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I. Executive Summary (incomplete –work in progress-CE)
This Profile has been developed to aid in the standardization and optimization of fMRI brain mapping for surgical planning. Whereas the primary purpose of this Profile development is for individual patient care, applications of the standard it creates has application to clinical trials as well.  This is described in the following section.

The intended audience of this document is: 

· Technical staff of vendors planning to participate in the QIBA initiative 

· Practicing clinicians at healthcare institutions considering appropriate specifications for acquiring equipment
· Experts involved in quantitative medical image analysis 

· Anyone interested in the technical and clinical aspects of medical imaging 

II. Clinical Context and Claims
fMRI is used as a tool for pre-treatment planning in individual patients with brain lesions, including tumors, vascular malformation and epileptogenic foci. The presenting symptoms and location of the affected brain tissue determine the particular region or regions of the brain to be mapped and the behavioral paradigm(s) selected (e.g. motor task, language task). The change in BOLD signal (relative to a control condition) provides information about the brain region(s) involved in task performance and about the proximity of this eloquent cortex to brain site(s) to be treated. Endpoints that will influence treatment planning include risk assessment (impact of treatment on functioning cortex, e.g. surgical or radiation induced damage) and predictive value estimation (will damage to eloquent tissue result in a deficit). The goal of this profile is to specify the procedures and quantitative parameters under which BOLD fMRI is an accurate and reliable predictor of brain function, that is, as a valid imaging biomarker for medically meaningful changes in brain activity elicited by a particular task.

The clinical context sets out the utilities and endpoints for presurgical mapping cases and then proceeds to identify targeted levels of quality for named measurement read-outs that may be used in the relevant clinical indications.
Claims characterizing reproducibility of BOLD response
1. On a test-retest basis, fMRI can be performed reproducibly to a level such that the center of mass of activation of a focus of interest is within 5mm of itself, with at least 90% overlap of the activation clusters.

2. On a test-retest basis, fMRI can be performed reproducibly to a level such that the relative magnitude of activation in homologous regions across hemispheres should be within 10%.

Claims characterizing risk assessment (predictive value?)
3. Quantitative measures of “risk” to eloquent brain structures… distance metrics… etc.    

Compliance Levels for Measurement Read-outs
	Measurement or Categoric Result
	Performance Levels Achieved under Bull's Eye Conditions

	center of mass of activation of a focus of interest 
	If Activities are Performed at Acceptable level
within 5mm of itself, with at least 90% overlap of the activation clusters

If Activities are Performed at Target Level
If Activities are Performed at Ideal Level


	relative magnitude of activation in homologous regions across hemispheres
	If Activities are Performed at Acceptable level
within 10%

If Activities are Performed at Target Level
If Activities are Performed at Ideal Level


	Quantitative measures of “risk” to eloquent brain structures… distance metrics… etc
	If Activities are Performed at Acceptable level
If Activities are Performed at Target Level
If Activities are Performed at Ideal Level



Utilities and Endpoints for Clinical Trials
**Describe one or more utilities or endpoints this Imaging Protocol could serve in a Clinical Trial. (e.g. to determine eligibility of potential subjects in the clinical trial; to triage eligible subjects into cohorts based on stage or severity of disease; to assess response to treatment; to establish the presence of progression for determining TTP, PFS, etc.; to monitor for adverse events; to establish a database for the development, optimization, and validation of imaging biomarkers, etc.)  
III. Profile Details
A technical description of tests for the biomarker, identifying measurement activities and read-outs, is provided:

[image: image2]
The following sections provide details for the various components shall do in order to be in compliance:

Section 1, Subject Handling, is practiced by a Performing Site.

Section 2, Imaging Data Acquisition, is practiced by a Performing Site using an Acquisition Device.
Section 3, Imaging Data Reconstruction, is practiced by a Performing Site using Reconstruction Software.
Section 4, Image Analysis, is practiced by a Performing Site using one or more Software Analysis Tools.
The requirements included herein are intended to establish a baseline level of capabilities. Providing higher performance or advanced capabilities is both allowed and encouraged and the profile is not intended to be limiting in any way with respect to capabilities. The intention is not to dictate implementation details.
1. Subject Handling
1.1 Timing Relative to Index Intervention Activity
fMRI BOLD scanning for language, motor, and visual is performed and corresponding color maps generated prior to any interventional procedures.  
1.2 Scheduling Ancillary Testing
If associated biopsy/resection (Neurosurgery) is expected to be performed during the same visit as the imaging procedure, it shall be described in the Trial Calendar. 
1.3 Subject Preparation Prior to Arrival 
Local standard of care shall be followed for MRI without contrast.  Assess the patient’s understanding and performance capability, alertness, cognitive ability, and behavioral capabilities in performing the necessary task(s) to complete the study. If necessary, train the patient with an identical or similar task using powerpoint or video presentations. If necessary, modify the paradigms to meet the capabilities of the patient and note limitations in patient record.
1.4 Subject Preparation Upon Arrival 
1.5 Paradigm Library Specification 
	Parameter
	Compliance Levels

