
When is a further clinical trial justified?
High quality randomised trials provide unbiased estimates of the effects of health interventions, but
the findings of a single trial are rarely conclusive. Usually data from several similar trials must be
pooled together to draw firm conclusions about the effectiveness of an intervention. This article
considers how to determine whether data from existing trials are conclusive and, if not, whether a
further trial is justified.
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Even on their own the best randomised trials do not usually
provide convincing evidence of the effectiveness (or lack of
effectiveness) of an intervention. Consensus about effectiveness
is usually only achieved when a meta-analysis of several high
quality trials shows a statistically significant effect. Until such
a consensus is achieved researchers may claim that a new trial
is justified.We will refer to this as the “conventional approach”
to justification of a new trial.

Two problems, and solutions
There are two problems with the conventional approach. The
first concerns the interpretation of existing evidence:
interpretation of data from clinical trials or meta-analyses is
reduced to a decision about whether the intervention is
“effective” or “ineffective.”1 The simplistic classification of
interventions as effective or ineffective fails to make the
important distinction between interventions that have trivial
effects and those that have worthwhile effects.
A health intervention produces “worthwhile” effects when it
does more good than harm. Here we must use the term “harm”
to include all of the negative aspects of interventions: from a
patient’s perspective, these could include risks of adverse events,
pain or discomfort, cost, or inconvenience. The role of clinical
trials is to provide unbiased estimates of the beneficial effects
of health interventions so that it can be ascertained whether
those effects outweigh risks, costs, and inconvenience.
Several methods have been developed to determine what
beneficial effect would outweigh the risks, costs, and
inconvenience of an intervention. In a recent review we argued
such methods should be based on patients’ (usually not

researchers’ or clinicians’) perceptions, intervention specific,
and expressed in terms of differences between outcomes with
and without intervention.2 One method potentially satisfies all
three criteria. The “benefit-harm trade-off method” involves
presenting patients with hypothetical scenarios about the effects
of an intervention and identifying the smallest hypothetical
effect for which the patient would choose to receive the
intervention.3We refer to this as the “smallest worthwhile effect”
of intervention to differentiate it from similar constructs such
as the “minimum clinically important difference” derived with
alternative methods.
Figure 1⇓ illustrates how information about the smallest
worthwhile effect of an intervention can be used to interpret an
estimate of the effect of intervention from a meta-analysis (or,
for that matter, from an individual clinical trial). The figure
shows six hypothetical pooled estimates of the effect of a health
intervention (A-F) obtained from six hypothetical meta-analyses
of randomised trials. The magnitude of the pooled estimate of
effect is indicated by the location of the diamonds along the
horizontal axis. For meta-analyses in which the effect is
quantified as a mean difference in outcomes of treated and
control groups (for example, weighted mean difference or
standardised mean difference) the line of no effect would have
a value of 0. For meta-analyses in which the effect is quantified
as a ratio of outcomes of treated and control groups (for
example, relative risk, odds ratio, hazard ratio, or incidence rate
ratio) the line of no effect would have a value of 1. For each
possible outcome, the statistical significance of a test of the null
hypothesis (that is, no effect of intervention) is shown, along
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with an interpretation of the outcome based on consideration
of the estimated size of the effect.
In each of the six scenarios one of three conclusions may be
drawn: the effect is worth while (outcome F in fig 1), it is
unclear if the effect is worth while (outcomes D and E), or the
effect is not worth while (outcomes A, B, and C). A further trial
is only justified when it is unclear if the effect is worth while.
Note that the statistical significance of a test of the null
hypothesis is not relevant when determining if a further trial is
justified. Further trials should only be done in scenarios D and
E.
A second problem with the conventional approach to
determining whether a further trial is justified is that the decision
is often made without consideration of how the findings of the
new trial might contribute to existing evidence.4 Usually it will
be an updated meta-analysis of all trial data, not just the data
from the new trial, that provides the most precise estimate of
effect of intervention. A further trial is only justified when
addition of data from the new trial to a meta-analysis of existing
trials could convert uncertainty about whether the effects of
intervention are worthwhile (outcomes D and E in fig 1) to the
conclusion that the intervention is worth while (outcome F) or
is not worthwhile (outcomes A-C).
It is widely believed that provided a clinical trial is large enough
it will confer a high degree of certainty about the effects of
intervention. (Here we put aside important issues about risk of
bias and quality of interventions.) A surprising new idea is that
sometimes no trial of any size, when added to an existing
random effects meta-analysis, will be able to provide a high
degree of certainty about the effects of intervention.4 This is
because when the findings of the new trial are sufficiently
extreme to have a noticeable effect on the pooled estimate of
effect, they may increase between trial heterogeneity to the
extent that the data from the new trial increase, rather than
decrease, the width of the confidence interval about the pooled
estimate of effect (see supplementary file).
Two of the authors have developed methods for evaluating
whether it is plausible that a new trial could convert existing
uncertainty about the effects of intervention into clear evidence
for or against the existence of a worthwhile effect.4 5 These
methods include “extended funnel plots”—graphical
augmentations of the funnel plots traditionally used to
investigate small study bias in meta-analysis.6 7 The shaded
contours of an extended funnel plot show how the conclusions
of an updated meta-analysis can be influenced by the findings
and size of the new trial: particular combinations of trial findings
and trial sizes may result in the conclusion that the effect of
intervention is clearly worth while, or clearly not worth while,
or remains uncertain. Extended funnel plots can be constructed
using the extfunnel macro in Stata.6

