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I. Executive Summary
This Profile describes image acquisition, quality control, processing, analysis, change measurements and interpretation for multiple applications associated with lung cancer. It sets out performance claims for measuring the volumes of small pulmonary masses and describes the requirements placed on human and computer-controlled actors in the following contexts: (1) screening for lung cancer, (2) managing individual patients in medical settings, and (3) quantitatively evaluating therapeutic responses in clinical trials. 
Summary of Clinical Trial Usage as described in assimilated protocol "Volumetric Image Analysis of Small Pulmonary Masses using X-Ray Computed Tomography"
The context of use is to assess longitudinal measurements of change in the volume of pulmonary masses over relatively short time-intervals to predict treatment response in early stage (Stage 1-2) disease in neoadjuvant window of opportunity trials. In diagnostic settings, pulmonary Masses are often significantly less than 1 cm in diameter at the time of detection, and follow-up periods are typically 3-to-6 months. In window of opportunity trials, masses typically have diameters of 1.5cm or less, and drug exposure prior to surgical resection for cure is often only a few weeks in duration. In both scenarios, longitudinal changes in tumor volumes are relatively small. 
From a quantitative imaging perspective, these contexts are particularly favorable settings, as early lung cancers are typically located in the peripheral lung zones, where the borders of the tumors are surrounded by air-filled normal respiratory tissue. The resulting contrast often produces favorable signal-to-noise ratios that facilitate establishing the edges of tumor extent better than the segmentation of many tumors growing in water-density solid organs. For this reason, early lung cancer is an important opportunity to define parameters that enable minimal variance with quantitative image analysis. 
Neoadjuvant studies can be used pre-operatively to evaluate the effects of investigational treatments with Stage IA or IB, resectable non-small cell lung cancer (NSCLC). The neoadjuvant window of opportunity trial is a research approach to evaluate the host response to a targeted therapeutic and this new proof of concept type evaluation is likely to become an obligatory step in the development of personalized therapeutics. “Window of Opportunity Trials” used for early evaluation of drug therapy to evaluate if the proposed mechanism of action for a targeted drug approach is having the anticipated mechanism of action. This evaluation is possible as these trials involve both baseline quantitative imaging and molecular characterization of baseline tumor biopsy material. After the drug exposure repeat quantitative imaging and molecular analysis of operatively resected tumor tissue allows a comprehensive evaluation of the tumor response to drug exposure. These analytically intensive trials and are often run at major research centers which are capable of the advanced/stringent protocols needed to achieve the required quantitation. The pharmaceutical industry is very supportive of this trial design since it greatly enhances the body of science allowing a more rational basis for targeted drug development.
II. Clinical Context and Claims
The clinical context sets out the utilities and endpoints for clinical trial usage and then proceeds to identify targeted levels of quality for named measurement read-outs that may be used in the relevant clinical indications.
Utilities and Endpoints for Clinical Trials
This protocol is appropriate for quantifying the volumes of small masses in the lung, and measuring their longitudinal changes within subjects. The primary objective is to evaluate their growth or regression with serially acquired high-resolution CT scans of the thorax and advanced image processing techniques. The information about volumetric change will drive management decisions in diagnostic settings as well as clinical trials in patients with known malignancies. Secondary objectives may include changes in other, yet-to-be defined, image features, such as changes in mass density, vascularization, degree of spiculation, etc. In many translational research settings, there will also be cross analysis of different types of trial-derived data including biochemical, pathological and molecular biomarkers with the goal of optimizing the yield of information gleaned from early clinical trials. 
Additional trial design may also include establishing the presence of certain progression events for determining time to progression (TTP) or progression free survival (PFS).
Claim 1:  Interval Growth in Context of Lung Cancer Screening
Quantitative imaging can be used to assess growth rates of non calcified pulmonary nodules. Those with a doubling times of <400 days are thought to have a high likelihood of being a clinically significant lung cancer. Low dose CT scans can be compared across time intervals and the volume of the non calcified nodule can be compared at the two time intervals. Recent research reports have suggested that such serial comparisons can be performed in an automated mode but commercial volume measurement tools. This calculation is often done by determining nodule growth over a three month time interval and then expressing that change through time as a doubling time.

	Measurement or Categoric Result
	Performance Levels Achieved under Bull's Eye Conditions

	
	







	Growth rate of lung mass
	If Activities are Performed at Acceptable Level
(something like % change assessed between time points)
If Activities are Performed at Target Level
If Activities are Performed at Ideal Level


	Classification of lung mass as to benign or malignant
	If Activities are Performed at Acceptable Level
AUC >85%
If Activities are Performed at Target Level
AUC >90%
If Activities are Performed at Ideal Level
AUC >95%



Claim 2:  Manage Individual Patients
Measurements of tumor volume are more precise (reproducible) than uni-dimensional measurements of its longest, in-plane diameter (LD). Longitudinal changes in whole tumor volume during therapy may contribute to the determination of health outcomes earlier than corresponding uni-dimensional measurements of LD. 

	Measurement or Categoric Result
	Performance Levels Achieved under Bull's Eye Conditions

	Measurements of tumor volume (continuous)
	If Activities are Performed at Acceptable Level
Intra- and inter-rater reproducibility of >70%
If Activities are Performed at Target Level
Intra- and inter-rater reproducibility of >80%
If Activities are Performed at Ideal Level
Intra- and inter-rater reproducibility of >90%


	Longitudinal change in tumor volume (continuous)
	If Activities are Performed at Acceptable Level
Intra- and inter-rater reproducibility of >80%
If Activities are Performed at Target Level
Intra- and inter-rater reproducibility of >90%
If Activities are Performed at Ideal Level
Intra- and inter-rater reproducibility of >95%


	
	







	
	








Claim 3:  Response Assessment in Clinical Trials
Tumor response or progression can serve as a surrogate for survival and a primary or secondary endpoint in phase 2 and 3 efficacy studies for regulatory drug approval of cytotoxic and selected targeted therapies in solid, measurable primary and metastatic tumors. Changes in whole tumor volume as described in Claim 1 contribute to such response criteria.


