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IN RECENT YEARS, IT HAS BECOME IN-
creasingly clear that clinical prac-
tice should be based on empirical
evidence.1,2 This tenet, coupled

with the burgeoning number of poten-
tially beneficial interventions, has in-
tensified the need for rigorous clinical
trials to test medical interventions for
safety and efficacy. Despite the ur-
gency of gathering these data, it is es-
sential that patient-subjects be pro-
tected in the process.3

Substantial responsibility for ensur-
ing the protection of human subjects
is now vested in institutional review
boards (IRBs). These boards are charged
with reviewing and approving re-
search involving human subjects be-
fore it is conducted and with reevalu-
ating it at regular intervals to assess
continued safety of the protocol.4-6 In
all trials, ensuring the safety of partici-
pants is not solely the responsibility of
IRBs, but also of a multitude of others:
investigators, sponsors, the US Food
and Drug Administration (FDA), the
Office for Human Research Protec-
tions (formerly the Office for Protec-
tion from Research Risks), and data
monitoring committees (DMCs), also
called data and safety monitoring boards
or data and safety monitoring commit-
tees. Nevertheless, serious concerns
have been raised regarding the pro-
cesses by which the safety of partici-
pants in clinical trials is currently moni-
tored.7 Moreover, the emergence of
large, multicenter, and sometimes in-
ternational clinical trials and the in-
creasing shift of funding for clinical tri-

als to industry have made apparent the
inadequacy of mechanisms for protect-
ing patient-subjects that were devel-
oped during a period when clinical re-
search was generally carried out on a
small scale at single institutions.

To address these concerns regard-
ing the protection of human subjects
in the current and evolving environ-
ment in which clinical research is con-
ducted, a group of professionals with
expertise in various aspects of clinical
trials was assembled by the authors in
May 2000 (the names of members of
this group are listed at the end of this
article). Specifically, we included indi-
viduals with expertise in the design,
conduct, sponsorship, analysis, and re-
porting of clinical trials, as well as those
with expertise in the regulations gov-
erning research with human subjects,
IRBs, DMCs, research ethics, and gov-
ernment oversight.

At our initial meeting, participants
described and evaluated the mecha-
nisms by which clinical trials are moni-

tored, focusing on adverse event (AE)
reporting and the processes by which
various parties with oversight respon-
sibilities may or may not interact in the
course of these trials. Based on this in-
formation, we describe the manner in
which AE reporting would ideally func-
tion to enhance safety and the role of
DMCs in using aggregate data from
these reports along with other data
evolving during a clinical trial. We then
frame a statement of the problems that
currently exist for IRBs in fulfilling their
obligation to conduct meaningful on-
going review clinical trials, and offer
recommendations for improving the
current approach. Although we ben-
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Increased numbers of clinical trials, many of which are large, multicenter,
and sometimes international, and the marked shift of funding for clinical tri-
als to industry have made apparent the inadequacy of mechanisms for pro-
tecting human subjects that were developed when clinical research was gen-
erally carried out on a small scale at single institutions. To address concerns
regarding the protection of human subjects, a group of professionals with
expertise in various aspects of clinical trials was assembled in May 2000.
Participants described and evaluated the mechanisms by which clinical tri-
als are monitored, focusing on adverse event reporting and the processes
by which various parties with oversight responsibilities interact in the course
of these trials. In this article, we describe the manner in which adverse event
reporting might function to enhance safety and the role of data monitoring
committees in using aggregate data from these reports, outline the prob-
lems that now exist for institutional review boards as they are faced with
multiple adverse event reports from clinical trials while conducting continu-
ing review, and offer recommendations for improving the current approach.
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efited greatly from the insights, opin-
ions, and perspectives of the partici-
pants at our initial meeting, the views
presented herein do not necessarily rep-
resent those of the group because we
did not focus attention on reaching con-
sensus concerning these matters.

