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Meeting Summary

Sunday, February 3: Keynote Address
Speaker: Gordon Mills
Dr. Mills (“A Systems Approach to Drug Development and Implementation”) focused his talk on the discrepancy between the increased spending in biomedical research and the decreased success rate of clinical trials and emphasized the importance of the various types of biomarkers (pharmacodynamic, predisposition, prognostic, etc) in trying to solve this problem. Dr. Mills discussed the characteristics of drug targets in oncology and the complexity of the personalized approach to cancer management. He noted that the most successful targeted agents have an efficient response predictor marker. Dr. Mills described work using a library of breast cancer cell lines which retain most of the molecular characteristics of the tumors that they are derived from; work that can lead to a better understanding of the genetic and gene expression abnormalities in breast cancer. He also discussed the utility of computational models to predict chemosensitivity of tumors from their molecular profiles. In conclusion, Dr. Mills stressed on the changing patterns of drug development and clinical practice, which require co-development and validation of biomarkers and pointed out the importance of proper trial design, including proper collection of biopsies, implementation of imaging technologies, and sufficient number of patients. He concluded that investing into larger size properly designed early phase studies may decrease the size and cost of late stage studies significantly and will increase their chance of success. 

Monday, February 4, New Strategies for Biomarker Discovery and Use - session 

Speakers: Michael Gillette, Mark S. Boguski, Christoph W. Turck
Dr. Gillette (“The Long and Winding Road: Discovery, Verification and Validation of Protein Biomarkers”) discussed a proteomic strategy for biomarker discovery using human fluids and outlined the process leading to their validation and commercialization. He described examples of identification of biomarkers in lung and ovarian cancers, and myocardial infarction. In this strategy unbiased mass spectrometry is used for protein identification while targeted mass spectrometry can be used to follow-up candidate biomarkers. Dr. Gillette discussed the utility of proximal fluids for biomarker discovery, e.g. nipple aspirate in breast cancer, and plasma in a therapeutic model of myocardial infarction. He demonstrated that there are multiple proteins present in collected fluids which can be successfully identified by the above proteomic approach. Dr. Boguski (“Proteomics, Systems Biology and Knowledge-Mining in Drug and Biomarker Discovery”) talked about monitoring and modeling network activity through the use of proteomic measurements as an illustration of the process of systems biology analysis. He discussed two of the possible inputs for this analysis, biological data sets and literature information. Biological data sets derived from reverse protein arrays and probing pathways with antibodies can be used to drive mathematical models, while scientific literature provides additional information in the modeling process. A successful application of text mining of the rapidly growing literature was discussed, along with the use of disease and gene associations for biomedical discovery. Dr. Boguski concluded that biology is extremely complex and progress has been made in information integration. However standardization is much less advanced and software tools and database systems will continue to deal with complexity. Dr. Turck (“The Quest for Mood Disorder Biomarkers”) spoke about the need of biomarkers for affective disorders and explained the current limitations of diagnosis which is based mainly on signs and symptoms. He noted that proteomic biomarkers have the promise of enabling a more precise categorization of mood disorders and that this knowledge may improve the study and treatment of these diseases. Current areas of work include a trait anxiety mouse model, analysis of cerebrospinal fluid (CSF) including autoantibodies from patients with affective disorders, and an in silico approach. Dr. Turck elaborated on the experimental design of the mouse anxiety model and the technologies used for identification of two proteomic markers, Glx1 and enolase. Both of these proteins have been described in the literature as potentially involved in affective disorders and will be further studied in human brain samples.