The clinical trial claim builds on the individual patient management claim by including those claims and adding the following.
	Measurement or Categoric Result
	Performance Levels Achieved under Bull's Eye Conditions

	Make Proper GO or NO GO Decisions About New Drug Candidates or Combinations
	If Activities are Performed at Acceptable Level
Failure to terminate an ineffective new treatment <30%

If Activities are Performed at Target Level
Failure to terminate an ineffective new treatment <25%

If Activities are Performed at Ideal Level
**Failure to terminate an ineffective new treatment <20%




III. Profile Details
A technical description of tests for the biomarker, identifying measurement activities and read-outs, is provided:
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The following sections provide details for the various components.
0. Reserved (included above)
1. Reserved (relevance restricted to Protocol)
2. Reserved (relevance restricted to Protocol)
3. Subject Scheduling
The following sections describe requirements and considerations for the physician when scheduling imaging and other activities.
3.1. Timing Relative to Index Intervention Activity
(Moz: gotta fix this whole section. Does not apply to screening context, and seems wrong in neoadjuvant settings, when treatment must come after biopsy.) The pre-treatment CT scan must be obtained prior to administration of the study intervention and general subject to protocol requirements prior to performance of percutaneous needle biopsy. This allows for several options as to when the scan can be performed. It can occur as a dedicated CT scan of the chest performed prior to the patient being referred for needle biopsy, or alternatively, a set of images can be obtained at the time of needle biopsy before the needle is placed in the lesion. The post treatment scan should be obtained per protocol but generally on the day after completion of treatment with the study drug. The study drug must be administered for the length of time specified in the protocol subject to patient tolerance. In those cases where there is a dedicated chest CT scan and the patient then has a needle biopsy, generally the DICOM images of both studies should ideally be sent, as well as the post-treatment scan. In this instance there would be three scans for the patient. 
	Index Intervention Activity
	Timing

	Pre-treatment CT scan
	Acceptable
Prior to any intervention on the patient, including percutaneous needle biopsy
Target
Ideal


	Dedicated chest CT scan
	Acceptable
Immediately after biopsy
Target
Ideal


	Post-treatment scan
	Acceptable
Day after completion of treatment with the study drug
Target
Ideal



3.2. Timing Relative to confounding Activities (to minimize “impact”)
This protocol does not presume any timing relative to other activities. Fasting prior to a contemporaneous FDG PET scan or the administration of oral contrast for abdominal CT is not expected to have any adverse impact on this protocol. 
	Confounding Activity
	Timing

	None noted
	Acceptable
Target
Ideal



3.3. Scheduling Ancillary Testing
If associated biopsy/resection is expected to be performed during the same visit as the imaging procedure, consider describing that association here. If not, it can be covered in the Trial Calendar. 
	Ancillary Test
	Scheduling

	
	Acceptable
Target
Ideal



4. Subject Preparation
The following sections describe how subjects are prepared.
4.1. Prior to Arrival 
Preparation needed in addition to the local standard of care for CT with contrast. 
	Preparation Step
	Compliance Levels

	Consent
	Acceptable
Informed consent
Target
Consent to share de-identified imaging data
Ideal
Consent to share all de-identified trial data



4.2. Upon Arrival 
The following sections describe steps taken upon arrival.
4.2.1. Confirmation of subject compliance with instructions
No preparation is specified beyond the local standard of care for CT with contrast. 
	Instruction
	Compliance Levels

	None noted
	Acceptable
N/A
Target
Ideal



4.2.2. Ancillary Testing 
Biopsy Performance Guidelines: The person performing the tumor sampling procedure (fine needle aspiration biopsy (FNA) or core biopsy) will either 1) already know that a particular patient is being enrolled into the study, or 2) understand that the patient may be a candidate for the study. In either case, informed consent must be obtained prior to performance of the biopsy to enable some of the aspirated material to be used once it is determined that the patient actually does meet the criteria for enrollment on the study. A example consent form is provided (Fine Needle Aspiration Lung Biopsy Registry) 
Biopsy should be performed according to the sites standard of care.  Typically, biopsy should be performed with CT guidance to allow for pre-biopsy images to be obtained. If images are already available pre-biopsy that meet the study criteria, then fluoroscopic biopsy is acceptable. Either aspirated material for cytology, or specimens from a core biopsy are acceptable subject to the process of the local institution. 
When possible, the pre-treatment low dose CT scan of the chest can be performed at the same time as the biopsy, in lieu of performing them separately (see CT Imaging Guidelines). The extent of the scan can be limited. Ideally an onsite pathologist (cytopathologist) will be present during the biopsy. Subject to IRB-approval, once confirmation of adequate sample for a diagnosis has been made, additional material that has already been obtained can be used for the purposes of the study. A separate description of the preparation of the cytology material is provided (see Specimen Preparation Guidelines) 
	Ancillary Test
	Compliance Levels

	
	Acceptable
Target
Ideal



4.2.3. Preparation for Exam 
Beyond a clear, simple language description of the image acquisition procedure, no exam preparation is specified beyond the local standard of care for CT with contrast. 
	Preparation Step
	Compliance Levels

	
	Acceptable
Target
Ideal



5. Imaging-related Substance Preparation and Administration  
The following sections describe imaging-related substance preparation and administration.
5.1. Substance Description and Purpose  
The use of contrast is not an absolute requirement for this protocol. However, the use of intravenous contrast material may be medically indicated for the diagnosis and staging of lung cancer in defined clinical settings. The absence of intravenous and gastrointestinal contrast media may significantly impair the ability to determine the boundaries of some tumor types.   Contrast characteristics influence the appearance and quantification of the tumors; therefore, if a given subject is scanned on the follow-up exam using different conditions than the baseline scan, then accurate volume change comparison may be impaired. 

	Parameter
	Compliance Levels

	Brand of contrast agent
	Acceptable
Another brand or contrast agent type may be used if medically indicated, e.g., a switch from ionic to non-ionic contrast media 
Target
A subject should be scanned with equivalent contrast agent for each scan 
Ideal
All subjects should be scanned with equivalent contrast media


	Use of contrast in follow-up scans
	Acceptable
If used at baseline, continue using it. If not used, do not use in follow-up scans.
Target
Use contrast at baseline and follow-up scans.
Ideal



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

	DICOM recording
	Acceptable
Whether contrast was used
Target
Contrast media brand
Ideal



5.2. Dose Calculation and/or Schedule
Site-specific sliding scales that have been approved by local medical staffs and regulatory authorities should be used for patients with impaired renal function (e.g., contrast dose reduction based on creatinine clearance). 
	Parameter
	Compliance Levels

	Dose calculation for a given subject
	Acceptable
If a different brand or type of contrast is used, the dose may be adjusted to ensure comparability as indicated and as documented by peer-reviewed literature and/or the contrast manufacturers’ package inserts
Target
For a given subject, the same contrast dose should be used for each scan subject to the medical condition of the patient 
Ideal



