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Abstract


The growing demands to develop, validate, and deploy quantitative imaging biomarkers for the detection and management of major diseases is fueling the need for large, diverse, and continuously updated imaging data collections. Open Image Archives (OIA)s represent a promising opportunity to address the large imaging data needs facing virtually all quantitative imaging researchers and an efficient means to accelerate the progress of quantitative imaging researchers globally. The Radiological Society of North America assembled an Ad Hoc Committee on Open Image Archives to explore the barriers and opportunities to improve OIAs. A series of recommendations addressing technical, motivational, and overall healthcare infrastructure barriers and opportunities have been developed that are designed to increase the number, size, and quality of OIAs. Adoption of these recommendations by government, academic, and commercial institutions is strongly encouraged and has the potential to significantly accelerate progress in quantitative imaging biomarker research.
Introduction
The field of Radiology is increasingly striving to develop and deploy quantitative medical imaging methods that provide objective measures with which to manage patients [Buckler2011a]. Significant research resources have been applied toward the realization of quantitative assessment methods for detecting and managing major diseases such as Alzheimer’s disease [Weiner2012], Chronic Obstructive Pulmonary Disease (COPD) [Mets2011], and lung cancer [Buckler2010]. A defining characteristic of this objective approach to clinical decision making is the requirement that new quantitative methods are developed and continuously evaluated for effectiveness utilizing an evidence-based approach. Thus, the success of newly developed quantitative imaging methods is highly dependent on the quality, size, and diversity of the image databases used for algorithm development and evaluation. Once an institution has developed a new quantitative imaging method, there exists an even greater need to employ large collections of radiological images and associated metadata to reach scientific consensus on its efficacy and the parameters for its clinical use, which often involves large imaging studies performed under regulatory guidance.
The public availability of data is essential to facilitate the replication by independent researchers of experiments published in the literature. Without direct access to data, it is impossible to replicate the results reported in previous publications. The absence of reproducibility verification as a routine activity of scientific research raises great concerns, since it is an indication of practices that are not up to the standards of the scientific method, and that puts patients at risk by exposing them to the consequences of conclusions that have not been independently verified. A clear example is the recent case in which clinical trials had to be cancelled because the publications supporting the hypothesis of the trial, were found to be incorrect when independent investigators attempted to replicate them [Baggerly2010]. These recent findings of failure to replicate published results have prompted several scientific publishers to raise their bars for acceptance of articles for review and publication. In particular, they are now being more stringent on their requirements for data to be made available along with a submitted article, and to ensure that the same data is made available to the general public at publication time: [ScienceRep2011] [PLoS-Data-Sharing2011] [ORC-2011] [ONB-2012][Ince2012]. 
The needs of quantitative imaging researchers and developers to obtain large and diverse data collections do not end with independent verification and achieving scientific consensus. To fully realize the potential of quantitative imaging, imaging tests ideally must be both FDA-approved (i.e., approved for marketing into clinical use) and FDA-qualified (i.e., certified for use as a biomarker in clinical trials) [Buckler2011b].  To develop software tools, especially to validate claims around quantitative biomarker performance, requires the availability of clinical images in which “ground truth” information is available to measure the accuracy, or clinical outcome is available to measure performance. Collecting and disseminating imaging data with this additional metadata is highly challenging due to privacy law and other patient safeguards.
Finally, the need to constantly monitor and potentially adapt quantitative imaging methods to support the rapidly improving medical image acquisition systems adds further requirements for continuously obtaining large imaging collections. Most, if not all, institutions and organizations attempting to fully develop a quantitative imaging method into a new “standard of care” are unable to marshal the necessary data collection resources to fully develop and evaluate a quantitative imaging method before their data collections become outdated by new technologies. This reality necessitates the existence of large, ongoing imaging databases linked with clinical outcomes data to ensure dynamic research and regulatory validation of quantitative imaging biomarkers.
To better understand the importance of lowering the barriers to large, high quality imaging datasets, it is instructive to review data practices and methods as outlined in research publications. The field of medical imaging research has been developing and evaluating new computational techniques with limited numbers of datasets for decades. A review article summarizing over 60 MRI bias field correction publications over a 20 year period found that the median number of datasets used for the evaluation of algorithms, per publication, increased from less than 5 to approximately 10 datasets, with growth owing largely to the open availability of simulated datasets [Vovk2007]. Bias field correction is a critical algorithmic method that can greatly impact the performance of numerous quantitative MRI imaging biomarkers, yet this foundational research and findings have been performed on extremely small collections of data. 
A highly promising approach to accelerating the development and scientific acceptance of quantitative imaging methods is to create large, open-access image archives that address major clinical application opportunities [Yoo2005]. Providing open image archives that allow all researchers to significantly expand their data collection resources has the potential to greatly increase the number of datasets utilized in algorithmic research, thereby increasing the importance and significance of the research and publications of entire fields of study.

