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Drugs
· Drugs are chemical substances that are used in the treatment, prevention or diagnosis of disease
· Chemical substances used to enhance or improve quality of life
· 2 Types
· Biologic
· Vaccine, protein, antibody, nucleic acid
· Normally high molecular weight (>2000)
· Manufactured using living things
· Plants, animals, humans, single cells
· Large molecules 
· Small molecule (Traditional drugs)
· Normally low molecular weight (<2000)
· Manufactured using living things
· Manufactured using chemical synthesis
· Small molecules 
· Modify something that is happening in the body to give a positive benefit 
· Distinguished through way of manufacturing methods
Pharmaceutical Industry
· Multi-billion-dollar industry
· Highly regulated
· More than any other industry
· FDA, Health Canada  FDA regulation wanted worldwide because US consumes 50% of all drugs ~ big market
· Research intensive  Resources, trade secrets (other can manufacture drugs). Has to be high profit for research  
· High risk
· High profit  high costs of drugs to cover those that didn’t work
4 Types of Pharmaceutical Companies
· Ethical Companies
· These companies invest heavily in research
· Discover and develop new molecular entities
· Develop patented drugs  get period of exclusivity during patent period
· PATENTS
· Protect your invention from others
· Chemical formula, production method, use, testing methods
· Chiroswitch can extend patent
· Very large companies (100,000’s of employees)
· Novartis, Merck, Pfizer, GlaxoSmithKline (GSK), Sanofi, AstraZeneca, Johnson & Johnson, Bristol-Myers Squibb
· Public relations purposes 
· Develop drugs
· Generic Companies
· Research is very limited
· Do not discover new molecular entities
· Focus on breaking/adapting patents (sell drugs no longer protected by patents)
· Manufacturing methods and formulation
· Manufacture products that are not protected by patent
· Very large to medium sized companies (100,000’s of employees)
· Teva, Mylan, Novartis, Pfizer, Allergan, Apotex, Biovail (Valeant)
· Novartis, Pfizer  both ethical and generic companies, own generic companies too
· Apotex, Biovail (Valeant)  Canadian companies, good in generic markets
· Don’t hire a lot of scientist, don’t do lots of scientific research. 
· Hire lawyers to break patents 
· Biotech Companies
· Created to exploit academic discoveries
· Heavily research intensive
· Try to do research as fast as possible before $ runs outs
· Tend to be smaller (10’s to 1000’s of employees) 
· Usually sell only a few specialty products
· Often bought by larger companies so they exist for short times (5-6 years)  large companies invest after product is successful
· Not as much bureaucracy 
· Spin offs from academic research labs; take an idea from an academic lab to a product 
· Less formal work environment (less employees)
· Book : The million dollar molecule
· Contract Research Organizations (CRO)
· Provide specialty services for the pharmaceutical industry
· Biological testing
· Specialty chemical synthesis
· Specialty manufacturing
· Special research areas 
· Many scientists
· More security than Biotech companies
· Tend to be small to Medium sized (100’s to 10000’s employees)
· Weren’t common 30 years ago, companies that specialize in particular science (purification techniques, one particular chemical reactions …)
· Paid to do a service, aren’t affected by the results 
· People with science degrees goes into this industry


Top 10 Pharmaceutical Companies 2016 
	Rank
	Company
	Sales ($ Billions)

	1
	Johnson & Johnson
	70

	2
	Bayer 
	51.4

	3
	Novartis
	49.4

	4
	Pfizer
	48.9

	5
	Roche
	48.1

	6
	Merck
	39.5

	7
	Sanofi Genzyme
	34.5

	8
	Gilead
	32.6

	9
	AstraZeneca
	24.7

	10
	GlaxoSmithKline
	23.9


Drugs Sold in Canada
· Thousands of products are licensed
· Most are versions of other products
· Same drug different company
· Same drug, different doses
· Same drug, different formulation (pill, liquid)
· Combinations of other drugs
· Drug Product Database (Health Canada)
· Data on over 47,000 products 
· Compendium of Pharmaceuticals and Specialties  Lists the side effects and compatibilities of drugs 
· Data on over 2000 molecular entities
· World-wide, only about 30 new molecular entities (innovator drugs) are approved each year
· Surge of biologic materials in last 20 years due to genetic engineering
