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“Semantic Needs in Drug Discovery”

The drug discovery process in most pharmaceutical companies relies heavily on the use of data storage and management technologies. Data from both the biological-clinical side as well as the chemistry side are integral parts of the process, and encompass a number of different forms of data types and formats. The creation and flow of such information is related to the interactions of the various scientific and technical functions and platforms throughout drug discovery. Improving this process in an effective manner would have a direct impact on the cost and speed of drug development, as well as the safety issues round it. The basic process of drug discovery is summarized as follows: 

Disease-Focused Target Identification ( Target Validation ( Lead Generation ( Lead Optimization ( Preclinical (animal) ( Clinical Trials (I, IIa, IIb, III)

However, the evolution of such systems over time has made it difficult to define common standards for data format and use that would allow the data to be effectively compared and merged across multiple projects over different time periods. Hence, a lot of data resides in many different kinds of databases, with varying attributes and quality control. Federating these data is a common strategy, but the semantic binding between data is typically not sufficient to guarantee that researchers can find the right set of comparable data over a select time period. In addition, the evolution of most companies through mergers has made this problem even more pronounced, especially if there is perceived value for “uniting” different chemical databases from the different parent groups.

Another area that has proven difficult to resolve, in spite of various IT-focused attempts, is the consolidation and normalization of chemi-informatic data that includes chemical structures, assay data, molecular modeling, pharmacology, toxicology, and preclinical evaluation. These data are typically collected over different phases of the process, but are defined by different groups and centers of expertise. Since there is a time-evolution component, and different groups each participate, a lightweight approach that involves multiple, partially overlapping ontologies would seem to address several of the aforementioned problems. In addition, this would allow layering of different semantics on top of the data, serving as interpretations of the findings that scientists could share with each other, with and across projects.

There are a few different approaches that would serve to capture time-critical project information essential for strategic decision-making. For example, the ability to contextually annotate compounds based on their activities would have immediate impact on current projects, as well as future projects that would benefit from findings and insights derived from classes of earlier projects. 

The role of effective knowledge in drug discovery hinges on the timely capture, sharing, and (re)use of key information that informs next-steps and improves decision-making. Sharing knowledge across projects is usually a valued goal, but in reality is not often fully achieved. This is due to sociological reasons as much as it has to do with limitations of technology; People will adopt and use those approaches that best address their end objectives, and demonstrate clear advantages early in the process.

As if these issues were not enough of a challenge, new directions in drug research as suggested by the FDA (http://www.fda.gov/oc/initiatives/criticalpath/whitepaper.html ), have opened up a whole new set of problems to contend with.  One topic is Translational Research, defined as the “multidisciplinary scientific efforts directed at ‘accelerating therapy development’ (i.e., moving basic discoveries into the clinic more efficiently)”. It relies on the more effective “distribution of data and interpretation” both downstream as well as upstream in the drug discovery process. Since this includes dozens of new data types ala “a biomarker paradigm”, it will in all likelihood require years to define a standard data model using current data methodologies. Since it is more about interpreting results from multiple data sources than combing raw data, the Semantic Web may offer a practical way of linking the data and interpretations via a common model, even if it crosses many data modalities.

It is proposed that a Semantic Web approach for Drug Discovery may be both a timely and practical model for handling the mounting issues in the pharmaceutical industry, as well as related research performed by academic organizations. It is necessary first to realize the importance and value of interpretation of scientific facts and models in addition to the integration of data, which has to now been a primary focus of vendors and informaticists. Scientists will need to participate directly in defining the goals and constraints of semantic web applications (e.g., current and future web-accessible applications) that align with and enhance their information-knowledge flow processes. For this to be possible, we will need to select and adopt an extensible approach that will scale to the needs of a heterogeneous community with diverse knowledge backgrounds.

