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1.1 GOALS OF CHAPTER

The purpose of this chapter is to consider the overall goals and requirements of
conducting clinical trials. It is an opportunity to avoid pitfalls by viewing the larger
picture. This chapter seeks to provoke consideration of key issues without duplicat-
ing the more detailed work of later chapters.

Clinical Trials Handbook, Edited by Shayne Cox Gad
Copyright © 2009 John Wiley & Sons, Inc.
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1.2 GOALS OF CLINICAL TRIALS AND WHAT IS AT STAKE

The ultimate goal of drug development is the creation of new, safe, and effective
compounds for treating human disease. Clinical trials comprise the portion of this
endeavor involving human subjects. While the basic tenants of scientific inquiry do
not differ from preclinical research, the stakes are higher and the regulations more
stringent.

The cost of conducting clinical trials can be measured in two ways: the human
cost and the resource cost. The human cost is the cost from the patient’s perspective.
The patient suffers from a condition dire enough that experimental therapy is a
consideration. He or she holds out hope for this therapy and trusts to the scientific
skill and integrity of those conducting the trial. The patients expose themselves to
an incompletely understood therapy and usually suffer some degree of toxicity in
order to gain uncertain benefit. Prior to a drug being declared useful or not, hun-
dreds or thousands of patients may be involved in trials related to the drug.

On another balance sheet, there is the impressive economic burden of drug
development. The cost of successfully bringing a new drug to market is now in the
range of $800 million [1]. The interval between the start of clinical testing and the
submission of an application for regulatory approval of a new drug is estimated at
6 years [1]. Even so, fields such as oncology are seeing an increase in drugs under
study [2]. Yet there are limits to the number of clinical centers able to conduct trials.
More importantly, there is a limit to the number of patients that are eligible to par-
ticipate in a given trial, either by reason of demographic factors, comorbidity, incom-
patible disease parameters,or willingness. These limitations suggest that investigators
must be selective about which drugs they study in clinical trials.

While drug discovery still involves an element of happenstance, contemporary
drug development is ever more focused on mechanisms specific to a given disease.
Frequently, therefore, a disease population will have been targeted during preclini-
cal development. It is up to the clinical trials process to assess whether the new
agent is both safe and effective in this or other populations. Generally, the first
concern is assessing drug toxicity and the related dosing and pharmacokinetics. Fol-
lowing this, some evidence of efficacy is sought. If it is found, efficacy must be con-
firmed in larger, randomized trials. Finally, postmarketing surveillance studies may
be performed. These successive clinical trials are usually categorized by phase, and
these phases will be introduced below.

1.3 INTRODUCTION TO PHASE I-IV CLINICAL TRIALS

1.3.1 Introduction to Phase | Trials

Purpose New drugs are first introduced into human subjects in phase I trials. The
primary goal of these first studies is to assess the safety of the agent and to determine
an acceptable dose for further study. Related goals include the assessment of phar-
macokinetics as well as pharmacodynamics. To study pharmacokinetics is to study
how the body affects the drug: How is the drug absorbed? How is the drug distrib-
uted between body compartments? How is the drug metabolized and excreted?
Pharmacodynamics is the relationship between drug exposure and drug effect. Here
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we ask what normal physiological or disease processes are altered when a drug is
administered at varying doses.

Methods The method used is to some extent dictated by the drug and disease
under consideration. In fields other than oncology, phase I trials are typically under-
taken in healthy volunteers. Typically, increasing doses of a drug are employed in
small successive cohorts of patients. Each cohort is assessed, and subsequent dose
levels are only used if excessive toxicity (often termed dose-limiting toxicity) is not
encountered. At each dose level, blood or other body fluid is taken for pharmaco-
kinetic studies.

In oncology studies, the first and lowest dose level may be based upon animal
toxicities (e.g., 10% of the dose that is lethal in 10% of mice (LLD,,)) and dose incre-
ments are often based upon a modified Fibonacci sequence (1, 2,3,5,8,13,...),a
scheme that decreases the dose increment with each subsequent level. The notion
is to limit patient exposure to dose-limiting toxicity through more cautious later
stage dose increases. Alternative dosing schemes employ one patient per dose level
or a continuously modified dosing increment based upon observed toxicities; the
goal of such alternative methods is to increase phase I efficiency and limit the
number of patients who receive too little or too much drug [3]. At some point, toxic-
ity is deemed to be excessive, and the appropriate dose level is then established,
typically at the dose just below this point of excessive toxicity.

Pharmacokinetics is the study of the drug absorption, transport, distribution,
metabolism, and elimination; the goal is to improve drug delivery and efficacy. An
understanding of the molecular target may have implications for drug exposure. For
example, antimetabolites used against cancer are considered to be most effective in
the DNA (deoxyribonucleic acid) synthesis phase (S-phase) of the cell cycle. To best
inhibit tumor growth, it is considered optimal to maintain a constant or prolonged
exposure of the cancer to drug such that most cells are caught as they transit through
S-phase. Pharmacokinetic analysis can tell the investigator if such an exposure is
occurring and may prompt alternative dose schedules in subsequent studies.

Pharmacodynamic assays—assays that assess the effect of the drug on normal
physiology or disease—may be useful in assessing whether a drug is likely to have
a clinical effect. In cardiology, for example, the effects of a new agent on subjects’
blood pressure or electrocardiogram may be relevant [4]. In studies of new antibod-
ies or other targeted therapies, a therapeutic effect may be seen without the dose-
dependent toxicities expected with other agents (e.g.,the antimetabolite methotrexate
used in rheumatoid arthritis or cancer). Conducting assays that demonstrate molec-
ular changes in the relevant target could serve as a proof of concept for the agent;
this, in turn, could prevent the need for higher dose levels, levels that could induce
toxicity and would increase the duration of the study.

Results At the end of a phase I study, acute toxicities should be understood.
Toxicities related to more long-term exposure may not be apparent until future
studies are undertaken. In conjunction with the pharmacokinetic assays and any
pharmacodynamic work, an assessment must be made as to whether further studies
should be conducted, and, if so, at what dose. Pharmacokinetic analysis may suggest
that changes in dose or dosing frequency are required. In instances where toxicity
may be excessive at doses not expected or observed to have a useful biological



4 INTRODUCTION TO CLINICAL TRIALS

effect, further phase I studies may be designed to circumvent the toxicity. While
preliminary activity against disease may be observed in phase I studies, the initial
assessment of positive clinical outcomes is primarily the arena of phase II studies.

1.3.2 Introduction to Phase Il Trials

Purpose Phase II studies are conducted to assess the initial activity of an
agent against disease. Further information is gathered about an agent’s adverse
effects, and additional pharmacokinetic or pharmacodynamic studies may be
conducted.

Methods Unlike phase I studies, which may employ many different doses of an
agent, phase II trials typically employ one or occasionally a few dose levels. Larger
cohorts of patients are exposed to the drug in order to observe one or more clinical
endpoints. The measured endpoints will vary depending upon the drug and field of
study. In trials of heart failure, for example, physiological parameters (e.g., ventricu-
lar remodeling) may be assessed in addition to clinical measures such as exercise
tolerance [5, 6]. Vaccine studies typically assess safety and immune responses and
may involve both treatment and control groups [7]. In oncology, tumor response
(shrinkage) rates have traditionally been used as a measure of response, but newer
targeted drugs have led to greater reliance upon endpoints such as stable disease
rates. Prior to conducting the study, investigators should specify what minimal level
of drug activity will be accepted as evidence to warrant subsequent investigation.
Phase II studies should be designed as precursors to phase III studies.

Phase II studies may be single-arm assessments of drug activity; such studies have
an implied comparator of prior trials or clinical experience. Alternatively, random-
ized studies may be conducted, comparing the experimental arm with either a
placebo, a standard therapy control arm, another experimental arm, or different
doses of the experimental arm itself. The randomized study, while of limited power,
may improve drug development by increasing the likelihood of selecting the best
drug or dose for further development [8]. When a standard treatment arm is used
as a comparator, that arm may serve as a barometer for the severity or nature of
the disease in the overall study cohort. Excellent or poor results in the experimental
arm are interpreted in light of the control arm.

