IV. Compliance
Relation of this Profile to Expectations for QIBA Profile Compliance 
Definitions 

Qualified: The imaging site is formally approved by an appropriate body (i.e. ACRIN, NCRI, an imaging laboratory or CRO) for a specific clinical research study. 
Accredited: Approval by an independent body or group for broad clinical usage (requires ongoing QA/QC) 
Compliant: The imaging site and equipment meet all the requirements described herein, which are necessary to meet the QIBA Profile claim. 
The requirements included here are intended to establish a baseline level of capabilities. Providing higher levels of performance or advanced capabilities is both allowed and encouraged. Furthermore the QIBA Profile is not intended to limit equipment suppliers in any way with respect to how they meet these requirements. Institutions meeting the stated criteria are considered to be QIBA Compliant. 
Proper utilization of the DCE-MRI Profile requires that each site adhere to standardized DCE-MRI Profile parameters.  This is an essential component of clinical trials in which imaging plays a central role in the research endpoints.  This is of particular importance in multicenter trials where equipment, personnel, and imaging acquisition protocols can vary significantly.  Thus, the use of standardized imaging guidelines helps control the inter and intra variability inherent in multicenter imaging trials.  
The purpose of any imaging qualification process is to help ensure the trial imaging is of high quality and performed per the trial-standardized acquisition protocol.  To participate in the utilization of this profile, each site must qualify by first scanning the DCE-MRI phantoms based on the scanning protocols in Appendix?  Phantom scanning provides an opportunity to evaluate compliance with sample imaging acquisition protocols prior to participant recruit and actual trial-specific protocols.  
These qualification examinations will be reviewed by a Core Lab for both protocol compliance and image quality; approval of the qualification exams is required prior to site activation.  Suboptimal image quality and/or imaging not performed per the trial-standardized protocol can result in exclusion of the imaging exams and/or the entire case from analysis.  Therefore, routine QC and adherence to the protocol are of great importance, and sites will be asked to re-scan using the phantoms should there be any substantive changes in hardware or software to the scanner during the conduct of the trial.  

4.1  Performance Assessment:  By Actor

4.1.1.  Image Acquisition Site
Typically clinical sites are selected due to their competence in oncology and access to a sufficiently large patient population under consideration. For DCE-MRI use as quantitative imaging biomarker it is essential to put some effort into an imaging capability assessment prior to final site selection for a specific trial. For imaging it is important to consider the availability of:

· appropriate imaging equipment and quality control processes, 

· appropriate injector equipment and contrast media,

· experienced MR technologists for the imaging procedure, and

· processes that assure imaging protocol compliant image generation at the correct point in time.
· Appropriately trained image analysis, with oversight by a Radiologist

· Medical Physics support to ensure appropriate scanner and equipment calibration

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

A QA/QC program for MRI scanners and ancillary devices must be in place to achieve the goals of the clinical trial.  The minimum requirements are specified above.  This program shall include (a) elements to verify that imaging facilities are performing imaging studies correctly and (b) elements to verify that additional MRI phantom testing that address issues relating to image quality (which may include issues relating to spatial resolution, signal to noise ratio, contrast to noise ratio, B0 and B1 uniformity) and constancy.  There is agreement that some performance testing (e.g. constancy phantom) adds value: however, acceptable performance levels, frequency of performance, triggers for action and mitigation  strategies need further definition before these can be required.  This phantom testing may be done in addition to the QA program defined by the device manufacturer as it evaluates performance that is specific to the goals of the clinical trial.   

	Parameter
	Entity/Actor
	Specification

	MRI scanner
	Acquisition Facility
	This profile shall only address 1.5T MRI scanners

	MRI Scanner Calibration
	Vendor/Engineer
	Shall perform routine QA and preventative maintenance

	MRI Scanner Calibration
	Technologist
	Shall perform routine (e.g. daily phantom measurements to ensure that SNR, CNR, RF are uniform)

	Training
	Technologist
	Should be MR certified according to local regulations and should have prior experience in conducting dynamic contrast enhance imaging.  Should be experienced in clinical study related imaging and should be familiar with good clinical practices (GCP).  

	Training
	Lead Technologist
	Should be MR certified according to local regulations and should have prior experience in conducting dynamic contrast enhance imaging.  Should be experienced in clinical study related imaging and should be familiar with good clinical practices (GCP).  Should also have backup personnel need that should fulfill similar requirements as lead research technologists.  Contact information for lead technologist and research technologists should be kept up to date and readily available in case questions may arise.    