· Differentiated by Health Canada with the active ingredients
· Products needs to be licensed and regulated although the ingredients are the same (different doses, company, formulation …etc) 
Approved New Molecular Entities
[image: ]
· Biologics are becoming a bigger share of new molecular entities (mostly engineered)
Developing a New Drug (12 years)
· Costs to develop a new drug (US millions)
· 1975 - $138
· 1987 - $318
· 2001 - $802
· 2005 - $1, 300
· Total R & D spending over $50 billion per year (PhRMA member companies)
· The cost of research is more and more the cost of bureaucrat 
· Producing a new drug takes 12 years (average)
· Discovery 
· 1 to 3 years 
· Starting with an idea, a Drug Candidate is identified (molecular structure of drug)
· Develop chemical substance
· Development 
· 1 to 2 years 
· The drug candidate becomes an Investigation New Drug (IND) (info on how drug works, public, FDA) 
· IND is sent to the FDA to ask permission to go start clinical trials
· Turn the substance into a product and manufacturing the drug
· Clinical Trials
· 1 to 5 years
· The drug is tested in humans for safety and efficacy 
· A New Drug Application (NDA) is filed (prove it works, safe, permission to put on market)
· NDA is an application that is sent to the FDA
· Can be long, testing the drug in humans to make sure it’s safe
· FDA approval 
· 6 months to 1.5 years 
· Go through paperwork and approve drug safety and effectiveness 
· Market
Process of Getting the Drug on the Market
· Discovery
· 1 to 3 years
· Starting with an idea, a Drug Candidate is identified
· Identified after 1 to 3 years of research
· Heavily driven by chemistry and biochemistry
· Synthesis and testing of up to 5000 new compounds
· Structure is kept secret
· No approval necessary for further testing
· Vast majority of the research phase
· There is no need for government permission
Steps 
· Project Initiation
· Drug companies target markets, not disease
· Each new drug now costs more than
$ 1 billion to develop
· Company must recover costs
· They use diseases as a justification
· The drug needs to be on the market as fast as possible to start recovering costs
· Market analysis
· Ensure R & D costs can be recovered
· Ensure someone will buy the product
· Number of potential customers
· Type of potential customers
· Can they pay for the drug?
· Company needs to “survive”  
· Disease isn’t important to them, they want to make money to ensure 1$ billion to cover the drug protection costs. 
· Nature of disease
· Life threatening, quality of life, lifestyle (will changing lifestyle make disease go away)
· Examples:
· AIDS at the time was associated to drug users. Drug users might not have the money to pay for the drug needed therefore not worth the investment of drug development
· Life threatening conditions/diseases (ex: cancer) will lead patients to be willing to pay a large sum for the drug. 
· FDA cuts some slack for these drugs
· Acute vs chronic (short term vs long term)
· Chronic (long term) are drugs that will be needed throughout the patients lifetime 
· Current treatment
· Cost
· Effectiveness
· Safety 
· Convenience
· Pill will always outsell the injection even if the injections is more effective than the pill 
· Pills are more “convenient” than injections 
· Top selling drugs target chronic conditions and shifted from small molecules to biologics
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· Top 10 Therapies (2008)
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· Long term, no cure but drugs serve as management for the condition
· Large number for cancer drugs because cancer scares people and they are encouraged to pay for the drugs 
· The drugs aren’t much better than the ones sold in 1960s 
· Feasibility study (biochemistry)
· Focus on solvable problem
· Biochemists get involved and try and solve the problem
· Disease well understood?
· Diagnosis
· Mental illnesses are hard to diagnose
· High blood pressure easy
· Antiviral drugs vs cold and flu  cold and flu is harder to diagnose because there are lots of symptoms that are common for a wide range of viruses
· Fixable using drugs? 
· Mechanism of disease understood?
· Hard to solve ”black box” problems
· Biochemical tools available?
· Assays to test drugs
· Animal models
· Not everything that happens to animals will occur the same way in humans. 
· Run tests to make sure the drug will work 
· Are there existing drugs?