	Language
	Acceptable
Target
Ideal


	Parameter
	Compliance Levels

	Motor
	Acceptable
Target
Ideal


	Parameter
	Compliance Levels

	Visual
	Acceptable
Target
Ideal


	Parameter
	Compliance Levels

	Memory
	Acceptable
Target
Ideal



1.6 Subject Ability Assessments
1.6.1 General Assessment
	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



1.6.2 Language Assessment
	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



1.6.3 Motor Assessment

	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



1.6.4 Visual Function Assessment

	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



1.6.5 Memory Assessment

	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



1.7 Task Training prior to scanning
1.7.1. Language Task

	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



1.7.2 Motor Task

	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



1.7.3 Visual Task

	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



1.7.4 Memory Task

	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



1.8 Performance measurement of the tasks
	Parameter (Task)
	Compliance Levels

	Language
	Acceptable
We need to include some acceptable performance measures
Target
Ideal


	Motor
	Acceptable
We need to include some acceptable performance measures
Target
Ideal


	Visual
	Acceptable
We need to include some acceptable performance measures
Target
Ideal


	Memory
	Acceptable
We need to include some acceptable performance measures
Target
Ideal



1.9 Subject Instruction prior to scanning

 Provide information to the patient regarding the flow of the exam (e.g. order of the tasks, what can be expected in terms of time for each paradigm administered). If the patient has never been in the MR, review what can be expected in terms of noise, discomfort, etc.
A quick review of the task is recommended to be sure that the patient is still familiar with what they will see or hear, and what they are asked to do during the task.
1.10 Subject Positioning in the scanner
Positioning of the patient should be consistent with local MRI head positioning procedures. There may be additional requirements to properly adjust the fMRI stimulus presentation devices (e.g.,adjustment of goggle or a mirror on or above the head coil to correctly adjust for visual acuity and ensure the entire visual field is visible. If necessary, additional stimulus response devices such as a MR compatible mouse or a trackball should be positioned such that the patient is able to operate the device without much hindrance. It is advisable to use foam padding to reduce head motion, and use head phones with foam ear plugs to reduce interference from scanner noise. 
	Parameter
	Compliance Levels

	Subject Positioning
	Acceptable
Information Needed
Target
Ideal



2. Imaging Data Acquisition
MRI scans for fMRI analysis will be performed on qualified equipment. It is recommended to use a field strength of 1.5 Tesla and higher with echo planar capabilities. Once the patient is positioned inside the scanner within the head coil it is good practice for the MRI technician to provide brief instruction to the patient about the task(s), as a reminder of what they are expected to do. It is recommended to have appropriate personnel present during the scan to meet CPT code requirements. The MRI scan starts with a localizer followed by T1 or T2 scans to cover the whole brain following the local imaging protocol. Following the anatomical image acquisition, a shim scan is followed by an fMRI BOLD series .The fMRI scan duration is defined by the paradigm design and the MR protocol should be configured and named with the same description used to name the stimulus paradigm.
Precise synchronization of stimulus presentation and image acquisition is highly recommended. The system to control the stimulus presentation can be a standalone workstation or PC with software for presenting stimulus paradigms or it can be software which is integrated within the MR console. As previously mentioned, the visual presentation of the stimulus can be displayed via MR compatible systems such as  goggle-based system, or a projector-based system (LCD Monitor, or Projector). The audio stimulus can be presented using audio delivery systems provided with the MR or a third party systems which are MR compatible and specifically designed for presenting stimuli in the MR environment. Monitoring task performance (direct observation of eye movement, finger/hand/foot movement etc) as well as recording patient responses (button box or other devices to monitor patient performance) is highly recommended. Frequent communication between the patient and technician between scan series to assess comfort and attention, and to provide intermittent instruction is required.
2.1 Technician Instructions
2.2 Stimulus Presentation specifications

2.2.1 Scan Synchronization/Triggering requirements

It is recommended to perform BOLD fMRI imaging with precise synchronization of the start of the scan and the start of the stimulus presentation using trigger pulses.
	Parameter
	Compliance Levels

	Timing / Triggers
	Acceptable
Shall use a standard time.
Target
Scanner triggers presentation software or vice versa.



