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Data safety and monitoring boards, also known
by other names (e.g., data monitoring committees),
were first introduced in the 1960s as a mechanism
for monitoring interim data in clinical trials in or-
der to ensure the safety of the participating sub-
jects. The key concept was to recruit board mem-
bers who were expert in the field of interest but
not otherwise intimately involved in the study (that
is, not organizers, sponsors, or investigators), so
that they could be objective in their assessment of
issues that arose during the study. Over the past dec-
ade, the use of data and safety monitoring boards
has increased substantially, for a number of rea-
sons. These include the greater number of trials
with end points such as death from any cause or
death due to cardiovascular disease,
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 more trials
funded or sponsored by government agencies that
require such boards as part of their design, and
greater awareness of methodologic issues in trial
design, especially with respect to the potential bias
that can result when trials are stopped early because
of evidence that one treatment has greater efficacy
or causes greater harm than another.

Data safety and monitoring boards are com-
monly composed of biostatisticians, scientists, bio-
ethicists, and clinicians who are knowledgeable
about the question being studied. Their principal
role is to ensure the safety of patients, which they
do by analyzing adverse events and by performing
interim analyses of the clinical outcome data.
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 Al-
though the boards may have other charges, their
primary role is to protect the safety of trial partici-
pants; to do so, they may request further informa-
tion from investigators, require that investigators
change the informed-consent document, or recom-
mend the discontinuation of a trial. The powerful
mandate of data safety and monitoring boards —
particularly their authority to recommend stopping
trials early — can have far-reaching effects on clin-
ical practice. Although there is a growing literature
on the role and function of these boards,
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 sur-
prisingly few articles have focused explicitly on the

ethical dimensions and implications of their deci-
sions, or on proposed approaches or solutions to
the ethical challenges they face. In this article we ad-
dress two central questions: What is the appropri-
ate balance between the obligation of board mem-
bers to protect study subjects, and their duty to
patients and clinicians outside the trial, for whom
a clear and convincing answer to the clinical ques-
tion will have important implications? And should
data safety and monitoring boards have a policy lim-
iting disclosure of interim results, especially when
such disclosure could influence the decision of a
patient to enter the trial?

Decisions by data safety and monitoring boards
to stop trials early have potential implications for
three distinct groups: research subjects currently
enrolled in the trial, prospective subjects who may
be recruited around or after the time of a decision
to continue a trial after a board audit, and the pop-
ulation of patients, both current and future, who
stand to benefit from clarification of an impor-
tant clinical question. In research, the investiga-
tor’s principal ethical obligations are to design
the study so as to minimize risk, to ensure the ad-
equate disclosure of the remaining risks to prospec-
tive subjects, and to protect individual subjects en-
rolled in the study. This much is uncontroversial.
However, these obligations occasionally conflict
with other compelling ethical obligations, partic-
ularly the investigator’s responsibility to maximize
the social value of his or her research by designing
trials in a way that is most likely to provide a clear
answer to the question under study. Such conflicts
have been discussed in the literature on research
ethics as it relates to the standard of care in clini-
cal research,
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 in international clinical trials,
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and in studies of public health interventions.
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 De-
cisions by data safety and monitoring boards to

the obligation to protect 
and serve
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stop trials early, because the interim data indicate
that one of the interventions being compared leads
to greater benefit or harm, bring these tensions
into sharp relief and demand an explicit account
of how they can be balanced.

The critical challenge for the members of a data
safety and monitoring board is to determine when
the interim data cross some boundary and become
“conclusive,” rather than simply suggestive, thus
justifying an early termination of the trial. This is
where prespecified “stopping rules” come into
play.
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 By convention, the usual test of statistical
significance at the end of a trial is that the probabil-
ity of the expected findings’ occurring by chance
alone is less than 5 percent (i.e., P<0.05). However,
when interim data are analyzed multiple times, as
occurs regularly in analyses by data safety and mon-
itoring boards, the use of a P value of less than 0.05
as the criterion for stopping a trial can lead to a
false conclusion that the difference between the
study groups is significant, as a result of the ef-
fects of multiple tests of significance.
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 Further-
more, the results of clinical trials that are stopped
early are likely to exaggerate the magnitude of a
treatment effect.
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As a result of these problems, statisticians have

developed various rules to guide interim data analy-
sis; these “stopping rules” can be less stringent with
respect to evidence of harm than with respect to
evidence of efficacy. One approach is to stop trials
early only when there is overwhelming evidence
that one intervention is better than another. An ex-
ample of this is the suggestion by Peto et al.
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 that
trials should be stopped early only if the P value at
any interim analysis is less than 0.001. Another ap-
proach is to develop a “stopping boundary,” which
changes as the trial gets closer to its predetermined
sample size.
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 The rationale is that as the end of the
trial nears, a less stringent P value is required to in-
dicate significance, since the results are less likely
to change when additional patients are enrolled than
was the case early on in the trial.

