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The Paradox of Equipoise: The Principle That Drives and
Limits Therapeutic Discoveries in Clinical Research
Benjamin Djulbegovic, MD, PhD

Background: Progress in clinical medicine relies on the willingness of patients to take part in experimental
clinical trials, particularly randomized controlled trials (RCTs). Before agreeing to enroll in clinical trials,
patients require guarantees that they will not knowingly be harmed and will have the best possible chances of
receiving the most favorable treatments. This guarantee is provided by the acknowledgment of uncertainty
(equipoise), which removes ethical dilemmas and makes it easier for patients to enroll in clinical trials.
Methods: Since the design of clinical trials is mostly affected by clinical equipoise, the “clinical equipoise
hypothesis” has been postulated. If the uncertainty requirement holds, this means that investigators cannot
predict what they are going to discover in any individual trial that they undertake. In some instances, new
treatments will be superior to standard treatments, while in others, standard treatments will be superior to
experimental treatments, and in still others, no difference will be detected between new and standard
treatments. It is hypothesized that there must be a relationship between the overall pattern of treatment
successes and the uncertainties that RCTs are designed to address.
Results: An analysis of published trials shows that the results cannot be predicted at the level of individual
trials. However, the results also indicate that the overall pattern of discovery of treatment success across a series
of trials is predictable and is consistent with clinical equipoise hypothesis. The analysis shows that we can
discover no more than 25% to 50% of successful treatments when they are tested in RCTs. The analysis also
indicates that this discovery rate is optimal in helping to preserve the clinical trial system; a high discovery rate
(eg, a 90% to 100% probability of success) is neither feasible nor desirable since under these circumstances, neither
the patient nor the researcher has an interest in randomization. This in turn would halt the RCT system as we
know it.
Conclusions: The “principle or law of clinical discovery” described herein predicts the efficiency of the current
system of RCTs at generating discoveries of new treatments. The principle is derived from the requirement for
uncertainty or equipoise as a precondition for RCTs, the precept that paradoxically drives discoveries of new
treatments while limiting the proportion and rate of new therapeutic discoveries.

Introduction
In its article #4, the Declaration of Helsinki1 states:
“Medical progress is based on research which ultimately must rest in part on experimentation involving human subjects.”
Indeed, progress and discoveries cannot occur without the willingness of patients to be enrolled in clinical
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trials. Clinical trials, particularly well-designed randomized controlled trials (RCTs), are widely considered to be
the most important vehicle for generating evidence
about successful treatments that can improve disease
and patient outcomes.2 Before agreeing to enroll in clinical trials, patients require guarantees that they will not
knowingly be harmed and will have an optimal chance
of receiving the best available treatments. The patient
knows that a researcher cannot guarantee favorable outcomes. Nevertheless, researchers usually have a premonition that one treatment will be more effective than the
other; otherwise, they would never embark on the particular trial. However, researchers cannot test all their
ideas in RCTs; they are constrained by ethical precepts
and pragmatic limitations. A key ethical precept is that an
RCT should be done only if the physicians and patients
are uncertain about the relative effects of the new and
standard treatments to be compared.3 This requirement
for uncertainty4,5 represents a fundamental principle that
protects patients from knowingly being exposed to inferior treatments, while at the same time drives therapeutic
advances in clinical medicine, as discussed below.
October 2009, Vol. 16, No. 4

Ethics of Uncertainty and
Design of Clinical Trials
It is rare that ethicists agree on many difficult questions
related to human experimentation, but it is interesting
to note that there is overwhelming agreement among
ethicists that before patients are invited to participate in
clinical studies such as RCTs, the uncertainty requirement should be met, ie, patients should be enrolled in a
trial only if there is a substantial uncertainty about
which of the trial treatments would be more beneficial.6
Ethicists, however, continue to disagree about the relationship of uncertainty to other ethical principles,7,8
including the locus of uncertainty, ie,“Whose uncertainty is more morally relevant?”9 — that of the individual
physician (theoretical equipoise),10-12 the patient (indifference principle),13,14 the treating physician and the
patient (uncertainty principle),4,15 the community of
expert practitioners (trialists) (clinical equipoise),5,12,16
or the community of patients, advocacy groups, and lay
people (community equipoise)?17,18 From the perspective of the trial conduct and design, each of these loci of
uncertainty bears a somewhat different relationship to
treatment outcomes.
Clinical Equipoise