The following recording requirements are noted:

	Parameter
	Compliance Levels

	Image Header
	Acceptable
Actual Timing and Triggers shall be recorded.



2.2.2 Visual Stimulus specifications

	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



2.2.3 Auditory stimulus specifications

	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



2.2.4 Memory stimulus specifications

	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



2.3 Subject instruction during Acquisition

Patients are instructed to lay still, breathe normally and follow and pay utmost attention to the instructions on the stimulus presentation screen during the entire data acquisition.
2.4 Structural MRI scanning specifications
	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



2.5 fMRI-EPI scanning specifications
2.5.1 Fmri Task scans

	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



2.5.2 Breath hold scans (NVU)

	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



2.6 Required Visualization/Monitoring

Visual monitoring of the patients during the performance of the task is recommended. This may aid in evaluating compliance of certain fMRI tasks such as motor tasks. It is also recommended to conduct an interview after the scan for patient compliance.
2.6.1 Monitor Visual Task performance
	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



2.6.1 Monitor button box responses
	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



2.6.3 Monitor Respiration
	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



2.6.4 Monitor Eye movement
	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



2.6.5 Monitor real time motion
	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



2.6.6 Monitor Real time data analysis
	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



2.7 Data Content & Structure
The BOLD T2* images are reconstructed on the scanner as individual images or as mosaics.  An fMRI series will typically consist of several measurement periods. Each individual measurement period will have a set of images corresponding to the anatomical coverage specified by the user (typically whole brain).  The total imaging time to acquire an fMRI series will depend on the repetition time (TR) and the number of measurement periods acquired throughout the series. 

The following parameters describe what the acquired images shall contain/cover.  
	Parameter
	Compliance Levels

	Anatomic Coverage 
	Acceptable
Coverage of Area of interest
Target
Whole Brain


	Field of View
	Acceptable
Coverage of Area of interest 
Target
Whole brain


	Scan Duration

Motor Task;

Language Task;
	Acceptable
2 min
Target
xxxxx
Ideal
3 min


	Scan Plane (Image Orientation)
	Acceptable
Transverse or Axial
Target
Transverse or Axial



The following recording requirements are noted:

	Parameter
	Compliance Levels

	Image Header
	Acceptable
Number of Measurement Periods; Actual Anatomic Coverage, Field of View, Scan Duration, and Scan Plane shall be recorded.



2.8 Data Quality Requirements
It is highly recommended that the sites perform some or all of these quality assurances on their devices for improved and consistent data quality. They include routine SNR and fSNR measurements to test for signal and image quality, routine checks on the fMRI specific equipments such as the response buttons, projector, goggles, audio etc prior to the scan. Motion artifacts can significantly impede the quantitative fMRI outcome measures. Hence it is important to use head restrainers such as foam pads and provide reminders to the patient’s before the scan to reduce the motion inside the scanner while performing the test.  
2.8.1 MRI Signal specifications (SNR, fSNR) 
	Parameter
	Compliance Levels

	1.Motion Artifact
	Acceptable
Minimal artifact (Potentially corrected prospectively)
Target
No artifact 


	
	Acceptable


	2. Spatial Resolution
	Acceptable
Target
Ideal


	3. Noise
	Acceptable


	xxxxx
	Acceptable
Target


	xxxxx
	Acceptable
Target
Ideal


	
	


2.9 Post Scan Requirements

2.9.1 Patient assessment
Info Needed
2.9.2 Real-time results evaluation
	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



