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Preface

The clinical trial is “the most definitive tool for evaluation of the applicability of
clinical research.” It represents “a key research activity with the potential to
improve the quality of health care and control costs through careful comparison
of alternative treatments” [1]. It has been called on many occasions, “the gold
standard” against which all other clinical research is measured.

Although many clinical trials are of high quality, a careful reader of the medical
literature will notice that a large number have deficiencies in design, conduct,
analysis, presentation, and/or interpretation of results. Improvements have occurred
over the past few decades, but too many trials are still conducted without adequate
attention to the fundamental principles. Certainly, numerous studies could have
been improved if the authors had had a better understanding of the fundamentals.

Since the publication of the first edition of this book in 1981, a large number of
other texts on clinical trials have appeared, most of which are indicated here [2-21].
Several of them, however, discuss only specific issues involved in clinical trials.
Additionally, many are no longer current. The purpose of this fifth edition is to
update areas in which major progress has been made since the publication of the
fourth edition. We have revised most chapters considerably. Because it was becom-
ing unwieldy, we divided the chapter on monitoring response variables into two
chapters, one on monitoring committees and the other on monitoring approaches.
We also added a chapter on regulatory issues.

Importantly, two new authors are now involved. This brings fresh perspectives
to a book originally published over three decades ago.

In this book, we hope to assist investigators in improving the quality of their
clinical trials by discussing fundamental concepts with examples from our experi-
ence and the literature. The book is intended both for investigators with some
clinical trial experience and for those who plan to conduct a trial for the first time.
Itis also intended to be used in the teaching of clinical trial methodology and to assist
members of the scientific and medical community who wish to evaluate and interpret
published reports of trials. Although not a technically oriented book, it may be used

vii
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as a reference for graduate courses in clinical trials. Those readers who wish to
consult more technical books and articles are provided with the relevant literature.

Because of the considerable differences in background and objectives of the
intended readership, we have not attempted to provide exercises at the end of each
chapter. We have, however, found two exercises to be quite useful and that apply most
of the fundamental principles of this text. First, ask students to critique a clinical trial
article from the current literature. Second, have each student develop a protocol on a
clinically relevant research question that is of interest to the student. These draft
protocols can often be turned into protocols that are implemented. Although there is
a chapter on regulatory issues, this book is not meant to replace going to the actual
agencies for guidance on regulations and policies. Those differ among countries and
frequently change. Rather, as the title indicates, we hope to provide the fundamentals
of clinical trials ethics, design, conduct, analysis, and reporting.

The first chapter describes the rationale and phases of clinical trials. Chapter 2
covers selected ethical issues. Chapter 3 describes the questions that clinical trials
seek to answer and Chap. 4 discusses the populations from which the study samples
are derived. The strengths and weaknesses of various kinds of study designs,
including noninferiority trials, are reviewed in Chap. 5. The process of randomiza-
tion is covered in Chap. 6. In Chap. 7, we discuss the importance of and difficulties
in maintaining blinding. How the sample size is estimated is covered in Chap. 8.
Chapter 9 describes what constitutes the baseline measures. Chapter 10 reviews
recruitment techniques and may be of special interest to investigators not having
ready access to trial participants. Methods for collecting high-quality data and some
common problems in data collection are included in Chap. 11. Chapters 12 and 13
focus on assessment of harm and health-related quality of life that are important
clinical trial outcomes. Measures to enhance and monitor participant adherence are
presented in Chap. 14. Chapter 15 reviews techniques of survival analysis.
Chapter 16 presents the functions of data monitoring committees and Chap. 17
reviews methods of data monitoring. Which data should be analyzed? The authors
develop this question in Chap. 18 by discussing reasons for not withdrawing
participants from analysis. Topics such as subgroup analysis and meta-analysis
are also addressed. Chapter 19 deals with phasing out clinical trials and Chap. 20
with reporting and interpretation of results. In Chap. 21, we present information
about multicenter, including multinational, studies, which have features requiring
special attention. Several points covered in Chap. 21 may also be of value to
investigators conducting single center studies. Finally, selected regulatory issues,
as they apply to clinical trials are reviewed in Chap. 22.

This book is a collaborative effort and is based on knowledge gained in over four
decades of developing, conducting, overseeing, and analyzing data from a number
of clinical trials. This experience is chiefly, but not exclusively, in trials of heart and
lung diseases, AIDS, and cancer. As a consequence, many of the examples cited are
based on work done in these fields. However, the principles are applicable to
clinical trials in general. The reader will note that although the book contains
examples that are relatively recent, others are quite old. The fundamentals of
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clinical trials were developed in those older studies, and we cite them because,
despite important advances, many of the basic features remain unchanged.

In the first edition, the authors had read or were familiar with much of the
relevant literature on the design, conduct, and analysis of clinical trials. Today, that
task would be nearly impossible as the literature over the past three and a half
decades has expanded enormously. The references used in this text are not meant to
be exhaustive but rather to include the literature that established the fundamentals
and newer publications that support the basic concepts.

The views expressed in this book are those of the authors and do not necessarily
represent the views of the institutions with which the authors have been or are
affiliated.

North Bethesda, MD, USA Lawrence M. Friedman
Winston-Salem, NC, USA Curt D. Furberg
Madison, WI, USA David L. DeMets
Winston-Salem, NC, USA David M. Reboussin
Durham, NC, USA Christopher B. Granger
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Chapter 1
Introduction to Clinical Trials

The evolution of the modern clinical trial dates back at least to the eighteenth
century [1, 2]. Lind, in his classical study on board the Salisbury, evaluated six
treatments for scurvy in 12 patients. One of the two who was given oranges and
lemons recovered quickly and was fit for duty after 6 days. The second was the best
recovered of the others and was assigned the role of nurse to the remaining ten
patients. Several other comparative studies were also conducted in the eighteenth
and nineteenth centuries. The comparison groups comprised literature controls,
other historical controls, and concurrent controls [2].

The concept of randomization was introduced by Fisher and applied in agricul-
tural research in 1926 [3]. Probably the first clinical trial that used a form of random
assignment of participants to study groups was reported in 1931 by Amberson
et al. [4]. After careful matching of 24 patients with pulmonary tuberculosis into
comparable groups of 12 each, a flip of a coin determined which group received
sanocrysin, a gold compound commonly used at that time. The British Medical
Research Council trial of streptomycin in patients with tuberculosis, reported in
1948, used random numbers in the allocation of individual participants to experi-
mental and control groups [5, 6].

The principle of blinding was also introduced in the trial by Amberson
et al. [4]. The participants were not aware of whether they received intravenous
injections of sanocrysin or distilled water. In a trial of cold vaccines in 1938, Diehl
and coworkers [7] referred to the saline solution given to the subjects in the control
group as a placebo.

One of the early trials from the National Cancer Institute of the National
Institutes of Health in 1960 randomly assigned patients with leukemia to either
6-azauracil or placebo. No treatment benefit was observed in this double-blind
trial [8].

In the past several decades, the randomized clinical trial has emerged as the
preferred method in the evaluation of medical interventions. Techniques of imple-
mentation and special methods of analysis have been developed during this period.

© Springer International Publishing Switzerland 2015 1
L.M. Friedman et al., Fundamentals of Clinical Trials,
DOI 10.1007/978-3-319-18539-2_1
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Many of the principles have their origins in work by Hill [9—12]. For a brief history
of key developments in clinical trials, see Chalmers [13].

The original authors of this book have spent their careers at the U.S. National
Institutes of Health, in particular, the National Heart, Lung, and Blood Institute,
and/or academia. The two new authors have been academically based throughout
their careers. Therefore, many of the examples reflect these experiences.
We also cite papers which review the history of clinical trials development at
the NIH [14-18].

The purpose of this chapter is to define clinical trials, review the need for them,
discuss timing and phasing of clinical trials, and present an outline of a study
protocol.

Fundamental Point

A properly planned and executed clinical trial is the best experimental technique
for assessing the effectiveness of an intervention. It also contributes to the identi-
fication of possible harms.

What Is a Clinical Trial?

We define a clinical trial as a prospective study comparing the effects and value of
intervention (s) against a control in human beings. Note that a clinical trial is
prospective, rather than retrospective. Study participants must be followed forward
in time. They need not all be followed from an identical calendar date. In fact,
this will occur only rarely. Each participant however, must be followed from a well-
defined point in time, which becomes time zero or baseline for that person in the
study. This contrasts with a case-control study, a type of retrospective observational
study in which participants are selected on the basis of presence or absence of an
event or condition of interest. By definition, such a study is not a clinical trial.
People can also be identified from medical records or other data sources and
subsequent records can be assessed for evidence of new events. With the increasing
availability of electronic health records, this kind of research has become more
feasible and may involve many tens of thousands of individuals. It is theoretically
possible that the participants can be identified at the specific time they begin
treatment with one or another intervention selected by the clinician, and then
followed by means of subsequent health records. This type of study is not consid-
ered to be a clinical trial because it is unlikely that it is truly prospective. That is,
many of the participants would have been identified after initiation of treatment and
not directly observed from the moment of initiation. Thus, at least some of the
follow-up data are retrospective. It also suffers from the major limitation that
treatment is not chosen with an element of randomness. Thus associations between
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treatment and outcome are nearly always influenced by confounding factors, some
of which are measured (and thus can be accounted for with adjustment) and others
unmeasured (that cannot be). Of course, electronic records and registries can work
effectively in collaboration with randomization into clinical trials. As exemplified
by the Thrombus Aspiration in ST-Elevation Myocardial Infarction in Scandinavia
(TASTE) trial [19], electronic registries greatly simplified the process of identify-
ing and obtaining initial information on those people eligible for the trial. As noted
by Lauer and D’Agostino [20], however, translating this approach into other
settings will not be easy.

A clinical trial must employ one or more intervention techniques. These may be
single or combinations of diagnostic, preventive, or therapeutic drugs, biologics,
devices, regimens, procedures, or educational approaches. Intervention techniques
should be applied to participants in a standard fashion in an effort to change some
outcome. Follow-up of people over a period of time without active intervention
may measure the natural history of a disease process, but it does not constitute a
clinical trial. Without active intervention the study is observational because no
experiment is being performed.

Early phase studies may be controlled or uncontrolled. Although common
terminology refers to phase I and phase II trials, because they are sometimes
uncontrolled, we will refer to them as clinical studies. A trial, using our definition,
contains a control group against which the intervention group is compared.
At baseline, the control group must be sufficiently similar in relevant respects to
the intervention group in order that differences in outcome may reasonably be
attributed to the action of the intervention. Methods for obtaining an appropriate
control group are discussed in Chaps. 5 and 6. Most often a new intervention is
compared with, or used along with, best current standard therapy. Only if no such
standard exists or, for several reasons discussed in Chap. 2, is not available, is
it appropriate for the participants in the intervention group to be compared to
participants who are on no active treatment. “No active treatment” means that
the participant may receive either a placebo or no treatment at all. Obviously,
participants in all groups may be on a variety of additional therapies and regimens,
so-called concomitant treatments, which may be either self-administered or pre-
scribed by others (e.g., other physicians).

For purposes of this book, only studies in human beings will be considered as
clinical trials. Certainly, animals (or plants) may be studied using similar tech-
niques. However, this book focuses on trials in people, and each clinical trial must
therefore incorporate participant safety considerations into its basic design. Equally
important is the need for, and responsibility of, the investigator to inform fully
potential participants about the trial, including information about potential benefits,
harms, and treatment alternatives [21-24]. See Chap. 2 for further discussion of
ethical issues.

Unlike animal studies, in clinical trials the investigator cannot dictate what an
individual should do. He can only strongly encourage participants to avoid certain
medications or procedures which might interfere with the trial. Since it may be
impossible to have “pure” intervention and control groups, an investigator may not
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be able to compare interventions, but only intervention strategies. Strategies refer to
attempts at getting all participants to adhere, to the best of their ability, to their
originally assigned intervention. When planning a trial, the investigator should
recognize the difficulties inherent in studies with human subjects and attempt
to estimate the magnitude of participants’ failure to adhere strictly to the protocol.
The implications of less than perfect adherence are considered in Chap. 8.

As discussed in Chaps. 6 and 7, the ideal clinical trial is one that is randomized
and double-blind. Deviation from this standard has potential drawbacks which will
be discussed in the relevant chapters. In some clinical trials compromise is unavoid-
able, but often deficiencies can be prevented or minimized by employing funda-
mental features of design, conduct, and analysis.

A number of people distinguish between demonstrating “efficacy” of an inter-
vention and “effectiveness” of an intervention. They also refer to “explanatory”
trials, as opposed to “pragmatic” or “practical” trials. Efficacy or explanatory trials
refer to what the intervention accomplishes in an ideal setting. The term is some-
times used to justify not using an “intention-to-treat” analysis. As discussed in
Chaps. 8 and 18, that is insufficient justification. Effectiveness or pragmatic trials
refer to what the intervention accomplishes in actual practice, taking into account
inclusion of participants who may incompletely adhere to the protocol or who for
other reasons may not respond to an intervention. Both sorts of trials may address
relevant questions and both sorts need to be properly performed. Therefore, we do
not consider this distinction between trials as important as the proper design,
conduct, and analysis of all trials in order to answer important clinical or public
health questions, regardless of the setting in which they are done.

The SPIRIT 2013 Statement (Standard Protocol Items: Recommendations for
Interventional Trials) [25], as well as the various International Conference on
Harmonisation (ICH) documents [26] devote considerable attention to the quality
of trials, and the features that make for high quality. Poorly designed, conducted,
analyzed, and reported trials foster confusion and even erroneous interpretation of
results. People have argued over what key elements deserve the most attention
versus those that expend resources better used elsewhere. However, unless certain
characteristics such as unbiased assignment to treatment of sufficient numbers of
adequately characterized participants, objective and reasonably complete assess-
ment of the primary and secondary outcomes, and proper analysis are performed,
the trial may not yield interpretable results. Much of the rest of this book expands on
these issues.

Clinical Trial Phases

In this book we focus on the design and analysis of randomized trials comparing the
effectiveness and adverse effects of two or more treatments. Several steps or phases
of clinical research, however, must occur before this comparison can be
implemented. Classically, trials of pharmaceutical agents have been divided into
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Fig. 1.1 Correlation between development phases and types of study [26]

phases I through IV. Studies with other kinds of interventions, particularly those
involving behavior or lifestyle change or surgical approaches, will often not fit
neatly into those phases. In addition, even trials of drugs may not fit into a single
phase. For example, some may blend from phase I to phase II or from phase II to
phase III. Therefore, it may be easier to think of early phase studies and late phase
studies. Nevertheless, because they are in common use, and because early phase
studies, even if uncontrolled, may provide information essential for the conduct of
late phase trials, the phases are defined below.