An instructive example of this situation is a trial
comparing a recombinant tissue-factor pathway
inhibitor (tifacogin) with placebo for the treatment
of selected patients with severe sepsis.
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 At the sec-
ond interim analysis, when 722 patients had en-
tered the trial (approximately half the projected
number), mortality was 38.9 percent in the place-
bo group, as compared with 29.1 percent in the ti-
facogin group, with a P value of 0.006. This P val-
ue would have been significant at the end of the

trial but did not cross the predetermined bound-
ary for stopping the trial at the time of the interim
analysis. After considering the interim results, the
board ultimately decided that the study should
continue.

One could argue that at the interim analysis,
given the relatively large treatment effect (relative
reduction in mortality, about 25 percent), with a
P value of 0.006, it was extremely likely that tifaco-
gin was in fact better than placebo. The data safety
and monitoring board had compelling (but not de-
finitive) reason to believe that subjects enrolled af-
ter the interim analysis and randomly assigned to
the placebo group were at greater risk of death than
subjects assigned to the tifacogin group. Aside from
the issue of tifacogin’s status as a drug that had not
yet been approved by the Food and Drug Adminis-
tration, how should the board’s decision to contin-
ue with the trial be characterized ethically?

The stringent early stopping rule used in the
study had the effect of a “Ulysses contract,” an agree-
ment to stick to a particular course of action made
in anticipation of a persuasive, but potentially mis-
leading, argument or set of data (named after Ulyss-
es’ insistence, in advance of his encounter with the
Sirens, that his men not untie him from the mast of
his ship no matter how much he pleaded with them).
It thus protected the board members against the se-
ductive power of the early (and, as it turned out, mis-
leading) evidence and permitted adequate time for
the real findings of the study to emerge. 

For the ethical analysis, it is important to rec-
ognize that the decision to specify a stringent stop-
ping rule in the trial itself represents an ethical
commitment — namely, to protect the scientific
integrity (and hence the ultimate clinical value) of
the trial by maximizing its capacity to resolve the
important treatment question. The stringent stop-
ping rule provided a secure basis on which the
board members could determine not only whether
the interim evidence had satisfied the statistical re-
quirements, but also whether the evidence partway
through the trial would be sufficient to convince
the medical community to accept the investigation-
al therapy. Thus, although the necessary P value
may vary according to the nature of the clinical trial,
stringent early stopping rules may be an effective
way to maximize the social value of clinical trials.
In the trial described above, recruitment was con-
tinued until the predetermined sample size was
reached, and the very strong trend favoring tifaco-
gin vanished: in the final results, mortality in the
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tifacogin group was 34.2 percent, as compared with
33.9 percent in the control group — a statistically
nonsignificant result.
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The subjects who were enrolled after the interim
analysis in the tifacogin trial were not told the de-
tails of this interim analysis, nor were the trial in-
vestigators. For many data safety and monitoring
boards, this is standard practice. The rationale is
that the evidence at an interim analysis may not be
conclusive. Disclosure of suggestive interim re-
sults could seriously jeopardize the clinical trial
by disturbing the assumption of clinical equipoise
on the part of investigators that is necessary to justi-
fy the random assignment of subjects, it could make
physicians hesitant to enroll any more of their pa-
tients, and it could adversely affect adherence to
clinical trial protocols.
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 In contrast, nondisclosure
has been criticized by some commentators, who
suggest that withholding the specific results of
interim analyses from prospective subjects is un-
ethical and may even be tantamount to fraud.
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 Al-
though not representative of previous trials of treat-
ment protocols for patients with severe sepsis, in
which interim trends persisted through the final
analysis, the case of the tifacogin trial provides an
excellent illustration of how disclosure of the in-
terim data would not have clarified the true risk
for potential subjects and, in fact, would have been
misleading.

How, then, can the need of society for clarification
of important clinical questions be satisfied while
research subjects in clinical trials are protected?
In cases in which data safety and monitoring boards
do not stop trials in the face of an interim analysis
that suggests a particular outcome, it is custom-
ary for the board not to disclose the interim data
or the rationale for their decision to the investiga-
tors, to the subjects already enrolled, or to poten-
tial subjects, though there have been notable re-
cent exceptions.

 

20

 

 We propose that when a data
safety and monitoring board is involved in a trial,
prospective subjects should be informed about the
board and told that any recommendation it makes
to continue the trial, rather than stop it in the face
of evidence suggestive of important differences in

effectiveness among the treatments, might pro-
long exposure to a therapy that could turn out to be
suboptimal or even harmful and could delay their
access to an intervention that could ultimately prove
to be more effective. In addition, subjects should be
informed that the interim results will not neces-
sarily be revealed to them or their physicians, even
if there is a suggestive trend in favor of one treat-
ment or other, so as to maintain the scientific in-
tegrity of the study.

