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Early Termination of Clinical Trials for
Futility — Considerations for a Data and Safety
Monitoring Board
Susan S. Ellenberg, Ph.D.,1 and Pamela A. Shaw, Ph.D.2

Abstract
Clinical trials may be stopped for futility if there is little or no chance of demonstrating

the hoped-for effect. Reasons include evidence of no treatment effect, substantial missing

data that would unacceptably undermine trial conclusions, or event rates too low to sup-

port meaningful comparisons. An example of the last type of futility can be seen in the

Covid-19 epidemic. ACTIV-4b (Accelerating COVID-19 Therapeutic Interventions and

Vaccines) was a placebo-controlled trial testing antithrombotic agents given prophylacti-

cally to people with Covid-19 who had not yet been hospitalized. Antithrombotic agents

prevent clots which were common in patients with Covid-19, but they also increase the

risk of bleeding. As the trial progressed, the DSMB noted that the overall rate of throm-

botic events was far too low to ever observe a treatment benefit and too low to justify the

use of anticoagulant or antiplatelet therapy; only three events had been documented

among the 558 participants. By making this decision, the DSMB not only protected the

patients who had enrolled in the trial, they conserved community and financial resources.

The authors use this and other examples to illustrate the thinking that members of the

DSMB use when examining data from an ongoing trial.

Introduction

I n the early 2000s, epidemiologic data indicated a strong association between a
patient’s “inflammatory status,” as measured by the serum level of C-reactive protein,
and the risk of a major adverse cardiovascular event such as myocardial infarction,

stroke, and other vascular events. Was inflammation a root cause of this cardiovascular dis-
ease? To address this question, the National Institutes of Health sponsored the Cardiovascu-
lar Inflammation Reduction Trial (CIRT), assessing whether low-dose methotrexate, an
anti-inflammatory agent long used in the treatment of rheumatoid arthritis, could prevent
cardiovascular events in a population at elevated risk for such events.1 The trial protocol
included a statistical plan for early termination for “futility,” should the emerging data
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indicate that the study was highly unlikely to demonstrate
a benefit of methotrexate and therefore would not lead to
changes in clinical practice. Before the trial reached its full
enrollment, the data and safety monitoring board (DSMB)2

overseeing the trial recommended early termination for
futility because methotrexate was showing no evidence of
an effect on the primary clinical outcome — or even on the
inflammatory biomarkers.

This example illustrates an important issue in the design
and conduct of randomized controlled trials (RCTs). An
RCT is an arduous enterprise, often involving years to dec-
ades of work to plan, conduct, and analyze and requiring
substantial human and financial resources; it also imparts
burdens and risks on trial participants. Once a trial has
started — funding obtained, protocol developed, databases
prepared, supplies purchased — investigators and sponsors
will be reluctant to abandon it. Nevertheless, it sometimes
becomes apparent partway through the trial that there is
little to no chance that the hoped-for effect will be demon-
strated. Reasons could be persuasive evidence from the
interim analysis of no treatment effect, as noted earlier for
the CIRT trial, or logistical issues such as substantial miss-
ing data that would unacceptably undermine trial conclu-
sions, an event rate too low to support a meaningful
comparison of rates, or an inability to enroll a sufficient
number of participants to provide a reliable comparison.

Let us consider another example, ACTIV-4b (Accelerating
COVID-19 Therapeutic Interventions and Vaccines), a
placebo-controlled trial testing antithrombotic agents given
prophylactically to people with Covid-19 who had not yet
been hospitalized, was terminated early for logistical rea-
sons. The basis for this study was the recognition that
thromboses were a known risk of Covid-19. The DSMB rec-
ommended that the study be terminated early for futility
when it was clear that the overall rate of thrombotic events
was far too low to ever observe a treatment benefit and too
low to justify the use of anticoagulant or antiplatelet ther-
apy; only three events had been documented among the 558
participants.3 The rationale for this decision is clear, and
few would disagree that the decision was appropriate.

In many trials, protection of trial participants and conser-
vation of resources may justify early termination on
grounds of futility. DSMBs for such trials assess futility to
ensure that the burden on and risks to trial participants do
not continue longer than necessary and for reasons of
resource efficiency.

