SPECIAL ARTICLE

Role of Independent Data-Monitoring Committees in
Randomized Clinical Trials Sponsored by the National
Cancer Institute

By Malcolm A. Smith, Richard S. Ungerleider, Edward L. Kom, Lawrence Rubinstein, and Richard Simon

Purpose: To describe the rationale for independent
data montoring committees (DMCs) for National Cancer
Institute (NCI)-sponsored phase Il cooperative group
clinical trials.

Design: We review the necessity for interim monitor-
ing of outcome data during the course of randomized
clinical trials and summarize the reasons for establishing
DMCs with requisite expertise and with appropriate in-

from study investigators.

Resvits: The important components of the policy for
cooperative group DMCs are described with a focus on

the maksup of thess bodies and on the

roles of study committes leadership and DMCs in pro-

VER THE PAST DECADE, there has been increas-

ing emphasis on the importance of protecting pa-
teat-subjects from potential research risks associated
with participation in clinical trials. Various aspects of
patient protection have received scrutiny, including the
informed consent process by which patients are advised
befmenroﬂmeutlbantherishusociatedwithparﬁci-
pation in a particular clinical trial. Another important as-
pect of patiend protection during a randomized clinical
ﬁdhmﬁm;eﬁmyanmdmmmmem
can be modified or stopped there is compelling
evidence that ooe treatmeat is superior to the alternative
reatmeant(s). The purpose of this report is to describe the
rationale for having independent data monitoring commit-
tees (DMC) for National Cancer Institute (NCI)-spon-
sored phase II cooperative group clinical trials. The pol-
icy that requires DMCs independent of study investigators
fot cooperative group phase I trials was established in
January 1994 and has undergone several minor revisions
based on experience gained upon implementation. The
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tecting patient safety during the conduct of randomized
clinical trials.

Conclusion: The cooperative group DMCs that are inde-
study committees and thet have the requisite
sxperfiss to examine accumulating data ond o base deci-
sions on moniforing guidelines thot ore specified in od-
vonce by the study committes provide a body able to pro-
toct patient safely, 1o protect the integrity of the clinical
expariments on which potients have consented %o partici-
pate, and 1o assure the public that conflicts of interest do

not compromise either patisnt safety or trial integrity.
J Chn Oncol 15:2736-2743, 1997, This &s o US govern-
ment work. There are no restrictions on s use.

text of the NCI Cooperative Group Data Monitoring
Committee Policy (current as of submission) is included
as an appendix, and the latest version can be obtained
from the authors or from the Cancer Therapy Evaluation
Program Web site (http:/ictep.info.nih.gov). We do not
discuss issues of the statistical methods applied 1o interim
monitoring, since these have been addressed in recent
reviews,!

UNDERLYING PREMISE —THE NECESSITY OF
RANCOMIZED CLINICAL TRIALS AND THE
IMPUCATIONS FOR CUNICAL INVESTIGATORS

Before describing the rationale for the DMC structure
that has been developed for cooperative group phase 11
trials, it is important to review the underlying premises
that led to this structure. The most central premise is that
randomized clinical trials are necessary in many instances
to provide reliable answers to important clinical ques-
tions. The data obtained from randomized clinical trials
protect the universe of future patients from treatments
that are justified only by hunches and enthusiasms, and
that may have littie or no true benefit beyond that achiev-
able with standard treatments. In the absence of reliable
data from randomized clinical trials, treatmeat decisions
will often be based on uncontrotled studies or observa-
tons in which apparent improved outcome for a new
treatment may have resulted from patient selection, rather
than from treatment effect. Examples of improved out-
-0me iclaled 10 patient seiection rather than treatment
delivered include bone marrow transplantation for multi-
ple myeloma,’ brachytherapy and radiosurgery for high-
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grade gliomas,**
carcinoma,”
A necessary condition for beginning a comparison of
iwa or more {reatments in a randomized clinical trial is
that of clinical equipoise, ie, the state that exists when
there is genuine uncertainty within the expert medical
community —not necessarily on the part of the individual
investigator —about the preferred treatment.® It is im-
portant to emphasize that clinical equipoise can exist at
a time when specific individual physicians favor one treat-
ment over another based on personal experience or data
from uncontrolled clinical trials. The experienced investi-
gator will recognize that these hunches and enthusiasms
for one treatment over another are often proven to be
misplaced when the favored treatment is subjected to the
test of a randomized clinical trial. Two recent examples
of this from the oncology literature are the failure of more
intensive regimeas to improve outcome for patients with
high-grade non-Hodgkin's lymphoma when compared
with standard cyclophosphamide, doxorubicin, vincris-
tine, and prednisone (CHOP) therapy,” and the failure
ofamologousbonemnowtnnsphnmiontoimpmve
outcome for children with acute myeloid leukemia ®®
From the cardiology literature, the demonstration that
class I antiarrhythmic drugs actually increase mortality
when given to patients with ventricular ectopy is particu-
larly noteworthy.'*'" In each of these examples, advocates
for the newer therapies could cite compelling preclinical
rationale and promising clinical experience that suggested
superiority for the newer treatmeat, and yet in all of these
examples the newer treatments were no better (and some-
times were worse) than the standard treatment. Thus, the
experienced investigator recognizes the limitations of
hunches based on inadequate data and can often accept
the need to subject new treatments to definitive random-
ized trials, despite advocates for one or the other treat-
ments feeling strongly that their favored therapy is supe-
nor.

