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This is a commissioned report by a writing committee formed by the Society for
Clinical Trials. The committee was formed with the objectives of 1) reviewing data
monitoring guidelines for confirmatory (phase 111) tralIs published by the National
Institutes of Health, US Food and Drug Administration, Veterans Administration,
and the International Conference on Harmonisation and 2) proposing correspon-
ding guidelines for exploratory clinical trials (ie, most phase I and phase 11 trials and
others not requiring a fully independent data monitoring committee). These trials
typically involve fewer subjects and are of shorter duration than phase IlI trials.
Nevertheless there are safety concerns, especially because these are often the first
human trials for a new intervention. Recommendations are given for appropriate
elements of a data monitoring plan, decision criteria for institution of a data moni-
toring committee (DMC), and critical elements for a DMC to consider in
exploratory trials. Review and approval of data monitoring plans are suggested to
fall under Institutional Review Board purview. Forming a committee with all the
characteristics of a traditional phase III trial monitoring committee may be war-
ranted for a small fralction of exploratory trials. Such a panel could consist of both
trial investigators and outside members. The paper concludes with examples of
data and safety monitoring practice from the University of Wisconsin
Comprehensive Cancer Center and the AIDS Clinical Trials Groups. Clinical Trials
2006; 3: 314-319. www.SCTjournal.com

Introduction and terminology
Data and safety nonitoring in clinical trials cani be
defined as a planned, ongoinig process of reviewinig
data collected in a clinical trial with the primary
purpose of protecting the safety of trial partici-
pants, the credibility of the trial, and the validity
of trial results [11. Data monitoring committees
have been formed for the purpose of providing
independent review of clinical trial data. Tlhe
National Institutes of H--fealth (NI1t) 12-41, US Food

and Drug Adninistration (FDA) 151, the US
Department of Veterans Affairs (VA) [61 and the
Interinational Conference on Harmonisation (ICH)
[7-9] have all issued guidelines for the formation
and best practices for these committees. These
guidelines include criteria for deciding which trials
neeed a formal DatahMonitoring Committee
(DMC). With some exceptions, the criteria corre-
spond closely to the definitionI of randomized con-
trolled trials with mortality or major imorbidity
enTidpoin ts.

aNational Institute of Allergy and Infectious Diseases, Bethesda, MD, USA, bUniversity of Texas M.D. Anderson Cancer
Center, Houston, TX, USA, clohns Hopkins University Bloomberg School of Public Health, Baltimore, MD, USA, dHarvard
School of Public Health, Boston, MA, USA, 0University of Wisconsin School of Medicine and Public Health, Madison, WI,
USA, fBioStrategics Consulting, Ltd., Marblehead, MA, USA, gFred Hutchinson Cancer Research Center, Seattle, WA, USA
Author for correspondence: Dennis 0. Dixon, NIAID/NIH, MSC 7609, Bethesda, MD 20892-7609, USA.
E-mail: dd23a@nih.giv

© Society for Clinical Trials 2006

a -, I l

10.1 191/1740774506cnl49oa



Data monitoring guidelines 315

Recent policy guidelines irn the US 13,41 indicate
that a data monitoring plan should exist for all clin-
ical trials be they exploratory (phase I, 11) or confir-
inatory (phase Ill). I A prinicipal issue in this regard is
whether independent review, such as a formal DMC
is required in the exploratory trials or whether other
models can better meet the needs of these early clin-
ical studies. Complete independence of members
from the investigators and sponsors and severe
restrictions on access to interim trial restults are
defining characteristics of DMCs for plhase 11l trials
and certain other trials, so the decision to rely on a
D)MC has real irmplication-s. Our concerrn is withi
those trials not using a l)MC, niot the question of
whether a particular trial should use one.

r'lhe data miionitoring plans of all stucdies, regard-
less of phase, share comnmon elemnents, but most
attentioni heretofore has been oll stuidies employing
formal DMCs. We want to encourage a systematic
approach for the interim monitoring of all clinical
trials. Little gulidance is available for organizing
monitoring plans for exploratory trials, although
some individual institutions have established
guidelines (eg, 110,111). In this article we attermpt to
provide such guidance. Hlibberd and Wein-ier H13]
recently addressed the same issue, although the per-
spective is somewhat different. I-The DAMOCLES
Project has provided a comprehensive bibliography
on data monitorinrg [14].

