Integration of caBIG in vivo imaging workspace initiatives with current activities of the Advanced Technology Consortium and the Virtual Imaging Expanded Workspace.

Specific Aim

To construct a database platform including in vivo imaging, radiation therapy treatment objects, pathology/microarray profiles, and patient outcome data to be used in collaboration with the national cooperative group and industry partners for cancer clinical trials. The initial focus will be on CALGB with expansion to other cooperative groups once complete.

Background

The national cancer clinical cooperative groups are evolving their database infrastructure to accommodate for the increasing information available and for patient care on clinical trials. Traditional data capture mechanisms and patient outcome validation methods are in transition with imaging becoming both a biomarker and clinical response validation mechanism. Targeted therapies in cancer management, both with and without traditional chemotherapy/radiation therapy platforms, need to be vetted in clinical trials including both industry and the national cancer clinical cooperative groups. Patient data required for analysis will include many areas of interest and requirements for protocol validation as well as data submission per study are increasing. Imaging is a crucial tool for patient staging, eligibility, response to treatment, and outcome. Anatomic and metabolic images are currently imbedded in many clinical trials with molecular imaging on the horizon as a vehicle for treatment validation. Images are currently reviewed in real time in quality assurance centers for staging, eligibility, response, and outcome via multiple mechanisms. This has been well perceived by the oncology treatment community and future emphasis needs to be placed on moving this platform to enterprise function with concurrent review of objects by off-site investigators performed in a real time fashion by multiple observers. This will be an integral objective for the VIEW proposal moving forward. Radiation therapy treatment is the part of the infrastructure for many pediatric and adult clinical trials and plays a key role in all adult epithelial malignancies as well as a parallel role in pediatric and adult lymphoma. There is mounting evidence that the quality of radiation treatment influences treatment outcome and pre-treatment review of treatment objects can decrease protocol deviation and improve patient outcome. Although we have traditionally thought of imaging and radiation therapy as exclusive entities in review of Dicom objects, reviewing these objects in a concurrent format is crucial in validating both response and radiation therapy target volume of choice. Pathology with microarray analysis is evolving as an important resource strategy for evaluating patient outcome and possibly identifying patients who may require alternative treatment strategies to improve outcome. The integration of imaging and pathology objects is new and novel idea, and there is preliminary evidence that this platform may lead to an alternative staging strategy for neuroblastoma and other disease sites. There is mounting evidence that certain genomic and proteomic profiles are linked to patient outcome, therefore having this reside in a repository symbiotic with imaging, treatment objects, and patient outcome data will be an important resource for clinical cancer cooperative group and industry trials analysis as we move towards imbedding personalized medicine into our clinical trials program. The objective of this proposal is to build the infrastructure for this resource in a caBIG compliant format, which can be uploaded to the national archive for queriable research. The CALGB has a strong imaging committee with integrated relationship with QARC in the acquisition of both clinical trial imaging objects and radiation therapy treatment objects. Investigators at the Ohio State University currently are involved with CALGB in imaging (core lab) and tissue banking and microarray process for the CALGB. Investigators at Ohio State are also heavily involved and invested in caBIG. The ingredients for success exist. They need to be coordinated and integrated in a caBIG compliant fashion. Therefore developing a partnership between these groups and the CALGB statistical center will promote the success of this specific aim and serve as a platform for other cooperative groups as well as serve the objectives of the national archive initiative.

This proposal will include organizations with the infrastructure currently functional to achieve part of the specific aim. The objective is to combine the strengths of each organization to develop a core service function including imaging, treatment objects, pathology/microarray objects, and patient outcome data to be used by the clinical cancer cooperative groups and industry for clinical trials and permit clinical trials to mature and become maximally productive without limitation imposed by technology or technology transfer. The program, when complete, will be caBIG compatible and available to the national archive for queriable research. Most of the infrastructure for this program is currently available in the quality assurance centers in a legacy format. Our objective is to build upon the existing infrastructure and create a plan moving forward to provide core service function for the clinical cooperative groups and industry partners. We expect the functionality and versatile nature of the database will fulfill many, if not all, of the imaging needs of the clinical cooperative groups and industry partners as well as provide very timely access to data for analysis.

