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INTRODUCTION

1.1 WHAT ARE CLINICAL TRIALS?

Clinical trials are clinical investigations. They have evolved with different meanings by
different individuals and organizations at different times. For example, Meinert (1986)
indicates that a clinical trial is a research activity that involves administration of a test
treatment to some experimental unit in order to evaluate the treatment. Meinert (1986) also
defines a clinical trial as a planned experiment designed to assess the efficacy of a treat-
ment in humans by comparing the outcomes in a group of patients treated with the test
treatment with those observed in a comparable group of patients receiving a control treat-
ment, where patients in both groups are enrolled, treated, and followed over the same time
period. This definition indicates that a clinical trial is used to evaluate the effectiveness of
a treatment. Piantadosi (1997) simply defined a clinical trial as an experimental testing
medical treatment on human subject. On the other hand, Spilker (1991) considers clinical
trials as a subset of clinical studies that evaluate investigational medicines in phases I, II,
and III, the clinical studies being the class of all scientific approaches to evaluate medical
disease preventions, diagnostic techniques, and treatments. This definition is somewhat
narrow in the sense that it restricts to the clinical investigation conducted by pharmaceuti-
cal companies during various stages of clinical development of pharmaceutical entities
which are intended for marketing approval. The Code of Federal Regulations (CFR)
defines a clinical trial as the clinical investigation of a drug that is administered or dis-
pensed to, or used involving one or more human subjects (21 CFR 312.3). Three important
key words in these definitions of clinical trials are experimental unit, treatment, and evalu-
ation of the treatment.
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Experimental Unit

An experimental unit is usually referred to as a subject from a targeted population under
study. Therefore the experimental unit is usually used to specify the intended study popu-
lation to which the results of the study are inferenced. For example, the intended popula-
tion could be patients with certain diseases at certain stages or healthy human subjects. In 
practice, although a majority of clinical trials are usually conducted in patients to evaluate
certain test treatments, it is not uncommon that some clinical trials may involve healthy
human subjects. For example, at very early phase trials of clinical development, initial
investigation of a new pharmaceutical entity may only involve a small number of healthy
subjects, say fewer than 30. Large primary prevention trials are often conducted with
healthy human subjects with size in tens of thousand subjects. See, for example, Physi-
cian’s Health Study (PHSRG, 1988), Helsinki Health Study (Frick et al., 1987), and
Women Health Trial (Self et al., 1988).

Treatment

In clinical trials a treatment can be a placebo or any combinations of a new pharmaceutical
identity (e.g., a compound or drug), a new diet, a surgical procedure, a diagnostic test, a
medial device, a health education program, or no treatment. For example, in the Physi-
cian’s Health Study, one treatment arm is a combination of low-dose aspirin and beta
carotene. Other examples include lumpectomy, radiotherapy, and chemotherapy as a com-
bination of surgical procedure and drug therapy for breast cancer; magnetic resonance
imaging (MRI) with a contrast imaging agent as a combination of diagnostic test and a
drug for enhancement of diagnostic enhancement; or a class III antiarrhythmic agent and
an implanted cardioverter defibrillator as a combination of a drug and a medical device for
treatment of patients with ventricular arrhythmia. As a result, a treatment is any interven-
tion to be evaluated in human subjects regardless that it is a new intervention to be tested
or serves as a referenced control group for comparison.

Evaluation

In his definition of clinical trials, Meinert (1986) emphasizes the evaluation of efficacy of
a test treatment. It, however, should be noted that the assessment of safety of an interven-
tion such as adverse experiences, elevation of certain laboratory parameters, or change in
findings of physical examination after administration of the treatment is at least as impor-
tant as that of efficacy. Recently, in addition to the traditional evaluation of effectiveness
and safety of a test treatment, clinical trials are also designed to assess quality of life, phar-
macogenomics, and pharmacoeconomics such as cost-minimization, cost-effectiveness,
and cost-benefit analyses to human subjects associated with the treatment under study. It is
therefore recommended that clinical trials should not only evaluate the effectiveness and
safety of the treatment but also assess quality of life, impact of genetic factors, pharma-
coeconomics, and outcomes research associated with the treatment.

Throughout this book we will define a clinical trial as a clinical investigation in which treat-
ments are administered, dispensed, or used involving one or more human subjects for evalua-
tion of the treatment. By this definition, the experimental units are human subjects either with
a pre-existing disease under study or healthy. Unless otherwise specified, clinical trials in this
book are referred to as all clinical investigations in human subjects that may be conducted by
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pharmaceutical companies, clinical research organizations such as the U.S. National Institutes
of Health (NIH), university hospitals, or any other medical research centers.

1.2 HISTORY OF CLINICAL TRIALS

We humans since our early days on earth have been seeking or trying to identify some inter-
ventions, whether they be a procedure or a drug, to remedy ailments that inflict ourselves
and our loved ones. In this century the explosion of modern and advanced science and tech-
nology has led to many successful discoveries of promising treatments such as new medi-
cines. Over the years there has been a tremendous need for clinical investigations of these
newly discovered and promising medicines. In parallel, different laws have been enacted and
regulations imposed at different times to ensure that the discovered treatments are effective
and safe. The purpose for imposing regulations on the evaluation and approval of treatments
is to minimize potential risks that they may have for human subjects, especially for those
treatments whose efficacy and safety are unknown or are still under investigation.

In 1906, the United States Congress passed the Pure Food and Drug Act. The purpose
of this act is to prevent misbranding and adulteration of food and drugs. However, the
scope of this act is rather limited. No preclearance of drugs is required. Moreover the act
does not give the government any authority to inspect food and drugs. Since the act does
not regulate the claims made for a product, the Sherley Amendment to the act was passed
in 1912 to prohibit labeling medicines with false and fraudulent claims. In 1931, the U.S.
Food and Drug Administration (FDA) was formed. The provisions of the FDA are intended
to ensure that (1) food is safe and wholesome, (2) drugs, biological products, and medical
devices are safe and effective, (3) cosmetics are unadulterated, (4) the use of radiological
products does not result in unnecessary exposure to radiation, and (5) all of these products
are honestly and informatively labeled (Fairweather, 1994).

The concept of testing marketed drugs in human subjects did not become a public issue
until the Elixir Sulfanilamide disaster occurred in the late 1930s. The disaster was a safety
concern of a liquid formulation of a sulfa drug that caused more than 100 deaths. This
drug had never been tested in humans before its marketing. This safety concern led to the
pass of the Federal Food, Drug and Cosmetic Act (FD&C Act) in 1938. The FD&C Act
extended its coverage to cosmetics and therapeutic devices. More important, the FD&C
Act requires the pharmaceutical companies to submit full reports of investigations regard-
ing the safety of new drugs. In 1962, a significant Kefauver-Harris Drug Amendment to
the FD&C Act was passed. The Kefauver-Harris Amendment not only strengthened the
safety requirements for new drugs but also established an efficacy requirement for new
drugs for the first time. In 1984, the Congress passed the Price Competition and Patent
Term Restoration Act to provide for increased patent protection to compensate for patent
life lost during the approval process. Based on this act, the FDA was also authorized to
approve generic drugs only based on bioavailability and bioequivalence trials on healthy
male subjects. It should be noted that the FDA also has the authority for designation of
prescription drugs or over-the counter drugs. In the United States, on average, it will take
a pharmaceutical company about 10 to 12 years for development of a promising pharma-
ceutical entity with an average cost between $350 millions to $450 millions US. Drug
development is a lengthy and costly process. This lengthy process is necessary to ensure
the safety and efficacy of the drug product under investigation. On average, it may take
more than two years for regulatory authorities such as the FDA to complete the review of
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the new drug applications submitted by the sponsors. This lengthy review process might
be due to limited resources available at the regulatory agency. As indicated by the U.S.
FDA, they will be able to improve the review process of new drug applications if
additional resources are available. As a result, in 1992, the U.S. Congress passed the
Prescription Drug User Fee Act (PDUFA), which authorizes the FDA to utilize the 
so-called user fee financed by the pharmaceutical industry to provide additional resources
for the FDA’s programs for development of drug and biologic products. From 1992 to
1997, this program has enabled the FDA to reduce the average time required for review of
a new drug application from 30 months to 15 months. In 1997, the U.S. Congress also
passed the Food and Drug Administration Modernization Act (FDAMA) to enhance the
FDA’s missions and its operations for the increasing technological, trade, and public
health complexities in the 21st Century by reforming the regulation of food, drugs,
devices, biologic products, and cosmetics.

The concept of randomization in clinical trials was not adapted until the early 1920s
(Fisher and Mackenzie, 1923). Amerson et al. (1931) first considered randomization of
patients to treatments in clinical trials to reduce potential bias and consequently to increase
statistical power for detection of a clinically important difference. At the same time a Com-
mittee on Clinical Trials was formed by the Medical Research Council of the Great Britain
(Medical Research Council, 1931) to promulgate good clinical practice by developing
guidelines governing the conduct of clinical studies from which data will be used to support
application for marketing approval. In 1937, the NIH awarded its first research grant in
clinical trial. At the same time the U.S. National Cancer Institute (NCI) was also formed to
enhance clinical research in the area of cancer. In 1944, the first publication of results from a
multicenter trial appeared in Lancet (Patulin Clinical Trials Committee, 1944). Table 1.2.1
provides a chronic accounts of historical events for both clinical trials and the associated
regulations for treatments intended for marketing approval. Table 1.2.1 reveals that the
advance of clinical trials goes hand in hand with the development of regulations.

Oklin (1995) indicated that there are at least 8,000 randomized controlled clinical trials
conducted each year whose size can include as many as 100,000 subjects. As more clinical
trials are conducted worldwide each year, new service organization and/or companies have
emerged to provide information and resources for the conduct of clinical trials. Table 1.2.2
provides a summary of resources available for clinical trials from a web-based clinical trial
listing service called CenterWatch.® These trials are usually sponsored by the pharmaceutical
industry, government agencies, clinical research institutions, or more recently a third party
such as health maintenance organizations (HMO) or insurance companies. In recent years
clinical trials conducted by the pharmaceutical industry for marketing approval have become
more extensive. However, the sizes of clinical trials funded by other organizations are even
larger. The trials conducted by the pharmaceutical industry are mainly for the purpose of reg-
istration for marketing approval. Therefore, they follow a rigorously clinical development
plan which is usually carried out in phases (e.g., phases I, II, and III trials, which will be dis-
cussed later in this chapter) that progress from very tightly controlled dosing of a small num-
ber of normal subjects to less tightly controlled studies involving large number of patients.