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

	DICOM recording
	Acceptable
Contrast media dose calculations and schedule
Target
Ideal



5.3. Timing, Subject Activity Level, and Factors Relevant to Initiation of Image Data Acquisition
Andy all this stuff about contrast is confusing—what it you pulled it out of here and put it into an appendix for reference for those studies requiring contrast—as they will be unusual Typically a volumetric CT will not be performed using contrast. However if forsome reason contrast is used, ...
Scan delay after contrast administration is dependent upon the both the dose and rate of administration, as well as the type of scanner being used. Contrast administration should be tailored for both the vascular tree as well as optimization of lesion conspicuity in the solid organs. (These guidelines do not refer to perfusion imaging of single tumors.) Generally, since there are multiple concentrations of contrast as well as administration rates and scanning speeds, it is difficult to mandate specific values. Generally, institutional guidelines should be followed so as to optimize reproducibility of the scan technique.  <Should we discuss adjustment of imaging delay and/or timing on the basis of cardiac output as determined by some sort of pre-imaging bolus protocol?>>  
	Parameter
	Compliance Levels

	
	Acceptable
Target
Image acquisition should start at the same time after contrast administration for each scan 
Ideal



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

	DICOM recording
	Acceptable
Timing and subject activity level
Target
All factors relevant to initiation of image acquisition
Ideal



5.4. Administration Route
The following requirements are noted.
	Parameter
	Compliance Levels

	Administration route
	Acceptable
Intravenous bolus injection in any vein via butterfly catheter
Target
Injection via butterfly in a large antecubital vein
Ideal
Injection in a large antecubital vein known to be patent from observation of intravenous saline drip



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

	DICOM recording
	Acceptable
Actual administration details
Target
Ideal



5.5. Rate, Delay and Related Parameters / Apparatus
**Describe the rate, delay, and related parameters or apparatus. Place needed requirements.
	Parameter
	Compliance Levels

	Contrast administration
	Acceptable
Manually
Target
At the same rate for each scan 
Ideal
Via a power injector


	If a different brand or type of contrast is used
	Acceptable
The rate may be adjusted to ensure comparability if appropriate and as documented by peer-reviewed literature and/or the contrast manufacturers’ package inserts
Target
Ideal



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

	DICOM recording
	Acceptable
Rate and delay of contrast media
Target
Related parameters and apparatus utilized
Ideal



5.6. Required Visualization / Monitoring, if any
No particular visualization or monitoring is specified beyond the local standard of care for CT with contrast. 
	Parameter
	Compliance Levels

	None noted
	Acceptable
Target
Ideal



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

	DICOM recording
	Acceptable
Actual events observed
Target
Ideal



5.7. Quality Control 
See 12.2
6. Individual Subject Imaging-related Quality Control
See 12.3
7. Imaging Procedure
A set of scout images should be initially obtained. Next, in a single breath hold, contiguous thin section slices from the thoracic inlet to the adrenal glands are obtained. Pitch should be chosen so as to allow completion of the scan in a single breath hold. In some cases two or more breaths may be necessary. In those cases, it is important that the target lesion be fully included within one of the sequences. The use of contrast material is 
not involved
.

All efforts should be made to have the foloow-up scan performed with identical parameters as the first. This should be inclusive of as many of the scanning parameters as possible, and preferably be performed on the same scanner. This also includes the same FOV.  
7.1. Required Characteristics of Resulting Data
This section describes characteristics of the acquired images that are important to this protocol. Characteristics not covered here are left to the discretion of the participating site.  Additional details about the method for acquiring these images are provided in section 7.2.  
7.1.1. Data Content
These parameters describe what the acquired images should contain/cover.  
Field of View affects pixel size due to the fixed image matrix size used by most CT scanners. If it is clinically necessary to expand the field of view to encompass more anatomy, the resulting larger pixels are acceptable.  



	Parameter
	Compliance Levels

	Anatomic Coverage 
	Acceptable
Entire lung fields, bilaterally (lung apices through bases) 
Target
Entire lung fields, bilaterally (lung apices through adrenal glands) 
Ideal


	Field of view
	Acceptable
Complete thorax
Target
Rib-to-rib
Ideal



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

	DICOM recording
	Acceptable
Anatomic coverage and field of view
Target
Ideal



7.1.2. Data Structure
These parameters describe how the data should be organized/sampled. 
Collimation Width (defined as the total nominal beam width) is often not directly visible in the scanner interface. Wider collimation widths can increase coverage and shorten acquisition, but can introduce cone beam artifacts which may degrade image quality. 
<<Discuss single slice collimation width in here somewhere>> 
Slice intervals (a.k.a. "reconstruction intervals" that result in discontiguous data are unacceptable as they may “truncate” the spatial extent of the tumor, degrade the identification of tumor boundaries, confound the precision of measurement for total tumor volumes, etc.  
Pitch impacts dose since the area of overlap results in additional dose to the tissue in that area. Overlaps of greater than 20% have insufficient benefit to justify the increased exposure.  
Slice Width directly affects voxel size along the subject z-axis. Smaller voxels are preferable to reduce partial volume effects and (likely) provide higher precision due to higher spatial resolution.  
Pixel Size directly affects voxel size along the subject x-axis and y-axis. Smaller voxels are preferable to reduce partial volume effects and (likely) provide higher measurement precision.  
Isotropic Voxels are expected to improve the reproducibility of tumor volume measurements, since the impact of tumor orientation (which is difficult to control) is reduced by more isotropic voxels. 