A good summary of phases of clinical trials and the kinds of questions addressed
at each phase was prepared by the International Conference on Harmonisation [26].
Figure 1.1, taken from that document, illustrates that research goals can overlap
with more than one study phase.

Thus, although pharmacology studies in humans that examine drug tolerance,
metabolism, and interactions, and describe pharmacokinetics and pharmacodynamics,
are generally done as phase I, some pharmacology studies may be done in other trial
phases. Therapeutic exploratory studies, which look at the effects of various doses and
typically use biomarkers as the outcome, are generally thought of as phase IL
However, sometimes, they may be incorporated into other phases. The usual phase
IIT trial consists of therapeutic confirmatory studies, which demonstrate clinical
usefulness and examine the safety profile. But such studies may also be done in
phase II or phase IV trials. Therapeutic use studies, which examine the drug in
broad or special populations and seek to identify uncommon adverse effects, are
almost always phase IV (or post-approval) trials.

Phase I Studies

Although useful pre-clinical information may be obtained from in vitro studies or
animal models, early data must also be obtained in humans. People who participate
in phase I studies generally are healthy volunteers, but may be patients who have
already tried and failed to improve on the existing standard therapies. Phase I
studies attempt to estimate tolerability and characterize pharmacokinetics and
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pharmacodynamics. They focus on questions such as bioavailability and body
compartment distribution of the drug and metabolites. They also provide prelimi-
nary assessment of drug activity [26]. These studies may also assess feasibility and
safety of pharmaceutical or biologic delivery systems. For example, in gene transfer
studies, the action of the vector is an important feature. Implantable devices that
release an active agent require evaluation along with the agent to assess whether the
device is safe and delivers the agent in appropriate doses.

Buoen et al. reviewed 105 phase I dose-escalation studies in several medical
disciplines that used healthy volunteers [27]. Despite the development of new
designs, primarily in the field of cancer research, most of the studies in the survey
employed simple dose-escalation approaches.

Often, one of the first steps in evaluating drugs is to estimate how large a dose
can be given before unacceptable toxicity is experienced by patients [28—33]. This
is usually referred to as the maximally tolerated dose. Much of the early literature
has discussed how to extrapolate animal model data to the starting dose in humans
[34] or how to step up the dose levels to achieve the maximally tolerated dose.

In estimating the maximally tolerated dose, the investigator usually starts with a
very low dose and escalates the dose until a prespecified level of toxicity is
obtained. Typically, a small number of participants, usually three, are entered
sequentially at a particular dose. If no specified level of toxicity is observed, the
next predefined higher dose level is used. If unacceptable toxicity is observed in any
of the three participants, additional participants, usually three, are treated at the
same dose. If no further toxicity is seen, the dose is escalated to the next higher
dose. If additional unacceptable toxicity is observed, then the dose escalation is
terminated and that dose, or perhaps the previous dose, is declared to be the
maximally tolerated dose. This particular design assumes that the maximally
tolerated dose occurs when approximately one-third of the participants experience
unacceptable toxicity. Variations of this design exist, but most are similar.

Some [32, 35-37] have proposed more sophisticated designs in cancer research
that specify a sampling scheme for dose escalation and a statistical model for the
estimate of the maximally tolerated dose and its standard error. The sampling
scheme must be conservative in dose escalation so as not to overshoot the maxi-
mally tolerated dose by very much, but at the same time be efficient in the number
of participants studied. Many of the proposed schemes utilize a step-up/step-down
approach; the simplest being an extension of the previously mentioned design to
allow step-downs instead of termination after unacceptable toxicity, with the
possibly of subsequent step-ups. Further increase or decrease in the dose level
depends on whether or not toxicity is observed at a given dose. Dose escalation
stops when the process seems to have converged around a particular dose level.
Once the data are generated, a dose response model is fit to the data and estimates of
the maximally tolerated dose can be obtained as a function of the specified
probability of a toxic response [32].

Bayesian approaches have also been developed [38, 39]. These involve methods
employing continual reassessment [35, 40] and escalation with overdose control
[41]. Bayesian methods involve the specification of the investigators’ prior opinions
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about the agent’s dose-toxicity profile, which is then used to select starting doses,
and escalation rules. The most common Bayesian phase I design is called the
continual reassessment method, [35] in which the starting dose is set to the prior
estimate of the maximally tolerated dose. After the first cohort of participants
(typically of size 1, 2, or 3, though other numbers are possible), the estimate
is updated and the next participant(s) assigned to that estimate. The process is
repeated until a prespecified number of participants have been assigned. The dose at
which a hypothetical additional participant would be assigned constitutes the final
estimate of the maximally tolerated dose. Bayesian methods that constrain the
number of total toxicities have also been developed (escalation with overdose
control) as have designs that allow for two or more treatments [42] and methods
that allow for incomplete follow-up of long-term toxicities (time-to-event continual
reassessment method) [43]. Many variations have been proposed. An advantage
of Bayesian phase I designs is that they are very flexible, allowing risk factors and
other sources of information to be incorporated into escalation decisions. A disad-
vantage is their complexity, leading to unintuitive dose assignment rules.

A detailed description of the design and conduct of dose escalating trials for
treatments of cancer is found in Chaps. 1-5 of a book edited by Crowley and
Ankerst [44]. A book edited by Ting contains a more general discussion of dose-
selection approaches [45].

Phase II Studies

Once a dose or range of doses is determined, the next goal is to evaluate whether the
drug has any biological activity or effect. The comparison may consist of a
concurrent control group, historical controls, or pre-treatment status versus post-
treatment status. Because of uncertainty with regard to dose-response, phase II
studies may also employ several doses, with perhaps four or five intervention arms.
They will look, for example, at the relationship between blood level and activity.
Genetic testing is common, particularly when there is evidence of variation in rate
of drug metabolism. Participants in phase II studies are usually carefully selected,
with narrow inclusion criteria [26].

Although sometimes phase II studies are used for regulatory agency approval of
a product, generally phase II studies are performed to make a decision as to whether
to further develop a new drug or device. As such, the purpose is to refine an estimate
of the probability of success in phase III. Success depends on a variety of factors,
including estimated beneficial and adverse effects, feasibility, and event rates of the
target population. Because phase II trials by definition do not have adequate power
to define the effect on major clinical outcomes, the estimate of treatment effect and
harm may depend on multiple inputs, including effects on biomarkers, on more
common but less definitive clinical outcomes (like unstable angina rather than
myocardial infarction) and on more minor safety signals (like minor bleeding or
modest elevation in liver function tests).
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The phase II design depends on the quality and adequacy of the phase I study.
The results of the phase II study will, in turn, be used to design the phase III trial.
The statistical literature for phase II studies, which had been rather limited [46—52]
has expanded [53, 54] and, as with phase I studies, includes Bayesian methods
[55, 56].

One of the traditional phase II designs in cancer is based on the work of Gehan
[46], which is a version of a two stage design. In the first stage, the investigator
attempts to rule out drugs which have no or little biologic activity. For example, he
may specify that a drug must have some minimal level of activity, say, in 20% of
patients. If the estimated activity level is less than 20%, he chooses not to consider
this drug further, at least not at that maximally tolerated dose. If the estimated
activity level exceeds 20%, he will add more participants to get a better estimate of
the response rate. A typical study for ruling out a 20% or lower response rate enters
14 participants. If no response is observed in the first 14 participants, the drug is
considered not likely to have a 20% or higher activity level. The number of patients
added depends on the degree of precision desired, but ranges from 10 to 20. Thus,
a typical cancer phase II study might include fewer than 30 people to estimate the
response rate. As is discussed in Chap. 8, the precision of the estimated response
rate is important in the design of the controlled trial. In general, phase II studies
are smaller than they ought to be.

Some [32, 47, 57] have proposed designs which have more stages or a sequential
aspect. Others [50, 58] have considered hybrids of phase II and phase III designs in
order to enhance efficiency. While these designs have desirable statistical proper-
ties, the most vulnerable aspect of phase II, as well as phase I studies, is the type of
person enrolled. Usually, phase II studies have more exclusion criteria than phase
IIT comparative trials. Furthermore, the outcome in the phase II study (e.g., tumor
response) may be different than that used in the definitive comparative trial (e.g.,
survival). Refinements may include time to failure [54] and unequal numbers of
participants in the various stages of the phase II study [59]. Bayesian designs for
phase II studies require prior estimates, as was the case for phase I studies, but differ
in that they are priors of efficacy measures for the dose or doses to be investigated
rather than of toxicity rates. Priors are useful for incorporating historical data into
the design and analysis of phase II trials. Methods are available for continuous [60],
bivariate [60], and survival outcomes [61]. These methods can account not only for
random variations in participant responses within institutions but also for system-
atic differences in outcomes between institutions in multicenter trials or when
several control groups are combined. They also acknowledge the fact that historical
efficacy measures of the control are estimated with error. This induces larger
sample sizes than in trials which assume efficacy of the control to be known, but
with correspondingly greater resistance to false positive and false negative errors.
Bayesian methods can also be used in a decision-theoretic fashion to minimize a
prespecified combination of these errors for a given sample size [62, 63].

Although not generally considered phase II studies, some pilot (or feasibility
or vanguard) studies may serve similar functions. Particularly for studies of
non-pharmacologic interventions, these pilot studies can uncover possible problems
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in implementing and assessing an intervention. Here, we distinguish pilot studies
conducted for this purpose from those done to see if a design for a later phase trial is
feasible. For example, can participant screening and enrollment and maintenance of
adherence be successfully implemented?

Phase III/IV Trials

The phase III and phase IV trials are the clinical trials defined earlier in the chapter.
They are generally designed to assess the effectiveness of new interventions or
existing interventions with new indications and thereby, their value in clinical
practice. They also examine adverse effects, but, as described below and in
Chap. 12, assessment of harm in clinical trials has limitations. The focus of most
of this book is on these late phase trials. However, many design assumptions depend
on information obtained from phase I and phase II studies, or some combination of
early phase studies.

Phase III trials of chronic conditions or diseases often have a short follow-up
period for evaluation, relative to the period of time the intervention might be used in
practice. In addition, they focus on efficacy or effectiveness, but knowledge of
safety is also necessary to evaluate fully the proper role of an intervention in clinical
practice. A procedure or device may fail after a few years and have adverse
sequelae for the patient. In 2014, the FDA warned that morcellation to treat uterine
fibroids by laparoscopic means, a procedure that had been used for years, could lead
to spreading of unsuspected uterine sarcoma [64]. Thus, long-term surveillance
of an intervention believed to be effective in phase III trials is often necessary.
Such long-term studies or studies conducted after regulatory agency approval of the
drug or device are referred to as phase IV trials. Drugs may be approved on the basis
of intermediate or surrogate outcomes or biomarkers, such as blood pressure or
cholesterol lowering. They may also be approved after relatively short term studies
(weeks or months), even though in practice, in the case of chronic conditions, they
may be taken for years or even decades. Even late phase clinical trials are limited in
size to several hundred or thousand (at most, a few tens of thousands) of partici-
pants. Yet the approved drugs or devices will possibly be used by millions of
people. This combination of incomplete information about clinical outcomes,
relatively short duration, and limited size means that sometimes the balance
between benefit and harm becomes clear only when larger phase IV studies
are done, or when there is greater clinical experience. One example is some of
the cyclooxygenase 2 (COX 2) inhibitors, which had been approved for arthritis
pain, but only disclosed cardiovascular problems after larger trials were done.
These larger trials were examining the effects of the COX 2 inhibitors on preven-
tion of colon cancer in those with polyps [65, 66]. Similarly, only after they had
been on the market were thiazolidinediones, a class of drugs used for diabetes,
found to be associated with an increase in heart failure [67].
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Regulatory agency approval of drugs, devices, and biologics may differ because,
at least in the United States, the regulations for these different kinds of interventions
are based on different laws. For example, FDA approval of drugs depends greatly
on at least one well-designed clinical trial plus supporting evidence (often, another
clinical trial). Approval of devices relies less on clinical trial data and more on
engineering characteristics of the device, including similarity with previously
approved devices. (For further discussion of regulatory issues, see Chap. 22.)
Devices, however, are often implanted, and unless explanted, may be present for
the life of the participant. Therefore, there are urgent needs for truly long-term data
on performance of devices in vivo. Assessment of devices also depends, more so
than drugs, on the skill of the person performing the implantation. As a result, the
results obtained in a clinical trial, which typically uses primarily well-trained
investigators, may not provide an accurate balance of harm and benefit in general
practice.

The same caution applies to clinical trials of procedures of other sorts, whether
surgical or lifestyle intervention, where only highly skilled practitioners are inves-
tigators. But unlike devices, procedures may have little or no regulatory oversight,
although those paying for care often consider the evidence.

Why Are Clinical Trials Needed?

Well-designed and sufficiently large randomized clinical trials are the best method
to establish which interventions are effective and generally safe and thereby
improve public health. Unfortunately, a minority of recommendations in clinical
practice guidelines are based on evidence from randomized trials, the type of
evidence needed to have confidence in the results [68]. Thus, although trials provide
the essential foundation of evidence, they do not exist for many commonly used
therapies and preventive measures. Improving the capacity, quality and relevance
of clinical trials is a major public health priority.

Much has been written about the advent of individualized medicine, where an
intervention (usually a drug or biologic) is used specifically in a person for whom it
was designed or who has a specific genetic marker. We may someday reach
the point where that is possible for many conditions and therapies. But we are not
there yet. With rare exceptions, the best we can generally do is to decide to use or
not use a treatment that has been evaluated in a clinical trial in a given population.
Even when we better understand the genetic components of a condition, the
interaction with the environment usually precludes full knowledge of a disease’s
patterns and course. Therefore, almost always, a clinical trial is the most definitive
method of determining whether an intervention has the postulated effect. Even
when a drug is designed to be used in people with selected genetic markers, clinical
trials are still commonly conducted. An example is trastuzumab, which is beneficial
in women with HER?2 receptors in breast cancer [69-71]. Even here, treatment is
only partly successful and can have major adverse effects. Benefits of using
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pharmacogenetics in the decisions to achieve optimum dosing of warfarin have
been claimed from some studies, but not in others [72-75]. Given the uncertain
knowledge about disease course and the usual large variations in biological mea-
sures, it is often difficult to say on the basis of uncontrolled clinical observation
whether a new treatment has made a difference to outcome, and if it has, what the
magnitude is. A clinical trial offers the possibility of such judgment because there
exists a control group which, ideally, is comparable to the intervention group in
every way except for the intervention being studied.

