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Abstract
The randomized controlled trial (RCT) is the gold standard for assessing the efficacy of medical
treatments. Over the past 50 years, RCT methodology has proven to be quite successful in identifying
effective treatments and weeding out ineffective ones, thus transforming medicine from an intuitive
art into an empirical science. However, the enormous success of the RCT has inadvertently
contributed to a common inferential error that is insufficiently appreciated by some clinicians and
researchers. Although RCTs can effectively distinguish between placebo and active treatment effects
at the level of the group, contrary to intuition, this same disentanglement is much more difficult to
achieve at the level of the individual. For individual patients it is surprisingly difficult to determine
who is a treatment responder and who is not. Using data from a recent RCT, we illustrate the problem
and detail its negative effects for research and clinical practice. Finally, we suggest strategies for
minimizing these negative effects.
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“If it were not for the great variability among individuals, medicine might as well be
a science and not an art.”

Sir William Osler, 1892

1. Introduction
Randomized controlled trials (RCTs) have been remarkably effective at separating the specific
effects of an active treatment from the non-specific effects associated with a matching placebo
intervention. Consequently, RCTs have been successful both in identifying effective treatments
and in weeding out ineffective ones. Prior to the development of the RCT, medical treatments
were frequently ineffective – harmless placebos at best (e.g., bread pills) or dangerous
interventions at worst (e.g., mercury compounds). Thus, the development of the RCT marked
an important transformation of medicine from an intuitive, theoretical, and anecdotal art to a
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science based on empirical data. Evidence-based medicine has profoundly improved the quality
of patient care. We argue, however, that the extraordinary success of RCTs in improving
medical treatment has resulted in an over-generalization of ideas drawn from RCT
methodology to individual patients.

The general problem we discuss in this article has been described previously. Kent [1] presents
several hypothetical examples that illustrate how group level data may not apply to individual
patients. He also shows how the summary results of an RCT might not even apply to most of
the patients in the trial. Rosser [2] decries the fact that public health agencies and insurance
companies rely on population level data to justify monetary incentives encouraging physicians
to provide preventive treatment to all patients, regardless of “the patient’s personal context and
values” (p. 663) [2]. Van Weel and Knottnerus [3] discuss the problem of complex treatment
packages that are not typically tested in standard RCTs. And Mant [4] describes a number of
limitations in generalizing from RCTs to individual patients (e.g., participants in RCTs
typically have less serious disease and lower co-morbidity than many patients seen in clinical
practice). Although others have addressed this problem, we believe that it merits consideration
once again because the inferential error is common and apparently resistant to extinction (a
recent high profile example published in the New England Journal of Medicine is presented
below). In addition, in this article we focus particularly on the responder/non-responder
distinction, and we illustrate how difficult it is to make this distinction using group and
individual data from an RCT.

RCT methodology is effective at drawing reliable inferences at the level of the group, but
inferences at the level of the individual cannot be made with similar confidence. Specifically,
we argue that the distinction drawn between treatment responders and non-responders in
research and clinical practice may often be erroneous due to the misapplication of a group
methodology (the logic of the RCT) to individual patients.1 In the sections to follow, we discuss
the various components of treatment response; the distinction between group and individual
effects (as illustrated by data from a recently completed RCT performed by our team); the
difficulty of separating treatment responders from non-responders; the implications of this
problem for research and clinical practice; and strategies for minimizing the negative effects
of the problem.

2. Components of the treatment response
Randomized controlled trials attempt to separate the specific effects of an active treatment from
the non-specific effects associated with a matching placebo intervention. Responses in the
placebo condition of an RCT may be attributable to an array of non-specific effects including:
(1) natural history (including co-interventions); (2) regression to the mean; (3) response bias;
and (4) the placebo effect. Natural history refers to the natural waxing and waning of an illness,
including any additional treatment a patient might utilize on his or her own. Some patients will
show improvement because of a spontaneous reduction in symptoms or in response to an
outside intervention, rather than as a result of the treatment under study. Regression to the mean
is a statistical artifact that occurs whenever an inclusion criterion requires that baseline
symptoms exceed a certain threshold. Since all symptom assessment instruments include errors
in measurement, the imposition of threshold criteria necessarily results in over-estimates of
symptom severity at baseline, which inflate symptom improvement estimates at later
assessments. Response bias is the tendency for patients to give responses that they believe will