<<Smoothing/filtering in the different dimensions is somewhat relevant to this concept as well. Not all scanners can do the same things here>> 
<<Note that we don’t want people to throw away resolution to match the worse to the better>>
<<Clarify that pixel size in each dimension is not the same as resolution in each dimension, have to recognize that inherent resolution is different than how the data happens to be sliced and diced.>>  
Scan Plane may differ for some subjects due to the need to position for physical deformities or external hardware, but should be constant for each scan of a given subject.  
Faster Rotation Speed reduces the breath hold requirements and reduces the likelihood of motion artifacts.  
	Parameter
	Compliance Levels


	Total Collimation Width
	Acceptable
5 to 125mm 
Target
10 to 80mm 
Ideal
20 to 40mm 


	Single Collimation Width
	Acceptable
Target
Ideal


	Scan Pitch
	Acceptable
Target
Ideal


	
	





	
	







	
	







	
	






	Scan Plane (Image Orientation) 
	Acceptable
Transverse 
Target

Ideal


	Revolution Time 
	Acceptable
Sufficient for single breath-hold acquisition 
Target
Ideal



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

	DICOM recording
	Acceptable
Single and Total Collimation Width, Image Orientation, Revolution Time
Target
Ideal


	<actual testing, e.g., to see if actual slice width is what we think it is>
	Acceptable
Target
Ideal



7.1.3. Data Quality
These parameters describe the quality of the images:
Motion Artifacts may produce false targets and distort the size of existing targets. “Minimal” artifacts are such that motion does not degrade the ability of image analysts to detect the boundaries of target lesions.  
Noise Metrics quantify the level of noise in the image pixel values. The procedure for obtaining the noise metric for a given acquisition protocol on a given piece of equipment is described in section XX. Greater levels of noise may degrade segmentation by image analysis operators or automatic edge detection algorithms.  Noise can be reduced by using thicker slices for a given mAs. A constant value for the noise metric might be achieved by increasing mAs for thinner slices and reducing mAs for thicker slices.  
Spatial Resolution Metric quantifies the ability to resolve spatial details. It is stated in terms of the number of line-pairs per cm that can be resolved in a scan of resolution phantom (such as the synthetic model provided by the American College of Radiology and other professional organizations). Lower spatial resolution can make it difficult to accurately determine the borders of tumors, and as a consequence, decreases the precision of volume measurements.  Spatial resolution is mostly determined by the scanner geometry (which is not usually under user control) and the reconstruction algorithm (which is under user control).  
	Parameter
	Compliance Levels

	Motion Artifacts
	Acceptable
Minimal artifact
Target
No artifact 
Ideal


	Noise Metrics
	Acceptable
Std. dev. in 20cm water phantom < 40 HU
Target
Ideal


	Spatial Resolution
	Acceptable
>= 6 lp/cm 
Target
>= 7 lp/cm
Ideal
>= 8 lp/cm



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

	DICOM recording
	Acceptable
Motion artifacts, noise metrics, spatial resolution settings

Target
Ideal


	<actual testing, e.g., to see if actual result is what settings would suggest they should be>
	Acceptable
Target
Ideal



7.2. Imaging Data Acquisition
The following sections describe the acquisition of imaging data.
7.2.1. Subject Positioning
Consistent positioning is required to avoid unnecessary variance in attenuation, changes in gravity induced shape and fluid distribution, or changes in anatomical shape due to posture, contortion, etc. Careful attention should be paid to details such as the position of their upper extremities, the anterior-to-posterior curvature of their spines as determined by pillows under their backs or knees, the lateral straightness of their spines, and, if prone, the direction the head is turned.  
Factors that adversely influence patient positioning or limit their ability to cooperate (breath hold, remaining motionless, etc.) should be recorded in the corresponding DICOM tags 
and case report forms, e.g., agitation in patients with decreased levels of consciousness, patients with chronic pain syndromes, etc.  
If the previous positioning is unknown, the subject should be positioned Supine/Arms Up/Feet First if possible. This has the advantage of promoting consistency, and reducing cases where intravenous lines, which could introduce artifacts, go through gantry.  
	Parameter
	Compliance Levels

	Subject positioning
	Acceptable
They may be placed in a different position if medically unavoidable due to a change in clinical status 
Target
Same positioning should be used for each scan
Ideal
Supine/Arms Up/Feet First 



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

	DICOM recording
	Acceptable
Subject positioning shall be recorded, manually by the staff 
Target
In the image dataset header

Ideal



7.2.2. Instructions to Subject During Acquisition 
Breath holding reduces motion that might degrade the image. Full inspiration inflates the lungs which is necessary to separate structures and make lesions more conspicuous. 
	Parameter
	Compliance Levels

	Breath hold
	Acceptable
At least near the high end inspiration 
Target
Subjects should be instructed to hold a single breath at full inspiration 
Ideal



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

	DICOM recording
	Acceptable
Patient compliance
Target
Ideal



7.2.3. Timing/Triggers 
For each subject, the time-interval between the administration of intravenous contrast and the start of the image acquisition should be determined in advance, and then maintained as precisely as possible during all subsequent examinations.  For lung masses, image acquisition should be timed to coincide with visualization of the thoracic arteries. . For sub-diaphragmatic acquisitions, timing should coincide with opacification of the portal-venous blood vessels
.  
	Parameter
	Compliance Levels

	Timing
	Acceptable
Use a standard time
Target
Evaluate “manually”

Ideal
Automatically triggered on detection of contrast bolus arrival



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

	DICOM recording
	Acceptable
timing/triggers
Target
Ideal



7.2.4. Model-specific Parameters 
Appendix G.1 lists acquisition parameter values for specific models/versions that can be expected to produce data meeting the requirements of Section 7.1. 
7.2.5. Archival Requirements for Primary Source Imaging Data
See 11.3
7.2.6. Quality Control
See 12.3
7.3. Imaging Data Reconstruction
The following sections describe image reconstruction.
7.3.1. Input Data to Be Used 
See "Data Quality" specifications from Acquisition section.
	Parameter
	Compliance Levels

	No additional
	Acceptable
Target
Ideal



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

	<actual testing, e.g., to see if input data is actually what the DICOM fields suggests it should be>
	Acceptable
Target
Ideal



7.3.2. Methods to Be Used 
These parameters describe general characteristics of the reconstruction:
Reconstruction Kernel Characteristics should be defined to optimize the analysis for each study. The same kernel must be used for each scan of a given subject and should be consistent across all study participants. A softer kernel can reduce noise at the expense of spatial resolution. An enhancing kernel can improve resolving power at the expense of increased noise. Moderation on both fronts is recommended with a slight bias towards enhancement.  
Reconstruction Interval and Pixel Spacing should be the same for each scan of a given subject.  
Reconstruction Overlap should be the same for each scan of a given subject. Decisions about overlap should consider the technical requirements of the clinical trial, including effects on measurement, throughput, image analysis time, and storage requirements. Reconstructing datasets with overlap will increase the number of images and may slow down throughput, increase reading time and increase storage requirements.  It should be noted that for multidetector row CT (MDCT) scanners, creating overlapping image data sets has NO effect on radiation exposure; this is true because multiple reconstructions having different kernel, slice thickness and intervals can be reconstructed from the same acquisition (raw projection data) and therefore no additional radiation exposure is needed.  
	Parameter
	Compliance Levels