According to USA Today (Feb. 3, 1993), the average time that a pharmaceutical com-
pany spends getting a drug to market is 12 years and 8 months. Of this figure, six years and
8 months are spent in clinical trials to obtain the required information for market registra-
tion. The FDA review takes 2 years and 6 months. As a result of PDUFA, the review time
at the U.S. FDA has been reduced considerably. Table 1.2.3 provides a summary of median
review time at the Center for Drug Review and Research (CDER) at the U.S. FDA in 2001.
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Table 1.2.1 Significant Historical Events in Clinical Trials and Regulations

Year Clinical Trials Regulations

1906 Pure Food and Drug Act (Dr. Harvey Wiley)
1912 Sherley Amendment
1923 First randomization to experiments (Fisher and Mackenzie, 1923)
1931 First randomization of patients to treatments in clinical trials Formation of U.S. Food and Drug Administration

(Amberson, et al., 1931)
Committee on clinical trials by the Medical Research Council  

of Great Britain (Medical Research Council, 1931)
1937 Formation of National Cancer Institute and First Research 

Grant by National Institutes  of Health (National Institutes
of Health, 1981)

1938 U.S. Federal Food, Drug and Cosmetic Act (Dr. R. Tugwell)
1944 First publication of results from a  multicenter 

trial (Patulin Clinical Trial Committee, 1944)
1952 Publication of Elementary Medical Statistics (Mainland, 1952) FDA makes designation of Prescription Drug or OTC
1962 Publication of Statistical Methods in Clinical and Amendment to the U.S. Food, Drug, and Cosmetic Act

Preventive Medicine (Hill, 1962)
1966 Mandated creation of the local boards (IRB) for Funding by U.S. Public Health Service
1976 Medical Device Amendment to the U.S. Food, Drug Cosmetic Act (1976)
1977 Publications of General Considerations for Clinical Evaluation of Drugs (HEW (FDA), 1977)
1984 Drug Price Competition and Patent Term Restoration Act (Waxman and Hatch, 1984)
1985 NDA rewrite
1988 Publication of Guidelines for the Format and Content of the Clinical and Statistical Section

of an Application (FDA, 1988)
1990 Publication of Good Clinical Practice for Trials on Medicinal Products in the European 

Community (EC Commission, 1990)
1987 Treatment IND (FDA, 1987)
1992 Parallel track and accelerated approval (FDA, 1992) 

Prescription Drug User Fee Act
1997 Publication of Good Clinical Practice: Consolidated Guidelines (ICH, 1996)

U.S. FDA Modernization Act
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For example, for the 10 drugs receiving priority status, the median review time is only
6 months. The median overall approval time is 14 months. However, it is not surprising
that new molecular entities requires about more than 7 months to review. This lengthy clin-
ical development process is necessary to assure the efficacy and safety of the drug product.
As a result, this lengthy development period sometimes does not allow the access of prom-
ising drugs or therapies to subjects with serious or life-threatening illnesses. Kessler and
Feiden (1995) point out that the FDA may permit promising drugs or therapies currently
under investigation to be available to patients with serious or life-threatening diseases
under the so-called treatment IND in 1987. The Parallel Track Regulations in 1992 allow
promising therapies for serious or life-threatening diseases to become available with 
considerably fewer data than required for approval. In the same year, the FDA published the
regulations for the Accelerated Approval based only on surrogate endpoints to accelerate the
approval process for promising drugs or therapies indicated for life-threatening diseases.

The size of trials conducted by the pharmaceutical industry can be as small as a dozen
subjects for the phase I trial in human, or it can be as large as a few thousands for support
of approval of ticlopidine for stroke prevention (Temple, 1993). The design of the trial can
be very simple as the single-arm trial with no control group, or it can be very complicated
as a 12-group factorial design for the evaluation of the dose responses of combination
drugs. Temple (1993) points out that information accumulated from previous experience in
the database of preapproval New Drug Application (NDA) or Product License Application
(PLA) can range from a few hundred subjects (e.g., contrast imaging agents) to four or five
thousand subjects (antidepressants or antihypertensives, antibiotics, etc.).

When the safety profile and mechanism of action for the efficacy of a new drug or ther-
apy are well established, probably after its approval, a simple but large confirmatory trial is
usually conducted to validate the safety and effectiveness of the new drug or therapy. This
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Table 1.2.2 Summary of Resources for Clinical Trials

Description Resources

Number of Clinical Trials 41,000
Clinical Investigators 25,000
Academic Clinical Research Center 600
Pharmaceutical, Biotechnology, and Medical Device Companies 275
Contract Research Organization (CRO) 250
Companies Provides Services to Clinical Trials 130
Financial and Investment Professionals for Clinical Trials 100

Source: CenterWatch® Clinical Trials Listing Service (http://www.centerwatch.com).

Table 1.2.3 Summary of Median Review Time at CDER of the U.S. FDA in 2001

Number of Approved Drugs Median Review Time in Months

66 14
NME (24) 19
Priority status (10) 6
Standard status (56) 12

Source: FDA talk paper on January 25, 2002 at www.fda.gov.

NME � New Molecular Entities.
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kind of trial is large in the sense that there are relaxed the entrance criteria to enroll a large
number of subjects (e.g., tens of thousands) with various characteristics and care settings.
The purpose of this kind of trial is to increase the exposure of a new drug or therapy to
more subjects with the indicated diseases. For example, the first Global Utilization of
Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries Trial
(GUSTO I, 1993) enrolled over 41,000 subjects in 1,081 hospitals from 15 countries while
in the Physician’s Health Study funded by the NIH over 22,000 physicians were random-
ized to one of four arms in the trial. In addition, these trials usually follow subjects for
a much longer period of time than most trials for marketing approval. For example,
Helsinki Heart Study followed a cohort over 4,000 middle-aged men with dyslipidemia for
five years (Frick et al., 1987). The recent Prostate Cancer Prevention Trial (PCPT) plans
to follow 18,000 healthy men over age 55 for 7 years (Feigl et al., 1995). Such trials are
simple in the sense that only few important data are collected from each subject. Because
the sizes of these trials are considerably large, they can detect a relatively small yet impor-
tant and valuable treatment effects that previous smaller studies failed to detect. Some-
times, public funded clinical trials can also be used as a basis for approval of certain
indications. An example is the combined therapy of leuprolide with flutamide for patients
with disseminated, previously untreated D2 stage prostate cancer. Approval of flutamide
was based on a study funded by NCI.

On the other hand, health care providers such as HMO or insurance companies will be
more interested in providing funding for rigorous clinical trials to evaluate not only efficacy
and safety of therapies but also quality of life, pharmacoeconomics, and outcomes. The pur-
pose of this kind of clinical trial is to study the cost associated with the health care provided.
The concept is to minimize the cost with the optimal therapeutic effect under the same qual-
ity of health care. Temple (1993) points out that from the results of the study of Systolic
Hypertension in the Elderly (SHEP), a potential savings of six billion dollars per year can be
provided by the treatment regimen of chlorthalidone with a beta blocker backup such a atenol
as compared to the combined treatment of an angiotensin converting enzyme (ACE) inhibitor
with a calcium channel blocker backup. Temple (1993) also indicates that a multicooperative
group study supported by health care providers is already under way to evaluate the effects of
bone marrow transplant with aggressive chemotherapy for breast cancer.

1.3 REGULATORY PROCESS AND REQUIREMENTS

Chow and Liu (1995a) indicated that the development of a pharmaceutical entity is a lengthy
process involving drug discovery, laboratory development, animal studies, clinical trials,
and regulatory registration. The drug development can be classified into nonclinical, pre-
clinical, and clinical development phases. As indicated by the USA Today (Feb. 3, 1993),
approximately 75% of drug development is devoted to clinical development and regulatory
registration. In this section we will focus on regulatory process and requirements for clini-
cal development of a pharmaceutical entity.

For marketing approval of pharmaceutical entities, the regulatory process and require-
ments may vary from country (or region) to country (or region). For example, the European
Community (EC), Japan, and the United States have similar but different requirements as
to the conduct of clinical trials and the submission, review, and approval of clinical results
for pharmaceutical entities. In this section, for simplicity, we will focus on the regulatory
process and requirements for the conduct, submission, review, and approval of clinical
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trials currently adopted in the United States. As was indicated earlier, the FDA was formed
in 1931 to enforce the FD&C Act for marketing approval of drugs, biological products, and
medical devices. With very few exceptions, since the enactment of the FD&C Act, treat-
ment interventions such as drugs, biological products, and medical devices either currently
on the market or still under investigation are the results of a joint effort between the phar-
maceutical industry and the FDA. To introduce regulatory process and requirements for
marketing approval of drugs, biological products, and medical devices, it is helpful to be
familiar with the functional structure of the FDA.

The Food and Drug Administration

The FDA is a subcabinet organization within the Department of Health and Human Ser-
vices (HHS) which is one of the major cabinets in the United States government. The FDA
is headed by a commissioner with several deputy or associate commissioners to assist him
or her in various issues such as regulatory affairs, management and operations, health
affairs, science, legislative affairs, public affairs, planning and evaluation, and consumer
affairs. Under the office of commissioner, there are currently six different centers of vari-
ous functions for evaluation of food, drugs, and cosmetics. They are Center for Drug Eval-
uation and Research (CDER), Center for Biologics Evaluation and Research (CBER),
Center for Devices and Radiological Health (CDRH), National Center for Toxicological
Research (NCTR), Center for Veterinary Medicine (CVM), and Center for Food Safety
and Applied Nutrition (CFSAN).

Recently, in the interest of shortening the review process, the sponsors are required to
provide the so-called user’s fee for review of submission of applications to the FDA. In
October 1995 CDER was reorganized to reflect the challenge of improving efficiency and
shortening the review and approval process as demanded by the United States Congress and
the pharmaceutical industry. Figure 1.3.1 provides the current structure of CDER at the
FDA, which is composed of 10 major offices. These offices include Office of Management,
Office of Training and Communications, Office of Compliance, Office of Information Tech-
nology, Office of Regulatory Policy, Office of Executive Program, Office of Medical Policy,
Office of New Drugs, Office of Pharmaceutical Science, and Office of Pharmacoepidemiol-
ogy and Statistical Science. The Office of New Drugs is responsible for drug evaluation,
which consists of six offices, including Offices of Drug Evaluation I-V and Office of Pedi-
atric Drug Development and Program Initiatives. On the other hand, Office of Pharmaceuti-
cal Science consists of four offices, including Office of New Drug Chemistry, Office of
Generic Drugs, Office of Clinical Pharmacology and Biopharmaceutics, and Office of Test-
ing and Research. Furthermore, CDER recently establishes the Office of Pharmacoepidemi-
ology and Statistical Science in recognition of the importance of epidemiology and statistics
in drug evaluation. Office of Pharmacoepidemiology and Statistical Science includes Office
of Drug Safety and Office of Biostatistics. Note that each of these offices consists of several
divisions. Figures 1.3.2, 1.3.3, and 1.3.4 provide respective organizations of Offices of New
Drugs, Pharmaceutical Science and Pharmacoepidemiology and Statistical Science. Note
that CBER has a similar functional structure though it has fewer offices than CDER.

FDA Regulations for Clinical Trials

For evaluation and marketing approval of drugs, biological products, and medial devices, the
sponsors are required to submit substantial evidence of effectiveness and safety accumulated
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Figure 1.3.1 Center for Drug Evaluation and Research.
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from adequate and well-controlled clinical trials to CDER, CBER, or CDRH of the FDA,
respectively. The current regulations for conducting clinical trials and the submission,
review and approval of clinical results for pharmaceutical entities in the United States can
be found in CFR (e.g., see 21 CFR Parts 50, 56, 312, and 314). These regulations are devel-
oped based on the FD&C Act passed in 1938. Table 1.3.1 summarizes the most relevant
regulations with respect to clinical trials. These regulations cover not only pharmaceutical
entities such as drugs, biological products, and medical devices under investigation but
also the welfare of participating subjects and the labeling and advertising of pharmaceuti-
cal products. It can be seen from Table 1.3.1 that pharmaceutical entities can be roughly
divided into three categories based on the FD&C Act and hence the CFR. These categories
include drug products, biological products, and medical devices. For the first category,
a drug is as defined in the FD&C Act (21 U.S.C. 321) as an article that is (1) recognized in
the U.S. Pharmacopeia, official Homeopathic Pharmacopeia of the United States, or offi-
cial National Formulary, or a supplement to any of them; (2) intended for use in the diag-
nosis, cure, mitigation, treatment, or prevention of disease in humans or other animals,
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Figure 1.3.3 Office of Pharmaceutical Science.
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or (3) intended to affect the structure or function of the body of humans or other animals.
For the second category, a biological product is defined in the 1944 Biologics Act (46
U.S.C. 262) as a virus, therapeutic serum, toxin, antitoxin, bacterial or viral vaccine, blood,
blood component or derivative, allergenic product, or analogous product, applicable to the
prevention, treatment, or cure of disease or injuries in humans. Finally, a medical device is
defined as an instrument, apparatus, implement, machine contrivance, implant, in vitro
reagent, or other similar or related article, including any component, part, or accessory
that—similar to a drug—is (1) recognized in the official National Formulary or the U.S.
Pharmacopeia or any supplement in them; (2) intended for use in the diagnosis in humans
or other animals; or (3) intended to affect the structure or function of the body of humans
or other animals.
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The CDER of the FDA has jurisdiction over administration of regulation and approval
of pharmaceutical products classified as drug. These regulations include Investigational
New Drug Application (IND) and New Drug Application (NDA) for new drugs, orphan
drugs, and over-the-counter (OTC) human drugs and Abbreviated New Drug Application
(ANDA) for generic drugs. On the other hand, the CBER is responsible for enforcing the
regulations of biological products through processes such an Establishment License
Application (ELA) or Product License Application (PLA). Administration of the regula-
tions for medical devices belongs to the jurisdiction of the CDRH through Investigational
Device Exemptions (IDE) and Premarket Approval of Medical Devices (PMA) and other
means.

