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0. Executive Summary
This imaging protocol will establish the methods to gather quantitative information from the chest CT images that are obtained on clinical trial subjects and will provide phenotypic information to aid in subtyping patients with asthma or COPD, and will also serve as a surrogate endpoint for clinical trials in COPD and asthma.
1. Context of the Imaging Protocol within the Clinical Trial
The following sections describe the context of the imaging protocol within the clinical trial.
1.1. Utilities and Endpoints of the Imaging Protocol
This imaging protocol will be able to establish three endpoints to serve a clinical trial:
1. It will establish the amount of severe emphysema present in the lungs by using the LAA -950 HU parameter. 
2. It will establish the amount of air trapping in the lungs by using the LAA -856 HU parameter. 
3. It will establish the amount of airway wall thickening by using the wall thickness, outer wall area, inner wall area and the percent wall area parameters. 
1.2. Timing of Imaging within the Clinical Trial Calendar 
The imaging should occur within 24-72 hours of other clincal measures that are being gathered to characterize the patient in the clinical trial.
	Timing Parameter
	Compliance Levels

	Baseline evaluation
	Acceptable
As defined by protocol as close as possible to treatment initiation 
Target
Ideal


	Follow-up scans
	Acceptable
Acquired at regular, protocol-specific intervals
Target
Ideal



1.3. Management of Pre-enrollment Imaging
It is unlikely that pre-enrollment imaging will be of value in the clinical trial unless the chest CT image data is obtained with the same rigor a clinical trial requires. Including: 
1. Rigorous adherence to instructing the patient how to breathe before the scan is obtained in order to attain TLC or FRC before each chest CT is performed. 
2. Routine and COPDGene CT phantom measurements must be obtained on the chest CT scanner within one week of the chest CT scan being obtained. 
3. Utilizing chest CT scanning protocols that match those protocols described for the clinical trial. 4. Recording all DICOM data onto DVD or using Internet transfer techniques and sending the data to an experienced central image analysis center that can catalog, QA, analyze and archive the data. 
	Enrollment Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



1.4. Management of Protocol Imaging Performed Off-schedule
Provided the chest CT image data is acquired and handled as described in 1.3 above, off-schedule data could be used in the study if other biomarkers and clinical phenotyping information were also obtained within the window of data collection described in the study design. 
	Management Parameter
	Compliance Levels

	Clinical trial calendar
	Acceptable
At the discretion of clinical trial protocol author
Target
Image schedule as defined by protocol
Ideal



1.5. Management of Protocol Imaging Performed Off-specification
Deviation from protocol-defined specification will likely degrade the quality of measurements.  Management of off-specification imaging, including decisions about whether to accept lower precision scans or to require repeat scans, are left to the clinical trial protocol author.  
	Management Parameter
	Compliance Levels

	Off-specification imaging
	Acceptable
At the discretion of clinical trial protocol author
Target
Ideal



1.6. Management of Off-protocol Imaging 
It is very unlikely that off protocol chest CT imaging data would be of any value in the clinical trial for reasons given in 1.6 above.
	Management Parameter
	Compliance Levels

	Off-protocol imaging exams
	Acceptable
May not be used
Target
Ideal



1.7. Subject Selection Criteria Related to Imaging 
The following sections describe the subject selection criteria related to imaging.
1.7.1. Relative Contraindications and Remediations
The chest CT imaging protocol for the assessment of Asthma and COPD has one relative contraindication and that is the exposure to ionizing radiation. If the patient has accumulated a large lifetime radiation dose from medical imaging studies or other sources of radiation exposure they may not be eligible for the study. If the patient is very young, i.e. less than 23 years of age, then they may not be eligible for the study. The current trend is to try and obtain the studies at the lowest radiation dose possible without compromising the quality of the image data. Image processing software continues to improve which could lead to further reductions in radiation dose for this chest CT imaging protocol.
	Contraindication
	Remediations

	Ionizing radiation
	Acceptable
As low as reasonably possible to preserve acceptable resolution
Target
Ideal


	Intravenous contrast
	Acceptable
Local standards of good clinical practice (cGCP)
Target
Ideal



1.7.2. Absolute Contraindications and Alternatives
If the patient has substantial metal objects or other artifact generating materials in the scan field of view then this may be an contraindication to the study. If they cannot hold their breath even for a few seconds then this would also be a contraindication to performing the study.
	Contraindication
	Alternatives