· Serve as a starting point
· Proof of principle that the idea can work
· Being able to prove that by inhibiting  enzyme “x” the blood pressure will in fact be lowered 
· Competitive Assessment
· What are other companies doing and can we do it better
· Timing onto the market
· 1st drug on market makes most money
· 2nd drug on market makes less overall money but spends less on development so high profit
· 3rd drug on market makes least amount of profit
· The amount of money you make isn’t necessarily the best medication, it’s how fast the medication gets on the market (First drug to get on the market makes the most money)
· What are the advantages/disadvantages?
· Safety/efficacy of existing therapies
· Cost of existing therapies
· Biochemical Studies
· Proof of principle
· Does it have a chance to work?
· Experimental evidence showing the drug could work in the intended way
· Manipulate disease state (enhance or inhibit)
· Proof that the drug works in the way you intended it 
· Drug testing methods 
· Need a way to test candidate drugs
· Usually several methods will be developed (enzyme, cell, tissue)
· Development of animal models
· Lead Identification
· Medicinal chemistry requires a starting point
· Several methods used to identify leads
· High throughput screening ~ used in the industry
· Natural products ~ used in the industry
· Rational drug design ~ used in the industry
· Combinatorial chemistry
· De-novo design
· Chemists get involved in the process 
· Lead identifications is the starting point 
· Lead Compounds
· Proven desirable biological activity
· Some specificity
· Pattern of “drug-like” properties
· Facilitate entry into body
· Can be made into a product
· Patent opportunity
· Chemistry is possible
· Chemical compound that does what your hoping for 
· Targets only the protein or enzyme of your interest (starting point)
· Medicinal Chemistry starts with a lead
· Lead compounds are the starting point 
· Study synthetic chemistry  make sure the chemical compound exists
· Natural products as leads
· Chemicals isolated from Product that come from microscopic organism
· Plants
· Animals
· Microbes
· Bacteria
· Marine organisms
· Animals
· Humans
· Often difficult to perform Hit-to-lead
· Chemical synthesis of related compounds difficult
· Limited to chemical modification of the natural product
· Academic labs only
· Companies stopped doing this in 1980’s
· No longer done because it is no longer cost effective
· Not done anymore in pharmaceutical companies  doesn’t pay off anymore - logistics 
· Natural products are usually secondary metabolites
· Chemicals not directly required for life
· Produced by the organism for secondary purpose
· Poisons for defense or predation
· Colors, fragrances
· Hormones, pheromones
· Modify organism’s environment
· Natural products structures 
· Penicillin ~ contain alcohol group 
· Taxol ~ contain alcohol group
· Digoxin ~ contain alcohol group
· Natural products are hard to work with due to complex structures
· Pharma companies wait for academic labs to find these products
· Natural products have complex structures 
· Large complex molecules
· A lot of stereochemistry – chirality
· Hard to work with in the lab; Nature does it well
· Hard to synthesize
· Number of steric centers
· Nature likes stereocenter 
· Hard to manufacture a compound containing stereocenters
· Ring and open chain compounds
· Few aromatic materials
· Aliphatic molecules (sp3 hybridized)  much harder to join atoms together in laboratory
· Oxygen is more prevalent
· Supply is an issue for natural products
· Hard to create MORE of the natural product
· Need to find a way to grow the organism in order to subtract the natural products
· Can the animal create THAT much of the product?