Organizations

The Quality Assurance Review Center (QARC) is housed in Providence RI and will serve the central contact function for this application. QARC began in 1972 as a subset of the radiation therapy committee of the original ALGB (later CALGB). It served a function of collecting radiation therapy treatment objects on patients on clinical trials for review of protocol compliance and its impact on each specific clinical trial. QARC became involved in institution credentialing for clinical trials, institution performance review, and protocol development as its responsibilities matured in committee. QARC became independently funded through CTEP in 1980 when the pediatric divisions of CALGB and SWOG merged to form POG. QARC was then involved with multiple cooperative groups and quality assurance functions became an independent grant. QARC currently performs image acquisition/review and radiation therapy for COG, PBTC, CALGB, ECOG, SWOG, ACOS-OG, Aids Malignancy Consortium, and several industry initiatives including real time review of images for staging and response. Treatment and therapy objects likewise reviewed on a pre-therapy for protocol compliance. QARC is involved in cooperative group clinical trials from the time of concept sheet. Templates of protocol guidelines are completed with the aid of imaging and radiation therapy study investigators to assure protocol language compliant with CTEP guidelines. This facilitates protocol development and implementation. Benchmarks (test cases) are developed at QARC and assigned to each protocol to insure uniform treatment execution. (Figure x and x) Benchmarks are used for imaging and radiation therapy treatment. Protocol objects, including imaging and radiation therapy treatment objects, are collected at QARC using multiple electronic media acquisition strategies including CD and direct transfer of images from 8 PACS vendors via our on site image transfer system Dicommunicator. All objects are housed in a uniform format in the QARC database for review by both on and off site reviewers and investigators for both real time and retrospective review and data management. Images and radiation therapy objects are housed in a symbiotic manner one click from each other for investigator review for both on and off site reviewers. This strategy permits both site and study investigators to simultaneously review objects via webex or our .net service in order to resolve any perceived ambiguity in staging or treatment plan. QARC houses data from more than 600 cooperative group studies and several industry studies. Since 2002 there has been a keen interest in forwarding data to QARC in a digital format (figure X). The data infrastructure at QARC is relational with all of the cooperative group data statistical centers, therefore QARC is notified instantly of patient registration and QARC will forward a same day letter to site investigators concerning what data is expected (including imaging) as well as when it should arrive at QARC. The relational database provides integration with QARC objects and patient outcome data housed at the cooperative group data centers. Therefore primary study objectives as well as secondary study endpoints are generated from the information housed in the database.

The objective of QARC is to accept data from a variety of electronic media to promote accrual to study without compromising data quality. Because many studies are international in scope, this strategy has proved to be beneficial in accepting data from 6 continents with data transfer compliance greater than 99% worldwide. QARC also works with partners to further promote this process. The advanced technology consortium directed by Dr. Purdy has provided QARC with RTOG radiation therapy data transfer capability. This platform was developed by Dr. Purdy in order to have full digital data transfer profile for RTOG clinical trials. QARC has incorporated RTOG objects in collaboration with Dr. Purdy and his team at the Image Guided Therapy Center (ITC) housed at Washington University in St. Louis. Dr. Purdy currently manages this effort from his position of Vice Chair of Radiation Oncology at the University of California at Davis with Drs. Bosch and Michalski managing ITC activities at the Washington University. This relationship has permitted radiation therapy data transfer to be performed in a uniform manner transparent to the cooperative groups. More than 500 institutions worldwide forward radiation therapy objects to ITC and QARC via this mechanism, which permits data to be directly forwarded via the radiation therapy planning system. QARC and ITC have worked in collaboration with Dr. Deasy of Washington University to incorporate the CERR software into RTOG objects. (Figure X) This has established sagittal imaging display of these objects, which is of particular importance in assessing pediatric central nervous system radiation therapy treatment plans. Investigators at QARC have modified to CERR radiation therapy platform to reside one click from the imaging archive The CERR platform is currently being used by the ITC to upload data to the national archive, therefore this program may have the potential of playing an important role in transferring data to the national archive for review as both a primary or secondary (back up) mechanism, hence the strategy behind the global collaboration. The important point of this discussion is the collaboration between the quality assurance centers in sharing program strengths promotes uniform electronic data acquisition strategies for institutions participating in clinical cooperative group clinical trials. The sharing of information and tools is robust among the collaborators of this proposal and will continue to be a strength of this application moving forward.

QARC brings strength to this application via its ability to develop protocol guidelines and data acquisition/management service in a timely and highly efficient manner for the cooperative groups and industry partners. QARC data acquisition platforms meet all regulatory guidelines established by the NCI and the FDA. QARC acquires data via multiple electronic media to assure accrual to study and displays the data in a uniform format through its database. QARC will serve as the interface between the clinical institutions and the cooperative groups/industry partners for this application and be a primary vehicle to apply and test informatics tools developed by this proposal. QARC will interface with our industry partner to move this activity to an enterprise level. QARC has a relational database relationship with the statistical data center for the CALGB, therefore we will build upon this relationship for successful conclusion of this proposal. QARC has weakness in that all existing robust informatics infrastructure is built using proprietary software including the informatics platforms for image transfer. Partnerships with investigators involved with caBIG are crucial for QARC moving forward for the development of open source architecture at QARC. The relationship with the industry partner will help promote efforts at QARC and move them to enterprise function. This proposal will be instrumental in moving this architecture forward for QARC.

Advanced Technology Consortium

The advanced technology consortium began as an imbedded cornerstone to the quality assurance program in the RTOG. Dr. Purdy, consortium principal investigator, was the first person to promote and advance the concept of complete digital data capture for the evaluation of radiation therapy treatment objects. RTOG protocol 9406 required digital data transfer in patients treated for adenocarcinoma of the prostate treated with three-dimensional conformal techniques. His efforts in this area were recognized by the American Society of Therapeutic Radiology and Oncology (ASTRO) as he was awarded the gold medal in 2004, the highest award of the society. This highly successful protocol accrued more than 1200 patients to the study with complete data capture on 99% of patients entered in the study. This protocol alone has been the infrastructure to more than 10 peer reviewed publications as well as grant funding. This platform now supports many protocols in nearly all cancer disease sites with more than 20,000 full data sets at the ITC informatics center at Washington University at St Louis. Implementation of this platform at QARC has further enhanced the visibility of this program and has provided transparency of data submission especially for institutions that participate in clinical trials for multiple cooperative groups and industry. This has been extremely helpful for institutions entering patients on studies involving both children and adults.