	Contraindications
	Acceptable
Local standards of good clinical practice (cGCP)
Target
Ideal



1.7.3. Imaging-specific Inclusion Criteria
If the patient has not had previous chest CT scans or other significance sources of ionizing radiation exposure then they are good candidates for the study. If they do not have any metal or other large z attenuating materials in the scan field of view they are good candidates for the study. If they can hold their breath, follow instructions and hold still for the scan they are good candidates for the study.
	Criteria
	Compliance Levels

	
	Acceptable
Target
Ideal



2. Site Selection, Qualification and Training
The following sections describe the site selection, qualification, and training that is needed.
2.1. Personnel Qualifications
The following qualifications are given for participants in the trial.
2.1.1. Technical
Technicians participating in the trial need the following training.
	Technical Expertise
	Qualifications

	Technician qualifications
	Acceptable
Local rules and regulations for the certification of personnel providing patient care should be followed.
Target
Ideal



2.1.2. Physics
Medical physicists participating in the trial need the following training.
	Physics Expertise
	Qualifications

	Physicist qualifications
	Acceptable
Local rules and regulations for the certification of personnel providing patient care should be followed.
Target
Ideal



2.1.3. Physician
Physicians participating in the trial need the following training.
	Medical Expertise
	Qualifications

	Attending
	Acceptable
Local rules and regulations for the certification of personnel providing patient care should be followed.
Target
Ideal


	Reading
	Acceptable
Responsibilities for the qualification and maintenance of certification of image analysts in clinical trials is left to each clinical trial sponsor.
Target
Ideal



2.2. Imaging Equipment 
This protocol requires the following equipment:  
A CT scanner with the following characteristics: multi-slice; conforms to the Medical Device Directive Quality System and the Essential Requirements of the Medical Device Directive; designed and tested for safety in accordance with IEC 601-1, as well as for Electromagnetic Compatibility (EMC) in accordance with the European Union’s EMC Directive, 89/336/EEC; labeled for these requirements, as well as ISO 9001 and Class II Laser Product, at appropriate locations on the product and in its literature; CSA compliant.
Measurement Software: See section 9 for required capabilities. 
Participating sites may be required to qualify for, and consistently perform at, a specific level of compliance. (See discussion of Bulls-eye Compliance Levels in Appendix C.) 
Documentation of Acceptable/Target/Ideal Levels of Compliance will appear in relevant sections throughout this document.  
	Device
	Compliance Levels

	Agent administration apparatus
	Acceptable
QIBA compliant device at acceptable level
Target
QIBA compliant device at target level
Ideal
QIBA compliant device at ideal level


	Scanner
	Acceptable
QIBA compliant device at acceptable level
Target
QIBA compliant device at target level
Ideal
QIBA compliant device at ideal level


	Reconstructor
	Acceptable
QIBA compliant device at acceptable level
Target
QIBA compliant device at target level
Ideal
QIBA compliant device at ideal level


	Post-processing software
	Acceptable
QIBA compliant device at acceptable level
Target
QIBA compliant device at target level
Ideal
QIBA compliant device at ideal level


	Analysis software
	Acceptable
QIBA compliant device at acceptable level
Target
QIBA compliant device at target level
Ideal
QIBA compliant device at ideal level



2.3. Infrastructure 
No particular infrastructure or physical environment is specified. It is assumed that imaging procedures will be performed in locations that are in compliance with local and national regulations for operating medical imaging facilities.
	Infrastructure Parameter
	Compliance Levels

	Imaging procedure locations
	Acceptable
Compliant with relevant local and federal regulations for operating medical imaging facilities.
Target
Ideal



2.4. Quality Control 
Quality control is described in Section 12.
2.4.1. Procedures 
See 12.1.1.
2.4.2. Baseline Metrics Submitted Prior to Subject Accrual
See 12.1.2.
2.4.3. Metrics Submitted Periodically During the Trial
See 12.1.3. 
Additional task-specific Quality Control is described in sections below. 
2.5. Protocol-specific Training
No protocol-specific training is specified beyond familiarity with the relevant sections of this document. 
2.5.1. Physician 
**See …
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
**fill in
	Index Intervention Activity
	Timing