A treatment for a single illness might consist of a combination of drugs, biological
products, and/or medical devices. If a treatment consists of a number of drugs, then it is
called a combined therapy. For example, leuprolide and flutamide are for treatment of dis-
seminated, previously untreated D2 stage prostate cancer. However, if a treatment consists
of a combination of drugs, biologics, and/or devices such as drug with device, biologic
with device, drug with biologic, drug with biologic in conjunction with device, then it is
defined as a combined product. For a combined product consisting of different pharma-
ceutical entities, FDA requires that each of entities should be reviewed separately by
appropriate centers at the FDA. In order to avoid confusion of jurisdiction over a combina-
tion product and to improve efficiency of approval process, the principle of primary mode of
action of a combination product was established in the Safe Medical Devices Act (SMDA) in
1990 (21 U.S.C. 353). In 1992, based on this principle, three intercenter agreements were
signed between CDER and CBER, between CDER and CDRH, and between CBER and

REGULATORY PROCESS AND REQUIREMENTS 13

Table 1.3.1 U.S. Codes of Federal Regulation (CFR) for Clinical Trials Used to
Approve Pharmaceutical Entities

CFR Number Regulations

21 CFR 50 Protection of human subjects
21 CFR 56 Institutional review boards (IRB)
21 CFR 312 Investigational new drug application (IND)

Subpart E Treatment IND
21 CFR 314 New drug application (NDA)

Subpart C Abbreviated applications
Subpart H Accelerated approval

21 CFR 601 Establishment license and product license applications 
(ELA and PLA)

Subpart E Accelerated approval
21 CFR 316 Orphan drugs
21 CFR 320 Bioavailability and bioequivalence requirements
21 CFR 330 Over-the-counter (OTC) human drugs
21 CFR 812 Investigational device exemptions (IDE)
21 CFR 814 Premarket approval of medical devices (PMA)
21 CFR 60 Patent term restoration
21 CFR 201 Labeling
21 CFR 202 Prescription drug advertising
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CDRH to establish the ground rules for assignment of a combined product and intercenter
consultation (Margolies, 1994).

Phases of Clinical Development

In a set of new regulations promulgated in 1987 and known as the IND Rewrite, the phases
of clinical investigation adopted by the FDA since the late 1970s is generally divided into
three phases (21 CFR 312.21). These phases of clinical investigation are usually conducted
sequentially but may overlap.

Phase I clinical investigation provides an initial introduction of an investigational new
drug to humans. The primary objectives of phase I clinical investigation are twofold. First,
it is to determine the metabolism and pharmacologic activities of the drug in humans, the
side effects associated with increasing doses, and early evidence on effectiveness. In addi-
tion it is to obtain sufficient information about the drug’s pharmacokinetics and pharmaco-
logical effects to permit the design of well-controlled and scientifically valid phase II
clinical studies. Thus phase I clinical investigation includes studies of drug metabolism,
bioavailability, dose ranging, and multiple doses. Phase I clinical investigation usually
involves 20 to 80 normal volunteer subjects or patients. In general, protocols for phase I
studies are less detailed and more flexible than for subsequent phases, but they must pro-
vide an outline of the investigation and also specify in detail those elements that are criti-
cal to safety. For phase I investigation, FDA’s review will focus on the assessment of
safety. Therefore extensive safety information such as detailed laboratory evaluations are
usually collected at very intensive schedules.

Phase II studies are the first controlled clinical studies of the drug, and they involve no
more than several hundred patients. The primary objectives of phase II studies are not only
to initially evaluate the effectiveness of a drug based on clinical endpoints for a particular
indication or indications in patients with the disease or condition under study but also to
determine the dosing ranges and doses for phase III studies and the common short-term
side effects and risks associated with the drug. Although the clinical investigation usually
involves no more than several hundred patients, expanded phase II clinical studies may
involve up to several thousand patients. Note that some pharmaceutical companies further
differentiate this phase into phases IIA and IIB. Clinical studies designed to evaluate dos-
ing are referred to as phase IIA studies, and studies designed to determine the effectiveness
of the drug are called phase IIB.

Phase III studies are expanded controlled and uncontrolled trials. The primary objec-
tives of phase III studies are not only to gather the additional information about effective-
ness and safety needed to evaluate the overall benefit-risk relationship of the drug but also
to provide an adequate basis for physician labeling. Phase III studies, which can involve
from several hundred to several thousand patients, are performed after preliminary evi-
dence regarding the effectiveness of the drug has been demonstrated. Note that studies per-
formed after submission before approval are generally referred to as phase IIIB studies.

In drug development, phase I studies refer to an early stage of clinical pharmacology,
and phase II and III studies correspond to a later stage of clinical development. For differ-
ent phases of clinical studies, the investigational processes are regulated differently, for
example, the FDA review of submissions in phase I ensures that subjects are not exposed
to unreasonable risks, while the review of submissions in phases II and III also ensures that
the scientific design of the study is likely to produce data capable of meeting statutory
standards for marketing approval.

14 INTRODUCTION
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Phase IV trials generally refer to studies performed after a drug is approved for market-
ing. The purpose for conducting phase IV studies is to elucidate further the incidence of
adverse reactions and determine the effect of a drug on morbidity of mortality. In addition
a phase IV trial is also conducted to study a patient population not previously studied such
as children. In practice, phase IV studies are usually considered useful market-oriented
comparison studies against competitor products.

Note that there is considerable variation within the pharmaceutical industry in categoriz-
ing clinical studies into phases. For example, in addition to phases I through IV described
above, some pharmaceutical companies consider clinical studies conducted for new indica-
tions and/or new formulations (or dosage forms) as phase V studies.

1.4 INVESTIGATIONAL NEW DRUG APPLICATION

As indicated in the previous section, different regulations exist for different products, such
as IND and NDA for drug products, ELA and PLA for biological products, IDE and PMA
for medical devices. However, the spirit and principles for the conduct, submission, review,
and approval of clinical trials are the same. Therefore, for the purpose of illustration, we
will only give a detailed discussion on IND and NDA for drug products.

Before a drug can be studied in humans, its sponsor must submit an IND to the FDA.
Unless notified otherwise, the sponsor may begin to investigate the drug 30 days after the
FDA has received the application. The IND requirements extend throughout the period
during which a drug is under study. As mentioned in Sections 312.1 and 312.3 of 21 CFR,
an IND is synonymous with Notice of Claimed Investigational Exemption for a New Drug.
Therefore an IND is, legally speaking, an exemption to the law that prevents the shipment
of a new drug for interstate commerce. Consequently the drug companies that file an IND
have flexibility of conducting clinical investigations of products across the United States.
However, it should be noted that different states might have different laws that may require
the sponsors to file separate IND to the state governments. As indicated by Kessler (1989),
there are two types of INDs, commercial and noncommercial. A commercial IND permits
the sponsor to gather the data on the clinical safety and effectiveness needed for an NDA.
If the drug is approved by the FDA, the sponsor is allowed to market the drug for specific
uses. A noncommercial IND allows the sponsor to use the drug in research or early clinical
investigation to obtain advanced scientific knowledge of the drug. Note that the FDA itself
does not investigate new drugs or conduct clinical trials. Pharmaceutical manufacturers,
physicians, and other research organizations such as NIH may sponsor INDs. If a commer-
cial IND proves successful, the sponsor ordinarily submits an NDA. During this period the
sponsor and the FDA usually negotiate over the adequacy of the clinical data and the word-
ing proposed for the label accompanying the drug, which sets out description, clinical
pharmacology, indications and usage, contraindications, warnings, precautions, adverse
reactions, and dosage and administration.

By the time an IND is filed, the sponsor should have enough information about the chem-
istry, manufacturing, and controls of the drug substance and drug product to ensure the iden-
tity, strength, quality, and purity of the investigational drug covered by the IND. In addition the
sponsor should provide adequate information about pharmacological studies for absorption,
distribution, metabolism, and excretion (ADME) and acute, subacute, and chronic toxicologi-
cal studies and reproductive tests in various animal species to support that the investigational
drug is reasonably safe to be evaluated in clinical trials of various durations in humans.
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Clinical_ch01.qxd  10/8/2003  2:24 PM  Page 15



A very important component of an IND is the general investigational plan, which is in
fact an abbreviated version of the clinical development plan for the particular pharmaceu-
tical entity covered by the IND. However, the investigational plan should identify the
phases of clinical investigation to be conducted that depend on the previous human experi-
ence with the investigational drug. Usually if a new investigational drug is developed in the
United States, it is very likely that at the time of filing the IND no clinical trial on human has
ever been conducted. Consequently the investigational plan might consist of all clinical tri-
als planned for each stage of phases I, II, and III during the entire development period. On
the other hand, some investigational pharmaceutical entities may be developed outside the
United States. In this case sufficient human experiences may have already been accumu-
lated. For example, for an investigational drug, suppose that the clinical development plan
outside the United States has already completed phase II stage. Then the initial safety and
pharmacological ADME information can be obtained from phase I clinical trials. In addi-
tion phase II dose response (ranging) studies may provide adequate dose information for
the doses to be employed in the planned phase III studies. Consequently the investigational
plan may only include the plan for phase III trials and some trials for specific subject pop-
ulation such as renal or hepatic impaired subjects. However, all information and results
from phases I and II studies should be adequately documented in the section of previous
human experience with the investigational drug in the IND. A general investigational plan
may consist of more than one protocol depending on the stage of the clinical investiga-
tional plan to be conducted.

An IND plays an important role in the clinical development of a pharmaceutical entity.
An IND should include all information about the drug product available to the company up
to the time point of filing. Table 1.4.1 lists the contents of an IND provided in Section 312.23
(a) (6) of 21 CFR that a sponsor must follow and submit. A cover sheet usually refers to the
form of FDA-1571. The form reinforces the sponsor’s commitment to conduct the investiga-
tion in accordance with applicable regulatory requirements. A table of contents should also
be included to indicate the information attached in the IND submission. The investigational
plan should clearly state the rationale for the study of the drug, the indication(s) to be stud-
ied, the approach for the evaluation of the drug, the kinds of clinical trials to be conducted,
the estimated number of patients, and any risks of particular severity or seriousness antici-
pated. For completeness, an investigator’s brochure should also be provided. As mentioned
earlier, the central focus of the initial IND submission should be on the general investiga-
tional plan and protocols for specific human studies. Therefore a copy of protocol(s) which
includes study objectives, investigators, criteria for inclusion and exclusion, study design,

16 INTRODUCTION

Table 1.4.1 Documents to Accompany an IND Submission

A cover sheet
A table of contents
The investigational plan
The investigator’s brochure
Protocol
Chemistry, manufacturing, and controls information
Pharmacology and toxicology information
Previous human experiences with the investigational drug
Additional information
Relevant information
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dosing schedule, endpoint measurements, and clinical procedure should be submitted along
with the investigational plan and other information such as chemistry, manufacturing, and
controls, pharmacology and toxicology, previous human experiences with the investiga-
tional drug, and any additional information relevant to the investigational drug. Note that the
FDA requires that all sponsors should submit an original and two copies of all submissions
to the IND file, including the original submission and all amendments and reports.