Clinical equipoise5 relates to the uncertainty of a group of
experts who honestly disagree about which treatment is
better (“product of professional consensus”). This reflects
the collective uncertainty that is crucial for informing the
design of clinical trials. In fact, clinical equipoise addresses the most important issue of a clinical trial: the choice
of an adequate comparative control.3,6,19,20 This uncertainty is typically articulated during the process of the protocol approval, such as rigorous procedure for approval of a
RCT through the National Cancer Institute cooperative
group mechanism.21 The process ensures that highly
biased proposals, such as the use of an inferior comparator or other methodological problems, are vetted by other
members of this community of experts.
Individual Uncertainty

Fried22 originally termed this type of uncertainty as theoretical equipoise, reflecting the honest belief of individual physicians that one treatment is not preferred
over another.10-12 During the last decade, individual
uncertainty was often termed the uncertainty principle,4,15 according to which RCTs are ethically and scientifically permissible only when both the treating
physician and the patient are substantially uncertain
regarding the merits of treatments being offered. When
uncertainty at an individual level concerns patients
only, this is termed the principle of indifference.13,14,23,24
While adherence to these principles preserves personal values and trust between physicians and their
patients, none of these principles is believed to affect
the design of the trial itself.6 Rather, the adherence to
these principles, or the lack thereof, affects the trial’s
generalizibility and patient accrual. This is because,
strictly speaking, physicians who accept equipoise as
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an entry criterion for a trial are expected to adhere to
agreed-upon eligibility criteria. However, physicians
who believe in the uncertainty principle may be
uncomfortable with such agreed-upon clinical research
protocols and/or some of the eligibility criteria, and
therefore they may be tempted to exclude some
patients or to offer treatment to patients who do not
meet eligibility criteria under the equipoise requirement.6 Theoretically at least, the results obtained using
these principles as the entry criteria to RCTs may have
different applicability to nontrial patients.6 Nevertheless, we would expect that internal validity remains
intact since both equipoise and the uncertainty principle relate to a prerandomization phase of the trial and
do not affect the postrandomization phase of the trial.
Community Equipoise

This principle reflects uncertainty at the level of
involvement of patients, advocacy groups, and lay people in clinical research on the basis of belief that medical knowledge is not confined to the profession of
physicians and that physicians have ethical responsibility for shared decision-making.18 Occasionally the
advocacy groups participate in the design of an RCT
along with professional experts, but most often they
influence research agenda and not design itself. It
should be noted that the concepts discussed here overlap and are not mutually exclusive.25,26
Based on these arguments, the design of a clinical
trial is mostly influenced by clinical equipoise, which in
turn affects the results of the trial and, as discussed
below, the proportion of discovery of new successful
treatments.6

Acknowledgment of Uncertainty: Scientific
and Ethical Foundation of Clinical Trials
A fundamental premise of clinical research is that investigators typically cannot predict the results of a clinical
trial. The entire encounter is fraught with uncertainties
as hoped-for benefits but unknown risks color the decision of patients to enroll in clinical trials.27 It is this
uncertainty, or rather the need to clearly articulate uncertainties, that is at the heart of clinical research.3,6,28,29
Since different clinical situations and health care interventions are associated with different levels of uncertainty, a proposal has been made to develop a taxonomy of
clinical uncertainties.6 The idea behind this proposal is
that the choice of scientific method should be matched
to the underlying uncertainties regarding treatment
effects.6 According to this view, RCTs are used to resolve
uncertainties about treatment effects of a few (typically
two) therapeutic alternatives that, before the trial is conducted, are believed (but not known) to be about equal
in terms of superiority to one another.6 It also follows
that an RCT would not be considered the method of
choice for addressing uncertainties in which there are
firmly held beliefs that one particular treatment is dramatically superior to all other existing alternatives, as in
the discovery of penicillin or insulin.6,30
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Therefore, the entire purpose of undertaking an
RCT is to address uncertainty about the relevant merits
of competing treatment alternatives. If there were no
uncertainties, there would be no need for RCTs.6,31 If
indeed the researchers could know the results of trials
in advance, the scientific and ethical value of such
research would be seriously compromised. Scientifically, nothing new can be learned when the answer is
already known, and ethically, investigators would
expose at least some patients (50%, in a typical RCT) to
inferior treatments.6,31 Fundamentally, this is where the
theory of human experimentation is linked with the
theory of rational choice6,32,33: enrollment in an RCT is
ethically and scientifically justified only when there is a
substantial uncertainty about which treatment will be
more effective.3,6,11,25,29,31,34 The key concept behind this
requirement is that the interests of patients as well as
society (researchers) are best served if this prerequisite
holds: acknowledgment of uncertainty provides the
best guarantee to patients that they will not be willingly harmed while at the same time will have the optimal
chance of obtaining superior treatments.3,6,11,27,31 The
conclusion of the trial will provide tangible social value
since future patients can be offered treatment that has
now been shown to be superior.
Overall Pattern of Treatment of Success Can Be
Predicted From the Level of Uncertainties Existing
Before RCT Is Undertaken

