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Introduction to  Drug Development Process

Presenter
Presentation Notes
Before we start on GCP, let’s have some understanding on Drug Development Process.



Objectives

 Recognize the investigational drug success rates by   
stages

 Define pre-clinical studies
 Define Investigational New Drug Application

− Phase I, II, III Studies
 Define New Drug Application
 Define phase IV studies

Drug Development Process



Investigational Drug Success Rates by Stage
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Drug Development Process
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Drug discovery is a long process, and most compound never make it all the way through. The attrition rate is very high.  For every 5,000 to 10,000 compounds screened, only 250 enter non-clinical testing; of the 250, only 5 go into clinical testing, and only one makes it all the way to approval by the FDA.
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We’ll spend some time now with a very brief overview of the activities that go on during Drug Discovery, Drug Development and finally, Drug MarketingLets start by taking a look at the DRUG DISCOVERY PERIOD.The process for getting a product approved begins with  DISCOVERY  or synthesis of a new chemical compound in the research laboratory. Then, animal or preclinical studiesIn these first 5 years or so, the new drug becomes a twinkle in someone’s eye - they have the idea and begin testing.  Once they find the chemical lead, they typically begin synthesizing a series of compounds, called analogs which same a similar molecular structure.  The strategy here is to test as many compounds as possible so that they can find the one that has the most or the best activity.The next phase is DRUG EVALUATION  which is the bridge between Discovery and Full Development.  Drug Discovery combines the elements of Proof of Principle, exploratory development and experimental medicine.



How We Discover & Develop New Drugs
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Pre-Clinical Studies

Single Dose Toxicity Studies
Repeated Dose Studies
Safety Pharmacology Studies
Genotoxicity Studies
Carcinogenicity Studies
Reproductive Toxicity Studies
Data Collected in Animal Studies

Drug Development Process
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Once a compound is characterized and satisfactory stability data are in hand, pre-clinical studies can be initiated.  The type of studies and their design will vary depending on the intended use of drug or biologic being developed.These pre-clinical studies will establish a number of different things:The highest dose of the compound that can be tolerated, as well as a low dose that evokes no overt toxicity, in order to find out the initial dosing in humans and to characterize potential organ-specific adverse events.Proposed dosing, route of administration and duration of treatment for phase I studies.Whether the observed adverse effects are reversible.

http://anatomy.queensu.ca/images/monkey-joint.jpg�
http://www.exploratorium.edu/origins/coldspring/tools/images/rat-w-hat.jpg�


Investigational New Drug Application

The product of successful Preclinical development

If the investigational New Drug submission is 
accepted, the compound begins Phase I –IV clinical 
trials.  Long-term preclinical trials continue.

Drug Development Process
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Permits the first human use of a drug or biologic in the USFederal laws that prohibits non-approved drugs to cross state lines - IND is an exemption from that lawFocus on Pharmacology/Tox review, Chemistry review and Clinical review



Normal, usually healthy, volunteer subjects 

Few subjects (20-100)

Typically single center

Usually no benefit to subjects

Duration:  Short – from days to several weeks or months

Open label – no placebo or comparative agent

Uncontrolled

Single or multiple doses

Clinical Research
Phase I :  First in Humans

Trial Design

Drug Development Process
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Phase I trials focus on the safety, tolerability and Maximum Tolerated Dose (MTD) of the compound. Although animal models provide preliminary information about dosage, the MTD for humans is unknown. Safety is determined by evaluating the pharmacokinetics, pharmacodynamics, and tolerability.  Identifying the most likely potential toxicities (called Adverse Events or Serious Adverse Events), and the most likely dose range called Distribution.Open label means  that everyone was on drug and all parties involved were privy to that information (no placebo or comparative agent).  Now we are seeing that they are also run as placebo-controlled trials.For some indications, like oncology research, or HIV the early work looks much different.  We begin directly in patients. Phase I  trials are carefully controlled and involve a high degree of surveillance of the  subjects.  