· Drug must be produced in industrial quantities (automation)
· More than 20 000 tonnes of penicillin per year
· Must be farmable or produced by industrially compatible method
· Need to have access for a large quantity of the organisms used
· Spongistatin
· 400 kg of marine sponge provided only 13.8 mg of spongistatin
· Found to be one of most potent tumor-growth inhibitors ever discovered
· Attempt to re-isolate the compound unsuccessful 
· 13 tons of wet sponge gave 35 mg
· Sponge was extinct on 3rd try
· Not feasible for demand/quantity required
· Extreme example of what happens with natural materials
· Lots of stereocenters  no way of making it with purely synthetic methods
· High Throughput Screening (HTS)
· Thousands of compounds are tested for activity
· Companies maintain large compound collections
· Like a chemical database of samples
· Some compounds over 100 years old  100 years of chemicals stored
· Solid samples
· Frozen solutions in DMSO
· Solvent with a melting point of 18C, doesn’t undergo chemical reaction in order to preserve (frozen in DMSO) the chemical compound 
· Requires biological assay that is easily automated
· Assay is a tool  biochemical measurement for some property
· Modern robots screen >200,000 compounds per week
· Compounds showing activity tested more carefully
· Most of these are false positives (>99%)
· Important to test a variety of compounds 
· No way to know which compounds will work
· Lots of ways that drugs and biological molecules interact
· Cannot predict beforehand
· Don’t want to just test versions of the same compound
· Large variety of structures and chemical types
· Test a large variety of compounds
· Robotic Screening  Assembly line for testing compounds
· HTS Testing
· All compounds tested at same dose
· Typical 30 mM
· Biological test (assay) gives yes/no answer
· Counter screen used to sort false positives
· Assay using related biological function
· Want compounds that are specific (only active in one assay)
· Typical campaign tests > 500, 000 compounds
· Good HTS generates approximately 500 hits
· Hit – compound that tests positive in an HTS
· Hit to Lead removes false positives
· Most hits are false
· Impurity
· Decomposition
· Compound reactivity
· Detergent
· Redox reaction
· Strong electrophile or nucleophile
· Interference with assay
· Hydrophobic (sticks to protein or plastic)
· Assay measurement (color)
· Solubility
· Want to eliminate false hits quickly
· Want to get rid of false positive because they interfere with the assay
· PAINS – Pan-Assay Interference Compounds
· Promiscuous bioactive compounds
· Show activity in virtually any biological test
· Certain chemical structures react nonspecifically with biological targets (some interfere with test methods)
· Redox activity
· Detergents
· Strong acid/base
· Strong nucleophile/electrophile
· Photoreactive
· Chelator
· Highly lipophilic
· Photoreactive : they give positive results no matter what 
· Re-testing Hits
· Re-test using purified samples
· Test at multiple concentrations   And look at dose response
· Compounds interact in concentration-dependent manner
· Small amount of drug = small amount of assay response (activity) ~ Vice-versa
· Test in other assays
· Test in available assays
· Past data collected for the compound is also examined
· [image: ]Reject promiscuous compounds (PAINS)
· Examples of drugs developed by HTS 
· Nevirapine
· Gleevec
· Quinolones
· Patterns discovered:
· Cyclic
· Nitrogen  facilitates aromatic chemistry
· Aromatic  easiest and oldest type of chemistry
· Easy to do; reactions are easier to manipulate/assemble in labratories
· Organic = non-polar
· Carbonyl
· No stereochemistry (achiral)  chirality is expensive for pharm industry
· Amid groups
· Rely on compound collections  Largely synthetic molecules
· Drug industry try and avoid stereochemistry
· Confirmation of Structure
· Spectroscopy and Independent synthesis
· Many compounds in collections are very old
· Decomposition (storage)
· Incorrectly identified
· Synthesize, purify, confirm structure and test
· Test a series of compounds with related structures
· Compounds in the series should all be active, but show differences that can be related to structural patterns 
· Don’t want all compounds to work equally well
· Rational Drug Design
· Design a lead using a known chemical structure
· Enzyme substrate
· Natural inhibitor
· Ligand for a biological receptor
· Existing drug
· Knowledge of structure, mechanism of action
· Design for improved properties
· Design for patent advantage
· Tweet structure and change it for your design
· Less than 5% of products are natural products
· Majority are biologics or artificial
· Design to create something better
· Use something nature makes to engineer into something we can use
· Rationally designed drugs 
· Captopril (blood pressure medicine) resembles snake venom
· Acyclovir (used for cold sores and HIV) resembles guanine
· Indinavir
· Patterns in rationally designed drugs
· Nitrogen and oxygen
· Aromaticity
· Aliphatic
· Some chirality (little)
· Few stereocenters
· Combinatorial Chemistry
· Make semi-random synthesis of large library of related compounds
· Robotic synthesis
· Test all compounds for biological activity
· Based on the idea of Darwinian
selection
· Modular assembly of compounds
· Make a big collection of molecules and test them to see which ones will “survive” the test
· Technique no longer used by drug industry