The necessity in many clinical situations to conduct
randomized clinical trials to identify superior treatments
reliably creates the need to monitor interim efficacy data
that accurnulate while the trial is ongoing. As noted ear-
lier, the primary objective of these trials is to provide
reliable evidence that will convince the expert medical
community of the relative efficacy of the treatments being
compared. At any point during the conduct of the study,
adequate data may accumulate that are sufficiently defini-
tive to allow declaration of one treatment as superior 10
the other(s), and therehy destroy the clinical SJuipoise
that was present when the trial began. From this time

and interfeukin-2 therapy for renal cell
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forward, ali patients should have the benefit of receiving
this preferred treatment and should be spared the infenor
treatment. The immediate question is what body should
be authorized to review interim outcome data and to then
make decisions about whether continuation of the trial is
warranted.

One possibitity for interim monitoring would be to
allow treating physicians who enter patients onto the
study to review interim efficacy data. This option is unten-
able, in large part because interim analyses may show
trends that are unreliable indicators of true efficacy and
that may reverse with time. Since the treating physician's
first obligation is to his/her patient, the physician may
feel ethically compelled o discontinue participation tn
the study when interim data indicate a small probability
that one treatment is superior to the other, even while
recognizing that these interim data are unreliable. For
example, if a physician were aware that the first five
treatment failures on a randomized clinical trial all oc-
curred among patients who received one regimen, he/she
may feel unable to advise a candidate paticnt to participate
inmeuinl.evendloughﬂmcwuahighlikelihoodﬂm
the imbalance in adverse outcomes between the regimens
would eventually disappear or even reverse. In essence,
physicians and patients who participate in randomized
clinical trials enter into a contract in which the underlying
assumption is that obtaining a reliable answer 10 a ques-
tion of therapy is an outcome to be so valued that knowl-
edge of interim rends is relinquished.'? As noted by Wal-
ters,'? “the system has 10 be set up in this way to have
science move forward. Both the patients and the clinical
investigators involved voluntarily accept temporary igno-
rance and rely on an independent body to make judgments
on their behalf."’

Before we examine further the Question of what body
should have responsibility for monitoring interim re-
sults, we provide graphic illustrations of the frequent
unreliability of interim results and the possible dangers
of acting on these results. The first involves a simulation
experiment reported by Fleming et al,'>' in which the

simulation model had the following characteristics: * ‘pa-

tients'’ were entered uniformly during a 3-year period;
the final analysis was planned for 1 year after completion
of accrual; and the two treatments to which ‘‘patients’’
were randomized had true equal efficacy. The point of
the simulation was to consider the consequences of con-
ducting multiple analyses of the outcome. When four
annual analyses were performed, 17 of 100 simutated
studies had a faise-positive £ value less than .05 in at
least one of the tests. When 16 quarterly analyses were
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performed. 26 of the 100 swdies had false-positive P
value less than .05 at some point. Of course, the objec-
tive of using a significance level of .05 is to restrict the
false-positive rate to 5%.

The following actual example further illustrates that
multipie anatyses of ongoing randomized trials create the
potential for early closure of a trial based on misieading
early trends. [t comes from the Coronary Drug Project. a
randomized, placebo-controtled trial of cholesterol-low-
enng agents in men who had experienced a heart attack. '
After 7 years of follow-up evaluation at the planned finai
analysis, there was no difference in mortality between
patients who received clofibrate versus placebo. However,
at three times during the course of the study, the differ-
ences in mortality between the two groups of patients
reached a nominal critical value (analogous to P < .05).
If a decision 10 stop the trial had been made at any one
of these points, then a conclusion different from the ulti-
mate one would have been reached. Continuation of the
study wasaﬂowedbecmseofdneappmpﬁmuseofmore
stringeat criteria for significance for interim analyses,