Clinical Trial Protocol

To ensure the success of an IND, a well-designed protocol is essential when conducting
a clinical trial. A protocol is a plan that details how a clinical trial is to be carried out and
how the data are to be collected and analyzed. It is an extremely critical and the most
important document, since it ensures the quality and integrity of the clinical investigation
in terms of its planning, execution, and conduct of the trial as well as the analysis of the
data. Section 312.23 of 21 CFR provides minimum requirements for the protocol of a clin-
ical trial. In addition the Guideline for the Format and Content of the Clinical and Statisti-
cal Sections of an Application was issued by CDER of the FDA in October 1988.
Appendix C of this guideline describes key elements for a well-designed protocol. All of
these requirements and elements are centered around experimental units, treatments, and
evaluations of the treatments as discussed previously in Section 1.1.

Table 1.4.2 gives an example for format and contents of a well-controlled protocol for a
majority of clinical trials. A well-designed protocol should always have a protocol cover
sheet to provide a synopsis of the protocol. A proposed protocol cover sheet can be found
in Appendix C of the FDA guideline. The objective of the study should be clearly stated at
the beginning of any protocols. The study objectives are concise and precise statements of
prespecified hypotheses based on clinical responses for evaluation of the drug product
under study. The objectives usually consist of the primary objective, secondary objectives,
and sometimes the subgroup analyses. In addition these objectives should be such that can
be translated into statistical hypotheses. The subject inclusion and exclusion criteria should
also be stated unambiguously in the protocol to define the targeted population to which the
study results are inferred. The experimental design then employed should be able to
address the study objectives with certain statistical inference. A valid experimental design
should include any initial baseline or run-in periods, the treatments to be compared, the
study configuration such as parallel, crossover, or forced titration, and duration of the treat-
ment. It is extremely important to provide a description of the control groups with the
rationale as to why the particular control groups are chosen for comparison.

The methods of blinding used in the study to minimize any potential known biases
should be described in detail in the protocol. Likewise the protocol should provide the
methods of assignments for subjects to the treatment groups. The methods of assignment
are usually different randomization procedures to prevent any systematic selection bias
and to ensure comparability of the treatment groups with respect to pertinent variables.
Only the randomization of subjects can provide the foundation of a valid statistical infer-
ence. A well-designed protocol should describe the efficacy and safety variables to be
recorded, the time that they will be evaluated, and the methods to measure them. In addi-
tion the methods for measuring the efficacy endpoints such as symptom scores for benign
prostatic hyperplasis or some safety endpoints such as some important laboratory assay
should be validated and results of validation need to be adequately documented in the pro-
tocol. The FDA guideline also calls for designation of primary efficacy endpoints. From
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Table 1.4.2 Format and Contents of a Protocol

1. Protocol cover sheet
2. Background
3. Objectives

Primary
Secondary

4. Study plan
Study design
Subject inclusion criteria
Subject exclusion criteria
Treatment plan

5. Study drugs
Dose and route
Method of dispensing
Method and time of administration
Description of controls
Methods of randomization and blinding
Package and labeling
Duration of treatment
Concomitant medications
Concomitant procedures

5. Measurements and observations
Efficacy endpoints
Safety endpoints
Validity of measurements
Time and events schedules
Screening, baseline, treatment periods,

and post-treatment follow-up
6. Statistical methods

Database management procedures
Methods to minimize bias
Sample size determination
Statistical general considerations

Randomization and blinding
Dropouts, premature termination,

and missing data
Baseline, statistical parameters,

and covariates
Multicenter studies
Multiple testing
Subgroup analysis
Interim analysis

Statistical analysis of demography and
baseline characteristics

Statistical analysis of efficacy data
Statistical analysis of safety data

7. Adverse events
Serious adverse events
Adverse events attributions
Adverse event intensity
Adverse event reporting
Laboratory test abnormalities

Clinical_ch01.qxd  10/8/2003  2:24 PM  Page 18



the primary objective based on the primary efficacy endpoint, the statistical hypothesis for
sample size determination can be formulated and stated in the protocol. The treatment
effects assumed in both null and alternative hypotheses with respect to the experimental
design employed in the protocol and the variability assumed for sample size determination
should be described in full detail in the protocol as should the procedures for accurate, con-
sistent, and reliable data. The statistical method section of any protocols should address
general statistical issues often encountered in the study. These issues include randomiza-
tion and blinding, handling of dropouts, premature termination of subjects, and missing
data, defining the baseline and calculation of statistical parameters such as percent change
from baseline and use of covariates such as age or gender in the analysis, the issues of mul-
ticenter studies, and multiple comparisons and subgroup analysis.

If interim analyses or administrative looks are expected, the protocol needs to describe
any planned interim analyses or administrative looks of the data and the composition, func-
tion, and responsibilities of a possible outside data-monitoring committee. The description
of interim analyses consists of monitoring procedures, the variables to be analyzed, the fre-
quency of the interim analyses, adjustment of nominal level of significance, and decision
rules for termination of the study. In addition the statistical methods for analyses of
demography and baseline characteristics together with the various efficacy and safety end-
points should be described fully in the protocol. The protocol must define adverse events,
serious adverse events, and attributions and intensity of adverse events and describe how
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Table 1.4.2 (Continued)

8. Warning and precautions
9. Subject withdrawal and discontinuation

Subject withdrawal
End of treatment
End of study

10. Protocol changes and protocol deviations
Protocol changes
Protocol deviation
Study termination

11. Institutional review and consent requirements
Institutional review board (IRB)
Informed consent

12. Obligations of investigators and 
administrative aspects
Study drug accountability
Case report forms
Laboratory and other reports
Study monitoring
Study registry
Record retention
Form FDA 1572
Signatures of investigators
Confidentiality
Publication of results

13. Flow chart of studies activities
14. References
15. Appendixes

Clinical_ch01.qxd  10/8/2003  2:24 PM  Page 19



the adverse events are reported. Other ethical and administration issues should also be
addressed in the protocol. They are warnings and precautions, subject withdrawal and dis-
continuation, protocol changes and deviations, institutional review board and consent
form, obligation of investigators, case report form, and others.

It should be noted that once an IND is in effect, the sponsor is required to submit a pro-
tocol amendment if there are any changes in protocol that significantly affect the subjects’
safety. Under 21 CFR 312.30(b) several examples of changes requiring an amendment are
given. These examples include (1) any increase in drug dosage, duration, and number of
subjects, (2) any significant change in the study design, (3) the addition of a new test or
procedure that is intended for monitoring side effects or an adverse event. In addition the
FDA also requires an amendment be submitted if the sponsor intends to conduct a study
that is not covered by the protocol. As stated in 21 CFR 312.30(a) the sponsor may begin
such study provided that a new protocol is submitted to the FDA for review and is
approved by the institutional review board. Furthermore, when a new investigator is added
to the study, the sponsor must submit a protocol amendment and notify FDA of the new
investigator within 30 days of the investigator being added. Note that modifications of the
design for phase I studies that do not affect critical safety assessment are required to be
reported to FDA only in the annual report.

Institutional Review Board

Since 1971 the FDA has required that all proposed clinical studies be reviewed both by the
FDA and an institutional review board (IRB). The responsibility of an IRB is not only to
evaluate the ethical acceptability of the proposed clinical research but also to examine the
scientific validity of the study to the extent needed to be confident that the study does not
expose its subjects to unreasonable risk (Petricciani, 1981). This IRB is formally desig-
nated by a public or private institution in which research is conducted to review, approve,
and monitor research involving human subjects. Each participating clinical investigator is
required to submit all protocols to an IRB. An IRB must formally grant approval before an
investigation may proceed, which is in contrast to the 30-day notification that the sponsors
must give the FDA. To ensure that the investigators are included in the review process, the
FDA requires that the clinical investigators communicate with the IRB. The IRB must
monitor activities within their institutions.

The composition and function of an IRB are subject to FDA requirements. Section 56.107
in Part 56 of 21 CFR states that each IRB should have at least five members with varying
backgrounds to promote a complete review of research activities commonly conducted by
the institution. In order to avoid conflict of interest and to provide an unbiased and objective
evaluation of scientific merits, ethical conduct of clinical trials, and protection of human
subjects, the CFR enforces a very strict requirement for the composition of members of an
IRB. The research institution should make every effort to ensure that no IRB is entirely
composed of one gender. In addition no IRB may consist entirely of members of one pro-
fession. In particular, each IRB should include at least one member whose primary con-
cerns are in the scientific area and at least one member whose primary concerns are in
nonscientific areas. On the other hand, each IRB should include at least one member who
is not affiliated with the institution and who is not part of the immediate family of a person
who is affiliated with the institution. Furthermore no IRB should have a member partici-
pate in the IRB’s initial or continuous review of any project in which the member has a
conflicting interest, except to provide information requested by the IRB.
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Safety Report

The sponsor of an IND is required to notify FDA and all participating investigators in a writ-
ten IND safety report of any adverse experience associated with use of the drug. Adverse
experiences need to be reported include serious and unexpected adverse experiences. A seri-
ous adverse experience is defined as any experience that is fatal, life-threatening, requiring
inpatient hospitalization, prolongation of existing hospitalization, resulting in persistent or
significant disability/incapacity, or congenital anomaly/birth defect. An unexpected adverse
experience is referred to as any adverse experience that is not identified in nature, severity,
or frequency in the current investigator brochure or the general investigational plan or else-
where in the current application, as amended.

The FDA requires that any serious and unexpected adverse experience associated with
use of the drug in the clinical studies conducted under the IND be reported in writing to the
agency and all participating investigators within 10 working days. The sponsor is required
to fill out the FDA-1639 form to report an adverse experience. Fatal or immediately life-
threatening experience require a telephone report to the agency within three working days
after receipt of the information. A follow-up of the investigation of all safety information is
also expected.

Treatment IND

During the clinical investigation of the drug under an IND, it may be necessary and ethical
to make the drug available to those patients who are not in the clinical trials. Since 1987
the FDA permits an investigational drug to be used under a treatment protocol or treatment
IND if the drug is intended to treat a serious or immediately life-threatening disease, espe-
cially when there is no comparable or satisfactory alternative drug or other therapy avail-
able to treat that stage of the disease in the intended patient population. FDA, however,
may deny a request for treatment use of an investigational drug under a treatment protocol
or treatment IND if the sponsor fails to show that the drug may be effective for its intended
use in its intended patient population or that the drug may expose the patients to an unrea-
sonable and significant additional risk of illness or injury.

Withdraw and Termination of an IND

At any time a sponsor may withdraw an effective IND without prejudice. However, if an
IND is withdrawn, FDA must be notified and all clinical investigations conducted under
the IND shall be ended. If an IND is withdrawn because of a safety reason, the sponsor has
to promptly inform FDA, all investigators, and all reviewing IRBs with the reasons for
such withdrawal.

If there are any deficiencies in the IND or in the conduct of an investigation under an
IND, the FDA may terminate an IND. If an IND is terminated, the sponsor must end all
clinical investigations conducted under the IND and recall or dispose all unused supplies
of the drug. Some examples of deficiencies in an IND are discussed under 21 CFR 312.44.
For example, FDA may propose to terminate IND if it finds that human subjects would be
exposed to an unreasonable and significant risk of illness or injury. In such a case the FDA
will notify the sponsor in writing and invite correction or explanation within a period of 
30 days. A terminated IND is subject to reinstatement based on additional submissions that
eliminate such risk. In this case a regulatory hearing on the question of whether the IND
should be reinstated will be held.
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Communication with the FDA

FDA encourages open communication regarding any scientific or medical question that
may be raised during the clinical investigation. Basically it is suggested that such commu-
nication be arranged at the end of the phase II study and prior to a marketing application.
The purpose of an end-of-phase II meeting is to review the safety of the drug proceeding to
phase III. This meeting is helpful not only in that it evaluates the phase III plan and proto-
cols but also in that it identifies any additional information necessary to support a market-
ing application for the uses under investigation. Note that a similar meeting may be held at
the end of phase I in order to review results of tolerance/safety studies and the adequacy of
the remaining development program. At the end of phase I, a meeting would be requested
by a sponsor when the drug or biologic product is being developed for a life-threatening
disease and the sponsor wishes to file under the expedited registration regulations. The
purpose of pre-NDA meetings is not only to uncover any major unresolved problems but
also to identify those studies that are needed for establishment of drug effectiveness. In
addition the communication enables the sponsor to acquaint FDA reviewers with the gen-
eral information to be submitted in the marketing application. More important, the com-
munication provides the opportunity to discuss (1) appropriate methods for statistical
analysis of the data and (2) the best approach to the presentation and formatting of the data.