What Trials Should Incorporate
Futility Assessment?
A formal assessment of futility with the possibility of early
termination may be desirable in some settings but not in
others. Fundamentally, trials for which a failure to show
an advantage for a new treatment would not lead to
changes in medical practice would be candidates for
interim futility assessments.4 Types of trials that would
fall into this category are shown in Table 1. In addition,
some experts have advocated futility analyses in publicly
funded trials whenever possible for efficiency, lower cost,
and fewer patients being recruited to failed trials.5

Futility assessments would not, however, be relevant for
many other types of trials. These would include most trials
of new treatments to relieve symptoms, because treatment
effect estimates from such trials are notoriously imprecise
and development programs for such drugs typically need to
involve multiple trials.6 Another type of trial that typically
would not need to be considered for early termination for
futility is one looking at two or more widely used therapies
to see whether one has advantages over the other; some
of these trials may be “noninferiority” trials, specifically
addressing whether one such therapy is not too much worse
than another. For these trials, the full data set would be
important to support informed choices by clinicians and con-
sumers. An example is the PRECISION (Prospective Ran-
domized Evaluation of Celecoxib Integrated Safety versus
Ibuprofen or Naproxen) trial.7 This trial was implemented at
the request of the Food and Drug Administration to deter-
mine whether one of several known effective nonsteroidal
anti-inflammatory drugs was associated with greater cardio-
vascular risk than the others, motivated by epidemiologic
studies suggesting that there might be important safety

Table 1. Trials That May Incorporate Interim Futility Analysis in Their
Monitoring Plans.

Trial Type

Placebo-controlled trials of an investigational treatment for a
serious medical condition

Trials comparing an investigational treatment with a standard
treatment

Trials comparing a drug combination with one or more of its
components

Trials comparing a higher dose with the standard dose of an
available treatment

Trials involving considerable participant burden or cost
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differences. Because the goal of this trial was not to establish
an efficacy advantage for any of the products but rather to
explore the relative safety profiles, early termination for futil-
ity would not have been a consideration; a DSMB would
have considered early termination only if one of the treat-
ments demonstrated a clear safety disadvantage.

Finally, an important type of trial for which early stopping
for futility would not be advisable is a trial of a widely used
product for which efficacy has never been definitively estab-
lished. For such trials, a finding that benefit was unlikely
might not be enough; more definitive evidence of lack of
benefit might be needed. A prime example comes from the
Women’s Health Initiative, which studied the effect of hor-
mone replacement therapy on cardiovascular outcomes in
postmenopausal women.8 Regulatory approval of these
drugs was based on evidence from small randomized trials
showing mitigation of menopausal symptoms, with most
data supporting cardiovascular benefits arising from observa-
tional studies. Given that many millions of women were
using this treatment on the basis of the strong belief of most
gynecologists that it would prevent or delay adverse cardio-
vascular effects, an early finding of limited or no effect might
well have provided insufficient data to dissuade providers
and their patients from continued use of these products. As
described by the Women’s Health Initiative’s DSMB, a lack
of effect was clear long before the trial was ultimately termi-
nated on the basis of harm.9 Another example is the Testos-
terone Trial, which studied testosterone therapy in older
men with documented subnormal testosterone levels.10

Because this trial evaluated a widely used product that had
not been well studied for many of the functional outcomes
for which it was advertised, it was deemed important to col-
lect as much data as possible; an early termination for futility
would be less likely to persuade providers and consumers
than would a larger database, and full safety information was
particularly important given concerns about testosterone’s
effects on prostate and cardiovascular health. Therefore, the
trial investigators did not provide a plan for stopping on the
basis of futility to the trial’s DSMB.

Statistical Tools a DSMB May Use
to Evaluate Futility
A variety of statistical methods have been developed to
evaluate futility.11-16 In settings in which a convincing posi-
tive result at the end of the trial is needed to change clinical
practice, conditional power is a useful tool. Conditional

power is the probability of obtaining a statistically significant
result if the trial were to continue to its planned completion,
given the data observed thus far and some assumptions
about the pattern of the data to be observed in the remain-
der of the study. If the conditional power falls below a pre-
specified threshold (commonly 10 to 20%), termination for
futility may be considered.13,14

Conditional power can be calculated under a variety of
assumptions regarding the treatment effect in the future
data, such as the observed treatment effect thus far or the
original hypothesized treatment effect. One might also
assume a larger treatment effect than is currently being
observed (e.g., the upper 90% bound of the confidence
interval around the effect observed in the interim data) to
investigate whether, even under optimistic assumptions, the
trial would have a reasonable chance of finding a significant
treatment difference. A DSMB may wish to see several esti-
mates of conditional power based on a range of assumptions
about the true treatment effect.