· Combinatorial Search
· Make a large collection of molecules
· Structures have common “core” and random “appendages”
· Make using similar chemical reactions
· Test the compounds as a mixture or using HTS methods
· “Select” those molecules that show desired properties
· Vary decorations
· Only one drug has ever been discovered this way (combinatorial Search)
· Sorafenib 
· Kidney and liver cancer (rare)
· Method was successful once 
· De-Novo Design
· Use computer to design lead from scratch
· Requires 3-D structure of biological target  Proteins, DNA
· X-ray crystal structure
· NMR structure
· Has never been used to create an actual drug
· However, used to solve certain problems with existing drugs/molecules
· De-Nevo drug desing
· Start with a protein structure
· [image: ]Build computer model of binding site
· Design a molecule that fits this pocket
· Ball and stick structure is the active molecule                  
· Starting point for influenza
· Use computer to design
· Lead Optimization
· Once a lead is available, optimization work begins
· Medicinal chemistry
· Structure Activity Relationships (SAR)
· Structure Property Relationships (SPR)
· Make small changes in a drug and look for changes in activity
· Emphasis on speed
· Try to optimize as many properties as possible
· Optimization = make changes, synthesize molecule, test, design next molecule (2 years, 2000-4000 compounds to become drug candidate)
· Structure Property Relationships (SPR)
· Properties of each compound synthesized
· Potency 
· smallest dose possible for desired target activity
· Selectivity 
· Largest dose possible for minimum off-target activity
· Solubility (water)
· Lipophilicity (solubility in non-polar solvents)
· Chemical stability
· Metabolism 
· Toxicity 
· Ease of synthesis
· Compounds sent off to get it tested and determine if it can be used 
· When you optimize one thing, it will damage/reduce other things 
· When you fix one property it will reduce/remove another 
· Perfect molecules are hard to manufacture
· Focus on molecules that can enter the body
· Hardest problem in medicinal chemistry is getting drugs into the body
· Don’t waste effort on compounds that can never become drugs 
· “Drug like”
· Certain properties correlate well with drug performance, try to optimize these at the same time as potency is optimized
· Requires extensive computer support
· Hardest thing is to get the drug in the body. The body actively works to keep things out. 
· The body recognizes the medications as poison 
· The drug has to be “just right” 
· Not too soluble and not too unsolube
· Drug Candidate
· End result of the discovery phase 
· Chemical properties are known
· Basic biological profile is known
· Process requires 1 to 3 years
· Approximately 2000 to 5000 chemical compounds have been made and tested to find each candidate
· Companies often identify 3 or 4 backup compounds
· If primary compound fails, minimize recovery time
· Piece of paper with the molecule compound on it. It will summarize the work of 3 years
· Development
· 1 to 2 years
· Investigational New Drug (IND)
· Compounds that survive development become IND
· Report submitted to FDA asking permission to enter clinical trials
· One or two stacks of paper
· Drug development 
· Turn the drug candidate into a product
· The drug candidate becomes an Investigational New Drug (IND)
· Application made to the FDA to enter development
· Public document
· Animal pharmacology and toxicity data
· Ensure safety
· Used to validate clinical procedures
· Need to know how to make the drug to track down problems in production of drug
· Manufacturing information
· Method
· Purity profile
· Ensure company can produce and supply consistent batches of the drug
· Clinical protocols and investigator information
· Prevent unnecessary risks
· Ensure that professional medical staff have a protocol in place in order to administer the drug effectively 
· Formal application to the FDA to test in humans 
· Major Goals
· Documentation
· Safety
· Large scale manufacture (process)
· Formulation
· Take drug and make it into a product 
· Do testing and see if it works the way you want it to be 
· Have the right papers and patent so no one will copy it
· Documentation & Patens
· All research subject to regulatory scrutiny
· Experiments are tightly regulated 
· Take precautions assuming you will get sued. (Other companies will try and get your product)
· Not allowed to do anything without the approval of someone else
· Mistakes will haunt you
· Once the drug reaches the market, you will get sued
· All data will be sent to the FDA
· Proper record keeping and lab book discipline
· Patent coverage
· Make sure the candidate and all possible future drugs in the class are protected
· Patent coverage needs to be precise 
· Patent is intellectual property
· Gives you the right to prevent others from using your idea
· The following can be patented
· Process, machine, manufactured product, composition of matter
· Chemicals
· Compound
· Process of making the compound
· Method of using the compound
· You cannot patent laws of nature, physical phenomenon, abstract ideas, algorithms
· Patent is a protection 
· Scientists reads and verify the patent
· Patent requirements
· Novelty
· Something made or discovered for the first time 
· Utility
· Must be able to be used for some purpose
· Purpose should be “real”
· Ex: lower blood pressure etc.
