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Pre-clinical Research: How it Could Be Done Faster and More Efficient?

By Lijy AmpaliParambill

Abstract

     Preclinical Research is an industrial process whose constituent phases are time and goal oriented and subject to defined criteria.  Access is necessary to preclinical techniques and expertise, which enables working methods that utilize simultaneously interacting project activities instead of sequential activities.  This increases complexity, but also enables sizeable time savings. On review of the literature, it is crystal clear that the interplay between diverse disciplines and technology platforms is a prerequisite for achieving such time savings and also that, increased quality and a reduced drop-out of Candidate Drugs due to, say, toxicology, pharmacokinetics or inadequate efficacy, and reduced lead-times up to the Candidate Drug stage are decisive for the success of a research organization.  Economic pressures in pharmaceutical markets and high R&D costs are growing, compelling firms to further improve the efficiency of the drug development process. It is high time that the drug developers should realize improvements by shortening development times and making earlier decisions about which drugs in the development portfolios to pursue.  

Introduction

     Preclinical research includes synthesis, purification and animal testing which is done to, measure the biological activity and safety. Preclinical research is conducted by pharmaceutical companies early in the process of new drug development.  This research takes place in both the laboratory and via animal studies to determine important information, including: therapeutic effects the drug may have, potential side effects and toxicities and metabolism and clearance of the drug in the body.  Good results in the preclinical or animal stage do not necessarily mean that similar results will be found when the drug is given to healthy volunteers or patients.  For every 5000 drug compounds that enter preclinical testing in the United States, only about 5 will eventually be considered acceptable to test in humans.  Of those final 5, only 1 drug may actually receive approval for use in patient care. 

     Under FDA requirements, a sponsor must first submit data showing that the drug is reasonably safe for use in initial, small-scale clinical studies. Depending on whether the compound has been studied or marketed previously, the sponsor may have several options for fulfilling this requirement: (1) compiling existing nonclinical data from past in vitro laboratory or animal studies on the compound; (2) compiling data from previous clinical testing or marketing of the drug in the United States or another country whose population is relevant to the U.S. population; or (3) undertaking new preclinical studies designed to provide the evidence necessary to support the safety of administering the compound to humans. At the preclinical stage, the FDA will generally ask, at a minimum, that sponsors: (1) develop a pharmacological profile of the drug; (2) determine the acute toxicity of the drug in at least two species of animals, and (3) conduct short-term toxicity studies ranging from 2 weeks to 3 months, depending on the proposed duration of use of the substance in the proposed clinical studies. 

     The research process is complicated, time-consuming, and costly and the end result is never guaranteed. Literally hundreds and sometimes thousands of chemical compounds must be made and tested in an effort to find one that can achieve a desirable result. There is no standard route through which drugs are developed. A pharmaceutical company may decide to develop a new drug aimed at a specific disease or medical condition. Sometimes, scientists choose to pursue an interesting or promising line of research. In other cases, new findings from university, government, or other laboratories may point the way for drug companies to follow with their own research. New drug research starts with an understanding of how the body functions, both normally and abnormally, at its most basic levels. The questions raised by this research help determine a concept of how a drug might be used to prevent, cure, or treat a disease or medical condition. This provides the researcher with a target. Sometimes, scientists find the right compound quickly, but usually hundreds or thousands must be screened. 

Pitfalls to using Animal models in Preclinical development

     The purpose of preclinical work (animal pharmacology/toxicology testing) is to develop adequate data to undergird a decision that it is reasonably safe to proceed with human trials of the drug. Conducting pre-clinical safety studies in various animal species is to assess potential toxicity before introducing a drug in humans.  Mice and rats are the most widely used host species for preclinical drug development for a variety of important reasons.  First, rodents have a comparatively short life cycle.  Rodent research studies can be time-compressed to evaluate disease progression with or without therapeutic intervention.  The short life cycle has also lent itself to the development of many unique inbred strains.  In addition, rodents, especially mice, have been thoroughly characterized genetically and were the first animal species to be genetically and were the first animal species to be genetically modified by transgenic and gene knock-out methods.  The microbiology of rats and mice has been extensively studied.  Sophisticated husbandry, biosecurity practices, and diagnostic testing effectively control environmental conditions and adventitious infections with pathogenic microorganisms that might cloud the interpretation of experimental findings.
     Because genetic, environmental, and microbiological variables can be comprehensively defined and carefully controlled, data from studies using rodents are invaluable for characterizing disease conditions and therapies.  Also, research reagents are more widely available for biochemical testing of rodents then for testing other laboratory animal species.   