1.5 NEW DRUG APPLICATION

For approval of a new drug, the FDA requires at least two adequate well-controlled clinical
studies be conducted in humans to demonstrate substantial evidence of the effectiveness
and safety of the drug. The substantial evidence as required in the Kefaurer-Harris amend-
ments to the FD&C Act in 1962 is defined as the evidence consisting of adequate and well-
controlled investigations, including clinical investigations, by experts qualified by scientific
training and experience to evaluate the effectiveness of the drug involved, on the basis of
which it could fairly and responsibly be concluded by such experts that the drug will have
the effect it purports to is represented to have under the conditions of use prescribed, rec-
ommended, or suggested in the labeling or proposed labeling thereof. Based on this
amendment, the FDA requests that reports of adequate and well-controlled investigations
provide the primary basis for determining whether there is substantial evidence to support
the claims of new drugs and antibiotics. Section 314.126 of 21 CFR provides the definition
of an adequate and well-controlled study, which is summarized in Table 1.5.1. It can be
seen from Table 1.5.1 that an adequate and well-controlled study is judged by eight criteria
specified in the CFR. These criteria are objectives, method of analysis, design of studies,
selection of subjects, assignment of subjects, participants of studies, assessment of
responses, and effect. First, each study should have a very clear statement of objectives for
clinical investigation such that they can be reformulated into statistical hypotheses and
estimation procedures. In addition proposed methods of analyses should be described in
the protocol and actual statistical methods used for analyses of data should be described in
detail in the report. Second, each clinical study should employ a design that allows a valid
comparison with a control for an unbiased assessment of drug effect. Therefore selection
of a suitable control is one of keys to integrity and quality of an adequate and well-
controlled study. The CFR recognizes the following controls: placebo concurrent control,
dose-comparison concurrent control, no treatment control, active concurrent control, and
historical control. Next, the subjects in the study should have the disease or condition
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under study. Furthermore subjects should be randomly assigned to different groups in the
study to minimize potential bias and ensure comparability of the groups with respect to
pertinent variables such as age, gender, race, and other important prognostic factors. All
statistical inferences are based on such randomization and possibly stratification to achieve
these goals. However, bias will still occur if no adequate measures are taken on the part of
subjects, investigator, and analysts of the study. Therefore blinding is extremely crucial to
eliminate the potential bias from this source. Usually an adequate and well-controlled
study is at least double blinded whereby investigators and subjects are blinded to the treat-
ments during the study. However, currently a triple-blind study in which the sponsor (i.e.,
clinical monitor) of the study is also blinded to the treatment is not uncommon. Another
critical criterion is the validity and reliability of assessment of responses. For example, the
methods for measurement of responses such as symptom scores for benign prostate hyper-
plasia should be validated before their usage in the study (Barry et al., 1992). Finally,
appropriate statistical methods should be used for assessment of comparability among
treatment groups with respect to pertinent variables mentioned above and for unbiased
evaluation of drug effects.

Section 314.50 of 21 CFR specifies the format and content of an NDA, which is sum-
marized in Table 1.5.2. The FDA requests that the applicant should submit a complete
archival copy of the new drug application form (A) to (F) with a cover letter. In addition,
the sponsor needs to submit a review copy for each of the six technical sections with the
cover letter, application form (356H) of (A), index of (B), and summary of (C) as given in
Table 1.5.2 to each of six reviewing disciplines. The reviewing disciplines include chem-
istry reviewers for the chemistry, manufacturing, and controls; pharmacology reviewers 
for nonclinical pharmacology and toxicology; medical reviewers for clinical data section;
and statisticians for statistical technical section. The outline of review copies for clinical
reviewing divisions include (1) cover letter, (2) application form (356H), (3) index, (4) sum-
mary, and (5) clinical section. The outline of review copies for statistical reviewing divi-
sion consists of (1) cover letter, (2) application form (356H), (3) index, (4) summary, and
(5) statistical section.

Table 1.5.3 provides a summary of the format and content of a registration dossier for
the European Economic Community (EEC). A comparison of Table 1.5.2 and Table 1.5.3
reveals that the information required by the FDA and ECC for marketing approval of a drug
is essentially the same. However, no statistical technical section is required in the ECC
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Table 1.5.1 Characteristics of an Adequate and Well-Controlled Study

Criteria Characteristics

Objectives Clear statement of investigation’s purpose
Methods of analysis Summary of proposed or actual methods of analysis
Design Valid comparison with a control to provide a quantitative 

assessment of drug effect
Selection of subjects Adequate assurance of the disease or conditions under study
Assignment of subjects Minimization of bias and assurance of comparability of groups
Participants of studies Minimization of bias on the part of subjects, observers, and 

analysts
Assessment of responses Well-defined and reliable
Assessment of the effect Requirements of appropriate statistical methods
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Table 1.5.2 A Summary of Contents and Format of a New
Drug Application (NDA)

Cover letter
A. Application form (365H)
B. Index
C. Summary
D. Technical sections

1. Chemistry, manufacturing, and controls
2. Nonclinical pharmacology and toxicology
3. Human pharmacology and bioavailability
4. Microbiology (for anti-infective drugs)
5. Clinical data
6. Statistical

E. Samples and labeling
F. Case report forms and tabulations

1. Case report tabulations
2. Case report forms
3. Additional data

Note: Based on Section 314.50 of Part 21 of Codes of Federal Regulation 
(4-1-94 edition).

registration. In October 1988, to assist an applicant in presenting the clinical and statistical
data required as part of an NDA submission, the CDER of the FDA issued the Guideline 
for the Format and Content of the Clinical and Statistical Sections of an Application under
21 CFR 314.50, which is summarized in Table 1.5.4. The guideline indicates the prefer-
ence of having one integrated clinical and statistical report rather than two separate reports.
A complete submission should include clinical section [21 CFR 314.50(d)(5)], statistical
section [21 CFR 314.50(d)(6)], and case report forms and tabulations [21 CFR 314.50(f)].
The same guideline also provides the content and format of the fully integrated clinical 
and statistical report of a controlled clinical study in an NDA. A summary of it is given in
Table 1.5.5. Based on the content and format of the fully integrated and statistical report of
a controlled study required by the FDA, the Structure and Content of Clinical Study
Reports was also issued by the European Community in May 1993. A summary is given in
Table 1.5.6. In addition the European Community also published a guideline entitled Bio-
statistical Methodology in Clinical Trials in Applications for Marketing Authorizations for
Medicinal Products in March 1993.

Expanded Access

A standard clinical development program of phases I, II, and III clinical trials and tradi-
tional approval of a new pharmaceutical entity through IND and NDA processes by the
FDA will generally take between 8 to 12 years with an average cost around $500 million.
Kessler and Feiden (1995) indicated that on average, the FDA receives around 100 origi-
nal NDAs each year. For each NDA submission, FDA requires substantial evidence of
efficacy and safety be provided with fully matured and complete data generated from at
least two adequate and well-controlled studies before it can be considered for approval.
This requirement is necessary for drugs with marginal clinical advantages and for
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Table 1.5.3 Format and Contents of a Registration Dossier for the 
European Economic Community (EEC)

Flyleaf
Annex I: General information

Annex II: Information and documents on physicochemical,
biological, or microbiological tests

Annex II.A: Complete qualitative and quantitative composition
Annex II.B: Method of preparation
Annex II.C: Controls of starting materials
Annex II.D: Control tests on intermediate products (if necessary)
Annex II.E: Control tests for the finished product
Annex II.F: Stability tests
Annex II.G: Conclusions

Annex III: Toxicological and pharmacological tests
Annex III.A: Acute toxicity
Annex III.B: Toxicity with repeated administration
Annex III.C: Fetal toxicity
Annex III.D: Fertility studies
Annex III.E: Carcinogenicity and mutagenicity
Annex III.F: Pharmacodynamics
Annex III.G: Pharmacokinetics

Annex IV: Clinical trials
Annex IV.A: Human pharmacology
Annex IV.B: Clinical data
Annex IV.C: Side effects and interactions

Annex V: Special particulars
Annex V.A: Dosage forms
Annex V.B: Samples
Annex V.C: Manufacturing authorization
Annex V.D: Marketing authorization

Table 1.5.4 Summary of the Clinical and Statistical
Section of an NDA

A. List of investigators; list of INDs and NDAs
B. Background/overview of clinical investigations
C. Clinical pharmacology
D. Control clinical studies
E. Uncontrolled clinical studies
F. Other studies and information
G. Integrated summary of effectiveness data
H. Integrated summary of safety data
I. Drug abuse and overdosage
J. Integrated summary of benefits and risks of the drug

Source: Based on Guideline for the Format and Content of the
Clinical and Statistical Sections of an Application (July, 1988,
Center for Drug Evaluation and Research, FDA).
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treatment of conditions or diseases that are not life-threatening. However, if the diseases
are life-threatening or severely debilitating, then the traditional clinical development and
approval process might not be soon enough for the subjects whose life may be saved by
the promising drugs. According to Section 312.81 in 21 CFR, life-threatening diseases
are defined as (1) the diseases or conditions where the likelihood of death is high unless
the course of the disease is interrupted and (2) diseases or conditions with potentially fatal
outcomes, where the endpoint of clinical trial analysis is survival. On the other hand,
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Table 1.5.5 Summary of Format and Contents of a Fully Integrated
Clinical and Statistical Report for a Controlled Study in an NDA

A. Introduction
B. Fully integrated clinical and statistical report of a controlled clinical study

1. Title page
2. Table of contents for the study
3. Identity of the test materials, lot numbers, etc.
4. Introduction
5. Study objectives
6. Investigational plan
7. Statistical methods planned in the protocol
8. Disposition of patients entered
9. Effectiveness results

10. Safety results
11. Summary and conclusion
12. References
13. Appendices

Source: Based on Guideline for the Format and Content of the Clinical and Statistical
Sections of an Application (July, 1988, Center for Drug Evaluation and Research, FDA).

Table 1.5.6 Summary of Format and Contents of Clinical Study
Reports for the European Economic Community (EEC)

1. Title page
2. Table of contents for the study
3. Synopsis
4. Investigators
5. Introduction
6. Study objectives
7. Investigational plan
8. Study subjects
9. Effectiveness evaluation

10. Safety evaluation
11. Discussion
12. Overall conclusions
13. Summary tables, figures, and graphs cited in text
14. Reference list
15. Appendices

Source: Based on Structure and Content of Clinical Study Reports Joint EFPIA/CPMP
Document—May 13, 1993.

Clinical_ch01.qxd  10/8/2003  2:24 PM  Page 26



NEW DRUG APPLICATION 27

severely debilitating diseases are those that cause major irreversible morbidity. Since
1987 regulations have been established for early access to promising experimental drugs
and for accelerated approval of drugs for treatment of life-threatening or severely debili-
tating diseases.