1We note here that the definition of “responder” may differ between the clinical and research settings. When dealing with a continuous
outcome variable (e.g., hypertension), researchers often develop an a priori definition (e.g., 50% reduction in symptoms) that
dichotomizes the continuous variable into responders and non-responders. In contrast, clinicians may not employ a strict dichotomization,
but they still must make a judgment as to whether the treatment is effective for a particular patient. For simplicity, we will refer to this
judgment as determining whether the patient is a “responder,” even though a clinician might not use this particular term.
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please the investigators. In the psychological literature, this effect is usually referred to as the
demand characteristics of an experiment [5]. Finally, Fisher and colleagues [6] draw an
important distinction between the placebo response and the placebo effect. The placebo
response is the total response in the placebo condition, whereas the placebo effect is that portion
of the effect that is independent of natural history, regression to the mean, and response bias.

As Kaptchuk and colleagues [7,8] have shown experimentally, the placebo effect can be further
sub-divided into effects due to the placebo treatment itself (e.g., conditioning and/or
expectancy) and effects due to the treatment relationship (e.g., a warm, friendly, and empathic
physician). The various components of the treatment response are summarized in Box 1. So
long as the components of the treatment response combine additively, an RCT can effectively
isolate the specific effect of the active treatment so as to determine efficacy; in addition RCTs
can provide an estimate of the magnitude of the specific effect.

Box 1

Components of the treatment response.

1. Treatment effect (specific effect)

2. Placebo response

a. Placebo effect (non-specific effect)

i. Effect due to placebo medication or device

ii. Effect due to treatment relationship

b. Natural history

c. Regression to the mean

d. Response bias

3. Identifying treatment responders: group versus individual effects
Senn [9] notes an important inferential limit to RCTs. If 50% of patients in an RCT respond
to treatment, it is commonly inferred that this means that half the patients are responders and
the other half are non-responders. However, an equally valid inference is that all of the patients
in the trial were potential responders, but with only a 50% probability of responding. Of course,
neither of these boundary conditions is especially likely (in spite of the fact that the former
inference is so commonly made). Instead, individuals are likely to vary substantially in their
response probabilities, with some responding virtually always, others responding virtually
never, and many responding at various intermediate levels. Indeed, the response probability
for any single individual is also likely to fluctuate over time, depending on the severity of the
current episode of illness and a number of other varying factors such as environmental stress,
social support, diet, exercise, and adjunctive therapy.

A high profile example of this problem can be found in one of the reports on the Sequenced
Treatment Alternatives to Relieve Depression (STAR*D) trial published in the New England
Journal of Medicine [10]. In this trial, patients who could not tolerate or did not respond to
citalopram were randomly switched to one of three alternative treatments: (a) buproprion SR;
(b) sertraline; or (c) venlafexine. There were no significant differences between the three
alternatives in outcomes or tolerability, and approximately 25% of patients in each group
achieved remission. In their concluding paragraph, the authors noted that the “three drugs had
similar efficacy” (p. 1241). However, although one can say with reasonable confidence that
the three treatments did not differ in efficacy, without an adequate control group, one cannot
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say with confidence that any of the treatments were effective. How would patients have done
had they been switched to placebo, or continued on citalopram? In fairness to the authors, they
did mention the lack of a placebo control group as a limitation in their discussion, however the
take home message from the trial as noted in the last sentence of the abstract is “any one of the
medications in the study provided a reasonable second-step choice for patients with
depression” (p. 1231).

Fig. 1 is adapted from our recently completed trial of sham acupuncture in irritable bowel
syndrome [7,8]. In this RCT, 262 patients were randomized to one of three groups: (1)
Waitlist; patients were assessed at regular intervals by study staff, but treatment was not offered
until after the trial had ended; (2) Limited: sham acupuncture was delivered in a neutral,
business-like manner; and (3) Augmented: sham acupuncture was delivered in the context of
a warm and empathic treatment relationship. The waitlist group controlled for natural history
and regression to the mean, as well as any effects associated with participation in the trial, such
as attention from the study staff who conducted assessments. The limited group received sham
acupuncture but had only minimal interaction with the practitioner. Thus, improvement in the
limited group in excess of that shown by the waitlist group is attributable to the sham
acupuncture treatment. The augmented group also received sham acupuncture, but the
treatments were delivered by a warm and empathic practitioner. Thus, improvement in the
augmented group in excess of that shown by the limited group would show the effect
attributable to the treatment relationship. We hypothesized that symptom improvement would
be ordered as follows: Augmented>Limited>Waitlist.