Similar to the benefits and efficiencies achieved by open-source communities in the computer science and software development fields [Fogel2009, Ostrom1990, Weber1990, Benkler2006, Shirky2010], such open access medical imaging collections provide benefits to their respective research communities by globally providing all research groups and investigators with much needed imaging data collections and ancillary data manipulation resources [Kapur2012]. This permits all groups with interest in a research area, including researchers in other fields interested in exploring new ideas, to achieve algorithm development and evaluation objectives faster, with lower costs, and in parallel. Contribution of OIA data by multiple research groups results in a collection of data beyond the means of any single group, increasing the resource efficiency across the participating community. An additional benefit to open image archives is that they provide a common framework within which multiple research groups operate, thereby fostering collaboration and scientific consensus on data collection methods, methods for evaluation, and potentially consensus on the efficacy of different quantitative methods. When such a common data foundation is cited in scientific literature, as is the requirement in genomic and proteomic research and publication [ONB-2012, ScienceRep2011, PLoS-Data-Sharing2011, PNAS-2012], a more thorough understanding of research results is achieved across the community of research groups participating.
An Open Image Archive (OIA), at a minimum, is a public access web site that provides:

1. An open portal to the OIA data collection resources.

2. The ability to electronically submit imaging datasets, associated metadata, and technical documents to the OIA.

3. The ability to easily browse, query, and download images and imaging collections.

4. Clear and non-restrictive terms for data submission, download, and use. 
Despite numerous attempts to create open image archives, progress in developing open image archives for many clinical research areas has been slow. Except for a few isolated cases, there remains limited availability of high quality, large, and diverse image archives with sufficient metadata to fully develop quantitative imaging applications. Given the significance of open image archives and the relatively limited progress made to date, the Radiological Society of North America’s (RSNA) Imaging Biomarkers Roundtable established the Ad Hoc Committee on Open Image Archives (OIA) in April of 2010 to produce recommendations that have the potential to significantly improve the number, size, and quality of open image archives. This document outlines and provides justifications for these recommendations.
Open Image Archive History
Several organizations have developed OIAs over the last decade and have established open archives that serve one or more imaging research communities. [We need someone to summarize existing software technologies and instances]
Existing OIA Software Technologies:
· XNAT
· NBIA (TCIA instance at WU)
· MIDAS
Existing OIA Instances:
· NITRC Human Imaging Database (partly open?)
· BIRN Data Repository (partly open?)
Recommendations

Review of the many issues and opportunities associated with open image archives by the OIA committee resulted in several different categories of recommendations designed to increase the number, size, and quality of OIAs. First are Technical Recommendations that are more focused on the computational approach and methods for establishing and running OIAs such as functional specifications and specific computational requirements. This recommendation area recognizes that the overall utilization and success of an OIA is highly dependent on the effectiveness and ease of use of the underlying technical approach and methods. Beyond technical recommendations, it was also recognized that the underlying motivation and reward for researchers to submit data to open image archives is lacking and remains a major obstacle to OIA adoption and use. Thus a set of Motivational Recommendations is also provided. Finally, it was determined that the biggest opportunities to reach a significant change in the development of OIAs exist at a more strategic healthcare infrastructure level. Thus a set of Healthcare Infrastructure Recommendations is also provided that, when combined with the technical and motivational recommendations will significantly improve OIA availability and utilization.