Expanded access is devised through treatment IND (Section 312.34 of 21 CFR) and
parallel track regulations. For a serious or immediately life-threatening disease with no
satisfactory therapy available, as mentioned before, a treatment IND allows promising
new drugs to be widely distributed even when data and experience are not sufficient
enough for a full marketing approval. On the other hand, for example, for the patients
infected with human immunodeficiency virus (HIV) who are not qualified for clinical tri-
als and have no other alternative treatment, parallel track regulations issued in 1992 pro-
vide a means for these patients to obtain experimental therapy very early in the
development stage through their private physicians. In 1992 the FDA also established the
regulations for accelerated approval of the drug for serious or life-threatening diseases
based on a surrogate clinical endpoint other than survival or irreversible morbidity (Sub-
part H of Section 314 in 21 CFR). A new concept for approval called Telescoping Trials
has also emerged (Kessler and Feiden, 1995). Under this concept, phase III clinical trials
might be totally eliminated. For example, the FDA might consider approval of a drug for a
serious disease which, during phase II clinical trials, demonstrates a positive impact on
survival or irreversible morbidity. The time table for drug evaluation and approval is illus-
trated in Figure 1.5.1 which is adopted from Kessler and Feiden (1995). A successful
example of expanded access and accelerated approval provided by these regulations is the
review and approval of dideoxyinosine (ddI) of Bristol-Myers Squibb Company for
patients with HIV. An expanded access to ddI was initiated in September 1989. The new
drug application based on the data of phase I clinical trials with no control group was filed
in April 1991. The FDA granted conditional approval of the drug in October 1991 based
on a clinical surrogate end point called a CD4� lymphocyte count. With the data from
phases II and III clinical trials submitted in April 1992, the approval of ddI was broadened
in September 1992. The history of ddI case is illustrated in Figure 1.5.2 (also adopted
from Kessler and Feiden, 1995). Another example for fast-track development and acceler-
ated approval is the case of fludarabine phosphate (fludara) for treatment of refractory
chronic lymphocytic leukemia (CLL) (Tessman, Gipson, and Levins, 1994). Fludara is the
first new drug approved for this common form of adult leukemia in the United States over
50 years. The NDA, filed in November 1989 and approved in April 1991, was in fact based
on retrospective analyses of phase II clinical trials conducted by NCI through cooperative
groups including Southwest Oncology Group (SWOG) and M.D. Anderson Cancer Center
in Houston, Texas. In addition an early excess to the drug was provided in 1989 through
NCI’s Group C protocol, which is equivalent to NCI’s version of treatment IND. The last
example is the approval of Gleevec (omatinib mesylate) for oral treatment for patients
with chronic myeloid leukemia (CML) by the U.S. FDA in 2001. Gleevec is a specific
inhibitor of tyrosine kinase enzymes that plays an important role in CML. Under acceler-
ated approval regulation and orphan drug status, the U.S. FDA reviewed and approved the
marketing application in less than 3 months. This approval for three phases of CML was
based on separate single-arm studies using surrogate endpoints such as major cytogenetic
response. One of these studies was recently published (Kantarjian et al., 2002). However,
the then-U.S. FDA acting commissioner, B. A. Schwetz, D.V.M., Ph.D., indicated that fur-
ther studies are needed to evaluate whether Gleevec provides an actual clinical benefit,
such as improved survival.
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Figure 1.5.1 Time table for drug evaluation and approval. Drug development can take many years of successively larger clinical studies (top).
The FDA’s expanded-access rules now make available to patients serious illness drugs that are still under investigation (middle). The agency has
also reduced the time it takes to approve new drugs for sale, and it may issue provisional approval for widespread marketing of a compound on
the basis of significantly fewer data than it once required (bottom). A drug may then be removed from the market if later evaluations show that
it is not beneficial. (Source: Kessler and Faiden, 1995.)
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Abbreviated New Drug Application

An abbreviated NDA (ANDA) is usually reserved for drug products (e.g., generics) that
duplicate products previously approved under a full NDA. For an ANDA, reports of non-
clinical laboratory studies and clinical investigations except for those pertaining to in vivo
bioavailability of the drug product are not required. The information may be omitted when
the FDA has determined that the information already available to it is adequate to establish
that a particular dosage form of a drug meets the statutory standards for safety and effec-
tiveness. The duplicate products are usually referred to as products with the same active
ingredient(s), route of administration, dosage form, strength, or condition of use that may
be made by different manufacturers.

As mentioned earlier, under the Drug Price Competition and Patient Term Restoration
Act passed in 1984, the FDA may approve generic drug products if the generic drug com-
panies can provide evidence that the rates and extents of absorption of their drug products
do not show a significant difference from those of the innovator drug products when
administered at the same molar dose of the therapeutic moiety under similar experimental
conditions (21 CFR 320). The Drug Price Competition and Patent Term Restoration Act
states FDA’s authority for all generic drug approvals through an ANDA submission for
bioequivalence review. An ANDA submission should include product information, phar-
macokinetic data and analysis, statistical analysis, analytical methodology and validation,
and clinical data. In the ANDA submission the FDA requires the sponsor to provide nec-
essary information regarding the drug product such as formulation, potency, expiration
dating period (or shelf life), and dissolution data. For example, the dissolution profile of
the generic drug product should be comparable with that of the innovator drug product for
drug release. Before the conduct of a bioavailability and bioequivalence study, the FDA
also requires the sponsor to provide validation data for the analytical method used in the
study. The analytic method should be validated according to standards specified in the
U.S. Pharmacopeia and National Formulary (USP/NF, 2002). For example, the analytical
method needs to be validated in terms of its accuracy, precision, selectivity, limit of detec-
tion, limit of quantitation, range, linearity, and ruggedness (Chow and Liu, 1995a). For
pharmacokinetic data, descriptive statistics should be given by the sampling time point and
for each pharmacokinetic responses. To ensure the validity of bioequivalence assessment,
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Figure 1.5.2 Case history of dideoxyinosine (ddI) shows how efforts to streamline the regulatory
process have paid off. In September 1989 the drug was made available to many AIDS patients on an
expanded-access basis. The FDA approved the drug for sale after reviewing preliminary results from
ongoing studies and then expanded the approval once final results came in. (Source: Kessler and
Faiden, 1995.)
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the Division of Bioequivalence, Office of Generic Drugs of CDER at the FDA issued a
Guidances on Bioavailability and Bioequivalence Studies for Orally Administrated Drug
Products—General Consideration in March, 2003 and Statistical Approaches to Estab-
lishing Bioequivalence in January 2001, respectively. The guidance sets forth regulations
for valid statistical analysis for bioequivalence assessment. Note that detailed information
regarding statistical design and analysis of bioavailability and bioequivalence studies can
be found in Chow and Liu (2000). In addition any relevant clinical findings, adverse reac-
tions and deviation from the protocol need to be included in the ANDA submission.

Supplemental New Drug Application

A supplemental NDA (SNDA) is referred to as documentation submitted to FDA on a drug
substance or product that is already the subject of an approved NDA. Supplements may be
submitted for a variety of reasons such as labeling changes, a new or expanded clinical
indication, or a new dosage form. For example, for labeling changes, the sponsor may want
to add a new specification or test method or changes in the methods, facility, or controls to
provide increased assurance that the drug will have the characteristics of identity, strength,
quality, and purity that it purports to possess. For drug substance and/or drug product, the
sponsor may want to relax the limits for a specification, establish a new regulatory analyt-
ical method, or delete a specification or regulatory analytical method. In addition the spon-
sor may want to extend the expiration date of the drug product based on data obtained
under a new or revised stability testing protocol that has not been approved in the applica-
tion or to establish a new procedure for reprocessing a batch of the drug product that fails to
meet specification. It, however, should be noted that in an SNDA, the sponsor is required to
fully describe the change in each condition established in an approved application beyond
the variation already provided for in the application.

Advisory Committee

The FDA has established advisory committees each consisting of clinical, pharmacological,
and statistical experts and one consumer advocate (not employed by the FDA) in designated
drug classes and subspecialities. The responsibilities of the committees are to review data
presented in NDA’s and to advise FDA as to whether there exists substantial evidence of
safety and effectiveness based on adequate and well-controlled clinical studies. In addition
the committee may also be asked at times to review certain INDs, protocols, or important
issues relating to marketed drugs and biologics. The advisory committees not only supple-
ment the FDA’s expertise but also allow an independent peer review during the regulatory
process. Note that the FDA usually prepares a set of questions for the advisory committee to
address at the meeting. The following is a list of some typical questions:

1. Are there two or more adequate and well-controlled trials?

2. Have the patient populations been well enough characterized?

3. Has the dose-response relationship been sufficiently characterized?

4. Do you recommend the use of the drug for the indication sought by the sponsor for
the intended patient population?

The FDA usually will follow the recommendations made by the Advisory Committee for
marketing approval, though they do not have to legally.
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1.6 CLINICAL DEVELOPMENT AND PRACTICE

Clinical research and development in pharmaceutical environment is to scientifically eval-
uate the benefits and risks of promising pharmaceutical entities at a minimal cost and
within a very short timeframe. To ensure the success of the development of the pharma-
ceutical entity, a clinical development plan is necessary.

Clinical Development Plan

A clinical development plan (CDP) is a description of clinical studies that will be carried
out in order to assess the safety and effectiveness of the drug. A clinical development plan
typically includes a development rationale, listing of trial characteristics, timeline, cost,
and resource requirements. A good and flexible clinical development plan hence is
extremely crucial and important to the success and unbiased assessment of a potential
pharmaceutical entity. Although a typical CDP is based primarily on the validity of med-
ical and scientific considerations, other factors that involve issues such as biostatistics, reg-
ulatory, marketing, and management are equally important. For a successful CDP, we first
need to define a product profile for the promising pharmaceutical entity before any clinical
development. Table 1.6.1 lists essential components of a product profile. These compo-
nents set the goals and objectives for the clinical development program of a pharmaceuti-
cal entity. A clinical development program is referred to as the set of different clinical trial
plans at different stages with milestones for assessment and decision making to evaluate
the goals and objectives stated in the product profile. For example, if the drug product
under development is for an indication intended for a particular population, the relative
merits and disadvantages of the product as compared to other products either on the mar-
ket or still under development should objectively be assessed. In order to evaluate the rela-
tive merits, minimum requirements and termination criteria on the effectiveness and safety
of the product are usually set. These requirements and criteria are evaluated through statis-
tical analysis of data collected from a series of clinical trials. The deadlines for milestones
and decision making should also be scheduled in CDP according to the time when certain
clinical trials to evaluate the requirements and criteria are completed and the data are ade-
quately analyzed. Since a huge investment is usually necessarily committed to develop
a new pharmaceutical entity, information based on efficacy and safety alone may not be
enough to evaluate a potential product. It is therefore recommended that cost-effectiveness
and quality of life be evaluated, especially for the me-too products in a saturated market. In
this case requirements and criteria for cost-effectiveness and quality of life need to be
included at milestones and/or decision-making points. As indicated earlier, although many
factors such as statistics, marketing, regulatory, and management need to be considered in
a CDP, the scientific validity of clinical investigations is the key to the success of a clinical
development program.

In the pharmaceutical industry clinical development of a pharmaceutical entity starts
with seeking alternatives or new drug therapies for an existing health problem (e.g., hyper-
tension) or a newly identified health problem (e.g., AIDS). The health problem of interest
may be related to virus, cardiovascular, cancer diseases, or other diseases. Once the health
problem is selected or identified, whether it is worth developing an alternative or a new
pharmaceutical entity for this particular disease is a critical development decision point. A
clear decision point can increase the success of the project and consequently reduce the risk
and cost. Suppose that it is decided to proceed with the development of a pharmaceutical
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entity (e.g., enzymes or receptors), a number of chemical modifications and ADME tests in
animals may be necessary before it can be tested on humans. ADME studies are used to
determine how a drug is taken up by the body, where it goes in the body, the chemical
changes it undergoes in the body, and how it is eliminated from the body. ADME studies
describe the pharmacokinetics and bioavailability of a drug. If the drug shows promising
effectiveness and safety in animals, the sponsor normally will make a decision to go for an
IND. As indicated in Section 1.4, an IND is a synthesis process that includes formulation,
analytical method development and validation, stability, animal toxicity, pharmacokinetic/
pharmacology, previous human experience, and clinical development. The sponsor will then
prepare a registration document that combines all the relevant data to allow the FDA to
review and decide whether to approve marketing of the new drug. As discussed in Section
1.5, an NDA submission should include chemistry, pharmacology, toxicology, metabolism,
manufacturing, quality controls, and clinical data along with the proposed labeling.