Mechanism of action (ADME) and PK/PD

Pharmacological effect 

Tolerability, side effects, and toxicity as dose  escalates

Early evidence of efficacy 

Evaluates Safety only
– Identify the most likely potential toxicities (Adverse Events or Serious 

Adverse Events)
– Identify most likely dose range (Distribution)

Clinical Research
Phase I:  First in Humans

Purpose\Objective

Drug Development Process
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Just like the ADME studies that we conducted in animals, we use the same ADME principals here, too.Study participants are given a low doe of the drug, that which is felt to be non-therapeutic and non-toxic, and blood is drawn at specified times (as defined in the protocol)  to establish the pharmacokinetics of the drug.  The dose is increased in subjects incrementally (single dose rising) for several day (depending on the half-life of the drug) until the MTD is reached. In addition to toxicity, the determination of dose range is based upon pharmacokinetic and pharmacodynamic parameters.Pharmacokinetics includes parameters such as absorption, serum concentration, and drug excretion.  For example, the bioavailability, or amount of drug that enters the systemic circulation after administration, is an important pharmacokinetic parameter.  The drug must reach the target site in a large enough quantity to effect a desired change.  If only 10% of a drug reaches its target site (its bioavailability), a high dosage may be needed to elicit a response. The parameters defined by the pharmacokinetic values are correlated with its toxicity to arrive at the appropriate dose.  If the drug is too toxic at the required dose needed to elicit a response, the compound may be considered unsuitable for further development.  Almost half of all drugs are dropped at this phase due to problems with toxicity.



Patients with the targeted disease or condition

Several hundred (100-300)

Duration – several months to 2 years

Randomized

Placebo or active control

Parallel, double-blind

Single or multiple doses

Multicenter

Trial Design

Clinical Research 
Phase II (Therapeutic Exploratory) 

Drug Development Process
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Phase II clinical trials continue the work of Phase I.  The initial evaluation of efficacy and further evaluation of safety and appropriate dose proceed if the Phase 1 study did not identify significant untoward toxicity.The focus of these studies is to assess the effect that the new drug has on the population for whom it is intended, and to expand upon the safety and dosing data that was collected in Phase I.Each trial drug investigation may have several phase II trials.Participants have to meet strict inclusion/exclusion criteria, used to eliminate differences between subjects that might ‘mask’ the desired therapeutic effect.Active control – comparative agent is used.



Dose range finding (minimum/maximum effective dose)

Effectiveness (small scale) for treatment of the disease or 
condition for which the drug is intended

Maximum Tolerated Dose (MTD)

Common short-term side effects and risks in individuals 
whose health is impaired.

Pharmacokinetics

Purpose\Objective

Clinical Research 
Phase II (Therapeutic Exploratory) 

Drug Development Process
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The real issue is dose ranging.  These trials are trying to determine at what dose level there are medically significant changes in disease.More detailed pharmacological parameters are explored during Phase II trials.  The effects of weight and gender expand the knowledge of the new drug.  



the drug’s efficacy in patients
short-term adverse effects in patients
theoretical advantage over other therapies
what is a well-tolerated, effective dose range

Clinical Research 
Phase II (Therapeutic Exploratory) 

Drug Development Process

Seeks to answer :



Patients with the targeted disease/condition

Approximates “real life”
– “looser” inclusion/exclusion

Several 1,000 – 3,000 patients

– Gender should mirror the population

Duration – 1 to 4 years

Randomized

Placebo or active control

Parallel, double-blind

Multicenter

Trial Design

Clinical Research
Phase III (Therapeutic confirmatory): Pivotal trials

Drug Development Process
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Phase III trials are the largest and longest of the pre-marketing phases involving hundreds to thousands of subjects over an average of one to four years.Due to the large numbers of subjects needed to complete Phase III trials, commitments from many investigators, and their research support staff are essential.In addition, sponsors must be confident about the drug’s potential due to the large commitment of resources required in Phase III trials.Phase III trials provide information on the conditions of use (labeling) for the investigational drug, thus in many countries,  Phase II trials lead to an application to market the product.



Effectiveness (large scale)

Relative risk/benefit relationship
Long term safety information including: 

– common side effects
– drug interactions
– age/race/gender differences

Long term side effects (for labeling)

Dosing (for labeling)
Careful assessment of safety and efficacy

– Direct support of marketing claims

Purpose\Objective

Clinical Research
Phase III (Therapeutic confirmatory): Pivotal trials

Drug Development Process
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The main objective is to determine the drug’s efficacy based upon a larger sample of subjects and to provide labeling information.Safety is further assessed, and long-term toxicity, if any, can begin to be evaluated.More detailed pharmacokinetic studies may be done at this point to augment the database and to include special populations, such as the elderly or patients with kidney or liver abnormalities.Also, studies are done to evaluate the effects of food, drug interactions, and different formulations.