A more recent study type, the randomized discontinuation study, begins with a
lead-in period in which all subjects receive the experimental arm. After a predeter-
mined period, subjects are randomized between continuing the study drug and
receiving a placebo or no therapy. The lead-in period eliminates noncompliant sub-
jects and unresponsive disease, increasing the likelihood of differences being
observed in the randomized portion of the study. The cost is in the greater number
of patients required for the study due to drop-out in the initial nonrandomized
period [9].

Results As noted, the clinical endpoints vary widely based upon disease and
agent type. If a drug effect was seen, it must be considered whether the effect was
sufficiently interesting in light of existing therapies or other study arms. If a clinical
effect was not seen, one must assess whether this could be explained by any biologi-
cal surrogates or pharmacokinetic studies also undertaken. The clinical efficacy must
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be assessed in the face of observed toxicities. More severe toxicities might be accept-
able for lifesaving therapies but not for agents directed at minor ailments. At the
end of the phase II study, the investigator should have an initial assessment of a
new agent’s impact on a disease as well as a better understanding of the toxicity
profile.

Two important and frequently used statistical concepts should be introduced
here. The first is power. In clinical terms, power is the probability that a study will
find that a drug is effective when the drug truly is effective. Statistically, it may be
described as Power = 1 — B, where B is the probability of a study finding a drug inef-
fective despite the truth being that the drug is effective— is therefore also called
the B error. A related term, the o error, represents the opposite mistake; it is the
chance that a study will find a drug effective when in truth the drug is ineffective.
By general agreement, the value of a is usually set at 0.05. Power increases with
larger studies (i.e., more patients) and when more prespecified clinical events occur.
Phases I and II trials typically employ small numbers of patients, which tends to
increase error rates and limit statistical options. Nevertheless, statistics can inform
us of the limitations of our knowledge. For example, if we observed 3 of 25 patients
with cancer to have tumor responses, we could determine that—with 95% likeli-
hood—the true response rate was from about 3-30% [10]. If we had hoped for
better, we would need to carefully consider any next trial. Phases III and IV studies,
described below, rely heavily on thoughtful consideration of o. and B errors.

1.3.3 Introduction to Phase lll Trials

Purpose Phase III studies are typically large randomized studies designed to
demonstrate useful clinical activity in a specific disease setting. The process of ran-
domizing patients between different treatment arms is fundamental to avoiding
biased interpretations of outcomes.

Methods The design of phase III studies is critical both in addressing a specific
hypothesis and in the pragmatic sense of making a drug useful in clinical practice.
Fundamentally, this means that an appropriate patient population must be selected,
all treatments must be clinically relevant, and the expected improvement in outcome
must be both clinically meaningful and statistically measurable. Eligibility crite-
ria—those criteria that determine which patients may join the study—must
define a population that is both adequately generalizable to include patients repre-
sentative of the diseased cohort but also homogeneous enough to retain statistical
power and to be applicable to a usefully recognizable disease group. For example,
studies may be difficult to interpret when they include both early- and late-stage
patients. If a study is positive, to which population is it best applied? If negative,
might it be positive in one of the disease subpopulations if a study were done only
in that group.

Treatment arms cannot ignore previously existing therapies. With respect to heart
failure, a new drug must take into account that many patients will also be on ACE
(angiotensin-converting enzyme) inhibiters, B-blockers, diuretics, antiplatelet agents,
and possibly other medications. Excluding these medications may make the study
uninterpretable in the real-world clinical context and, more importantly, it may be
unethical.
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The endpoint of a phase III study should be an accepted and clinically relevant
one that is specified before the trial is conducted. For example, in many cancers, an
improvement in response rate is not considered an adequate phase III endpoint,
whereas improvements in survival or disease-free survival may be accepted. Second-
ary endpoints—quality of life, for example—may be employed but must be recog-
nized as such at study completion.

A common difficulty with phase III studies is inadequate power. This is often due
to an overly optimistic estimate of improvement in a clinical outcome, an estimate
that may be a product of resource limitations. A lesser and potentially meaningful
improvement may be missed if too few patients are accrued to the study or follow-
up is too short.

Results The primary and any secondary clinical outcomes must be assessed and
interpreted as planned. In circumstances where the primary outcome is of border-
line significance or where the primary and secondary clinical outcomes are dispa-
rate, explanations may be considered and used as hypotheses for future study. Post
hoc analyses are frequently conducted but can only be hypothesis generating.

1.3.4 Introduction to Phase IV Trials

Purpose Phase IV studies, sometimes called pharmacoepidemiologic studies, are
those that are conducted after a drug has been approved for marketing. Such studies,
often large, may assess a drug for uncommon toxicities that may be undetectable in
smaller phases I-III studies, or they may establish the activity or tolerability of a
drug in a particular population or practice setting.

Studies conducted to assess new methods of drug administration, combinations
with other agents, or activity in other diseases—that is, studies seeking a new mar-
keting indication—are better described and conducted as the phases I-III studies
they represent. Similarly, a distinction can be made between trials seeking to answer
a specific postmarketing question and those conducted solely to increase market
share, so-called seeding trials. In the latter, there may be an incentive for the
involved physicians to prescribe the drug in question and there may be no intent to
publish the results [11, 12].

Methods Phase IV studies may be conducted in several ways.

1. Descriptive studies, sometimes collections of drug toxicities captured over
time, may identify new problems. These may range from case studies to series
of patients collected by companies or regulatory bodies. Although resource
intensive, large prospective cohort studies may also be conducted to capture
infrequent adverse events.

2. Randomized studies may be used to compare an agent to other similar agents
or to confirm earlier results.

3. Case—control studies or retrospective cohort studies can be conducted after
data on a drug has accumulated. This would typically be done to assess for
unusual side effects or associations of a drug with the development of a sub-
sequent disease, such as malignancies or autoimmune sequelae.
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4. Cross-sectional studies, although perhaps less useful, assess drug exposure and
outcomes in a population at a specific time. Causality may be more difficult to
assess if a sequential temporal relationship cannot be determined [12].

Results The results of phase IV studies may be required to fulfill regulatory
requirements after accelerated approval of a new drug. The additional numbers and
prolonged follow-up provided by postmarketing studies may also be crucial in
revealing important but infrequent toxicities. On occasion, these findings may lead
to the withdrawal of a drug from the market, as, for example, after cardiovascular
complications were associated with the anti-inflammatory drug rofecoxib [13, 14].

1.4 PRINCIPLES OF TRIALS DEVELOPMENT

1.4.1 Big Picture, Small Picture

Overall Goal: Improved Patient Care The details involved in protocol design
and regulatory requirements can be overwhelming. Remembering the fundamental
goal of clinical research—improved patient care—can be an aid; study design and
decision making should be influenced by the consideration of what is best for
patients.

Patients seek relief from suffering. The investigator should therefore choose the
most relevant endpoint for a given trial. Studies of rhinitis may reasonably examine
patient reporting of nasal discharge and congestion [15], while studies of pancreatic
cancer must consider an agent’s impact on survival or more relevant measures of
symptoms or quality of life. Research protocols must be designed with these param-
eters in mind. The outcome of interest must be described in sufficient detail that it
may be easily replicated, a matter as important in assessing a study’s value in support
of regulatory approval as it is to an understanding of what benefit a drug may be
to future patients. Any clinical trial must assess the toxicities associated with treat-
ment. Known adverse effects must be clearly described and provisions made for the
adjustment of treatment to mitigate such toxicities should they occur. Of course, for
sufficiently severe toxicities, a warning system must be in place to inform patients,
investigators, and the companies and agencies overseeing the study. The details of
such reporting requirement may vary, but the act of sharing such information is
sensible.