The preceding examples illustrate the complexities as-
sociatedwidxintuimmnilmingofoutoomcdaudm
relate to the problem of multiple looks at accruing data.
Other issues that complicate interpretation of interim data
include evaluation of the relative toxicities of treatments
being compared, consideration of the impact of new data
from other clinical trials on continued conduct of the
monitored trial, evaluation of the adequacy of accrual to
the study,' and evaluation of the adequacy of compliance
with prescribed treatment. These complexities imply the
need for a diversity of experience and expertise within the
membership of DMCs. Furthermore, while randomized
clinical trials are often necessary to provide reliable re-
sults for important clinical treatment questions, their con-
duct implies the need for a suitably constituted decision-
making body external to physicians who enter patients
onto the trial 1o monitor interim outcome data. The fol-
lowing section focuses on the appropriate composition
of DMCs for randomized trials conducted by the NCI-
supported cooperstive groups.

COMPOSITION OF INDEPENDENT DMCs FOR
COOPERATIVE GROUP PHASE (Il TRIALS

Having established that patients and their physicians
must necessarily forego knowledge of interim outcome
data, what should the membership be for the DMC
charged with this responsibility? One option would be
to have a subset of the persons involved in planning,
conducting, and collecting research data for the trial serve
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15 the DMC (eg, the study chair, study statistician. and
other study committee members). This was the practice
commonly used in the past for cooperative group phase
[ trials. Typically, each randomized clinical trial had its
own DMC. whose membership was largely drawn from
the leadership of the study committee (including the study
statistician) and its associated disease committee.'” Argu-
ments in favor of this approach focused predominantly
on the complexity of cancer clinical trials and on the
consequent need to have those most informed about the
trials involved in decisions about interim monitoring of
outcome data.'® _

An important argument in favor of DMCs that are
independent of study investigators is that this process
allows study leadership to maintain equipoise as they
continue to encourage their colleagues to enter patients
onto a clinical trial.* In much the same was as the treating
physician abstains from accepting information about in-
terim outcome data to present a genuine situation of clini-
c&lequipoiselopaﬁents,somestudyleadmhipcan more
vigorously eacourage their colleagues to participate in
the clinical trial if they are unaware of trends observed
in interim analyses. Additionally, as noted by Walters,'?
it is difficult for a study chair who is aware of outcome
data not to disclose information about this knowledge,
whether by an inadvertent statement or by a subtle inflec-
tion while discussing the study. Such inadvertent disclo-
sure of interim data may seriously jeopardize completion
of the study.

Another important reason for not having study leader-
ship serve as the primary decision makers responding to
interim outcome data is that they have a swake in the
outcome of the clinical experiment and their decision-
making may be influenced by this perspective. The study
leaders have invested considerable time and effort in
developing and implementing the study, and their future
professional opportunitics may be related to a successful
outcome from the study. Similardy, the likelihood of
funding for the sponsoring group may be enhanced by
the results obtained from the study. While it is important
to emphasize that the individual and group interests do
not necessarily imply conflict with patient interests, it is.
equally important to emphasize that these interests create
a perspective about the clinical trial that is distinct from
the perspective of the patient. As one example, study
leadership for a cooperative group clinical trial may wish
to coatinue accrual to a study beyond its accrual target
when there is no successor clinical trial in place hecause

of the benefit to the group and its member institutions
of having an open study. This perspective, which favors
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keeping a clinical trial open (even though the additional
accrual may not significantly enhance the ultimate reli-
ability of the tnal's conclusions), is not shared by candi-
date patients, who might unnecessarily experience addi-
tional inconvenience and/or toxicity by participation in
the trial.

While recognizing that study investigators can and will
focus on patient interests appropriately in the vast major-
ity of cases, there remains the public perception that in-
vestigators are sufficiently interested in protecting their
own research interests that this creates a potential conflict
with protecting the interests of patients. This public per-
ception is shaped in large measure by reports of situations
in which there was an unfortunate separation between
the interests of the investigators who conduct clinical
experiments and the interests of patients.” The public
has, in the past year, been informed that government-
supported investigators in the 19508 administered halluci-
nogeas to healthy subjects without their full knowledge
oroonlentlndiqiecwdillpaﬁmuwiﬂlpluﬁoniummd
uranium without expectation that these patient-subjects
would benefit medically from the injections.® Descrip-
tionsolthe'hnhgoeexpeﬁmemoonﬁnuemberefer-
enced in news articles and books,” and episodes of scien-
tiﬁcmisoonduainmemdicdoommunitymwidcly

lapses ofnbygonemormcinmnmofadishonest
investigator, it is unlikely that the public will accept this
mofmssmuadequateprmcﬁon.mispubﬁc
skepcicismmightludthesmdyludqshiploovemom-
pensate and inappropriately close or aiter a study when
the scieatific rationale was not compelling. For this reason
and for the others cited, interim efficacy end points are
best analyzed by independemDMCscomponedofquali—
ﬁedpa:onswhodonothavelmkeinmewtoomeof
the clinical experiment.