The consequences of not conducting appropriate clinical trials at the proper time
can be both serious and costly. An example was the uncertainty as to the efficacy and
safety of digitalis in congestive heart failure. Only in the 1990s, after the drug had been
used for over 200 years, was a large clinical trial evaluating the effect of digitalis
on mortality mounted [76]. Intermittent positive pressure breathing became
an established therapy for chronic obstructive pulmonary disease without good evi-
dence of benefits. One trial suggested no major benefit from this very expensive
procedure [77]. Similarly, high concentration of oxygen was used for therapy in
premature infants until a clinical trial demonstrated that it could cause blindness [78].

A clinical trial can determine the incidence of adverse effects or complications of
the intervention. Few interventions, if any, are entirely free of undesirable effects.
However, drug toxicity might go unnoticed without the systematic follow-up mea-
surements obtained in a clinical trial of sufficient size. The Cardiac Arrhythmia
Suppression Trial documented that commonly used anti-arrhythmic drugs were harm-
ful in patients who had a history of myocardial infarction, and raised questions about
routine use of an entire class of anti-arrthythmic agents [79]. Corticosteroids had been
commonly used to treat people with traumatic brain injury. Small clinical trials were
inconclusive, and a meta-analysis of 16 trials showed no difference in mortality
between corticosteroids and control [80]. Because of the uncertainty as to benefit, a
large clinical trial was conducted. This trial, with far more participants than the others
combined, demonstrated a significant 18% relative increase in mortality at 14 days
[81] and a 15% increase at 6 months in the corticosteroid group [82]. As a result, an
update of the meta-analysis recommended against the routine use of corticosteroids in
people with head injury [83]. Niacin was widely believed to be a safe and effective
treatment to improve lipid parameters and reduce coronary heart disease events for
patients at risk [84, 85]. The Atherothrombosis Intervention in Metabolic Syndrome
with Low HDL/High Triglycerides: Impact on Global Health Outcomes (AIM-HIGH)
trial failed to show added benefit from long-acting niacin in 3,414 participants with
cardiovascular disease receiving statin therapy [86]. A concern with that trial was that
it might have been underpowered. The Heart Protection Study 2-Treatment of HDL to
Reduce the Incidence of Vascular Events (HPS2-THRIVE) [87] was designed
to provide definitive information regarding the clinical effects of a combination
formulation of niacin and laropiprant, an agent to prevent flushing side effects,
on top of simvastatin. That trial of 25,673 participants also showed no reduction in
the primary outcome of vascular events, but increases in serious adverse gastrointes-
tinal events, infection, and onset and poor control of diabetes.
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In the final evaluation, an investigator must compare the benefit of an intervention
with its other, often unwanted effects in order to decide whether, and under what
circumstances, its use should be recommended. The financial implications of an
intervention, particularly if there is limited benefit, must also be considered. Several
studies have indicated that drug eluting stents have somewhat less restenosis than
bare metal stents in percutaneous coronary intervention [88, 89]. The cost differ-
ence, however, can be considerable, especially since more than one stent is typically
inserted. The Comparison of Age-Related Macular Degeneration Treatments
Trials (CATT) showed that ranibizumab and bevacizumab were similarly effective
at the 1-year point with respect to visual acuity in people with age-related macular
degeneration [90]. Bevacizumab appeared to have various more serious adverse
effects, but was one-fortieth the cost of ranibizumab. Whether the difference in
the adverse events is real is uncertain, as another trial of the same agents in the same
population did not show it [91]. In both examples, are the added benefits or possibly
fewer adverse events, which may be defined and measured in different ways, of
the more expensive interventions worth the extra cost? Such assessments are not
statistical in nature. They must rely on the judgment of the investigator and the
medical practitioner as well as on those who pay for medical care. Clinical trials
rarely fully assess costs of the interventions and associated patient care, which
change over time, and cannot replace clinical judgment; they can only provide
data so that decisions are evidence-based.

People suffering from or being treated for life-threatening diseases for which
there are no known effective therapies and those caring for them often argue that
controlled clinical trials are not needed and that they have a right to experimental
interventions. Because there may be little hope of cure or even improvement,
patients and their physicians want to have access to new interventions, even if
those interventions have not been shown to be safe and effective by means of the
usual clinical trial. They want to be in studies of these interventions, with the
expectation that they will receive the new treatment, rather than the control (if there
is a control group). Those with the acquired immunodeficiency syndrome (AIDS)
used to make the case forcefully that traditional clinical trials are not the sole
legitimate way of determining whether interventions are useful [92-95]. This is
undeniably true, and clinical trial researchers need to be willing to modify, when
necessary, aspects of study design or management. Many have been vocal in their
demands that once a drug or biologic has undergone some minimal investigation, it
should be available to those with life-threatening conditions, should they desire it,
even without late phase clinical trial evidence [96]. If the patient community is
unwilling to participate in clinical trials conducted along traditional lines, or in
ways that are scientifically “pure,” trials are not feasible and no information will be
forthcoming. When the situation involves a rare, life-threatening genetic disorder in
children, what level of evidence is needed for patients and their families, clinicians,
and regulatory authorities to approve use of new agents? When should accelerated
or “fast track” approval occur? Should there be interim approval based on less rigid
criteria, with use restricted to specific cases and situations? When should post-
approval trials be required? The U.S. FDA approved bedaquiline for drug-resistant
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tuberculosis on the basis of a randomized trial of 160 patients with time to culture
conversion as the primary outcome, even though the study was too small to reliably
detect clinical outcomes [97, 98]. This was done because of the urgent need for
new drugs and with the requirement that a “confirmatory trial” would be conducted.
Investigators need to involve the relevant communities or populations at risk, even
though this could lead to some compromises in design and scientific purity.
Investigators need to decide when such compromises so invalidate the results that
the study is not worth conducting. It should be noted that the rapidity with which
trial results are demanded, the extent of community involvement, and the conse-
quent effect on study design, can change as knowledge of the disease increases, as
at least partially effective therapy becomes available, and as understanding of the
need for valid research designs, including clinical trials, develops. This happened to
a great extent with AIDS trials.

Although investigators should design clinical trials using the fundamentals
discussed in this book, they must consider the context in which the trial is being
conducted. The nature of the disease or condition being studied and the population
and setting in which it is being done will influence the outcomes that are assessed,
the kind of control, the size, the duration, and many other factors.

Clinical trials are conducted because it is expected that they will influence
practice and therefore improve health [99-104]. Traditionally, there has been
considerable delay in adoption of evidence from trials, depending on the direction
of the results, strength of the findings, methods of dissemination of results, and
other evidence. There is indirect evidence, though, that the results of clinical trials
can affect practice, which in turn may improve health outcomes. Ford et al. [105]
estimated that about half of the reduction in death from coronary artery disease in
the United States between 1980 and 2000 was due to better control of risk factors.
The other half of the reduction was due to improved treatments, most of which were
based on clinical trial results. A specific example of change in practice based on
evidence from trials and improved survival comes from a national registry in
Sweden during 1996-2007. Increase use of reperfusion therapy, revascularization,
and medications such as aspirin, beta blockers, clopidogrel, and statins in treatment
of ST segment elevation myocardial infarction was associated with a 50% decrease
in mortality over this relatively short period [106]. In the United States, a registry
that included 350 hospitals from 2001 to 2003 showed 11% lower in-hospital
mortality for each 10% improvement in hospital-level adherence to guideline-
based treatment, with most of those treatment recommendations based on clinical
trial results [107].

There is no such thing as a perfect study. However, a well thought-out, well-
designed, appropriately conducted and analyzed clinical trial is an effective tool.
While even well designed clinical trials are not infallible, they generally provide a
sounder rationale for intervention than is obtainable by other research methods. On
the other hand, poorly designed, conducted, and reported trials can be misleading.
Also, without supporting evidence, no single study ought to be definitive. When
interpreting the results of a trial, consistency with data from laboratory, animal,
epidemiological, and other clinical research must be considered.
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Some have claimed that observational studies provide the “correct” answer more
often than not and that therefore clinical trials are often superfluous [108, 109].
Others have pointed out that sometimes, results of observational studies and clinical
trials are inconsistent. Observational studies, many of them large, suggested that
use of antioxidants would reduce the risk of cancer and heart disease. These agents
began to be widely used as a result. Later, large randomized controlled trials
evaluating many of the antioxidants demonstrated no benefit or even harm [110].
Similarly, because of the results from observational studies, hormone therapy was
advocated for post-menopausal women as a way to prevent or reduce heart disease.
Results of large clinical trials [111-113] cast considerable doubt on the findings
from the observational studies. Whether the differences are due to the inherent
limitations of observational studies (see Chap. 5) or more specifically to the
“healthy user bias” has been debated, but these and numerous other examples
[114] support the belief that observational studies are unreliable in determining
modest intervention effects.

We believe that pitting one kind of clinical research against another is inappro-
priate. Both observational epidemiology studies, including registries, and clinical
trials have their strengths and weaknesses; both have their place [115]. Proper
understanding of the strengths and weaknesses of clinical trials, and how the results
of well-designed and conducted trials can be used in conjunction with other
research methodologies, is by far the best way of improving public health and
scientific understanding.

Problems in the Timing of a Trial

Once drugs and procedures of unproved clinical benefit have become part of
general medical practice, performing an adequate clinical trial becomes difficult
ethically and logistically. Some people advocate instituting clinical trials as early as
possible in the evaluation of new therapies [116, 117]. The trials, however, must be
feasible. Assessing feasibility takes into account several factors. Before conducting
a trial, an investigator needs to have the necessary knowledge and tools. He must
know something about the expected adverse effects of the intervention and what
outcomes to assess and have the techniques to do so. Well run clinical trials of
adequate magnitude are costly, and therefore almost always require sponsors
willing to pay for them, and should be done only when preliminary evidence of
the efficacy and harm of an intervention looks promising enough to warrant the
effort and expense involved.

Another aspect of timing is consideration of the relative stability of the interven-
tion. If active research will be likely to make the intended intervention outmoded in a
short time, studying such an intervention may be inappropriate. This is particularly
true in long-term clinical trials, or studies that take many months to develop. One of
the criticisms of trials of surgical interventions has been that surgical methods are


http://dx.doi.org/10.1007/978-3-319-18539-2_5

Study Protocol 15

constantly being improved. Evaluating an operative technique of several years past,
when a study was initiated, may not reflect the current status of surgery [118—120].

These issues were raised years ago in connection with the Veterans Administra-
tion study of coronary artery bypass surgery [121]. The trial showed that surgery
was beneficial in subgroups of patients with left main coronary artery disease and
three vessel disease, but not overall [121-123]. Critics of the trial argued that when
the trial was started, the surgical techniques were still evolving. Therefore, surgical
mortality in the study did not reflect what occurred in actual practice at the end of
the long-term trial. In addition, there were wide differences in surgical mortality
between the cooperating clinics [124] that may have been related to the experience
of the surgeons. Defenders of the study maintained that the surgical mortality in the
Veterans Administration hospitals was not very different from the national experi-
ence at the time [125]. In the Coronary Artery Surgery Study [126] surgical
mortality was lower than in the Veterans Administration trial, suggesting better
technique. The control group mortality, however, was also lower. Despite continu-
ing evolving technology, including the development of drug-eluting stents, many
trials of coronary stents have been successfully undertaken [127, 128]. The changes
in stent design and use of medications to limit stent thrombosis have been incor-
porated into each new trial.

Review articles show that surgical trials have been successfully undertaken
[129, 130] and, despite challenges, can and should be conducted [131, 132].
While the best approach might be to postpone a trial until a procedure has reached
is the point where it is unlikely to change greatly, at least in the near term, such a
postponement will probably mean waiting until the procedure has been widely
accepted as efficacious for some indication, thus making it difficult, if not impos-
sible to conduct the trial. However, as noted by Chalmers and Sacks [133], allowing
for improvements in operative techniques in a clinical trial is possible. As in all
aspects of conducting a clinical trial, judgment must be used in determining the
proper time to evaluate an intervention.

Study Protocol

Every well-designed clinical trial requires a protocol. The study protocol can be
viewed as a written agreement between the investigator, the participant, and the
scientific community. The contents provide the background, specify the objec-
tives, and describe the design and organization of the trial. Every detail explaining
how the trial is carried out does not need to be included, provided that a compre-
hensive manual of procedures contains such information. The protocol serves as a
document to assist communication among those working in the trial. It should also
be made available to others upon request. Many protocols are now being
published in on-line journals.

The protocol should be developed before the beginning of participant enroll-
ment and should remain essentially unchanged except perhaps for minor updates.
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Careful thought and justification should go into any changes. Major revisions
which alter the direction of the trial should be rare. If they occur, the rationale
behind such changes and the process by which they are made need to be clearly
described. An example is the Cardiac Arrhythmia Suppression Trial, which, on
the basis of important study findings, changed intervention, participant eligibility
criteria, and sample size [134].

Numerous registries of clinical trials now exist. The WHO International Clinical
Trials Registry Platform (ICTRP) [135] lists those registries, including
ClinicalTrials.gov [136], one of the original registries that are acceptable to the
International Committee of Medical Journal Editors. Registration of all late phase
trials and many early phase studies is now advocated, and indeed required by many
journals and sponsors. Journals will not publish results of trials or study design
papers unless the study has been registered at one of the many sites. The
U.S. National Institutes of Health requires that trials that it funds be registered
[137], as does the Food and Drug Administration for trials it oversees [138].
The registry sites have, at a minimum, information about the study population,
intervention and control, response variables, and other key elements of the study
design. Reasons for registering trials include reducing the likelihood that trial
results are not published or otherwise made known, providing a way to compare
the study design as initially described with what was published, and allowing other
researchers to determine what else is happening in their area of interest. From the
ClinicalTrials.gov registry, we know that the majority (62%) of registered trials
enroll 100 or fewer participants, the majority of trials (66%) are single center, and
there is substantial variability in use of randomization, blinding, and use of mon-
itoring committees [139]. We applaud the practice of registration, and encourage all
investigators to go further by including links to their protocols at the registry sites.
See Chap. 22 for a further discussion of trial registration.

A guidance for developing a clinical trials protocol has been published by the
Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT 2013
Statement) [25]. Topic headings of a typical protocol which also serve as an outline
of the subsequent chapters in this book are given below:

A. Background of the study
B. Objectives

1. Primary question and response variable

2. Secondary questions and response variables
3. Subgroup hypotheses

4. Adverse effects

C. Design of the study
1. Study population

(a) Inclusion criteria
(b) Exclusion criteria

2. Sample size assumptions and estimates
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9.

. Enrollment of participants

(a) Informed consent

(b) Assessment of eligibility

(c) Baseline examination

(d) Intervention allocation (e.g., randomization method)

. Intervention(s)

(a) Description and schedule
(b) Measures of compliance

. Follow-up visit description and schedule
. Ascertainment of response variables

(a) Training
(b) Data collection
(c) Quality control

. Assessment of Adverse Events

(a) Type and frequency
(b) Instruments
(¢) Reporting

. Data analysis

(a) Interim monitoring, including data monitoring committee role
(b) Final analysis

Termination policy

D. Organization

1.