In November, 2003 the Publication Commiiittee
of the Society for Clinical Trials identified a need for
specifving characteristics of acceptable data moni-
toring plans for exploratory clinical trials. TIhe
society commissioned a writing committee to
propose a set of characteristics the society could
support. T'his paper presents the cornmmittee's rec-
omnmendlatiolnis.

'[he term datat rrloitoriii,_g 1llZ (co)rr7oniittc) hierein
will be considered to be equivalent to data arnd safPtty
monitoniS Iplant (boardl) as used in NIH guidelinies.
We use the term sponsor to mean the organizationi
that provides funding for the clinical trial. It can be
a government agency, foundation, pharmaceutical
firm or institution conducting the trial. 'I he term
subject may refer to a patient or other voluLnteer. Th-e
term intervenition may refer to a druTg, surgical proce-
dure, mendical device or behaviorbal interveiition.

I "Exploratory" clin-iical trial means aiwv trial that does
Inot require a fully indepenident data moinitoring coim-
rmittee; it generally refers to phase I and II, but niot
always. Tradition.ally Data NoIon itor ing Committees
have been employed mainly for landoini7ed con-
trolled trials, ancd some plhase Ill trials use historical or
other nonranidomized controls. Our focus here is oni
cliniical trials niot deemed to require a Data Monitoring
Committee under relevanit regulations and policies.

'I'he issues discussed here are relevant beyond the
United States, although terminology differs in other
locales. "Institutional Review Board" (IRB) is not
quite equivalent to "Ethics Committee" or "Local
Ethics Commiittee" as ulsed elsewhere. Details of the
recoimmendations contained herein would have to
be adapted to the local regulatory or policy envi-
ronment.

Prerequisites of an adequate plan

All trials mu1st be designed to facilitate monitoring.
[he coiniponenits of a good protocol are the topic of
maniy guidances and are outside the scope of this
paper. A well-written protocol will prevent multiple
unnecessary deviations which miight impact on
study integrity or even safety. The following
protocol and design elements should be regarded as
prerequisites for a good data monitoring plan:

* Eligibilitv criteria must ensure enrollment of sub-
jects with appropriate risk/benefit ratio - that is,
do not put subjects at risk by enrolling those who
are either unlikely to benefit and/or at inordinate
risk for toxicity. Establish meaningful baseline
organ dysfLnction limits for entry, for example,
hypertension or diabetes adequately controlled.

* On-treatmnent safety evaluations (examinations,
adverse event monitoring, laboratory testing,
ECGs, and so on) must be required at sufficient
intervals to elicit emerging safety problems in the
relevant subject population, and the amount of
information and level of detail that is necessary
for captur1e oi case report forms is adequately
specified-.

* Suibject registration systems must be in place to
ensure that all eligibility criteria, including the
signing of the informled consent docunment, are
checked prior to treatmeint start. Suitable guid-
ance is given regarding concomitant medication
and procedures.

* Adequate provisions muLst be made for discontin-
uation- or dose modification of the drug in an
individual subject in the case of adverse event,
(lisease progression and need for additional/alter-
nativre th-ierapy.

* Adequate procedlures muist be established for dis-
continuinrg the entire trial or suspending enroll-
mnent of subjects for reasons of safety and/or
efficacy.

* Directions regardiing the observation, determina-
tion anid reporting of adverse events are satisfac-
tory anid all sponsor contact personnel are
identified.

* TFhere must be an adequate plan for data manage-
ment so that data (case report forms, laboratory
reports) are submitted in a timely manner and
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data are processed, surnmarized an(c iinoritored
with appropriate frequenicy.

* [here is a cogent analytic plain for safety and effi-
cacy and justificationi of samnple size.

* Ongoing data and safety review process (includ-
ing to whom recommendations go) must be
described.

* Definitions of potential conflicts of interest for
protocol team, investigators and DMC members
should be described.