ADVERSE EVENT REPORTS
AS A MEANS OF
ENSURING SAFETY
Adverse event reporting ideally should
provide useful information regarding
safety in a clinical trial. In current prac-
tice, when AEs are observed in a trial,
investigators submit adverse event re-
ports (AERs) to the local IRB and the
study sponsor.8,9 General AEs are typi-
cally recorded on case record forms; se-
rious AEs are reported in an expedited
fashion to the research sponsor and to
the IRB. To ensure the safety of par-
ticipants in a clinical trial, AEs need to
present an accurate and expanding pic-
ture of potential harms. This includes
making a rational assessment of the
risks and benefits of an experimental
therapy and of the overall welfare of pa-
tient-subjects in a trial. Doing so as-
sumes that the random variation in the
background rates of adverse medical
outcomes prohibits the assessment of
causality in an individual event except
in very unusual circumstances. In-
deed, in many situations the overall
positive or negative profile of a thera-
peutic approach has been created by
events considered part of the natural
history of the disease of interest until
the excess events in a treatment group
statistically exceeded the rate of events
in a control group. For example, since
sudden death due to cardiac arrhyth-
mia is part of the natural history of myo-
cardial infarction, a single death due to
arrhythmia would not, in and of itself,
engender concern in a clinical trial test-
ing a new antiarrhythmic agent.10

To conduct a valid assessment of an
AER, it is necessary to have informa-
tion beyond that contained in the re-
port itself, such as the number of pa-
tients in the study as a whole, the
expected frequency of the AE re-
ported, and, in a blinded study, infor-

mation about whether the patient-
subject in question is receiving the test
agent. Information on efficacy is also
necessary to weigh risks and benefits.
For example, a fibrinolytic agent tested
in the setting of acute myocardial in-
farction may be associated with an in-
creased risk of intracranial hemor-
rhage in a small fraction of patients, yet
in a larger number of patients the agent
results in long-term survival benefits
due to a decrease in cardiac death.11 An
AER without information about ben-
efit would justifiably be alarming. In ad-
dition, information such as the demo-
graphic characteristics of patients
enrolling in the trial is necessary to de-
termine if any group of individuals is
unfairly bearing the burden of the risks
or is barred inappropriately from re-
ceiving the potential benefits of study
participation (as well as if the trial will
provide sufficient information to sup-
port use of the intervention if it is shown
to be effective).

ROLE OF THE DMC IN
EVALUATING TRIAL DATA
Data monitoring committees have
emerged as a means of assessing appro-
priateness of continuing clinical trials
based on evolving trial data.12 Such com-
mittees typically consist of experts in the
disease or condition under study, bio-
statisticians, and sometimes ethicists and
patient representatives.13 So as to not bias
the conduct of the trial by revealing early
data, DMCs act independently of the
sponsor and the study investigators.

The sponsor or steering committee
of a study charges the DMC to protect
patient-subject safety by examining
the accruing data for indications that
clear benefits or harm may be occur-
ring to individuals participating in the
trial.12 The DMC then makes a judg-
ment as to whether the trial should
continue. A decision to stop a trial is
usually made either because excessive
benefits or AEs have been observed or
because one study group shows
results significantly different from the
other, with obvious ramifications for
patients and subjects. In performing
its work, the DMC is usually looking

globally at the community of patients
and not at an individual patient-
subject. This is possible because
investigators typically report AEs to a
data coordinating center, which then
compiles data for the DMC to review
at predefined intervals. The DMC
then uses preplanned statistical analy-
ses to determine if any serious AEs or
clinical end points differ between the
treatment groups; it does not ordi-
narily evaluate the specific circum-
stances of individual events not
considered end points. The DMC tra-
ditionally reports directly to the spon-
sor or steering committee, not to the
IRB, investigator, and, generally, not
to regulatory authorities, although it
has obligations to all these groups.12