Monday, February 4, Biomarker Qualification – session
Speakers: Michael L. Bittner, David F. Ransohoff, Christie L. Hunter
Dr. Bittner (“Genomic Classification: The Epistemological Wall”) discussed the difficulty of using microarray technology to develop classifiers based on gene expression features. There are many scientific publications which describe classification methods but do not have sufficient mathematical error estimation or predictive capabilities. The goal is to have models that can make accurate predictions. He noted that diseases with pathogenesis involving multiple genes are less likely to be successfully treated compared to single gene diseases (Huntington’s disease versus leukemia-like myeloproliferative disease). Dr. Bittner spoke about the classification of diseases and the components that need to be considered: classification rules, feature selection, error estimation and feature-label distribution. He suggested that model-based analysis should be used in the future and that knowledge is possible with the proper epistemology. Dr. Ransohoff (“Improving Efficiency and Reliability of Evaluations of Biomarkers for Cancer: Status in 2008”) discussed the fundamental problems in experimental design which threaten the reliability of molecular marker research. He pointed to the resulting disconnects between claims and products and provided examples from current research. Dr. Ransohoff next talked about an approach to address these problems by assessing reproducibility in a totally independent sample group and carefully considering the sources of bias in the study design. He advocated for the introduction of reporting guidelines which will help ensure that sufficient information is provided and will allow readers to understand the experimental design and the possible sources of bias. After him, Dr. Hunter (“Novel Strategy Involving Peptide MRM-based Assays and Chemistry for Targeted Quantitation of Biomarkers in Plasma”) gave a description of Multiple Reaction Monitoring (MRM), a mass spectrometry technology with high specificity and sensitivity for detecting proteomic components in a complex mixture, which has the potential to be used in proteomic biomarker verification/validation studies. She discussed the technical challenges in the process of validation of a large number of biomarker candidates, including modifying cycle time, dwell time, and analyte utilization.  In addition, scheduling was applied to impact analytical reproducibility and a global reference sample was developed for use as an internal standard. Moving forward, this platform is currently being tested on a clinical sample set derived from a twin study correlating protein expression levels. In conclusion, Dr. Hunter stated that modifications to the MRM technology have improved its outcome, and progress was made towards streamlining the transition from protein biomarker discovery to verification.

Tuesday, February 5, Imaging Biomarkers 1 – session
Speakers: Jan E. Schnitzer, Maria Bobadilla, Mitchell Albert, Perry F. Renshaw
In this session the use of imaging for different applications, i.e. targeted drug delivery, and in several disease areas including metabolic, lung and psychiatric diseases was discussed. Dr Schnitzer (“Proteomic Mapping of Vascular Biomarkers to Image Antibody Penetration into Single Organisms and Solid Tumors”) talked about a novel approach combining proteomics and imaging to identify vascular biomarkers that would enable therapeutic agent delivery to a specific location. He described the proteomic approach to identify unique endothelial cell molecular signatures using rat luminal plasma membranes and caveolae from individual organs. Candidate biomarkers were validated by immunostaining and in vivo imaging and used for targeted therapeutic delivery of radionucleotides into solid tumors. Dr. Schnitzer reiterated that caveolar transport can be used to increase bioefficacy by reaching the intended tissue and pointed out the utility of such subtractive proteomic approach combined with molecular imaging to validate promising clinical targets. Dr. Bobadilla (“Systems Biology of the Pancreatic β cells: A Novel Paradigm for Biomarker Discovery in Type 2 Diabetes”) discussed the pathogenesis of type 2 Diabetes and the need of biomarkers for disease onset and progression. She described a translational approach to identify such markers using RNA interference (RNAi), imaging, proteomics, microscopy, and immunostaining. She focused on the identification of surface glycoproteins from a murine beta cell line. Candidate biomarkers were selected based on presence in human islets, and functional link to disease pathophysiology and were further validated using phosphoproteomics, genetic association studies and RNAi in human islets. Dr. Bobadilla described a specific example of such marker and its validation in vitro and in preclinical models. Next, Dr. Albert (“Pulmonary Imaging: From Structural to Functional with Hyperpolarized 3He MRI”) spoke about pulmonary diseases as the 4th leading cause of death in the US. Lung diseases are typically studied through lung function tests and mechanistic measurements due to the limitations of existing imaging approaches, including high-resolution computed tomography (HRCT), positron emission tomography (PET), and classical magnetic resonance imaging (MRI), and more specifically their ability to only assess lung structure. Dr. Albert focused on a new technology, hyperpolarized gas MRI, which can assess both lung structure and function and showed examples of its use in various lung diseases, including asthma, COPD, sarcoidosis, cystic fibrosis, bronchopulmonary dysplasia, and lung cancer. He suggested that hyperpolarized gas MRI can be used to determine disease severity; it uses light-weight, portable, and inexpensive low field MRI scanners, and is thus potentially useful for lung screening and clinical trials. Dr. Renshaw (“Imaging’s Role in Advancement in Psychiatric Disease Management and Therapy Development”) discussed the use of several imaging technologies in psychiatry, including PET, MRI, and magnetic resonance spectroscopy (MRS). He gave examples for the use of PET in assessing receptor occupancy and estimation of optimal drug dosing. This technology requires developing of new tracers but the challenge is to identify the correct target. Dr. Renshaw next discussed the advantages and disadvantages of other technologies, including functional MRI and MRS, i.e. low reliability, sensitivity, and specificity. He gave examples of the use of imaging in clinical studies, including testing the effects of food supplements on the brain energetic chemistry, abnormalities of which are implicated in the pathogenesis of depression and bipolar disorder. He concluded that imaging technologies allow for the assessment of biochemical changes in the brain and even though they are high risk, these technologies may lead to the identification of novel therapies for brain disorders.
Tuesday, February 5, Genomic Strategies – session