Good Clinical Practices

Good clinical practices (GCP) is usually referred to as a set of standards for clinical studies
to achieve and maintain high-quality clinical research in a sensible and responsible manner.
The FDA, the Committee for Proprietary Medicinal Products (CPMP) for the European
Community, the Ministry of Health and Welfare of Japan, and other countries worldwide
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Table 1.6.1 Components of a Pharmaceutical 
Product Profile

Target population
Innovation potentials

Therapeutic concepts
Innovative elements
Technological advances
Patent status

Route of administrations
Doses
Formulations
Regimens

Duration of dosing
Status of market
Current competitors

On market
Under development
Advantages
Disadvantages

Minimum requirements
Efficacy
Safety

Termination criteria
Efficacy
Safety

Time frames
Milestones
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have each issued guidelines on good clinical practices. For example, the FDA promulgated
a number of regulations and guidelines governing the conduct of clinical studies from which
data will be used to support applications for marketing approval of drug products. The FDA
regulations refer to those regulations specified in 21 CFR Parts 50, 56, 312, and 314, while
the FDA guidelines are guidelines issued for different drug products such as Guidelines for
the Clinical Evaluation of Anti-Anginal Drugs and Guidelines for the Clinical Evaluation of
Bronchodilator Drugs. On the other hand, the European Community established the princi-
ples for their own GCP standard in all four phases of clinical investigation of medicinal
products in July 1990. Basically these guidelines define the responsibilities of sponsors,
monitors, and investigators in the initiation, conduct, documentation, and verification of
clinical studies to establish the credibility of data and to protect the rights and integrity of
study participants.

In essence GCP concerns patient protection and the quality of data used to prove the
efficacy and safety of a drug product. GCP ensures that all data, information, and docu-
ments relating to a clinical study can be confirmed as being properly generated, recorded,
and reported through the institution by independent audits. Therefore the basic GCP con-
cerns are not only the protection of study subjects through informed consent and consulta-
tion by ethics committees such as IRB but also the responsibilities of the sponsors and
monitors to establish written procedures for study monitoring and conduct and to ensure
that such procedures are followed. In addition GCP emphasizes the responsibilities of
investigator to conduct the study according to the protocol and joint responsibilities for
data reporting, recording, analysis, and archiving as well as prompt reporting of serious
adverse events. Moreover GCP calls for the most appropriate design for a valid statistical
evaluation of the hypotheses of the clinical trials. The chosen design must suit the purpose
with the best possible fit. Incorporating the concerns of GCP in the protocol will ensure
a protocol of high standard, which in turn will help generate high-quality data.

Study conduct according to GCP standards requires regular visits to investigating cen-
ter to monitor study progress. The activities of the sponsor’s monitors that will affect the
investigator and support staff should be stated in the protocol. Not only this is courteous, it
prevents misunderstanding, facilities cooperation, and aids the speedy acquisition of com-
pleted case report form. The activities include frequency of monitoring visits, activities
while on site (e.g., auditing CRFs), and departments to be visited (e.g., pharmacy). The
practical effects of adopting GCP are that the investigator is audited by the sponsor’s mon-
itors (to confirm data on CRFs are a true transcript of original records), by a sponsor
administratively separate from the clinical function and in some countries, by the national
regulatory agency. The sponsor’s monitors are audited by a compliance staff and by
national regulatory agencies to confirm the accuracy of data recorded and the implementa-
tion of all written procedures such as standard operating procedure (SOP) and protocol.

Most of pharmaceutical companies and research institutions have a protocol review
committee (PRC) to evaluate the quality and integrity of the protocol and hence to approve
or disapprove the protocol. Some companies also ask the principal study medical monitor
and statistician to submit a case report form (CRF) and a statistical analysis plan with
mock tables and listing for presentation of the results to PRC at the same time when the
protocol is submitted for review.

Lisook (1992) has assembled a GCP packet to assist the sponsors in the planning, execu-
tion, data analysis, and submission of results to the FDA. A summary of this GCP packet is
given in Table 1.6.2. Most of these regulations have been discussed in the previous sections
of this chapter. To improve the conduct and oversight of clinical research and to ensure the
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protection of subjects participating in the FDA-regulated clinical research, the U.S. FDA
established the Office of Good Clinical Practice (OGCP) within the Office of the Commis-
sioned and its Office of Science Coordination and Communication in 2001. This new office
has distinct roles from the Office of Human Research Protections (OHRP) of the Depart-
ment of Health and Human Services (DHHS). These distinct roles include (1) coordination
of the FDA’s policies, (2) provision of leadership and direction through the administration
of the FDA’s Human Subject Protection/Good Clinical Practice Steering Committee, (3)
coordination of the FDA’s Bioresearch Monitoring program, (4) contribution to the interna-
tional Good Clinical Practice harmonization activities, (5) planning and conducting training
and outreach programs, and (6) serving as a liaison with OHRP and other federal agencies
and other stakeholders committed to the protection of human research participants.

In the past, as demonstrated in Tables 1.5.2 and 1.5.3, Tables 1.5.5 and 1.5.6, health reg-
ulatory authorities in different countries have different requirements for approval of com-
mercial use of the drug products. As a result, considerable resource had been spent by the
pharmaceutical industry in the preparation of different documents for applications of 
the same pharmaceutical product to meet different regulatory requirements requested by
different countries or regions. However, because of globalization of the pharmaceutical
industry, arbitrary differences in regulations, increase of health care costs, need for reduc-
tion of time for patients to access new drugs, and of experimental use of humans and
animals without compromising safety, the necessity to standardize these similar yet differ-
ent regulatory requirements has been recognized by both regulatory authorities and pharma-
ceutical industry. Hence, The International Conference on Harmonization (ICH) of Technical
Requirements for the Registration of Pharmaceuticals for Human Use was organized to pro-
vide an opportunity for important initiatives to be developed by regulatory authorities as
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Table 1.6.2 References to Keep at Hand for Good Clinical Practice

1. Information on FDA regulations
2. Center for Drug Evaluation and Research publications
3. Clinical Investigations (excerpt from the Federal Register, 9-27-1977)
4. Protection of Human Subjects, Informed Consent Forms
5. New Drug, Antibiotic, and Biologic Drug Product Regulations; Final Rule 

(excerpt from the Federal Register, 3-19-1987)
6. Investigational New Drug, Antibiotic, and Biologic Drug Product Regulations; 

Treatment Use and Sale; Final Rule (excerpt from the Federal Register, 5-22-1987)
7. Guideline for the Monitoring of Clinical Investigations
8. Investigational New Drug, Antibiotic, and Biologic Drug Product Regulations; Procedure 

Intended to Treat Life-Threatening and Severely Debilitating Illness; Interim Rule 
(excerpt from the Federal Register, 10-22-1988)

9. FDA IRB (Institution Review Board) Information Sheets
10. FDA Clinical Investigator Sheet
11. Reprint of Alan B. Lisook, M.D. FDA audits of clinical studies: Policy and procedure,

Journal of Clinical Pharmacology, 30 (April 1990) 296–302.
12. Federal Policy for the Protection of Human Subjects; Notices and Rules 

(excerpt from the Federal Register, 6-18-1991)
13. FDA Compliance Program Guidance Manual-Clinical Investigators (10-1-1997)
14. FDA Compliance Program Guidance Manual-Sponsors, Contract Research 

Organization and Monitors (2-21-2001)
15. FDA Compliance Program Guidance Manuals-Institutional Review Board (10-1-1994)
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well as industry association for the promotion of international harmonization of regulatory
requirements.

Currently, ICH, however, is only concerned with tripartite harmonization of technical
requirements for the registration of pharmaceutical products among three regions: The
European Union, Japan, and the United States. Basically, the organization of the ICH con-
sists of two representatives, one from a regulatory authority and one from the pharmaceu-
tical industry, from each of the three regions. As a result, the organization of the ICH
consists of six parties of these three regions which include the European Commission of
the European Union, the European Federation of Pharmaceutical Industries’Associations
(EFPIA), the Japanese Ministry of Health, Labor and Welfare (MHLW), the Japanese
Pharmaceutical Manufacturers Association (JPMA), the Centers for Drug Evaluation and
Research and Biologics Evaluation and Research of the US FDA, and the Pharmaceutical
Research and Manufacturers of America (PhRMA). The ICH steering committee was
established in April, 1990 to (1) determine policies and procedures, (2) to select topics,
(3) to monitor progress, and (4) to oversee preparation of biannual conferences. Each of
the six parties has two seats on the ICH steering committee. The ICH steering committee
also includes observers from the World Health Organization, the Canadian Health Protec-
tion Branch, and the European Free Trade Area which have one seat each on the commit-
tee. In addition, two seats of the ICH Steering Committee are given to the International
Federation of Pharmaceutical Manufacturers Association (IFPMA), which represents the
research-based pharmaceutical industry from 56 countries outside ICH regions. IFPMA
also runs the ICH Secretariat at Geneva, Switzerland which coordinates the preparation of
documentation.

In order to harmonize technical procedures the ICH has issued a number of guidelines
and draft guidelines. After the ICH steering committee selected the topics, the ICH guide-
lines initiated by a concept paper and went through a 5-step review process given in 
Table 1.6.3. The number of ICH guidelines and draft guidelines at various stages of review
process is given in Table 1.6.4. Table 1.6.5 provides a list of currently available ICH guide-
lines or draft guidelines pertaining to clinical trials while Table 1.6.6 gives the table of con-
tents for the ICH draft guideline on general considerations for clinical trials. In addition, the
table of contents of the ICH guidelines for good clinical practices: consolidated guidelines,
for structure and content of clinical study reports, and for statistical principles for clinical
trials are given, respectively in Tables 1.6.7, 1.6.8, and 1.6.9. From these tables, it can be
seen that these guidelines are not only for harmonization of design, conduct, analysis, and
report for a single clinical trial but also for consensus in protecting and maintaining the sci-
entific integrity of the entire clinical development plan of a pharmaceutical entity. Along
this line, Chow (1997, 2003) introduced the concept of good statistics practice (GSP) in
drug development and regulatory approval process as the foundation of ICH GCP. The con-
cepts and principles stated in the ICH clinical guidelines will be introduced, addressed, and
discussed in the subsequent chapters of this book.

1.7 AIMS AND STRUCTURE OF THE BOOK

As indicated earlier, clinical trials are scientific investigations that examine and evaluate
drug therapies in human subjects. Biostatistics has been recognized and extensively
employed as an indispensable tool for planning, conduct, and interpretation of clinical trials.
In clinical research and development the biostatistician plays an important role that
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Table 1.6.3 Review Steps for the ICH Guidelines

Step 1

1. Harmonized topic identified
2. Expert working group (EWG) formed
3. Each party has a topic leader and a deputy
4. Rapporteur for EWR selected
5. Other parties represented on EWG as appropriate
6. Produce a guideline, policy statement, “points to consider”
7. Agreement on scientific issues
8. Sign-off and submit to the ICH steering committee

Step 2

1. Review of ICH document by steering committee
2. Sign-off by all six parties
3. Formal consultation in accord with regional requirements

Step 3

1. Regulatory rapporteur appointed
2. Collection and review of comments across all three regions
3. Step 2 draft revised
4. Sign-off by EWR regulatory members

Step 4

1. Forward to steering committee
2. Review and sign-off by three regulatory members of ICH
3. Recommend for adoption to regulatory bodies

Step 5

1. Recommendations are adopted by regulatory agencies
2. Incorporation into domestic regulations and guidelines

Table 1.6.4 Summary of the Number of ICH Guidelines
or Draft Guidelines

Step 1 Step 2 Step 3 Step 4 Step 5

Efficacy 0 0 0 0 15
Safety 0 0 1 0 13
Quality 0 0 6 0 17
Multidiscipline 0 0 1 0 4

contributes toward the success of clinical trials. Well-prepared and open communication
among clinicians, biostatisticians, and other related clinical research scientists will result in
a successful clinical trial. Communication, however, is a two-way street: Not only (1) must
the biostatistician effectively deliver statistical concepts and methodologies to his or her
clinical colleagues but also (2) the clinicians must communicate thoroughly clinical and sci-
entific principles embedded in clinical research to the biostatisticians. The biostatisticians
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Table 1.6.5 The ICH Clinical Guidelines or Draft Guidelines