	
	Acceptable
Target
Ideal



3.2. Timing Relative to Confounding Activities (to minimize “impact”)
**fill in
	Confounding Activity
	Timing

	
	Acceptable
Target
Ideal



3.3. Scheduling Ancillary Testing
**fill in
	Ancillary Testing
	Scheduling

	
	Acceptable
Target
Ideal



4. Subject Preparation
The following sections describe how subjects are prepared.
4.1. Prior to Arrival 
**fill in
	Preparation
	Compliance Levels

	
	Acceptable
Target
deal



4.2. Upon Arrival 
The following sections describe steps taken upon arrival.
4.2.1. Confirmation of Subject Compliance with Instructions
**fill in
	Instruction
	Compliance Levels

	
	Acceptable
Target
Ideal



4.2.2. Ancillary Testing 
**fill in
	Testing
	Compliance Levels

	
	Acceptable
Target
Ideal



4.2.3. Preparation for Exam 
**fill in
	Preparation
	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  
**fill in
	Parameter
	Compliance Levels

	Brand of contrast agent
	Acceptable
Another brand or switch of 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 the same brand of contrast agent for each scan 
Ideal


	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
Do not use contrast at baseline or other scans.
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



5.3. Timing, Subject Activity Level, and Factors Relevant to Initiation of Image Data Acquisition
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



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

	Administration route
	Acceptable
Intravenous
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



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



5.7. Quality Control 
See 12.2.
6. Individual Subject Imaging-related Quality Control
See 12.3.
7. Imaging Procedure
**introduce the area
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



7.1.2. Data Structure
These parameters describe how the data should be organized/sampled. 
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. 
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

	Slice Interval 
	Acceptable
Shall be less 1.1 (contiguous)
Target
Should be less 0.75 (25% overlap)
Ideal
Should be less 0.5 (50% overlap)


	Slice Width 
	Acceptable
<= 2.0 mm 
Target
<= 1.0 mm 
Ideal
<= 0.5 mm 


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


	Isotropic Voxels 
	Acceptable
(5:1) slice width <= 5 x pixel size 
Target
(1:1) slice width = pixel Size 
Ideal


	Scan Plane 
	Acceptable
Same for each scan of subject 
Target
0 azimuth 
Ideal


	Scan Time
	Acceptable
Less than 20 sec
Target
Less than 15 sec
Ideal
Less than 10 sec



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



7.2. Imaging Data Acquisition
The following sections describe the acquistion of imaging data.
7.2.1. Subject Positioning
Consistent positioning is required to avoid unnecessary variance in attenuation, changes in gravity induced shape, 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 



7.2.2. Instructions to Subject During Acquisition 
Breath holding reduces motion which 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



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



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.
7.3. 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



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 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


	Reconstruction Interval
	Acceptable
<= 5mm 
Target
<= 3mm 
Ideal
<= 1mm 


	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



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

	CT Number Linearity
	Acceptable
Linear between air CT number and “lung” of density 0.2
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 7.1. 
7.3.5. Archival Requirements for Reconstructed Imaging Data
See 11.4.
7.3.6. Quality Control
See 12.4.
8. Image Post-processing
**fill in
8.1. Input Data to Be Used 
See "Required Characteristics of Resulting Data" specifications from Reconstruction section.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



8.2. Methods to Be Used
**Describe how the analysis should be performed. (e.g. algorithms to be used; where measurements should be taken; definition of key anatomical points or pathology boundaries; related annotations) 
	Parameter
	Compliance Levels

	None noted
	Acceptable
Target
Ideal



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

	None noted
	Acceptable
Target
Ideal



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
**introduce the section
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



9.2. Methods to Be Used
**describe
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



9.3. Required Characteristics of Resulting Data
**describe
	Parameter
	Compliance Levels

	Intra-rater reliability of fully automated read-outs
	Acceptable
Greater than 80%
Target
Greater than 90%
Ideal
Greater than 95%



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
**introduce the section
10.1. Input Data to Be Used 
See "Required Characteristics of Resulting Data" specifications from Image Analysis section.
	Parameter
	Compliance Levels

	Analysis Read-outs
	Acceptable
Read-outs conforming to Acceptable specifications
Target
Read-outs conforming to Target specifications
Ideal
Read-outs conforming to Ideal specifications