Speaker: Joseph R. Nevins
Dr. Nevins (“Genomic Strategies for Personalized Cancer Therary”) discussed the need to develop treatment strategies for the individual patients and to stratify patients in homogeneous subgroups which would potentially increase the therapeutic success rate. He introduced the concept of gene expression signatures, which can be used to predict sensitivity to specific cancer chemotherapies and have the potential for substantial enrichment of drug responders. Dr. Nevins described the use of cancer cell lines with known sensitivity to a chemotherapeutic agent to identify such signatures and the generation of models to predict response in patients. He concluded that current treatment regimens are developed for groups of cancer patients, but there is a significant need to move toward rational strategies to develop regimens for the individual patient. 

Tuesday, February 5, Imaging Biomarkers 2 – session
Speakers: Gary J. Kelloff, Jonathan H. Gillard
Dr. Keloff (“OBQI: Project Overview and Objectives”) described the Oncology Biomarker Qualification Initiative (OBQI), a new collaboration among agencies to qualify biomarkers for use in clinical trials and introduced the cancer imaging task force. Dr. Kelloff noted that imaging science can provide integrative markers with less sampling error for diagnosis, prognosis, and disease staging. He focused on the use of FDG-PET in oncology and provided examples of its use in lymphoma and non-small cell lung carcinoma. He explained that imaging biomarker validation requires prospective trials collecting imaging and clinical information at multiple time points and that further qualification of these biomarkers involves confirmatory trials using different agents and/or disease mechanisms. Dr. Keloff concluded that imaging biomarker development and qualification is complicated and costly, but may support claims of clinical benefit and thus rapid drug approval. Dr. Gillard (“Tracking Inflammation in Atherosclerotic Plaques: Latest Clinical Results”) discussed the areas in need of development in atherosclerotic plaque research as well as recent advances. He talked about MR and CT improvements that have provided better tools for imaging vascular beds and plaque components as related to risk of rupture and thrombosis. USPIO-enhanced MR imaging was presented, a novel method which uses ultra small super paramagnetic iron oxide particles, can detect macrophages and thus follow inflammation in plaques. This method can also assess parameters such as compliance and blood flow and can be used to generate stress maps to provide estimation of rupture risk. Dr. Gillard concluded that imaging has been used in clinical trials, can provide important prognostic information and can ultimately shorten clinical trial as changes in the plaques can be detected earlier than typical endpoints.
Wednesday, February 6, Multiplex Biomarkers and System Response Profiles – session
Speakers: Jacques F. Banchereau, Damien Chaussabel, Joachim L. Schultze, Shannon Neeley, Jay W. Heinecke
Dr. Banchereau (“Analysis of Disease Signatures in Gene Expression Profiles from Peripheral Blood Leukocytes”) described work to identify signatures for different inflammatory and autoimmune diseases. As an example, he described the identification of IL-1 signature in systemic onset juvenile idiopathic arthritis, which suggested a successful treatment strategy. Dr. Chaussabel continued this talk by described the optimization of the methodology by applying a combination of a whole blood collection system with improved sample stability, a new analysis platform with increased throughput and lower cost, and an efficient data mining strategy that uses specific algorithms for module extraction and generation of disease fingerprints and patterns to assess disease activity.  Dr. Chaussabel concluded his talk by describing the successful application of this new genomic platform in a multi-center clinical study in HIV/AIDS patients. Dr. Schultze (“Applying Genome-Wide High Throughput Technologies to Clinical Biomarker Development”) described work to identify biomarkers for disease and therapeutic outcome in peripheral blood. He discussed the technical and organizational issues in developing an optimized methodology. Dr. Schultze established the framework using multiple disease models and described the identification of a predictive signature for lung cancer in peripheral blood as an example. He also talked about findings from transcriptomics research with relevance for the diagnosis and sub-classification of leukemia. Looking forward, challenges for clinical biomarker discovery include the development of technologies for genome-wide feature assessment and genomic content. Ms. Neeley (“A Systems Approach to Identification and Validation of Biomarkers”) discussed the normalization of reverse phase protein array data in the context of identifying protein biomarkers for leukemia. The advantages of this platform include the requirement of little material and the ability to simultaneously capture data from many samples. This approach does require high quality antibodies and the use of many replicates. Ms. Neeley explained the multiple reasons for variability in the amount of total protein per sample, which underscore the need for appropriate correction. She described a normalization model to avoid false determination of differential expression of measured proteins and provided examples of its successful application in samples from leukemia patients. Dr. Heinecke (“Mass Spectrometric Approaches for Identifying Inflammatory Pathways that Generate Dysfunctional HDL in Humans”) spoke about the protective role of HDL in coronary artery disease (CAD) which involves cholesterol efflux from arterial wall macrophages. He hypothesized that dysfunctional forms of HDL can contribute to coronary disease and focused on the role of oxidative pathways and myeloperoxidase in particular in the development of atherosclerotic vascular disease. Dr. Heinecke showed data suggesting that oxidized HDL can serve as a potential marker of oxidative stress in the arterial wall in CAD patients. He described a proteomic approach to study the composition of HDL complexes in CAD patients and healthy individuals. Using this approach, all but one known proteins involved in lipid metabolism were identified along with proteins implicated in inflammation. The observations from this study suggested that HDL from CAD patients carries a unique cargo of proteins. In conclusion, Dr. Heinecke reported data from a clinical study indicating that the HDL proteome can be used to reliably identify CAD subjects.