As can be seen on the left side of Fig. 1, the results at the level of the group were consistent
with our hypothesis. Our study demonstrated that sham acupuncture for irritable bowel
syndrome produces a placebo response that exceeds regression to the mean, natural history,
response bias, and any effects associated with participation in a treatment trial. In addition, the
study showed that a warm and empathic patient-practitioner relationship (as contrasted with a
neutral, business-like relationship) can more than double the effect associated with sham
acupuncture treatment. Thus, at the level of the group, our trial detected a statistically
significant placebo effect associated with sham acupuncture, as well as an additional effect
associated with the treatment relationship. Moreover, these effects were not only statistically
significant; they were also of substantial magnitude. Using Cohen’s method [11], the
standardized effect sizes for the differences between the groups on the combined outcome
were: limited versus waitlist, d=0.51; augmented versus limited, d=0.46; and augmented versus
waitlist, d=0.99. Conventionally, the first two effect sizes are considered medium and the last
effect size is large.

As can be seen on the right side of the Fig. 1, the results at the level of the individual are
remarkably variable. This variability suggests that it would be extremely difficult to determine
which patients are treatment responders and which are non-responders. For example, nine
individuals in the waitlist condition showed improvements that exceeded the mean
improvement for the augmented group, and an additional thirteen individuals showed
improvement that exceeded the mean improvement in the limited condition. Thus, a total of
22 waitlisted patients (23% of the group) showed improvement that was in excess of the mean
improvement of one or both of the other conditions.

These facts suggest that some individuals in the limited and augmented groups who improved
substantially might have shown improvement not because of a response to sham acupuncture
or the treatment relationship, but rather because of factors such as natural history, regression
to the mean, or response bias. A similar argument can be made for the contrast between the
limited and augmented groups. In particular, 33 patients who received the limited treatment
(34%) had responses that exceeded the mean response in the augmented group. Thus, some
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augmented patients who showed improvement above the group mean might not be responders
to the treatment relationship, but rather were responders to the sham acupuncture. In short,
although one can say with confidence that the augmented and limited conditions produced
statistically significant treatment effects at the level of the group, it is extremely difficult to
conclude that any individual patient – even those who improved above their own group mean
– was actually a responder.

Moreover, and even more disturbing, one can easily imagine situations in which the direction
of symptomatic change for an individual patient is in the opposite direction to the specific effect
of the treatment on that patient. For example, as illustrated in Fig. 2, an individual can show
improvements in symptoms despite the fact that for this patient the treatment actually has a
negative effect. In spite of treatment that is harmful, the treated patient still showed
improvement due to natural history, regression to the mean, response bias, or a placebo effect.
The treatment does not work, but the patient is better. Conversely, as illustrated in Fig. 3, an
individual may show a worsening of symptoms despite the fact that the treatment is effective
for that individual. Without treatment, this patient would still have shown an increase in
symptoms; with treatment, however, the worsening in symptoms is attenuated. The treatment
works, but the patient is worse.

4. Implications for clinical practice
Physicians are often confronted with patients whose disorders do not respond to treatments
that RCTs have demonstrated to be effective. When this occurs, the patient is presumed to be
a non-responder, and the clinician moves on to “trials” of other treatments (note how the
language of clinical practice now mirrors that of RCTs). For many disorders, there are several
treatment options from which to choose, and it is not uncommon for a series of trials to be
conducted before an “effective” medication is finally found for the patient. Moreover, patients
sometimes relapse, and it is not uncommon for the physician to conclude that the medication
no longer works, perhaps due to a shift in the patient’s physiology (e.g., down-regulation of
neurotransmitter receptors in the monoamine treatment of psychiatric disorders). As explicated
in the discussion above, however, these inferences about treatment response are much weaker
than many physicians may realize. Indeed, some of the discarded treatments might be equally
or even more efficacious than the one that is finally identified as most helpful to the patient.