· Non-Obvious
· Person “skilled in the art” would not immediately recognize it 
· Process Chemistry
· Large-scale synthesis
· Reactions do not work the same way on large scale as on small scale
· Heat transfer is the major problem
· Purification methods limited
· Crystallization
· Distillation
· Regulated by Good Laboratory Practice (GLP)
· Lab book regulations
· GLP: A series of book taking, everything done needs to be witnessed (If measuring, someone will witness the results obtained)
· Thousands of tons of material
· Company goals of process chemistry 
· Optimize synthesis for lowest costs
· Cost of goods
· Energy costs
· Equipment costs
· Labor costs
· Cost of waste disposal
· Safety costs
· Transportation costs
· Often market their goals as environmentally friendly Pharmaceutical companies WANT environmentally friendly products as they cost less
· FDA requirements of large scale synthesis
· Reliable & CONSISTENCY
· Consistent yield
· Consistent purity
· Consistent purity profile (same impurities in same proportions every time)
· Same particular yield and purity  same yield, same purity every time it is tested
· During development hundreds of kg are prepared
Safety
· Testing I
· Initial tests using in-vitro methods
· In-vitro: test outside a living things (not in animals)
· Uses biochemical assays developed over time
· Contract companies do the testing
· Thousands of tests run
· Look for a “clean” profile
· Minimum number of positive results
· Look for “deal-breakers”
· Carcinogen, serious interference with organ function
· Run thousands of test and look for a particular cut off 
· Cheaper than animals
· Lab assay, test tube, etc instead of animals
· Testing II
· Animal tests 
· Smallest animals possible
· Test on rats  smallest animal
· Fewest animals possible
· Two species, at least one primate
· Rats – low cost, small size, good reproducibility (genetic uniformity)
· Dogs – low cost, small size
· Other animals may be chosen if special circumstances
· Primate – as small as possible, human similarity (usually spider monkey)
· Have to test in animals at one point 
· Complexity of living organisms are hard to predict
· Testing needs to be done on 2-3 different species
· Formulation
· Form of the final product (pill, liquid, etc)
· Active pharmaceutical ingredient (API)
· Excipients
· Non-medicinal ingredients
· Taken from food industry 
· Added to create a product
· Active ingredient is a small portion of the final product
· Common Excipients 
· Stabilizers
· Usually an acid or base
· Protect / prevent from chemical degradation due to oxygen
· Preservatives
· Prevent mold or bacterial growth
· Fillers
· Ensure consistent dosing
· Cellulose, MgSO4 or gypsum
· Dilute the dosing so it is easier to measure
· Disintegrants
· “Blows” the pill apart in the stomach
· Starch  blow the pill apart
· Binders
· Hold ingredents together
· Flavors (taste masking)
· Colors (safety)  important as a safety measure but needs to make sure it won’t react with the chemical compounds od the medication and change the structure
· Lubricants 
· Ease of manufacture
· Allow it to go through machinery without sticking
· Types of formulation
· Pills or caplets 
· Capsules
· Liquids
· Topical cream
· Patch
· Injectable liquid
· Nasal spray
· Eye drops
· Suppositories 
· Most convenient ---to--- least convenient 
· Top 3 go through the liver 
· Why go with least desirable?