Participating investigators

(a) Statistical unit or data coordinating center
(b) Laboratories and other special units
(c) Clinical center(s)

. Study administration

(a) Steering committees and subcommittees
(b) Monitoring committee
(c) Funding organization

Appendices

Definitions of eligibility criteria
Definitions of response variables
Informed Consent Form
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Chapter 2
Ethical Issues

People have debated the ethics of clinical trials for as long as trials have been
conducted. The arguments have changed over the years and perhaps become more
sophisticated, but many of them involve issues such as the physician’s obligations
to the individual patient versus societal good; clinical equipoise; study design
considerations such as randomization and the choice of control group, including
use of placebo; informed consent; conduct of trials in underdeveloped areas and
world regions; conflicts of interest; participant confidentiality and sharing of data
and specimens; lack of publication; and publication bias.

A well-designed trial should answer important public health questions without
impairing the welfare of participants. There may, at times, be conflicts between a
physician’s perception of what is good for his or her patient and the design and
conduct of the trial. In such instances, the needs of the participant must
predominate.

Ethical issues apply in all stages of a clinical trial. In this chapter, we summarize
some of the major factors involving ethics in design, conduct, and reporting of
clinical trials. As will be noted, several of the issues are unsettled and have no easy
solution. We expect, however, that investigators will at least consider these issues
in the planning stages of trials, so that high ethical standards can be applied to all
trials.

Emanuel et al. [1] listed seven criteria that they considered essential to the
ethical conduct of clinical research. These criteria are value, scientific validity,
fair selection of participants, favorable benefit/risk balance, independent review,
informed consent, and respect for enrolled participants (Table 2.1). Independent
review is generally conducted by ethics review committees specifically constituted
for oversight of research with human subjects. In the United States, such commit-
tees are termed institutional review boards (IRBs). Other names used outside the
United States are research ethics committees, ethics committees, or ethics review
committees. Although the role of ethics review committees is discussed later in this
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Table 2.1 Requirements for an ethical clinical trial

Requirement Explanation
Value Evaluate an intervention that has the potential to be of social or scientific
value
Scientific validity Use methods that will produce reliable results
Fair selection of Participant selection that avoids placing the vulnerable at undue risk and
participants avoids preferential access of attractive interventions to the privileged
Favorable benefit/risk Minimize risks and maximize potential benefits, with an estimate that
balance benefits will likely outweigh risks
Independent review Review of design by individuals not directly affiliated with the research
(for example, ethics review committees)
Informed consent Provide information about purpose of research, procedures, and poten-

tial risks and benefits to enable participants to make voluntary
decisions in a way that respects participant autonomy
Respect for enrolled Protect the rights and wellbeing of participants
participants

Adapted from Emanuel et al. [1]

chapter under Informed Consent, it must be emphasized that independent review by
these committees and others, such as data monitoring boards, applies to several
aspects of a trial.

We encourage the reader to seek out any of the many books and journals devoted
to ethical aspects of clinical research. Those go into the issues, including ones we do
not address, in considerable depth. A particularly relevant book is The Oxford
Textbook of Clinical Research Ethics, many chapters of which relate directly to
clinical trials [2]. The reader is also referred to several key documents:

1. Nuremberg Code. This was the first major international statement on the ethics
of medical research, published in 1947 in response to unethical human experi-
mentation on concentration camp prisoners in the Second World War [3]. This
code outlined ethical standards for medical research with an emphasis on the
requirement for voluntary consent to participation.

2. Declaration of Helsinki. Issued by the World Medical Association in 1964, and
periodically amended, the Declaration of Helsinki is a comprehensive statement
of the ethics of human subject research [4].

3. Belmont Report. Created by a United States federal commission in 1979, this
report outlines ethical principles for clinical research [5]. The report is structured
around three basic principles: respect for persons, beneficence, and justice.

4. International Ethical Guidelines for Biomedical Research Involving Human
Subjects, prepared by the Council for International Organizations of Medical
Sciences in collaboration with the World Health Organization, first in 1982 and
amended several times, including in 2002 [6]. This document includes 21 guide-
lines that address ethical responsibilities in human subject research, many of
which apply to clinical trials.
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Fundamental Point

Investigators and sponsors of clinical trials have ethical obligations to trial
participants and to science and medicine.

Planning and Design

Ethics Training

All clinical trial investigators should have training in research ethics. Understand-
ing ethical principles, and the related regulatory requirements (see Chap. 22), is
essential for responsible conduct of clinical trials. An important part of training in
ethics is a review of the history of abuses in clinical research that prompted many of
the guidelines and regulations that followed. These include an experiment in
Tuskegee, Alabama, when treatment was withheld from around 400 African-
American men with syphilis to study the course of the disease as well as the
abhorrent experiments of concentration camp prisoners in the Second World War.
There are a number of resources for research ethics training, including several
National Institutes of Health (NIH) websites [7-9].

Does the Question Require a Clinical Trial?

An early decision relates to whether a clinical trial is even necessary. Not all
questions need to be answered, and not all of those that should be answered require
clinical trials. Sometimes, other kinds of clinical studies may be able to address the
question at least as well as, or even better than, a clinical trial. Even if the answer
may not be quite as good, the added benefits from the trial may not be worth the
added risk.

Because clinical trials involve administering something (a drug, device, bio-
logic, or procedure) to someone, or attempting to change someone’s behavior, there
may be adverse as well as positive results. Although some of the potential adverse
consequences may be known before the trial is started, and therefore prevented or
minimized, others may arise unexpectedly during the trial or be more serious than
anticipated. The question being addressed by the clinical trial, therefore, must be
important enough to justify the possible adverse events. The question must have
relevant clinical, public health, and/or other scientific value. A trivial question
should not expose study participants to risk of harm, either physical or emotional.
Harm can be either a direct result of the intervention or indirect, like from
withholding something beneficial. The study investigator, sponsor or funder, and
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institutions where the study will be performed must all ensure that the question is
sufficiently important and the trial is appropriately conducted to justify those risks.

Though the question may be important, the clinical trial may be infeasible or
unethical. An obvious example is cigarette smoking—providing non-smokers with
cigarettes to prove that smoking is harmful is clearly unethical. Observational
studies have given us sufficient evidence to answer that question, since the relative
risk is so great. The Cardiac Arrhythmia Suppression Trial (CAST) [10] was
designed to determine whether suppression of ventricular arrhythmias with antiar-
rhythmic agents in people with heart disease would lead to a reduction in sudden
cardiac death. After two of the three antiarrhythmic drugs were found to be harmful
and the trial was stopped, some asked whether the study might be continued but
reconfigured to demonstrate that quinidine, a long-used drug with some properties
similar to the two discontinued agents, would also be harmful. The CAST investi-
gators quickly decided that designing a trial specifically to prove harm, especially
serious harm, would be unethical. Although the outcome of a trial is uncertain, the
primary response variable should always be one where either benefit or
noninferiority is potentially achievable.

Two kinds of trials raise ethical issues because of concerns about the balance
between potential benefits to society (and perhaps to participants) and the risks of
harm and discomfort to participants. In both, the likelihood of immediate benefit to
the study participants exists but is remote. One involves “marketing” (also termed
“seeding”) trials. Such clinical trials are conducted to show that a new drug or new
version of an old drug is at least as good as (i.e., noninferior to) a drug already
proven to be beneficial. Other than enhancing the financial status of the industry
sponsor, there may be little benefit from the new drug. Yet trial participants are
being put at risk from a drug with unknown adverse effects, some of which might be
serious. If the new drug has some potential improvement over the existing one, the
trial might be justified. Perhaps the new drug is easier to take (e.g., once a day rather
than twice a day administration, or taking a pill rather than an injection), is better
tolerated, or causes fewer adverse events. One could also argue that having more
than one drug with similar benefits is good for the economy, fostering lower
medical care costs. But in the end, those conducting such trials should show how
the question is important and how there will be meaningful benefits for patients.

A second kind of trial, the ethics of which have been debated, is the early phase
study. If these studies are performed in healthy volunteers, there is a nontrivial
chance that they will be harmed, but have little opportunity to benefit, other than
from whatever payment they receive as a result of their participation and from the
possible contribution they provide to advancing treatment. Some people regularly
enroll in such studies for the payment [11]. It has been argued that with proper
attention to study design and safety monitoring, appropriate evaluation by ethics
review committees, and true informed consent, these studies are ethical [12].
As always, risk must be kept to a minimum and the payment must not be so great
as to encourage participants to do something that would place them at serious risk.
The pros and cons of various payment models for research participants are
discussed by Dickert and Grady [13]. As with other clinical research, early phase
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studies are only ethical if investigators and sponsors do whatever is necessary to
minimize risk. Unfortunately, instances when investigators may not have taken
proper care have occurred and received widespread attention [14—16].

Some early phase studies are conducted with participants who have a disease or
condition. Patients with cancer that have not responded to other therapies may
volunteer for such trials, hoping that the experimental intervention will prove
beneficial. Given the small size of these studies and the unfortunate fact that most
interventions early in their development do not prove beneficial, there may be only
a small chance of benefit. But even if there is only a slight possibility of improve-
ment, as long as there is adequate informed consent and the expectation of benefit to
society from the knowledge to be gained, most would agree that these trials can be
conducted in an ethical manner [17, 18]. However, the strategy of commonly
subjecting participants to experimental therapies without the ability to compare
safety and harm to a control group in an unbiased way raises its own ethical issues.

On the other hand, most treatments used in medicine, including those
recommended in clinical practice guidelines [19], do not have the clinical trial
evidence to be certain that the benefit outweighs the risk. This suggests that we have
aresponsibility, when possible, to promote high-quality clinical trials to provide the
evidence to guide clinical decision-making. It is ironic that consent is essential for a
patient to be in a clinical trial comparing two commonly used treatments, and yet
assignment to those treatments in clinical practice is routine and accepted without
consent and without gaining knowledge about whether there is benefit or harm. If
one accepts that randomized trials are the most reliable way to define modest
treatment effects, then increasing the number and efficiency of trials should be a
priority for the broader health care system, a goal of the Patient-Centered Outcome
Research Institute (PCORI) [20].

Controversies in the approach to informed consent in trials that compare treat-
ments commonly used in practice were highlighted by the Surfactant, Positive
Pressure, and Oxygenation Randomized Trial (SUPPORT) [21]. This trial ran-
domly assigned premature babies to supplemental oxygen to keep the arterial
oxygen saturation at the lower end versus the higher end of standard recommenda-
tions. The six-page, single-spaced consent form included standard elements of
informed consent, including a statement that lower levels of oxygen might reduce
retinopathy, a known complication of higher oxygen levels. The trial showed less
retinopathy with lower oxygen target, but unexpectedly higher mortality, and the
results have changed practice. Meanwhile, the Office for Human Research Pro-
tections (OHRP) of the U.S. Department of Health and Human Services investi-
gated the consent process in the trial and determined that institutional review boards
failed to have the consent state that mortality might be increased in one of the
treatment strategies [22]. This decision has caused concern among academic insti-
tutions about the risk of conducting trials as well as undermining attempts to
streamline the consent process in pragmatic trials that are comparing standard
therapies [23]. In fact, it has been argued that the participant risks involved with
random assignment to commonly used standard treatments are not different than
standard practice and that this should be acknowledged in the regulations [24].
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It appears that most people are willing to volunteer for clinical trials, but most
people are not approached to participate in trials [25]. Some have suggested that
there should be a greater sense of social responsibility to participate in clinical
research since current treatments are available only due to previous patients par-
ticipating, and future advances will likewise depend on this participation [26]. This
places the burden on clinical researchers to be responsible in designing trials that
will provide reliable guidance for future care. In fact, most trials are too small to
provide reliable information and many results of trials are never published
[27]. Even if our current complex approach to conducting trials were simplified,
the costs are still a major barrier. Moreover, relatively little funding is allocated to
answering the questions that would have the greatest impact on improving public
health.

Randomization

In the typical “superiority trial” described in Chap. 5, randomization is usually done
on top of standard or usual therapy, which all participants should receive. The
special issues related to noninferiority trials are discussed in Chap. 5. Randomiza-
tion can be a problem for physicians and other clinicians who feel pressure to be
able to choose the treatment that has the greatest likelihood of benefit. The
investigator, however, must acknowledge uncertainty when it exists. Therefore,
an objection to random assignment should only apply if the investigator believes
that there is reasonable certainty that a superior therapy exists. If that is the case, he
or she should not participate in a trial that randomizes participants to a therapy other
than the believed superior therapy. On the other hand, if he or she truly cannot say
that one treatment is better than another, there should be no ethical problem with
randomization. Such judgments regarding efficacy may vary among investigators,
such that there is uncertainty for some but not others. Because it is unreasonable to
expect that an individual investigator should have no preference, not only at the
start of a trial but during its conduct, the concept of “clinical equipoise” among the
expert clinical community has been proposed [28]. Some have maintained that until
an intervention has been proven beneficial, randomization is the most ethical
approach and one that will provide the correct answer soonest [29-32]. It may be
that “equipoise” will change over the course of a trial, as was the case in the Second
International Study of Infarct Survival (ISIS-2) trial testing streptokinase for myo-
cardial infarction. During the period of recruitment, the data monitoring committee
found that there was “proof beyond reasonable doubt” that streptokinase reduced
mortality for patients 0—4 h after onset of pain, and this information was shared with
investigators [33]. They were told that “patients can be randomized if the respon-
sible physician remains, in the light of this and other evidence, uncertain as to
whether streptokinase is indicated” [33]. However, is it ethically justifiable for a
data monitoring committee to allow participants to be randomly assigned to an arm
(in this case, placebo) for which there is “proof” of higher mortality? Many would
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argue that the committee should have recommended a change in the protocol with
no further enrollment in this subset.

There are other situations in which consent is not possible in the traditional
sense, including certain situations in which the patient is unable to provide consent
(for example in the setting of cardiac arrest) and when the unit of randomization is
not the patient (cluster randomized studies). An example of such a cluster random-
ized study is the Randomized Evaluation of Decolonization versus Universal
Clearance to Eliminate MRSA (REDUCE MRSA) trial [34]. Forty-three hospitals
were randomly assigned to 1 of 3 strategies of MRSA screening and patient
isolation, targeted decolonization, or universal decolonization (of all patients with-
out screening), to reduce rates of MRSA infection. Most hospitals used a central
IRB. Since all regimens were standard of care and participation in the trial was
anticipated to have a favorable benefit-risk balance, the requirement for patient
consent was waived. Patients were given information sheets explaining the trial.