10.2. Methods to Be Used
**Describe how the interpretation should be performed. (e.g. definition of key anatomical points or pathology boundaries; scoring scales and criteria such as BIRADS, interpretation schema such as RECIST, related annotations) 
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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

	
	Acceptable
Target
Ideal



10.4. Platform-specific Instructions 
Appendix G.5 provides instructions for specific models/versions that can be expected to produce data meeting the requirements of Section 10.3. 
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. Central Management of Imaging Data
Note: The submission of films for digitization is rarely acceptable. When digitized films are submitted, they must contain a ruler or quantification will not be possible. 
	Parameter
	Compliance Levels

	Management of imaging data
	Acceptable
Courier shipment of physical media containing electronic copies of the data 
Target
Electronic transmission with a secure file transfer protocol 
Ideal
Electronic transmission of encrypted data over a secure network 



11.2. De-identification / Anonymization Schema(s) to Be Used
The de-identification software should be certified as fit-for-purpose by regulatory authorities and IRB permission for both the site of origin and site of receipt.  All personal patient information that is not needed for achieving the specific aims of the trial should be removed.  
Typically, pre-specified data, such as height, weight, and in some cases, sex, race, or age, may be retained if it is essential for achieving the specific aims of the study and as such has been approved for use by regulatory authorities. Quality assurance procedures must be performed by the recipient to verify that the images that will be submitted for analysis have been properly de-identified.  
	Parameter
	Compliance Levels

	Anonymization Schema
	Acceptable
Data should be transferred to a "quarantine area" of a "safe harbor" for cleaning and certification of de-identification by professional research organizations or trained operators using procedures that have been certified by regulatory authorities at the site of receipt. Quality assurance procedures performed by the recipient should verify that the images that will be submitted for analysis have been properly de-identified. Images that were not properly de-identified prior to receipt by the central archiving facility should be obliterated after assuring that copies conform to quality standards for patient privacy. 
Target
Ideal



11.3. Primary Source Imaging Data
This protocol presumes no archiving the pre-reconstruction image data. 
	Parameter
	Compliance Levels

	None noted
	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

	
	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. 
	Aarameter
	Compliance Levels

	
	Acceptable
Target
Ideal



11.6. Analysis Results
Segmentation results may be recorded as DICOM Segmentation Objects, or STL Model Files. 
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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

	
	Acceptable
Target
Ideal



12. Quality Control
This is the section where all aspects of Quality Control are identified and described.
12.1. QC Associated with the Site
The following 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



12.1.2. Baseline Metrics Submitted Prior to Subject Accrual
**List required baseline metrics and submission details.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



12.1.3. Metrics Submitted Periodically During the Trial
**List required periodic metrics and submission details.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



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



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

	  
	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



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



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

	Effective Radiation Dose
	Acceptable
Less than 2 mSV
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



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

	
	Acceptable
Target
Ideal



13.4. Management and Reporting of Adverse Events Associated with Imaging Agent and Enhancer Administration
The following requirements are placed regarding management and reporting of adverse events associated with imaging agent and enhancer administration subject to requirements of relevant IRBs or regulatory agencies.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



13.5. Management and Reporting of Adverse Events Associated with Image Data Acquisition
The following requirements are placed regarding management and reporting of adverse events associated with image data acquisition.
	Parameter
	Compliance Levels

