-like conditions. The purposes of the ‘image quality and recovery coefficients’ quality control procedure are: (1) to assess SUV quantification in ‘tumour’ like structures; (2) to assess correct calibration/ quantification for a nonstandard phantom and; (3) to determine recovery coefficients as function of sphere (tumour) size.

The ‘image quality and recovery coefficients’ quality control procedure is performed similarly to the “image quality, accuracy of attenuation and scatter corrections” procedure of the NEMA Standards Publication NU 2-2001 “performance measurements of positron emission tomographs”. The main difference is that, now, all spheres will be filled with a FDG solution equal to about eight times the activity concentration of the background compartment. Furthermore, acquisition, reconstruction and data analysis (ROI) methods to measure and determine sphere uptake are performed as recommended in this paper for patient studies. A standard operating procedure (SOP “Image Quality and recovery coefficients PET”, Dutch version) is available in the Dutch version of the approved recommendations protocol. Following the SOP, absolute activity concentration recovery coefficients as function of sphere size are obtained. These recovery coefficients should be within the specifications given in Tables 5 and 6 for the two given ROI (A50% and MAX).

CHECK TABLES 5 & 6 - WHERE to INSERT???
[image: image5.png]Table 5 Recovery coefficient (RC) specifications for VOIaso
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[image: image6.png]Table 6 Recovery coefficient (RC) specifications for ROl MAX
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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.
Table G.1a

Model X: <description of manufacturer, model, version, etc.>

Model Y: <description of manufacturer, model, version, etc.>

Model Z: <description of manufacturer, model, version, etc.>

Source: <submitted by who>                                     Date: <submitted when>

	Parameter
	Level*
	Model X


	Model Y
	Model Z

	Parameter A
	Acceptable
	
	
	

	
	Target
	
	
	

	Parameter B
	Acceptable
	
	
	

	
	Target
	
	
	

	
	Ideal
	
	
	

	Parameter C
	Acceptable
	
	
	

	Parameter D
	Acceptable
	
	
	

	
	Target
	
	
	


* See Appendix C for a discussion of the Levels of Compliance

Table G.1b
Model A1: <description of manufacturer, model, version, etc.>

Model A2: <description of manufacturer, model, version, etc.>

Source: <submitted by who>                                     Date: <submitted when>

	Parameter
	Level*
	Model A1

	Model A2

	Parameter A
	Acceptable
	
	

	
	Target
	
	

	Parameter B
	Acceptable
	
	

	
	Target
	
	

	
	Ideal
	
	

	Parameter C
	Acceptable
	
	

	Parameter D
	Acceptable
	
	

	
	Target
	
	


* See Appendix C for a discussion of the Levels of Compliance

Here a number of indicative settings are given for different system types. These indicative settings usually provide results that meet closely the QC specifications as defined later in this guideline. In case these reconstructions cannot be set exactly as indicated below, settings may be set as close as possible to the ones listed below. However, note that reconstructions should be set such that they meet the

multi-centre QC specifications for both calibration and image quality/SUV recovery as function of sphere size (see “Exceptions/special features”)
Siemens/CTI systems:

 -  2D or 3D OSEM reconstruction with sufficient convergence (generally, product of iterations and subset larger than 50 is sufficient)

 -  5-mm FWHM Gaussian reconstruction filter in all directions or equivalent filters. In case of resolution modeling during reconstruction, a smoothing filter

may be required to meet the multi-centre QC specifications. This filter may be applied afterwards (and/ or thus create an additional dataset).

 -  matrix size of 128×128 up to 256× 256

 -  zoom=1
General Electric systems:

 -  2D or 3D OSEM reconstruction with sufficient convergence (generally, product of iterations and subset larger than 50 is sufficient)

 -  5-mm FWHM Gaussian filter in all directions or equivalent filters. In case of resolution modeling during reconstruction, a larger filter may be required to meet QC specifications. This filter may be applied afterwards (and/or thus create an additional dataset)

 -  matrix size 128×128 up to 256× 256

 -  zoom=1
Philips systems (Gemini, Gemini ToF):

 -  There are two options:

(1) Gemini TF: LOR-TF-RAMLA (“Blob-OS-TF”) with ‘normal’ smoothing setting.

(2) Gemini (non ToF): LOR-RAMLA using default settings (as of mid-2006).

(3) For both use an image matrix size of 144×144

G.2. Image Reconstruction Parameters

For Siemens/CTI scanners:

& (FORE+) 2D OSEM reconstruction with four iterations and 16 subsets.

& A post reconstruction smoothing using a 5-mm FWHM

Gaussian filter

Model-based scatter correction.