4.1.2   Acquisition Scanner

Distinct from the performance specifications and frequency of testing described in Section 4.1.1 which apply to QC of the Acquisition Device at the imaging facility, this Section defines performance specifications of the Acquisition Device to be met upon leaving the manufacturing facility.  In order to be compliant with this Profile, the Acquisition Device should be held to the same standard whether a mobile utility or a fixed installation; a mobile scanner may require additional calibration to achieve this performance.
The MRI scanner should use DICOM attributes to follow version numbers for software for : 1 Acquisition, 2 Reconstruction, 3 Post-processing, 4 Display/ROI analysis, 5 Dynamic Analysis.  Performance requirements regarding software version identification, documentation and tracking across time are described below.  

The DICOM format used by the MRI scanner should meet the Conformance Statement written by manufacturer of the MRI system.  MRI data shall be encoded in the DICOM in the DICOM MRI SOP Class, and in SI units with additional parameters in public DICOM fields to calculate Ktrans.    DICOM data shall be transferred using the DICOM Part 8 network protocol or as offline DICOM 10 files for media storage including CD’s and DVDs.  They shall be transferred without any form of lossy compression.  

The meta-information is the information that is separate, or in addition to, the image values (in units of SI, …).  The meta-information may also include other information beyond that need for calculation of Ktrans, i.e. the type or sequencing of therapy,  concomitant chemotherapies, gender, organ, cancer type).   The actual mechanism of capturing the information is not specified in this Profile.  The intent here is to list what information should be captured rather than the mechanism of capture.  The mechanism can range from paper notes, to scanned forms or electronic data records, to direct entry from the measurement equipment into pre-specified DICOM fields.  Ideally all of the specified meta-data will be captured by direct electronic entry to DICOM fields, after suitable modification of the DICOM format for MRI.  
The concept endorsed here is that the needed meta-data is identified.  Through revisions of this Profile, the DICOM standard, and technology the meta-data is inserted into the analysis stream in a more direct manner and technology and accepted standards evolve.  

Practically speaking sites are encouraged to perform longitudinal treatment trials on one instrument.  
	Parameter
	Entity/Actor
	Specification

	MRI scanner
	Acquisition Facility
	This profile shall only address 1.5T MRI scanners with 55-70 cm bores

	MRI Scanner Calibration
	Vendor/Engineer
	Shall perform QA and preventative maintenance of the rigor appropriate for quantitative MR imaging applications, which may exceed the standard requirements for routine clinical imaging and for MR facility accreditation purposes.

	MRI Scanner Calibration
	Technologist
	Shall perform QA and preventative maintenance of the rigor appropriate for quantitative MR imaging applications, which may exceed the standard requirements for routine clinical imaging and for MR facility accreditation purposes.

	MRI Scanner Calibration
	Lead Technologist
	Will track scanner software version across time. Will identify and qualify a second scanner at the site, if available. If this is done prior to the study start there will be no difficulties later on in case the first scanner is temporarily unavailable.


4.1.3   Contrast Inject Device

	Parameter
	Entity/Actor
	Specification

	MRI Power injector
	Technologist
	Shall ensure that a power injector which is required for DCE-MRI studies is properly serviced and calibrated on a routine basis.


4.1.4   Software Analysis

For multi-institutional trials a central reading site is assumed.  
	Parameter
	Entity/Actor
	Specification

	Image analysis
	PI/Radiologist/Core lab 
	Shall ensure that image analysis is performed with a DCE-MRI tool that complies with the Tofts’ model.  

	Image interpretation
	PI/Radiologist/Core lab
	Shall ensure that image interpretation is performed with a DCE-MRI tool that complies with the Tofts’ model.  


4.1.5   Imaging qualification process: 
Prior to site qualification, a DCE phantom test scan must be run to assess MRI system performance.  Sites will be provided a standardized multi-compartment R1 phantom having inserts with T1 relaxation times spanning the ranges typically obtained in blood and in tissue.  Sites are to retain the DCE phantom, until the core lab has approved the submitted imaging.  
	Parameter
	Entity/Actor
	Specification

	Checklist
	Radiologist
	Site and scanner qualification can be obtained using a simple questionnaire as a pre-qualification step. 

	Site Visit
	PI
	If appropriate equipment and personnel are available, a site visit is recommended.  During the site visit, study related imaging protocols are discussed and, ideally, all scan parameters are entered at the MR scanner.  

	Phantom scanning
	Technologist
	Data will be acquired on the QIBA DCE-MRI phantom, or similar multi-compartment phantom as discussed above with a range of relaxation (T1) values appropriate for the DCe-MRI study to be performed.  The detailed parameters will be placed in Appendix ??

	Phantom scanning interval
	Technologist
	The phantom scans should be repeated on a regular interval (e.g 3 months) during the course of the study.