Wednesday, February 6, New Technologies – session
Speakers: Peter W. Laird, Ruth Birner-Grünberger, Keith O. Elliston
Dr. Laird (“DNA Methylation Biomarkers as Cancer Biomarkers”) talked about epigenetic (methylation) biomarkers and the available technologies to measure epigenetic states. He stated that epigenetic cancer therapies are currently available, including HDAC inhibitors and DNMT inhibitors, demonstrating the epigenetic alterations play a role in cancer. Advantages of using epigenetic biomarkers include their stability in clinical samples and the potential to be used for risk assessment, chemoprediction, disease detection and classification, and monitoring treatment efficacy. Dr. Laird described currently available technologies to measure epigenetic states, including affinity enrichment, DNA methylation sensitive restriction enzyme digestion, and chemical modification, i.e. cytosine bisulfite conversion. Tumor-specific DNA methylation profiles can be investigated by comparing the methylation patterns in multiple tumors and healthy cells and he illustrated this with a colorectal tumor example. He discussed the control of developmental regulators by Polycomb in embryonic stem cells and options for high throughput epigenomic analysis. Dr. Laird presented the next steps in this area including improving the sensitivity of DNA methylation detection as epigenetic abnormalities may be early cancer initiating events in stem cells. Dr. Birner-Grunberger (“Activity-Based Proteomics: Enzymatic Activity Profiling in Complex Proteomes”) talked about activity-based proteomics as applied to lipase research and lipid metabolism disorders. This technology uses activity-based probes to assess enzyme activity and allows functional profiling in complex mixtures. She discussed the different experiments in which such probes were used, including mouse adipose screens and the application of in vivo lipase probes. Dr. Birner-Grunberger summarized that activity-based probes are tools for target discovery, activity profiling, and drug discovery. Dr. Elliston (“Causal Network Modeling: An Integrative Systems Approach to Biomarker and Therapeutic Discovery and Development”) discussed using causal network modeling to define biomarkers and in the processes of drug discovery and development. He presented causal network modeling as a framework for integrating the enormous complexity of biological networks. Both diseases and drugs perturb biological networks which can be modeled for investigation. Examples presented included identification of biomarkers for drug-induced vascular injury; causal modeling to explain species differences, and findings from a prostate cancer case study. Dr. Elliston concluded by stating that causal network modeling can bridge the gap between conceptual and mathematical models and can successfully elucidate drug mechanisms and biomarker candidates.