In 1997 the consortium became independently funded through the radiation therapy study section. Because of the outstanding efforts demonstrated by the ITC, an RFP was developed to promote quality assurance processes in advanced technology radiation therapy. The ITC became funded through this mechanism. However, Dr. Purdy was extremely thoughtful in his approach to funding and recognized that strengths exhibited by other quality assurance centers. Dr. Purdy segregated funds in his award for QARC, the Radiologic Physics Center (RPC), and other investigators to form a consortium. The idea was to provide limited sub-contracts to other centers to promote exchange of both ideas and informatics tools in order to decrease overlap service function and promote collaborative credentialing mechanisms and informatics tools for advanced technology radiation therapy. One objective was to provide uniform digital tools for data transfer of radiation therapy treatment objects as well as develop a uniform platform for image review. Advanced technology radiation therapy is image based and future advancements in radiation therapy will be based on target definition provided by advanced technology imaging. The ATC has been very successful in promoting cooperation and uniform data acquisition strategies between the quality assurance centers.

The ATC will provide the informatics infrastructure for the acquisition of digital radiation therapy treatment objects to be used in a transparent fashion throughout all of the cooperative groups in collaboration with its established relationship with QARC. QARC, in turn, will provide side-by-side display of patient images with the radiation therapy objects. This will provide reviewers the opportunity to compare chosen radiation therapy treatment fields and their relationship to all protocol imaging including response imaging. QARC will display the data to off site reviewers via webex as needed and its .net service. Through the interactions of QARC and the COG phase 1 consortium images are currently moved to off site radiologists fro protocol review as well as through the QARC .net service. These defined strengths will continue to eliminate the need for the reviewer to physically go to where the data resides. The weakness of ATC is similar to the weakness at QARC in that all software development (with the exception of CERR) is proprietary based hence not fully compatible with caBIG objectives. Both ATC and QARC are active participants in the in vivo imaging workspace of the caBIG initiative. Drs. FitzGerald, Purdy, and Bosch are involved in all conference call activity of the caBIG middleware initiative with Dr. Saltz directing this particular special interest group. Therefore the relationship with Dr. Saltz has become very important for both ATC and QARC moving forward as the middleware project of caBIG is the correct niche to bring these robust legacy systems into a platform compatible with caBIG objectives.

Ohio State University workgroup: This group will play a pivotal role in the development of this proposal. Joel Saltz, MD PhD is the chair of the department of bioinformatics at the Ohio State University and a pathologist by training. He is the director of the middleware project for caBIG and is responsible for developing strategies within caBIG for in vivo imaging program integration. To date he and his team have many accomplishments developing integration strategies for system compatibility. (Expand on accomplishments here) His team was able to work with informatics staff at QARC and demonstrate QARC imaging data as well as ITC radiation therapy treatment planning objects through the QARC database using the grid architecture during RSNA 2006. This provided preliminary evidence that cooperative group data housed at a quality assurance data center could be displayed in this format using open source architecture. Drs. Saltz and Knopp using PET fusion imaging from the CALGB core-imaging center at the same meeting carried out a similar demonstration. The collaboration with Dr. Saltz will be essential moving forward not only as the bridge for QARC and ATC into open source architecture but also to integrate other key members of the Ohio State team including the imaging core service directed by Dr. Knopp into this proposal.

Ohio State houses the imaging core center for the CALGB. Directed by Dr. Michael Knopp, the center serves as the data collection center for CALGB imaging trials. Because radiation therapy is image based, QARC has a strong relationship with the imaging center at Ohio State. Modern protocols have imaging and radiation therapy endpoints imbedded into single studies and images (both anatomic and metabolic) must be shared between Ohio State and QARC on a real time basis for protocol review of objects. Exchanging images in the appropriate format independent of the site of acquisition will be an important development for the cooperative groups. The relationship developing between Ohio State and QARC in this area will prove to be a model for interactions moving forward especially for the adult cooperative groups. This bridge will bring unprecedented efficiency of interactions for institutions participating in clinical trials and eliminate duplicative transmission of data.

Ohio State also houses the biopathology center directed by Dr. Jewel. This center is the epicenter of activity for tissue acquisition for multiple groups however it plays a critical role in the Childrens Oncology Group (COG) and CALGB. It provides tissue banking and samples in all pediatric and adult clinical trials including both liquid and solid tumor studies. The center houses more than XXXX specimens and provides full service pathology function including preparation of microarray profiles for genomics and proteomics clinical analysis. This platform will be a crucial link to expanding the database to include pathology and microarray platforms for outcome analysis. This is important as staging systems for human cancer are beginning to be reviewed through the lens of the microarray as well as through image acquisition. Dr. Jewel has been instrumental in developing digital tools for telepathology review objects by multiple off site reviewers. Dr. Saltz and COG investigators have proposed an alternative staging system for neuroblastoma based on both histopathology and advanced technology imaging. There are many similar projects being developed using this identical strategy in adult malignancies. Projects such as this can only move forward if the data for both imaging and pathology can reside in a uniform platform for data review.