The National Institutes of Health (NIH) has promul-
gated guidelines for the conduct of NIH-sponsored clin-
ical trials that include specific requirements for estab-
lishing DMCs to review interim outcome data from
NIH-sponsored randomized clinical trials.”® The NIH
report states that the majority of voting DMC members
“‘should be external to the study leadership and other
individuals involved with the trial at hand.’* Other insti-
tutes within the NTH have considerable experience with
DMCs that are totally independent of the study commit-
tees that conduct the randomized clinical trials. For ex-
ample, <linical scudies sponsored by the National Heart,
Lung, and Blood Institute (NHLBI) and clinical trials
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involving AIDS patients sponsored by the National In-
stitute of Allergy and Infectious Diseases (NIAID) use
independent DMCs, as described in recent publica-
tions.”* On the other hand, a group of statisticians
favored cooperative group DMCs composed predomi-
nantly of group members, in which a balance could be
established between informed, expert scientists commit-
ted to the central questions of the trials and patient
advocates.' The final NCI guidelines reflect a compro-
mise between these two extremes and recognize that
the relatively large number of clinical trials conducted
by each group and the complexity of many of these trials
made it unfeasible to exclude group members totally.
However, for objectivity, a majority of DMC members
must be from outside of the group. The NCI policy
statement on DMCs cautions group members who are
members of the DMC to coasider themselves as repre-
seating patient interests, and pot group or investigator
intercsts. Additionally, the policy requires that each
DMC include at least one paticat representative. Coop-
erative group DMCs constituted according to the NCI
policy allow physicians who lead and participate in
group trials to maintain equipoise during the course of
cach randomized trial. These DMCs, independent of
study investigators, should provide the public with as-
surance that patient interests are protected.

WHATISTHERO!.EOFTHESTUDYCOMM[TTEEIN
PROTECTNGPA“NSWRNGARANDOMRZED
CUNICAL TRIALY

devclopsduimuimmniwdnphn(udﬂailedinthe
mﬁsﬁcdoomidutﬁonsaeuﬁonofmeptuoool)!batde-
ﬁnesdlepulmwhichtheDMCusestomonitorthe
trial.

Second, study committee members are critical to assure
patient safety'during the conduct of a trial, since the most
relevant data (particularly in the early stages of a trial) are
the toxicities experienced by patients. The body primarilty
responsible for monitoring toxicity is the study commit-
tee, which is empowered to propose changes in the proto-
<ol based on its concerns abous unacceptable levels of
toxicity. Toxicity data, unlike efficacy data, are generally
not blinded by treatment arm and are usually available to
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all investigators so that participating physicians can pro-
vide more appropriate care to patients entered onto the
study. The study committee may al any tme convey a
concern regarding patient safety to the DMC. and they
need not wait for the DMC to request this type of informa-
tion. Additionally, the study chair is encouraged to pre-
pare a repont regarding the conduct of his/her study for
each DMC meeting. This report is central to the ability
of the DMC to make informed decisions. and the report
should at a minimum summarize the toxicity observed
among patients entered onto the study and should convey
any particular concem about the ongoing conduct of the
study that the study chair and study commitiee may have,

A final area of interaction that may occur between a
cooperative group DMC and a study committee is when
a study committee that is planning 2 new clinical trial
requests outcome data for planning purposes from a study
that is being monitored by the DMC. The DMC’s first
priorities are 10 assure that patients who have entered
randomized trials are protected and to assure that the
integrity of the monitored studies is protected. Allowing
aphnningcommitteewmsloouwomdaufmma
randomized trial while patients are still receiving therapy
prescribed by the randomization could jeopardize com-
pletion of the study and could increase the nisk that the
study will not obtain a reliable answer, Thus, release of
outcome data during this period is generally avoided. The
situation is somewhat different when accrual is completed
and when all patients have finished the randomized por-
tion of their therapy, since issues of patient safety and
protection of the study are reduced. In this case, there is
less nisk of compromising the monitored study by release
of outcome data to a committee that s planning a new
study. This situation illustrates the conflicting interests
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that the DMC must deal with in its decision-making, since
all parues wish to make available outcome data as early
as appropriate o investigators designing future tnals. In
making this decision, the DMC must first protect patients
entered onto randomized trials and protect the integrity
of these trials, while at the same time, it must not overlook
the wnterests of future patients who will benefit by having
the best information available for trial planning.