New Drug Application

 The vehicle in the USA through which sponsor formally 
propose that FDA approve a new drug
 Clinical data is only a small component of the NDA
Do benefits outweigh the risks?
 Is labeling accurate?
 Are manufacturing methods adequate?

Drug Development ProcessClinical Research
Phase III (Therapeutic confirmatory): Pivotal trials
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Largest and most complex premarketing application that FDA approves. Clinical data is 80-90%Is the drug safe and effectivein its proposed use?do benefits outweigh the risks?Is the labeling appropriate? What should it contain?Are methods for manufacture adequate to preserveidentity, strength, quality, and purity?



 up to 800 Volumes
 350 pages per Volume

Drug Development Process

Application to Market New Drug in the US

New Drug Application (NDA) :

Therefore :

 280,000 pages 
 laid end to end 78 Km of paper

HAS TO BE DONE IN DUPLICATE !!!

Clinical Research
Phase III (Therapeutic confirmatory): Pivotal trials



Putting together
an NDA/MAA  !!

Drug Development Process



After receiving approval from 
the regulatory agency (ies) the 
drug can be “launched” into the 
marketplace.

Launch

Drug Development ProcessClinical Research
Phase III (Therapeutic confirmatory): Pivotal trials

Presenter
Presentation Notes
Launching the newly approved drug will involve Marketing.   We will be having a guest speaker later in this session who will talk with us about what goes into the launching and marketing of a new drug.



Phase IV:  Post-Marketing
Therapeutic use

Commercialization

Drug Development Process
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Presentation Notes
Phase IV clinical trials are sometimes referred to as post-marketing trials.  They are often conducted after the drug is marketed, that is, under conditions that are within approved labeling, or in some countries, after application to market the drug has been submitted.Phase IV  trials are conducted after a new drug is on the market, or in some countries, after application to market the drug is submitted to the Health Care Authority.In Phase IV, the new drug may be compared to established therapies or may be used in combination with other non-drug therapies.Studies with focus on new indications, new comparators, new efficacy endpoints, efficacy assessed by new methods, etc. after approval has been obtained.



Several hundred to several thousand subjects with the 

disease or condition 

Reflect conditions of ordinary medical practice

Randomized

Placebo or active control

Multi-center

Commercialization

Phase IV:  Post-marketing

Trial Design

Drug Development Process
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More flexible enrollmentSince the drug is being given to a much larger and diverse population in “real life” circumstances, less common side effects are identified during this period of development.



Perform Quality of Life (QOL) trials

Perform pharmacoeconomic trials
– Is the drug more cost effective than other treatments?

Collect long term safety information
– Epidemiology studies for safety (may be a condition for approval)
– Additional surveillance for unexpected or rare adverse events

Add line extensions
– New formulations – how can we use this drug in the future?

Purpose\Objective

Commercialization

Phase IV:  Post-marketing

Drug Development Process
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Presentation Notes
Sponsors may also evaluate pharmacoeconomic impact of the drug in terms of cost effectiveness..



Questions and Answers

Drug Development Process



Good Clinical Practices
Overview

Drug Development Process



Objectives

Understand historical events
 Identify the purpose of ICH-GCP
Understand fundamental Principles of ICH-GCP
Discuss ICH-GCP guidelines
 Describe roles and responsibilities of various 
stakeholders in clinical trials
Differentiate key documents in clinical research
 Recognize benefits of GCP

Drug Development Process



Good Clinical Practice?

•Study 1:  
•To learn how to warm hypothermic patients, study 
subjects were first submersed in freezing water for 3 
hours.

•Study 2:
•To advance transplant medicine, legs of subjects were 
amputated and attached to another.

•Study 3:
•To study the natural history of syphilis, antibiotics 
were witheld from prisoners with early syphilis.



Historical milestones:



What is ICH?

•“International Conference on Harmonization of 
Technical Requirements for Registration of 
Pharmaceuticals for Human Use”

•Brings together: 
 Regulatory Authorities
 Experts from the pharmaceutical industry

•To:
 Discuss scientific and technical aspects of drug 

registration
•Aims:

 Economical use of resources
 Expedite approval of new drugs while maintaining 

quality, safety, efficacy and regulatory obligations



What is ICH-GCP?