Quality After careful protocol development comes the messy process of admin-
istering a protocol. Invariably, aspects of the protocol appear to be open to inter-
pretation, and at some point there will be lapses in study conduct or paperwork.
The maintenance of quality in a study means always trying to adhere to the letter
and spirit of the protocol. It means that the responsible investigator must be avail-
able to arbitrate whether patients are actually eligible and whether protocol viola-
tions have occurred. It means that study coordinators must vigorously pursue the
complete assessment of patients and the related documentation. Every effort must
be made to follow patients to the completion of study. A poorly followed or docu-
mented study may be difficult to interpret and may not be acceptable to regulatory
agencies or other entities overseeing the trial.
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Nothing in Isolation—The Bench and the Bedside The present era is one of
exciting new agents, many directed at specific targets in the disease process. Even
while such agents must undertake the staged clinical trials process, they may evoke
interesting biological questions with implications for ongoing or future studies. The
prospective collection, banking, and analysis of biological specimens may reveal
subsets of patients for whom a new agent may have particular benefit.

For example, small-molecule tyrosine kinase inhibitors directed at the endothelial
growth factor receptor (EGFR) have been investigated in patients with non-small
cell lung cancer. Despite good preclinical data [16], clinical studies demonstrated
more limited benefit, ultimately resulting in limitations of access to one such drug,
gefitinib, previously approved by the Food and Drug Administration (FDA )under
accelerated approval [17]. The investigation of tumor samples, however, revealed
that some tumors had mutations in the tyrosine kinase domain of the EGFR gene,
with corresponding protein changes and apparent improvements in clinical responses
[18, 19]. Unfortunately, this finding was made posthumously for gefitinib, but the
implications for future development of this class of drug are clear. When feasible,
biological investigations and specimen preservation should continue during the
clinical period of study.

1.4.2 Human Element

Differences between Mice and Humans Despite the fact that 99% of mouse
genes have human counterparts [20], several important issues separate the species.
First, important differences in biology can mean significantly different drug metabo-
lism and elimination, such that pharmacokinetics can only be generally predicted
[21]. Second, human xenografts planted in mice may respond to drug therapy, but
such responses are not consistently predictive of response phase II clinical studies
[22]. This supports the necessity of clinical studies. Third, ethics dictates that both
the goals and conduct of preclinical and clinical studies must differ. In animals, while
the suffering and distress of animals is to be minimized [23], it is accepted that tox-
icities must be observed in other species to understand new agents and protect the
humans that are subsequently exposed. By contrast, the very structure of trials in
humans is one of careful staging to avoid excessive toxicity or any death. Earlier
studies establish safety while later studies assess for useful clinical activity of a
drug.

Relevance of Ethics There are more and less obvious aspects of ethics involved
in clinical drug development. We have fortunately recognized and codified the
obvious, so, for example, it is universally recognized that withholding effective treat-
ment for the sole purpose of observing natural disease history is unethical [24]. But
there are less flagrant examples that affect study design.

The phase I study by its nature poses ethical conundrums. It is a study designed
to assess toxicity and an acceptable dose for a drug, with clinical benefit being a
secondary consideration. Thus, subjects put themselves at risk for uncertain benefit,
and healthy volunteers stand no chance of clinical benefit. But the phase I trial is
accepted for several reasons. First and foremost, if one accepts that our society
wishes to continue to make progress against disease, it becomes an unavoidable
necessity. A new drug must at some point be introduced into the human population.
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This must be done in a careful and systematic fashion, but risk can only be mini-
mized, not eliminated.

Second, patients who face the option of a phase I study are often those who have
a disease without further standard therapeutic options. Although the chance of
benefit for a given patient is likely to be very low, a chance for therapeutic success
may be motivation enough [25], and altruism may play a smaller role in patient
decision making than frequently thought [26]. Yet even when informed consent may
be forthcoming, phase I studies are at greater risk than later phase studies for violat-
ing the principle of beneficence (i.e., offering insufficient benefit to justify risk) and
for abusing the desperation of a vulnerable patient population at the expense of the
ethical principle of justice [27].

Another challenging aspect of phase I studies is drug dosing. In oncology, it has
been observed that benefit derived from new cytotoxic drugs occurs more fre-
quently when doses are near the limit of acceptable toleration of side effects [28].
This means that patients who receive lower drug doses earlier in the study are less
likely to have benefit, although they may also have less toxicity. Phase I dosing is
therefore a balance between minimizing toxicity and maximizing any possible
benefit for the greatest number of patients [25]. It is thus incumbent on investigators
to carefully plan dosing increments during protocol development and assess side
effects as the trial progresses.

Phase III studies, though more likely to confer benefit than phase I studies, still
pose ethical challenges. One such difficulty is the decision about whether to stop a
trial during interim analysis. A trial of hormone therapy (letrozole) after curative
surgery for breast cancer was stopped at an interim analysis when the treated
patients demonstrated lower rates of disease recurrence [29]. It may reasonably be
asked whether such a study might better be continued blinded until longer follow-up
was available or a survival difference was or was not found. While unquestionably
it is better to avoid recurrence of breast cancer, the cost of adopting such therapy
must be balanced against an incomplete study, other potentially better therapies, or
trials that might be aborted by early adoption of the considered drug [30]. We are
also accepting the financial cost of a new drug by its adoption. A society may rea-
sonably consider for any therapy whether the gains so achieved are incurred at a
reasonable cost in terms of other societal concerns. Such issues make it apparent
that ethics is not a matter of nebulous constructs but an integral consideration for
clinical trials.

Quality of Life Another aspect of research that separates the clinical from the
preclinical phase is the human interpretation of ailments. From pain to dyspnea,
humans demonstrate a range of subjective degrees of discomfort from the insults
of disease [31, 32].

Although less concrete and more difficult to assess than endpoints such as sur-
vival or hospital admissions, quality of life or symptom control data can be meaning-
ful to patients and clinicians. In circumstances where endpoints such as survival are
not readily demonstrated, such as in rheumatoid arthritis, measurements of quality
of life, symptoms, and function are useful to assess drug efficacy [33]. Investigators
should endeavor to use validated scales so that the results are less open to question.
Still, quality of life measures have provided challenges. How often does one conduct
measurements? How does one account for the inevitably missing data points [34]?
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In the field of oncology, quality of life scales alone have yet to prove sufficient for
drug approval by the FDA. In contrast, other simple and easily comprehensible
measures of pain or composite endpoints that include pain have been accepted as
a basis for drug marketing [35].

1.4.3 Multidisciplinary Nature of Clinical Trials

Actors The manifold tasks and varied expertise required to conduct contempo-
rary clinic trials necessitate the input and assistance of several groups. Prior to
initiating a clinical trial, it must be assured that all the players are properly cued.
Table 1 lists the persons and groups that typically must be available to conduct a
trial, listed roughly in order of appearance but not importance.

Due to the diverse resources required to conduct clinical trials, it is not always
practical for an organization to maintain capacity for every aspect of study conduct.

TABLE 1

Entities Involved in Clinical Trials

Entity

Role

Principle investigator

Funding agency/
company

Statistician

Study coordinators

Contract and financial
administrators

Scientific review
committee

Health/safety
committee

Institutional review
board/ethics
committee

Data safety
monitoring board

Pharmacists
Nursing staff

Pharmacokinetics
specialists

Qutcomes
assessments staff
(e.g., radiologists)

While not all trials are conceived by the principle investigator, the principle
investigator is responsible for the overall conduct of the trial.

This may be a corporate, government, or charitable agency. In addition to
funding, companies may supply drug. These bodies are frequently
involved in receiving and disseminating reports of adverse events.

Statisticians are involved in study design, interim analyses, and the final
analysis.

