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Curriculum Outline
May, 2007
Introduction – Setting the Stage

Lesson 1 - Diseases and Their Impact
Includes a pre-assessment, readings, a PowerPoint presentation on the nature and causes of disease, and Part 1 of the fictitious storyline that serves as a backbone for this course.

Concepts Covered:

Students are prepared for the learning about discovery and development of a new drug by discussing how our knowledge of diseases provides opportunities to address and attack them through medication. They will begin to discuss questions about how to address a public heath need, and how to plan and structure the process of new drug development.
Key Message:

Diseases are results of malfunctions and imbalances in biological and biochemical mechanisms and systems that normally work well. By understanding these events, their background and consequences, pharmaceutical science can intervene and restore health. Investigation of disease and its impact on a population is central in this quest.
R&D Phase: Discovery

Lesson 2 – Targets and Magic Bullets 

Concepts covered:

In drug discovery, the need for improved health in a specific therapeutic area is linked to a biological mechanism that is suitable for modulation through pharmaceutical intervention.  This lesson addresses:

· How a biological target is chosen based on what is known about how a disease works

· How enzymes and enzyme assays work

· How assays are used to determine if a molecular entity is specific and effective with respect to the biological target
· How nature can provide chemical compound leads that have therapeutic potential
Subject Areas: Biology and Chemistry 

Key Message: 

Once a specific therapeutic area and a disease are identified, researchers identify a relevant biological mechanism, a target, which can be modulated by a new drug in order to successfully treat or cure the disease.  Researchers must then develop a way to test, or assay, potential new drugs to see which compounds “hit” and affect the target.  This process may require 3-5 years of costly investigations, which have both biological and chemical objectives.
Lesson 3 – Screening for Solutions 

Concept covered:

Once an assay has been developed and validated, individual chemicals or chemical libraries can be screened to test the interaction between individual test compounds and the biological target.  This laboratory-based lesson addresses:
· How the test (assay) system is validated using known chemical agents 

· How a standardized assay is used to screen large libraries of test compounds to search for the most effective agents.

· How assay results are measured and recorded.
Subject Area: Biology, Chemistry
Key Message:

Once researchers have an assay for the biological target, the next step is to test, or screen, a number of chemical compounds to identify those that show promise in treating or curing the disease.  Compounds that perform well in the assay are then designated as chemical leads that will be investigated further.  Test compounds for screening can come from natural sources or from chemical libraries.  
Patents will be filed during this phase for each new valuable chemical entity, marking the start of a 20-year “protection” period, which to large extent is taken up by R&D.
As the investigation moves into new and more refined areas of chemistry and biology, the techniques and instruments become increasingly refined and expensive, steadily driving up costs of research.
Lesson 4 – The Power of Molecules: Applying Mother Nature’s Designs 

Concepts covered:

The chemists in drug discovery build complex – and novel – molecules from commercially available building blocks, a field of chemistry known as organic synthesis. This lesson addresses:

· How chemists use chemical reactions to build molecules, using the synthesis of aspirin as a case study.
· How chemists systematically replace active groups (chemical moieties that interact with the biological target) with other, even more active groups using the results from screening assays.
· Why a synthetic route to obtaining a chemical lead is preferable to extracting the compound from a natural source.
· Four important concepts associated with the transition from discovery to development,: Synthesis, Structure-Activity, Scale-Up, and Separation.
Subject Area: Chemistry 

Key message:

Synthetic organic chemists build molecules in test tubes to fit the specific binding sites of the target.  While chemical leads may come from natural sources, a synthetic route is always more desirable – and more practical – than harvesting the natural source itself.  
Organic synthesis is also necessary to modify existing chemical leads in order to improve their properties.
Modern synthetic organic chemistry makes it possible to make large numbers of chemicals with well controlled variations and with great precision – but in minute quantities (micrograms). Once a compound is chosen for development, chemists must devise new, accurate, high-yield synthetic pathways that will allow for synthesis in kilogram quantities (1,000,000,000 times more than needed in exploratory drug discovery) for development, and hundreds of kg for commercial manufacturing.
R&D Phase: Pre-Clinical Development

Lesson 5 – Paper Chromatography for Chemical Separation 

Concepts covered:

Separation of chemical elements is a fundamental process used at all levels of drug discovery and development. This lesson addresses:
· Basic chromatography theory and terminology

· How chromatography is used for separation and purification purposes, and how this practice relates to drug discovery and development safety

· How Rf values are calculated for chemicals separated by paper chromatography

· How the Rf values obtained in paper chromatography represent a reliable, reproducible way to identify compounds in a mixture, analogous to parameters calculated in more sophisticated chromatographic methods, all relating to pharmacokinetics and pharmacodynamics evaluation
· How this applies to isolation of chemical components for analysis in exploratory discovery, in biological tissue samples from toxicology and in whole blood, serum, plasma, urine and feces to study drug metabolism in test animals and humans.