Control Group

Choice of the control group is a major design issue in clinical trials. If there is a
known best therapy, one would generally expect the new intervention to be com-
pared with that therapy, or added to it. But the optimal therapy may not be widely
used for various reasons. These could include cost, unavailability of the therapy or
lack of sufficient clinicians competent to administer it, lack of acceptance by the
practicing clinical community, socioeconomic and cultural differences, or other
factors. Depending on these circumstances, some trials may not use the best known
therapy or standard of care as the control. They may rely on what the practicing
communities typically do, or usual therapy [35]. Investigators and ethics review
committees need to judge whether the usual therapy deprives participants of a
proven better treatment that they would otherwise receive. If so, serious ethical
concerns arise. A major area of disagreement has been the degree of responsibility
of investigators to ensure that all participants receive the best proven therapy as a
control or background care, even if usual care in the community in which the trial is
being conducted is not up to that standard [36]. The appropriate control and
background therapy depends, in part, on the purpose of the trial. (See also the
section below, “Trials in Low- and Middle-Income Countries.”)

Considerable confusion has arisen when people talk about placebo-controlled
trials, as they may refer to different kinds of designs. Often, a new intervention is
added to usual care or standard care and compared against that care plus placebo.
Sometimes, a new intervention is seen as a possible replacement for an existing
therapy, yet for various reasons, it is not thought appropriate to compare the new
intervention against the existing therapy. The commonly used therapy, for example,
may not have been proven to be beneficial, or it may be poorly tolerated. Therefore,
a placebo comparator is used instead of the existing therapy. Often, a blinded
placebo control provides the most complete information about the risks and benefits
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of a new therapy as an inert placebo is the best approximation of a neutral control.
The SYMPLICITY HTN-3 (Renal Denervation in Patients With Uncontrolled
Hypertension-3) trial of renal denervation for control of severe refractory hyper-
tension is a good example of the importance of a placebo (in this case a sham
procedure) [37]. Earlier randomized trials of renal denervation compared with
no renal denervation, on top of optimal medical therapy, showed a major
(22-32 mmHg) reduction in systolic blood pressure with renal denervation that
led to widespread enthusiasm and adoption of this treatment in Europe, where the
device to perform the procedure was approved based on those results. However,
the sham-controlled trial found similar 12-14 mmHg reductions in systolic blood
pressure with renal denervation and with the sham procedure.

Even if a proven therapy exists, whether short-term discontinuation of that
therapy for the purpose of conducting a placebo-controlled trial is harmful depends
on the condition being studied. Exposing participants to serious harm by withhold-
ing beneficial treatment is unethical even in the short term. For conditions causing
only mild to moderate discomfort, it may be acceptable. For example, investigators
evaluating new analgesic agents might choose to use a placebo control, as long
as any pain or discomfort is treated promptly. As always, there will be borderline
cases that require discussion and review by ethics review committees [38].

Freedman et al. [39, 40] acknowledged that many factors are considered in
deciding whether to use a placebo control. They argued that if an accepted treat-
ment exists, much of the time a placebo control is unethical and, indeed, unneces-
sary. Rothman and Michels [41, 42] also maintained that in many cases a placebo,
in lieu of the proven therapy, has been used inappropriately because a proven
therapy existed. This debate occurred with the Enhanced Suppression of the Platelet
IIb/Illa Receptor with Integrilin (ESPRIT) trial [43—45]. The decision to use a
placebo control, rather than another proven IIb/Illa receptor inhibitor, was only
allowed after it was shown that many cardiologists were not persuaded by the prior
evidence, and even then only with declaration by the investigators that they were
uncertain as to the benefits of IIb/IIla inhibitors. We think that this is a valid
argument as the participating investigators were informed about the current evi-
dence and made the decision to conduct another placebo-controlled trial because
they questioned the applicability of that evidence. History has supported their
decision, since IIb/Illa inhibitors are no longer strongly recommended in guidelines
nor used as a standard in practice. Ethics review committees must have full
knowledge and informed consent must contain the relevant information.

Before an investigator uses a placebo control, which will often be the best
design, he or she should assess whether it will provide the basis for a better
assessment of the active therapy and should determine that its use will not cause
serious harm (due to withholding a proven effective alternative). Importantly, all
participants must be told that there is a specified probability (e.g., 50%) of their
receiving placebo. The World Medical Association Declaration of Helsinki
(as amended in 2013) [4], the Council for International Organizations of Medical
Sciences (CIOMS) [6], regulatory bodies [46], and others have guidelines for use
of placebo. Miller summarizes the issues that should be considered by
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investigators [47]. If life-saving treatment is available, patients should not be
assigned to placebo versus an active treatment. For example, once streptokinase
was shown to save lives of patients with myocardial infarction, it would no longer
be ethical to compare a new fibrinolytic agent, like alteplase, with placebo.
Likewise, if assignment to placebo (versus available active therapy) would likely
result in any significant pain or harm, then a placebo would be unethical.
A placebo control is particularly important when studying conditions with a
variable course and/or frequent spontaneous remissions, when existing therapies
are inconsistently effective or have serious side effects, or when frequency of the
condition is so low that an equivalence trial would be impractical [47].

Protection from Conflicts of Interest

A widely expressed concern in clinical research is the potential for conflicts of
interest on the part of the investigators. In the context of ethical issues, conflicts of
interest can lead to bias in design, conduct, data analysis, interpretation, and
reporting of findings. Conflicts of interest are generally considered in the financial
context, but intellectual or other conflicts also exist [48]. Ideally, no investigator
should have any interests other than the well-being of the study participants and the
generation of new knowledge that will improve clinical care and public health. That
is unrealistic, however, given that investigators must receive research funding to
conduct research, and this funding may come from government, industry, research
foundations, private investors, or others who have considerable interest in the
outcome of the study. Many investigators have also spent a career attempting to
advance the science, and could be disappointed if or fail to accept that their theory is
incorrect. Therefore, most clinical trials find it more realistic to manage conflicts of
interest rather than to avoid them completely.

The practice of disclosing financial relationships to participants and others has
been reviewed and recommendations have been proposed [49]. Among these
recommendations, it was noted that because many participants may not fully
appreciate the impact that financial relationships might have on research design,
conduct, and analysis, in addition to disclosure, IRBs and others should “play a
significant role in determining the acceptability of these relationships™ [49]. We
think that disclosure and IRB or other oversight may be sufficient for early phase
studies. It may not be sufficient, however, for late phase trials—those that are
designed to have major implications for clinical practice. Most late phase clinical
trials are sponsored by industry, and although the investigators enrolling and
following participants may not stand to gain financially from the results of the
trial, the sponsors clearly do. Therefore, analysis should be conducted, or at least
validated, by groups independent of the industry sponsor. Ideally, this should also
occur in trials sponsored by others. Any investigators who have significant eco-
nomic interests in the outcome either should not participate or should not have
opportunities to affect and publish the trial results. This may mean that the lead
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investigator in multi-investigator studies or the investigator in single-investigator
studies should have no major financial conflicts if the study is one likely to change
practice and increase sales. Financial conflicts may also contribute to the problem
of “negative” trials being less likely to be published or having their publication
delayed (see Chap. 20). Trials with positive results are published more often
(see Chap. 20). Other key investigators with major conflicts should also be barred
from such trials. If the investigators have limited roles or only small financial
investments, it may be acceptable for them to participate. We recognize that the
situation is more complicated when those designing and overseeing, and perhaps
co-authoring publications, are employees of the company sponsoring the trial.
Nevertheless, complete openness and data analysis by an independent group remain
important. The use of external independent oversight bodies and clear lines of
authority may mitigate conflicts of interest. In the end, however, clinical trial results
must be believed and accepted by the clinical communities. To the extent that
conflicts of interest (real or perceived) lessen that acceptance, the study is impaired.
Therefore, all appropriate ways of minimizing and managing conflicts should
be used.

Informed Consent

Proper informed consent is essential to ethical trial conduct. Partly as a result of
terrible things done in the name of clinical research, various bodies developed
guidelines such as the Nuremberg Code [3], Declaration of Helsinki [4], Belmont
Report [5], and International Ethical Guidelines for Biomedical Research Involving
Human Subjects [6]. These guidelines lay out standards for informed consent that
are commonly followed internationally. In parallel to the Belmont Report, the
United States Congress passed laws that require adherence to informed consent
regulations by those receiving government support—the so-called Common Rule,
or Title 45 of the Code of Federal Regulations, part 46 (45 CFR 46) [5S0]—and those
evaluating agents under the auspices of the U.S. Food and Drug Administration
[51]. These regulations require that clinical research studies be reviewed by IRBs,
and establish the membership and other procedures that IRBs must follow.

One of the primary roles of the IRB is to ensure that there is true, voluntary
informed consent. The Common Rule and 21 CFR 50 [52] require consent forms to
contain basic elements. Table 2.2 lists these as well as other elements that may be
added as appropriate. Simply adhering to legal requirements does not ensure
adequate informed consent [53—55]. Informed consent is a process that can take
considerable time and effort; it is not simply a matter of getting a form signed. In
many, perhaps most, clinical trial settings, true informed consent can be obtained.
Potential participants have the capacity to understand what is being requested of
them, they have adequate time to consider the implications of joining a trial, ask
questions, and take information home to review and discuss with their families
and personal physicians, and they are familiar with the concepts of research and
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Table 2.2 Informed consent checklist—basic and additional elements

Basic elements
A statement that the study involves research
An explanation of the purposes of the research
The expected duration of the subject’s participation
A description of the procedures to be followed
Identification of any procedures that are experimental
A description of any reasonably foreseeable risks or discomforts to the subject
A description of any benefits to the subject or to others that may reasonably be expected from
the research
A disclosure of appropriate alternative procedures or courses of treatment, if any, that might be
advantageous to the subject
A statement describing the extent, if any, to which confidentiality of records identifying the
subject will be maintained
For research involving more than minimal risk, an explanation as to whether any compensation
and any medical treatments are available if injury occurs and, if so, what they consist of, or
where further information may be obtained
An explanation of whom to contact for answers to pertinent questions about the research and
research subjects’ rights, and whom to contact in the event of a research-related injury to the
subject
A statement that participation is voluntary, refusal to participate will involve no penalty or loss
of benefits to which the subject is otherwise entitled, and the subject may discontinue partici-
pation at any time without penalty or loss of benefits to which the subject is otherwise entitled
Additional elements, as appropriate
A statement that the particular treatment or procedure may involve risks to the subject (or to the
embryo or fetus, if the subject is or may become pregnant), which are currently unforeseeable
Anticipated circumstances under which the subject’s participation may be terminated by the
investigator without regard to the subject’s consent
Any additional costs to the subject that may result from participation in the research
The consequences of a subject’s decision to withdraw from the research and procedures for
orderly termination of participation by the subject
A statement that significant new findings developed during the course of the research, which
may relate to the subject’s willingness to continue participation, will be provided to the subject
The approximate number of subjects involved in the study

From the Code of Federal Regulations [50]

voluntary consent. As discussed in the “Privacy and Confidentiality” section below,
investigators may share data and biospecimens with other researchers, while
following federal guidelines. If such sharing is planned or required by the sponsor,
the informed consent material must make it clear that sharing will occur and that the
data may be used for purposes other than those of the trial for which the person is
volunteering.

Sometimes people may not understand that a clinical trial is a research endeavor.
They may believe that they are receiving therapy for their condition. This may
happen in early phase trials of new drugs that are being developed for serious,
untreatable diseases, or in any clinical trial testing a promising intervention for a
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serious or chronic condition. Patients may view the trial as the last or best possibility
for cure. Sometimes clinicians are also researchers and may seek to enroll their own
patients into clinical trials. These situations can lead to what has been termed
“therapeutic misconception” [56]. The distinction between research, an experiment
in essence, and clinical care may blur. Extra effort must be made to provide patients
with the information needed to judge the merits of volunteering for research,
separate from their clinical care.

The situations where participant enrollment must be done immediately, in
comatose patients, or in highly stressful circumstances and where the prospective
participants are minors or not fully competent to understand the study are more
complicated and may not have optimal solutions. In the United States, FDA [57]
and Department of Health and Human Services [58] guidelines allow for research in
emergency situations, when informed consent is not possible. Under these regula-
tions, IRBs may approve the study without informed consent as long as a series of
special conditions has been met, including that there has been community consul-
tation and a safety committee is formed to monitor accumulating data. Similar
research is also allowed in Canada [59] and under the European Medicines Agency
(EMA) Guidelines for Good Clinical Practice [60]. A trial of fibrinolytic therapy
versus placebo in the context of resuscitation for cardiac arrest was successfully
conducted under the EMA guidelines [61] and a trial of therapeutic hypothermia for
patients with out-of-hospital cardiac arrest was conducted under Department of
Health and Human Services guidelines [62]. In these trials, local ethics committees
agreed that the trial could be done without informed consent prior to enrollment.
Instead, consent was later given by surviving participants or their family members
or others.

Some have questioned research in emergency settings because of the lack of
prior informed consent, and several such clinical trials have been quite controver-
sial. An example is a trial of a product intended to be used as a blood substitute in
trauma patients [63]. Because patients were unconscious at the time of administra-
tion of the blood substitute, consent could not be obtained. Therefore, community
consultation was obtained before local IRBs approved the study. However, there
were allegations that safety problems noted in earlier trials of the agent were not
published or otherwise disclosed to those bodies. We do not take a position on the
merits of this particular trial, and we support the concept of being able to conduct
important research in settings where full informed consent before enrollment is not
possible. The sponsors and investigators, though, must be completely open about all
data relevant to the conduct of such studies and must follow all local regulations
[64]. Failure to do so harms not only the unwitting participants, but the entire field
of research in emergency settings.

For pragmatic, simple trials that are comparing treatments that are each standard
of care, a streamlined approach to consent has been proposed [65]. Just as a
“learning health care system” integrates clinical research with care, a simple
consent process could be integrated into patient care with an explanation of the
research, of the fact that either treatment is approved and standard, and that it is
uncertain which is better.
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Research on prisoners is restricted [66] due to a history of violation of ethical
principals in the population and since informed consent free of the appearance of
possible coercion is difficult to establish.

Also contentious is the practice of obtaining consent from participant surrogates
when the study participant is unable to provide fully informed consent. This
typically happens with research in minors, when parents or other guardians make
the decision. Special review is required for pediatric research; requirements vary
depending on the expected risks from the study [50]. Other situations, such as
research in emotionally or mentally impaired individuals, also have generated
discussion and guidelines regarding use of surrogate consent [67, 68]. Less clear
is the use of surrogate consent for potential study participants who are temporarily
unable to understand the nature of the study and give consent. This issue arose in
research in people with acute respiratory distress syndrome [69]. Suggestions for
accommodating research in such situations include risk assessment, determination
of patient capacity, and reconsent [70]. As in all such situations, judgment on the
part of investigators, sponsors, IRBs, and others will be required and second-
guessing will inevitably occur.