Study coordinators are involved in all aspects of trials: protocol and form
creation, submission of the protocol to various review boards and
government regulatory agencies, patient consent and registration, as well
as data collection, cleaning, and summation.

These persons negotiate agreements between funding agencies and centers
conducting the trial, aid in the creation of budgets, and distribute funds
necessary to conduct the trial.

This body reviews the scientific merit of a clinical trial and may suggest
improvements.

Although not involved in all studies, this group is responsible for ensuring
that investigators adhere to regulations regarding infectious and
hazardous substances.

This body assesses whether the study meets the standards of respect for
persons, beneficence, and justice and will prohibit substandard studies.

Created before the initiation of the trial, this body provides objective
oversight of the study and may recommend early closure of a study for
reasons of either significant early benefit or excessive toxicity.

Pharmacists are responsible for research drug control and accounting.

Drug administration and sample collection requires both nursing staff and
physical space, sometimes including facilities for overnight visits.

Pharmacokineticists are usually involved in phase | drug design and sample
collection and analysis but may also be involved in later phase studies.

Depending upon the outcomes being assessed, radiologists or other
specialists may be required to interpret study data. In some instances,
independent and blinded individuals or groups may be used to assess
study data in a more objective fashion.
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For this reason, an industry of contract research organizations has arisen to provide
research services not available from in-house sources. These organizations can
provide services such as research ethics review, protocol preparation, study admin-
istration, regulatory consultation, and radiologic imaging support. They can offer
the advantages of expertise and efficiency in trial conduct, with offsetting disadvan-
tages of decreased control over details, the need to rely on the contract agency for
quality, and the need for careful communication with respect to the hired agency’s
responsibilities and goals [36].

Statisticians The early inclusion of an experienced statistician is advisable for
most studies. In order to obtain a useful study result, a hypothesis must be generated
and a statistical test must be chosen prior to study conduct. Post hoc statistical
analyses can lead to new hypotheses for future research but cannot generate defini-
tive answers [37].

A statistician can help to clarify the question under consideration. For example,
when conducting a phase II study in heart failure, one may wish to assess the dif-
ference in exercise duration between two treatment arms [6]. Using the expected
or minimally acceptable difference and the desired error rates, a statistician can
advise on the number of patients that need to be recruited to the trial. Failure to
determine this need may result in a futile, underpowered study or one which unnec-
essarily exposes excess patients to an experimental therapy.

In larger, phase III studies, the patient exposure and resource stakes are typically
greater. As with our phase II example, realistic expected differences between
endpoints must be considered. It must be decided whether the new therapy is
likely to be superior, or whether the investigator wishes only to demonstrate that
it is noninferior (although either less toxic, more convenient, or substantially
cheaper), as the sample size will be larger in the latter case and the hypothesis
test different. The ethical challenges of the interim analyses were previously men-
tioned, but the statistical challenges can also be substantial. One must estimate how
many events are required in a population to sufficiently conduct the analysis, then
employ a test that will assess the difference while accounting for repeated statistical
testing. The goal is to avoid both false-positive studies and prolongation of a futile
trial [38].

Setting During study development, investigators must decide where the trial will
be conducted: primarily among academic centers and cooperative organizations or
in community centers, usually under the auspices of a pharmaceutical company and
frequently organized by contract research organizations. In addition, a study will be
domestic or international.

Traditionally, academic centers and organizations have conducted clinical trials,
although this has been changing [39]. While the clinical trials infrastructure is more
commonly in place in academic centers, community centers have demonstrated
the ability to conduct clinical trials as effectively as academic centers [40-43],
and organizations have formed that may efficiently recruit patients within such
centers [39]. Community-center-based trials may have the advantage of a more
generalizable patient population than that seen in academic centers [44, 45].
Limitations of community trials may include limited recruitment despite declared
interest, a need for financial incentives, a need for easy documentation, and a lack
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of perceived benefit to the physician [46] or managed care organization [47],although
these characteristics are by no means exclusive to community trials [48]. The cor-
porate control of data, use of for-hire ethics boards, and the greater dependence on
financial incentives can leave some community trials more open to question [39].
Indeed, possibly as a result of publication bias and data control, publications of
industry-sponsored work tend more often to report in favor of the experimental
therapy [49]. For this reason, studies conducted by academic centers may offer
superior credibility.

While the logistical and regulatory convenience of domestically conducted clini-
cal trials is undisputed, there may be advantages to studies conducted on an inter-
national basis. Most evidently, the recruitment pool may be vastly increased,
particularly when countries are included where nonexperimental options are rela-
tively limited—a source also of some ethical debate [50]. Dollar costs may also be
reduced when developing countries are involved [51]. The result of international
studies may be more generalizable and more readily accepted by clinicians debating
the applicability of a trial to their setting. While the international adoption of stan-
dards such as the Guideline for Good Clinical Practice aims to facilitate drug devel-
opment by improving the acceptance of trial results by the regulatory bodies of
differing countries [52], the actual conduct of such studies can still be challenging.
Differing bureaucracies and approval methods for experimental studies can mean
expensive or prolonged approval processes. In developing countries, the conduct of
trials may require increased support for centers with little experience conducting
clinical trials, and simplified and minimized information collection. Despite the
sometimes difficult logistics, it is recommended that randomization remain central-
ized [53].

1.4.4 Know Your Audience, Know Your Market

Who Is the Audience? When developing a clinical trial, one must take into con-
sideration the interested parties. First and foremost, there is the patient, who must
deem the trial safe and attractive. There is the clinical investigator (and institutional
review board), who must find the trial to be of sufficient scientific and ethical merit
to allow accrual. There are the regulators, who may need to approve the trial for it
to proceed and who will eventually need to approve an agent for nonexperimental
use. And finally, there is the market, really an amalgam of the wills of patients and
clinicians as influenced by competing therapies. While the term market connotes a
mercenary purpose, the consideration of a drug’s market is both worthy of time and
compatible with the goal of optimal patient care.

Considering Current and Evolving Practice Clinical trials are not conducted
in isolation. Rather, they become available to patients as an option alongside exist-
ing standard therapies. This imposes limitations on the experimental and control
arms for a trial. For example, in many instances a patient commencing treatment
for more than very mild rheumatoid arthritis (RA) would be a candidate for metho-
trexate [54]. Starting a patient purely on an experimental therapy could thus be
deemed inadequate, and the experimental arm may need to employ both methotrex-
ate and the experimental agent in combination. Similarly, it is considered unethical
to unnecessarily delay treatment through the use of a placebo in the control arm of
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a patient with RA [55]. Obviously, a trial that fails to consider these points is unlikely
to be allowed to proceed, and even if approved may be unable to accrue.

Recognizing variations in clinical practice, a flexible treatment scheme has some-
times been adopted by trialists. In lieu of defining a specific control arm in a clinical
trial, investigators may be allowed to choose the particular control or treatment arm
that will be employed at their center [56, 57]. Such a trial is more likely to be attrac-
tive to a wider range of clinicians, as they may adopt local practices to the trial in
question. This has obvious benefits for accrual and may enhance the generalizability
of the study. On the other hand, such an open model may make it less clear what is
being compared. For example, if the experimental arm contains several forms of
therapy, a local investigator may not know if his or her standard regimen has been
adequately compared to the experimental arm based on the primary analysis. While
subset analyses may be performed, they are typically exploratory.

In addition to present practice, other concurrently operating clinical trials may
impact on future practice and the ability to conduct a trial under development. First,
a trial in the same population may compete for the finite pool of potential partici-
pants. Second, if a competing study is finished and found to be positive before the
developing or ongoing study is complete, study completion may become impossible.
The competing study may change the standard treatment landscape, alter investiga-
tor equipoise over the developing or ongoing study, and inhibit patient accrual.
Patients will need to be informed of the evolving standard, and they may choose to
avoid or withdraw from the trial.

