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1.0 Goals and Objectives
To enhance acceptance of XIP and facilitate its use in co-operative group clinical trials it is necessary to expand the functionality of the initial XIP reference implementation.  The ACRIN 6675-SWOG 0438 trial is a small; PET/CT based trial that the ACRIN PET Core Lab has proposed to caBIG for a focused trial of XIP image visualization and analysis tools. This project will entail the creation of an XIP PET/CT analysis (XPET) application to meet trial specific requirements, deployment of this application as a web-based client-server package, and training and support for the trial including a comparative analysis of XIP based processing and the current ACRIN standard approach.
2.0 Use Cases
2.1 No content for this heading

2.1.1 Support virtual central read functionality for Co-operative Group Clinical Trial
The ACRIN 6675-SWOG 0438 trial (http://www.acrin.org/6675_protocol.html, http://swog.org/Visitors/ViewProtocolDetails.asp?ProtocolID=2006) is a randomized Phase II trial of BAY 43-9006 (NSC-724772 with CCI-779 (Temsirolimus; NSC-683864) or R115777 (Tipifarnib; NSC-702818) in Metastatic Melanoma.  It is an ACRIN trial that will be implemented through the Southwest Oncology Group (SWOG). Patients with a biopsy-proven diagnosis of malignant melanoma will be randomized to one of two treatment arms.
Arm 1:  
BAY 43-9006 (Sorafenib) 200mg po twice a day + CCI-779 (Temsirolimus) 25mg IV over 30 minutes once a week

Arm 2: 
BAY 43-9006 (Sorafenib) 400mg po qAM and 200mg po qPM + R115777 (Tipifarnib) 100mg twice a day for 3 weeks, followed by 1 week of rest (sorafenib continues without interruption)

Treatment will continue until disease progression, unacceptable toxicity, excessive treatment delay or the patient decides to withdraw for any reason. In addition to routine tumor measurement by CT or MRI, patients are required to undergo three PET scans as part of the study.  They will be scheduled at baseline, week 3, and week 9.  Correlative CTs or MRIs must be done within 1 week of the PET scan.  A total of 100 patients will participate.
The three most intense lesions (highest intensity on PET image) will be identified as target lesions.  The size and Standardized Uptake Value (SUV) measurements of each target lesion will be tracked.  Automated search functionality is needed to quickly and accurately identify the most intense target lesions from a whole-body PET/CT study.  Lesion size will be tracked using RECIST measurements taken on the associated CT images.

A central reading workflow model will be used but the radiologist(s) performing the analysis may be located at several, distributed sites.  All images will be collected using the ACRIN TRIAD system and stored in the ACRIN data warehouse.  These images will be retrievable from the ACRIN warehouse (DICOM query/retrieve) and may also be made available through the ge-ACRIN instance of NCIA (caGRID interface).

ACRIN 6675-SWOG 0438 has not as yet begun data collection.  Sites are currently being qualified. Dr. Siegel from the ACRIN PET Core Lab and the trial PI will work with the caBIG imaging workspace to refine detailed XIP requirements.
3.0 Functional Requirements

3.1 General System Requirements

3.1.1 Implementation and deployment of the XPET package shall meet the time requirements of the ACRIN 6675-SWOG 0438 trial.

3.1.2 XPET shall be instantiated and deployed for the use of the ACRIN 6675-SWOG 0438 trial and that user community shall be supported with training and on-going XPET maintenance.
3.1.3 ACRIN has proposed to study the accuracy, performance and efficiency of XPET in comparison to their current standard application and practices.  Support for XPET shall include support for this study.

3.1.4 Security Authentication and Audit Trail functionality required by ACRIN policies and ACRIN 6675-SWOG 0438 trial procedures shall be provided.
3.2 XIP Host Requirements

3.2.1 ACRIN Data Warehouse Query – XIP host shall support ACRIN compatible DICOM query/retrieve based image search and retrieval functions.

3.2.2 Enhanced worklists.

3.2.2.1 A trial specific worklist mechanism shall be provided that clearly identifies the studies available to be analyzed, the trial specific identifier of the study participant, the trial phase (baseline, midpoint, post treatment) and modality of the study.
3.2.2.2 Selection of a study from the worklist (double click) will automatically launch the XPET application and display the study.
3.3 Visualization and Analysis Requirements

3.3.1 XPET instantiation

3.3.1.1 XPET shall be distributed as a web based XIP application (client-server).

3.3.2 Target Lesion Identification

3.3.2.1 XPET shall provide an automated search function that will identify using an appropriate AIM markup the N (N >= 3) most intense regions (highest pixel value) in a whole body PET study.

3.3.2.2 XPET shall provide a rapid survey function to permit a radiologist to quickly review a whole body PET study to confirm and modify the location of Target Lesions

3.3.2.3 A list of identified and confirmed Target Lesions shall be stored as an AIM Annotation. This XIP requirement assumes an AIM Annotation repository will be instantiated and made available to support the ACRIN 6675-SWOG 0438 trial. 
3.3.3 Target lesion assessment

3.3.3.1 XPET shall display in a presentation format appropriate for lesion assessment all images in a PET/CT study. 
3.3.3.2 XPET shall provide complete functionality to rack and compare standard criteria for tumor assessment including the Response Evaluation Criteria in Solid Tumors Group (RECIST) based on an associated CT data set.

3.3.3.3 XPET shall use AIM markups and annotations to record the RECIST measurements for assessing disease response; specifically, to annotate images for (a) identifying lesions to designate the "measurable disease," and (b) measuring the size of the lesions and provide a means to capture and analyze the quantitative measurements made on the annotated images.

3.3.3.4 XPET shall support measurement of maximum SUV or a target lesion and storage of this measurement as an AIM annotation. 

3.3.3.5 XPET shall provide the ability to calculate mean SUV in a small (size to be specified by ACRIN PET Core) region surrounding the maximum SUV and to store this measurement as an AIM annotation.

3.3.3.5.1 XPET shall provide appropriate tools to permit a user to easily segment target lesions and to identify this segmentation using AIM markups.
3.3.3.5.2 All images that have associated AIM markups added to them shall be exported to the ge-ACRIN NCIA instance and the AIM markup associate shall be preserved.

3.3.4 XPET shall include basic image analysis and processing functions.
3.3.4.1 Window and Level of the image under the mouse pointer with appropriate presents for PET and CT studies that may be easily selected by a single mouse click.
3.3.4.2 Provide a user tool to select single image, 2x2, 4x4, 8x8 and 16x16 image presentation formats.

3.3.4.3 Allow any image to be selected and move to an enlarged single image format by a double mouse click.
3.3.4.4 Provide a tool to Undo the previous action.

3.3.4.5 Modify cursor shape based on function
3.3.4.5.1 There shall be a “Draw” cursor that is used when the user is drawing a contour, RECIST or Crosshair.

3.3.4.5.2 There shall be a “Segment” cursor that is used when the user is segmenting a contour.

3.3.5 XPET shall include workflow enhancement functions:
3.3.5.1 Identify separate users reading and annotating the same images on different occasions but blinded to each others annotations.

3.3.5.2 "lock" annotations on earlier time points when reading subsequent time points (constrain readers from changing their mind)