Basic structure and operations

rhe fully independent, chartered D)MC is the ulti-
m-nate implemnentation of the data and safety moni-
toriing principles [1]. The opposite eind of the
spectrum consists of the study chair or principal
investigator, usuLally withl a few staff and other close
colleagues, following trial progress and making
adjustments in an inforim-al way. The historical
recor(I demonstrates that thel informal approaclh
has been effective in a large rnajority of trials. [hose
situations in which it has not been effective point
to the rieedl for muodels tliat incorl)orate mnore for-
mality and independence, albeit short of a DMC.

In the last few years experience has beeni gained
with mnonitoring structures in-termediate between
DMCs and those usitng only study chairs. The two
relevaint dimensions of difference are the degree of
independence and of preplanning. "Indepeindence"
in this context has no absolute definition. DMC
members almost always have no role whatsoever
with the trial they monitor other than service on
the 'DMC. L,ess restrictive interpretations wouild
allow persons in the samne institution who do not
collaborate with the protocol tearmn mnembers or see
the trial volunteers. [hey might eveni be in the
samiie medical school departmnent as long as there
were n(o supervisory relationships. A particular
monitoring entity could, in principle, have any
fraction of its me-mbers fuLlly independent, partially
independent, or in ternal to -the protocol team.

Each structure involves different tralde-offs. Each
increment of independence will add to perceived
objectivity, with the fullly independent DMC maxi-
rnizing that perception. With regard to preplanning,
DMCs normally work witlh interimii analysis plans
comnpletely specified at the start, reviews rarely occur
more than twice yearly and are scheduled well in
advance, and mnost meetings are in per-son. Lx,xp-
loratory trials by their natture need more flexibility, ir
particular to respond to unexpected adverse events. It
is easier to arrange imeetinigs on short notice when
members are in close proximity. Wlhen prelimiiniary
safety information is minimal, the risk of such eveniits
can be higher, as is often the case in exploratory
trials, increasin-g the need for flexibility. Flexibility7 is

also a real advarntage whern an IRB has required that
accelerated continuing review take place.

In general, mnost plhase Ill trials will have DMCs,
miost phase 11 trials will have partially independent
committees, and most phase I trials are mionitored
by the protocol team. In those instances where a
formal commnittee is felt to be necessary for an
exploratory trial, the data monitoring plan should
include specifics to answer the following questions:

* Wh-iat are the com.-nmittee's responsibilities?
* 'lb whomyi or what does the committee report?
* Wlho should serve on the committee?
l How are the mnemlbers appointed?

To avoidl confusion, we reserve "DMC" for commit-
tees having all the characteristics and methods of
opeeratiorn advocated by Ellenberg et al. 111. We refer
to other forrmal committees as Study (or Safety)
Moritoring Conrmmittees (SMC). The SMC for an
exploratory clinical trial should always consist of
plhysiciains knowledgeable as a group about the
indication and expected safety issues. A biostatisti-
cian should generally be included in the SMC. At
the phase I - pharimacokinetics/dosimetry level -
the protocol team is typically sufficient to assume
responsibilities for data monitoring. The data
collected are objective and the trials are of short
duration. However, if the trial is a novel therapy for
whichi there is liinited or no prior experience (such
as gene therapy, narnotechnology and/or drug-
elutinig stents), outside reviewers with relevant
expertise iiiay be necessary.
SMC responsibilities would be similar to those of

l)MCs but would be scale-limited. For instance, it
may be impractical to propose a group sequential
early termination plan for a trial that enrolls only
2() subjects. One of the first SMC responsibilities
would be to specify what data it needs to fulfill the
responsibilities of its charter. The SMC would then
reviiew thie protocol to ensure that the data needed
aIre being- collected in the trial and with the appro-
priate frequency. T1h-te SMC should have the right to
recoirnierncl trial terrnination and/or protocol
amendments for safety concerns. The reporting
process of such a decision to the sponsor and IRB
should be clearly docuimented before the trial
begins. The SMC should also monitor accrual and
make recoimmendationis as to the feasibility of com-
pleting the trial as specified in the protocol.