Just as standards exist in clinical practice, methods of conducting clinical trials
are largely standardized. While trial methodology is evolving, investigators and
review boards may be uncomfortable with new methods. For example, in phase I
studies in oncology, the common method of accrual is to admit cohorts of three to
six patients at successive drug doses. Alternative methods, such as the accrual of one
patient per dose level, or the continuous reassessment of the maximum tolerated
dose using Bayesian methods have been advocated as potentially more efficient [3].
However,there is evidence that the implementation of new study methods is delayed,
suggesting the discomfort of physicians or reviewing committees [58].

Considering Endpoints The choice of endpoint depends upon both the disease
under consideration and the phase of clinical development of the drug. In congestive
heart failure (CHF), for example, past successes in improving clinical outcomes have
made it difficult to further improve results and to detect such improvements in phase
III trials [59]. For drug development, this means that having an early, phase II assess-
ment of activity is important to determine whether a drug should go on to phase
IIT study. Given that phase II trials are intended to be shorter and smaller than
phase III trails, using longer term endpoints such as hospitalization or mortality is
unlikely to be practical. Surrogate endpoints are therefore considered for these
phase II trials. While clinical endpoints represent measures of disease important to
patient well-being or survival, surrogate endpoints are alternative endpoints that
represent disease biology or a secondary clinical outcome and are intended to
shorten the investigative timeline. To be valid, surrogates must correlate well with
improvements in important clinical endpoints. One example of such a surrogate is
brain natriuretic peptide, a neurohormone that predicts left ventricular function and
prognosis and that has also become a diagnostic test [60]. While there is disagree-



14 INTRODUCTION TO CLINICAL TRIALS

ment about which surrogates are useful in CHF [61], the patient exposure to experi-
mental therapy and the cost required by phase III studies dictate that an effort be
made to use phase II studies, and surrogate markers can serve a useful role. Phase
IIT endpoints must be more clinically relevant, in part because surrogate endpoints
are not entirely reliable. In CHF, therefore, mortality is still a preferred measure
of efficacy, although hospitalization rates and other secondary measures may be
considered [62].

Endpoints once deemed of limited clinical value may gain importance through
greater experience. Improvements in disease-free survival, an endpoint less concrete
than overall survival, have historically not been regarded as sufficient to merit a
change in clinical practice in many areas of oncology. More recently, analysis of
accumulated studies has suggested that 3-year disease-free survival is an accurate
surrogate of 5-year survival when administering adjuvant chemotherapy to patients
who have had curative surgery for colon cancer [63]. The use of oxaliplatin in the
adjuvant colon cancer setting was approved by the FDA on the basis of a disease-
free survival benefit, and there is the potential to use such surrogates to shorten
drug development time [64].

1.5 EXAMPLE IN DRUG DEVELOPMENT

To further understand the clinical trial process, it is useful to consider an example.
The field of oncology has seen an increase in the number of experimental agents
directed at specific disease mechanisms. These targeted drugs are sometimes con-
sidered to have the ability to prevent tumor growth while not actually causing tumor
shrinkage (tumor response), and may be termed cytostatic agents. Typically, new
drugs are first studied in patients with advanced, metastatic disease, and tumor
response has been employed as a surrogate for clinically important endpoints such
as survival. The challenge in studying cytostatic drugs is that they may not induce
tumor response and may be less effective in patients with greater burdens of disease.
Hence, useful drugs may be missed if tumor response is relied upon to demonstrate
activity [65].

Such were the considerations during the development of marimastat, a matrix
metalloproteinase inhibitor. Matrix metalloproteinases are a family of proteins that
degrade extracellular matrix and thus facilitate the migration and metastasis of
tumor cells and facilitate vascular growth. Preclinical work suggested marimastat
inhibited this process [66]. Except for the first study, performed in healthy volunteers
[67], phase I studies suggested a dose-limiting arthritis [68, 69]. These studies indi-
cated doses for further work and suggested that achievable plasma levels were likely
sufficient to achieve target inhibition.

Few single-agent phase II studies were performed, and tumor responses were
rare [70-72]. With the understanding that marimastat might not show typical
responses in tumors, a large study was performed with various tumor types to assess
a surrogate endpoint, a change in tumor markers [73]. With the exception of
prostate-specific antigen, the tumor markers that were used are not sufficiently
associated with clinical endpoints that they are usually accepted as surrogates
[65]. While an impact on tumor markers was suggested by this and another study
[74], there was no clear evidence of improvement in any clinical endpoint.
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Acknowledging the difficulty in detecting activity in metastatic disease, Miller et al.
conducted a randomized phase II study in the adjuvant breast cancer setting [75].
This trial encountered musculoskeletal toxicity that prevented drug administration
from being sufficiently sustained to warrant further adjuvant study.

Phase II data could thus be regarded as tenuous, but optimism was such that
phase III drug development proceeded. In fact, for both the lung cancer and gastric
cancer trials, there was no phase II data to support phase III efforts [76, 77]; the
study in gastric cancer was based in part on pathological changes noted in a phase
I trial [78]. The results of phase III studies were almost universally disappointing
[77,79-81], although minimal activity was seen in gastric cancer [76]. Development
of the drug ceased.

It is unfair to be overly critical of the participants in such a story, but certain
issues may be usefully considered. First, phase I studies may demonstrate some
aspects of a drug’s toxicity, but only with more patients and longer term follow-up
will toxicity become clear. This became more evident in the phase II study in the
adjuvant breast cancer setting, and flushing out the toxicity profile is another argu-
ment for phase II studies beyond looking for initial clinical activity. A resource-
intensive phase III study would likely have been aborted in the same adjuvant
situation. Second, surrogate markers can be misleading [60, 82, 83]. To be considered
true surrogate markers, they must be biologically relevant, show a consistent and
proportional relationship between a change in the marker and a clinically meaning-
ful endpoint, and this relationship should be demonstrable in repeated studies [60].
Most tumor markers do not satisfy these requirements, and thus their use was prob-
ably not justified. That said, even markers directly in the biological pathway of a
drug are not a guarantee of adequate surrogacy, as redundant and alternative
molecular pathways may dilute or eliminate the relationship of the surrogate to a
clinical endpoint. Unfortunately, an adequate biological surrogate test had not been
established for marimastat. Proceeding to phase III studies based on uncertain sur-
rogate markers was thus a gamble.

How does one decide when to carry out phase III studies in oncology for cyto-
static drugs? This is still an evolving field. In terms of using clinical outcomes, the
use of stable disease is being used by default, although there is modest evidence of
a relationship between this and the more concrete endpoint of survival [84-88]. As
response and even stable disease may be difficult to demonstrate in advanced malig-
nancy, biomarkers are likely to remain relevant. Measuring direct effects on tumor
is likely ideal, but many tumors are not readily accessible for repeat biopsy after
treatment. In this instance, one might pursue changes in biomarkers in accessible
tissue such as skin. There is still the hazard, however, that skin changes may not be
representative of tumor changes. In either case, unless a similar drug has established
a true surrogate relationship for the biomarker in question, investigators are left to
establish the relationship, a very difficult task during the limited number of trials
undertaken with a developing drug. In the absence of a validated surrogate or true
clinical evidence of activity, the preclinical or clinical biological data must be com-
pelling to proceed with large randomized studies. If it is, investigators might consider
whether it is better to study the drug in the setting of earlier disease, perhaps in the
adjuvant setting. While the benefit of a cytostatic agent may be more evident in this
setting, larger treatment groups and longer follow-up are typically required to detect
the small improvements in outcome often seen in early disease.



16

INTRODUCTION TO CLINICAL TRIALS

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

. DiMasi, J. A., Hansen, R. W., and Grabowski, H. G. (2003), The price of innovation: New

estimates of drug development costs, J. Health Econ.,22,151-185.

. Roberts, T. G., Jr., Lynch, T. J., Jr., and Chabner, B. A. (2003), The phase III trial in the

era of targeted therapy: Unraveling the “go or no go” decision, J. Clin. Oncol., 21,
3683-3695.