Technical Recommendations

As with any public web site, community utilization and adoption strongly depends on the ease of use and effectiveness of a core set of user functionality. Researchers visiting the OIA web site will not be able to find and download imaging data resources if imaging collection browsing and data querying functionality is difficult to use or does not return meaningful results. Likewise, researchers interested in submitting data to the OIA will be deterred if data submission procedures are complex, time consuming, or difficult to use. It is therefore important to begin with the general recommendation that developers and maintainers of OIAs place great emphasis on ensuring that:

(1) Basic functionality provided by an OIA, such as browsing, uploading, downloading, and querying, must be highly intuitive, easy to use, and effective.
(2) OIA querying functionality should allow for plain text searches and structured queries to allow the imaging community to easily download and work with OIA data.
(3) OIAs should use standard formats for image and metadata representation (e.g. DICOM).

(4) OIAs should provide users with a thorough set of data format specifications if a non-standard data format is used within a data collection.
(5) OIAs should use standard protocols, such as rsync or FTP, for electronic data transfers.

(6) OIAs should provide information on available viewing tools and analysis packages for imaging data collections.
(7) Users should not be required to register with the site in order to browse or download data. All barriers and obstructions to data access should be removed
. Users should not be required to agree to terms of use, and lengthy licensing agreements that have been written by lawyers for lawyers [PL-2010].

(8) OIAs should support and encourage the use of peer-to-peer networks to redistribute the content of the image databases, in particular to promote public engagement, and to maximize impact while reducing the demands on their own technical infrastructure
.


One of the biggest obstacles to receiving large imaging collection contributions is the time and expense needed to prepare or “curate” the contributed imaging datasets and associated metadata. This often involves organizing the data into specific hierarchies, utilizing a common nomenclature, and perhaps the most difficult of all, thoroughly de-identifying the datasets. From a technical perspective, it is critical that OIAs provide strong support for data curation activities to lessen the burden on data contributors. We therefore recommend that:

(9) OIAs should provide robust tools for de-identifying datasets and verifying the anonymity of de-identified datasets
.

(10)  OIAs should provide tools for the efficient capture and organization of associated metadata.

(11)  OIAs should encourage the use of a standard nomenclature or information model, when adequate standards exist.

Both contributors and users of image data collections would like to see methods and procedures in place at OIA sites that serve to ensure the integrity and uninterrupted, long-term availability of image archive collections. The next set of recommendations addresses this area through a combination of technological capabilities, some of which have not yet been deployed in an OIA setting. We recommend that:
(12)  OIAs should use persistent internet identifiers for referencing datasets, such as the handle system (www.handle.net).

(13)  OIAs should provide revision control information for all datasets, making it clear to users when data has been modified, by whom, and for what reason.

(14)  OIAs should have mirror sites that contain full copies of all data to ensure that the archive can continue to operate even if the main data storage site becomes unavailable.

(15)  OIAs should have a plan for transitioning data collections to other sites.
(16)  OIAs should support federated distribution and delivery of image archives allowing other OIA sites to pull data when users request it.

(17)  OIAs should use licensing terms that allow and encourage data redistribution. Including provisions for data modification, with the only requirement that such modifications must be documented along with the data.


Finally, OIAs will be requested to create and store additional datasets associated with an original imaging collection, such as intermediate and/or final automated computational analysis results. We therefore also recommend that:

(18)  OIAs should provide support for the computational analysis of imaging collections and have the ability to store computational results along with the original data collection.

(19)  OIAs should encourage the use of open source software tools as the mechanism for modifying and editing the data, with the purpose of empowering any users to replicate the same computations, and therefore being able to verify reproducibility.

