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FDA LANDMARKS

1820- First US Pharmacopeia

1862- President Lincoln and Bureau of chemistry

1938- FDC Act

1962- Thalidomide & birth defects, Informed Consent

1962- Kafauver-Harris Amendment

1970- Patient package insert

1982- Tamper-resistant package

1983- The Orphan Drug Act

1985- AIDS testing for blood donations

1988- FDA Act

1995- Cigarettes are drug delivery devices

1997- FDA Modernization Act



Drug Development Timelines
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DRUG SCREENING-
Where do new agents come from?

Synthetic compds Active P-388 
prescreen

Mouse tumor panel

L1210, B16, 
M5076

National Cancer Institute    Pharmaceutical Industry
Individual Researchers       Targeted Design
New Substance                    Designer Drug

Synthetic compds

15,000 per yr

or

Natural compds

400 per yr
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Active other biol/chem 
systems

500-1000 
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xenografts MX1
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How difficult can it be??

• Numerous pathways
• Multiple targets
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Pre-Clinical Studies

· Provide basis for human trials

· in vitro or animal data OR

· prior testing in US, OR

· data from other relevant countries

· LD50 in 2 -3 species· LD50 in 2 -3 species



TOXICOLOGY

· Several species: monkeys, mice, rats, dogs, hamster s, 
rabbits

· Lethal dose to % of test animals LD10 = 10% 
died,LD50 = 50% died

· MTD = highest daily dose not causing overt toxicity  in · MTD = highest daily dose not causing overt toxicity  in 
90 day study (mice or rats)

· Initial Human dose = 1/10th of LD10



Phase I

· Size: small, 20-80 subjects
· Subjects: Healthy volunteers (exception for certain  ethical 

cases, i.e. oncology, HIV drugs)
· Goals:

· Safety
· Tolerability· Tolerability
· Evaluate toxicity profile
· Pharmacokinetic studies

· Types of studies:
· Single dose 
· Multi-dose
· Open label, randomized, double-blind, placebo contr olled



Phase II

· Size: 100 - 400 patients

· Subjects: targeted patient population

· Goals:

· Determine range of doses and most effective dose

· Minimum effective dose and maximum tolerated dose·

· Establish efficacy and safety issues through contro lled 
trials (against placebo or approved control)

· Types of studies:

· Flexible dose efficacy & safety

· Pharmacokinetic studies- ADME

Note: Phases of drug development may have differences for specific 
therapeutic areas, such as oncology- fewer #s of pts, used for registration



Phase III

· Size: 500 - 1000 patients (again can be smaller in o nc studies)
· Subjects: Target patient population, including subg roups 

defined by demographic or disease factors
· Goals:

· Pivotal safety and efficacy data
· Establish safety and efficacy in subgroups (i.e. · Establish safety and efficacy in subgroups (i.e. 

demographics, ethnicity, disease characteristics)
· Types of studies:

· Similar to late Phase II studies (fixed or titrated  dose vs 
placebo or positive control)



Phase IV 

· Size: varies
· Subjects: usually subgroups of patient population
· Goals:

· Post-marketing studies
· Address safety concerns from regulatory authorities
· Evaluate adverse events· Evaluate adverse events
· Assess new indications
· Monitor long-term effects
· Further data on pharmacoeconomics, Quality of life,  etc.

· Types of studies:
· Comparison to relevant competitors
· Life-cycle management program
· Health economics and outcomes research



Practicalities of Drug Development

Regulatory Environment

· Submission of IND (Investigational New Drug Applica tion)

· Regulatory requirements

· IRB approval of institutions conducting studies

· Reporting Serious and non serious Adverse Events· Reporting Serious and non serious Adverse Events

· GCP (good clinical practice)

· GMP – for drug manufacturing

· Submission of NDA (New Drug Application)

· Complete documentation of safety and efficacy and 
manufacturing processes for the compound 



Regulatory Environment

Fast Track

· Formal mechanism to interact with the FDA using approaches 
that are available to all applicants for marketing claims. 

· Benefits of Fast Track include scheduled meetings to seek 
FDA input into:
- development plans

- the option of submitting a New Drug Application in sections rather 
than all components simultaneously

- option of requesting evaluation of studies using su rrogate 
endpoints 

Note: Fast Track designation does not necessarily l ead to a Priority 
Review or Accelerated Approval



Types of Regulatory Review

Priority Review
is a designation for an application after it has be en submitted to 
the FDA for review for approval of a marketing clai m. This 
designation is intended for those products that add ress unmet 
medical needs

· NDAs are designated as:

• Standard (10 month review)

• Priority (6 month review)



Regulatory Environment

Expedited
Subpart E in Section 312 of the Code of Federal Regulations

establishes procedures to expedite the development,  
evaluation, and marketing of new therapies intended  to treat 
people with life-threatening and severely-debilitat ing 
illnesses, especially where no satisfactory alterna tives exist illnesses, especially where no satisfactory alterna tives exist 
(Federal Register, October 21, 1988 ).

Benefits:
• Early and continuous consultations with 
FDA
• Facilitates development and review



Regulatory Environment

Accelerated Approval
· Accelerated Approval Rule of 1992 is only for serio us or life-

threatening illnesses and for drugs that appear to provide 
meaningful benefit compared to existing therapy

· Conditional approval is based on meaningful surroga te 
endpoints or an effect on clinical endpoints other than endpoints or an effect on clinical endpoints other than 
survival (for example- symptom relief, etc)

· FDA may set restrictions, or withdraw if conditions  not 
followed

· Ordinarily require additional Phase IV studies



Gleevec:  
Regulatory Highlights

4/09/98:     IND 55,666 submitted  (study 03 001)

6/22/98:     First CML patient enrolled

7/14/99:     Fast track designation for myeloid bla st crisis

2/2000:      First GIST patient treated w/ imatinib

1/31/01:     Orphan drug designation received in CM L

2/27/01:     NDA submitted

3/07/01:     FDA granted priority review

5/10/01:     FDA approval CML

11/1/01:     Orphan drug designation received in GI ST

2/01/02:     FDA approval GIST

10/2006:    FDA approval of Rare Diseases (HES, ASM, Ph+ALL,            
MDS/MPD, DFSP)



Average Time to Develop Drugs by Therapeutic Area



Research & Development Costs



Projected 2005 Spending

Projected 2005 R&D spending by phase

Preclinical
$12b

Phase I
$4.7b

Phase III/IV
$8.7b

$4.7b

Phase II
$16.2b
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Research & Development Funding
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R&D funding by therapeutic area
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Summary

· The largest percentage of money in drug development  is spent on 
Phase II trials

· Only about 1 of every 10,000 molecules screened is eventually 
approved

· Out of 10,000 molecules, 250 enter pre-clinical, 5 enter clinical trials, 
1 is approved

· 3 of every 10 approved drugs produces a profit

· Overall, it may take as much as 20 years to bring a  single new drug 
treatment from initial discovery to the market

· Navigation through constantly changing process and regulatory 
requirements is time consuming and challenging!