Review and approval of a
monitoring plan
WJho should determine whether a data. monitoring
plan is acceptable? In addition to the trial sponsor,
the local Institutioinal Review Board (1RB) must be
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satisfied the plan- is adequate, at least for trials sup-
ported by NIH. In reviewing a dlata monitoring plan
an IRB would consider the scientific merits and the
relative risk to subjects of the protocol and mnight
propose enhancemnent-s or changes to the data mon-
itoring plan. In assessing the details of a data moni-
toring plan the IRB would take into account whether
the interventions used are already approved, safety is
well understood and issues of combination therapy
of approved interventions are addressed. The IRB
would be expecte(d to take the appropriate NI114, VA,
ICII1FDA. and spornsor guidielines for data monitoring
irnto accouint. These deliberations may result inI a
request for modification of the data monitoring plan
such as requirinig outside imiemiibers onI the SMC, or
chainging eligibility requireiments to elimninate sub-
jects who are not likely to bernefit. The) IRB will
usually require reports fromn the SMtC, no less often
than annually and mulch more often in the case of
trials that may involve significaint risk.
Many instittutions currently have one or more

Clinical Research Committees (CRC) whose (leliber-
ations for proposed clinical trials genlerally precede
those of the IRB. TIhese comrmnittees u.sually evaluate
the scientific merit of proposed clirnical trials. If the
IRB chooses to delegate or share responsibilities
with the CRC, this division of labor should be
clea-rly docLumented.

Examples of data and safety
monitoring practice

The following are two examples of data and safety
moniitoring practice. The first example is from a
typical National Cancer Institute (NCI)-designated
cancer center where many early phase exploratory
clinical trials are conducted and the other from two
clinical trial groups in. HIV/AII)S.

Comprehensive cancer center

Exploratory clinical trials are typical in oncology. A
large number of cancer clinical trials in every phase
are conducted at the NCI-designated cancer centers
in the United States. NIH policv 12,41 requires that
grantees have procedures in place for data and
safety nmonitoring of clinical trials to ensure the
safety of participants, the validity of data, and the
appropriate terminationi of sttudies for whlich signif-
icant benefits or risks have been unicovered.
Following NIH policy, every NCI-designated cancer
center is expected to have in place an institutioinal
data and safety monitoring plan that meets the
NCI's specific requirements [12]. Ihe NCI's require-
ments include four essential elements of data and
safety monitoring: 1) nmonitoring the progress of

trials and the safety of participants, 2) plans for
assuring compliance with requirements regarding
the reporting of adverse events, 3) plans for assur-
ing that any temporary or permanent suspension of
an NCI-funded cliniical trial is reported to the NCI,
and 4) plans f(or assLuring data accuracy and proto-
col compliance.

The University of Wisconsin Comprehensive
Cancer Center (UWCCC) is a NCI-designated
cancer center. lt receives the Cancer Center Support
Grant (CCSG) from the NCI. 'To receive the CCSG,
it is required to have in place an approved Protocol
Review an-d Monitoring Systemn (PRMS). In addition
to the required review by the 1RB, which focuses on
the protection of human subjects, PRM-S reviews
and m:lonitors cancer clinical trials for scientific
merit, priorities and progress.

At UJWCCC, the Clinical Affairs Committee
(CAC) and its sLubcommittee, the Clinical Trials
Monitoring C(ommittee (CTIMC), make up the
PRMS. '[he Clinical Affairs Committee is charged
primarily with review of clinical trial protocols
related to carncer for scientific merit and priorities,
an(d the Clinical lrials Monitoring Committee is
charged with review for scientific progress and
reports to the Clinical Affairs Committee. The
Clinical Affairs Comminittee also evaluates cancer
clinical trial protocols for adequacy of the data
imo1nitoring plan. OInlY after approval by the
Clinical Affairs Committee, protocols can be sub-
mitted to the local IRB. The UWCCC developed a
template for investigator-initiated protocols, which
UWCCC investigators are expected to Luse [11].