2.10 Staff requirements for fMRI
Info Needed
3. Post Acquisition Processing
The Post-acquisition processing and statistical analysis can be performed on the scanner provided software or on a standalone workstation. A variety of software’s and algorithms are available for this purpose (xxxxxxx). This section provides guidelines and recommends the following steps to obtain high quality and reliable color maps of the fMRI data.  The BOLD data is typically corrected for a low frequency signal drift, spatial smoothed to improve SNR, artifacts identified (manual or automatic) and corrected, corrected for slice timing (if event related design is used), motion identified and corrected, and coregistered with a T1 or T2 structural data. The registration parameters are typically saved in a file for later Q/A check to access the patient’s motion. A variety of statistical tools (GLM, non GLM, Xxxxx) methods can be used to perform statistical analysis to create color functional maps. These maps are later overlayed onto the structural data or 3D maps created for better visualization by the end users. Individual maps pertaining to different paradigms are created. These maps can be saved in DICOM, generic formats on the scanner or off the scanner. 
It is highly recommend to generate a technical report that includes the summary of the imaging procedure, patient performance of the task, qualitative and quantitative summary of the head motion, subjective assessments of artifacts and outliers, assessment of the data alignment (functional vs structural), pre, during and post scan evaluation of the patient, and neurovascular uncoupling of the patient.

These parameters describe general characteristics of the reconstruction among other specifications in the post acquisition processing:
3.1 Image processing computer specifications
	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



3.2 Image processing software specifications
	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



3.3 BOLD Analysis pipeline specifications

3.3.1 
Anatomical Image Segmentation
	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



3.3.2
Low frequency drift correction
	Parameter
	Compliance Levels

	Drift Specs
	Acceptable
Target
Ideal



3.3.3
Spatial filtering
	Parameter
	Compliance Levels

	Filter Specs
	Acceptable
Target
Ideal



3.3.4
Artifact Identification/Removal
	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



3.3.5 Slice timing correction
	Parameter
	Compliance Levels

	Specs
	Acceptable
Target
Ideal



3.3.6 Motion correction
	Parameter
	Compliance Levels

	Motion Correction Parameters
	Acceptable
Target
Ideal



3.3.7
Coregistration
	Parameter
	Compliance Levels

	Color Map Specs
	Acceptable
Target
Ideal



3.3.7 Statistical map generation
	Parameter
	Compliance Levels

	Color Map Specs
	Acceptable
Target
Ideal



3.3.9 Statistical map threshold
	Parameter
	Compliance Levels

	 Statistical Thresholds
	Acceptable
Target
Ideal



3.3.10
Functional map generation
	xxxxx
	Acceptable
Target


	xxxxx
	Acceptable
Target
Ideal



3.4 Color Map Specifications

	Parameter
	Compliance Levels

	Color Map Specs
	Acceptable
Target
Ideal



3.5 Quality Control Requirements

3.5.1 Registration parameters
	Parameter
	Compliance Levels

	Color Map Specs
	Acceptable
Target
Ideal



3.6 Technical Report Specifications
Info Needed
3.6.1
Color Images
3.6.2
Imaging procedure summary

3.6.3 
Patient motion summary

3.6.4 Artifact summary
3.6.5 Patient evaluation summary
3.6.6 
NVU summary

4. Image Analysis & Clinical Interpretation
4.1 Clinical Report Content

4.2. Clinical history review

4.3. Color overlay characterization

4.3.1 Review of color overlays

4.3.2 Gyral/Sulcal location

4.3.3 Gyral/Sulcal distance

4.3.4 Lesion/Cluster margin characterization

4.3.5 Characterization of Artifacts

4.3.6 Confidence Index

4.3.7 Documentation for CPT requirements

4.4 Clinical Report Structure

4.4.1 Demographic information

4.4.2 Indications

4.4.3 Techniques

4.4.4 Structural imaging findings

4.4.5 Functional imaging findings

4.4.6 Annotated images

4.4.7 Clinical Impression

We need input to this section from a clinician. What you see below is the CT Template. We could use this as a guide.
Each lesion shall be characterized as described in this section.  Lesions of interest include: a) brain tumors; b) XXXXXXXX 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.
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.  
4.1 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

	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



	Lesion Volume
	Acceptable

Shall be calculated as the sum of all the voxels within the boundaries of a discrete tumor mass on all the tomographic slices on which it is visible, regardless of its irregular shape.

Target

Shall 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).



	Change Assessment Workflow
	Acceptable

Shall be performed as “locked sequential read”.



	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



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



For semi-automated or automated segmentation, the analysis software shall segment (based on a starting seed point/stroke/ROI) various types of tumors on CT images. The following further requirements are placed on image analysis software:
	Parameter
	Compliance Levels

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


	Automatically computed read-outs
	Acceptable
Automatic computation of volume of the segmented tumor shall be provided.
Target
Error margins for each measurement Provide a HU-histogram of the segmented voxels shall be provided.


