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GENETIC PATHWAYS FOR THE PREDICTION OF THE EFFECTS OF IONISING RADIATION: THE EUROPEAN NORMAL AND TUMOUR TISSUE BANK  AND DATA BASEII
(GENEPI-ENTB 2)

BACKGROUND AND OBJECTIVES

Huge advances in the fields of genomics, proteomics and bio-informatics have thus far not lead to equally spectacular breakthroughs at the translational level.  One of the major impediments for progress in science is the fragmentation of research efforts, resulting in valuable data being locked up in distributed, incompatible databases and precious bio-repositories collecting dust in the attics and basements of isolated research labs.

This is particularly true in the overall poorly funded field of the medical applications in radiation sciences.  More than a decade has passed since the human genome was mapped.  This momentous achievement opened the perspective for scientists active in the field of radiotherapy (RT) of unraveling at long last a conundrum which has been haunting the profession ever since Röntgen discovered radioactivity: why do radiation doses that cure cancer in the majority of patients with non-metastasized disease, produce unacceptable sequels in a minority and fail to overcome the proliferative power of cancer cells in other patients. 

Gradually the thesis that the key to a solution should be sought in the variability in the patients’ individual genetic makeup, has been gathering substance. More than 2000 genes were found to be up- or downregulated in response to ionizing radiation. Yet, so far no genetic profile or biomarkers for predicting response at the individual patient level are available.  The prohibitive although steadily declining cost of microarrays enabling the comparative analysis of gene expression profiles in large scale genome wide association studies has long put genetic research beyond the reach of RT.  Another challenge is the need for human tissues. Not just any tissues but samples from large and homogeneous patient cohorts (age, disease site, type and grading) with well documented data on disease, treatment (such as total dose, fractionation schedule, treatment plan with dose distributions, dose volume histograms) and clinical outcome.  
Yet, in different locations in Europe freezers are filled to capacity with such precious biosamples collected in the framework of high quality clinical trials.  However, as the name “bio-repository” may suggest, they were generally resting in a dormant state in their distributed tissue banks and the knowledge as to what was collected where and under whose custody was in danger of fading further into oblivion with each retiring scientist.

GENEPI ENTB 1

At some point, at a research meeting focusing on radiobiology, it started dawning on the RT community that further progress in the prediction of treatment outcome would be illusory unless RT got its act together and started pooling knowledge and resources to move also radiation sciences forward into the age of genomics.

Putting this insight into practice, they decided to create a European tissue bank and database, dedicated to research in the response to radiation.  Their idea found a resonance and funding in the EURATOM FP5 priorities in the field of radiation protection (FIS5-2002-00037-9)
In the medical world collaboration and the exchange of expertise is common currency but pooling and sharing tangible proprietary assets such as tissues was yet uncharted territory.  It was soon realized that a central tissue bank was not a realistic proposal.  Not only ownership issues but also hurdles as mundane as the maintenance of freezers with a steady supply of liquid nitrogen over a long period of time cropped up, discounting even the danger of the destruction of all the samples in the event of a central power failure. 

The concept of a “virtual distributed European tissue bank” linked to a central database with the possibility of web-based de-central data input and data-mining started to take shape.  The next question was: what to collect?  A consensus grew that prospective tissue and data collection with standardized procedures for tissue sampling and for the documentation of patient-, treatment- and follow-up data should be the first priority.  Thus, while creating a database available for future clinical trials and for the partners’ own clinical studies, an infrastructure would be built up for future research.  The great advantage would be homogeneous datasets with common criteria for outcome assessment.  The disadvantage: it would take many years before a sufficient quantity of data and tissues would be available with follow up periods sufficiently long for the envisaged research. The solution for filling this time and quantity gap was to include also material from past high quality trials in which treatment and follow up data had been meticulously recorded, irrespective of the problems arising from the great heterogeneity of the data-bases, as long as the minimum criteria set out by the consortium, expressed in a minimum data set and the availability of lymphocytes for research could be guaranteed. 