An explanation of the decision-making process
of the data safety and monitoring board and its po-
tential implications for research subjects is current-
ly not built into the informed-consent process in
most trials. Consent forms are already notorious
for their length and complexity, and there is sensi-
ble resistance to expanding them further. But we
believe that information about the board, how it as-
sesses risks, and how it makes its recommenda-
tions to the investigators through the course of the
trial is directly relevant to potential subjects and
must be conveyed in order to meet even the basic
regulatory requirements of disclosure. Therefore,
we propose that such information be given to pro-
spective subjects when their informed consent is
being obtained. A standard section on the informed-
consent form might be developed for use in many
trials involving a data safety and monitoring board;
this section could easily be modified to accommo-
date specific issues in any given trial, even before
the board is constituted.

Informed consent alone does not render the deci-
sions of a data safety and monitoring board ethi-
cally acceptable. It is also necessary that the full
rationale behind a decision either to terminate or
to continue a trial (though not necessarily all the
specific data) be publicly available. The preferred
way to do this, we think, is through publication of
the board’s decisions after the trial has been com-
pleted. For example, Wheatley and Clayton recently
reported their summary of the rationale behind
the data safety and monitoring board’s decision
not to stop a chemotherapy trial funded by the Med-
ical Research Council (MRC) in the United King-
dom in which four courses of chemotherapy for
acute myeloid leukemia were compared with five
courses.
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 The target sample size was 1000 pa-
tients; an interim analysis performed after 480 pa-

disclosure of interim data 

disclosure of general risks as part 
of informed consent

publicizing the board’s decisions 
and rationale
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tients had been enrolled showed that the five-course
regimen was associated with lower mortality than
was the four-course regimen (17.1 percent vs. 27.5
percent, P=0.002). 

Although there were no formal rules for early
termination of MRC-funded leukemia trials, the
MRC suggested at the time that trials should be
stopped early only when there was proof beyond a
reasonable doubt and endorsed the general guide-
line that a P value of 0.002 be required to justify
stopping a trial. The chief reason given by Wheat-
ley and Clayton for the board’s not stopping this
trial even though this stringent P value was ob-
tained was that the board members felt that the
treatment effect was implausibly large.
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 Their
judgment proved to be correct. At the end of the tri-
al, the mortality rate in the five-course group turned
out to be slightly, but not significantly, higher (29.2
percent vs. 25.9 percent). Wheatley and Clayton
also argue that fixed rules based simply on rigid
predefined statistical boundaries should never be
used to stop a trial. In this case, had the trial been
stopped early, the clinical recommendation would
have been that young patients with acute myeloid
leukemia should receive five courses of chemother-
apy instead of four, with substantial additional tox-
icity and cost.

It is a reasonable expectation that data safety
and monitoring boards should be transparent about
how they arrived at any decision on the early termi-
nation of a trial. Although technical criteria for
stopping the trial may have been met, the board may
make the additional assessment that the evidence
that could be derived at the time of the interim
analysis was insufficient to ensure that the find-
ing would, indeed, affect policy, practice, or both.
We believe these judgments, when made deliberate-
ly, conscientiously, and for reasons that are trans-
parent and accessible, can be ethical and may even
be critical for ensuring the highest respect for the
subjects’ contributions to the research (as long as
the other necessary conditions are met).

Uncertainty is an unavoidable feature of interim
data analyses. The critical challenge with respect
to the ethics of decisions that data safety and moni-
toring boards make on the basis of these analyses is
to find the appropriate balance between the obli-
gation to maximize the scientific validity and val-

ue of the clinical trial, on the one hand, and the obli-
gation to protect human subjects and provide them
with meaningful information on which to base
their decisions about whether to enroll in a trial,
on the other. Data safety and monitoring boards
must be rigorous in their analysis of the data so as
to ensure the highest potential value of the sci-
ence. Since there are no accepted standards of what
constitutes conclusive evidence, the process by
which board members arrive at their decisions must
be transparent. One way to achieve this goal would
be for the board, after a trial has been completed, to
disclose publicly the full rationale for continuing
the trial or for stopping it prematurely. If prospec-
tive subjects are fully informed about the process
and the potential implications of the board’s deci-
sions, we believe the ethical obligation to disclose
relevant risks adequately to human subjects can
be satisfied, while stringent evidentiary standards
are maintained that will maximize the scientific
value and — more important — the clinical value
of the trial.
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Institutes of Health), and the other for a trial examining the efficacy
of vasopressin in the treatment of septic shock (sponsored by the
Canadian Institutes of Health Research). Dr. Lavery reports that he
is a member of the data safety and monitoring board for the current
phase 3 trial of a vaccine against human immunodeficiency virus
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