	Image Header Recording
	Acceptable
Software shall 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 shall 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 shall record in (and reload for review from) ALL of the Target formats.



4.2 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 tumors. Operator assisted semi-automatic segmentation shall produce at least the same level of intra- and inter-rater reliability for the volume measurements of each target lesion as manual segmentation. 
	Parameter
	Compliance Levels

	Read-outs as described in Methods section
	Acceptable
Same precision, accuracy and speed than an operator can draw by hand with a pointing device shall be demonstrated.
Target
Greater precision, accuracy and speed than an operator can draw by hand with a pointing device shall be demonstrated.



The following recording requirements are noted:

	Parameter
	Compliance Levels

	Annotation and Markup metadata
	Acceptable
Actual model-specific Analysis Software set-up and configuration parameters utilized to achieve compliance with these metrics shall be recorded.



5. Storage and Distribution

5.1
Data Storage specification
	Parameter
	Compliance Levels

	Storage Specs
	Acceptable
Target
Ideal



5.2 Data sharing specification
	Parameter
	Compliance Levels

	Sharing Specs
	Acceptable
Target
Ideal



IV. Compliance
Acquisition Devices
Compliance to specifications as set out in the Image Acquisition section above.  Additionally, compliant Acquisition Devices shall provide means to record the information identified in the Subject Handling section as means to document compliance of the Performing Site to the specifications noted there.
Reconstruction Software
Compliance to specifications as set out in the Image Reconstruction section above.  Additionally, compliant Reconstruction Software shall propagate the information collected at the prior Subject Handling and Imaging Acquisition stages and extend it with those items noted in the Reconstruction section.  See the compliance procedure notes associated with Acquisition Devices above for procedural assistance to identify Model Specific Parameters for Reconstruction Software.
Software Analysis Tool
Compliance to specifications as set out in the Image Analysis section above.  Additionally, compliant Software Analysis Tools shall propagate the information collected at the prior Subject Handling, Imaging Acquisition, and Imaging Reconstruction stages and extend it with those items noted in the Analysis section
Performing Site

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

· appropriate imaging equipment and quality control processes, 

· appropriate injector equipment and contrast media,

· experienced CT technologists for the imaging procedure, and

· processes that assure imaging protocol compliant image generation at the correct point in time.

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. 
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Background Information
QIBA

The Quantitative Imaging Biomarker Alliance (QIBA) is an initiative to promote the use of standards to reduce variability and improve performance of quantitative imaging in medicine. QIBA provides a forum for volunteer committees of care providers, medical physicists, imaging innovators in the device and software industry, pharmaceutical companies, and other stakeholders in several clinical and operational domains to reach consensus on standards-based solutions to critical quantification issues. QIBA publishes the specifications they produce (called QIBA profiles), first to gather public comment and then for field test by vendors and users. 

QIBA envisions providing a process for developers to test their implementations of QIBA profiles through a compliance mechanism. After a committee determines that a profile has undergone sufficient successful testing and deployment in real-world care settings, it is released for use.  Purchasers can specify conformance with appropriate QIBA profiles as a requirement in requests for proposal. Vendors who have successfully implemented QIBA profiles in their products can publish conformance statements (called QIBA Compliance Statements) represented as an appendix called “Model-specific Parameters.”  General information about QIBA, including its governance structure, sponsorship, member organizations and work process, is available at http://qibawiki.rsna.org/index.php?title=Main_Page. 
CT Volumetry for Cancer Response Assessment

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 bi-dimensional 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 [24][25]. 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 bi-directional diameters with longest uni-dimensional diameter as the representation of a measured lesion [26]. 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. 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. 
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 “bulls-eye” 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.  
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.  
Model-specific Instructions and Parameters 
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 Compliance section above. 
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 settings that result in data meeting the requirements but this is outside the formal scope of QIBA compliance.
In some cases, parameter sets may be available as an electronic file for direct implementation on the imaging platform.  
Table G.1: Acquisition Device Model-specific Parameters Demonstrated to Achieve Compliance 
IMPORTANT NOTE with respect to this example table: The presence of specific product models/versions in the following tables shall not be taken to imply that those products are fully compliant with the QIBA Profile.  These settings were determined by the team in the 1C study as an example of how it could be done but more strict attention to all parameters identified in the Profile are necessary in order for a company to claim any particular model is compliant.  That said, we appreciate the good will and help that the vendors represented here have provided in this early phase of QIBA.
	Acquisition Device
	Product Setting to Achieve Compliance Levels

