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ABSTRACT

In many trials, interim analyses are often performed to
decide whether the trial should be terminated early, for
a variety of reasons. These reasons may include an
imbalance in adverse events in one group versus the
other(s), a situation in which, given the sample size, it
would be impossible to demonstrate superiority of
one treatment (futility) or a significant difference
between groups. This commentary argues that ending
a trial prematurely for the latter reason is fraught
with problems and often results in an overestimation
of the effect that would have been obtained were the
trial allowed to continue. It concludes that stopping a
trial early for apparent superiority of a treatment
should be avoided. (Clin Ther. 2019;41:1889e1891)
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INTRODUCTION
Randomized, controlled trials are generally regarded as
the "gold standard" for studies designed to evaluate
the efficacy or effectiveness of a new intervention.
However, there are ethics-related issues that arise
from them. If the treatment is effective, then those in
the comparison group are deprived of its benefit, at
least for the duration of the trial. On the other hand,
if the intervention is associated with significant
adverse events (AEs), then those in the treatment
group are at risk for injury and even death. For this
reason, large trials, and especially those that extend
for a long duration, often put mechanisms into place
to minimize any risk to the participants. These
mechanisms include preplanned interim analyses of
the benefits and AEs, which are often monitored by
an independent data safety and monitoring board
(DSMB). Although the composition of the DSMB
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differs from one trial to the next, it usually consists
of 3e7 members with expertise in the clinical aspects
of the disorder, in the patient population being
studied, in biostatistics, and in conducting
randomized controlled trials.1 There are 3 ethics-
related reasons for which a DSMB (or a study's own
team) may stop a trial before its scheduled
completion: tolerability concerns, futility, and benefit.2

With regard to tolerability, the US Food and Drug
Administration's criteria for the approval of study
protocols by an ethics board states that "Risks to
subjects are reasonable in relation to anticipated
benefits, if any, to subjects and the importance of the
knowledge that may reasonably be expected to
result."3 However, if there are unexpected serious
AEs or deaths during the course of the trial, the
DSMB may recommend to the institutional review
board (research ethics board in Canada) that it be
terminated early. Second, if an interim analysis shows
that the hypotheses cannot be proved with the
designed sample size, then the study could be
terminated because of futility. On the other hand, if
the interim analysis shows clear superiority in one
arm of the trial (this injunction pertains even if
the study has more than two arms), then it could be
stopped early so that participants are not
unnecessarily deprived of the benefits of the
treatment. (It should be noted that adaptive
trialsdthose with procedures modified partway
through the study periodduse interim analyses, but
only for the discontinuation of treatments that may
have proved to be futile, for modification of the
subject-allocation schemes, or for changing the
sample size, not for ending the study early if it
appears that one treatment is superior.4) This last
considerationdterminating a study early because of
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apparent superioritydis the focus of this
correspondence.

One potential problem with interim analysis is the
inflation of the P level, resulting in an increased
probability of a Type I error; that is, declaring that
there is a significant difference between groups when
in fact there is not.5 As Armitage et al6 pointed out
over 50 years ago, if there are 4 interim analyses
performed in addition to the final analysis, each using
the 5% a level, then the probability of finding
significance, assuming the null hypothesis is true, is
actually 18%. To avoid inflating the alpha level,
various schemes have been developed to maintain the
nominal a level for the entire trial. There are a
number of "a-spending" approaches, which vary
according to how the a level is divided among the
interim analyses. For example, the Pocock method
divides the a level so that it is the same for all
analyses, while with the O'Brien-Fleming and
Haybittle-Peto methods, it is much more difficult to
declare significance for earlier analyses.7

However, deciding which stopping rule to use begs
the question of whether trials should be stopped at all
based on the apparent superiority of a treatment. The
concern is that trials that have been terminated early
because the beneficial effect of the treatment was
overestimated, a phenomenon documented over 3
decades ago by Pocock and Hughes.8 Simulating
early stopping rules using data from an actual
study, they concluded that "clinical trials that stop
early are prone to exaggerate the magnitude of
treatment differences" (p. 219S).8 This exaggeration
of effect was documented empirically by Wheatley
and Clayton9 in a study comparing 4 versus 5
courses of consolidation therapy in patients with
acute myeloid leukemia. Because the study was
relatively large (n ¼ 1078) and recruited patients
over 8 years, 6 interim analyses were planned in
addition to the final analysis. The first analysis,
performed after 202 patients had been enrolled,
showed a statistically significant odds ratio (OR) of
0.57 in favor of 5 courses of treatment. The next 3
interim analyses were also significant and favored
the 5-course arm, albeit with ever-decreasing ORs.
The final analysis showed a nonsignificant OR
of −0.09 favoring the 4-course condition. Thus, had
the trial been terminated based on the first 4
interim analyses, it would have come to the wrong
conclusion.
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Montori et al10 performed a systematic review of
data from 143 trials that were ended early due to
benefit. They reported that the number of such
studies has been increasing, and concluded that
"Trials stopped early for benefit, particularly those
with few events, often report treatment effects that
are larger than typical of interventions that have been
definitively studied" (p. 2209).10 Later work by the
same team indicated that: large overestimates of
benefit were shown when there were fewer than 200
events; with 200e500 events, the overestimates were
smaller but "important"; and the overestimates were
smallest when the number of events exceeded 500.11
CONCLUSIONS
It is tempting, from the perspectives of both ethics and
cost, to use interim analyses to look for early signs of
superiority in one arm of a study, and for the trial to
be terminated if they are found. However, theoretic
and empirical work shows that early termination
would be a false savings, in that the result would be,
at best, an overestimate of the effectiveness of the
intervention, and at worst, a declaration in favor of
the wrong treatment, as was seen in the Wheatley
and Clayton9 example. Ending a trial early because
of futility or an excess of AEs in one group is
legitimate, but should be avoided based on apparent
superiority in one arm of a study.
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