Motivational Recommendations

Currently the vast majority of imaging data available to OIAs is produced by individual or small groups of investigators pursuing a research goal. These investigators typically seek to advance science and their careers through the careful analysis of healthcare datasets. This includes both imaging procedures performed on patients as well as phantom or synthesized data needed to investigate a particular phenomena. Although there is a general recognition from individual researchers that datasets assembled or produced during the course of research should be released to others for verification of research results and to support other research efforts, there is currently very little encouragement or incentive for researchers to do so. Funding for research projects is typically limited and often lacks resources for contributing to and maintaining OIA collections. If a researcher goes to the trouble of makinga  collection available, it is often adifficult and arduous task requiring significant effort to properly curate and maintain an imaging collection. If a researcher goes to this effort for the good of the field, a commendable achievement when done, there are no standard ways of documenting this has been done and establishing credit to the researchers who made such an OIA collection possible. The net result is that there are relatively few incentives and motivational factors influencing researchers to support OIAs and most research datasets often are archived and lay dormant over time until they are forgotten. This is a colossal waste of research resources that needs to be addressed not only with technology to make the process easier but also with better methods for motivating researchers to contribute to OIAs.
· Creating greater incentives to contributing to OIAs is a tremendous existing obstacle
· Encouraging open data practices will require support across healthcare institutions, societies, and scholarly publications. 
Recommendations
1. Funding organizations should make the open dissemination of datasets a high priority in funding decisions.
2. Funding organizations that already have data sharing requirements should enforce the verification of past compliance with those requirements, when researchers apply for future funding.
3. Funding organizations should allow for resources to prepare and submit datasets to open image archives.
4. The creation of open source and advanced data tools (e.g. curation, …) needs to be continuously supported by funding institutions to help reduce the level of effort to achieve data sharing requirements and submit datasets to OIAs. 
5. The inclusion of datasets along with paper submissions should be strongly encouraged by journals and conferences.
6. The utilization of “data papers” where a publication provides a public dataset as well as an explanation of the dataset, acquisition methods, and data significance needs further exploration by publishers.
7. Data sharing activities should be quantified and be rewarded for the purpose of academic promotions (such as tenure), at the same level, or higher than peer-review publications.
8. Influential organizations, such as professional organizations and societies, should create awards for contributions to OIAs.
Healthcare Infrastructure Recommendations
Several healthcare related activities routinesly collect large collections of clinical data that are highly suitable as data sources for OIAs. Large clinical studies and clinical trials, performed with substantial investments by major institutions such as governments and pharmaceutical companies, routinely capture high quality imaging studies. Given regulatory and other requirements these studies typically take exceptional care to acquire high quality metadata such as standardized clinical variables, careful recording of therapy administered, and long-term outcomes. It has been recognized for over a decade that accessing datasets from pharmaceutical clinical trials could provide a significant source of data for OIAs. However, despite several attempts to access such datasets, multiple factors have prevented this from becoming a widespread solution for improving OIAs. 
Another promising area for accelerating OIA progress involves the utilization of Electronic Health Records (EHR). EHRs have been developed to fully manage the healthcare of individuals and essentially contain a thorough compendium of healthcare information as an individual receives care over her/his lifetime. The requirement that all information is stored electronically and further utilizes standard dictionaries and nomenclatures greatly improves the value of the dataset for research purposes. This standardization also makes it easier to establish streamlined and automated methods for transfer and update of OIA data. In the long-term, EHRs represent one of the most efficient means to achieving a large, diverse, and constantly updated OIA. As such, we have made additional recommendations related to leveraging the emerging use of EHRs.
1. Large government/society funded studies should have an open data dissemination plan defining both short-term contributions to OIAs and a long-term OIA approach.
2. Pharmaceutical companies should contribute more clinical trial data to OIAs.
3. Pharmaceutical companies should modify their consent forms to permit contributions to OIAs
4. The electronic transfer of data from Electronic Health Records (with patient consent) to OIAs should be explored, and when possible it should be automated.
5.  Institutions should cooperate to produce recommended standard IRB wording for streamlined provision of broad, deidentified medical data available with image and other archives for research purposes. 
Summary

[Very Brief Summary of Goal, Barriers, and Key Recommendations]
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Appendix A – PNAS Data Disclosure Requirements
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Please note the section on requirement for image sharing of functional MRI.