	GE Discovery HD750 sct3
	kVp
120
Number of Data Channels (N)
64
Width of Each Data Channel (T, in mm)
0.625
Gantry Rotation Time in seconds

1
mA

120
Pitch

0.984
Scan FoV
Large Body (500mm)


	Philips Brilliance 16 IDT mx8000
	kVp
120
Number of Data Channels (N)
16
Width of Each Data Channel (T, in mm)
0.75
Gantry Rotation Time in seconds

0.75
Effective mAs

50
Pitch

1.0
Scan FoV
500


	Philips  Brilliance 64
	kVp
120
Number of Data Channels (N)
64
Width of Each Data Channel (T, in mm)
0.625
Gantry Rotation Time in seconds

0.5
Effective mAs

70
Pitch

0.798
Scan FoV
500


	Siemens Sensation 64
	kVp
120
Collimation (on Operator Console)

64 x 0.6 (Z-flying focal spot)
Gantry Rotation Time in seconds

0.5
Effective mAs

100
Pitch

1.0
Scan FoV
500


	Toshiba Aquilion 64
	kVp
120
Number of Data Channels (N)
64
Width of Each Data Channel (T, in mm)
0.5
Gantry Rotation Time in seconds

0.5
mA

TBD
Pitch

.828
Scan FoV
Medium and Large



Table G.2: Reconstruction Software Model-specific Parameters Demonstrated to Achieve Compliance 
IMPORTANT NOTE: The presence of specific product models/versions in the following tables shall not be taken to imply that those products are fully compliant with the QIBA Profile.  These settings were determined by the team in the 1C study as an example of how it could be done but more strict attention to all parameters identified in the Profile are necessary in order for a company to claim any particular model is compliant.  That said, we appreciate the good will and help that the vendors represented here have provided in this early phase of QIBA.
	Reconstruction Software
	Product Setting to Achieve Compliance Levels

	GE Discovery HD750 sct3
	Reconstructed Slice Width, mm
1.25
Reconstruction Interval
1.0mm
Display FOV, mm
350
Recon kernel
STD


	Philips Brilliance 16 IDT mx8000
	Reconstructed Slice Width, mm
1.00
Reconstruction Interval
1.0mm (contiguous)
Display FOV, mm
350
Recon kernel
B


	Philips  Brilliance 64
	Reconstructed Slice Width, mm
1.00
Reconstruction Interval
1.0mm (contiguous)
Display FOV, mm
350
Recon kernel
B


	Siemens Sensation 64
	Reconstructed Slice Width, mm
1.00
Reconstruction Interval
1.0mm
Display FOV, mm
350
Recon kernel
B30


	Toshiba Aquilion 64
	Reconstructed Slice Width, mm
1.00
Reconstruction Interval
1.0mm
Display FOV, mm
TBD
Recon kernel
FC12



Table G.3: Image Analysis Software Model-specific Parameters Demonstrated to Achieve Compliance 
IMPORTANT NOTE: The presence of specific product models/versions in the following tables shall not be taken to imply that those products are fully compliant with the QIBA Profile.  In particular, the following example table only has placeholders for these example products which need to be replaced with product model-specific settings in order to claim compliance.
	Image Analysis Software
	Product Setting to Achieve Compliance Levels

	Siemens LunCARE
	a
<settings to achieve…>
b
<settings to achieve…>
c
<settings to achieve…>
d
<settings to achieve…>


	GE Lung VCAR
	e
<settings to achieve…>
f
<settings to achieve…>
g
<settings to achieve…>
h
<settings to achieve…>


	R2 ImageChecker CT Lung System
	i
<settings to achieve…>
j
<settings to achieve…>
k
<settings to achieve…>
l
<settings to achieve…>


	Definiens (name specific product)
	m
<settings to achieve…>
n
<settings to achieve…>
o
<settings to achieve…>
p
<settings to achieve…>


	Median (name specific product)
	q
<settings to achieve…>
r
<settings to achieve…>
s
<settings to achieve…>
t
<settings to achieve…>


	Intio (name specific product)
	u
<settings to achieve…>
v
<settings to achieve…>
w
<settings to achieve…>
x
<settings to achieve…>
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