In the following section we briefly illustrate the use of
benefit-harm trade-off studies and extended funnel plots to
determine whether a further trial is justified. The example of
exercise for chronic low back pain is used. We focus on the
short term effects of exercise on pain, measured on a 100 point
scale.

The smallest worthwhile effect of exercise
for chronic back pain
Using the benefit-harm trade-off method we obtained estimates
of the smallest worthwhile effect of exercise for chronic low
back pain. We ranked the smallest worthwhile effects reported
by 95 participants and calculated the 50th and 80th

centiles—that is, the effects considered large enough to be worth
while by 50% and 80% of participants. On the 100 point pain
scale the 50th and 80th centiles corresponded to treatment effects
of 20 and 30 points, respectively.

Existing evidence of the effect of exercise
on chronic back pain
We used optimised search strategies to update to August 2011
a recent meta-analysis of the effects of exercise on chronic low
back pain.8 Pain data were rescaled to a common 0-100 scale.
Data from eight trials9-15 were pooled in a random effects
meta-analysis (fig 2⇓). These analyses showed that compared
with no treatment, exercise reduces pain on average by 14 points
(95% confidence interval 6 to 21 points) on a 100 point scale.
The effect is clearly significant (P of test of no effect <0.001),
but the more interesting issue concerns whether the effect is
large enough to be worth while.

Does exercise produce worthwhile
reductions in chronic back pain?
Use of the 80th centile of the smallest worthwhile effect (a 30
point reduction in pain) might be justified if it was believed that
the interpretation of clinical trials should be based on an effect
of intervention considered to be worth while by most people in
the population of interest. As fig 2 shows, if the 80th centile is
used, one would conclude that exercise is clearly not worth
while for treatment of chronic back pain (because the confidence
interval for the effect of exercise only includes effects <30). In
that case there would be no need to do a further trial.
Alternatively, use of the 50th centile of the smallest worthwhile
effect (a 20 point reduction in pain) might be justified if it was
believed that the interpretation of clinical trials should be based
on effects considered to be worth while by typical people in the
population of interest. As fig 2 shows, if the 50th centile is used,
it is not clear whether exercise is worth while for treatment of
chronic back pain because the confidence interval for the effect
of exercise includes values above and below 20.
The 50th centile (the median) of the smallest worthwhile effect
may be more justifiable as it may be particularly important to
determine if the expected effect of intervention is of interest to
a typical person in the population of interest. Consequently we
concluded it is not clear if exercise has worthwhile effects on
chronic back pain and we considered whether a new trial could
resolve this uncertainty.

