CHAPTER 6

The Future of Clinical Research Beyond Phase III Trials
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I

t is well accepted that prospectively designed, randomized,
and appropriately powered clinical trials serve as the gold
standard for generating medical evidence in support of the
efficacy of a treatment. Successful completion of these socalled phase III trials, however, often can be challenging.
Two major issues that often are impediments to implementation and/or completion of phase III trials are the large
patient accrual requirements and the need for a control
treatment arm. Alternative trial designs may be available to
help overcome these hurdles and yet still provide high-quality
clinical evidence for evaluation of the efficacy of a therapeutic approach.
Phase III trials often require hundreds, if not thousands,
of patients to provide valid statistical estimates of how
effective a treatment will be in the more general population of
patients who may subsequently receive treatment outside of a
clinical trial. The requirement for large patient numbers is
based on the frequency of events (defined as clinical changes
that are counted as part of the primary endpoint of the trial,
e.g., death) that is expected to occur over the course of the
trial and the magnitude of change that is expected from the
experimental treatment. A low frequency of events combined
with a relatively modest expected change in outcome will
result in a much higher patient accrual requirement than
would an expectation for a larger magnitude of benefit. Of
course, if the expectation for benefit is set too high, a smaller
but clinically significant benefit may be missed because of
underpowering of the trial. In some cases, the target population may be so small as to create a large hurdle for adequately
powering any trial (e.g., the population of patients with
1p/19q codeleted anaplastic oligodendrogliomas or those
with amyotrophic lateral sclerosis). In surgical trials, the high
cost of therapy associated with treatment of hundreds of
patients may become prohibitive.
A second issue is that conventional phase III trials are
designed to compare a novel treatment or treatment strategy
with a control arm, which may involve active treatment or
administration of a placebo. Often, there may be ethical
concerns regarding the use of a placebo control, particularly
in cancer trials. Active control arms can also be problematic
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because standards of therapy and even expected outcomes
can change over the life of a trial. In the case of rapidly
changing technology (e.g., intravascular stents and coils), the
available technology may change so rapidly as to outdate the
treatment in question before the trial has ended.
Even when there is an adequate population to study and a
lack of ethical concerns about the control treatment, there may
be a lack of equipoise that prevents successful trial accrual.
Equipoise describes the relative lack of bias that exists regarding
multiple treatment options and may be used to describe either
individuals or communities of physicians. In other words, when
equipoise is not present, there are strong biases in favor of one
treatment over another, and patients may not be successfully
accrued into a trial that randomizes them to one or the other
treatment.6 For example, a lack of equipoise regarding the use of
surgery or radiosurgery for the primary treatment of a single
brain metastasis is a factor that has prevented the successful
completion of a fully randomized clinical trial evaluating these
two options. Availability of therapies off-label or off-study also
creates hurdles to the successful accrual of trials evaluating their
efficacy in a different disease.
The difficulties associated with the design and completion of conventional phase III trials are illustrated by an
article by Smith and Pell8 that examined the evidence supporting the use of parachutes to prevent death and injury
associated with skydiving. The authors performed a systematic review of the literature and found that there were no
published results from randomized clinical trials supporting
the use of parachutes. They further concluded, tongue in
cheek, that, given the strong arguments in favor of evidencebased medicine, the most ardent supporters of the need for
randomized trials should participate in a “double blind, randomized, placebo controlled crossover trial of the parachute.”
Are there alternative strategies available for generating highquality medical evidence when a prospective, randomized
phase III trial cannot be performed? There are, in fact,
alternative trial design strategies that have been developed
specifically to overcome the obstacles to high-quality prospective clinical research discussed above.
One alternative is the so-called Zelen design. This approach involves the use of randomization before patient consent;
the clinician presents only the randomly designated treatment to
the patient instead of presenting both treatments and the concept
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of randomization. The use of prerandomization raises serious
ethical concerns regarding informed consent because the patient
consents only for the selected treatment and not for the randomization process. Although this approach may be useful for
addressing issues relating to equipoise, it is weakened by high
crossover rates.1 One example of the utility of the Zelen design
comes from a pediatric traumatic brain injury trial that randomized patients to medical versus surgical management of their
head injuries. Informed consent was obtained only for the
surgical procedures. This approach eliminated the time interval
to treatment that would be associated with a full discussion of
the randomization process and the risks/benefits of both medical
and surgical approaches, time that in itself could have worsened
patient outcomes.9
Another alternative is the noninferiority design. This
design may also help to overcome clinicians’ lack of equipoise because the goal is to show that two treatment options
are sufficiently similar as opposed to one being better than the
other. Unfortunately, noninferiority designs typically require
even larger patient accrual than conventional phase III trials.
Additionally, entry into a noninferiority trial may be difficult
to sell to patients, particularly when the outcomes are poor
regardless of treatment. A critical point to understand is that
unplanned noninferiority analyses, in the setting of a conventional phase III trial, are rarely considered statistically valid
unless prospectively specified in the trial design.5
A third alternative trial design covered here is referred
to as an adaptive, or bayesian, trial design. A key feature of
adaptive trials is that accumulating data are routinely accessed during the trial to alter randomization patterns, reduce
or expand accrual, drop or add treatment arms, or change the
eligibility criteria. This approach is distinctly different from
conventional designs, which strictly provide very limited
access to accumulating data. To understand the differences
between conventional and adaptive trial designs, it is necessary to understand the differences between the frequentist
approach and statistical inference.
Conventional phase III trials are based on a frequentist
design. This design assumes that what is being measured has a
fixed value and that the experimental variability lies only in the