Thursday, February 7, Translational Medicine and the Critical Path 1– session
Speakers: Jean-Jacques Garaud, Paul Delmar, Richard Levine, Rick Baehner
Dr. Garaud (“Efficacy Biomarkers in Early Clinical Development”) described a major shift in the current R&D focus to address the high attrition rate of compounds in development: from a sequential, problem–solving approach based on guidelines and functions to a fully integrated multidisciplinary, customized approach, centered on translational medicine and systems biology. He stressed on the importance of efficacy biomarkers and modeling and simulation in this process. Dr. Garaud discussed the need to co-develop some candidate biomarkers as companion diagnostic tools in order to identify patients that are more likely to respond to therapy and/or to assess the response to treatment. He provided examples of biomarker development for drugs targeting Alzheimer’s disease and schizophrenia, indicating that in many cases this process starts too late to be useful and has to begin well before entry into humans.  Dr. Delmar (“Statistical Insights into Large Biomedical Datasets”) discussed the challenges to the statistical analysis of large data sets, indicating that when dealing with multiple measurements, the likelihood of finding statistically significant changes by chance, and thus false positives, is very high. He described different methods for dealing with this problem, including application of the Bonferroni rule and the false discovery control algorithm, and gave examples from clinical studies to illustrate the process. Dr. Levine (“An Excess of Circulating Anti-Angiogenic Factors: Final Common Pathway to the Maternal Hypertensive Syndrome of Preeclampsia”) spoke about the role of two soluble anti-angiogenic proteins secreted by the placenta, soluble fms-like tyrosine kinase 1 (sFlt1) and soluble Endoglin (sEng). Both proteins are found in excess in the sera of pregnant women with preeclampsia and appear to be causing the syndrome as evidenced by results from animal studies. Results from two case-control studies indicated that sFlt1 and sEng are important diagnostic and prognostic biomarkers which can be used for screening in prenatal care. In addition to that, this research carries the potential to develop successful prevention or treatment of preeclampsia by antagonizing or removing sFlt1 and/or sEng. Dr. Baehner (“Develpoment and Clinical Use of Oncotype Dx™, a Multigene Test that Facilitates Treatment Decisions in Early Breast Cancer”) spoke about a multigene expression assay, developed by Genomic Health, Inc., that determines the likelihood of recurrence in early breast cancer and predicts patient benefit from chemotherapy. He discussed the history and challenges of breast cancer diagnosis, prognosis, and currently utilized prognostic markers. Dr. Baehner described how the implementation of this 21 gene assay has gone through development and clinical validation involving thousands of patients. In summary, the assay has been demonstrated to provide both prognostic and predictive information. 
Thursday, February 7, Translational Medicine and the Critical Path 2– session
Speakers: Maryellen de Mars, Denis Hochstrasser, Frank D. Sistare
This session began with a brief conference summary by co-organizer Mark Boguski entitled “Preliminary analysis of TLAs* at the 2008 Keystone Biomarker Conference” and included a partial glossary of terms used at the meeting.  Dr. de Mars (“Genetic Markers and Diagnostics: Progress towards Personalized Warfarin Therapy”) described the role of the Critical Path (C-Path) Institute in driving the Critical Path Initiative and accelerating the development of safe medicinal products. The genetically guided Warfarin dosing project was presented as an example of effective use of biomarkers in clinical practice that is likely to become a real success story. Warfarin, commonly used in the management of thrombosis and embolism, has an extremely narrow therapeutic index. Currently there is a very good understanding of the pharmacogenetics of Warfarin and the application of a genotyping clinical test has the potential to significantly reduce the adverse events and healthcare cost associated with it. Dr. de Mars described several clinical trials designed to evaluate the utility of such genotyping tests and indicated that the C-path institute is responsible for the technical evaluation and the decision to select the most suitable for clinical use test. Dr. Hochstrasser (“Clinical Practice and Biomarker Proteomic Discovery”) discussed how clinical utility and value are not always well aligned with pharmaceutical industry motivations, such as in the case of tests with negative predictive value. Dr. Hochstrasser outlined the necessary steps to develop reliable biomarkers for clinical practice, including discovery and validation phases, and reiterated the importance of proper sample collection. He also provided examples of biomarker discovery using transcriptomics and proteomics. In conclusion, Dr. Hochstrasser stated that single or small panels of biomarkers have a great future, but the need for large clinical trials will be the limiting factor for biomarker validation and implementation. Dr. Sistare (“Biomarkers of Drug-induced Kidney Injury: Moving with Histopathology and Molecular Signatures toward an Advanced Accessible Safety Biomarker Toolbox”) introduced the C-Path Institute's Predictive Safety Testing Consortium which is responsible for identification and qualification of new bridging (animal to human) safety biomarkers. He then discussed the need to qualify new biomarkers of drug-induced kidney injury for regulatory use. Current tests only show abnormality when significant damage to the kidney has occurred underscoring the need of new biomarkers that would allow early detection of kidney injury and improved monitoring of specific safety concerns. Dr. Sistare described the validation of a panel of 10 potential biomarkers in an animal model. He demonstrated that there are specific biomarkers that can identify the anatomical location of the acute kidney injury, i.e. glomerular versus tubular.  Dr. Sistare concluded that this work has identified new urinary bridging biomarkers for otherwise “non-monitorable” kidney toxicities and that the nephrotoxicity working group is now awaiting a favorable decision by the FDA and the EMEA.