Subject Area: Chemistry; Language/Arts (Report writing)
Key Message:

Accuracy and reproducibility are key concepts of pharmaceutical R&D. Only when the effects and fate of a medicinal molecule in the human body are fully understood and described, and the drug is shown to be safe and effective, can it be approved for human use. Separation methods are key for purification and characterization throughout the R&D process.  All scientists and professionals are held to these highest standards of ethics and research.  
Lesson 6 – Selecting the Best Molecule for Development 
Concepts covered:

During the preclinical phase, a long list of chemical leads is whittled down to the safest and most effective compounds possible—the one or two leads that will go on to be tested in humans. This process, called lead optimization, is based on findings from in vitro experimentation, and provides understanding of the full spectrum of effects that result from the selected molecule being administered to an intact organism in increasing doses. This lesson addresses:

· Metabolism and Pharmacokinetics – How is the drug absorbed, distributed, metabolized, and eliminated (ADME), and what effects result – and how long do the effects last.

· Toxicity concerns and how to test for them

· How chemists and biologists together attempt to improve the properties of a chemical lead by systematically replacing functional groups, based on the results from assays 

· How the data from lead optimization is used to select the best candidate for clinical development, and identify a few “next best” follow-up reserves.

· Introduction of the essential concepts of Specificity, Potency and Efficacy

Subject Area: Biology and Mathematics 

Key Message:

To determine efficacy and safety in humans, it is necessary to first investigate pharmacodynamics (effect pattern) potential toxicology in cells as well as in intact animals. Some of the strongest chemical candidates may have to be eliminated due to risk of toxicity, and sometimes entire chemical synthesis programs may have to be re-directed because of toxicity in an entire class of molecules. 
Lead optimization is an exercise in informed decision making -- first, decisions of which chemicals to put through batteries of complex and costly tests, then analysis of the test data and selection of the candidates to move forward. With multiple parameters to take into consideration, the team-based decision making process must include weighting of favorable or unfavorable characteristics against one another.

The reciprocal exchange between biologists, chemists, molecular modelers, information technologists and other experts, requires effective communication and productive collaboration to move steadily forward. This is the first complex project team in the R&D sequence, with other team constellations to follow as the project progresses. Teams that have members who respect and trust one another and solve problems quickly are often able to shorten the discovery phase, and reduce costs for R&D.
R&D Phases: Clinical Development and Regulatory Affairs 
Lesson 7 -  Investigational New Drug (IND) Application Process – Part 1
Concepts covered:

Prior to testing the chemical lead in humans, the pharmaceutical company must compile data from discovery and preclinical testing, develop an investigational plan, and design protocols for clinical trials.  This information must be submitted by Regulatory Affairs to the FDA in the form of the Investigational New Drug Application (IND).  If the IND is approved, the company can conduct the Phase I trial.  Phase I clinical trial data can be used to further develop the protocol for the Phase II Trial.  This lesson addresses:

· The key components of the IND for a fictional investigational drug, including the development of a detailed Phase I clinical trial protocol

· Data from the Phase I clinical trial, using healthy volunteers, including:

· Test drug administration at individual dose levels, with recording of effects on target organ/system, beginning with dose levels proven safe in animal testing.

· Analysis of drug levels in plasma.

· Interpretation of simulated Phase I data for the investigational drug, to make decisions about the protocol for the Phase II clinical trial.

Subject Area: Biology, General Science (Science and Society)
Key Message:

Government oversight and control of the R&D process is deliberately strict. Critical milestones in the R&D process are marked by submission of comprehensive checkpoint documents to regulatory agencies. Following completed pre-clinical development, the Investigational New Drug (IND) application must be approved before testing in human subjects can begin.  
Phase I “Ascending Dose Safety” clinical trials test the effects of the drug in a small number of healthy volunteers to gain first indications of dose levels where acute adverse reactions due to human toxicology may be seen.
Lesson 8 -  Investigational New Drug (IND) Application Process – Part 2
Concepts covered:
After the completion of Phase I clinical trials, any changes to the Phase II protocol in the IND must be approved by the FDA prior to the beginning of the Phase II clinical trial, where patients with the disease are tested to determine “proof of principle” of drug action.  This lesson addresses:
· How a Phase II protocol is designed and described in the IND

· How information about potency, efficacy and adverse reactions can be used to determine the safest effective dose for the patient, using simulated Phase II data for the fictional investigational drug from the storyline
Subject Area: Biology, General Science (Science and Society)
Key Message:

Assuring the public that the medicine that doctors prescribe is safe requires that the regulatory agencies around the world have full insight into steps and procedures that lead up to the finished product.  A pharmaceutical company maintains an ongoing conversation with these agencies (FDA in the US) as investigational plans are developed for clinical trials.  
Phase II clinical trials entail dose-response evaluation in patients with the disease to determine “proof of principle” of drug action.  These in-patient trials are larger than Phase I trials, with study subjects numbering in the hundreds.