	Reconstruction Kernel Characteristics
	Acceptable
Target
Ideal


	Reconstructed Slice Thickness 
	Acceptable
<= 3mm 
Target
<= 2.5mm 
Ideal
<= 1.0mm 


	Pixel Spacing 
	Acceptable
<1.0mm 
Target
0.75 to 1.0mm
Ideal
<0.75mm 


	Voxel Isotropy 
	Acceptable
(5:1) slice width <= 5 x pixel size 
Target
Isotropic reconstruction interval = pixel spacing 
Ideal


	Reconstruction Interval
	Acceptable
Contiguous (same as Slice Thickness) or up to 50% overlap
Target
Reconstruction intervals that are less than one third the axial extent of the mass and typically ≤1.25 mm
Ideal
Reconstruction intervals that are less than one tenth the axial extent of the mass and typically ≤.625 mm


	Reconstruction Overlap
	Acceptable
Contiguous (e.g., 5mm thick slices, spaced 5mm apart or 1.25mm spaced1.25 mm apart) 
Target
20% overlap (e.g. 5mm thick slices, spaced 4mm apart or 1.25mm spaced 1mm apart) 
Ideal



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

	DICOM Recording
	Acceptable
Reconstruction Interval, Slice Thickness, Pixel Spacing,
Target
Ideal



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

	
	Acceptable
Target
Ideal



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

	
	Acceptable
Target
Ideal



7.3.4. Platform-specific Instructions
Appendix G.2 lists reconstruction parameter values for specific models/versions that can be expected to produce data meeting the requirements of Section 7.2. 
7.3.5. Archival Requirements for Reconstructed Imaging Data
See 11.4
7.3.6. Quality Control
See 12.4
8. Image Post-processing
No post-processing shall be performed on the reconstructed images sent for image analysis.  Such processing, if performed, has the potential to disrupt the consistency of the results.  
9. Image Analysis
Each lung lesion shall be characterized as described in this section.  Lesions of interest include: a) small pulmonary Masses surrounded by air; b) small to medium pulmonary Masses surrounded by air and/or with adjacent normal and abnormal (non-neoplastic) anatomic structures; c) large pulmonary masses surrounded by air and/or with adjacent normal and abnormal (non-neoplastic) anatomic structures and/or confluent with mediastinum, chest wall, and diaphragm. 
Neoplastic tissue volume? necrotic tissue volume?  
Is there a gold standard structured reported format that we want to recommend? 

(Pulmonary hemorrhage, hemorrhage into a cystic lesion, etc.),

Procedures for segmenting or excluding tissue types and fluid, blood, necrotic debris within a mass are not described by this protocol, but may be implemented when technically feasible, in addition to measuring the entire volume within the outer tumor margin
.  


9.1. Input Data to Be Used 
The reconstructed images may be used directly since no post-processing is specified.  No other data is required for this Analysis step.  
	Parameter
	Compliance Levels

	Reconstruction Results
	Acceptable
Reconstruction results conforming to Acceptable specifications
Target
Reconstruction results conforming to Target specifications
Ideal
Reconstruction results conforming to Ideal specifications



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

	<actual testing, e.g., to see if input data is actually what the DICOM fields suggests it should be>
	Acceptable
Target
Ideal



9.2. Methods to Be Used
Each lesion shall be characterized by determining the boundary of the lesion (referred to as segmentation) then computing the volume of the segmented lesion.  Segmentation may be performed automatically by a software algorithm, manually by a human observer, or semi-automatically by an algorithm working with human guidance/intervention.  
The volume of the segmented region is then computed automatically.  








	Parameter

	Compliance Levels

	Lesion Volume
	Acceptable
The sum of all the voxel volumes within the boundaries of a discrete tumor mass on all the tomographic slices on which it is visible, regardless of its irregular shape.
Target
Actual 
volume as would be calculated without regard to spatial sampling loss (i.e., accounting by some means of interpolation for volume averaging due to non-isotropic voxel reconstruction and finite sampling).
Ideal
Actual volume measure for irregularly shaped lesions that would be deemed non-measurable using uni-dimensional axial diameters



	Sum of Target Lesion Volumes
	Acceptable
A value computed by adding up all of the target lesion volumes calculated using Acceptable approach above
Target
A value computed by adding up all of the target lesion volumes calculated using Target approach above
Ideal
A value computed by adding up all of the target lesion volumes calculated using Ideal approach above


	
	






The following set of requirements extends what has been stated in the protocol.
For semi-automated or automated segmentation, 
the analysis software shall segment (based on a starting seed point/stroke/region) various types of lung tumors on CT images; including a) small pulmonary Masses surrounded by air b) small to medium pulmonary Masses with adjacent normal and abnormal (non neoplastic) anatomic structures c) large pulmonary masses confluent with mediastinum, chest wall, diaphragm
	Parameter
	Compliance Levels

	Boundary segmentation 
	Acceptable
with many (> 50%)
 lesions requiring reader correction
Target
… with few (< 10%) lesions without requiring reader correction
Ideal
fully automatically without reader correction


	Automatically computed read-outs
	Acceptable
Automatic computation of volume of the segmented tumor
Target

Ideal



	
	





	
	





	
	





	Recording
	Acceptable
Software can record in (and reload for review from) lesion segmentation boundary and volumetric measurement as well as metadata about reader identity, date and time and purpose of measurement
Target
Software can record in (and reload for review from) lesion segmentation boundary and volumetric measurement as well as metadata in standard formats including one or more of the following output formats: DICOM Presentation State, DICOM Structured Report; DICOM RT Structure Set; DICOM raster or surface segmentation.
Ideal
Software can record in (and reload for review from) ALL of the Target formats.



9.3. Required Characteristics of Resulting Data
It is expected that automated boundary detection algorithms will place segmentation edges with greater precision, accuracy and speed than an operator can draw by hand with a pointing device.. The performance of the algorithms will, however, depend on the characteristics of the lesions may be challenged by complex lung tumors.   Operator assisted semi-automatic segmentation should produceat least  the same level of intra- and inter-rater reliability for the volume measurements of each target lesion as manual segmentation. 
	
	

	
	








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

	Annotation and image markup
	Acceptable

Compliant to BRIDG information model
Target
Compliant to Study Data Tabulation Model (SDTM)
Ideal


	Case report form
	Acceptable
...
Target
Ideal



9.4. Platform-specific Instructions 
Appendix G.4 lists image analysis parameter values for specific models/versions that can be expected to produce data meeting the requirements of Section 9. 
9.5. Archival Requirements 
See 11.6
9.6. Quality Control
See 12.6
10. Image Interpretation
The scope of this profile is confined to individual numeric volume measurements and the sum of such volume measurements. In clinical and clinical trials practice, such measurements are one component considered in “response criteria”, which also account for categorical evaluation of disease that is not-measurable, and new disease.