The right to withdraw consent to continue in a trial, including withdrawing
consent to continue to receive study interventions and undergo study procedures,
is another important ethics principle. Less clear is to what extent participants have
the right or option to refuse to have any type of follow-up, since determining major
outcomes as well as serious adverse outcomes, including death, is essential in many
trials to interpret the results and entails minimal risk to participants. If the initial
consent declares that participants may withdraw from intervention and all study
procedures but that vital status will be obtained at the end of the study regardless,
this may be an appropriate compromise. This can protect the contributions of others
who have placed themselves at some risk with the understanding that their partic-
ipation may help future patients, while minimizing risk and discomfort to those who
wish to withdraw.

Conduct

Trials in Low- and Middle-Income Countries

Many large multicenter clinical outcome trials are international, and they are
becoming more so [71] (see Chap. 21). Most diseases are global. The ability to
enroll and follow participants in more than one country assists in enrollment and
may help in generating results that are generalizable to different populations and
settings. However, trials that are conducted in low- and middle-income countries
can raise ethical issues. Are they conducted in those regions because the disease of
interest is prevalent there, and the results relevant to the region? Or are the countries
or regions selected primarily for convenience, low cost, or fewer administrative and
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regulatory burdens? The control group may be receiving less than optimal care, and
thus may have a higher event rate, permitting a smaller, shorter, and less expensive
trial. If the trial is conducted for those reasons, it may be unethical. Some have said
that the investigators are obligated to ensure that all participants receive optimal
care without regard to usual practice in the country where the trial is being
conducted. Others have maintained that it is sufficient if the participants receive
care at least as good as what they would receive had they not been in the trial, or
care that is better than standard care for their setting. This was the argument of the
investigators in a tamoxifen trial of adjuvant oophorectomy and tamoxifen in the
treatment of breast cancer in Vietnamese and Chinese women. State-of-the-art
treatment by United States standards (including radiation) was not available and
not likely to be available. What was being tested was whether a simple and
affordable treatment like tamoxifen would be better than what was available [72].

Extrapolation of study results from less developed regions to highly developed
countries with very different health care systems and standards of care, and vice
versa, has also been questioned. While it is clear that risk and event rates tend to be
higher in low-income countries [73], some studies have suggested that the treatment
effects may indeed be different [74, 75].

After the trial ends, what is the obligation of the investigators to provide an
intervention shown to be beneficial, both to the study participants and to the broader
population in a low-income country? This and other similar issues have no easy
answers. We believe, however, that trials should only be conducted in places and
with participants likely to benefit from the results and with informed consent
procedures that clearly describe what will be done at the end of the trial. The results
from the trial must be able to be applied to clinical practice in the population from
which the participants came [76].

Recruitment

Recruitment of trial participants is often one of the more challenging aspects of
conducting a clinical trial (see Chap. 10). Unless an adequate number of partici-
pants are enrolled to generate the number of outcomes needed, the trial will not be
able to answer the questions about benefit and harm. Therefore, there is great
pressure to recruit an adequate number of participants and to do so as quickly as
possible. The use of some financial incentives, such as “finder’s fees” (i.e. payment
to physicians for referring participants to a clinical trial investigator), is inappro-
priate in that it might lead to undue pressure on a prospective participant [77]. This
differs from the common and accepted practice of paying investigators a certain
amount for the cost and effort of recruiting each enrolled participant. Even this
practice becomes questionable if the amount of payment is so great as to induce the
investigator to enroll inappropriate participants [13].

Study participants may (and at times should) be paid for their involvement in
clinical trials. Typically, payment is meant to compensate them for the time, effort,
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and expense of attending clinic visits. Studies that enroll healthy volunteers (usually
phase I studies) will often provide payment beyond reimbursement for expenses.
The amount generally depends on the time required and the amount of pain and
risks involved in any procedures. As with paying investigators, when the amount is
such that people, whether they are healthy volunteers or patients, might make
unwise or dangerous decisions, it becomes excessive. Participants should not be
paid more for taking on more risk. Ethics review committees often have guidelines
as to appropriate payment amounts for various kinds of studies and procedures and
must ensure that the amount provided does not create an undue influence.

As discussed in Chap. 9, many potentially eligible trial participants may be on
medication. This treatment may be for the condition that will be studied or some
other reason. In order to assess the participant’s condition at baseline, the investi-
gator may be tempted to withdraw medication, at least temporarily. For example,
one might be interested in enrolling people at high risk of cardiovascular disease,
and thus try to accrue those with hypertension. But an accurate baseline blood
pressure might not be obtainable in those already on treatment. It might not even be
clear that the participant already on antihypertensive drugs would have met the
eligibility criteria if not on medication. Should one withdraw the drug or simply
accept that those on treatment probably truly had hypertension, especially if while
on treatment they still have high normal blood pressures? Usually, the latter is the
better course of action.

Safety and Efficacy Monitoring

Occasionally, during a trial, important information relevant to informed consent
derives either from other studies or from the trial being conducted. In such cases,
the investigator is obligated to update the consent form and notify current partic-
ipants in an appropriate manner. A trial of antioxidants in Finnish male smokers
(the Alpha-Tocopherol Beta Carotene Cancer Prevention Study) indicated that beta
carotene and vitamin E may have been harmful with respect to cancer or cardio-
vascular diseases, which was contrary to earlier observational studies [78]. Because
of those findings, investigators of the ongoing Carotene and Retinol Efficacy Trial
(CARET) informed the participants of the results and the possible risks
[79]. CARET was subsequently stopped earlier than planned because of adverse
events similar to those seen in the Finnish trial. The investigator of a third trial of
antioxidants, the Age-Related Eye Disease Study (AREDS), then notified partici-
pants (with a focus on the smokers) of the findings from both the Finnish study and
CARET [80, 81].

Five trials of warfarin in patients with atrial fibrillation were being conducted at
approximately the same time [82] in the late 1980s. After the first three ended,
showing clear benefit from warfarin in the reduction of strokes, the remaining two
found it difficult ethically to continue. Interim results from the Heart and Estrogen/
progestin Replacement Study (HERS) [83] and a Women’s Health Initiative (WHI)
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[84] evaluation of estrogen suggested that thromboembolic adverse events that
had not been clearly presented in the informed consent were occurring. In both
studies, the data and safety monitoring boards debated whether the studies should
stop or continue with additional actions taken. The trials continued, but participants
in those trials and medical communities were notified of these interim findings of
embolic risk [85, 86]. Not only is such a practice an ethical stance, but a well-
informed participant is usually a better trial participant. How much data should be
provided to study participants and when, and the role of independent safety
monitoring groups in this decision, are still areas of debate [87].

The issue of how to handle accumulating data from an ongoing trial is a difficult
one, and is further discussed in Chap. 16. With advance understanding by both
participants and investigators that they will not be told interim results unless they
show conclusive benefit or harm, and that there is a responsible safety monitoring
group, ethical concerns should be lessened if not totally alleviated.

Early Termination for Other Than Scientific or Safety Reasons

Clinical trials are only ethical if there are adequate resources to conduct them and
see them to completion. Trials may (and should) be stopped early if there are safety
concerns or if there are scientific reasons to do so (see Chap. 16). It is inappropriate,
however, to stop a trial early because the sponsor changes its mind about research
agendas or marketing priorities, or failed to adequately plan for sufficient resources.
In such cases, participants who enrolled did so with the understanding that they
would be helping to advance medical knowledge. In the process, they put them-
selves at possibly considerable risk based, in part, on that understanding. To fail to
complete the study is a serious breach of ethics. An example of when this happened
is the Controlled Onset Verapamil Investigation of Cardiovascular End Points
(CONVINCE) trial [88]. Partway through follow-up, the sponsor ended the study
for reasons other than scientific or safety concerns. As noted in an editorial by Psaty
and Rennie [89], “the responsible conduct of medical research involves a social
duty and a moral responsibility that transcends quarterly business plans. ...”

In another situation, an investigator with inadequate funds to complete his trial
solicited money from participants in the trial so that he could continue purchasing
the experimental drug [90]. Because the trial was being conducted in patients with a
fatal condition, amyotrophic lateral sclerosis, the study participants viewed the trial
as a last hope and were therefore under considerable pressure to donate. We view
such actions as completely unethical. Plans for conducting the trial, including
obtaining experimental agents, must be in place before the trial begins.

With all trials, investigators need to plan in advance how they will handle end-
of-study issues such as whether participants will have continued access to the
intervention and transition to appropriate medical care.
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The issues of privacy and confidentiality have received considerable attention. The
widespread uses of electronic media have made many people concerned about the
privacy of their medical records, including research records. Electronic medical
records have simplified the tasks of finding potentially eligible participants for
trials, conducting international multicenter studies, following up on participants
during and after the studies, and sharing data with other researchers. They have also
led to laws restricting what kinds of medical records can be shared and with whom,
in the absence of clear permission from the patients. In the United States, the Health
Insurance Portability and Accountability Act (HIPAA) primarily addresses privacy
issues in clinical practice [91]. However, there are clinical research provisions that
affect how investigators identify, contact, and obtain informed consent from pro-
spective participants, and how study data are maintained and provided to others
[91] (see also Chap. 10). These laws, in turn, have generated articles pointing out
the increased difficulty in conducting clinical research. Policies encouraging or
mandating sharing of data and biospecimens from research studies [92-94] may
conflict with the objectives of maintaining confidentiality. If data are shared with
other researchers for unspecified purposes, might participants who volunteered for a
trial object to their data being used for goals of which they might not approve? If the
original informed consent does not allow for use of the biospecimens by others or
for purposes different from the stated ones, either the biospecimens cannot be
shared or new informed consents must be obtained. The increasing availability
and use of genetic material adds to this conflict. Fear of employment or health
insurance discrimination based on genetic information may make some people
unwilling to participate in trials if complete confidentiality cannot be ensured. It
is probably not possible to share data and specimens that are useful to the recipient
investigator while also completely removing all participant identifiers. Some com-
promises are inevitable. At the current time, there are no clear solutions to these
issues, but trial participants must have a right to make informed choices. Clinical
trial investigators need to be aware of the concerns, and to the extent possible, plan
to address them before the study starts.

Data Falsification

There has been concern about falsification of data and entry of ineligible, or even
phantom, participants in clinical trials (see Chap. 10). A case of possible falsifica-
tion that gained considerable attention was a trial of bone morphogenetic protein-2
in the management of fractures due to combat injuries [95]. An editorial in the
journal that published the article, which had purported to show benefit from
treatment, said that “much of the paper was essentially false” and announced the
article’s withdrawal [96]. A trial of lumpectomy and radiation therapy for breast
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cancer was severely harmed because of falsified data on a small number of
participants at one of many enrolling sites. The overall results were unchanged
when the participants with the falsified data were not included [97, 98]. Neverthe-
less, the harm done to the study and to clinical trials in general was considerable.
We condemn all data fabrication. It is important to emphasize that confidence in the
integrity of the trial and its results is essential to every trial. If, through intentional
or inadvertent actions, that confidence is impaired, not only have the participants
and potentially others in the community been harmed, the trial loses its rationale
and ability to influence science and medical practice. Chapter 11 reviews issues of
ensuring data quality.

Reporting
Publication Bias, Suppression, and Delays

All investigators have the obligation to report trial results fully and in a timely
fashion. As discussed in Chap. 20, it is well known that publication bias exists.
Positive or exciting findings are more likely to be published than null results. In one
survey of 74 trials of antidepressant agents, 38 were considered to have results
favorable to the intervention. All but one of these were published. Of the 36 studies
considered not to have favorable results, 22 were not published. Eleven others were
published in ways that obscured the lack of favorable results [99]. Heres and
colleagues examined trials of head-to-head comparisons of second-generation
antipsychotic agents [100]. Ninety percent of the trials sponsored by industry
were reported in favor of the sponsor’s drug. Interestingly, this occurred even
with trials that compared the same drugs, but the outcome changed when the
sponsor was a different company. Clearly bias and conflicts of interest can have
important effects on publication and interpretation of results.

It is more probable that large, late phase trials will be published regardless of the
results than will small, early stage trials. There are exceptions, however. As
discussed in Chap. 5, the results of the second Prospective Randomized Amlodipine
Survival Evaluation 2 (PRAISE-2) trial [101], although presented in 2000, were
only published 13 years after the trial was completed [102]. The problem of delayed
or absent publication is undoubtedly true of other trials with disappointing
outcomes.

An important advance in ensuring publication is that many journals [103],
sponsors such as the NIH [104], and the FDA [105] require that trials be registered
at initiation in one of several accepted registration sites. Although it is not a
complete solution to the problem of failure to make public the results of all trials,
registration allows for easier tracking of trials that are initiated but perhaps never
completed or never published. An analysis of trials registered on ClinicalTrials.gov
[106] showed from a sample cohort that only 78 of 150 (52%) had associated
publications within 2 years after results posting.
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We take the position that the results of all clinical trials should be published in a
timely way regardless of the findings. It is important that the totality of the
information, pro and con, be available so that those designing other studies and
clinicians can make informed decisions. If the study results are not published, it is
also unfair to the participants who volunteered for a trial with the understanding that
they would be helping medical research. So-called “gag clauses” in industry-
sponsored trials [107] are both antithetical to academic freedom and contrary to
ethical practice.

Conflicts of Interest and Publication

All researchers have biases of some sort. It is understandable that an investigator’s
perspective will enter into a publication, even though best efforts are made to be
objective in reporting and interpreting study results. For this reason, many journals,
and most high-profile ones, require that authors disclose their potential conflicts of
interest [108]. In addition, many multi-investigator studies have publication poli-
cies that exclude from authorship those with major conflicts of interest.

More extreme is “ghost authorship,” where the papers are written by employees
of the sponsors, who are not listed as authors, and the academic-based investigators,
who may have had little or no role in drafting the manuscript, are given authorship
credit. We deplore this practice. We also deplore the practice of listing as authors
anyone who did not truly contribute to the research. In response to concerns about
“ghost authorship,” many journals now ask for the contribution of each listed author
when the manuscript is submitted for publication (see Chap. 19 for further discus-
sion of these issues).
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Chapter 3
What Is the Question?