Materials and Data Availability. To allow others to replicate and build on work published in PNAS, authors must make materials, data, and associated protocols available to readers. Authors must disclose upon submission of the manuscript any restrictions on the availability of materials or information. Data not shown and personal communications cannot be used to support claims in the work. Authors are encouraged to use SI to show all necessary data. Authors are encouraged to deposit as much of their data as possible in publicly accessible databases. Such deposition may facilitate access to data during the review process and post-publication.
Authors must make Unique Materials (e.g., cloned DNAs; antibodies; bacterial, animal, or plant cells; viruses; and algorithms and computer codes) promptly available on request by qualified researchers for their own use. Failure to comply will preclude future publication in the journal. It is reasonable for authors to charge a modest amount to cover the cost of preparing and shipping the requested material. Contact pnas@nas.edu if you have difficulty obtaining materials.
Plasmids: Authors are encouraged to deposit plasmid constructs in a public repository such as Addgene (www.addgene.org).
Databases: Before publication, authors must deposit large datasets (including microarray data, protein or nucleic acid sequences, and atomic coordinates for macromolecular structures) in an approved database and provide an accession number for inclusion in the published paper. When no public repository exists, authors must provide the data as SI online or, in special circumstances when this is not possible, on the author's institutional Web site, provided that a copy of the data is provided to PNAS.
Characterization of Chemical Compounds: Authors must provide sufficient information to establish the identity of a new compound and its purity. Sufficient experimental details must be included to allow other researchers to reproduce the synthesis. Characterization data and experimental details must be included either in the text or in the SI.
Protein and Nucleic Acid Sequences: Authors must deposit data in a publicly available database such GenBank/EMBL/DNA Data Bank of Japan, UniProtKB/Swiss-Prot, or PRIDE.
Structural Studies: For papers describing structures of biological macromolecules and small molecules, the atomic coordinates and the related experimental data (structure factor amplitudes/intensities and/or NMR restraints) must be deposited at a member site of the Worldwide Protein Data Bank (www.wwpdb.org): RCSB PDB (www.pdb.org), PDBe (www.ebi.ac.uk/pdbe), PDBj (www.pdbj.org), or BMRB (www.bmrb.wisc.edu). The PDB ID should be included in the manuscript. For nuclear magnetic resonance structures, data deposited should include resonance assignments and all restraints used in structure determination and the derived atomic coordinates for both an individual structure and a family of acceptable structures. Articles must include literature references for all coordinate datasets as well as dataset identification. Authors must agree to release the atomic coordinates and experimental data when the associated article is published. Questions relating to depositions should be sent to deposit@wwpdb.org. 
For papers describing structures of biological macromolecules from electron microscopy experiments, the 3D map should be deposited at either the EMBL-EBI (UK) or RCSB (USA) EMDB deposition site (www.emdatabank.org).
Prior to submission, authors are encouraged to use the International Union of Crystallography (IUCr) checkCIF service (http://checkcif.iucr.org) to validate their crystallographic information files (CIFs) and structure factors. Validation reports may be submitted as SI for editors and reviewers.
Functional Magnetic Resonance Imaging (fMRI) Studies: Authors should deposit data with SumsDB, XNAT Central, or other suitable public repositories.
Genomic and Proteomic Studies: Authors of papers that include genomic, proteomic, or other high-throughput data are required to submit their data to the NCBI gene expression and hybridization array data repository (GEO, www.ncbi.nlm.nih.gov/geo) or equivalent publicly accessible database and must provide the accession number. Access to the information in the database must be available at the time of publication. Submitted data should follow the MIAME checklist (for more information, see www.mged.org/Workgroups/MIAME/miame_checklist.html).
Enzymology Data: Authors are encouraged to follow the Standards for Reporting Enzymology Data (STRENDA) commission guidelines when reporting kinetic and equilibrium binding data. See the Beilstein Institut/STRENDA commission Web site (www.beilstein-institut.de/en/projekte/strenda/guidelines) for details.
Extra Material

in particular, no restriction for commercial use, or for “research-only”, and in general adherence to the principles of the “Open Knowledge Definition” http://opendefinition.org/okd/)

· Licensing: OIAs should adopt the CC0 license as the standard image data sharing license http://creativecommons.org/publicdomain/zero/1.0/
· OIAs should adopt a no-access-restriction directive, by which access to the data will never be restricted either by contractual agreements or by control gates.OIAs should engage the public and the larger communities, since fostering the progress of healthcare is everyone’s problem.