observations made in the clinical trial. For example, in a simple
coin toss trial, one knows that there is a fixed probability of 0.5
that the coin will land as a “heads” with any given toss. Any
sample-to-sample deviation from 0.5 is a result of random
variation, and this variability is overcome by a sufficient sample
size (i.e., number of tosses). Based on the frequentist design,
with an unlimited number of observations (e.g., patients), one
can reliably determine the effect (e.g., survival rate) associated
with a new therapy. The power of a frequentist trial depends on
how reliable each observation is and hence how many observations need to be made to come up with an acceptable measure of
the efficacy of treatment. Shortcomings of the frequentist design
include the requirement for the number of observations to be
defined at the trial outset, the fact that early evaluation of results
requires an increase in the total number of observations (i.e.,
patients), and that one must explicitly plan for increases or
reductions in accrual at the trial outset to maintain statistical
validity.3,4
In contrast, the principle of statistical inference is based
on the assumption that what is being measured does not have
a fixed probability. Instead, all unknowns are thought to have
distributions of probability, and the goal of a bayesian design
is to continuously reevaluate probability distributions over
the life of a trial. Hence, as patient accrual occurs, the need
for additional observations is continually reassessed and may be
increased or decreased as needed. A bayesian design can be used
prospectively or retrospectively and is considered to be an ideal
design for the use of biomarker results to refine arms as a trial is
progressing. One example of a retrospectively applied bayesian
analysis involved the reanalysis of data from five completed
trials of pravastatin with or without aspirin that did not randomize aspirin use. Application of statistical inference showed
that the combination was synergistic in terms of preventing
cardiac events.7
Although attractive in concept, bayesian trial designs
face their own challenges. The concept of statistical inference
can be challenging for most clinical investigators, and in most
cases, these trials require significant computational support.
Furthermore, although the use of statistical inference has led
to drug approval in a limited number of cases, broader US

TABLE 6.1. Alternative designs for prospective phase III clinical trials
Design
Zelen (prerandomization)
Noninferiority
Bayesian
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Advantages

Disadvantages

Can overcome lack of equipoise
Simpler consenting process
Can overcome lack of equipoise
May require fewer patients to answer clinical question
Can be performed prospectively or retrospectively
Can add arms or new analyses to an existing trial

Ethical concerns
Weakened by high crossover rate
Higher accrual requirements reduce feasibility
Conceptually challenging
Requires significant computational support
Limited track record with U.S. Food and Drug
Administration approval process
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Food and Drug Administration acceptance of this approach
will be required before more widespread use of this design.2
In summary, results from conventional phase III prospective, randomized designs remain the gold standard of
clinical evidence. In circumstances in which these trials are
not feasible, alternative trial design strategies should be
considered (see Table 6.1 for a summary).
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