. Eisenhauer, E. A.,O’Dwyer, P.J., Christian, M., and Humphrey, J. S. (2000), Phase I clinical

trial design in cancer drug development, J. Clin. Oncol., 18, 684-692.

. Kuhlmann, J. (1997), Drug research: From the idea to the product, Int. J. Clin. Pharmacol.

Ther., 35, 541-552.

. Konstam, M. A. (2005), Reliability of ventricular remodeling as a surrogate for use in

conjunction with clinical outcomes in heart failure, Am. J. Cardiol., 96, 867-871.

. Narang, R., Swedberg, K., and Cleland, J. G. (1996), What is the ideal study design for

evaluation of treatment for heart failure? Insights from trials assessing the effect of ACE
inhibitors on exercise capacity, Eur. Heart J., 17, 120-134.

. Farrington, P., and Miller, E. (2003), Clinical trials, Methods Mol. Med., 87, 335-352.
. Simon, R., Wittes, R. E., and Ellenberg, S. S. (1985), Randomized phase II clinical trials,

Cancer Treat. Rep., 69, 1375-1381.

. Freidlin, B., and Simon, R. (2005), Evaluation of randomized discontinuation design,

J. Clin. Oncol., 23, 5094-5098.

Simon, R. (1987), How large should a phase II trial of a new drug be? Cancer Treat. Rep.,
71, 1079-1085.

Spilker, B. (1991), Marketing-oriented clinical studies, in Guide to Clinical Trials, Raven
Press, New York, pp. 367-369.

Spilker, B. (1991), Classification and description of phase IV postmarketing study designs,
in Guide to Clinical Trials, Raven Press, New York, pp. 44-58.

Bombardier, C., Laine, L., Reicin, A., Shapiro, D., Burgos-Vargas, R., Davis, B., Day, R,
Ferraz, M. B., Hawkey, C. J., Hochberg, M. C., Kvien, T. K., and Schnitzer, T. J. (2000),
Comparison of upper gastrointestinal toxicity of rofecoxib and naproxen in patients with
rheumatoid arthritis. VIGOR Study Group, N. Engl. J Med., 343, 1520-1528.

Bresalier, R. S, Sandler, R. S., Quan, H., Bolognese, J. A., Oxenius, B., Horgan, K., Lines,
C., Riddell, R., Morton, D., Lanas, A., Konstam, M. A., and Baron, J. A. (2005), Cardio-
vascular events associated with rofecoxib in a colorectal adenoma chemoprevention trial,
N. Engl. J. Med., 352,1092-1102.

U.S. Department of Health and Humans Services Fa.D.A.CfD.E.a.R. Guidance for
Industry—Allergic Rhinitis: Clinical Development Programs for Drug Products, http://
www.fda.gov/cder/guidance/2718dft.pdf, 2000, accessed Nov. 10, 2005.

Bunn, P. A., Jr., and Franklin, W. (2002), Epidermal growth factor receptor expression,
signal pathway, and inhibitors in non-small cell lung cancer, Semin. Oncol., 29, 38-44.

U.S. Food and Drug Administration, FDA Public Health Advisory—New Labelling and
Distribution Program for Gefinitib (Iressa), http://www.fda.gov/cder/drug/advisory/iressa.
htm, 2005, accessed Nov. 10, 2005.

Lynch, T. J,, Bell, D. W,, Sordella, R., Gurubhagavatula, S., Okimoto, R. A., Brannigan, B.
W., Harris, P. L., Haserlat, S. M., Supko, J. G., Haluska, F. G., Louis, D. N., Christiani, D.
C., Settleman, J., and Haber, D. A. (2004), Activating mutations in the epidermal growth
factor receptor underlying responsiveness of non-small-cell lung cancer to gefitinib, N.
Engl. J. Med., 350, 2129-2139.



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

REFERENCES 17

Paez, J. G., Janne, P. A, Lee, J. C,, Tracy, S., Greulich, H., Gabriel, S., Herman, P., Kaye, F.
J., Lindeman, N., Boggon, T. J., Naoki, K., Sasaki, H., Fujii, Y., Eck, M. J., Sellers, W. R.,
Johnson, B. E., and Meyerson, M. (2004), EGFR mutations in lung cancer: Correlation
with clinical response to gefitinib therapy, Science, 304, 1497-1500.

Waterston, R. H., Lindblad-Toh, K., Birney, E., Rogers, J., et al. (2002), Initial sequenc-
ing and comparative analysis of the mouse genome, Nature, 420, 520-562.

Collins, J. M., Zaharko, D. S., Dedrick, R. L., and Chabner, B. A. (1986), Potential roles
for preclinical pharmacology in phase I clinical trials, Cancer Treat. Rep., 70, 73-80.
Voskoglou-Nomikos, T., Pater, J. L., and Seymour, L. (2003), Clinical predictive value of
the in vitro cell line, human xenograft, and mouse allograft preclinical cancer models,
Clin. Cancer Res., 9, 4227-4239.

U.S. Department of Agriculture A.a.P1.S, The Animal Welfare Act, http://www.aphis.usda.
gov/lpa/pubs/awact.html, 2002.

World Medical Association, World Medical Association Declaration of Helsinki, http://
www.wma.net/e/policy/b3.htm#notel, 2004.

Agrawal, M., and Emanuel, E. J. (2003), Ethics of phase 1 oncology studies: Reexamining
the arguments and data, JAMA, 290, 1075-1082.

Joffe, S., Cook, E., Clark, J., and Weeks, J. (2003), Altruism among participants in cancer
clinical trials, Proc. Am. Soc. Clin. Oncol., 22, 523.

Kong, W. M. (2005), Legitimate requests and indecent proposals: Matters of justice in the
ethical assessment of phase I trials involving competent patients, J. Med. Ethics, 31,
205-208.

Von Hoff, D. D., and Turner, J. (1991), Response rates, duration of response, and dose
response effects in phase I studies of antineoplastics, Invest. New Drugs, 9, 115-122.
Goss, P. E., Ingle, J. N., Martino, S., Robert, N. J., Muss, H. B., Piccart, M. J., Castiglione,
M., Tu, D., Shepherd, L. E., Pritchard, K. I., Livingston, R. B., Davidson, N. E., Norton, L.,
Perez, E. A.,Abrams, J. S., Therasse, P, Palmer, M. J., and Pater, J. L. (2003), A randomized
trial of letrozole in postmenopausal women after five years of tamoxifen therapy for
early-stage breast cancer, N. Engl. J. Med., 349, 1793-1802.

Bryant, J., and Wolmark, N. (2003), Letrozole after tamoxifen for breast cancer—what is
the price of success? N. Engl. J. Med., 349, 1855-1857.

Carter, L. E., McNeil, D. W., Vowles, K. E., Sorrell, J. T., Turk, C. L., Ries, B. J., and Hopko,
D. R. (2002), Effects of emotion on pain reports, tolerance and physiology. Pain Res.
Manag.,7,21-30.

Rietveld, S. (1998), Symptom perception in asthma: A multidisciplinary review, J. Asthma,
35, 137-146.

Kreutz, G. (1999), European regulatory aspects on new medicines targeted at treatment
of rheumatoid arthritis, Ann. Rheum. Dis., 58(Suppl 1), 192-195.

Bernhard, J.,, Cella, D. E.,, Coates, A. S., Fallowfield, L., Ganz, P. A., Moinpour, C. M.,
Mosconi, P, Osoba, D., Simes, J., and Hurny, C. (1998), Missing quality of life data in
cancer clinical trials: Serious problems and challenges, Stat. Med., 17, 517-532.

Johnson, J. R., Williams, G., and Pazdur, R. (2003), End points and United States Food
and Drug Administration approval of oncology drugs, J. Clin. Oncol., 21, 1404-1411.
Welling, P, Lasagna, L., and Banakar, U. (1996), The Drug Development Process—
Increasing Efficiency and Cost-Effectiveness, Marcel Dekker, New York, pp. 317-351.