The main barriers that prevent these resources from flourishing are:

· Inadequate licensing structures for data sharing
In particular, over complicated licenses that are mostly focused 
on protecting institutions from liability lawsuits, instead of focusing on encouraging and facilitating data sharing.

· Limited engagement of the general public, both as contributors and users
Usually being limited to a single image provider, and open for consumption only to a club of registered users

· Lack of 
engagement of the patient population, and patient advocacy groups, who are the most active interested promoters of data sharing [e-Patient-2012].

· Lack of use of state of the art data sharing software: in particular peer-to-peer networks
. Any site that is still managing centralized downloads, instead for allowing and encouraging the use of p2p networks is more than a decade behind the Internet technology that solves the problems of: limited bandwidth, indexing, distribution, and searching
. An effective imaging archive should make heavy use of p2p technology such as BitTorrent. Typically the obstructions for embracing p2p networks are: overly restricting licensing practices, and desire to control access to the data. Both of which are detrimental practices, quite contrary to the rationale of creating open image archives.

When such data is made available it is often highly constrained information lacking basic metadata needed to explore many important scientific questions. For example, the vast majority of imaging datasets available today in currently available open image archives do not contain basic clinical information on patient datasets such as gender and age. While patient privacy and adherence to HIPPA law is certainly of great importance, it is also important to recognize the consequence that these policies have on open scientific dialogue and progress. This lack of even basic metadata significantly limits the types of further investigations that the scientific community can perform. A second major issue with the collection and dissemination of metadata is the need to use common data definitions and nomenclature. While increased sharing of data will go a long way to accelerating research progress, doing so with a common language and definitions can greatly improve the quality of additional analyses performed with open data collections and improve scientific dialogue.

Open image archives have utility in several potential areas… 

· Independent Verification of Algorithmic Results

· Input data made available for developing image analysis algorithms

· Education and training for engineers and clinicians

Based on these general needs and using CT volumetry for therapeutic response assessment in cancer as a concrete example, use cases have been described for OIAs.  In the following paragraphs, we identify and describe the following user scenarios, tagged as use cases to imply that formal requirements for informatics services may be defined for them through accepted software development practices.  The use cases are written using the VIA with CT example.  It is our expectation to develop SUV FDG-PET in similar terms and fully in parallel with VIA.  Beyond that, the developed approach will be flexible and applicable to a wide range of markers and products. 
From Aiden:

I’ve started looking at resources for IRB requirements. As Paul recommended the OHRP has resources which may be useful to us. There is a OHRP web page that is the Policy and Guidance index (http://www.hhs.gov/ohrp/policy/index/index.html). A number of documents and other resources are identified under the category “Biological Materials and Data”. For example, the Chart 5 (Existing Data Documents and Specimens - http://www.hhs.gov/ohrp/policy/checklists/decisioncharts.html#c5) seems to have some relevance to our OIA work. There is also “Issues to Consider in the Research Use of Stored Data or Tissues” - http://www.hhs.gov/ohrp/policy/reposit.html.

On another note, I found a best practices document called “Data Security Guidelines for Community-Based Research” which I have attached to this message. While not an IRB document per se, it has some interesting items that may be of use to us.
�It’s fine to suggest this, but the consequence may be a very small amount of shared data…


�As above, I disagree that this should be a recommendation to the exclusion of the others without firm data to justify it


�This is an orthogonal issue to the OIA itself. Existing tools such as CTP are perfectly suitable for meeting this need without requiring it to be formally part of the OIA


�Please define? What are these? Where do they come from? What format? What formats/interoperability should be supported?


�What is the path forward which will address the challenges set forth above? Recommendations have been provided, but there is no action plan or next steps.


�How are the license structures of XNAT, NBIA, and MIDAS inadequate?


�Are solutions to these challenges going to be addressed in the white paper?


�I don’t think it’s correct to call this more “state-of-the-art” than centralized data warehouses. The latter is undeniably mature technology, but not necessarily a dinosaur.


�This is not correct. Please provide citations or data to justify this very strong statement.