What influence would the findings of a
new trial have?
Figure 3A⇓ is an extended funnel plot showing the potential
conclusions arising from a new trial of exercise for chronic back
pain. In fig 3B the plot has been modified so that the sample
size, rather than the standard error, is shown on the vertical axis.
In both panels the horizontal axis represents the size of the effect
of intervention that could be observed in a new trial. The
horizontal axis has been drawn so that its extremes are the limits
of the 95% prediction interval.16 (The prediction interval is the
range of effects that is predicted could occur in a new trial, given
the effects observed in the eight existing trials.) The vertical
axis reflects the size of the trial. In fig 3A the size of the new
trial is expressed in terms of its standard error. In fig 3B the
size of the trial is expressed as the number of participants in the
trial. (Here it is assumed the standard deviation is known—it
was assigned a value of 15—and that there will be two equally
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sized groups.) Data from the existing meta-analysis (fig 2) have
been superimposed on the extended funnel plots (same data in
both panels). The mean effects from each of the eight
randomised trials are shown as circles, the solid vertical line is
the pooled estimate of the mean effect of exercise for chronic
back pain, and the dashed line is the smallest worthwhile effect.
A new trial could produce a finding that is located anywhere
on the plot—the location in the horizontal direction depends on
the estimate of effect provided by the new trial and the location
in the vertical direction depends on the size of the new trial.
Each point on the plot is coloured red or blue to indicate the
conclusion that would be drawn from the updated meta-analysis
if the new trial had that particular combination of effect size
(horizontal axis) and trial size (vertical axis). The colour codes
are the same as in fig 1. Thus these plots show that if the
findings of a new trial of exercise for chronic back pain were
to be added to the existingmeta-analysis, the updated conclusion
of the meta-analysis could be that the effect of exercise is too
small to be worth while (blue regions) or that it is uncertain if
the effect is worth while (red regions). There are no purple
regions on the plot, indicating that it is unlikely a new trial could
show that exercise has a worthwhile effect.
Although the extended funnel plot indicates there is no real
possibility a new trial could show that exercise produces
worthwhile reductions in chronic back pain, some clinical
trialists might none the less consider carrying out a further trial
to determine if exercise does not have worthwhile effects. (It
would be useful to know if this were true as exercise is currently
used widely for the management of chronic back pain.)
However, sample size calculations4 (supplementary file) suggest
that this may be futile: with a sample size of 500 there is only
a 55% probability of the updated meta-analysis concluding that
exercise does not produce worthwhile effects and a 45% chance
of concluding ongoing uncertainty. Note that conventional power
calculations17 would conclude very differently: they would
suggest that a new trial with 500 participants would have a
power of nearly 100% to detect the smallest worthwhile effect.
In summary, while existing trials clearly show statistically
significant effects of exercise for chronic back pain, they neither
confirm nor rule out the possibility that exercise has worthwhile
effects; and it is likely that a new trial, even a large trial, would
not resolve uncertainty about whether the effects are large
enough to be worth while. The latter conclusion is based on
consideration of the contribution of just one new trial. We
acknowledge that several trials (perhaps even several small
trials) may yield certainty where one large trial does not.4
Alternatively, it may be possible to use individual patient data
meta-analyses or metaregression methods to explain some of
the between trial heterogeneity. An additional consideration
may be the cost of a new trial. A complete justification of a new
trial would weigh the cost of the trial against the value of the
information it generates.18

The methods we have described can be based on either fixed
effect or random effects meta-analyses. We recommend routine
use of random effects meta-analysis. When heterogeneity is
present, however, random effects models limit the impact of
any individual study.4 A consequence is that in some
circumstances, as in the example used here, new studies can
have little impact on existing conclusions.4

Conclusions
This article has described the use of benefit-harm studies to
define the smallest worthwhile effect of intervention, and the
use of extended funnel plots to explore the potential influence

of a new trial on the findings of an updated meta-analysis.
Clinical trialists should consider using these procedures when
deciding whether to carry out a further clinical trial. Peer
reviewers and granting bodies could seek evidence from these
sorts of analyses when assessing requests for funding to conduct
a further trial.4 19
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Summary points

• A further clinical trial may be justified when the existing evidence from high quality clinical trials does not clearly indicate whether an
intervention is or is not worth while

• Benefit-harm trade-off studies can determine what constitutes a “worthwhile” effect
• When a meta-analysis of existing trials does not provide clear findings about whether an intervention has worthwhile effects, and a
further trial is being considered, extended funnel plots can be used to explore the potential impact of a new trial on the updated
meta-analysis

• These procedures can be used to determine if a further clinical trial is justified
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Figures

Fig 1 Interpretation of six pooled estimates of effect from six hypothetical meta-analyses of randomised trials. Error bars
are 95% confidence intervals

Fig 2 Forest plot showing estimates of effect of exercise on chronic low back pain. Summary data (mean effect, expressed
as a difference between treated and control groups) from eight randomised trials (squares) with pooled estimate from
random effects meta-analysis (diamond). Values less than 0 are indicative of a beneficial effect (reduction in pain). Error
bars are 95% confidence intervals. Two values for the smallest worthwhile effect are shown, corresponding, respectively,
to the 50th and 80th centiles of estimates of the smallest worthwhile effect obtained in a benefit harm trade-off study
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Fig 3 Extended funnel plots showing the predicted consequences of a further trial on the updated conclusions of a
meta-analysis of the effects of exercise for back pain
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