Moye, L. A., and Deswal, A. (2002), The fragility of cardiovascular clinical trial results, J.
Card. Fail., 8,247-253.



18

38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51,

52.

53.

54.

5.

INTRODUCTION TO CLINICAL TRIALS

Eisenhauer, E., Bonetti, M., and Gelber, R. (2005), Principles of clinical trials, in Cavalli,
F., Hansen, H., and Kaye, S., Eds., Textbook of Medical Oncology, Martin Dunitz,
London, pp. 99-136.

Silversides, A. (2004), The tribulations of community-based trials, CMAJ, 170, 33.

Bressler, N. M., Hawkins, B. S., Bressler, S. B., Miskala, P. H., and Marsh, M. J. (2004),
Clinical trial performance of community- vs university-based practices in the submacular
surgery trials (SST): SST report no. 2, Arch. Ophthalmol., 122, 857-863.

Hjorth, M., Holmberg, E., Rodjer, S., Taube, A., and Westin, J. (1995), Patient accrual
and quality of participation in a multicentre study on myeloma: A comparison between
major and minor participating centres, Br. J. Haematol., 91, 109-115.

Koretz, M. M., Jackson, P. M., Torti, F. M., and Carter, S. K. (1983), A comparison of
the quality of participation of community affiliates and that of universities in the North-
ern California Oncology Group, J. Clin. Oncol., 1, 640-644.

Begg, C. B., Carbone, P. P, Elson, P. J., and Zelen, M. (1982), Participation of community
hospitals in clinical trials: Analysis of five years of experience in the Eastern Cooperative
Oncology Group, N. Engl. J. Med., 306, 1076-1080.

Layde, P. M., Broste, S. K., Desbiens, N., Follen, M., Lynn, J., Reding, D., and Vidaillet,
H. (1996), Generalizability of clinical studies conducted at tertiary care medical centers:
A population-based analysis, J. Clin. Epidemiol., 49, 835-841.

Sharpe, N. (2002), Clinical trials and the real world: Selection bias and generalisability
of trial results, Cardiovasc. Drugs Ther., 16, 75-77.

Pearl, A., Wright, S., Gamble, G., Doughty, R., and Sharpe, N. (2003), Randomised trials
in general practice—a New Zealand experience in recruitment, N. Z. Med. J., 116,
U681.

Donahue, D. C., Lewis, B. E., Ockene, L. S., and Saperia, G. (1996), Research collabora-
tion between an HMO and an academic medical center: Lessons learned. Acad. Med.,
71, 126-132.

Keinonen, T., Keranen, T., Klaukka, T., Saano, V., Ylitalo, P,, and Enlund, H. (2003),
Investigator barriers and preferences to conduct clinical drug trials in Finland: A qualita-
tive study, Pharm. World Sci., 25,251-259.

Montaner, J. S., O’Shaughnessy, M. V., and Schechter, M. T. (2001), Industry-sponsored
clinical research: A double-edged sword, Lancet, 358, 1893-1895.

Emanuel, E. J., Currie, X. E., and Herman, A. (2005), Undue inducement in clinical
research in developing countries: Is it a worry? Lancet, 366, 336-340.

Hayasaka, E. (2005), Approaches vary for clinical trials in developing countries, J. Natl.
Cancer Inst., 97, 1401-1403.

International Conference on Harmonisation Steering Committee, Guideline for Good
Clinical Practice, http://www.ich.org/MediaServer.jser?@_ID=482&@_MODE=GLB,
1996, accessed 2005.

Yusuf, S., Mehta, S. R., Diaz, R., Paolasso, E., Pais, P, Xavier, D., Xie, C., Ahmed, R.
J., Khazmi, K., Zhu, J., and Liu, L. (2004), Challenges in the conduct of large simple trials
of important generic questions in resource-poor settings: The CREATE and ECLA trial
program evaluating GIK (glucose, insulin and potassium) and low-molecular-weight
heparin in acute myocardial infarction, Am. Heart J., 148, 1068-1078.

American College of Rheumatology Subcommittee on Rheumatoid Arthritis. Guidelines
for the management of rheumatoid arthritis: 2002 Update (2002), Arthritis Rheum., 46,
328-346.

Strand, V. (2004), Counterpoint from the trenches: A pragmatic approach to therapeutic
trials in rheumatoid arthritis, Arthritis Rheum., 50, 1344-1347.



56.

57.

S8.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

REFERENCES 19

Arriagada, R., Bergman, B., Dunant, A., Le Chevalier, T., Pignon, J. P,, and Vansteenkiste,
J. (2004), Cisplatin-based adjuvant chemotherapy in patients with completely resected
non-small-cell lung cancer, N. Engl. J. Med., 350, 351-360.

Neoptolemos, J. P, Dunn, J. A., Stocken, D. D., Almond, J., Link, K., Beger, H., Bassi, C.,
Falconi, M., Pederzoli, P, Dervenis, C., Fernandez-Cruz, L., Lacaine, F., Pap, A., Spooner,
D., Kerr, D. J.,, Friess, H., and Buchler, M. W. (2001), Adjuvant chemoradiotherapy and
chemotherapy in resectable pancreatic cancer: A randomised controlled trial, Lancet, 358,
1576-1585.

Dent, S. F, and Eisenhauer, E. A. (1996), Phase I trial design: Are new methodologies
being put into practice? Ann. Oncol., 7, 561-566.

Massie, B. M. (2003), The dilemma of drug development for heart failure: When is the
time to initiate large clinical trials? J. Card. Fail., 9, 347-349.

Anand, L. S, Florea, V. G., and Fisher, L. (2002), Surrogate end points in heart failure, J.
Am. Coll. Cardiol., 39, 1414-1421.

DeMets, D. L. (2000), Design of phase II trials in congestive heart failure, Am. Heart I.,
139, S207-S210.

Committee for Medicinal Products for Human Use, Note for Guidance on Clinical Inves-
tigation of Medicinal Products for the Treatment of Cardiac Failure, Addendum on Acute
Heart Failur, http://www.emea.eu.int/pdfs/human/ewp/298603en.pdf, 2004.

Sargent, D. J., Wieand, H. S., Haller, D. G., Gray, R., Benedetti, J. K., Buyse, M., Labianca,
R, Seitz, J. ., O’Callaghan, C. J., Francini, G., Grothey, A., O’Connell, M., Catalano, P. J.,
Blanke, C. D., Kerr, D., Green, E., Wolmark, N., Andre, T., Goldberg, R. M., and De
Gramont, A. (2005), Disease-free survival versus overall survival as a primary end point
for adjuvant colon cancer studies: Individual patient data from 20,898 patients on 18
randomized trials, J. Clin. Oncol., 23, 8664-8670.

Andre, T., Boni, C., Mounedji-Boudiaf, L., Navarro, M., Tabernero, J., Hickish, T., Topham,
C., Zaninelli, M., Clingan, P., Bridgewater, J., Tabah-Fisch, I., and De Gramont, A. (2004),
Oxaliplatin, fluorouracil, and leucovorin as adjuvant treatment for colon cancer, N. Engl.
J. Med., 350, 2343-2351.

Gelmon, K. A., Eisenhauer, E. A., Harris, A. L., Ratain, M. J., and Workman, P. (1999),
Anticancer agents targeting signaling molecules and cancer cell environment: Challenges
for drug development? J. Natl. Cancer Inst., 91, 1281-1287.

Hidalgo, M., and Eckhardt, S. G. (2001), Development of matrix metalloproteinase inhibi-
tors in cancer therapy, J. Natl. Cancer Inst., 93, 178-193.

Millar, A. W., Brown, P. D., Moore, J., Galloway, W. A., Cornish, A. G., Lenehan, T. J., and
Lynch, K. P. (1998), Results of single and repeat dose studies of the oral matrix metallo-
proteinase inhibitor marimastat in healthy male volunteers, Br. J. Clin. Pharmacol., 45,
21-26.