The following example demonstrates the considerations
that might be at play when conditional power analyses are
presented to a DSMB. Consider a hypothetical RCT of
treatments for a serious condition that was designed to
detect an improvement in 28-day survival from 25% with
drug A to 50% with drug B. The trial was designed to have
77 participants per arm to ensure 90% power. Suppose at
the first interim analysis, drug A had a survival rate of 5 in
20 (25%) and drug B had a survival rate of 4 in 19 (21%).
Although this trend in the wrong direction is clearly con-
sistent with random chance (Fisher’s exact P50.80), a
DSMB may want to consider the conditional power to
reach a positive result at the end of the study. To calculate
conditional power, we need to hypothesize a trend for the
data not yet observed. Table 2 shows how the conditional
power varies depending on the assumed trend for the
remaining data and the proportion of the planned sample
size already collected. The second column shows the con-
ditional power with one quarter of the data collected,
under varying assumptions for the remaining data. Assum-
ing the future data follow the assumptions used to design
the trial (row 1, column 1), the conditional power to obtain
a positive result in favor of drug B is still 63%. This rela-
tively high conditional power, in the absence of other con-
cerns, would almost surely lead a DSMB to recommend
continuing the trial. Had a similar trend been observed
halfway through the trial (row 1, column 2), the condi-
tional power under the original hypothesized effect would
only be 17%, sufficiently low that a DSMB might consider
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recommending termination for futility. The last row of the
table shows that there would still be reasonable power for
an effect larger than originally hypothesized, at least with
only 25% or 50% of the data available. If there was any basis
for this larger effect — for example, if another study had
been done that showed a very large effect — a DSMB would
likely recommend continuing the study. Had a similar nega-
tive trend been observed two thirds of the way through the
trial, we see that even assuming the future data follow a
stronger trend in favor of B (row 4, column 3), there is a very
low probability that the trial would ultimately reach a statisti-
cally significant result in favor of drug B. In this case, it
would be reasonable for a DSMB to recommend stopping
the trial for futility in the absence of any other reason to con-
tinue (e.g., need for more safety data on the drug, existence
of other positive studies of the drug in this population, or
need for a more definitive null conclusion).

As noted, factors other than the conditional power may
come into play. In the CIRT trial described earlier, the
conditional power to detect the originally targeted effect
size was 28%; however, the observed effect sizes in
recently completed trials of anti-inflammatory agents in
similar populations were much smaller than the targeted
effect size in CIRT, increasing the DSMB’s concern that
CIRT was very unlikely to show a benefit. This informa-
tion, together with the lack of effect on inflammatory
markers, contributed to the DSMB’s recommendation to
terminate the trial for futility.

The calculation of predicted intervals, which predict the confi-
dence interval that might be observed at trial’s end under a
given assumption about the future data,17,18 can enhance the
interpretation of the conditional power. The advantage of
this approach is that it illustrates the uncertainty surrounding
the magnitude of the projected effect. The comparisons of

the width of the confidence interval based on observed
interim data alone with the width of the predicted interval
sheds light on the precision that could be gained with trial
continuation, a potentially valuable tool for a DSMB. Figure 1
shows the predicted intervals for the hypothetical trial of A
versus B just described, computed for the scenario in which
the interim analysis was carried out halfway through the trial
and assuming the hypothesized trend of a doubling of 28-day
survival. In this graph, we can see that roughly 20% of the
intervals are predicted to exclude the null hypothesis, and
that there will be an appreciable narrowing of the confidence
intervals if the trial is allowed to continue to the planned
enrollment.

Risks of Stopping for Futility
Futility considerations do not inflate type I (false positive)
error rates, but they do inflate type II (false negative) error,
because they raise the overall possibility that a trial testing
an effective intervention will erroneously come to a nega-
tive conclusion. A DSMB considering a recommendation
to terminate for futility will be very conscious of this risk.