& Matrix size of 128×128

& Zoom=1.0

For GE scanners:

& Default reconstruction settings (generally OSEM with about two iterations and 30 subsets for 2D scans and

FORE+2D OSEM with five iterations and 21 subsets for 3D scans)

& A post-reconstruction smoothing using a 5-mm FWHM

Gaussian filter

& Model-based scatter correction

& Matrix size of 128×128

& Zoom=1.0

For Philips scanners:

& For scanners equipped with time of flight (ToF), the default reconstruction methods (LOR based reconstruction

including ToF) should be used applying ‘normal’ smoothing setting

& For scanners without ToF, reconstructions should be performed using LOR-RAMLA or 3D RAMLA applying

four iterations and other settings as specified by the manufacturer.

& Matrix size of 144×144 (default)

& Zoom=1.0  

G.3. Post-Processing Instructions

G.4. Analysis Instructions

G.5. Interpretation Instructions

�The inclusion of pre-enrollment baseline scans performed on qualified  scanners using the protocol-specified acquisition is an important point to include in the consolidated statements.


�Text added by JY on 24May with point to be added.


�I think this section could be simplified in to 2 sections on inclusion and exclusion criteria which is more consistent with standard clinical trials.


�Exclusion Criteria?


�text added by JY on 24May with note that there is important point which needs to be added to consolidated statement


�Insert extract from Delbecke in toto by EP.


�Allows for using identical equpment if there is a scanner failure and the backup is ACRIN qualified.


�added by JY on 24May indicating point that should be added.


�added by JY on 24May with indication that point needs to be added. JY "this is qualification rather than QC; seems like it should be here rather  than section 12."


�added by JY on 24may


�added by JY on 24may with indication that point needs to be added.


�Important to add some of these elements to the consolidate statement: history, physical, clinical labs, pregnancy test, pathology report, hisopathologic diagnosis, and stage.


�


�For bullets 6 and 7, need to capture these thoughts in consolidated statement.


�added by JY on 24may.


�GSD add text to consensus statement.


�Added by JY on 24may with point to be added.


�This should be added to the consolidated statement


�Moved here from 7.2..1  – ACRIN extraction


�Moved here from section 7.2.1 – ACRIN (added to consolidated statement


�Moved here from section 7.2.1 – ACRIN extraction (added to consolidated statement


�Moved here from 7.2.1 but not added to consolidated statement.


�added by JY on 24may


�Added by JY on 24May


�Needs confirmation re: appropriate site of extraction and then needs to be incorporated into consolidated statement.


�The 10 min difference in follow-up uptake period should be incorporated in consolidated statement.


�Added by JY on 24May with indication that point needs to be added.


�GSD to determine if extracted material has been incorporated into consolidated statement.


�JY added 24May


�GSD to determine if all ACRIN extracted material is in appropriate location and adequately presented in consolidated statement.  GSD TO DO.


�This concept has not yet been captured in consolidated statement- with ref to 12.2 needed.  Section 5.0 and/or 12 for QC???


�Again, I think there should just be a single section.


�Moved here from 7.2.1 – Neth extraction


�Moved here from 7.2.1 – ACRIN extraction (added to consolidated)


�Moved here from 7.2.3 - ACRIN


�Moved here from 7.2.3 - ACRIN


�JY added on 24May


�I think these section could be eliminated and the focus should be on how the data should be acquired rather than specifying the quality/characteristics of the output data.


�I’m not sure where else to put this but here are details on the options for CT scanning. I’ve excluded the details on the volumetric CT as this will be in the CT template.


�added by JY on 24May


�Added by JY on 24may.


�This could be included in the previous section.


�I think this section should be eliminated since it is already in 5.3


�Where to extract and capture this important / novel information – along with section of acquisition parameters to be recorded on PET Technical Assessment form, below?


�Would this go to section 7.1.1 and be captured in consolidated statement in Scanning Strategy section bullet 2?


�Important concepts; where to extract and capture? 


�Where to extract and capture, to go with comment four previous to this.


�Currently there is no home for post scan procedures in template to my knowledge; where does this go?


�added by JY on 24may


�There doesn’t seem to be a section for this information but it might go in this area.


�Where should this be extracted to and captured in consolidated statement.


�Added on 24May by JY


�Again, I think this should be a subsection of a general section on reconstruction parameters


�Should this be extracted to image analysis?


�This should move into section 7 – where?


�Again, I think this should be specified as how one should do the processing rather than what the final result should be.


�I think this section should removed and included in the following section.


�Should this be in analysis or interpretation?


�This patient image QC is important to include in consolidate statement.


�This is probably one of the few examples that describe local interpretation.


�added by JY on 24May


�This section seems to be repeating parts of the image analysis


�I think this is still confusing with regards to the image analysis section. I would break this down as 3 consecutive sections on qualitative review, quantitative analysis, and response assessment (only for therapy trials).


�Added by JY on 24May


�Moved here from section 2.2 - Neth


�Moved here from section 5.5 – ACRIN extraction


�For all of the FDG-PET trials I am aware of there is no phantom measurements or specific calibrations associated with an individual scan. So I think this can be an N/A.


�added by JY on 24May


�added by JY on 24May


�Added by JY on 24May
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