Rosemurgy, A., Harris, J., Langleben, A., Casper, E., Goode, S., and Rasmussen, H. (1999),
Marimastat in patients with advanced pancreatic cancer: A dose-finding study, Am. J. Clin.
Oncol., 22,247-252.

Wojtowicz-Praga, S., Torri, J., Johnson, M., Steen, V., Marshall, J., Ness, E., Dickson, R.,
Sale, M., Rasmussen, H. S., Chiodo, T. A., and Hawkins, M. J. (1998), Phase I trial of

Marimastat, a novel matrix metalloproteinase inhibitor, administered orally to patients
with advanced lung cancer, J. Clin. Oncol., 16, 2150-2156.

Evans, J. D., Stark, A., Johnson, C. D., Daniel, F., Carmichael, J., Buckels, J., Imrie, C. W.,
Brown, P,, and Neoptolemos, J. P. (2001), A phase II trial of marimastat in advanced pan-
creatic cancer, Br. J. Cancer, 85, 1865-1870.



20

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

INTRODUCTION TO CLINICAL TRIALS

Quirt, [., Bodurth, A., Lohmann, R., Rusthoven, J., Belanger, K., Young, V., Wainman, N.,
Stewar, W., and Eisenhauer, E. (2002), Phase II study of marimastat (BB-2516) in malig-
nant melanoma: A clinical and tumor biopsy study of the National Cancer Institute of
Canada Clinical Trials Group, Invest. New Drugs, 20, 431-437.

Rosenbaum, E., Zahurak, M., Sinibaldi, V., Carducci, M. A., Pili, R., Laufer, M., DeWeese,
T. L., and Eisenberger, M. A. (2005), Marimastat in the treatment of patients with bio-
chemically relapsed prostate cancer: A prospective randomized, double-blind, phase I/IT
trial, Clin. Cancer Res., 11, 4437-4443.

Nemunaitis, J., Poole, C., Primrose, J., Rosemurgy, A., Malfetano, J., Brown, P, Berrington,
A., Cornish, A., Lynch, K., Rasmussen, H., Kerr, D., Cox, D., and Millar, A. (1998), Com-
bined analysis of studies of the effects of the matrix metalloproteinase inhibitor marima-
stat on serum tumor markers in advanced cancer: Selection of a biologically active and
tolerable dose for longer-term studies, Clin. Cancer Res., 4, 1101-1109.

Primrose, J. N., Bleiberg, H., Daniel, F.,, Van, Belle, S., Mansi, J. L., Seymour, M., Johnson,
P. W,, Neoptolemos, J. P, Baillet, M., Barker, K., Berrington, A., Brown, P. D., Millar, A.
W., and Lynch, K. P. (1999), Marimastat in recurrent colorectal cancer: Exploratory evalu-
ation of biological activity by measurement of carcinoembryonic antigen, Br. J. Cancer,
79, 509-514.

Miller, K. D., Gradishar, W., Schuchter, L., Sparano, J. A., Cobleigh, M., Robert, N., Ras-
mussen, H., and Sledge, G. W. (2002), A randomized phase II pilot trial of adjuvant mari-
mastat in patients with early-stage breast cancer, Ann. Oncol, 13, 1220-1224.

Brambhall, S. R., Hallissey, M. T., Whiting, J., Scholefield, J., Tierney, G., Stuart, R. C,,
Hawkins, R. E., McCulloch, P, Maughan, T., Brown, P. D., Baillet, M., and Fielding, J. W.
(2002), Marimastat as maintenance therapy for patients with advanced gastric cancer: A
randomised trial, Br. J. Cancer, 86, 1864-1870.

Shepherd, F. A., Giaccone, G., Seymour, L., Debruyne, C., Bezjak, A., Hirsh, V., Smylie,
M., Rubin, S., Martins, H., Lamont, A., Krzakowski, M., Sadura, A., and Zee, B. (2002),
Prospective, randomized, double-blind, placebo-controlled trial of marimastat after
response to first-line chemotherapy in patients with small-cell lung cancer: A trial of the
National Cancer Institute of Canada—Clinical Trials Group and the European Organiza-
tion for Research and Treatment of Cancer, J. Clin. Oncol., 20, 4434-4439.

Tierney, G. M., Griffin, N. R., Stuart, R. C., Kasem, H., Lynch, K. P, Lury, J. T., Brown, P.
D., Millar, A. W., Steele, R. J., and Parsons, S. L. (1999), A pilot study of the safety and
effects of the matrix metalloproteinase inhibitor marimastat in gastric cancer, Eur. J.
Cancer, 35, 563-568.

Bramhall, S. R., Rosemurgy, A., Brown, P. D., Bowry, C., and Buckels, J. A. (2001),
Marimastat as first-line therapy for patients with unresectable pancreatic cancer: A
randomized trial, J. Clin. Oncol., 19, 3447-3455.

Bramhall, S.R., Schulz, J., Nemunaitis, J., Brown, P. D., Baillet, M., and Buckels, J. A. (2002),
A double-blind placebo-controlled, randomised study comparing gemcitabine and mari-
mastat with gemcitabine and placebo as first line therapy in patients with advanced pan-
creatic cancer, Br. J. Cancer, 87, 161-167.

King, J., Zhao, J., Clingan, P., and Morris, D. (2003), Randomised double blind placebo
control study of adjuvant treatment with the metalloproteinase inhibitor, Marimastat in
patients with inoperable colorectal hepatic metastases: Significant survival advantage in
patients with musculoskeletal side-effects, Anticancer Res., 23, 639-645.

Thompson, D. F. (2002), Surrogate end points, skepticism, and the CAST study, Ann.
Pharmacother., 36, 170-171.

Stadler, W. M., and Ratain, M. J. (2000), Development of target-based antineoplastic
agents, Invest. New Drugs, 18, 7-16.



84.

85.

86.

87.

88.

REFERENCES 21

Cesano, A., Lane, S. R., Poulin, R., Ross, G., and Fields, S. Z. (1999), Stabilization of
disease as a useful predictor of survival following second-line chemotherapy in small cell
lung cancer and ovarian cancer patients, Int. J. Oncol., 15, 1233-1238.

Howell, A., Mackintosh, J., Jones, M., Redford, J., Wagstaff, J., and Sellwood, R. A.
(1988), The definition of the “no change” category in patients treated with endocrine

therapy and chemotherapy for advanced carcinoma of the breast, Eur. J. Cancer Clin.
Oncol., 24, 1567-1572.

Murray, N., Coppin, C., Coldman, A., Pater, J., and Rapp, E. (1994), Drug delivery
analysis of the Canadian multicenter trial in non-small-cell lung cancer, J. Clin. Oncol.,
12,2333-2339.

Rapp, E., Pater, J. L., Willan, A., Cormier, Y., Murray, N., Evans, W. K., Hodson, D. 1,
Clark, D. A., Feld, R., and Arnold, A. M. (1988), Chemotherapy can prolong survival in
patients with advanced non-small-cell lung cancer—report of a Canadian multicenter
randomized trial, J. Clin. Oncol., 6, 633-641.

Sargent, D. J., Wieand, H. S., Haller, D. G., Gray, R., Benedetti, J. K., Buyse, M., Labi-
anca, R., Seitz, J. F,, O’Callaghan, C. J., Francini, G., Grothey, A., O’Connell, M., Cata-
lano, P. J,, Blanke, C. D., Kerr, D., Green, E., Wolmark, N., Andre, T., Goldberg, R. M.,
and De Gramont, A. (2005), Disease-free survival versus overall survival as a primary
end point for adjuvant colon cancer studies: Individual patient data from 20,898 patients
on 18 randomized trials, J. Clin. Oncol., 23, 8664-8670.







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