•ICH provides 4 categories of guidelines:

•Quality
•Safety
•Efficacy
•Multidisciplinary



http://www.ifpma.org/ich6e.html

Drug Development ProcessGCP Overview
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Presentation Notes
Trainers Notes:This is the ICH Web Page which shows some of the other guidelines published to date.





ICH

“Good Clinical Practices: Consolidated Guideline”    
finalised May 1996

Developed with consideration 

of the current  GCPs of:

European Union Japan United States
Australia Canada Nordic Countries

World Health Organization (WHO)

Drug Development ProcessGCP Overview

Presenter
Presentation Notes
Trainers Notes:Show the ICH booklet produced by BMS and the other booklets - if anyone wants copies either give out (if enough available) or get names and promise to send books after the course.Clarify that ICH has produced, and is producing, a number of guidelines covering all aspects of new drug development, GCP is just one of many.Explain that there are many different GCP regulations in force around the world, however, ICH embodies the spirit of all these. We uses ICH GCP guideline as its ‘core’ GCP regulation unless a local regulation is more stringent.    FDA has also published ICH GCP in the Federal Register, although the CFR still stands as the legally binding regulation that must be followed by the Company.All countries involved in conduct of clinical trials for major Sponsors are aware of ICH, many countries have written their GCP regulations in line with ICH.There is a reprint of an article “Why Should we have GCP ?” under Tab 10 of the binder.



ICH Guideline for GCP

.

1. Glossary
2. The Principles of ICH-GCP
3. IRB / IEC
4. Investigator
5. Sponsor
6. Protocol and Amendments
7. Investigator’s Brochure
8. Essential Documents for the Conduct of a Clinical Trial

Contents

Drug Development ProcessGCP Overview
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Presentation Notes
Trainers Notes:Discuss the fact that ICH GCP is much more “user friendly” than FDA regulations and provides clear direction on what is required in order to conduct a study in compliance with GCP



13 Principles of GCP

.

1. Clinical trials should be conducted in accordance with the ethical principles that 
have their origin in the Declaration of Helsinki, and that are consistent with GCP 
and the applicable regulatory requirement(s).

2. Before a trial is initiated, foreseeable risks and inconveniences should be weighed 
against the anticipated benefit for the individual trial subject and society. A trial 
should be initiated and continued only if the anticipated benefits justify the risks.

3. The rights, safety, and well-being of the trial subjects are the most important 
considerations and should prevail over interests of science and society.

4. The available nonclinical and clinical information on an investigational product 
should be adequate to support the proposed clinical trial.

5. Clinical trials should be scientifically sound, and described in a clear, detailed 
protocol.

Drug Development ProcessGCP Overview
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Trainers Notes:Discuss the fact that ICH GCP is much more “user friendly” than FDA regulations and provides clear direction on what is required in order to conduct a study in compliance with GCP



.

6. A trial should be conducted in compliance with the protocol that has received 
prior institutional review board (IRB)/independent ethics committee (IEC) 
approval/favourable opinion.

7. The medical care given to, and medical decisions made on behalf of, subjects 
should always be the responsibility of a qualified physician or, when appropriate, 
of a qualified dentist.

8. Each individual involved in conducting a trial should be qualified by education, 
training, and experience to perform his or her respective task(s).

9. Freely given informed consent should be obtained from every subject prior to 
clinical trial participation.

10. All clinical trial information should be recorded, handled, and stored in a way 
that allows its accurate reporting, interpretation and verification.

Drug Development ProcessGCP Overview

13 Principles of GCP

Presenter
Presentation Notes
Trainers Notes:Discuss the fact that ICH GCP is much more “user friendly” than FDA regulations and provides clear direction on what is required in order to conduct a study in compliance with GCP



.

11. The confidentiality of records that could identify subjects should be protected, 
respecting the privacy and confidentiality rules in accordance with the applicable 
regulatory requirement(s).

12. Investigational products should be manufactured, handled, and stored in 
accordance with applicable good manufacturing practice (GMP). They should be 
used in accordance with the approved protocol.