That said, it is well known that the choice of which lesions to measure and follow has a significant impact on the response assessment, and that in the case of multi-reader protocols, if each reader chooses different lesions to measure, the response assessment may be different.

Further, which lesions of many available to select for volume measurement is a matter of judgment, so considerations that affect lesion selection are within the scope of this profile. The number of lesions to choose is defined in the response criteria and the protocol.








10.1. Input Data to Be Used 
See "Required Characteristics of Resulting Data" specifications from Image Analysis section.
10.2. Methods to Be Used
**Describe how the interpretation should be performed. (e.g. definition of key anatomical points or pathology boundaries; scoring scales and criteria such as BIRADS, interpretation schema such as RECIST, related annotations) 
	Parameter
	Compliance Levels

	Multiple Lesions
	Acceptable
The software shall allow multiple lesions to be measured, and each measured lesion to be associated with a human-readable identifier that can be used for correlation across time points

Target
Ideal


	Common Lesion Selection
	Acceptable
No requirement

Target
The software shall allow a common set of lesions to be designated for measurement, which are then subsequently measured by all readers

Ideal
The software shall detect and measure all measurable lesions automatically without the need for human intervention or multiple readers




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

	
	Acceptable
Target
Ideal



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

	
	Acceptable
Target
Ideal



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

	
	Acceptable
Target
Ideal



10.4. Platform-specific Instructions 
Appendix G.5 lists image interpretation parameter values for specific models/versions that can be expected to produce data meeting the requirements of Section 9. 
10.5. Archival Requirements 
See 11.7
10.6. Quality Control
See 12.7
11. Archival and Distribution of Data 
The following sections describe the archival and distribution of data.
11.1. Reserved
11.2. Reserved
11.3. Primary Source Imaging Data
This protocol presumes no archiving the pre-reconstruction image data. 
	Parameter
	Compliance Levels

	None noted
	Acceptable
Target
Ideal



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

	search fields, whther set up for content-based retrieval, ...
	Acceptable
Target
Ideal



11.4. Reconstructed Imaging Data
Reconstructed images shall be archived locally, formatted as either DICOM CT image objects or DICOM Enhanced CT image objects.  Retention period and policy is left to the Clinical Trial Protocol author and requirements of the FDA or other relevant study sponsor or regulatory body.  
	Parameter
	Compliance Levels

	Reconstructed image data storage
	Acceptable
Archived on PACS
Target
Archived locally and on PACS – for study duration
Ideal
Archived on PACS per hospital/site policy



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

	search fields, whther set up for content-based retrieval, ...
	Acceptable
Target
Ideal



11.5. Post-Processed Data
No post processing is specified, however if post-processing is performed, the images shall be archived the same as 11.4. 
	Parameter
	Compliance Levels

	Post-processed data storage
	Acceptable
Target
Ideal



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

	search fields, whther set up for content-based retrieval, ...
	Acceptable
Target
Ideal



11.6. Analysis Results
See Recording item in Section 9.2 (or more it hear and reference it from there). 

	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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

	search fields, whther set up for content-based retrieval, ...
	Acceptable
See section 9.2 Recording
Target
Ideal



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

	
	Acceptable
Target
Ideal



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

	search fields, whther set up for content-based retrieval, ...
	Acceptable
Target
Ideal



12. Quality Control
This is the section where all aspects of Quality Control are identified and described.
12.1. QC Associated with the Site
The following sections consider various aspects of quality control.
12.1.1. Quality Control Procedures
**Describe required procedures and documentation for routine and periodic QC for the site and various pieces of equipment.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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

	
	Acceptable
Target
Ideal



12.1.2. Reserved
12.1.3. Reserved
12.2. QC Associated with Imaging-related Substance Preparation and Administration
The following requirements are placed on QC associated with imaging-related substance preparation and administration.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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

	
	Acceptable
Target
Ideal



12.3. QC Associated with Individual Subject Imaging 
**Introduce the section
The following sections describe aspects of QC associated with individual subject imaging.
12.3.1. Phantom Imaging and/or Calibration 
**Introduce the section
The following requirements are placed on phantom imaging and/or calibration.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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

	
	Acceptable
Target
Ideal



12.3.2. Quality Control of the Subject Image and Image Data
The following requirements are placed on QC of the subject image and image data.
	Parameter
	Compliance Levels

	Acquisition System Calibration 
	Acceptable
Site staff shall conform to the QA program defined by the device manufacturer. 
Target
A protocol specific calibration and QA program shall be designed consistent with the goals of the clinical trial. This program may include (a) elements to verify that sites are performing the specified protocol correctly, and (b) elements to verify that sites’ CT scanner(s) is (are) performing within specified calibration values. These may involve additional phantom testing that address a limited set of issues primarily relating dose and image quality (such as water calibration and uniformity). This phantom testing may be done in additional to the QA program defined by the device manufacturer as it evaluates performance that is specific to the goals of the clinical trial. 
Ideal
A protocol specific calibration and QA program shall be designed consistent with the goals of the clinical trial. This program shall include (a) elements to verify that sites are performing the specified protocol correctly, and (b) elements to verify that sites’ CT scanner(s) is (are) performing within specified calibration values. These may involve additional phantom testing that address issues relating to both radiation dose and image quality (which may include issues relating to water calibration, uniformity, noise, spatial resolution -in the axial plane-, reconstructed slice thickness z-axis resolution, contrast scale, CT number calibration and others). This phantom testing may be done in additional to the QA program defined by the device manufacturer as it evaluates performance that is specific to the goals of the clinical trial. 