It was decided to focus on the main tumour sites: breast, head & neck, lung, prostate and rectum and to collect a wide range of samples: plasma, buffy coat, peripheral blood lymphocytes, DNA, snap frozen and gradually frozen blood, skin fibroblasts, mucosa , whole blood, tumour tissues and living cells.

Needless to say that a lot of energy was invested in defining the kind of patient, disease and therapy related data that would be necessary to maximize the potential for future research and to store them in an ethically vetted, secure, user-friendly and easily searchable database.  

By the end of GENEPI- ENTB 1 a complete set of common guidelines and procedures had been developed and data had been collected on 5.844 radiotherapy patients and 960 healthy controls from whom 12.120 tissues had been obtained and documented.
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GENEPI ENTB 2

However, the work was far from completed.  The GENEPI bio-statistician figured out that to fulfill its mission the capacity of the GENEPI infrastructure needed to be multiplied.  Furthermore a host of tools had to be developed to enable the upload and conversion to a common format of treatment plans and to select in them points of interest for analysis such as low dose areas.  This would not only facilitate the assessment of the quality of the submitted data but also add an attractive new dimension to the database as infrastructure for dosimetric research and for the quantification of risk for secondary tumours.  In addition, a separate database would be created for so-called “overreactors”: patients showing an extreme response to normally well tolerated radiation doses and whose genetic makeup might provide a shortcut to identifying the genetic basis of individual radiosensitivity. For this group of patients a full range of new procedures for patient selection and QA needed to be created along with the corresponding data forms for the data base.  In addition specific ethical issues needed to be addressed.  Also for this quantitative and qualitative further development of the GENEPI infrastructure EURATOM support could be secured under its competitive FP6 radiation protection programme. (Grant Agreement 036437 (FI6R) 

ACHIEVEMENTS AND CHALLENGES IN GENEPI 2 

WP 1, in charge of patient recruitment took off with a flying start.  Up to 17 partner institutes pledged to enroll 4600 prospectively recruited patients with an anticipated accrual of 15.000 tissues.  Several partners had to withdraw for lack of manpower and infrastructure resources.  However, with 5721 prospectively collected new patients added to the 6775 already in the GENEPI database  (total 12.496) we have exceeded our target number of 12.000.  Moreover, for the vast majority of the patients comprehensive follow up data could be added, thanks to the extension of the project duration.  Some partners have committed themselves to keep adding further FU data so that also late RT effects can be assessed.

In parallel all preparatory work for the enrollment of overreacting patients was started and completed by month 18. Through ESTRO’s communication channels an appeal for collaboration was launched and response was up to expectations. Informed consent forms were drafted and ethical commission consent obtained.   Clear definitions of the term “overreactor” with inclusion and exclusion criteria were drafted and a procedure for the transfer of tissues to a central repository in Maastricht agreed upon.  In collaboration with WP2 data forms were elaborated for the overreactors’ section in the data base and in collaboration with WP3 stringent procedures for the quality control of the treatment data put in place.  Since taking the GENEPI-ENTB 2 criteria into account, extreme overreactors are relatively rare (estimated at 1/5000 patients) a partnership with departments in Canada focusing on the same task was established and formalized in a contractual agreement for which partner MedLaw Consult prepared a draft contract.  
Despite this collaboration and the initial positive response from a host of European departments the final score for this action is just 11 patients.  
There are several reasons why the hope of compiling a sizeable database of overreactors has dimmed: 

-  the vast  majority of suspected overreactors cannot be included as a result of the strict inclusion criteria, one of them being that the patient did not receive chemotherapy or biological targeting agents prior to RT.

-  extreme overreaction to RT turns out to be even more rare an event than previously assumed

- notwithstanding the availability of standardized documents for patient information, and informed consent and the initial enthusiasm and motivation for contributing to the project, many candidates copped out finding the hurdle of applying for Ethical Commission approval and undergoing a dosimetric audit often for a single patient very labor intensive and therefore  too high to take.