     Phenotypic characterization of the behavior, physiology, and biochemistry of rodent models is crucial to their effective use in research.  Biochemical testing is typically performed on blood specimens; however, the small volume of blood that can be reliably and safely collected at one time from a rodent has not been sufficient for comprehensive (e.g., ELIZA) and clinical chemistry methods.   Therefore, most phenotypic data for rodent models are observational, which is problematic, because drug targets and responses are biochemical in nature.  Without thoroughly analyzing the biochemical phenotype of a rodent model for a human disease, the best targets for drug development may be missed.  Additionally, a researcher may be working with a genetically modified animal that observationally mimics the human condition, yet bio chemically is quite distinct. This could lead to the misallocation of valuable resources and result in significant time delays and increased costs at various stages within the drug development process.  Potential drug toxicity might be missed when comprehensive biochemical analyses are omitted from drug safety testing, and in addition to wasting valuable resources, insufficient biochemical testing also poses a danger to patient health and substantial liability risk to the pharmaceutical manufacturer. 

     Rules-Based Medicine, in collaboration with Charles River Laboratories International, is offering multi-analyte profiles (MAPs) for comprehensive biochemical analysis of genetically modified or experimental mice and rats that are now currently available.  These validate MAPs can be used to precisely quantify a large number of biomarkers (88 to date) on as little as 10 uL of plasma or serum.  The MAP markers include cytokines, chemokines, growth and coagulation factors as well as antibody assays for autoimmunity and infectious diseases. An unapparent source of trouble to using small animals in Preclinical testing can be eliminated by using these MAPs (Chandler, M., & Spain, M., 2003).  

     Performing MAPs on a tiny sample is possible because of a unique fluorescence assay technology that incorporates optically encoded microspheres read in a flow-through system.  The time from assay setup to result output is less than 2 hours and up to 600 panels can be performed in an 8-hour day due to the industrialized processes used at the laboratory.  Each antigen analysis is compared to two separate eight-point standard curves to provide unsurpassed accuracy and precision.  Additionally, all assays are run with three separate controls.  These features are critical, as in many cases, simply recognizing up-regulation or down-regulation of a biomarker is insufficient; more precise quantification of changes in biomarker levels is required.

     MAPs are cost effective because they are offered as a service.  The only ongoing labor costs are those associated with sample collection.  The preclinical researcher has no capital expenditure costs nor are there any time- and / or resource – consuming assay research and development.  Valuable research resources can be concentrated where they belong, on drug development while still allowing the researcher to quickly, efficiently, and economically gather large amounts of biochemical data on essentially any experiment involving mice and rats.

   While both predictive software and invitro technologies advance, means to improve both the efficiency of laboratory animal experiments and the quality of data used to make decisions from dosing with NMEs.  It is very clear that animals are not the way to explore libraries of 1 million or even 25,000 compounds.  On the other hand, much can be done when the number that survives the in silico and in vitro process reaches 1000 or fewer.  There are several very compelling new technologies now available that include: whole-body imaging, protein biomarkers monitoring by multichannel immunoassays, flow cytometry of blood components, metabonomic component monitoring using in vivo micro dialysis and in vivo ultra filtration, automated blood sampling for awake, freely-moving animals [pharmacokinetics (PK) and biomarkers], and parallel monitoring of physiological and electrocardiogram and psychological parameters.  While not all of these data sources can be enabled simultaneously, many of them can be accomplished automatically, raising the quality of information available from animal models dramatically (Kissinger, C.B., & Kissinger, P.T., 2004).

Interactive support of Multifocus CRO

     Following are the main factors affecting preclinical development time according to Plotzke, K.P., 2003.