13. Systems with procedures that assure the quality of every aspect of the trial should 
be implemented.

Drug Development ProcessGCP Overview

13 Principles of GCP

Presenter
Presentation Notes
Trainers Notes:Discuss the fact that ICH GCP is much more “user friendly” than FDA regulations and provides clear direction on what is required in order to conduct a study in compliance with GCP



ICH Guideline for GCP

.

1. Glossary
2. The Principles of ICH-GCP
3. IRB / IEC
4. Investigator
5. Sponsor
6. Protocol and Amendments
7. Investigator’s Brochure
8. Essential Documents for the Conduct of a Clinical Trial

Contents

Drug Development ProcessGCP Overview
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Trainers Notes:Discuss the fact that ICH GCP is much more “user friendly” than FDA regulations and provides clear direction on what is required in order to conduct a study in compliance with GCP



Good Clinical Practice

.

Factors:

Drug Development ProcessGCP Overview

Good cooperation 
between stakeholders

Good documentation

Presenter
Presentation Notes
Trainers Notes:Discuss the fact that ICH GCP is much more “user friendly” than FDA regulations and provides clear direction on what is required in order to conduct a study in compliance with GCP



ICH-GCP defines roles and responsibilities 
of Key Stakeholders



Source documents

Protocol

CRF

Investigator Brochure

Informed Consent Form

ICH-GCP defines quality standards of 
Essential Documents for clinical trials

http://thesituationist.files.wordpress.com/2007/03/nazi-medical-experiments.JPG�
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ICH - Guideline for GCP

Rights, safety, and well-being of trial subjects are protected  

Compliance with this standard provides
public assurance that:

 Clinical trial data are credible  

Drug Development ProcessGCP Overview



Compliance to  GCP is beneficial to all

Drug Development ProcessGCP Overview

Patient: Protection of patients’ rights, well-
being, and safety

Investigator: Improves scientific knowledge and 
opportunity for publications

Sponsor: Clinical trial data are valid and credible

Ethics Committee: Assurance that patient is well protected

Regulatory Authorities: Assurance of safe and high quality drug



Benefits of GCP for Stakeholders

Drug Development ProcessGCP Overview

Patient: Protection of patients’ rights, well-
being, and safety

Investigator: Improves scientific knowledge and 
opportunity for publications

Sponsor: Clinical trial data are valid and credible

Ethics Committee: Assurance that patient is well protected

Regulatory Authorities: Assurance of safe and high quality drug



Benefits of GCP Training for Investigators

• Sponsor requirements/expectations are clear at study start 
• Less time spending on corrections/problems during trial execution
• Quicker database closures = quicker time to publish
• Reputation as a compliant, efficient Clinical Investigators = funding 

opportunities

Drug Development ProcessGCP Overview



Benefits of GCP training for Sponsors

• Well-trained staff 
• Improved control and execution of clinical trials
• Less errors/problems to correct 
• Faster database closures
• Faster time to market/faster time to abandon fruitless studies
• Successful regulatory inspections
• Reputation as a compliant company

Drug Development ProcessGCP Overview



Summary: ICH-GCP

Clinical trials:
•Designing
•Conducting
•Recording
•Reporting

International Ethical/Scientific quality standards:

Subjects:
•Rights
•Safety
•Well-being

Compliance 
to GCP

Valid/credible 
clinical data



THE NECCESITY OF GOOD CLINICAL PRACTICE

http://thesituationist.files.wordpress.com/2007/03/nazi-medical-experiments.JPG�
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Questions and Answers

GCP Overview Drug Development Process



Roles and 
Responsibilities

Informed 
Consent

Independent

Ethics          
Committee

Documentation Data 
Management

Investigational 
Drug 
Management

GCP training 
overview:

Who are the key ‘players’ in a clinical
trial and who is responsible for what ?

What is appropriate 
Informed Consent ?

What is the role of the 
Independent Ethics Committee 
in clinical research ?

Why is complete and
accurate record keeping
essential for a trial ?

What are the essential components of 
source documentation and CRF 
completion ?

Why is comprehensive investigational 
Drug accountability important?

Good Clinical Practice for Investigators

Drug Development Process

Presenter
Presentation Notes
Trainers Notes:The course covers the 6 ‘building blocks’ of clinical research as indicated on these ‘build’ slides.   Other items are covered within these topics such as Safety and Regulatory Compliance.A brief paragraph appears for each ‘block’ as a key question that will be answered during that session.



Thank you
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