The main hypothesis put forward here is that there must
be a relationship between the overall pattern of treatment successes and the uncertainties that RCTs are
designed to address.3,6 Since the design of a clinical trial
is mostly affected by clinical equipoise, the clinical
equipoise hypothesis has been postulated.3,6 When the
uncertainty requirement holds, the investigators cannot
predict what they are going to discover in any individual trial that they undertake — in some trials, new treatments will be superior to standard treatments, while in
other trials, standard treatments will be superior, and
sometimes no difference will be detected between new
and standard treatments.3,6,20,35-37 Although the results
cannot be predicted at the level of any single trial, the
pattern of discovery should be predictable if the
hypothesis of a relationship between equipoise and
treatment outcome is correct. In fact, the equipoise
hypothesis appears to have described the fundamental
process (called the “principle or a law of clinical discovery”6,38), which can predict efficiency of our current
system of RCTs at generating clinical discoveries.
Theoretically, treatment successes should follow a
normal distribution.3,6 However, in an evaluation of the
pattern of treatment successes in RCTs of cancer treatments that were completed during the last 50 years
under the auspices of the National Cancer Institute
(781 randomized comparisons in 624 trials that
enrolled 261,451 patients), investigators at our institute
found that the distribution of treatment successes
slightly but significantly deviated from the normal dis344 Cancer Control

tribution.39 The analysis of the distribution of treatment
successes in cancer is mostly consistent with the
power law,40,41 indicating that, on average, new treatments would be more successful than standard treatments but with sufficient unpredictability in the results
at the level of individual trials. This is an important
result; as discussed above, if one treatment (experimental or standard) is known to be superior, neither
the patient nor the researcher has an interest in randomization. Naturally, patients would be expected to
request the treatments that are believed to be superior
— and researchers would be inclined to offer these
treatments — making the use of RCT design both undesirable and impossible. Under these circumstances, the
entire system of clinical trials would cease to exist, thus
making discoveries of new treatments impossible since
patients would not be willing to be enrolled in RCTs.
In fact, as discussed below, patients are willing to participate in trials only if the results cannot be predicted
in advance. Provided the uncertainty about treatment
effects is clearly acknowledged, there is no a priori reason to be cautious about participation in clinical trials
since new treatments tend to be, on average, neither
substantially better nor worse than standard therapies
once they have reached the testing stage in RCTs.39
The crucial point here is that the evidence in a particular case depends on our accumulated experience
— the proportion of successes across a series of trials.
That is, our assessments of the prospects of treatment
success at the level of a single trial depend on the existing evidence, ie, a pattern of discovery of successful
treatments in a cohort of the trials (average results). As
discussed above, the clinical trial system would cease to
exist if the results across of all trials would predictably
favor one treatment over another (eg, experimental
over standard treatments). Hence, the equipoise
requirement enables therapeutic discoveries by facilitating participation in clinical trials. If the track records
of evaluating previous success in similar research indicated high probability that the results can be predicted,
ie, there is no uncertainty about treatment results, people would refuse to participate in trials and the RCT
system would come to halt. For example, Johnson et
al42 showed that only 3% of people would enroll in an
RCT if the estimated probability that new treatments
are better than the standard regimens is 80%. If the estimated success rate is 90% to 100%, no one would participate in the RCT where the probability of random
allocation is 50%:50%, although institutional review
board (IRB) members would allow testing on rats
under these conditions.43 This means that given these
circumstances of predicted treatment success, few trials would ever be launched and thus no new therapeutic discovery would be possible. However, 50% of lay
people would approve an RCT if the estimated success
rate is 70% in favor of the new treatment (over 30% for
the standard treatment).42 Also it has been shown that
most IRB members would, on average, approve an RCT
if the estimate of probability of success is 60%:40% in
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favor of one treatment over another.43 Indeed, Mills et
al44 found that the acceptance of clinical equipoise was
crucial to actual patients’ consent to randomization.
Therefore, when the equipoise requirement is adhered
to, both IRB members and individual patients find it
easier to enroll in RCTs. As a result, this helps preservation of the clinical trial system, which in turn serves
as a driver of advances in clinical medicine. Only when
the results cannot be predicted in advance and when
the overall distribution of successes of experimental
therapies is about equal to the success of standard therapies, the most rational course of both patients and
researchers is to randomize.6,39
However, researchers typically hope that the new
treatments they are about to test will be better than
standard treatments. For example, an examination of
research protocols of large cohorts of cancer trials supported by the National Cancer Institute indicated that