How extensive are the regulatory requirements dictated by your application and market? The basic regulatory test batteries required are determined by what your drug is designed to do and how it will be administered.  However, the potential size of the market for your drug also has an impact.  The larger the market, the more intensive your testing requirements will be, and the more likely you will need additional CRO support.

Will you be introducing your drug in the Americas, Europe, Asia, or all of the above?  Regulations vary widely from region to region.  A CRO with connections in the region you’re targeting could give you a competitive advantage by accelerating market delivery.

How much previous development, regulatory, and market experience do you have?  The less experience you have, the longer the preclinical process is likely to take and the more you could benefit from the support of a knowledgeable and experienced CRO, especially one with product development and commercialization experience.

How extensive are your in-house research and development testing facilities and capabilities?  Unless you have extensive in-house capabilities, you will probably be forced to outsource most of your development and testing work to one or more CROs.  The more complex your CRO network, the more time you’ll spend communicating with and directing the individual members of that network.

Do you already have a strong CRO network in place and good working relationships with the appropriate regulatory agencies?  If not, you will need to build your CRO network and earn the trust of the regulators as you go.

How integrated are your development and testing processes?  Efficiency early in the process is critical to reducing overall investment.  Process integration simplifies communication, promotes the sharing of learning and knowledge, and speeds development.  If your development team can’t work fluently with your testing suppliers, you could lose valuable time.

Are your stakeholders able to respond proactively to unforeseen circumstances?  When a test doesn’t turn out as planned or a regulatory change threatens to side-line your efforts, a supportive CRO should be able to propose viable solutions, not simply look to you for guidance.

Are you a small start-up or an established pharmaceutical industry player?  Start-ups and established players have very different strengths and differing needs for CRO support. 

     Three basic types of CRO support available today: (i) single-focus specialists, (ii) Multifocus safety assessment partners; and (iii) pharmaceutical, healthcare, and chemical manufacturers who are selling services.

     Various advantages of Partnering with an Integrated Multifocus Manufacturer CRO are (i) Comprehensive Life Cycle Support, (ii) Accrued knowledge, (iii) A single Point of Contact, (iv) A Broad Range of Real- World Experience, (v) Flexible Mentality, (vi) Integration of Services / Area of expertise, (vii) Expedition of the Registration Process Long –Term Partnerships and (viii) Security. 

     There are various factors to consider when evaluating a potential CRO partner.  They are like, how much experience do they have in bringing new products from concept to commercialization?, Do they possess the integrated in-house chemical synthesis, analytical chemistry, toxicology, and environmental testing capabilities to support you throughout the life cycle of your product?, have they conducted long-term integrated- discipline research on their own or customers’ compounds?, Are they experienced in conducting the type of testing/ analysis you require (or, alternatively, do they have experience with similar or related tests or study designs)?, Are they forward- thinking in the environmental arena, particularly relating to down- the – drain exposure and the long-term environmental, health, and safety effects of your material? (This may well be the major road-block pharmaceutical companies, both large and small, will face in the not- too – distant future.), Can they help you create and maintain material safety data sheets and master drug files? Can they help you with submissions?, Do they have connections (especially with regulatory agencies) in the parts of the world where you intend to market your product?, Do they have experience with FDA and master drug file submissions?  Do they have a good working relationship with regulatory authorities that can help smooth your way?, Is their area of expertise close enough to yours to be compatible with your needs? Working with an Integrated Multifocus CRO avoids barriers and reduce preclinical development time. With this kind of comprehensive support, there is virtually no limit to how far and how fast a startup or an established pharmaceutical company can go.

Pre-Pre-IND FDA Consultation Process

     As per Siegel, E.B., (2004) by approaching the FDA early, receiving advice and putting this into practice for a relatively modest expenditure, the development program may well have a very smooth entry into preclinical development and or early clinical development.  It is logical that, given the critical need to realize success in late-stage medical product development at a higher rate than what has recently been seen, the role of strategic preclinical development will be increasingly important.  By entering into pre-pre-IND discussions with the FDA, before beginning the formal pre-IND clinical studies, it is better to involve in telephone conversations, submission of small amounts of summary pharmacology/toxicology data, and skeletal proposals of strategic preclinical study plans.  Sometimes a sponsor assumes that it needs only small animal pharmacology studies for “proof of principle” and perhaps one or two toxicology studies, when in fact the program needs more cross- reactivity or immunogenicity, or more of a sophisticated preclinical approach.  In other cases, the firm may be under the misconception that it needs to embark on a multimillion dollar preclinical program, with the generation of reams of data and multiple publications, prior to planning a first-in-man clinical trial.  Therefore, an early and intensive approach to discussions with the FDA is one avenue for increasing the productivity of this process.