Another concern is the possibility that fully adjudicated
data might present a different picture from the not fully
quality-controlled interim data available to the DSMB at an
interim analysis. LUME-Lung 2, a phase III trial of treat-
ment of non–small cell lung cancer, illustrates this issue.19,20

This trial was stopped early for futility on the basis of low
conditional power (approximately 10%), but the final trial
results showed a significant benefit for the novel treatment
on the primary end point of progression-free survival. How
did this happen? The interim analysis was based on the
investigators’ evaluation of disease progression, while the
final analysis used the centrally adjudicated determination

Table 2. Conditional Power at Various Interim Analysis Times as a Function of the Proportion of Data Yet To Be Observed and the Assumption
about the Trend in the Remaining Data.*

Treatment Difference in Remaining Data

Potential Interim Analysis (%)

One Quarter through,
5/20 vs. 4/19 (n539)†

Halfway, 10/40
vs. 8/38 (n578)

Two Thirds through,
13/52 vs. 10/50 (n5102)

Original hypothesized effect: 25% vs. 50% 63 17 ,1

No difference (null effect): 25% vs. 25% ,1 ,1 ,1

Current trend (in wrong direction): approximately 25% vs. 20% ,1 ,1 ,1

Optimistic trend (stronger than hypothesized): 25% vs. 60% 91 45 5

* The table shows example data from a hypothetical randomized controlled trial of treatments for a serious condition that was designed to detect an
improvement in 28-day survival from 25% for drug A to 50% for drug B. The trial was designed to have 77 participants per arm to ensure 90% power.

† The fractions given represent the proportion of information at the time of interim analysis (e.g., in the first column, the observed survival rates in
group A vs. group B are 5/20 and 4/19, representing one quarter of the total planned enrollment.)
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of progression. There were enough discrepancies between
the investigator and central committee assessments, and
additional follow-up on the enrolled participants, that the
statistical comparison changed markedly for the final (pri-
mary end point) analysis. In discussing this trial, Lesaffre
et al.19 also showed the extent to which different futility
monitoring criteria would have led to different decisions.

Distinguishing Futility from Harm
In settings in which negative trends emerge regarding the
primary outcome, it may still be useful to continue the trial
if the drug is associated with other clinical benefits, such as
reduction of symptoms, so long as it is safe to do so. The
Vesnarinone Trial (VEST) investigated the effect of two
doses of vesnarinone versus placebo on mortality and mor-
bidity in patients with severe heart failure.21 Vesnarinone is
an inotropic drug, a class known to improve cardiac function
in patients with chronic heart failure and in some cases to
improve quality of life. During the VEST trial, negative
trends on mortality emerged; however, a prior trial had
established benefit of vesnarinone on aspects of quality of
life and mortality,22 and the interim data in VEST showed
an improved quality-of-life score. In light of this evidence of
a possible benefit, the recognition of the importance of qual-
ity of life in this population, and the fact that the interim

trend did not cross the Lan–DeMets boundary for harm, the
DSMB allowed the trial to continue.23

DeMets23 demonstrates the value of a “beta spending” (i.e.,
spending the probability of a false negative) approach to
monitoring futility using the VEST data. This approach
requires the calculation of a group-sequential monitoring
boundary similar to the alpha-spending approach of DeMets
and Lan24 for monitoring efficacy or harm, but it instead
allows for repeated monitoring for futility while controlling
the trial’s false negative rate, thereby retaining trial power
despite the multiple testing. In the case of the VEST trial,
the negative trend on the primary end point of death in the
interim data crossed the beta-spending boundary, indicating
there was less than a 2.5% chance of finding an effect the
size of the prehypothesized benefit. The beta spending
allows a DSMB to weigh this information, together with a
monitoring boundary for harm and other trends in the data,
when considering whether it is safe and informative for a
trial to continue.