· Quick access (injection, nasal spray)
· Are quick, so they avoid the liver
· More targeted 
· Drug susceptible to metabolism
· Clinical
· 1 to 5 years
· A New Drug Application (NDA) is filed
· Application made to the FDA to enter market
· Safety of drug
· Efficacy of drug
· Benefits outweigh risks
· Appropriate labelling
· What is should contain
· Manufacturing methods are sound
· Controls in place to maintain quality
· Identity, dose, purity
· Clinical trials
· The drug is tested in humans for  
· Safety 
· Efficacy 
· Dose range finding
· Requires thousands of Kg
· Drug made according to Good Manufacturing Practice (GMP)
· 60 – 70% of the cost of new drug
· 3 main phases of trials 
· Manufactured with strict set of regulations
· 
· Double blind studies
· Compare two groups of patients
· One group gets the drug
· Other group gets a placebo
· Many people will improve just by getting treatment
· Placebo’s not used for serious illness
· Compare to existing therapy
· Cancer
· AIDS
· Patient does not know which group they are in
· Doctor does not know which patients are getting placebos
· Difficult to enforce
· Nuremberg Code for Research on Humans
· Participation is voluntary
· Informed consent  knowing what you’re getting into
· Prior animal studies  Important to test on different species
· Benefits outweigh risks
· Qualified scientists
· No suffering
· Experiments stopped if they become dangerous
· Nazi’s crossed the line
· Used to be normal to experiment on prisoners and family members
· Unnecessary and immortal experiments (Nazi’s)
· Set up based on inhumane experiments in Death Camps during WWII
· Before WWII, you could do whatever you want with humans
· Doctors set up human experiments in Death Camps
· Unnecessary and immoral experiments were carried out (war wounds, shot prisoners to determine difference between self-inflicted wound and actual wound)
· Nuremberg code instituted 1947	
· Before 1947 there were very little restrictions on human experimentation
· No formal code of conduct
· Nuremberg code created to prevent the kind of atrocities carried out by the Nazis
· Code also sought to improve the quality of experimental results 
· Eliminates trivial experiments
· Government regulation and oversight
· Important that health care is regulated 
· Drugs, surgical procedures, medical equipment, clinical care
· Animal and human experiments
· FDA (U.S)
· Health Canada
· Phase I
· Small number of healthy people (<100)
· Safety only
· Range finding
· Try to find maximum safe dose
· Start near estimated minimum effective dose
· To ensure there is no serious toxicity
· Dosage is main motive
· Don’t always fail due to toxicity (sometimes due to other reasons)
· 30 % of IND’s fail at this stage
· Requires < 1 year
· Phase II
· Small number of patients (200 - 300)
· Safety and efficacy
· Efficacy = does it work or not
· Establish effective dose
· Drugs fail in this stage because drug does not work
· 70 % of IND’s entering this stage fail
· Requires < 1 year
· Clinical trials in phase 2 shouldn’t last over a year
· Compounds can sit in Phase II clinical trials to attract investors
· Small start up companies advertise that they have stock in clinical trials

· Need to send the FDA updates on where you are with the research (let them know you’re at the end of each phase and about to start another one)
· Phase III
· Large number of patients (thousands)
· Safety and efficacy
· Look for rare side effects
· Looking for unusual and rare and serious side effect
· 70 % of IND’s entering this stage fail
· Similar to phase 2 but with more people
· New Drug Application
· Paperwork filed with FDA for market approval
· Requires 6 months to 1.5 years
· 1990  stack of paper 6 feet high
· 2010  1 or 2 semi-trailers full of paperwork due to increase of regulatory procedures
· Paperwork submitted to the FDA for approval to put it on the market
· There is an increased incite on clinical tirals
· FDA Approval
· [bookmark: _GoBack]6 months – 1.5 years
· Abbreviated New Drug Application (ANDA)
· Application made to the FDA to enter market for a generic drug
· Drug not protected by patent
· Same identity, dose, formulation, route of administration, performance characteristics, intended use
· Animal and human data are not required to establish safety and efficacy
· Change in formulation may require bioequivalence proof
· Market
· Produce hundreds of tonnes each year
· Continue safety testing (phase 4)
· Very rare side effects  you didn’t anticipate 
· Find new indications
· Increase potential markets
· Look at different uses  use side effects to treat different things
· Worldwide ~ 30 new drugs/year enter market
· Small % of drugs drop out
· Sometimes known of phase 4
· Occasionally drugs get withdrawn (within 1st year)
Orphan Drugs
· Pharmaceutical agent for rare condition
· Fewer than 200,000 US patients
· Currently more than 400 drugs
· Smaller clinical trials (fewer patients available)
· 7 Year market exclusivity
· Additional years added on your patent protections 
· Tax credits up to 50% of research costs
· Special class for drugs
· Legislation forcing companies to produce drugs for rare conditions
· Lower standard held for quality in clinical trials
· Extended market exclusivity
Government Regulation
· Before 1907 drugs completely un-regulated
· Board of Food and Drug Inspection 1907
· Labelling only (list of ingredients)
· Food and Drug Administration 1938
· Ensure the safety of new drugs
· Good for the consumers
· 1960s we get modern testing
Medication in the 1800s
· Patent medication
· “Patented” meant good
· No regulation
· Anyone could make and sell anything
· No instructions provided
· No testing was required
· Most products contained “feel good” ingredients
· Alcohol
· Narcotics 
· Some people added sionide and mercury to their products
 Kickapoo Indian Oil cures all with alcohol 
· An example of “Feel good” products. 