Cross Functional Teams

     There are various examples to show how drug developments in early stage with interaction of various ideas improve in efficiency and time.  Mathew Bell, director of discovery research strategy at pharmaceutical firm Wyeth, explains how a typical development group progresses.  “The name of the game now is cross-functional teams,” he says.  “A team will be put together at the early stages.  As that team moves through the R&D process, it will change- with fewer biologists, for example, as discovery hands over to development.  It’s a gradual transfer between departments.  We make sure that all the decisions made in the late discovery and early development involve professionals from both groups and are made in a very collaborative way.”

     Swiss biotechnology company Serono has recently streamlined its method of handing off from discovery to development.  “Six or so moths before we get a lead, we have preclinical, formulation, and manufacturing joining the discovery team.  So by the time we get to phase1 clinical trials we have a good handle on how the molecule behaves,” says Steve Arkinstall, head of drug discovery and development worldwide.  “People who will be responsible for the next stage join the discovery stage, so that it’s a pull process from development rather than a push process form discovery. For biologicals, that can save up to nine months to a year.”

     Bill Hahne, vice president of clinical development at genomics based pharmaceutical firm CuraGen Corporation, outlines how collaboration between the discovery and development units can create that type of time saving.  “A lot of preclinical questions came up when we planned the phase I clinical trials of FGF – 20, our drug fro treatment of oral mucositis,” he recalls. “So our preclinical pharmacologists’ and biologists went back and did additional experiments to help guide the clinical work.  What’s unusual here is the ability to do this quickly. One of the issues that we’re working on is to get faster results.”

     Scientists who work for small biopharmaceutical companies need even more flexibility than those in large firms.  “The scientists involved in our discovery and development form the basis for our regulatory filing,” says Manon Cox, chief operating officer of Protein Sciences Corporation.  “So the whole team has to be multidisciplinary.”

Implementation of Various Disciplines

     The diagram below explains how well different disciplines of science could be used to extract best out of preclinical research by saving time with higher efficiency.  Biology and Molecular Science acts early in the preclinical research phase, first exploratory phase – target identification.  The key task of Bioscience is to test high numbers of compounds in multiple screening systems to make critical and well-founded decisions regarding future research.  Assay methods must be robust, replicable and generate the same values repeatedly.  They must not be excessively time consuming, should be cheap, confer the opportunity of a high throughput of assays, their results must be as relevant as possible.   Combinatorial chemistry is an activity that provides the greatest benefit in the early chemical phases of preclinical research, identifying the first active compounds and leads that may provide the initial basis for chemical optimization.  At this early stage, the costly time and extensive resources previously necessary can be reduced.  Medicinal chemistry plays a key role in identifying a first feasible chemical compound as a potential drug. Computer Aided Drug Design (CADD) is an efficient tool in designing and optimizing new compounds using computers and sophisticated software.  Finally, an autonomous Analytical Chemistry ensures that analysis activities are efficient with the maximum coordination gains between various functions. 
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Source: http: //www.medivir.se/v2/eng/business_activities/preklinisk/biologisk_testning.asp


Conclusion
     The last two decades have revealed substantial progress in the advancement and utilization of an alternative technique in preclinical testing and drug development. The keys to development inevitably includes all the above, alternative to animal models, pre-pre- IND FDA consultation process, strong relationship with the Contract Research Organizations and cross functional teams.  As the keys to successful development mainly reside in the laboratory findings, one need to conduct safety studies, perform preformulation to determine all chemical characteristics of Candidate drug and should manufacture it under Food and Drug Administration guidelines and various disciplines including toxicology, pharmacology, analytics, analytics chemistry and bioanalytics, and basic biology.  
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