From the positive side:
- the core GENEPI partners will continue to screen their patients for potential overreactors  and the WP1 leader (Maastro, NL) is convinced that with a worldwide and sustained effort to keep adding further patients to the overreactor database, this sub-task of GENEPI will contribute in a major way to the understanding of the complex relationship between radiation damage and gene expression. 
- with a highly specific cohort like this even a small number of tissues may be statistically relevant for the envisaged research.
The flow chart below illustrates the interaction of the different WPs in the acquisition of overreactor data and tissues.

In contrast WP2, in charge of data base development, had to cope with countless hurdles.  Since IT departments in universities have in general no spare capacity, a subcontractor for the technical database development had to be recruited. Specifications for a tender were written out and 3 offers were received.  Unfortunately the company that had developed the database for GENEPI 1 using open source software was for lack of staff no longer in a position to compete credibly for the complex tasks ahead.  The best alternative among the bidders was a subcontractor working with a different IT platform.  This meant though that all the excellent IT work performed in GENEPI 1 had to be done all over again.  This way a considerable delay was incurred in the originally envisaged timeframe. However, this operation has also had its advantages.  The partners seized the opportunity for a thorough rethinking of all the parameters of the database, building on the experience of GENEPI 1.  Countless meetings were devoted to this exercise. Especially the clinical follow up forms were thoroughly reviewed and double or overlapping data eliminated.  Of course this did not really simplify the subcontractor’s task for migrating the existing data to the new database. Eventually, half way the GENEPI project, the new database was up and running, ready for the input of data.  As a result of the delay partners had in the mean time been entering patient records in their own databases.  To import these data in the GENEPI data base first a tool for bulk import of data had to be created.  Only when this tool had become available the work for the bulk import of data could be started. For this purpose customized conversion programmes for each of the partners had to beto be created. At first sight this may look as a straightforward procedure, but it is not.  It involves the matching of data fields with divergent parameters defined in different languages and taking into account culturally conditioned semantic subtleties. Sorting out the problems involved in this challenging task required an intensive collaboration of several weeks between the partner in charge of database development (TUD-WP2) and each of the partner institutes, involving not only the respective IT departments but also the clinical partners and their data managers.  The procedure, once completed, has however the distinct advantage that later updating of the database e.g. with follow up data of patients or with additional records can be done using the same software and will therefore be far less cumbersome. 

In view of the new developments planned for GENEPI 2, a workshop on “Submission and Reviewing Systems for Radiotherapy Treatment Plans” was organized right after the start of the project to brainstorm on the best approach
-  for the acquisition of coded medical images and dosimetry data, 
-  for the analysis, comparison and re-computation of advanced treatment planning data-  for the tools -   -  for evaluation of “regions of Interest”, dose distributions and dose-volume histogramsand their their re-computation to a common format in a rapidly evolving software environment

Given the complexity of these tasks the involvement of a specialized company as subcontractor of the database developer had been planned right from the onset.  It is at this point that the 2nd major hurdle for GENEPI cropped up. Right at the moment when everything looked ironed out according to plan, the envisaged company was acquired by one of the major constructors of radiotherapy accelerators.  The choice of alternatives in this area at the frontline of developments in the field of radiotherapy data processing and analysis is rather limited. However, a new software provider, Aquilab, was identified in collaboration with partner EQUAL-ESTRO (EE),(a European quality assurance platform for RT) who needed the same software.  The advantage of this arrangement was that EE would continue to invest in software updates also after the end of funding for GENEPI-Entb2 and that GENEPI would not have to pay for software licenses.  The disadvantage was that future users of the GENEPI database who wanted to use the EQUAL-Aquilab analytical tools for dosimetric studies, would have to pay each time a service fee for the real time recalculation of the raw and heterogeneous treatment planning data and dose distributions to a format suitable for research.  Unfortunately ,it turned out that the cost of the EQUAL-Aquilab solution was simply out of reach financially and moreover lacked transparancy.  As a result, also the 2nd software option had to be abandoned.  At long last, WP2 identified 2 new potential software providers.  A lot of time was invested in checking out their products and the possibility to create an interface with the other functionalities of the GENEPI database.  Eventually the company MSS was selected. The costs of the software package are not negligible but still a fraction only of the previous option. Eventually, thanks to the extension of the project with 18 months and after a lot of testing  by WP2 leader and the database developer AMEDON, a new version of the database software, with all the functionalities described in Work Package 2 could be released successfully.  Also the bulk import of data could be completed for all partners by the end of the project 