Virtual Imaging Expanded Workspace will be an active participant in this process. This group will function as the advanced technology consortium for diagnostic imaging. ACRIN, QARC, and the core lab-imaging center for the CALGB housed at Ohio State participate in this newly established consortium. The investigators will share all developmental knowledge and build a transparent electronic infrastructure to send/retrieve images between each center. This will permit institutions to forward images for protocol review in any of the established formats currently available at these centers. The consortium will develop a uniform strategy for 21 CFR part 11 compliance, image annotation, response evaluation, and data reporting. All efforts will be caBIG compliant.

The integration point between all investigators will be the development of an open source server side viewer which will permit review of image, radiation therapy, pathology/microarray, and patient outcome data (including relapse imaging). Real time response review of imaging and radiation therapy treatment objects can be performed through this mechanism as well as review of important pathology/microarray data. Outcome data can be made available to the database as needed through the established interactions between QARC and cooperative group data centers. The Ohio State group will be responsible for this development and maintenance of the data flow through the imaging center and the biopathology center will be achieved by the same FTE in the later stage of the project.

The strength of this group is the integration of the caBIG middleware project with established strengths in adult imaging and pathology. This group will provide the proposal with the needed integration with caBIG and pathology. The weakness for this group is the need to fully integrate with all of the imaging platforms within the cooperative groups and the radiation therapy treatment plans for each patient. Likewise, the proposal will provide this group integration with patient outcome data currently less available to this group in its current format. This weakness will be addressed by the developing relationship with QARC. QARC has relationships with most cooperative groups. These groups have a real interest in image acquisition and image transfer for real time review of imaging and treatment objects. QARC will help promote this initiative for the group once the infrastructure is mature to expand beyond what is developed for the CALGB. For example the developmental therapeutics committee housed in the COG has partial funding through an outside mechanism independent of the primary COG grant. Their infrastructure has been developed in collaboration with Dr. Saltz for images transfer between involved institutions and the core center housed at the Childrens Hospital of Los Angeles. This provides the grid architecture infrastructure for image transfer to validate response to phase 1 agents primarily used to treat pediatric patients who have failed primary therapy and have exhausted traditional second and third line treatment strategies. This consortium is composed of approximately 20 institutions that participate based on study accrual. Image transfer is accomplished through grid architecture using an open source platform. The imaging aspect of the consortium is directed by Marvin Nelson MD with integration link to the caBIG middleware project through Stephan Erbreich PhD. This group has installed a digital image transfer system in all consortium members, which is compatible with caBIG objectives. A project developed between QARC and the phase 1 consortium is being piloted for the COG. QARC has established the grid-enabled software for the phase 1 consortium in Providence. There are currently 55 protocols open or in development in the COG which require central review of images for the study. Study radiology investigators are being fitted with the grid-enabled laptop. QARC will collect all of the study images and push them through the COG process to the laptop housed at the home base of each study radiologist. There are two protocols, which are targeted for this approach. The first is an early stage Hodgkin’s study that requires real time response review for study guidelines with Dr. Voss at Childrens hospital in Boston. The second is a study in neuroblastoma directed by COG with affiliation with Abbott pharmaceuticals. This study requires review of CT objects at QARC and concurrent review of MIBG scans at the Childrens hospital of Los Angeles (CHLA), home of the imaging center of the COG phase 1 consortium. Hence the relationship between investigators involved and interested in these issues is strong and focused on developing compatible data transfer vehicles between institutions and review/quality assurance centers. This strategy can easily be expanded and applied to our adult clinical trials centers. Once complete, the strengths developed by this proposal should be applicable to CTEP and the entire clinical trials program.

CALGB Data Center: one page

Significance
For more than 50 years the national cancer cooperative groups clinical trials program has served cancer patients with outstanding clinical programs. This process has produced countless seminal publications with outstanding improvements in patient care validated through these extraordinary clinical trials. The cooperative groups have served as an outstanding vehicle for the education of physicians, allied health personal, and patients and have a very important presence in both the history and future of oncology translational science and patient management. CALGB has promoted outstanding science and remains at the forefront of promoting outstanding initiatives.

Cancer clinical trials have become more complex during the past decade. This is due to several factors. There has been an extraordinary cascade of targeted agents that require validation through the clinical trials process. These agents require validation both as single agents and in combination with other therapies. They also require validation of their efficacy with traditional therapies including chemotherapy and radiation therapy. Clinical trials now have multiple translational endpoints imbedded into each trial. These include endpoints that extend far beyond traditional therapy endpoints. Image driven endpoints and response based randomization requiring real time image review by on and off site investigators are integral to clinical trial function. Imaging in multiple formats has become an important validation tool and biomarker for validating patient outcome. In the COG there are 55 clinical trials either active or in development which require central review of images. The adult cooperative groups are very interested in promoting this effort from a therapy and treatment perspective. CALGB has several lymphoma trials requiring central image review as well as epithelial cancer studies (lung and esophagus), which require image data sharing between the CALGB imaging core center and QARC. Many clinical trials currently use anatomic and metabolic imaging tools to define radiation therapy treatment target volumes with images collected for both response and site of failure. These trials include many varied image formats including various anatomic and metabolic Dicom formats including ret cam images for evaluation of retinoblastoma clinical trials as well as images for pathology review. Tissue acquisition has also become an integral component to clinical trials with patient outcome related to genomic and proteomic profiles. As industry becomes further integrated into the clinical trials program, we will need to expand quality assurance platforms in cooperative group clinical trials that are symbiotic with objectives of the FDA specifically for image annotation and mark up for response validation. The clinical cooperative groups have an outstanding administrative infrastructure that can be used to validate the growing number of targeted therapies maturing for cancer clinical trials. Clinical trials have moved well beyond the traditional study sheet for data acquisition and outcome validation. The requirements for outcome validation with respect to data acquisition are increasing in an exponential fashion. This includes regulatory as well as investigational points. It will be important to build upon established strengths of the quality assurance centers and preliminary work of caBIG to build a quality assurance database platform to be used by the cooperative groups and industry moving forward.