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

	
	Acceptable
Target
Ideal



12.4. QC Associated with Image Reconstruction
The following requirements are placed on QC associated with image reconstruction.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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

	
	Acceptable
Target
Ideal



12.5. QC Associated with Image Processing
The following requirements are placed on QC associated with image processing.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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

	
	Acceptable
Target
Ideal



12.6. QC Associated with Image Analysis
The following requirements are placed on QC associated with image analysis.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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

	
	Acceptable
Target
Ideal



12.7. QC Associated with Interpretation
The following requirements are placed on QC associated with interpretation.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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

	
	Acceptable
Target
Ideal



13. Imaging-associated Risks and Risk Management
The following sections consider various imaging-associated risks and risk management.
13.1. Radiation Dose and Safety Considerations
**Introduce the section.
It is recognized that X-ray CT uses ionizing radiation and this poses some small, but non-zero risk to the patients in any clinical trial. The radiation dose to the subjects in any trial should consider the age and disease status (e.g. known disease or screening populations) of these subjects as well as the goals of the clinical trial. These should inform the tradeoffs between desired image quality and radiation dose necessary to achieve the goals of the clinical trial. 
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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

	
	Acceptable
Target
Ideal



13.2. Imaging Agent Dose and Safety Considerations
The following requirements are placed regarding imaging agent dose and safety considerations.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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

	
	Acceptable
Target
Ideal



13.3. Imaging Hardware-specific Safety Considerations
The following requirements are placed regarding hardware-specific safety considerations.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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

	
	Acceptable
Target
Ideal



13.4. Reserved
13.5. Reserved
IV. Compliance
Acquisition Devices
In addition to specifications as set out in the Image Acquisition section above:
• while multi-slice is not required, it will produce better results.  Acceptable: 16-slice, Target: 64-slice, Ideal: 64 or greater  
· <<Consider specifying the point spread function?>>  
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Appendix B: Background Information
Anatomic imaging using computed tomography (CT) has been historically used to assess tumor burden and to determine tumor response (or progression) to treatment based on uni-dimensional or bi-dimensional measurements. The original WHO response criteria were based on bidimensional measurements of the tumor and defined response as a decrease of the sum of the product of the longest perpendicular diameters of measured lesions by at least 50%. The rationale for using a 50% threshold value for definition of response was based on data evaluating the reproducibility of measurements of tumor size by palpation and on planar chest x-rays [23][24].The more recent RECIST criteria introduced by the National Cancer Institute (NCI) and the European Organisation for Research and Treatment of Cancer (EORTC) standardized imaging techniques for anatomic response assessment by specifying minimum size thresholds for measurable lesions and considered other imaging modalities beyond CT. As well, the RECIST criteria replace longest bidirectional diameters with longest unidimensional diameter as the representation of a measured lesion [8]. RECIST defines response as a 30% decrease of the largest diameter of the tumor. For a spherical lesion, this is equivalent to a 50% decrease of the product of two diameters. Meta-analyses combining the results of several large Phase II and Phase III studies have shown that tumor response according to WHO or RECIST criteria is correlated with patient survival for some tumor types [25]. However, there is considerable variability between individual studies, and the same response rate can be associated with completely different survival rates in different studies [26]. For some tumor types, meta-analyses found no or only a very weak correlation with patient survival [27][28]. Given the history of response criteria outlined above, these observations are probably not unexpected. Current response criteria were designed to ensure a standardized classification of tumor shrinkage after completion of therapy. They have not been developed on the basis of clinical trials correlating tumor shrinkage with patient outcome.   
Technological advances in signal processing and the engineering of multi-detector row computed tomography (MDCT) devices have resulted in the ability to acquire high-resolution images rapidly, resulting in volumetric scanning of anatomic regions in a single breath-hold. Volume measurements may be a more sensitive technique for detecting longitudinal changes in tumor masses than reliance on linear tumor diameters as defined by RECIST. Comparative analyses in the context of real clinical trial data have found volume measurements to be more reliable and often more sensitive to longitudinal changes in response than the use of diameters in RECIST. As a result of this increased detection sensitivity and reliability, volume measurements may improve the predictability of clinical outcomes during therapy compared with RECIST. Volume measurements could also benefit patients who need alternative treatments when their diseases stops responding to their current regimens. 
The rationale for volumetric approaches to accessing assessing longitudinal changes in tumor burden is multi-factorial. First, most cancers may grow and regress irregularly in three dimensions. Measurements obtained in the transverse plane fail to account for growth or regression in the longitudinal axis, whereas volumetric measurements incorporate changes in all dimensions. Secondly, changes in volume are less subject to either reader error or inter-scan variations. For example, partial response using the RECIST criteria requires a greater than 30% decrease in tumor diameter, which corresponds to greater than 50% reduction in volume of tumor. If one assumes a 21 mm diameter lesion (of 4850 mm3 volume), partial response would result require that the tumor shrink to a in a diameter of less than 158 mm, but which would correspond to a decrease in volume all the way down to 17702145 mm3. The much greater absolute magnitude of volumetric changes is potentially less prone to measurement error than changes in diameter, particularly if the lesions are irregularly shaped or spiculated. As a result of the observed increased sensitivity and reproducibility, volume measurements may be more suited than uni-dimensional measurements to identify early changes in patients undergoing treatment. 
The specific goal of RSNA/QIBA Quantitative CT Technical Committee in this effort is to produce alternative volume measurements that may be included in methods of response assessment, which will be accepted through appropriate regulatory pathways as predictors of clinical benefits, such as overall survival (OS). The working hypothesis is that volume measurements are an effective method for quantifying treatment-induced changes in tumor volume, and ultimately, changes in the health status of patients with cancer. The committee is conducting work to identify and evaluate methods of volume measurement in collaboration with FDA Division of Applied Math/ Office of Science and Engineering Laboratories (OSEL)/ Center for Devices and Radiological Health (CDRH), National Cancer Institute (NCI), National Institute of Standards and Technology (NIST), American College of Radiology Imaging Network (ACRIN), major imaging equipment manufacturers (such as Philips, GE, Siemens, and Toshiba), the Extended Pharmaceutical Research and Manufacturers of America (PhRMA) Imaging Group, scientists from academia (Columbia University, UCLA, etc.) and others. 