PROBLEMS FACED BY IRBS
IN INTERPRETING ADVERSE
EVENT REPORTS
Although many large-scale trials use a
DMC, individual oversight of research
by an IRB is the mainstay of federally
mandated subject protection.5,6 How-
ever, the extent to which an IRB can
evaluate accurately the potentially criti-
cal information in AERs is question-
able, especially in large-scale, multi-
center trials, due to a variety of factors.
First, IRBs receive individual AERs, both
from their own site and other partici-
pating sites, yet these reports are diffi-
cult to compile and interpret because
they are submitted to the IRB as indi-
vidual reports typically without any ex-
planation of how the event relates to any
other events previously observed.14 Sec-
ond, in international trials, differences
in standards of care and language may
make the clinical significance of re-
ported AEs even more difficult to inter-
pret. Third, in blinded studies, this in-
formation is provided to IRBs without
a treatment code and information on ef-
ficacy. Fourth, multiple trials with an ex-
perimental agent are often in progress
simultaneously, but each IRB may have
access only to the data from trials over
which it has authority. Similarly, an IRB
might not consider other relevant data
from studies at other institutions test-
ing the same or a similar agent or other
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treatments for a particular disease com-
pleted during the ongoing trial that it is
reviewing.8 Fifth, it is likely that many
IRBs do not have sufficient statistical or
clinical expertise or access to appropri-
ate information to allow them to evalu-
ate properly the issues of safety and ben-
efit that arise in the course of a trial.
Perhaps this is not surprising because
there are no federal requirements to have
such expertise on IRBs. As a result of
these factors, IRBs frequently are un-
able to translate observations regard-
ing individual AEs into a coherent as-
sessment of the overall risks and benefits
for a trial.

Moreover, IRBs have become inun-
dated with AERs, with as many as sev-
eral hundred reports submitted to IRBs
that oversee a large number of studies
each month.8 Some of the excessive bur-
den that AERs create for IRBs may be at-
tributed to the following: confusing ter-
minology in the regulations that govern
trials, differing requirements of the gov-
ernmental regulatory bodies involved in
ensuring patient-subject safety, and in-
consistencies in the regulations them-
selves. In certain cases it is not clear pre-
cisely what AEs must be reported, how
rapidly they must be reported, who
shoulders the main responsibility for
reporting, or to whom completed re-
ports must be submitted. For example,
the FDA requires the investigator to
“promptly report to the IRB all unan-
ticipated problems involving risk to hu-
man subjects or others.”9 Regulations
from the Department of Health and Hu-
man Services require prompt reporting
to the IRB of “any unanticipated prob-
lems involving risks to subjects or oth-
ers.”15 However, the word “others” in the
first regulation is confusing since it could
refer to risk to other patients in the trial
or even to those not in the study. In both
regulations, the term “unanticipated
problems,” left undefined, could en-
courage the reporting of any problems,
related or unrelated to the trial. In an-
other section of the FDA regulations, in-
vestigators are required to report (to the
sponsor, but also, by implication, to the
IRB) “any adverse event that may rea-
sonably be regarded as caused by, or

probably caused by, the drug” being
studied.16 These requirements could be
interpreted to mean that all AEs, whether
serious or not and whether they occur
locally or at another site, must be re-
ported by the investigator. What about
minor medical events of unknown re-
lationship to the study drug? What about
events expected as part of the natural his-
tory of the disease of interest?

The confusion in reporting respon-
sibilities is further compounded by FDA
regulations that require sponsors to no-
tify investigators of “new observations
discovered by or reported to the spon-
sor of the drug [under study], particu-
larly with respect to adverse effects and
safe use.”17 This directive could be in-
terpreted as a requirement that all AEs
be sent to all investigators. Eager to
avoid liability, sponsors of clinical tri-
als might then require investigators to
submit all AERs to their local IRBs; in
some cases, even in international mul-
ticenter trials, all AERs are sent to mul-
tiple individual IRBs.

In contrast to myriad requirements
for reporting AEs, US regulations lack
provisions about how IRBs should
handle these reports once they have
been received. The FDA does not actu-
ally require that the IRB review
all AERs but depends more on the
study sponsor to accrue data concern-
ing AEs. To date, federal auditors
have been interested in determining
whether investigators are complying
with the requirement to report AEs
and whether the events recorded on
case record forms are consistent with
the medical records of the patients
who have experienced the AEs. This is
not a systematic approach to control-
ling the quality of clinical investiga-
tion; it is instead a blunt, nonquantita-
tive assay of whether investigators or
study coordinators are sloppy or
duplicitous in their work.

Flooded by AERs and poorly posi-
tioned to interpret the emerging trial
data, IRBs have tended to focus on op-
timizing regulatory compliance instead
of using AERs to determine whether the
risk-benefit assessment for locally en-
rolled patients is affected. When the pros-

pect of many individual IRBs in large
studies all attempting to replicate an as-
sessment of the safety and efficacy of the
therapy of interest is considered, the im-
plications are magnified. At the same
time, the enormous amount of work per-
formed by IRB administrators and mem-
bers to complete these functions is likely
to be costly.