The planning of a clinical trial depends on the question that the investigator is
addressing. The general objective is usually obvious, but the specific question to be
answered by the trial is often not stated well. Stating the question clearly and in
advance encourages proper design. It also enhances the credibility of the findings.
The reliability of clinical trial results derives in part from rigorous prospective
definition of the hypothesis. This contrasts with observational studies where the
analyses are often exploratory, may be part of an iterative process, and therefore
more subject to chance [1]. One would like answers to a number of questions, but
the study should be designed with only one major question in mind. This chapter
discusses the selection of this primary question and appropriate ways of answering it.
In addition, types of secondary and subsidiary questions are reviewed.

The first generation of clinical trials typically compared new interventions to
placebo or no treatment on top of best current medical care. They addressed the
straight-forward question of whether the new treatment was beneficial, neutral, or
harmful compared to placebo or nothing. Since that time, the best medical care has
improved dramatically, probably largely due to the contribution of randomized
clinical trials (see Chap. 1).

Because of this success in developing beneficial therapies and preventive mea-
sures, new design challenges emerged. Prospective trial participants are likely to be
on proven therapies. A new intervention is then either added to the existing one or
compared against it. If a comparison between active treatments is performed in a
clinical practice setting, the studies are often referred to as comparative effective-
ness research. (Not all comparative effectiveness research involves clinical trials,
but this book will be limited to a discussion of trials.) Due to the lower event rate in
patients receiving best known care, whether in add-on trials or comparison trials,
the margins for improvement with newer interventions became smaller. This
statistical power issue has been addressed in three ways: first, sample sizes have
been increased (see Chap. 8); second there has been an increased reliance on
composite outcomes; and third, there has been an increased use of surrogate
outcomes.
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Another consequence of better treatment was the emergence of trials designed
to answer a different type of question. In the past, as noted above, the typical
question was: Is the new intervention better, or superior to, no treatment or
standard treatment? Now, we frequently ask: Do alternative treatments that may
be equal to, or at least no worse than, existing treatments with regard to the
primary outcome convey other important advantages in terms of safety, adher-
ence, patient convenience, and/or cost? These trials are often referred to as
noninferiority trials and are discussed later in this chapter and in more detail in
Chaps. 5, 8, and 18.

Fundamental Point

Each clinical trial must have a primary question. The primary question, as well as
any secondary or subsidiary questions, should be carefully selected, clearly
defined, and stated in advance.

Selection of the Questions

Primary Question

The primary question should be the one the investigators and sponsors are
most interested in answering and that is capable of being adequately answered.
It is the question upon which the sample size of the study is based, and which must
be emphasized in the reporting of the trial results. The primary question may
be framed in the form of testing a hypothesis because most of the time an
intervention is postulated to have a particular outcome which, on the average,
will be different from (or, in the case of noninferiority trials, not worse than) the
outcome in a control group [2]. The outcome may be a clinical event such as
improving survival, ameliorating an illness or disease complications, reducing
symptoms, or improving quality of life; modifying an intermediate or surrogate
characteristic such as blood pressure; or changing a biomarker such as a labora-
tory value.

Sometimes, trials are designed with more than one primary question. This may
be appropriate, depending on the trial design. For example, factorial design trials
are specifically conducted to answer more than one question. If done in the
context of the usual parallel design trial, statistical adjustments might need to
be made to account for the additional question(s) and the sample size made
adequate. See Chap. 8 for further discussion of the issue of adjustments in parallel
design trials.
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Secondary Questions Regarding Benefit

There may also be a variety of subsidiary, or secondary questions that are usually
related to the primary question. The study may be designed to help address these, or
else data collected for the purpose of answering the primary question may also
elucidate the secondary questions. They can be of two types. In the first, the
response variable is different than that in the primary question. For example, the
primary question might ask whether mortality from any cause is altered by
the intervention. Secondary questions might relate to incidence of cause-specific
death (such as cancer mortality), incidence of non-fatal renal failure, or incidence of
stroke. Many investigators also assess patient-reported outcomes such as health-
related quality of life (see Chap. 13).

The second type of secondary question relates to subgroup hypotheses. For
example, in a study of cancer therapy, the investigator may want to look specifically
at people by gender, age, stage of disease at entry into the trial or by presence or
absence of a particular biomarker or genetic marker. Such subsets of people in the
intervention group can be compared with similar people in the control group.
Subgroup hypotheses should be 1) specified before data collection begins, 2)
based on reasonable expectations, and 3) limited in number. In any event, the
number of participants in most subgroups is usually too small to prove or disprove
a subgroup hypothesis. One should not expect significant differences in subgroup
unless the trial was specifically designed to detect them. Failure to find significant
differences should not be interpreted to mean that they do not exist. Investigators
should exercise caution in accepting subgroup results, especially when the overall
trial results are not significant. A survey of clinical trialists indicated that inappro-
priate subgroup analyses were considered one of the two major sources of distortion
of trial findings [3]. Generally, the most useful reasons for considering subgroups
are to examine consistency of results across pre-defined subgroups and to create
hypotheses that can be tested in future trials and meta-analyses.

There has been recognition that certain subgroups of people have not been
adequately represented in clinical research, including clinical trials [4]. In the
United States, this has led to requirements that women and minority populations
be included in appropriate numbers in trials supported by federal government
agencies [5]. The debate is whether the numbers of participants of each sex and
racial/ethnic group must be adequate to answer the key questions that the trial
addresses, or whether there must merely be adequate diversity of people. Many
trials are international in scope. Whether one should examine outcome data by
country or region has been debated [6]. Are observed differences in intervention
effect by geographic region true or due to the play of chance [7, 8]? One might
expect that culture, medical care system, genetic makeup, and other factors could
affect the magnitude, or even existence of benefit from a new intervention. But, as
has been noted [9, 10], the design and size of the trial should be driven by
reasonable expectations that the intervention will or will not operate materially
differently among the various subsets of participants. If such variability is expected,
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it is appropriate to design the trial to detect those differences. If not, adequate
diversity with the opportunity to examine subgroup responses at the end of the trial
(and conduct additional research if necessary) is more appropriate.

Secondary questions raise several trial methodological issues; for example, if
enough statistical tests are done, a few will be significant by chance alone when
there is no true intervention effect. An example was provided by the Second
International Study of Infarct Survival (ISIS-2), a factorial design trial of aspirin
and streptokinase in patients with acute myocardial infarction [11]. To illustrate the
hazards of subgroup analyses, the investigators showed that participants born under
the Gemini or Libra astrological birth signs had a somewhat greater incidence
of vascular and total mortality on aspirin than on no aspirin, whereas for all other
signs, and overall, there was an impressive and highly significant benefit from
aspirin. Therefore, when a number of tests are carried out, results should be
interpreted cautiously as they may well be due to chance. Shedding light or raising
new hypotheses, and perhaps conducting meta-analyses, are more proper outcomes
of these analyses than are conclusive answers. See Chap. 18 for further discussion
of subgroup and meta-analyses.

Both primary and secondary questions should be important and relevant scien-
tifically, medically, or for public health purposes. Participant safety and well-being
must always be considered in evaluating importance. Potential benefit and risk of
harm should be looked at by the investigator, as well as by local ethical review
committees, and often, independent data monitoring committees.

Questions Regarding Harm

Important questions that can be answered by clinical trials concern adverse effects
of or reactions to therapy (Chap. 12). Here, unlike the primary or secondary
questions, it is not always possible to specify in advance the questions to be
answered. What adverse effects might occur, and their severity, may be
unpredictable. Furthermore, rigorous, convincing demonstration of serious toxicity
is usually not achieved, because it is generally thought unethical to continue a study
to the point at which a drug has been conclusively shown to be more harmful than
beneficial [12—14]. Investigators traditionally monitor a variety of laboratory and
clinical measurements, look for possible adverse events, and compare these in
the intervention and control groups. Some of the most serious adverse effects,
however, are rare and do not occur commonly enough to be detected reliably in
clinical trials. Statistical significance and the previously mentioned problem of
multiple response variables become secondary to clinical judgment and participant
safety. While this will lead to the conclusion that some purely chance findings are
labeled as adverse effects, responsibility to the participants requires a conservative
attitude toward safety monitoring, particularly if an alternative therapy is available.
Trials have been stopped early for less than statistically convincing evidence of
adverse effects [15—17]. In such cases, only other trials of the identical or related
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interventions noting the same adverse effect (as were the situations for these
examples of antiarrhythmic therapy in people with heart disease, beta carotene in
people at high risk of lung cancer, and an angiotensin-converting enzyme inhibitor
in acute myocardial infarction) or convincing nonclinical studies will provide
irrefutable evidence that the adverse finding is true. In the last case cited, other
studies contradicted the finding.

Ancillary Questions

Often a clinical trial can be used to answer questions which do not bear directly on
the intervention being tested, but which are nevertheless of interest. The structure of
the trial and the ready access to participants may make it the ideal vehicle for such
investigations. Large trials, in particular, create databases that offer opportunities to
better understand the disease or condition, treatment, predictors of outcomes, and
new hypotheses that can be tested. The Group Utilization of Streptokinase and
Tissue Plasminogen Activator for Occluded Coronary Arteries (GUSTO-1) trial
[18] provides an example of use of a dataset that yielded over 100 subsequent
publications, including one identifying predictors of mortality [19]. The Assess-
ment of Pexelizumab in Acute Myocardial Infarction (APEX AMI) trial [20] found
no benefit from the complement inhibitor, pexelizumab, but so far, over 50 manu-
scripts regarding primary angioplasty in acute ST-elevation myocardial infarction
have been published.

Clinical trials can also be used to examine issues such as how the intervention
works. A small group of participants might undergo mechanistic studies (as long as
they are not unduly burdensome or invasive). In the Studies of Left Ventricular
Dysfunction (SOLVD) [21], the investigators evaluated whether an angiotensin
converting enzyme inhibitor would reduce mortality in symptomatic and asymp-
tomatic subjects with impaired cardiac function. In selected participants, special
studies were done with the objective of getting a better understanding of the disease
process and of the mechanisms of action of the intervention. These substudies did
not require the large sample size of the main studies (over 6,000 participants). Thus,
most participants in the main trials had a relatively simple and short evaluation and
did not undergo the expensive and time-consuming procedures or interviews
demanded by the substudies. This combination of a rather limited assessment in
many participants, designed to address an easily monitored response variable, and
detailed measurements in subsets, can be extremely effective. An angiographic
substudy in the GUSTO trial helped explain how accelerated alteplase treatment
resulted in more effective coronary perfusion [22]. The improved survival appeared
to be fully explained by this impact on reperfusion [23]. In the Harmonizing
Outcomes with Revascularization and Stents in Acute Myocardial Infarction
(HORIZONS-AMI) trial [24], lower rates of bleeding with bivalirudin compared
with unfractionated heparin plus a glycoprotein IIb/IIla inhibitor appeared to
explain only part of the lower subsequent mortality in the bivalirudin group [25].
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Exploratory genetic studies are commonly conducted to examine possible
mechanisms of action of the intervention. Genetic variants of the cytochrome
P450 CYP2C19 metabolic pathway of clopidogrel were related to the level of the
active metabolite and reduction in platelet aggregation for participants treated
with clopidogrel in the database from the Trial to Assess Improvement in
Therapeutic Outcomes by Optimizing Platelet Inhibition with Prasugrel-
Thrombolysis in Myocardial Infarction (TRITON-TIMI) [26].

Kinds of Trials

Trials with Extensive Data Collection vs. Large, Simple

Traditionally, most trials of new interventions have collected extensive information
about participants, have detailed inclusion and exclusion criteria, involve consid-
erable quality assurance measures, and assess many, carefully measured outcomes.
These sorts of trials, although they address major questions and are well-conducted,
are quite expensive and often very time-consuming. Therefore, given the needed
resources, trial sponsors can afford to address only some of the many important
questions can be answered, often in limited kinds of participants and clinical
settings.

As discussed by Tricoci et al. [27] with respect to clinical practice guidelines in
cardiology, but undoubtedly similar in other medical fields, many of these guide-
lines are based on inadequate data. One of the rationales for large, simple clinical
trials is that they can provide data relevant to clinical practice, since they are
typically conducted in practice settings [28]. The general idea is that for common
conditions, and important outcomes, such as total mortality, even modest benefits
of intervention, particularly interventions that are easily implemented in a large
population, are important. Because an intervention is likely to have similar effects
(or at least effects that trend in the same direction) in most participants, extensive
characterization of people at entry may be unnecessary. The study must have
unbiased allocation of participants to intervention or control and unbiased and
reasonably complete ascertainment of outcomes. Sufficiently large numbers of
participants are more important in providing the statistical power necessary to
answer the question(s) than careful attention to quality and completeness of data.
This model depends upon a relatively easily administered intervention, brief
forms, and an easily ascertained outcome, such as a fatal or unambiguous nonfatal
event. Neither the trials that collect extensive information nor the simple ones are
better. Rather, both types are essential. The proper design depends on the condi-
tion being studied, the nature of the question, and the kind of intervention.
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Superiority vs. Noninferiority Trials

As mentioned in the introduction to this chapter, traditionally, most trials were
designed to establish whether a new intervention on top of usual or standard care
was superior to that care alone (or that care plus placebo). If there were no effective
treatments, the new intervention was compared to just placebo. As discussed in
Chap. 8, these trials were generally two-sided. That is, the trial was designed to see
whether the new intervention was better or worse than the control.

With the development of effective therapies, many trials have been designed to
demonstrate that a new intervention is not worse than the intervention previously
shown to be beneficial, i.e., an active control, by some prespecified amount.
As noted earlier, the motivation for such a question is that the new intervention
might not be better than standard treatment on the primary or important secondary
outcomes, but may be less toxic, more convenient, less invasive and/or have some
other attractive feature, including lower cost. The challenge is to define what is
meant by “not worse than.” This has been referred to as the “margin of indiffer-
ence,” or §, meaning that if the new intervention is not less effective than this
margin, its use might be of value given the other features. In the analysis of this
design, the 95% upper confidence limit would need to be less than this margin in
order to claim noninferiority. Defining § is challenging and will be discussed in
Chap. 5.

The question in a noninferiority trial is different than in a superiority trial and
affects both the design and conduct of the trial. For example, in the superiority trial,
poor adherence will lead to a decreased ability, or power, to detect a meaningful
difference. For a noninferiority trial, poor adherence will diminish real and impor-
tant differences and bias the results towards a noninferiority claim. Thus, great care
must be taken in defining the question, the sensitivity of the outcome measures to
the intervention being evaluated, and the adherence to the intervention during the
conduct of the trial.