The Protocol and its related Profile can be applied to the change in volume of primary lung cancers and other lung nodules that have features suggestive of primary lung cancer such as encountered in the diagnostic work-up as part of lung cancer screening. The window trial is typically associated with a biopsy before drug intervention and traditional treatment would include a surgical resection after to biologically evaluate the effectiveness of the treatment. In this fashion baseline evaluations include both tissue acquisition and quantitative imaging. After a brief protocol-defined interval of drug exposure, quantitative imaging is repeated just prior to surgical resection of the primary cancer. This approach allows the impact of drug exposure to be analyzed as a function of change in tumor volume, pathology and molecular markers. The first lung cancer trial to be conducted in this fashion was a Phase II proof-of-concept trial evaluating the second generation VEGF inhibitor, pazopanib (ref altorki and haymach). 
The neoadjuvant window of opportunity trials used for early evaluation of the targeted consequences of a specific drug therapy. This clinical trial structure involves acquiring volumetric imaging and tumor tissue before and after drug exposure so that the proposed mechanism of action for a targeted drug can be evaluated. This evaluation is more informative as the results of the quantitative imaging and the lecular characterization tumor material can be crossed analyzed. These analytically intensive trials and are often run at major research centers which are capable of the advanced/stringent protocols needed to achieve the required quantitation. The pharmaceutical industry is very supportive of this trial design since it greatly enhances the body of science allowing a more rational basis for targeted drug development.
This Protocol and its related Profile could also be applied to standard neoadjuvant studies can be used in different settings such as to evaluate the effect of lung cancer therapeutic as pre-surgical therapy in treatment-naïve subjects with Stage II or IIIA regionally advanced non-small cell lung cancer (NSCLC). The neoadjuvant therapy is a therapeutic approach to cytoreduce the primary tumor so full thoracic resection or more effective radiation therapy can be performed. 
Quantitative imaging is also useful to measure the growth of a suspicious non calcified, lung nodule in the setting of CT-based lung cancer screening. Recent research reports have suggested that repeat volumetric CT can allow the discrimination of non calcified lung node as to their risk of being a clinically aggressive lung cancer based on measuring their rate of growth. This calculation is often done by accessing nodule growth over three months.
From a quantitative imaging perspective, visualizing small primary lung cancer is a particularly favorable setting as the early lung cancers are typically in the peripheral lung, where the border of the tumors is surrounded by air-filled normal respiratory tissue. This contrast results in a signal to noise ratio in establishing the edge of tumor extent into normal tissue that is more readily segmented than a primary tumor growing in a water-density solid organ. For this reason, early lung cancer is an important opportunity to define parameters enabling minimal variance with quantitative image analysis. 
Appendix C: Conventions and Definitions 
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.  
Other Definitions: 
Image Analysis, Image Review, and/or Read: Procedures and processes that culminate in the generation of imaging outcome measures, such tumor response criteria. Reviews can be performed for eligibility, safety or efficacy. The review paradigm may be context specific and dependent on the specific aims of a trial, the imaging technologies in play, and the stage of drug development, among other parameters.  
Imaging Endpoint: Endpoint based on objective image features chosen to evaluate the activity of a study treatment

Imaging Examination or Imaging Exam or Exam: An Examination or Exam is a single set of intimately related images acquired contemporaneously with a single technology, such as a CT scan of the chest.  
Image Header: The Image Header is that part of the file or dataset containing the image other than the pixel data itself  
Imaging Phantoms: Devices used for periodic testing and standardization of image acquisition. This testing must be site specific and equipment specific and conducted prior to the beginning of a trial (baseline), periodically during the trial and at the end of the trial.
Intra-Rater 
Variability is the variability in the interpretation of a set of images by the same reader after an adequate period of time inserted to reduce recall bias.  
Inter-Rater 
Variability is the variability in the interpretation of a set of images by the different readers.  
A Time Point is a discrete period during the course of a clinical trial when groups of imaging exams or clinical exams are scheduled as defined in the study protocol.  






















































Appendix D: Documents included in the imaging protocol 
**(Material the site needs to submit)  
**Subject preparation  
**Imaging agent dose calculation  
**Imaging agent  
**Image data acquisition  
**Inherent image data reconstruction / processing 
**Image analysis  
**Interpretation  
**Site selection and Quality Control  
**Phantom Imaging and Calibration  
Appendix E: Associated Documents
**e.g. the Imaging Charter, Site Manual, Standard Operating Procedures, etc.
Appendix F: TBD
Appendix G: Model-specific Instructions and Parameters 
The presence of specific product models/versions in the following tables should not be taken to imply that those products are fully compliant with the QIBA Profile. Compliance with a profile involves meeting a variety of requirements of which operating by these parameters is just one. To determine if a product (and a specific model/version of that product) is compliant, please refer to the QIBA Conformance Document for that product. G.1. Image Acquisition Parameters The following technique tables list acquisition parameter values for specific models/versions that can be expected to produce data meeting the requirements of Section 7.1.  
These technique tables may have been prepared by the submitter of this imaging protocol document, the clinical trial organizer, the vendor of the equipment, and/or some other source. (Consequently, a given model/version may appear in more than one table.) The source is listed at the top of each table.  
Sites using models listed here are encouraged to consider using these parameters for both simplicity and consistency. Sites using models not listed here may be able to devise their own acquisition parameters that result in data meeting the requirements of Section 7.1 and conform to the considerations in Section 13.  
In some cases, parameter sets may be available as an electronic file for direct implementation on the imaging platform.  




































�What does this “mean” ? How were these performance levels established ? Do we even need a second claim or could it be merged with the first and this row dropped ?


�Deleted everything pertaining to additional targeted recons, which I do not believe are either necessary to significantly improve measurement accuracy or reproducibility, nor practical in multi-center advanced metastatic disease trials.


�Has the purported benefit of this been sufficiently well quantified to be included here yet?


�I have put some placer holder rows in this table to include parameters that seem to have been omitted, as well as changed some of the terminology to be more compatible with what is used in DICOM; note that we may also want to consider harmonizing with the AAPM CT Terminology Working Group (I haven't tried to do this yet).


�There are currently no such standard DICOM data elements defined.


�Which ones ? How ?


�?


�What about multiple phases ?


�What does this mean ?


�Yes; already covered in recording section below.


�I don’t agree with the original text that said it was required to exclude fluid, blood and necrotic debris, hence I reworded this … it is routine to include the volume within entire outer margin of the tumor … trying to select out inner contents for inclusion may lead to increased variability. Also depends a lot on tumor type as to whether this is appropriate or not.


�Deleted, since I strongly disagree about restricting to transverse slices, especially in the isotropic voxel scenario, the RECIST requirement is irrelevant.


�"Actual" is a pretty strong (unrealistic ?) word.


�I don't think this is realistic ... our experience is the contrary .... that readers will measure almost anything, even if they know that the uni-dimensional measuerement is not a good indication of the apparent size, and that many such lesions are not "segmentable" due to inability to completely distinguish them from adjacent structures in all dimensions.


�Otherwise contradicts introductory paragraph above.


�Need a number, else not testable.


�Neither BRIDG nor SDTM address annotation and markup of images; these are irrelevant here.


�Removed example that is not the same disease as the profile


�The term used in the tables in the document.


�The term used in the tables in the document.
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