1. E1A: The Extent of Population Exposure to Assess Clinical Safety for Drugs Intended for
Long-term treatment of Non-Life-Threatening Conditions

2. E2A: Clinical Safety Data Management: Definitions and Standards for Expedited Reporting
3. E2B: Data Elements for Transmission of Individual Case Safety Reports
4. E2B(M): Data Elements for Transmission of Individual Case Safety Reports
5. M2:E2B(M): Electronic Transmission of Individual Case Safety Reports Message Specification
6. E2C: Clinical Safety Data Management: Periodic Safety Update Reports for Marketed Drugs
7. E3: Structure and Content of Clinical Studies
8. E4: Dose-Response Information to Support Drug Registration
9. E5: Ethnic Factors in the Acceptability of Foreign Clinical Data

10. E6: Good Clinical Practice: Consolidated Guideline
11. E7: Studies in Support of Special Populations: Geriatrics
12. E8: General Considerations for Clinical Trials
13. E9: Statistical Principles for Clinical Trials
14. E10: Choice of Control Group in Clinical Trials
15. E11: Clinical Investigation of Medicinal Products in the Pediatric Population
16. M4: Common Technical Document for the registration of Pharmaceuticals for Human Use

Main Document (Organization)
Efficacy
Safety
Safety Appendices
Quality

17. Principles for Clinical Evaluation of New Antihypotensive Drugs
18. Draft Guidelines M2: Electronic Technical Document Specification (eTD)

Table 1.6.6 The Table of Contents for the Guideline on General
Considerations for Clinical Trials

1. Objectives of this document
2. General principles

2.1 Protection of clinical trial subjects
2.2 Scientific approach in design and analysis

3. Development methodology
3.1 Considerations for development

3.1.1 Nonclinical studies
3.1.2 Quality of investigational medicinal products
3.1.3 Phases of clinical development
3.1.4 Special considerations

3.2 Considerations for individual clinical trials
3.2.1 Objectives
3.2.2 Design
3.2.3 Conduct
3.2.4 Analysis
3.2.5 Reporting
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Table 1.6.7 Table of Contents for the ICH Guideline on Good Clinical Practice:
Consolidated Guideline

Introduction
1. Glossary
2. The Principles of ICH GCP
3. The Institutional Review Board/Independent Ethnic Committee (IRB/IEC)

3.1 Responsibilities
3.2 Composition, functions, and operations
3.3 Procedures
3.4 Records

4. Investigators
4.1 Investigator’s qualifications and agreements
4.2 Adequate resources
4.3 Medical care of trial subjects
4.4 Communication with IRB/IEC
4.5 Compliance with protocol
4.6 Investigational products
4.7 Randomization procedures and unblinding
4.8 Informed consent of trial subjects
4.9 Records and reports

4.10 Progress reports
4.11 Safety reporting
4.12 Premature termination or suspension of a trial
4.13 Final report(s) by investigator/institution

5. Sponsor
5.1 Quality assurance and quality control
5.2 Contract research organization
5.3 Medical expertise
5.4 Trial design
5.5 Trial management, data handling, recordingkeeping, and independent data monitoring 

committee
5.6 Investigator selection
5.7 Allocation of duties and functions
5.8 Compensation to subjects and investigators
5.9 Financing

5.10 Notification/submission to regulatory authority(ies)
5.11 Confirmation of review of IRE/IEC
5.12 Information on investigational product(s)
5.13 Manufacturing, packaging, labeling, coding investigation product(s)
5.14 Supplying and handling, investigational product(s)
5.15 Record access
5.16 Safety information
5.17 Adverse drug reaction reporting
5.18 Monitoring
5.19 Audit
5.20 Noncompliance
5.21 Premature termination or suspension of a trial
5.22 Clinical trial/study reports
5.23 Multicenter trials

6. Clinical Trial Protocol and Protocol Amendment(s)
6.1 General information
6.2 Background information
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Table 1.6.8 Table of Contents for the ICH Guideline on
Structure and Contents of Clinical Study Reports

Introduction to the guideline
1. Title page
2. Synopsis
3. Table of contents for the individual clinical study report
4. List of abbreviations and definition of terms
5. Ethics
6. Investigators and study administrative structure
7. Introduction
8. Study objectives
9. Investigational plan

10. Study patients
11. Efficacy evaluation
12. Safety evaluation
13. Discussion and overall conclusions
14. Tables, figures, graphs referred to but not included in the text
15. Reference list
16. Appendices

Table 1.6.7 (Continued)

6. Clinical Trial Protocol and Protocol Amendment(s) (Continued)
6.3 Trial objectives and purpose
6.4 Trial design
6.5 Selection and withdrawal of subjects
6.6 Treatment of subjects
6.7 Assessment of efficacy
6.8 Assessment of safety
6.9 Statistics

6.10 Direct assess to source data/documents
6.11 Quality control and quality assurance
6.12 Ethics
6.13 Data handling and recordkeeping
6.14 Financing and insurance
6.15 Publication
6.16 Supplements

7. Investigator’s Brochure
7.1 Introduction
7.2 General considerations
7.3 Contents of the investigator’s brochure
7.4 Appendix 1
7.5 Appendix 2

8. Essential documents for the conduct of a clinical trial
8.1 Introduction
8.2 Before the clinical phase of the trial commences
8.3 During the clinical conduct of the trial
8.4 After completion or termination of the trial
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can then formulate these clinical and scientific principles into valid statistical hypotheses
under an appropriate statistical model. Overall, the integrity, quality, and success of a clin-
ical trial depends on the interaction, mutual respect, and understanding between the clini-
cians and the biostatisticians.

The aim of this book is not only to fill the gap between clinical and statistical disciplines
but also to provide a comprehensive and unified presentation of clinical and scientific issues,
statistical concepts, and methodology. Moreover the book will focus on the interactions
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Table 1.6.9 Table of Contents for the ICH Guideline on Statistical
Principles for Clinical Trials

I. Introduction
1.1 Background and purpose
1.2 Scope and purpose

II. Considerations for Overall Clinical Development
2.1 Trial content
2.2 Scope of trials
2.3 Trial techniques to avoid bias

III. Trial Design Considerations
3.1 Design configuration
3.2 Multicenter trials
3.3 Type of comparison
3.4 Group sequential designs
3.5 Sample size
3.6 Data capture and processing

IV. Trial Conduct Considerations
4.1 Trial monitoring and interim analysis
4.2 Changes in inclusion and exclusion criteria
4.3 Accrual rates
4.4 Sample size adjustment
4.5 Interim analysis and early stopping
4.6 Role of independent data monitoring committee (IDMC)

V. Data Analysis Considerations
5.1 Prespecification of the analysis
5.2 Analysis sets
5.3 Missing values and outliers
5.4 Data transformation
5.5 Estimation, confidence interval, and hypothesis testing
5.6 Adjustment of significance and confidence levels
5.7 Subgroups, interaction, and covariates
5.8 Integrity of data and computer software validity

VI. Evaluation of Safety and Tolerability
6.1 Scope of evaluation
6.2 Choice of variables and data collection
6.3 Set of subjects to be evaluated and presentation of data
6.4 Statistical evaluation
6.5 Integrated summary

VII. Reporting
7.1 Evaluation and reporting
7.2 Summarizing the clinical database

Annex I Glossary
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between clinicians and biostatisticians that often occur during various phases of clinical
research and development. This book is also intended to give a well-balanced summarization
of current and emerging clinical issues and recently developed corresponding statistical
methodologies. Although this book is written from the viewpoint of pharmaceutical research
and development, the principles and concepts presented in this book can also be applied to a
nonbiopharmaceutical setting.

It is our goal to provide a comprehensive reference book for physicians, clinical
researchers, pharmaceutical scientists, clinical or medical research associates, clinical pro-
grammers or data coordinators, and biostatisticians or statisticians in the areas of clinical
research and development, regulatory agencies, and academe.

The scope of this book covers clinical issues, which may occur during various phases of
clinical trials in pharmaceutical research and development, their corresponding statistical
interpretations, concepts, designs and analyses, which are adopted to address these impor-
tant clinical issues. Basically, this book is devoted to the concepts and methodologies of
design and analysis of clinical trials. As a result, this book can be divided into two parts:
concepts and methodologies. Each part consists of several chapters with different topics.
Each part and each chapter are self-contained. But, at the same time, parts and chapters are
arranged in a sensible manner such that there is a smooth transition between parts and from
chapter to chapter within each part.

Chapter 1 provides an overview of clinical development for pharmaceutical entities,
drug research and development process in the pharmaceutical industry, regulatory review,
and approval processes and requirements. Also included in this chapter are the aim and
structure of the book. Chapters 2 to 7 cover the concepts of design and analysis of clinical
trials. Chapter 2 introduces basic statistical concepts such as uncertainty, bias, variability,
confounding, interaction, clinical significance and equivalence, and reproducibility and
generalizability. Chapter 3 provides some fundamental considerations for choosing a valid
and suitable design for achieving study objectives of clinical trials under various circum-
stances. Chapter 4 illustrates the concepts and different methods of randomization and
blinding, which are critically indispensable for the success and integrity of clinical trials.
Chapter 5 introduces different types of statistical designs for clinical trials. These study
designs include parallel group, crossover, titration, enrichment, clustered, group-sequential,
placebo-challenging, and blinder-reader designs. Also included in this chapter is the dis-
cussion of the relative merits and disadvantages of these study designs. Specific designs
for cancer clinical trials are introduced in Chapter 6. These designs include standard esca-
lation, accelerated titration, and continual reassessment method (CRM) in determination
of maximum tolerable dose (MTD) for phase I cancer trials. In addition, Simon’s optimal
two-stage design and randomized phase II designs are also discussed. Various types of
clinical trials, including multicenter, superiority, dose-response, active control, equiva-
lence and noninferiority, drug-to-drug interaction, combination, and bridging trials, are
discussed in Chapter 7.

Chapters 8 through 13 cover methodologies and various issues that are commonly
encountered in the analysis of clinical data. As clinical endpoints can generally be classified
into three types: continuous, categorical, and censored data, different statistical methods
for analysis of these three types of clinical data are necessary. Chapters 8, 9, and 10 discuss
the advantages and limitations of statistical methods for analysis of continuous, categori-
cal, and censored data, respectively. In addition, group sequential procedures for interim
analysis are also given in Chapter 10. Chapter 11 provides different procedures for sample
size calculation for various types of data under different study designs. Chapter 12
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discusses statistical issues in analyzing efficacy data. These issues include baseline com-
parison, intention-to-treat analysis versus evaluable or per-protocol analysis, adjustment of
covariates, multiplicity, the use of genomic information for assessment of efficacy, and
data monitoring. Chapter 13 focuses on the issues for analysis of safety data, which
include the extent of exposure, coding and analysis of adverse events, the analysis of labo-
ratory data, and the use of genomic information for evaluation of drug safety.

Issues of study protocols and clinical data management are provided in Chapters 14 and
15, respectively. Chapter 14 focuses on the development of a clinical protocol. This chap-
ter discusses the structure and components of an adequate and well-controlled clinical trial
protocol, issues that are commonly encountered in protocol development, commonly seen
deviations in the conduct of a clinical trial, clinical monitoring, regulatory audit and
inspection, and assessment of the quality and integrity of clinical trials. Chapter 15 sum-
marizes basic standard operating procedures for good clinical data management practice.
These standard operating procedures cover the development of case report forms (CRF),
database development and validation, data entry, validation and correction, database final-
ization and lock, CRF flow and tracking, and the assessment of clinical data quality.

For each chapter, whenever possible, real examples from clinical trials are included to
demonstrate the clinical and statistical concepts, interpretations, and their relationships and
interactions. Comparisons regarding the relative merits and disadvantages of the statistical
methodology for addressing different clinical issues in various therapeutic areas are dis-
cussed wherever deemed appropriate. In addition, if applicable, topics for future research
development are provided.
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