· Sold alcohol as a “cure”
Board of Food and Drug Inspection 407
· First attempt to regulate drugs 
· Ingredients had to be listed on the label
· No regulation of therapeutic claims
· Could sell anything you wanted
· No safety testing
· No monitoring or oversight
· Only requirement was ingredients
Massengill Company
· Sold the first antibiotic, sulfanilamide, in powder form that tasted horrible
· Decided to flavor it and liquidize it for kids = sulfanilamide elixir
· Kids don’t like to take powder and especially if it does not taste good, therefore they thought of making it liquid and changing the taste
· Mixed the powder in ethylene glycol (sweet)
· Glycol is in antifreeze (toxic) which killed 107 and left 260 disabled
· On legal point of view, although it killed 100s of people, they didn’t do anything wrong  because they listed all the ingredients
· Company refused to take off market until labelling forced it off
· They wrote elixir at the top of the bottle 
· Legal definition of elixir = substance dissolved in ethanol 
· Ethylene glycol not ethanol, so company had to get drug off market
Government inspectors track down drug
· Recovered 234 of 240 gallons that were sold
· 107 dead
· 260 permanently disabled 
Food and Drug Administration (FDA) Created 1938
· Ensure the safety of drugs
· Animal testing was now required (safety only)
· Clinical trials required for safety in humans
· Directions for proper use were required on the label
· All testing done by companies according to government regulation 
· FDA employed some inspectors for manufacturing
· Done in response to antibiotic scandal
Thalidomide Scandal
· Developed as a sedative – 1957
· Very few side effects
· Doctors prescribed it to pregnant women to ease the anxiety and morning sickness of pregnancy
· Good drug, if you are not pregnant
· By 1962, thalidomide recognized as a teratogen
· Phocomelia
· Malformation of the limbs
· Never marketed in the U.S. 
· Effects discovered in Europe so not available in US
· Teratogenicity was discovered before FDA approval was given
Teratogen cause birth defects
· From Greek word “teratos” for “monster”
· Thalidomide was tested in rats  Rats absorb abnormal embryo and digest it
· Rats do not often give birth to deformed pups
· In humans, problems with a fetus result in miscarriage, stillbirth or birth defects
· Wrong animal species chosen, thus did not see all side effects
Theory of teratogenicity for Thalidomide
· Based on animal experiments in 1970’s
· Drug was sold as a racimate
· S enantiomer was teratogenic
· Vasoconstrictor
· Difficult to reproduce the experiment
· Enantiomer effect requires i.p. dosing (injection)
· Racimization of the drug
Enforced modern safety standards
· Safety testing done in at least 2 species
· At least one must be a primate  human bodies are closely similar with primates
· Must show that the drug is bioavailable
· Gets into body  Used to give drugs that doesn’t get absorbed by the body. It would sit in their stomach and undergoes digestion 
· Must use relevant doses
· Better safety profiles at low doses and if drug is injected into stomach and excreted
· Rats, dogs, spider monkey
FDA Function
· All testing done by companies
· Provide full data to the FDA
· Inspectors check the data to ensure it meets guidelines
· Based on this information approves marketing for drugs
· FDA requires companies to monitor their products
· Report any problems (adverse events)
· FDA provides inspections for manufacturing
Industry needs regulation 
· Ensures safe products 
· Ensures products work 
· Provides consumer protection 
· Increases costs ️
· Increases taxes ️
· Important to balance the amount of regulations
· Enough to protect consumer 
· Avoid overkill
· NDA 1990 ~ Stack of paper 6 feet high
· NDA 2010 ~ 1 or 2 semi-trailers full of paper
· Independent agency allows to see the bigger picture
· Increased regulations add to cost to produce
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