In closing, there is a clear tension that exists during
the conduct of a randomized clinical trial between re-
sponding to trends and assuring that reliable answers are
obtained. The cooperative group DMCs are charged with
assuring that the balance between protecting patients en-
tered onto phase [1I randomized trials and obtaining reli-
able answers is appropriate. To allow treating physicians
and the study committee open access (o interim data from
randomized trials is not a viable option for two reasons:
(1) their participation in and supervision of the trial may
beoompronﬁsedbypremanueluponsestotmnds in the
data; and (2) their own professional intetests in the contin-
uation of the trial may come into conflict with patient
safetycomans.eitherinfactorinﬂ;epuwpdon of the
public. DMCs that are independent of the study commit-
tees and that have the requisite expertise to examine accu-
mulating data and to base decisions on monitoring guide-
lines that are specified in advance by the study committee
provide a body able to protect patient safety, to protect
the integrity of the clinical experiments on which patients
have consented to participate, and to assure the public
that conflicts of interest do not compromise either patient
safety or trial integrity.
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3. The DMC reviews interim toxicity data although that is primanly the responsibility of the study commitiee,
4. The DMC resiews major modifications 10 the study proposed by the study committee prior 1o therr implementation (eg. termination.
dropping an arm based on toxicity results or other tnals reported, Tcreasing target sample stze).

Membership

DMC members will be appointed for a fixed term by the Group Chair or hisher designee with the approval of the CTEP Associate
Director or hisher designee. The nominees should be reviewed and approved by CTEP prior 10 their appointment. The committee will
include physicians and statisticians from within and cutside the Group selected based on their experience, reputation for objectivity, absence
of conflicts of interest {or the appearance of same). and knowledge of good clinical trial methodology. The committee should include a
consumer representative and a voting statistician from outside the group. A CTEP physician and a CTEP statistician will be non-voting
members and must be free to attend all sessions of the DMC, including closed and executive sessions. The Group Statistician wili not be a
voting member of the DMC. A majority of the voting DMC members will not be affiliated with the Cooperative Group. Group members
who are members of the DMC should see themselves as primarily representing patient interests, and not Group or Group chair interests.
Members of a study committee or leadership of the discase committee {eg, chair or vice-chair of the disease committee} conducting a study
will excuse themselves from all DMC discussions concerning that study and will not receive DMC reports concerning that study. Additionally.
the study statistician will not be a voting member of the DMC for his/her trial. The size of the DMC should be limited, and it is unlikely
that more than 10 people would be required to constitute a DMC.

Meerings

DMC meetings willbebeldukmmevuy six months. Each randomized clinical trial should have specified interim analysis times,
dﬂm@hwcmuhwhedlewhmeﬁuoﬂhemmoful trials for which it is responsible, €.g8.. sccrual, toxicity concems,
mmzunfumdmmiwﬁn;dmulpaciﬁedintbepmtooql.

ltkmoomnmubdm:wﬁnmmponwdiningducummofmhuinlmbemonitnmlbemmunDMCmembusbyuu

orodmrmaboulheconduuofuumdy.munisﬁcim'smponmyoominmommendmonsonwbemermclosemestudy.
whether to report the results, whether to continue accrual or follow-up and whether DMC discussion is needed. [n the event a study will be
considered for closure due to slow accrual, the CTEP members of the DMC maydiscuuwidnodmCTEPmﬁdlepmsibility of early
closure du¢ 1o slow accrual. Although no confidential information
bring to the DMC meeting any information from CTEP concemning carly closure that might be useful in the DMC deliberations.

The review of each trial may inciude three parts. The first part will be an open session in which members of the study team and disease
committee may be present at the request of the DMC 10 answer questions. In this part, the focus is on accrual, compliance and toxicity
issucs, and 0o outcome resuits may be presented Following the open session. there will be a closed session limited to DMC members and
possibly the sudy suistician inwhichwlcom'eremltswillbcpmumedeiﬂmbyamembuoflhe DMC, the Group Statistician, or the
study statistician. Following this closed session, there will be o fully closed, executive session in which the DMC discusses outcome results,
wuumAtmumuwmmmmlinﬁwdeMCmem

Recommendations

study {or rzasens other than either pauent safety (eg, to extend accrual because
of an event rate lower than expected) or study closure due to siow accrual, the DMC will provide to the Group Chair an adequate
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