The complexity of the modern protocol has created the need to collect an enormous amount of data in various formats. Because of the diversity of institution informatics tools, it is important moving forward to be flexible and all-inclusive in data acquisition from institutions entering patients on clinical trials. The statistical and data centers of the cooperative groups have to distill this information into a common file formats. The synthesis of this data provided from diverse sources from multiple institutions with varied informatics platforms is going to be an important step forward for process improvements. We are collecting more data including images to validate protocol endpoints. There is a real need for standard applications, common data models, and software infrastructure to enable more efficient access to and sharing of distributed resources in cancer research. For the CALGB, the cooperative group principal investigator office resides in Chicago with the data center at Duke University in Durham, North Carolina. The image core service resides at the Ohio State University and both images and radiation therapy treatment objects are collected at QARC. Tissue acquisition laboratories are distributed in several locations. Integrating this data is a key step moving forward.

This need is visible throughout all aspects of biomedical research. Clinical translational research has increasingly become dependent on advanced informatics technologies for data management as well as for information exchange and analysis of diverse biomedical data. In spite of he fact that a large volume of data is collected by the cancer research community by cooperative groups such as the CALGB, information transfer and data synthesis remains poorly integrated. Data is archived in various locations using diverse platforms, therefore information exchange becomes more difficult. For example, QARC houses images and radiation therapy treatment objects for the CALGB and transfers information concerning protocol compliance to the statistical center at Duke University. The diagnostic imaging committee, directed by Dr. Lawrence Schwartz at the Memorial Sloan Kettering cancer institute, houses data at the imaging core center at the Ohio State University under the direction of Dr. Michael Knopp. Protocols in the CALGB written for both lymphoma and epithelial malignancies use metabolic and anatomic imaging to define both response and radiation therapy target volume. It is important for both protocol compliance and institution efficiency to integrate the database and function of the imaging core service and QARC. Transparent image transfer between the centers for data interpretation is crucial for clinical protocols moving forward. It is acknowledged that datasets housed in different locations may be represented in various formats. Datasets corresponding to the same biologic activity may have heterogeneous representations with different database schemas, attribute names, and data values. Analysis programs at different sites may have varied input and output formats with varied interfaces. This includes data transfer from participating institutions and the current archive system.

The need to develop data sharing tools and vehicles for data analysis is recognized. It is also recognized that there exists a paucity of advanced software systems to address this growing need. Quality assurance centers such as QARC and cooperative group statistical centers that have expertise in data management have built databases and data/image acquisition tools from both proprietary and non-proprietary sources. Although this infrastructure is robust, it may not easily become symbiotic with data sharing strategies between quality assurance centers. This directly affects data transfer between the quality assurance centers in the CALGB. Developing real time data sharing vehicles between key partners sharing data for CALGB is crucial moving forward. Likewise, developing this infrastructure in a fashion compliant with national initiatives is important for integration of research initiatives.

Recognizing the need for integration of data sharing and the paucity of tools for this purpose, the National Cancer Institute (NCI) launched a national scale effort called the cancer Bioinformatics Grid (caBIG) in 2004. The overarching goal of caBIG was to create a network of cancer centers and research laboratories across the country in order to leverage the combined strengths of nationwide investigators with expertise in cancer research. The national cooperative groups function from an administrative perspective function in a similar manner by developing disease based committees which in turn leverage the clinical strengths of national experts and develop clinical translational protocols with international cooperation and participation. Incorporating the strengths of these two initiatives is the purpose of this proposal. The caBIG community is developing standards, policies, guidelines, common applications, and open source tools to enable more effective sharing of data. One of the most important aspect s of the caBIG development is the in vivo imaging workspace special interest group. This group is directed by Dr. Saltz, chair of the department of bioinformatics at the Ohio State University. Dr. Saltz has been instrumental is developing the middleware project for this workspace. Middleware is the term given to the group of investigators within caBIG who develop software to integrate existing informatics platforms for compliance with the national initiative. The objective of this effort is to develop tools for scientists and organizations to share information in a multi institutional format for data review.