	Image Quality Inspection
	Radiologist/Core Lab
	Ongoing image quality inspection on a per scan basis is essential to high quality studies

	Hardware Software upgrades/changes
	Lead Technologist
	Any changes to scanner equipment, including major hardware changes or any software version change, need to be documented and will result in the need for imaging qualification renewal


4.1.6   Site Analysis qualification:
Significant variations in any of the parameters tested (e.g. T1, signal variance across time) during the course of an ongoing longitudinal study can affect the resulting imaging biomarker determinations, in the case of this specific claim Ktrans and IAUGCBN, and such changes can readily occur if there are major changes in the scanner hardware or software, e.g., an update to the pulse sequence used for the DCE-MRI and/or T1 measurements or to the gradient subsystem.
	Parameter
	Entity/Actor
	Specification

	Phantom images
	Radiologist/Core Lab technician
	The qualification exam will be evaluated for image quality (e.g. artifacts, distortion, and SNR) and compliance with the standardized DCE-MRI protocol

	T1 variance
	Radiologist/Core Lab Technician
	Data analysis procedures to be used in the DCE-MRI application should be used to analyze the T1 mapping data and results compared to the known T1 values of the various compartments. As uncertainty in the measurement of T1 is an important contributor to concentration measurement bias [48], the measured values should compare within 15 % of the known values over a T1 range of approximately 50-1000 ms. 

	Temporal resolution
	Radiologist/Core Lab Technician
	The DCE-MRI data obtained from the phantom should be analyzed to confirm the correct temporal resolution and to provide SNR measurements and signal intensity vs. T1 characteristics for the specific DCE-MRI acquisition protocol. 

	Test documentation
	Technologist/PI
	All results shall be documented and, if they pass the established acceptance values, will constitute the site qualification documentation for the DCE-MRI procedure. This process ensures study specific training of the site personnel and needs to be documented and signed.



4.1.8   Image Analysis Workstation
The image analysis workstation shall have the ability to receive and propogate the data output (imaging and metadata) collected from the prior activities (Subject Handling, Image Acquisition, Reconstruction and Post-processing).  With the input data, the analysis workstation (and software analysis tools) will be able to make use of certain attribute values to perform certain measurements and computational analysis.  The analysis workstation and software may be coupled to the MRI scanned or provided by a 3rd party vendor.  

	Parameter
	Entity/Actor
	Specification

	Metadata
	Image Analysis Workstation
	Shall be able to accurately propagate the information collected at the prior stages and extend it with those items noted in the Image analysis workstation section.  


Input for Image analysis is considered output of Reconstruction and Post processing software activity.  If the Image Analyst alters input data this is considered part of Image Analysis activity.  If this occurs, the original input data will be maintained as a separate file, both to be stored, including description of manipulation in an audit trail file or in a dedicated DICOM tag section.


4.1.9     ROI definition

4.1.10 
 Calculation of Ktrans and IAUGCBN

4.1.11   Image Analysis Workstation Performance Specification


4.1.12   Software Version Tracking

Appendices



MRI-DCE QIBA PHANTOM TEST INSTRUCTIONS

· Objective:

This document provides information regarding the MRI-DCE QIBA phantom tests. The QIBA MRI-DCE phantom is not currently a commercially available phantom. This phantom will be provided by ACRIN to all sites for qualification testing purposes only.

· Preparing the QIBA DCE Imaging Sequence Templates:

1. Open a protocol or folder labeled “DCEPROFILE_DCE_templates.”

2. Create an imaging series using the proper 3D spoiled gradient echo technique based on MRI manufacturer (see right column of Table 1 on of Appendix V). Enter the technical parameters for the DCE‐MRI imaging protocol into the imaging series. Refer to the parameters specified in the DCE-MRI column in Table 1 of Appendix V of this manual. Temporarily set the number of signal averages (NEX/NSA) to one and the flip angle to 30.  Note specific vendor required settings in Table 4 of Appendix V. (GE users: use Turbo=2 setting).  Adjust parameters such as BW, phase matrix, FOV, and % phase FOV within the allowed ranges from Table 1 of Appendix V to ensure that the time for the sequence is between 5 and 8 seconds.  You will need to reference this time later on when creating the full protocol.

3. Save this sequence as “DCEPROFILE_DCE_template_human” in the DCE_template folder.  This template will also be used to construct the human imaging sequence for the trial.

4. Make a copy of the “DCEPROFILE_DCE_template_human” series and rename it as “DCEPROFILE_DCE_template_phantom” 

5. Open “DCEPROFILE_DCE_template_phantom” and make the following changes to this sequence:

a. Change imaging plane to coronal

b. Set frequency direction to S/I and phase direction to R/L.

c. Set frequency and phase FOV to 360 each.  Percent phase FOV should be 100%

d. Keep acquisition matrix unchanged, but set reconstruction matrix to 512 x 512 (Siemens users: check interpolate).

e. Remove parallel imaging.

f. Set number of slices to 26.

g. Change slice thickness to 4.25mm.