Comparative Effectiveness Trials

As mentioned, major efforts are being devoted to conducting comparative
effectiveness research. Although comparative effectiveness studies can be of var-
ious sorts, encompassing several kinds of clinical research, we will limit our
discussion to clinical trials. Much medical care has not been rigorously evaluated,
meaning that trials comparing ongoing preventive and treatment approaches are
needed. And of course, when new interventions are developed, they must be
compared against existing therapy. Additionally, the increasing cost burden of
medical care means that even if several treatments are equally effective, we need
to consider factors such as cost, tolerability, and ease of administration. Therefore,
comparative effectiveness trials are commonly of the noninferiority sort.
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Much of the literature on comparative effectiveness research advocates
conducting the studies in usual practice settings (often called pragmatic trials)
[29, 30] (see Chap. 4). Because these trials are conducted in clinical practice
settings, they must be relatively simple, demanding little in the way of effort to
screen and assess outcomes. The goal is to compare two interventions, both of
which are considered standard care.

Intervention

When the question is conceived, investigators, at the very least have in mind a class
or type of intervention. More commonly, they know the precise drug, procedure, or
lifestyle modification they wish to study. In reaching such a decision, they need to
consider several aspects.

First, the potential benefit of the intervention must be maximized, while possible
harm is kept to a minimum. Thus, dose of drug or intensity of rehabilitation and
frequency and route of administration are key factors that need to be determined.
Can the intervention or intervention approach be standardized, and remain reason-
ably stable over the duration of the trial? Investigators must also decide whether to
use a single drug, biologic, or device, fixed or adjustable doses of drugs, sequential
drugs, or drug or device combinations. Devices in particular undergo frequent
modifications and updates. Investigators need to be satisfied that any new version
that appears during the course of the trial functions sufficiently similarly in impor-
tant ways to the older versions so that combining data from the versions would be
appropriate. Of course, an investigator can use only the version available at the
onset of the trial (if it is still obtainable), but the trial will then be criticized
for employing the outdated version. For example, coronary stents have evolved
and the newer ones have lower risk of stent thrombosis [31]. This development may
have altered their relative effectiveness vs. bypass surgery, therefore trials that
continued to use the older versions of the stents have little credibility.

Sometimes, it is not only the active intervention, but other factors that apply.
In gene transfer studies, the nature of the vector, as well as the actual gene, may
materially affect the outcome, particularly when it comes to adverse effects. If the
intervention is a procedure, other considerations must be considered. Surgical and
other procedures or techniques are frequently modified and some practitioners are
more skilled than others. Investigators need to think about learning curves, and at
what point someone has sufficient skill to perform the intervention.

Not only the nature of the intervention, but what constitutes the control group
regimen must also be considered for ethical reasons, as discussed in Chap. 2, and
study design reasons, as discussed in Chap. 5.

Second, the availability of the drug or device for testing needs to be determined.
If it is not yet licensed, special approval from the regulatory agency and cooperation
or support by the manufacturer are required (see Chap. 22).
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Third, investigators must take into account design aspects, such as time of
initiation and duration of the intervention, need for special tests or laboratory
facilities, and the logistics of blinding in the case of drug studies. Certain kinds of
interventions, such as surgical procedures, device implantation, vaccines, and gene
transfer may have long-term or even life-long effects. Therefore, investigators
might need to incorporate plans for long-term assessment. There had been reports
that drug-eluting stents, used in percutaneous coronary intervention, perhaps had a
greater likelihood of restenosis than bare-metal stents [32, 33]. Follow-up studies
seemed to assuage these concerns [34]. Nevertheless, investigators must consider
incorporating plans for long-term assessment. Problems with metal-on-metal
hip replacements were only uncovered years after many had been implanted
[35, 36]. The rubbing of the metal ball against the metal cup causes metal particles
to wear away, possibly leading to both local and systemic adverse effects.

Response Variables

Kinds of Response Variables

Response variables are outcomes measured during the course of the trial, and they
define and answer the questions. A response variable may be total mortality, death
from a specific cause, incidence of a disease, a complication or specific adverse
effect, symptomatic relief, quality of life, a clinical finding, a laboratory measure-
ment, or the cost and ease of administering the intervention. If the primary question
concerns total mortality, the occurrence of deaths in the trial clearly answers the
question. If the primary question involves severity of arthritis, on the other hand,
extent of mobility or a measure of freedom from pain may be reasonably good
indicators. In other circumstances, a specific response variable may only partially
reflect the overall question. As seen from the above examples, the response variable
may show a change from one discrete state (living) to another (dead), from one
discrete state to any of several other states (changing from one stage of disease to
another) or from one level of a continuous variable to another. If the question can be
appropriately defined using a continuous variable, the required sample size may be
reduced (Chap. 8). However, the investigator needs to be careful that this variable
and any observed differences are clinically meaningful and relevant and that the use
of a continuous variable is not simply a device to reduce sample size.

In general, a single response variable should be identified to answer the primary
question. If more than one are used, the probability of getting a nominally signif-
icant result by chance alone is increased (Chap. 18). In addition, if the different
response variables give inconsistent results, interpretation becomes difficult. The
investigator would then need to consider which outcome is most important, and
explain why the others gave conflicting results. Unless she has made the
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determination of relative importance prior to data collection, her explanations are
likely to be unconvincing.

Although the practice is not advocated, there may be circumstances when more
than one “primary” response variable needs to be looked at. This may be the case
when an investigator truly cannot decide which of several response variables relates
most closely to the primary question. Ideally, the trial would be postponed until this
decision can be made. However, overriding concerns, such as increasing use of the
intervention in general medical practice, may compel her to conduct the study
earlier. In these circumstances, rather than arbitrarily selecting one response vari-
able which may, in retrospect, turn out to be suboptimal or even inappropriate,
investigators prefer to list several “primary” outcomes. An old example is the
Urokinase Pulmonary Embolism Trial [37], where lung scan, arteriogram and
hemodynamic measures were given as the “primary” response variables in
assessing the effectiveness of the agents urokinase and streptokinase. Chapter 8
discusses the calculation of sample size when a study with several primary response
variables is designed.

Commonly, investigators prepare an extensive list of secondary outcomes,
allowing them to claim that they “prespecified” these outcomes when one or
more turn out to reach nominally significant differences. Although prespecification
provides some protection against accusations that the findings were data-derived, a
long list does not protect against likely play of chance. Far better is a short list of
outcomes that are truly thought to be potentially affected by the intervention.
Combining events to make up a response variable might be useful if any one
event occurs too infrequently for the investigator reasonably to expect a significant
difference without using a large number of participants. In answering a question
where the response variable involves a combination of events, only one event per
participant should be counted. That is, the analysis is by participant, not by event.

One kind of combination response variable involves two kinds of events. This
has been termed a composite outcome. It must be emphasized, however, that the
composite outcome should be capable of meaningful interpretation such as where
all components are related through a common underlying condition or respond to
the same presumed mechanism of action of the agent. In a study of heart disease,
combined events might be death from coronary heart disease plus nonfatal myo-
cardial infarction. This is clinically meaningful since death from coronary heart
disease and nonfatal myocardial infarction might together represent a measure of
serious coronary heart disease. Unfortunately, as identified in a survey of 40 trials
using composite outcomes by Cordoba et al. [38], there was considerable lack of
clarity as to how components were combined and results reported. Difficulties in
interpretation can arise if the results of each of the components in such a response
variable are inconsistent [39]. In the Physicians’ Health Study report of aspirin to
prevent cardiovascular disease, there was no difference in mortality, a large reduction
in myocardial infarction, and an increase in stroke, primarily hemorrhagic [40].
In this case, cardiovascular mortality was the primary response variable, rather
than a combination. If it had been a combination, the interpretation of the results
would have been even more difficult than it was [41]. Even more troublesome is
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the situation where one of the components in the combination response variable is
far less serious than the others. For example, if occurrence of angina pectoris or a
revascularization procedure is added, as is commonly done, interpretation can be
problematic. Not only are these less serious than cardiovascular death or myo-
cardial infarction, they often occur more frequently. Thus, if overall differences
between groups are seen, are these results driven primarily by the less serious
components? What if the results for the more serious components (e.g., death)
trend in the opposite directions? This is not just theoretical. For example, the
largest difference between intervention and control in the Myocardial Ischemia
Reduction with Aggressive Cholesterol Lowering (MIRACL) trial was seen in the
least serious of the four components; the one that occurred most often in the
control group [42]. A survey of published trials in cardiovascular disease that used
composite response variables showed that half had major differences in both
importance and effect sizes of the individual components [43]. Those components
considered to be most important had, on average, smaller benefits than the more
minor ones. See Chap. 18 for a discussion of analytic and interpretation issues if
the components of the composite outcome go in different directions or have other
considerable differences in the effect size.

When this kind of combination response variable is used, the rules for
interpreting the results and for possibly making regulatory claims about individual
components should be established in advance. A survey of the cardiovascular
literature found that the use of composite outcomes (often with three or four
components) is common, and the components vary in importance [44]. One possi-
ble approach is to require that the most serious individual components show the
same trend as the overall result. Some have suggested giving each component
weights, depending on the seriousness [45, 46]. However, this may lead to trial
results framed as unfamiliar scores that are difficult to interpret by clinicians.
Although it has sample size implications, it is probably preferable to include in
the combined primary response variable only those components that are truly
serious, and to assess the other components as secondary outcomes. If an important
part of a composite outcome goes in the wrong direction, as occurred with death in
the Sodium-Hydrogen Exchange Inhibition to Prevent Coronary Events in Acute
Cardiac Conditions (EXPEDITION) trial [47], even benefit in the composite
outcome (death or myocardial infarction), is insufficient to conclude that the
intervention (in this case, sodium-hydrogen exchange inhibition by means of
cariporide during coronary artery bypass graft surgery) should be used. Adding to
the concern was an adverse trend for cerebrovascular events.

Another kind of combination response variable involves multiple events of the
same sort. Rather than simply asking whether an event has occurred, the investi-
gator can look at the frequency with which it occurs. This may be a more mean-
ingful way of looking at the question than seeking a yes-no outcome. For example,
frequency of recurrent transient ischemic attacks or epileptic seizures within a
specific follow-up period might comprise the primary response variable of interest.
Simply adding up the number of recurrent episodes and dividing by the number of
participants in each group in order to arrive at an average would be improper.


http://dx.doi.org/10.1007/978-3-319-18539-2_18

60 3 What Is the Question?

Multiple events in an individual are not independent, and averaging gives undue
weight to those with more than one episode. One approach is to compare the
number of participants with none, one, two, or more episodes; that is, the distribu-
tion of the number of episodes, by individual.

Sometimes, study participants enter a trial with a condition that is exhibited
frequently. For example, they may have had several episodes of transient atrial
fibrillation in the previous weeks or may drink alcohol to excess several days a
month. Trial eligibility criteria may even require a minimum number of such
episodes. A trial of a new treatment for alcohol abuse may require participants to
have at least six alcoholic drinks a day for at least 7 days over the previous month.
The investigator needs to decide what constitutes a beneficial response. Is it
complete cessation of drinking? Reducing the number of drinks to some fixed
level (e.g., no more than two on any given day)? Reducing alcohol intake by
some percent, and if so, what percent? Does this fixed level or percent differ
depending on the intake at the start of the trial? Decisions must be made based on
knowledge of the disease or condition, the kind of intervention and the expectations
of how the intervention will work. The clinical importance of improvement versus
complete “cure” must also be considered.

Specifying the Question

Regardless of whether an investigator is measuring a primary or secondary response
variable, certain rules apply. First, she should define and record the questions in
advance, being as specific as possible. She should not simply ask, “Is A better than
B?” Rather, she should ask, “In population W is drug A at daily dose X more
efficacious in improving Z by Q amount over a period of time T than drug B at daily
dose Y?” Implicit here is the magnitude of the difference that the investigator is
interested in detecting. Stating the questions and response variables in advance is
essential for planning of study design and calculation of sample size. As shown in
Chap. 8, sample size calculation requires specification of the response variables as
well as estimates of the intervention effect. In addition, the investigator is forced to
consider what she means by a successful intervention. For example, does the
intervention need to reduce mortality by 10 or 25% before a recommendation for
its general use is made? Since such recommendations also depend on the frequency
and severity of adverse effects, a successful result cannot be completely defined
beforehand. However, if a 10% reduction in mortality is clinically important, that
should be stated, since it has sample size implications. Specifying response vari-
ables and anticipated benefit in advance also eliminates the possibility of the
legitimate criticism that can be made if the investigator looked at the data until
she found a statistically significant result and then decided that that response
variable was what she really had in mind all the time

Second, the primary response variable must be capable of being assessed in all
participants. Selecting one response variable to answer the primary question in
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some participants, and another response variable to answer the same primary
question in other participants is not a legitimate practice. It implies that each
response variable answers the question of interest with the same precision and
accuracy; i.e., that each measures exactly the same thing. Such agreement is
unlikely. Similarly, response variables should be measured in the same way for
all participants. Measuring a given variable by different instruments or techniques
implies that the instruments or techniques yield precisely the same information.
This rarely, if ever, occurs. If response variables can be measured only one way in
some participants and another way in other participants, two separate studies are
actually being performed, each of which is likely to be too small.

Third, unless there is a combination primary response variable in which the
participant remains at risk of having additional events, participation generally ends
when the primary response variable occurs. “Generally” is used here because,
unless death is the primary response variable, the investigator may well be inter-
ested in certain events, including adverse events, subsequent to the occurrence of
the primary response variable. These events will not change the analysis of the
primary response variable but may affect the interpretation of results. For example,
deaths taking place after a nonfatal primary response variable has already occurred,
but before the official end of the trial as a whole, may be of interest. On the other
hand, if a secondary response variable occurs, the participant should remain in the
study (unless, of course, it is a fatal secondary response variable). He must continue
to be followed because he is still at risk of developing the primary response
variable. A study of heart disease may have, as its primary question, death from
coronary heart disease and, as a secondary question, incidence of nonfatal myocar-
dial infarction. If a participant suffers a nonfatal myocardial infarction, this counts
toward the secondary response variable. However, he ought to remain in the study
for analytic purposes and be at risk of developing the primary response variable and
of having other adverse events. This is true whether or not he is continued on the
intervention regimen. If he does not remain in the study for purposes of analysis of
the primary response variable, bias may result. (See Chap. 18 for further discussion
of participant withdrawal.)

Fourth, response variables should be capable of unbiased assessment. Truly
double-blind studies have a distinct advantage over other studies in this regard. If
a trial is not double-blind (Chap. 7), then, whenever possible, response variable
assessment should be done by people who are not involved in participant follow-up
and who are blinded to the identity of the study group of each participant. Inde-
pendent reviewers are often helpful. Of course, the use of blinded or independent
reviewers does not entirely solve the problem of bias. Unblinded investigators
sometimes fill out forms and the participants may be influenced by the investiga-
tors. This may be the case during a treadmill exercise performance test, where the
impact of the person administering the test on the results may be considerable.
Some studies arrange to have the intervention administered b