Before the caGRID development effort was initiated, exploratory work was conducted by the NCI center for Bioinformatics (NCICB) in order to evaluate the use of existing technology frameworks. The results of this effort were published as a white paper and based on the results of this study the grid service technology was chosen as the underlying framework for this effort moving forward. Dr. Saltz has been instrumental in developing both the grid architecture as well as the integration strategies moving forward for incorporating legacy systems into this format. This group of investigators has developed the analytical service, security infrastructure, and grid-wide management of data modeling and acquisition of metadata. This group is responsible for developing the in vivo imaging workspace toolkit to provide seamless integration of caBIG services with data repositories of Dicom objects, allowing data transfer among the various data submission sites. This strategy will include QARC, CALGB core imaging center, the ITC, the CALGB data center, VIEW, and others.

The in vivo imaging middleware toolkit adopted a layered design to support internet services needed to federate Dicom data sources, permit these data sources to be accessed using Dicom query/retrieval requests, and to support role based secure access to Dicom objects. The service layer implements tools for wrapping both Dicom and non-Dicom image databases as grid services in order that they can be federated and accessed remotely using this mechanism. It extends the grid security structure by adding role based access control at the data level. This access control scheme is implemented by representing authorization policies as data group memberships, allowing applications to determine access permission via group memberships This will likely be attractive for the cooperative groups. The middleware layer provides tools, runtime support, and services to enable he federation of image data resources and provide secure access to these resources. The middleware layer makes use of the caGRID toolkit. The use of caGRID to integrate this service serves to overcome many challenges in the federation of legacy systems currently housed at CALGB data center, CALGB imaging core, QARC, and ITC, and ACRIN. CaGRID provides these tools to use in a multi-institutional format. The volume of data to be transferred between the remote resources and client can be quite large, especially using imaging and microarray data sets. The caGRID infrastructure provides support for large data transfer via GridFTP. Using this vehicle, the in vivo imaging workspace integrates Grid security, called GAARDS, to support secure and controlled access to large volumes of image/Dicom data. This enables collaborative projects to easily support users from multiple institutions to review the distributed data and to permit resource providers to implement and enforce access policies. The presentation layer provides the gateway between Dicom clients and remote image data resources. It converts Dicom requests into appropriate formats to be reviewed by the clients. This layer is also known as the Virtual PACS as it functions as a server which can be used by a review workstation or other Dicom resource for a reviewer to look at objects from multiple Dicom data sources over the internet. This has the advantage of displaying both Dicom and non Dicom objects as a single virtual resource. The QARC database currently functions in this fashion, however it is not grid compliant. Moving forward, the objective will be to capture the flexibility and functionality of the QARC database into a grid oriented display. These tools will be integrated into the QARC platform to permit enterprise level of data acquisition and serve as the platform vehicle for review of the objects.

This toolkit was used to develop grid compatible displays of thoracic CT images datasets using multiple commercial computer-aided detection hosted at multiple sites. This was demonstrated at RSNA in 2005. Extensions to support multiple remote human reviews were added to caGRID as well as extensions to support non-Dicom imaging. This was called grid-image. This was used to test proof of concept and mark up of images stored at QARC at the 2006 RSNA meeting. Subsequent extensions were added to support Matlab and IDL. This was significant as it permitted applications of these technologies into the community without sacrifice of their intellectual property. This is of particular relevance to both QARC and ITC as the Matlab based CERR program is used at both centers to augment the display of radiation oncology treatment objects as well as integration of these objects with the national archive. These algorithms are displayed as analytical services, thus do not have to be downloaded or maintained on local service. PET CT fusion IDL based grid service was displayed in collaboration with Michael Knopp and CALGB at RSNA 2006. Using this mechanism the data flows from the repository to the grid enabled application. For such use cases, the toolkit allows for a dynamic deployment of the service on the site where the data is located. Applications are moved to the data rather than moving the data to the applications. This secondarily permits the development of multistage grid workstations.

This working group has developed grid-enabled middleware and grid enabled applications to promote efficient management and manipulation of scientific data as well as facilitate information integration of these applications. The Saltz group developed GridPACS, an image management and analysis framework to support image data sets and metadata associated with this information, hence very applicable to the cooperative group setting. The system consists of an efficient client front end that implements the ability to submit queries in a uniform manner against distributed image datasets and associated metadata, similar to a cooperative group database. This also supports extensible metadata schemas for two and three dimensional images as well as time dependant images and has mechanism to create and manage images databases that conform to these schemas. This is now linked to the effort in virtual microscopy and dynamic telepathology. This system now has a backend data server designed to run on computer clusters, manage digitized slides, process queries, and display these images. Efforts are now underway to expand this profile into microarray presentation. Thus in completion, the database will be able to display images, both primary and outcome, radiation therapy treatment objects, and pathology objects with microarray. Once linked to an outcome database such as the database of the CALGB, this platform can be used for off site review of objects and cooperative group function will be complete.