As NIl-I policy acknowledges, at the frontline of
data and safety mornitoring are principal investiga-
tors and project managers. 'l'he UWCCC clinical
research prograTm is organized around disease and
miodality groups. Eachi grouap is responsible for
moniitor-ing safety of participants in its portfolio of
cliniical trials, for validity of data and for appropri-
ate termination of studies. The Clinical Trials
MonitorinT conlmmittee serves as the UWCCC's data
and safety moniitoring board. Each group is
required to submit a data and safety monitoring
report for each protocol to the Clinical Trials
Monitoring Committee quarterly or semi-annually.
A typical report includes the sumrmnary of study
status, status of enrolled participants, treatment
and dose adjustmnients, adverse events and objective
response. Cum11Lulative adverse event rates are mioni-
tored imionthly by each group. If a study exceeds a
pre-specified rate of adverse events, it is immedi-
ately reported to the Clinical Trials Monitoring
Comlmiittee Chair for diSCuIssion and ainy necessary
actions are taken in conisultatioin with the Clinical
Irials Monitoring Committee. The Clinical Trials
Monitoring Committee also monitors whether each
group is complying with the data monitoring plan
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specified in the protocol, both irn terims of tienly
reportinig of adverse events and regulatory report-
ing responsibilities. Data accuracy and protocol
compliance are monitored by the U.WCCC's inter-
nal quality control program, which inicludes quar-
terly quality assurance and response review and
semi-aninual internal audit.

For protocols initiated by outside sponsors such
as industry or NIh-1, UWCCC evaluates sponsor
data monitoring plans for adequacy and relies on
their mnonitor-ing procedures for the study.
h-{owever, the safety of participants enrolled at
ULWCCC, its affiliates ancd regional partners is mrion-
itored by the Clinical 'l'rials Mo1nitoring Committee
regardless of the sponsorship being intramural or
extramural.

AIDS Clinical Trials Groups (ACTG)

'Flhe AduLlt and Pediatric AIDS Clinical Irials Groups
(AACTIG and PACTG, ACTG( will hereafter denote
either AAC'I'G or PAClG) un-idertake a large nuryber
of clin-ical trials including maany phase I an-id l1 trials.
All trials are m-nulticenter involving AIl)S Clirnical
'l'rials Units (ACTUs) throughouLt the UJS and increas-
inigly internationally. Funding is primarily from the
National Institute of Allergy anld Infectious Diseases
(NIAID) and so the monitoring of trials needs to
meet National Institute of Health requlirements. For
phase III clinical trials, NIAID organizes a DMC
entirely independent of the ACTGs, which reviews
interim analyses. For earlier phase trials, the ACTlGs
organize monitoring of studies.

Regardless of the phase of a clinical trial, the
approach to monitoring of a trial is defined irn th-e
trial protocol. 'Ihis includes details of whiat interi:m
results will be monitored and whern analyses will be
comnpleted, who will review interiim results, and
wliat guidelines will be followed for modification or
terminationi of a study. SStandard operating proce-
dures for monitoring are followed in both ACTGs.
All protocols are reviewed internally wi thin the
ACTIUGs and by NIAID. Once approved, they are sub-
nmitted to the local IRB(s) o1 each of the AILDS
Clinical 'lrials Units who propose to enroll patients
into the trial, to the Fl)A if the sttud-y is bein-g clonie
uinder an NIN) application, and also to the appropri-
ate regulatory agencies andc natiornal ethical review
cotminittees of other countries where the studyv will
be conducted.

Monitoring of mlost phase 11 trials an.d some phase
I trials is undertaken using a similar approach to the
monitoring of phase III trials. Specifically, the ACTG
organizes a StLudy Monitoring Comnmittee (SMC) that
ilncludes investigators who are not involvedl in the
conduct of the trial, either in terms of being
members of the trial's scientific team or being

involved in the enrrollment and follow-up of patients
in the trial. 'Ihe set of investigators includes clinii-
cians and a senior statistician from the ACTG statis-
tical center, together with immunologists, virologists
or pharmacologists, depending on the study ques-
tioin being addressed. Some StuLdy Monitoring
Coimmittees imiay also include a conmmunity
representative. In general, the Study Monitoring
Committee members are ACTG investigators though
for some studies, particularly the later stage phase II
trials, there mray be one or two meinbers from the
NIAIl) 1)SMB. Non-ACTIG investigators may be
irncluded when there is need for specific expertise
that cannot be obtained from within the ACTG,
usually because the ACTG investigators are inivolved
in the study. For sonme scientific areas, there is a
standinig StuLdy Moniitoring Committee which
reviews all trials in those areas. For other areas, a sep-
arate StuLdy Monitoring Committee is established for
each trial. The decision about this is largely deter-
mined by the number of trials and the availability of
independent investigators in the scientific area.
Sorie IIRBs require details of Study Monitoring
Conmmittee miiermibership in order to satisfy them-
selves that the corririttee is appropriately qualified.