HOW BETTER INTERACTIONS
CAN IMPROVE THE SAFETY
OF TRIALS
If IRBs are usually unable to determine
accurately from isolated AERs whether
undue threats to the safety of patient-
subjects exist, then who should char-
acterize the emerging safety profile
of an intervention, whether an investi-
gational medical product, a behavioral
intervention, or an administrative
practice intervention? Ultimately, no
single group can provide complete
protection of patient-subjects. A
systematic plan is required for each
trial so that appropriate input comes
from each entity involved in its over-
sight. Furthermore, communication
among the different entities needs to
be enhanced and these groups need to
come to an understanding of their
complementary and unique roles in
the conduct of trials.

In a small, single-center study, the
IRB, in conjunction with the investiga-
tors, must assess the collected data on
AEs and positive clinical outcomes. Per-
forming this task requires that those with
adequate expertise in clinical trials, sta-
tistics, and the clinical condition being
studied periodically review the data to
ensure proper reporting and interpre-
tation of AEs. A knowledgeable and ex-
perienced study statistician can often
serve this role. Investigators or others
charged with data monitoring should
plan to provide aggregated data sum-
maries to the IRB at prespecified inter-
vals and explanations about the serious-
ness and relatedness of the AEs to the
study intervention. This plan should be
explicit and should be agreed to by the
investigators, the IRB, and those assum-
ing responsibility for monitoring be-
fore the trial begins.
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In most multicenter trials, an inde-
pendent DMC is required to provide the
type of aggregated data that permit
meaningful oversight. The DMC, the
sponsor, and the investigators must de-
velop a systematic approach for report-
ing to local IRBs so that the IRB’s func-
tion of assessing continued subject
safety is not abrogated. Institutional re-
view boards should not be forced to
function as DMCs, and there should be
no overlap of their functions.

Unfortunately, the composition and
function of DMCs and how they are to
communicate with IRBs and other par-
ties in multicenter studies is often
vague.18,19 As a result, the DMC’s spe-
cific operational and statistical ap-
proach to interim analysis of incoming
data should be constructed by the spon-
sor, the study statistician, and the steer-
ing committee for the study, and assess-
ment of this approach should be part of
the IRB approval process. Safety param-
eters should be established at the out-
set of the study. These parameters might
include specified rates of certain toxici-
ties or beneficial outcomes that would
require discontinuation or modifica-
tion of the study. Although the DMC
should not set the rules for interim analy-
sis, it should indicate whether the pro-
posed rules are feasible. In addition, how
the DMC will interact with the IRB
should be well outlined.

Once research has begun, in most
cases, the DMC should provide a simple

report to each IRB at appropriate and
regular intervals indicating that the safety
parameters established at the start of the
study have not been exceeded and that
there are no reasons based on evolving
information concerning risks and ben-
efits that the study should not con-
tinue.20 However, direct communica-
tion between the DMC and IRB also
could create problems, including diffi-
culties in communicating information
in a timely and usable fashion. This topic
is worthy of continued evaluation. The
requirement that all studies, both single
center and multicenter, have a clear plan
for monitoring safety also is appropri-
ate.21 At the same time, the responsibil-
ity that an IRB currently shoulders
should not merely be transferred to a
DMC. The important point is that the
information provided by the DMC to the
IRB needs to be well defined so that
members of the IRB can expect that they
will obtain the data needed to make de-
cisions about whether local modifica-
tions to the protocol or informed con-
sent process are required without
unblinding the study or adversely af-
fecting the investigators or sponsors.

RECOMMENDATIONS
FOR MONITORING
CLINICAL TRIALS
In addition to these efforts at enhanced
communication, a variety of other modi-
fications to the current system seem in
order (TABLE). Regulatory agencies

ought to define their nomenclature for
AEs with more precision and harmo-
nize their requirements for reporting.
For example, it would seem to make
sense that only serious, unexpected, and
potentially related AEs (not those that
are part of the disease process under
study or those that are related to the
known mechanisms of the experimen-
tal agent) should be reported in an ex-
pedited fashion as they occur. While the
mechanisms for such reporting would
need to be developed and evaluated, hav-
ing persons knowledgeable about the ex-
perimental agents and the disease pro-
cesses evaluate AEs to determine the
need to provide expedited vs routine re-
porting is of central importance. Per-
haps lists of AEs that would not need ex-
pedited reporting could be created at the
outset of a trial.