Both QARC and the CALGB core imaging service at Ohio State are involved in image retrieval and archive as part of the VIEW initiative. QARC collects images relative to radiation target volume definition and the core imaging service collects images relative to the specific needs of the CALGB imaging committee. Often both QARC and the core service evaluate the identical images as radiation target definition is often based on both initial staging and response imaging. These images often need to be reviewed in collaboration with both diagnostic radiologists and radiation oncologists. The first phase of this project development will be to combine acquisition efforts of the imaging core service and QARC under a single grid enable mechanism in collaboration with caBIG and ACRIN. QARC has outstanding relationships with all field investigators and CRA staff at CALGB institutions. The CALGB imaging center and QARC can merge acquisition strategies under this format and work to build a common data display format. QARC will migrate the QARC database to the imaging center and both centers will work to improve display capability and function to meet the needs of CALGB. The next step in the development of the project will be to link to Dicom pathology and microarray data for display. The QARC database has the functionality to expand and accommodate this function for archive and display. QARC would work with Dr. Saltz and Jewel to improve display function. The database at QARC is relational to the CALGB statistical data center, therefore the established link can be used to display outcome is a grid enabled fashion. This has multiple purposes. It will provide a uniform platform for data review. It will also serve as a platform for integration of the database with the grid architecture for caBIG compliance as well as serve as the platform for development database review of objects via an open source server side viewer.

It is hoped that successful conclusion of this proposal will lead to a grid enabled platform database, which can be used in a transparent fashion for cooperative group function. It would be expected that real time image review can be accomplished through this mechanism as well as facilitate the development of translational science objectives via the integrated database. The platform would be made available to off site reviewers for CALGB via a protected open source viewer with data made available in a step wise fashion via permission from CALGB as data is approved for review. The long-term objective would be to use this platform for data acquisition and review by all cooperative groups and industry partners.

Research Plan
Timelines
Year 1

Integration of QARC and CALGB imaging core service in collaboration with ACRIN. It is expected that QARC and the imaging core service will develop a common data acquisition strategy with ability to display and review images in a concurrent fashion to both on and off site reviewers. This will be initially performed through established mechanisms currently housed at QARC and VIEW partners. QARC will export its database to all ATC/VIEW partners

Begin to integrate outcome data into legacy datasets

Maintain legacy structures for real time image object review

Year 2

Integrate pathology slides in a dicom format into the database

Integrate open source viewer into the dataset for real time review of imaging and radiation therapy treatment objects into the QARC database with export to all ATC/VIEW partners. 

Year 3

Integrate microarray information into the dataset

Year 4

Fully integrate outcome datasets from CALGB statistical center into the dataset as data becomes available and released for review.

Year 5

Accelerate data acquisition integration strategies including patient record (blood counts, PCR data, procedure data, etc) into the dataset for intermediate endpoint analysis of clinical trials.

This proposal combines strengths of several groups with expertise to achieve the objective outlined by the specific aim. Imaging and real time central review is addressed through the CALGB imaging core center, QARC, and ACRIN. Radiation therapy treatment objects are addressed through ATC and QARC. Dr. Saltz and Dr. Jewel promote pathology and microarray digital technology. Patient outcome data is provided by the CALGB data center with QARC able to assist in data acquisition of these objects. These key elements of patient clinical trials each in isolation have significant influence in the interpretation of study outcome. In combination, the study whole can become greater than the sum of the data reviewed in isolation. Placing them in a easily queriable common file format using the QARC database will be crucial moving forward in permitting more rapid and facile data interpretation and movement of this data into the patient treatment community. The linkage of these groups will be provided by the in vivo imaging workspace middleware project. Insuring caBIG compliance and developing the open source viewer for object review will be provided by Dr. Saltz and his team. Integrating these key elements into the common format is the plan of this proposal moving forward. Establishing the open source server side viewer will permit off site reviewers and investigators the opportunity to review/measure objects in real time thus facilitating protocol review.

The members of this proposal currently have established significant informatics integration platforms in place. The database at QARC is relational to the CALGB statistical center. Once a patient is registered on a CALGB QARC is automatically notified through the database. The QARC database will identify what data is to be sent by the participating institution including images, radiation therapy treatment objects, operative/pathology reports, and other objects required by study. QARC will forward automatic reminders to the institution concerning data. For many cooperative group protocols including the CALGB objects must be reviewed and approved for study compliance prior to initiation of therapy to the patient, thus the need to have nimble informatics platforms for data review. In 2006 through collaboration with ATC (Dr. Purdy) and QARC RTOG objects (data submission vehicle for radiation therapy full digital data sets) was installed at QARC to support acquisition of volumetric data at QARC for protocols for all cooperative groups including the CALGB. For the QARC implementation, the technology was ported to a Linux workstation at QARC. The system includes a FTP server receiving digital data (in Dicom or RTOG data exchange format) from protocol institutions, utilities for importing the data into a local QA review file format, and the web based RRT for quality assurance review of regions of interest, target volumes, dose volume histogram, and radiation therapy dose statistics. CMS technologies permitted the use of their proprietary software to complete this interaction with adaptation of the software to support informatics and quality assurance processes at QARC. These enhancements included selected use of dose volume histograms, distance measuring tools, and image grayscale presets. QARC, in turn, adapted its database software to directly present the RTOG digital data one click from study images. QARC in turn installed its image transfer vehicle, Dicommunicator, at ATC. QARC has also installed Dicommunicator at Ohio State to facilitate image transfer between the imaging core center and QARC. Dr. Saltz directs both the middleware project for caBIG as well as the special interest group for the in vivo imaging workspace. Drs Purdy and FitzGerald participate in the bi-weekly conference calls of this working group. Dr. Saltz has integrated his platform with Drs. Knopp and Jewel, hence the established link between the caBIG initiative and the imaging/pathology core services. These efforts will be transparent to the VIEW investigators. The integration of these established activities into a single platform is the aim of this effort.