Additional Tools
Some DSMBs may wish to consider Bayesian approaches,
which incorporate prior information about treatment effects
along with the interim data, to assess the possibility of
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Figure 1. Trial B versus Trial A 95% Predicted Interval Plot.
Predicted confidence intervals for the final results of the hypothetical example trial as described in Table 2. This predicted interval plot
derives from 100 simulations of a hypothetical trial where the data for survival were 10/40 in group A vs 8/38 in group B done at an
interim analysis halfway through the trial, and the hypothesized trend of 25% mortality for group A vs 50 % mortality for group B for the
yet-to-be-observed data. The observed confidence interval at the interim analysis is shown in red.
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ultimately having a positive finding.16,25 For example, one
can compute predictive power, which is the conditional power
averaged over a range of assumptions about the treatment
difference that will be observed in the future data.16,25 In the
case of the VEST trial, if one had based the prior probability
distribution for treatment benefit on the relative risk and vari-
ance from the previous positive trial, the predictive power
halfway through the trial would have been 28%; but a prior
probability distribution that gave equal weight to a wide range
of relative risks would have led to a much lower predictive
power of less than 0.01%.23 A DSMB cognizant of the uncer-
tainties surrounding estimates from a single prior trial might
be more likely to base decision-making on the latter approach
to predictive power.

Revisiting Design Assumptions
An important aspect of futility analyses that a DSMB consid-
ers is whether the power calculations on which the sample
size was based need to be reconsidered. Contrary to condi-
tional power, a revised power calculation is not based on
unblinded interim results, but simply revisits the assump-
tions used to power the trial. At the design stage of a trial,
power calculations are based on assumptions regarding
event rates, recruitment rates, or variability of outcome
measurements that may or may not have been informed by
sufficient prior information for the population and treat-
ments under study or have been affected by environmental
changes. If these assumptions vary substantially from that
which is actually being observed in the trial, the actual
power may be considerably less than that originally calcu-
lated. Even when a trial design has been rigorously sup-
ported by prior data, these parameters can be subject to
change while the study is underway. For example, during
the recent Covid-19 pandemic, many ongoing clinical trials
experienced a much lower than expected recruitment rate,
with many medical settings suspending or halting the
screening of new patients.26 A revised power calculation
partway through a trial using updated information on impor-
tant design considerations can be useful. The purpose of this
calculation is to determine whether a null result at the end
of the trial would be informative under the updated assump-
tions. If the revised power is low, a null result might not rule
out the original hypothesized treatment effect, suggesting
that continuing the trial may not yield a definitive result.

ACTIV-4b, described earlier, is an example of a trial that was
terminated because of a much lower than anticipated event
rate. An example of a trial in which a low event rate led not

to termination but to an increase in sample size is an interna-
tional breast cancer trial that was launched in 2013 to study
the effect on disease-free survival of surgical timing during
the menstrual phase.27,28 Prior studies had suggested that
adjuvant oophorectomy surgery during the luteal phase of
the menstrual cycle might improve disease-free and overall
survival compared with surgery during the follicular phase.
Partway through the trial, concern arose that the event rate
originally assumed for the placebo arm was likely too high,
meaning that the trial as designed was underpowered. In
cooperation with the DSMB, investigators revised the power
calculations, resulting in an increase in trial size from 340 to
510.27,28 In the end, the hypothesized benefit of adjuvant
luteal phase oophorectomy could not be demonstrated.27

Summary
When futility analyses are specified as part of the interim
monitoring plan, a DSMB must consider the totality of the
interim data on primary and secondary outcomes, as well
as the emerging safety data, when making a recommenda-
tion to terminate a trial for futility. A promising trend on
an important secondary outcome or the desire to accumu-
late further safety data may warrant continuing the trial
irrespective of the futility analysis for the primary outcome,
assuming the safety data are acceptable. The broader con-
text of the goals of the trial, the risk-benefit balance for
patients, and whether a specific futility boundary has been
crossed are important factors that a DSMB should consider
before a final recommendation regarding trial continuation
is made. DSMBs should also consider whether the accumu-
lating data are consistent with those used for the initial
power calculations, because a lower than expected event
rate or greater than expected variability of the primary out-
come will have to be accounted for in any interim calcula-
tion of power or conditional power. Futility considerations
are not appropriate for every clinical trial but when used
properly, futility analysis implemented by a thoughtful
DSMB can improve the efficiency of clinical research, as
well as strengthen the protection of trial participants.
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