Serious, unexpected, and potentially
related AEs should be assessed by the
IRB in the context of an analysis pro-
vided by the study sponsor that ideally
includes a recommendation for whether
modifications in the informed consent
and additional safety measures are war-
ranted. These, as well as other reports,
should be compiled on a case record
form and sent in summary statements
to the data coordinating center. Ad-
verse events known before the start of
the study to be critical events in the as-
sessment of safety and efficacy should
be reported in a systematic fashion as ei-
ther present or absent. This approach
will allow summary reports to be inter-
preted with confidence that the ob-
served incidence rates are accurate.

Institutional review boards should
have 3 major roles in a multicenter trial
in addition to reviewing the research
protocol, including the procedure for ob-
taining informed consent, before the
study begins. First, the IRB should ex-
amine and approve the plan for study-
wide monitoring. Second, each IRB
should be able to certify that the inves-
tigators under its purview understand
the regulations governing the contin-
ued safety of patient-subjects in the trial,
such as AE reporting and the collec-
tion and maintenance of study docu-
ments. Third, each IRB should review

Table. Recommendations for Improving Monitoring in Clinical Trials

Group or Person Recommendation

Regulatory agencies Agreement by regulatory bodies on the requirements for adverse
event reports

Institutional review boards Review and approve plan for monitoring study

Certify investigator compliance with regulations governing human
experimentation

Review data monitoring committee reports and query investigators
as needed

Data monitoring committees Provide monitoring plan to institutional review board

Provide summaries of study safety to institutional review board at
agreed-on intervals

Sponsors Provide aggregate data regarding safety of an experimental
intervention to an institutional review board when requested

Report serious and unexpected adverse events to institutional
review boards with detailed interpretation of the likeliness of
association with the intervention

Investigators Supply interpretation of adverse events within the context of
known data about the intervention
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aggregate AERs and DMC communica-
tions as part of a thorough, continuing
review of research. After reviewing this
information, IRBs may determine that
protecting the welfare of the patient-
subjects for whom they are responsible
requires that the investigator be que-
ried as to whether additional safe-
guards may be necessary.22

Institutional review boards should
also seek input from the study spon-
sors (whether government agencies,
foundations, or industry groups) in
making assessments of safety in trials.
Sponsors often possess a considerable
amount of information from other stud-
ies (animal and human) and usually are
in an excellent position to character-
ize AEs and their relationship to the in-
tervention being investigated. This may
be best accomplished by requesting that
sponsors compile and maintain up-to-
date information with a cumulative
summary of AEs and a statement of the
probability of relationship with the in-
tervention so that IRBs can decide on
an ongoing basis whether additional
safeguards are required. By receiving a
summary of relevant data, IRBs would
have access to the type of information
they need to protect human subjects
without being overburdened by extra-
neous data. This approach would al-
low a more systematic approach to be

taken to analyzing and assessing the ag-
gregate data collected from trials.

Nonetheless, potential conflicts of in-
terest should prevent any sponsor from
being the sole monitor for a trial. This
approach is especially important in
phase 1 and 2 trials, which are typi-
cally conducted specifically to assess
toxicity and are not designed to make
a definitive evaluation of whether a
therapy should be applied in practice.
Therefore, some independent means of
monitoring must be used. In defini-
tive phase 3 trials, we recommend that
the sponsor allocate responsibility for
safety evaluation to an independent
DMC to minimize conflicts of interest
among those making the necessary
judgments during a trial.

The current system for protecting hu-
man subjects in large-scale multicenter
trials is outdated. It charges IRBs with
functions that they cannot credibly per-
form. We believe that adopting the ap-
proaches outlined herein would likely
enhance the safety of human subjects
who participate in multicenter trials.
Nevertheless, we advocate the contin-
ued evaluation and assessment of this
system and refinements where neces-
sary so that important clinical research
can be conducted without jeopardizing
patient safety and without creating un-
necessary work.
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