Information services at QARC are designed to be flexible and all-inclusive in data capture with focus on database structure, data formats and data transfer for cooperative group activity. A detailed review of the IS service at QARC is included in appendix X. For this application we will present the core of our digital data management system. The QARC database (MAX) manages all electronic media received at QARC. Electronic media id divided into two broad categories including Dicom imaging and eMaterial, which is not Dicom compliant. As of April of 2007 the total archive of digital data is XXXGB. The database has evolved into a PACS system that resolves patient imaging directly to patient records, stores out the imaging onto 4 PACS servers, which are built and maintained onsite, and facilitates transfer and review of imaging using both on and off site mechanisms (.net service for off site). The database is fully integrated with the Dicommunicator software program (written by Dr. White in 1999 of the COG imaging committee) and is used by institutions in the world for submitting Dicom image data to QARC. COG has partially funded apposition at QARC to install and implement this software at institutions as well as help serve to re-distribute images for review via both the Dicommunicator .net service and through the grid enabled COG phase 1 consortium. This has been successfully integrated with 8 commercial PACS systems and has served to streamline the process of data acquisition for clinical trials. Remote installation is accomplished via webex conferencing tools. The database is the primary display vehicle for on and off site reviewers with webex serving as the conferencing vehicle for real time review of objects between site and study investigators for conflict resolution. This software has become important to QARC in an unanticipated fashion. More than 50% of institutions participating in clinical trials prefer to forward digital data to QARC via a computer disc. Dicommunicator has proven to be the perfect vehicle to import this data directly into the database; hence it has become a key component to the infrastructure of activities at QARC. The CRA staff reviews the imaging and resolves it into the diagnostic record where it is launched and reviewed by physicians. The eMaterials functionality in the database permits QARC to accept heterogeneous data from institutions worldwide in a variety of formats including pictures, documents, slide show presentations, spreadsheets, movies, and Adobe PDF file formats. Once imported, the electronic data can be opened directly from a patient record using the eMaterials utility of the database. These aspects of the database are further elaborated in the Appendix. 

The first step of the proposal will be to introduce the QARC database into the databases of CALGB statistical center, CALGB imaging core, and bioinformatics at Ohio State, the ITC, and ACRIN. QARC database is relational with the CALGB data center and currently houses images in collaboration with the CALGB core center and radiation therapy objects for the CALGB. Once established at QARC, the next step is to use this experience to establish the QARC modified database at the CALGB data center, CALGB imaging core center, and the Ohio State pathology center and use this data base to link objects into a uniform file format established by the QARC interaction. In parallel with the development of the common file format will be the interactions between QARC, and Dr. Saltz. This interaction will insure compliance to open source grid based strategies as well as compatibility of data transfer to the national archive. Likewise, FTE hired as part of this proposal with be responsible for insuring industry/FDA compliance for standard operation procedures through caBIG, VIEW, and ATC initiatives. Interactions initiated by this FTE with the caBIG XIP portfolio and the CALGB imaging core center will insure compliance to imaging standards including annotation and data capture for FDA compliance. This point becomes more visible as for industry becomes more imbedded into cooperative group activities. Historically industry clinical trials followed guidelines driven by FDA initiatives, which was not a primary mission of the cooperative groups. Imaging has become the key point of validation for clinical trials moving forward and industry is interested in developing more strategic relationships with the cooperative groups in order to leverage their current administrative strengths for clinical trial execution. The FTE requested for this proposal will insure regulatory compliance for this group of investigators moving forward. Likewise the use of the uniform database provided by QARC will serve to validate the various databases of the members of this group, which is an important point for both industry and the FDA. The FDA is particularly interested in a dual database strategy and this proposal should help satisfy this issue moving forward.

Dr. Saltz and his bioinformatics team at the Ohio State University will integrate the open source viewer with the QARC database. As a secondary initiative, the viewer will also be established at QARC, ITC, and the CALGB core-imaging center to serve as back up for object review as needed.  Because of its established strength in data acquisition and interactions with members of this proposal, QARC will take primary responsibility for initiating group data collection for the database with additional FTE acquired as needed.

Responsibilities of Groups
The CALGB statistical center will house patient data and outcome evaluations through its current mechanism. They will maintain their dataset on site and transfer data to QARC for upload though the established system. Traditional data transfer to QARC through the established relational link will serve as back up.

QARC and the CALGB imaging core will transfer images with Dicommunicator (current image transfer vehicle at QARC) with developing initiative of VIEW to serve as the back up system.

QARC and ATC will continue to share system platforms for transfer of radiation therapy treatment objects via the RTOG image transfer system with modification s provided by QARC and ATC using modifications of CERR and to display sagittal images as well as develop and refine radiation treatment plan analysis tools. The QARC database houses and launches CERR and all image platforms and this information is currently one click from each other in the database.

The bioinformatics team at the Ohio State University will be responsible for integrating pathology and microarray objects as well as designing an open source viewing system for review of database objects using webased tools. The open source system will be made compatible with the database platforms of the collaborators in order for the QARC and other databases to serve as back up for the project moving forward. This group will also insure the integration if all caBIG initiatives including XIP and other platforms including alternative vehicles for central review of objects.