Study Moritoring Conmmnittees review interiin
results of a study at least once per year but for mnany
trials reviews are more frequeent. Additional reviews
cain be requested at any time if an emergent issuLe
arises. For example, trial protocols may state that a
review is to be triggered by a pre-defined number of
adverse events of a particular kind or severity. This
provides a "safetyv valve" which may be particularly
importan-t in earlier phase trials. Following a review,
the Study Monitoring Committee nmakes written rec-
ommrTelendations abbout whether to continue the study
uiictharnged, to modify it, or to terminate it. These are
advisory to the Executive Committee of the ACTG.
Following each review, a letter is also sent to the local
IR1Bs of all AlIS Clinical 'Trials lJnits inivolved in the
study. These letters incluLde a brief suammary of the
status of the study, including accrual buLt not follow-
up data, information about when the study was
reviewed, what the recommendation was, and when
the study' will next be reviewed.

Some trials, particularly phase I trials, may have
all imonitoring undertakern by the protocol teams.
'l'his is rnost corrirnomo in trials, such as dose escala-
tion studies, in which there is a requirement for
very rapid reporting of all adverse events withl real-
time review by the protocol teamis, eg, weekly. This
follows the lre-specified criteria laid out in the pro-
tocol. The protocol team includes a representative
from an ACTG scientific committee that has
responsibility for oversight of all trials in a particu-
lar scientific area, including study viability. As with
studies monitored by a Study Monitoring
Committee, for trials that are monitored by the
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protocol teamls, a letter is sernt to the local IRBs of all
AII)S Clinical Trials Units inxvolved in the study
wheniever criteria for trial modificatiorn are met (eg,
if the dose of a study drug is to be changed accord-
ing to criteria in the protocol) or when a trial is to
be modified for other reasons. In addition, a letter
is senit at least every six imoniths confirnming that the
monitoring of the study is ongoing adii that none
of the criteria for modification have beein met.

Although pharmaceutical companies occasion-
ally collaborate with the ACTl5Gs in conducting trials
(eg, by providing drug or labor-atory assay support)
and have representation con protocol teamns, the
Executive Committee of the AC'I'G or NIAID) is ulti-
mately respoonsible for decisions about mnodification
or termnination of trials independent of the
company staff.

Summary and conclusions

This paper presents proceduLres for the creationi and
enforcement of data moinitoring plans for
exploratory trials. Given their often limite(d objec-
tives and short-term nature, exploratory trials are
frequerntly cornducted without the uise of a forrnal
l)N4C. In such situations, there remain rmfiliirnumn
requLirernents for data monitoring plans an-d IRB
oversight. 'lie key elemenits of such plans are out-
lined. Furthermlore, several study-specific factors
must be considered in organizing the monitoring
apparatus for an exploratory trial, aind we have SuLg-
gested items for consideration. Finally,we have ouLt-
lined factors that shouLld be considered when
constituting a DMC for exploratory trials.

It is the responsibility)of the IRB to take NIH, VA,
IC1 I, FDA and sponsor guidelines into account
whieni reviewing or developirig data miionitorin1g
policies for exploratory clinical trials. 1 lowever, the
imiplemientation of th1ese ciri-ectives mi1ust remraini-
decentralized, as has always been1 the case with lRf3Bs.
We feel confident in specifying mrinimum standards
but do not feel that data monitorinig implemnenta-
tion mnust be the same in all locations. Differeinces
mnay Ooccur, for example, in policies of what data are
to be moniitored, who should do the monitoring
and how frequently the monitoring should occur.
Inter-institutional variability has always existed for
IRBs and respects the spirit of local autonomy.
Review and enforcernent should be th.e role of the
IRB but delegation of som-ie responsibilities to ot:her
grotups, such as a Clinical Research Comnmlittee, m--ay
be necessary and preferable for somi:e institutionIs.
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