	
	Acceptable
Target
Ideal



Appendix A: Acknowledgements and Attributions
**fill in
Appendix B: Background Information
Inflammatory parenchymal lung diseases are common and are significant causes of disability and premature death. These diseases are the result of sub-acute/chronic or chronic inflammatory processes, and are linked to cigarette smoking, either as a cause or as a modifying agent. Chronic obstructive pulmonary disease (COPD) is currently the 12th leading cause of disability in the world and is predicted to be 5th by the year 2020 (201). In the United States alone, it has been estimated that the annual cost of morbidity and early mortality due to COPD is approximately 4.7 billion dollars (202). COPD is a complex condition in which environmental factors interact with genetic susceptibility to cause disease. Tobacco smoke is the most important environmental risk factor, and in susceptible individuals it causes an exaggerated inflammatory response that ultimately destroys the lung parenchyma (emphysema) and/or increases airway resistance by remodeling of the airway wall (203). It has long been known that the pathway varies between individuals; some patients have predominant emphysema while others can have similar degrees of airflow obstruction due to severe small airway disease with relatively preserved parenchyma, but the proportion and contribution of each to the pathogenesis of disease is still unknown. (175) 
The pathologic events leading to emphysema are insidious and include structural and physiologic alterations that are characterized by inflammatory processes within the peripheral pulmonary parenchyma, thickening of arteriolar walls, and parenchymal destruction. A growing body of literature documents that these changes are likely to be associated with alterations in blood flow dynamics at a regional, microvascular level, and thus may serve as a beacon pointing toward the onset of early emphysema. Regional alterations in blood flow parameters may not only serve as an early marker for inflammatory processes but may also be a major etiologic component of the pathologic process, leading to emphysema in a subset of the smoking population (not all smokers have emphysema). (176) 
Measures based on airflow or other measures of global lung function have reached their limits in their ability to provide new insights into the etiology of the disease, or even in leading us to an understanding of how lung volume reduction, in late stages of the disease, provides patient improvements. A number of articles have been written in which attempts are made to explain improvements of physiologic status post-LVRS (9, 16) on the basis of lung mechanics, and we find it difficult to understand how these relate to the observations from the NETT (15) showing that subjects with apical but not basal prevalence of disease receive the greatest benefit from surgery. However, if regional pulmonary perfusion is again brought into consideration, it makes sense that, if one removes apical lung that is not contributing well to gas exchange and blood is shunted to less diseased basal lung, gas exchange will be improved. Furthermore, by removing a diseased portion of the basal lung when the disease is predominantly basal, then it is likely that blood will be preferentially shunted to the contralateral basal lung. Using scintigraphy to assess regional V˙ /Q˙ , Moonen and colleagues (2) have recently concluded that an important mechanism for improvement in functional status post-LVRS relates to the reduction of regional shunt (i.e., blood flow may be directed toward regions of improved ventilation whereas regions receiving blood flow but that have poor ventilation are removed). 
A recent international consensus statement on the diagnosis and therapy of COPD—the Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Lung Disease (GOLD [Global Initiative for Chronic Obstructive Lung Disease])—has established diagnostic criteria that currently do not include CT findings (17). This is not surprising given that the consensus statement has been developed in part for the World Health Organization. It is notable that the summary makes the observation that different inflammatory events occur “in various parts of the lung,” a reference to the marked heterogeneity of the disease which cannot be defined without imaging. Of interest also are the future recommended research directions, which include identifying better defining characteristics of COPD, developing other measures to assess and monitor COPD, and recognizing the increasing need to identify earlier cases of the disease, all potential outcomes of improvements to quantitative lung imaging. 
It has been well demonstrated that lung function declines with age (18–21) and perhaps also as a result of inflammation (22). This has confounded research related to the effects of smoking cessation on lung health. There are mixed results as to whether or not smoking cessation halts the progression of emphysematous lung disease (20, 23–27). Work by Bosse and colleagues (28) attempted to take into account the aging process and suggested that the disease process is slowed if one stops smoking. However, tests were not sensitive enough to conclude this definitively. There appear to be important sex differences in the effects of cigarette smoking and cessation (29). No reliable specific biochemical markers of disease presence or progression have been identified (30), in part perhaps because of the lack of a sensitive standard to diagnose and follow the diseases. More recently, CT parameters have been shown to be likely more sensitive to disease progression (31). Furthermore, the long time course of these diseases means that clinical trials using only whole lung function as primary outcome measures require huge numbers of subjects for extremely long periods of time.  
Anatomic–Physiologic Correlates of Emphysema 