· Preparing the QIBA DCE Phantom Imaging Protocol:

1. Open a new folder/protocol for “DCEPROFILE_DCE_phantom.”

2. Add localizer sequences for body imaging as per institutional standard.

3. Copy the series labeled “DCEPROFILE_DCE_template_phantom” and paste into the phantom scanning protocol.

4. Open this series and make the following changes:

a. Set number of acquisitions/signal averages to 4

b. GE users: set Turbo=0

5. Rename this series as “DCEPROFILE_Ph_VFA_flip_30.”

6. Copy this series and change flip angle to 25°.  Siemens users: set acquisition properties to “scan without further adjustment”.  
7. Rename this series as “DCEPROFILE_Ph_VFA_flip_25”.
8.  Make five additional copies of this series.  Successively open each one, changing flip angle to 20°, 15°, 10°, 5°, 2° sequentially. Save each subsequent series as “DCEPROFILE_Ph_VFA_flipXXs” where “XX” is “20”, “15”, “10”, “05”, and “02”, for each series.
9. Make a copy of the “DCEPROFILE_Ph_VFA15_degree” series.  
10. GE users: open this series and change to Turbo=2
11. Save/rename this series as “DCEPROFILE_Ph_Ratio_map_Array_Coil”

12. Make a copy of the “DCEPROFILE_Ratio_map_Array_Coil” series

13. Open this and change to Body coil acquisition.  Siemens users: add comment to technologist re coil change.
14. Save this series as “DCEPROFILE_Ph_Ratio_map_Body_Coil”

15. Make a copy of the “DCEPROFILE_Ph_VFA_30_degrees” series

16. Open this and make the following changes

a. Change number of signal averages to 1.

b. Change number of dynamic acquisitions based on previously noted time for the “DCEPROFILE_DCE_template_human” acquisition, as indicated below:

i. 5.0 - 5.5 seconds (  65 acquisitions

ii. 5.6 – 6.5 seconds ( 60 acquisitions

iii. 6.6 – 7.5 seconds ( 50 acquisitions

iv. 7.6 – 8.0 seconds ( 45 acquisitions 
c. GE users: set Turbo=2 and MPH option
d. Siemens users: remove “scan without further adjustment” from acquisition properties.

17. Save series as “DCEPROFILE_Ph_Dynamic”.  

This completes the phantom protocol set up. Your MRI-DCE QIBA phantom protocol should have the following series prepared, in the order shown:

· localizer (recommend 3 plane

· T1 Map 30° (tuned, with pre‐scan)

· T1 Map 25° (not tuned, no pre‐scan)

· T1 Map 20° (not tuned, no pre‐scan)

· T1 Map 15° (not tuned, no pre‐scan)


· T1 Map 10° (not tuned, no pre‐scan)

· T1 Map 5° (not tuned, no pre‐scan)

· T1 Map 2° (not tuned, no pre‐scan)

· Ratio map array coil

· Ratio map body coil

· Dynamic gadolinium  (tuned, pre-scan)
· QIBA DCE Phantom Preparation Procedure:

1. Use the surface array coil per your institutional routine for pelvic imaging (i.e. torso‐array)

2. Place the QIBA MRI-DCE phantom in the center of the table, on top of the posterior elements of the torso‐array coil  

3. Add the anterior torso array coil elements to the top

4. Landmark to the center of the phantom.

Initiate localizer scanning.  Once a satisfactory localizer imaging in the sagittal or axial plane is obtained, prescribe the coronal slab from a central slice.  Continue remaining sequences, noting switch to body coil for the “Ratio_map_Body_Coil” series.

· QIBA DCE Phantom Scan Procedure

· T1 Mapping Series for DCE Body
1. Run the localizer scan to identify the phantom (may use either body coil or array coil for image reception).

2. Open the T1 map flip 30°series.  Switch to array coil for image reception.  

3. Prescribe the 3D slab in the coronal plane through the center of the phantom, centered in all 3 planes. Pre-scan, as usual, for this series, then run.

4. Run the next T1 Map at 25°, copying the position of the 3D slab from the previous series. DO NOT pre‐scan.

5. Run the next T1 Map at 20°, copying the position of the 3D slab from the previous series. DO NOT pre‐scan.

6. Run the 15°, 10°, 5°, 2° T1 maps in the same manner as above without a pre-scan. 

· Body Coil Ratio Map Series
1. Run the “Ratio_map_Array_Coil scan.

2. Run the “Ratio_map_Body_Coil scan.  Make sure to switch to body coil as receive coil.  DO NOT run a pre-scan.

· Dynamic Series

1. Switch back to array coil as receive coil.  Run the DYNAMIC SCAN, copying the position of the 3D slab from the previous series. Pre- scan is allowed for this series. 
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DCE Phantom Test Instructions