Bio informatics partner SUT (PL) from its side explored  methods for the storage, browsing and mathematical modeling of the results of high throughput biological assays, DNA microarrays and proteomic data derived from GENEPI based research and the way of linking them to the patient records. SUT also developed a reporting and contents control system for the GENEPI-ENTB database. They reported that the system, depending on the query, can generate up to 80 charts related to treatment centre, patient, disease and treatment data .the system can describe all the important information in the database and generate reports in different formats, including text and pdf files and has a lot of graphical possibilities.

As to the storage of the results of QA checks it was decided that in case of dosimetric deviations discovered in partner institutes the due procedures for reporting back to the parties involved, foreseen in the ESTRO-EQUAL covenant, would be followed but that on account of potential liabilities not covered in the framework of the GENEPI project, these results would be archived separately and not be stored in the GENEPI database.

We include some screen shots of the GENEPI-Entb2 database demonstrating the display and type of information available.
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WP3: Quality Assurance

This WP has been on schedule for all the tasks planned for the reference periods. Procedures for the different levels of quality checks were described in detail in collaboration with the project leader, the leaders of WP1 and 2 and partner ESTRO-EQUAL.  
All the major contributors to the database had the dosimetry of their machines checked.  In addition the treatment charts of all potential overreactors underwent a thorough clinical audit, this in collaboration with WP1 leader. For each of the patients defined as extreme overreactors after a stringent screening against confounding factors and exclusion criteria, a QA report was generated.
WP4  Project Coordination and Management

The tasks foreseen for this WP are discussed under Report SECTION 3: project coordination and management. We would however like to highlight here especially the work performed by partner MedLaw Consult. A thorough inventory of all the legal issues that ought to be considered and might be object to formal legal or contractual procedures, including the exploitation of the infrastructure and IPR, was drafted.  This work is about to be published in the format of a PhD thesis and will be of particular relevance not only for GENEPI but for all biorepositories, their set up, use and exploitation.
Bio-informatics partner SUT-Gliwice finally has analyzed and evaluated the structure of the database and given bio-informatics input in the assessment of the suitability of the GENEPI infrastructure for research proposals under discussion. They have also been exploring methods for the storage, browsing and mathematical modeling of the results of high throughput biological assays, DNA microarrays and proteomic data that may be derived from such GENEPI based research and the way of linking them to the patient records. SUT’s most recent and very valuable contribution is the development of a reporting and contents control system.
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CONCLUSION
The many hurdles faced by WP2 caused a full year delay in the availability of a functional (new) data base and a downstream cascading effect on the rest of the intertwined project deliverables This necessitated an extension of the project with 18 months.  Partially thanks to this extension the GENEPI 2 consortium has managed not only to reach the goals set out in the project application, but to exceed them. 
· GENEPI II successfully reached and exceeded its objective for the quantitative development of the database and created in addition a dedicated database for overreactors.

· Also the objectives for the qualitative development of the database were reached : 
· All  data forms were reviewed in the light of the GENEPI I experience, data cleaning was performed  and a sub-database for overreacting patients was created

· For the vast majority of patients recruited for GENEPI II, follow up data could be added

· A users’ manual was produced

· The public query function was enhanced

· The user-friendliness of the database was improved
· A bulk import tool was developed

· Software for the import of DICOM RT data was acquired and an interface with the database created

· Procedures for the different levels of quality checks were laid down in a comprehensive set of standard operating procedures.  The most important of these checks, the dosimetric audit of all the departments contributing more than 150 tissues, was completed. And so has the QA check of treatment plans for the patients entered in the overreactor data base.