The lack of a direct marker for emphysema has meant that epidemiologic studies have been limited to COPD, and these perhaps give a limited view as to the epidemiology of emphysema, a specific subset of COPD but not identified as such by spirometry. The direct effect of cigarette smoking on lung function has been widely studied, with differences in relative changes in FEV1 and the effects of smoking noted (28, 32–35). Although some studies show an increased rate of loss of FEV1 for current smokers, there is a less significant decrease in FEV1 for reformed Hoffman, Simon, and McLennan: CT-Based Lung Structure and Function 521 smokers (28, 32).However, more recent studies have found similar FEV1 declines with age in both smokers and never-smokers (34, 35). It must be emphasized that these changes are likely related to bronchial hyper-reactivity (36, 37) rather than to emphysema, highlighting again the need for objective measurement tools to assess emphysema. As indicated, chronic airflow limitation (COPD) is commonly seen in emphysema, but it is not essential. Measurements of lung physiology are not always able to distinguish the abnormalities that result from emphysema from those which result from the other causes of COPD, such as chronic bronchitis or asthma (38). The strongest positive association between an index of airflow limitation, FEV1 (% predicted) and a pathologically derived emphysema score comes from the National Institutes of Health Intermittent Positive-pressure Breathing Trial (39). There were only 48 subjects in this study, as autopsies were required for the pathologic assessment to be performed. Pulmonary function tests were performed every 3 months during the study, and were therefore available at some point before death. However, these subjects were highly selected; to enter the study, they were required to have very significant airflow obstruction, and could not be severely hypoxic; and to complete the study, they had to die during the observation period. In contrast, a study examining pathologic lung specimens taken during surgery, and appropriately fixed, showed no relationship between the pathologic emphysema rating and indices of airflow (40). Furthermore, an autopsy study enrolling 242 subjects over 6 years demonstrated that, although those subjects with greater pulmonary disability tended to have a greater degree of pathologic emphysema, 17 subjects with greater than 30% pathologic emphysema had no evidence for clinical COPD (41). Other pulmonary function tests—namely, diffusing capacity for carbon monoxide (DlCO) and the exponential description of the deflation pressure/volume curve (K)—have been used to identify, and to obtain a measure of, severity for pulmonary emphysema. A number of studies have found that measurement of DlCO has a very weak correlation with the pathologic assessment of emphysema (42–44). Measurements of elastic recoil pressure curves in life compared with pathologic assessment of emphysema at subsequent lung resection or postmortem have yielded conflicting results on the value of static compliance and K as a measure of emphysema (45–49). More recent studies show a weak but significant correlation between K and macroscopic emphysema (r _ 0.49) (47, 48), with K believed to be a measure of alveolar distensibility. This background highlights the continuing search for a marker for emphysema presence and severity. 
Even though recent research has advanced our understanding of COPD pathogenesis, leading to the identification of potential targets and pathways for drug development, there are still major difficulties in conducting clinical trials designed to evaluate the benefits of new drug treatment for several reasons. These reasons include: 
(1) the lack of validated short- and intermediate-term endpoints (or surrogates) that are predictive of future hard clinical outcomes, and  
(2) the lack of a method to provide precise phenotypes suitable for large-scale studies.  
It is for these reasons that computed tomography (CT) has become such an important tool in COPD research. CT provides a noninvasive method to obtain images of the lung that look similar to anatomic assessment, and CT images themselves are densitometry maps of the lung. Therefore any change in the structure of the lung will change the densitometry of the lung and, therefore, the image. Virtually every clinical center in all regions of the world has access to a CT scanner, so it is thought that CT images should be quite easy to obtain and it should be easy to conduct large, meaningful clinical studies. 
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.  
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)
**e.g. the Imaging Charter, Site Manual, Standard Operating Procedures, etc.
Appendix F: TBD
Appendix G: Model-specific Instructions and Parameters 
The presence of specific product models/versions in the following tables should not be taken to imply that those products are fully compliant with the QIBA Profile. Compliance with a profile involves meeting a variety of requirements of which operating by these parameters is just one. To determine if a product (and a specific model/version of that product) is compliant, please refer to the QIBA Conformance Document for that product. G.1. Image Acquisition Parameters The following technique tables list acquisition parameter values for specific models/versions that can be expected to produce data meeting the requirements of Section 7.1.  
These technique tables may have been prepared by the submitter of this imaging protocol document, the clinical trial organizer, the vendor of the equipment, and/or some other source. (Consequently, a given model/version may appear in more than one table.) The source is listed at the top of each table.  
Sites using models listed here are encouraged to consider using these parameters for both simplicity and consistency. Sites using models not listed here may be able to devise their own acquisition parameters that result in data meeting the requirements of Section 7.1 and conform to the considerations in Section 13.  
In some cases, parameter sets may be available as an electronic file for direct implementation on the imaging platform.  
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