investigators are never in theoretical 50:50 equipoise;
they almost always hope that the new treatments are
better.39 The prior knowledge, beliefs, expertise, and
experience that investigators bring to the design of the
trials are most likely the reason why new therapies are,
on average, slightly superior to standard treatments.
Investigators and sponsors need to have some belief in
the likely success of the new treatments they assess;
otherwise, it would be difficult to maintain material and
intellectual investment in lengthy and costly experiments such as RCTs, without which new treatment discoveries would not be possible. Nevertheless, for ethical and practical reasons, they cannot test every idea
they have, particularly their “sure bets.” Researchers are
sufficiently constrained by the uncertainty requirement. By requiring high uncertainty as a precondition
for the trial, the probability of success is proportionally
reduced. As a result, no more than 25% to 50% of treat-
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Figure. — A proposed model of clinical discoveries: how the ethical principle equipoise converges to become a scientific principle driving treatment
progress. To be enrolled in clinical trials, patients require guarantees that they will not knowingly be harmed and will have an optimal chance of receiving
the best available treatments. If the odds of treatment successes are too skewed in one direction or the other, patients would be reluctant to enroll in the
clinical trials. As a result, clinical research would not be possible and no new treatments could be discovered. The best odds for patients to receive the optimal
treatments are when the chance of success of the new treatment is about 50:50(1:1). These odds are best guaranteed by adherence to the equipoise principle.
Under equipoise, it is easier for patients to enroll in the trial and institutional review boards to approve the study. With patient enrollment, discovery of a
new successful treatment becomes possible. At the same time, equipoise limits the proportion of treatments that eventually will prove successful. This is the
paradox of equipoise, which in turn helps maintain the clinical trials system. [The graph insert shows actual distribution of treatment success in randomized
controlled trials conducted by the US National Cancer Institute Cooperative Groups from 1955 to 2006.] Data from Djulbegovic B, Kumar A, Soares HP, et al.
Treatment success in cancer: new cancer treatment successes identified in phase 3 randomized controlled trials conducted by the National Cancer Institutesponsored cooperative oncology groups, 1955 to 2006. Arch Intern Med. 2008;168(6):632-642. Figure adapted from Kumar A, Soares H, Wells R, et al. Are
experimental treatments for cancer in children superior to established treatments? Observational study of randomised controlled trials by the Children’s
Oncology Group. BMJ. 2005;331(7528):1295. Epub 2005 Nov 18. Reprinted with permission by BMJ Publishing Group Ltd.
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ments that reach the stage of testing in an RCT will
prove to be successful.39,45,46 Thus, there appears to
exist the “limits of discoverability”: the success rate
cannot (and should not) be 100%. These limits of discoverability in clinical research are directly determined
by the equipoise principle. The limits, however, refer to
the proportion of successful testing that one can
expect to obtain from RCT testing. The public can help
increase the absolute number of discoveries of successful treatments by increasing willingness to participate in RCTs. Currently only 3% to 5% of eligible
patients participate in clinical trials.47,48 If they understand how clinical research discoveries are made, it is
possible that they would be more willing to participate
in clinical trials. Ultimately, everyone has a moral
responsibility to support research,1 and once the public is aware of the principles outlined here, this can be
easier to accomplish.
A recently proposed “law of clinical discoveries,”
articulated in more detail here, states that it is this ethical requirement for uncertainty that determines
advances in medicine6,38,49 (Figure), meaning that the pattern of observed successes is not an accident. There is a
predictable relationship between the acknowledgment
of uncertainty (the moral principle) on which trials are
based and the ultimate outcomes of clinical trials.3

Conclusions
Progress in clinical medicine rests heavily on the willingness of patients to take part in experimental clinical
trials.1 Prior to enrolling in these trials, they require
guarantees that they will not knowingly be harmed and
will have an optimal chance of receiving the best available treatments. The best guarantee is provided by the
acknowledgment of uncertainty, which removes ethical
dilemma and makes it easier for patients to enroll in clinical trials.50 As a result of patient participation in RCTs,
new treatments can be discovered. However, there are
limits to how much can be discovered: ultimately, we
will be successful in only about 50% of testings. Unlike
speculation in businesses, where the investor seeks
maximum certainty,51 the success rates in clinical research are both driven and constrained by the ethical
principle of equipoise or requirement for uncertainty.
These seemingly contradictory forces represent a paradox of equipoise.
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