Several examples exist of drug development having to be terminated at this late stage due to unfavorable findings – sometimes after up to ten years and several hundreds of million of dollars spent.

Lesson 9 – Investigational New Drug (IND) Application Process – Part 3
Concepts covered:

After the completion of Phase II clinical trials, any changes to the Phase III protocol in the IND must be approved by the FDA prior to the beginning of the Phase III clinical trial, where long-term effects of the drug are investigated in a large population of patients, in comparison with an existing treatment. Upon completion of the Phase III trial, another major regulatory submission, the New Drug Application (NDA) is compiled by Regulatory Affairs to request the FDA’s approval to market the new drug. This lesson addresses:
· How a Phase III protocol is designed and described in the IND

· Simulated results of a Phase III trial that compares two antibacterial agents—a fictional reference and the investigational antibiotic drug from the storyline

· A discussion of the statistical tools that can be used to analyze variability in data and statistically significant difference in potency between the two drugs
· Compilation of the key components of the NDA for the fictional investigational drug

Subject Area: Biology, General Science (Science and Society)
Key Message:

Phase III clinical trials involve extended exposure of patients to the drug to determine effect patterns under repeated dosing. Special patient populations with other health complications leading to potentially altered metabolism and pharmacokinetics, or drug-drug interactions are also studied.  Comparative efficacy of the new drug is also analyzed relative to an existing treatment.  
Following completed clinical trials, the New Drug Application (NDA) and Marketing Authorization Application (MAA) have to be submitted to the regulatory agencies in the US and Europe, respectively, before the drug can be marketed and sold.

It is absolutely essential that new improved drugs can be given a chance to be tested in patients. It is vital that patients are informed of the opportunities to participate in clinical trials under informed consent. In many instances patients with critical illness have experienced life-saving improvement as a result of participating in a clinical trial of a new drug.

End Phase: Commercialization

Lesson 10 - Putting It All Together 

Concepts covered:

The R&D sequence is complex, costly, and based on calculated risk-taking and decision making. Because no costs can be recuperated until regulatory approval has been gained, the costs of the finished product must take past spending into consideration together with the time remaining on intellectual property (patent) protection. Further, since the risk of losing ongoing R&D projects to toxicology, or unexpected side effects, is always present, significant spare capital must be at hand to drive new research. Go/No Go decisions are sometimes based on more subtle considerations – projected time to complete a particular step in the sequence can prove too costly to justify a questionable solution. Would it be less risky to join another company in a business alliance to collaborate in the development and split the costs – but also split the revenue, than to carry the full risk, the full cost, but also gain the full profit?

Subject Area: Social Studies 

Key Message:

The complex business of PhRMA companies is based on long-term investments and risk assessment, and a narrow window of patent protected revenue. Even during this phase, competition is fierce, since novel medicinal molecules are continuously sought and found for other molecular targets that control the same disease, possibly leading to better treatment options.

Each process cycle for a new medicinal drug can be up to twelve years long and cost $800 million to $1 billion to complete. With many such cycles being simultaneously pursued at different stages, decisions about priorities and resource allocations are constantly being made.

Lesson11 - Marketing: Where Business and Science Overlap 

Concepts covered:

Planning for the marketing of a novel medicinal product begins already when to lead compounds are in the development stage. This includes:

· Review of research into the incidence and prevalence of the disease; Population specifics; Epidemiology, Outcomes research and Pharmacoeconomics.

· Building a detailed understanding of the history of prior and currently prevailing therapies – Benefits and side effects; Patient compliance; Quality-of-Life considerations.

· Characterization of qualities of the new medicinal drug that differentiates it from its competitors – Dosing advantage (potency, efficacy, effect duration); formulation; tolerability/”Therapeutic index” (difference between effective and toxic dose); side effects; Drug-drug interaction profile (how the drug “behaves” when other medicines are also in the system).

· Naming and “branding” of the new drug.

· Pricing – differential pricing in different global regions and countries.

· Need for “Indigent Patient Access” programs that may be warranted for life saving medicines.

Subject Area: Social Studies 
Key Message:

The primary objective is always to bring a new, better medicinal therapy to patients in need and to extend and enhance the lives of people everywhere. The combined sales of a PhRMA company’s medicinal products are the only source of revenue that can be used for continued research and development of new drugs. Therefore the market potential of each product must be optimized. In the current global economy it is necessary to gather and process a large amount of intelligence, and understand and adjust to market forces and drivers that differ from county to country.

Ultimately, patients’ access to safe and effective medicines, timely prescription by physicians, and full compliance with instructions on the part of the patient contribute significantly to reducing costs of health care.
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