· A content control system  was devised  and an assessment of the reporting capabilities of the database was made

· A comprehensive legal framework for the exploitation of the GENEPÏ research infrastructure and for the protection of IPR was established.
· Prospects for its further development and use are excellent.

As far as the project management - to be further discussed under SECTION 3-  is concerned this project has not exactly been a very smooth ride. Besides developments outside of the control of the partnership such as the loss of a suitable subcontractor, there has been a lot of wrangling around software development issues, the collaboration between subcontractors, contracts drafted, redrafted and drafted again etc. However, these problems belong now to the past and the perspective that all tasks and milestones can be completed in time is realistic. Partner Medlaw Consult has been very helpful all along with contractual issues.  MedLaw Consult has also produced an in depth inventory of all the legal issues that ought to be considered and might be object to formal legal or contractual procedures when operating a data and tissue bank.  This work will be published in the format of a PhD thesis and will be of particular relevance not only for GENEPI but for all biorepositories, their set up, use and exploitation as well as for the IPR issues involved.

Partner SUT-Gliwice finally has analyzed and evaluated the structure of the database and given bio-informatics input in the assessment of the suitability of the GENEPI infrastructure for research proposals currently under discussion. They have also been exploring methods for the storage, browsing and mathematical modeling of the results of high throughput biological assays, DNA microarrays and proteomic data that may be derived from such GENEPI based research and the way of linking them to the patient records. SUT’s most recent and very valuable contribution is the development of a reporting and  contents control system

As to the storage of the results of QA checks it was decided, in consultation with MedLaw Consult, that in case of dosimetric deviations discovered in partner institutes the due procedures for reporting back to the parties involved, foreseen in the ESTRO-EQUAL covenant, would be followed but that on account of potential liabilities not covered in the framework of the GENEPI project, these results would be archived separately and not be stored in the GENEPI database.

Perspectives for the utilization of GENEPI

In our previous report we were upbeat on the future of GENEPI.  No less than 3 applications for FP7 projects submitted to the 2010 health call were intent on using GENEPI.  Unfortunately none of them was selected for funding.  However the outlook to date is still positive

· Several GENEPI partners are participating in the n EURATOM-funded FP7 ALLEGRO project.  Most of the tissues which were used for the ALLEGRO research are documented in the GENEPI database. 

· Negotiations are ongoing for a tri-partite material transfer agreement in the framework of a joint Americo-European research project.  Partner in this project is one of the major contributors (RMH London) to GENEPI.

· The Rapper Group (Manchester), a major contributor to GENEPI, has secured funding from a UK funding agency for the 2nd step in a staggered genome wide association study in which GENEPI will play an essential role.   They failed to secure funding for step 3 but have not yet given up on this project

· To scale up GENEPI to the size required for a high power GWAS study (40 to 50.000 tissues required), GENEPI has taken part in the setting up of a worldwide international network including the major players in the US and Japan. They were invited , together with representatives of their respective funding agencies, to a workshop/symposium which the GENEPI Consortium  organized in November 2009 in Manchester.  At this meeting it was considered to adopt the GENEPI database  as common infrastructure for the international consortium. The next meeting of the Consortium is planned to take place in New York in October 2010

We wish to conclude this executive summary by thanking EURATOM for the additional year that was granted to the Project.

Thanks to a number of important project deliverables such as the bulk import of a substantial part of the patient data, some software development and QA checks badly need this extra time to be completed successfully. This can be achieved with minor reallocations of the project funds since most of the funding dedicated to these tasks had remained unspent.  The brunt of the effort has however to be supported by the coordinator and the scientific leader who will dig in their own pockets to provide the staffing necessary for the extended project duration.

GENEPI: an infrastructure for the future

Long term sustainability guaranteed by ESTRO

· Database open for public access and scientists for decades

· Maintenance financed by fees of research grants that use GENEPI material and data

· Long term storage of tissues at the local biobanks required

· Currently 2 research projects use GENEPI
· 2 major research projects (1 European, 1 international) plan to use GENEPI
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Variability in individual radiosensitivity (Türesson et al)