Given the forgoing, how should physicians alter their behavior? We would argue that
recognition of the weakness of inferences about the effectiveness of medication for individual
patients should provoke physicians to formulate their hypotheses about treatment efficacy more
tentatively. Moreover, alternate explanations for improvement or worsening of symptoms that
go beyond pharmacology, such as ancillary treatment, changes in social support, or changes
in life stressors should be investigated. Unfortunately, the current set of financial incentives
imposed by third party payers does not reward such careful elucidation of additional factors
influencing apparent treatment response. Depending on the circumstances, physicians should
even be willing to consider another trial of a medication that previously appeared to have been
ruled out as ineffective.

The n-of-1 trial is a particularly valuable strategy for testing empirically whether a treatment
is effective for an individual patient [12]. These single patient trials utilize a double-blind,
multiple cross-over design to tease apart the treatment effect from the placebo response, with
several empirical studies supporting their utility in improving clinical practice [13,14]. We
believe that broader adoption of n-of-1 trials in clinical practice would substantially reduce the
likelihood of the inferential errors described in this paper.
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We wish to emphasize that we are not suggesting that physicians ignore past evidence of
pharmacological successes or failures. Nor are we arguing against the use of evidence-based
treatment algorithms developed by governmental agencies and public health authorities that
are based on the best available data from RCTs. Instead, we are advocating for a more nuanced
clinical approach that takes into account the unavoidable uncertainty that attends the clinical
treatment of individual patients. A better appreciation of this uncertainty would help physicians
improve patient care.

5. Implications for research
In recent years, success in sequencing the human genotype and the advent of genetic testing
has raised the promise of personalized medicine [15-17]. If the genetic, biochemical, and
physiological characteristics of individual patients can be identified, and if the biochemical
action of pharmaceuticals can be precisely understood, it is possible to envision a future in
which medications and other therapies are chosen depending on the particular genetic and
physiological make-up of the individual.

A common strategy for linking genetic or physiological characteristics to treatment response
is to first identify treatment responders and non-responders and then search for markers that
can distinguish between these two groups. Attempts to achieve this goal require that enormous
time, effort, and expense be devoted to the application of sophisticated neuroimaging, genetic,
and physiological testing. In addition, great care is taken to make an accurate assessment of
baseline and post-treatment signs and symptoms of illness. Nevertheless, the arguments
presented in this paper suggest that misspecification of treatment responders and non-
responders is likely to be an under-appreciated but quite serious impediment to this scientific
endeavor, and much greater attention should be paid to this problem and to its solution. In
particular, researchers should consider more sophisticated methods for defining treatment
response and non-response. Where possible, it would be useful to conduct multiple trials of
the treatment for each individual (similar to the n-of-1 trials mentioned above), and then select
only those patients who prove to be consistent responders and/or consistent non-responders
for more in-depth genetic and physiological studies.

6. Conclusion
RCT methodology has been extraordinarily successful in improving patient care by
transforming medicine from an anecdotal art into an empirical science. However, the inferences
that can reliably be drawn from RCT methodology are limited to group effects. Analogous
inferences made about individuals, whether they be research participants or clinical patients,
should be much more tentative. In other words, researchers and clinicians should have much
less confidence when they designate some patients as treatment responders and others as non-
responders. We argue that a wider acknowledgement of these inferential limits and efforts to
overcome them will yield improvements in both clinical research and patient care.

Summary Box

• The logic of randomized controlled trials (RCTs) applies to groups, not
individuals.

• The reliable identification of individual treatment responders and non-responders
is substantially more difficult than many researchers and clinicians realize.

• This problem has serious negative consequences for research and clinical practice.
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• Increased awareness of and attention to this problem will result in improved
research designs and better clinical outcomes.
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Figure 1.
Group means and individual outcomes by treatment group.
Note: Symptom improvement levels are presented as t-scores, with an overall mean of 50 and
a standard deviation of 10.
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Figure 2.
Hypothetical disease courses for an individual patient treated with an ineffective medication.
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Figure 3.
Hypothetical disease courses for an individual patient treated with an effective medication.
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