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Evaluating Therapeutic Interventions:
Some Issues and Experiences

Thomas R. Fleming

Abstract. In frequently occurring life-threatening diseases such as can-
cer, AIDS and cardiovascular disease, there is a need of significant public
health importance for rapid yet reliable evaluation of promising new
therapeutic interventions that might provide greater efficacy and reduced
toxicity. Leadership from statistical scientists is essential to effectively
address many of the challenges resulting from this need. By discussing
recent experiences, primarily in the area of oncology and AIDS clinical
trials, we will illustrate several of these challenges. We also will review
some designs and methods that have been implemented in these settings.
Particular attention will be given to experiences from involvement with
FDA Advisory Committees and with Data Monitoring Committees for
clinical trials sponsored by industry or by the National Institutes of
Health. Among issues to be discussed will be the role of independent
monitoring committees and group sequential guidelines in randomized
clinical trials, the evaluation of equivalence trials and the use of surrogate
and auxiliary endpoints.
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INTRODUCTION

Worldwide, the demand for health care resources
continues to grow at an alarming rate. In the United
States alone, according to fiscal year 1992 U.S. budget
projections, an estimated $830 billion will be spent on
health care. In frequently occurring life-threatening
diseases such as cancer, AIDS and cardiovascular dis-
ease, there is a need of significant public health impor-
tance for more effective therapeutic interventions.

_ Strong leadership from statistical scientists is essen-
tial to develop and to guide the application of methods
that allow rapid, yet reliable, evaluation of promising
new treatments. These methods should minimize the
use of limited patient and health care resources as well
as the length of time required to definitively establish
the efficacy of a new intervention. However, in our
haste for answers, we should keep in mind that there are
substantial negative consequences if we compromise
the reliability of conclusions through a less rigorous
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scientific approach. False positive evaluations of new
therapies resulting from an inappropriately stream-
lined scientific process could provide toxic and ineffec-
tive treatments to large numbers of patients, and could
lead to unnecessary and significant additional demands
on a health care budget that already is on the verge of
exceeding available resources.

We will consider some of the important issues in
evaluating therapeutic interventions, and discuss re-
cent experiences to illustrate approaches that have been
taken and some areas of future research. Our primary
focus will be on some controversial issues arising in
the use of surrogate marker data, in particular in AIDS
clinical trials, and on issues arising in monitoring ongo-
ing clinical trials, such as the need for independent Data
Monitoring Committees and for protocol-specified
group sequential guidelines. We will also discuss active
control designs and the analysis of multiple measures
of treatment effect.

MONITORING CLINICAL TRIALS

Motivation for Proper Monitoring Procedures

In randomized trials designed to provide definitive
assessments of the effects of therapeutic interventions,
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periodic interim analyses of accumulating data enable
investigators to discontinue a treatment as soon as its
efficacy or toxicity has been established to be unaccept-
able. This not only satisfies ethical requirements, but
also allows more efficient use of limited research re-
sources. However, if inappropriate procedures are used
in this process of monitoring interim data, the integrity
and credibility of the trial can be compromised. To
illustrate some of the problems that can arise from an
unstructured approach to performing interim monitor-
ing of clinical trials, we begin with an example from the
setting of treatment for rectal cancer. In a collection of
patients about to receive surgical treatment for their
disease, clinicians from Toronto’s Princess Margaret
Hospital had offered randomization to preoperative
radiation treatment versus a control regimen involving
surgery alone. After prematurely stopping the random-
ized trial, these investigators reported that early re-
sults from the study had shown “no difference between
the two groups” in patient survival (Rider et al., 1977).
In fact, the authors stated the trial of 125 patients
was smaller than intended because interim results had
been regularly available to all participating clinicians
and because “the absence of any trend in survival
during the early years caused the study to die a natural
death.” However, when exploratory analyses were con-
ducted after trial termination and a favorable p = 0.01
treatment difference in survival was identified in the
subgroup of 38 patients having Duke’s Stage C cancer,
they revised earlier conclusions to state the study
“demonstrates that preoperative radiation treatment
materially benefits the patient suffering from Duke’s
Stage C rectal cancer . . . thus there can be few argu-
ments against its universal use.” Fortunately, the Medi-
cal Research Council in the United Kingdom conducted
a confirmatory trial having 552 patients randomized to
either the Princess Margaret regimen for preoperative
radiation therapy or to a “surgery only” control (Medi-
cal Research Council Working Party, 1984). The study
revealed no evidence of any survival effect overall or
in its Duke’s C subgroup of 221 patients.

This example illustrates the value of confirmatory
‘trials and the undesirable consequences of an unstruc-
tured approach to interim monitoring. Wide dissemi-
nation of results on relative efficacy of treatment
regimens led to an inappropriate early loss of interest,
and unstructured data exploration provided misleading
conclusions. Several authors, including Armitage, Mc-
Pherson and Lowe (1969), Fleming, Green and Harring-
ton (1984) and Fleming and Watelet (1989), have
demonstrated the substantial increase in the likelihood
of obtaining false positive or false negative conclusions
if one does not properly adjust for multiple testing,
which occurs when interim monitoring is conducted in
clinical trials. Pocock (1977) and O'Brien and Fleming
(1979) proposed group sequential designs that allow

early termination of a trial if initial results are extreme,
while preserving the type I and type II error rates.
Due to the complexity of randomized clinical trials,
these procedures are intended to provide helpful guide-
lines, rather than rigid rules, about when early trial
termination should occur.

To provide additional structure to preserve study
integrity and credibility, randomized trials designed to
definitively establish treatment efficacy and safety
(i.e., Phase III trials) should have independent Data
Monitoring Committees responsible for making recom-
mendations about early termination. This is particu-
larly important in the setting of diseases that are
life threatening or produce irreversible morbidity. The
Data Monitoring Committee (DMC) should have multi-
disciplinary representation, including statistical scien-
tists, ethicists and physicians from relevant medical
disciplines, to ensure that all relevant efficacy and
safety issues are adequately addressed in any decisions
concerning conduct of the trial, including early stop-
ping. Members of the DMC ideally should also be
the only individuals to whom the clinical trial's Data
Analysis Center provides results on relative efficacy of
treatments during the study, in order to minimize the
likelihood that prejudgment of early results would
compromise the ability of the trial to obtain definitive
conclusions.

In the setting of oncology clinical trials, Green, Flem-
ing and O’Fallon (1987) performed a matched analysis
of larger randomized clinical trials from two major
cancer cooperative groups, one that did and one that
did not reveal interim results on efficacy only to mem-
bers of a DMC. This matched analysis provided sub-
stantial evidence that DMCs do contribute positively
to preserving the integrity of prospective clinical trials.
The group without DMCs had 50% of studies showing
declining patient accrual rates over time, had inappro-
priate early termination of studies yielding equivocal
results and had completed studies with final results
that were inconsistent with prematurely published

" early positive results. The studies in the group with

DMCs were nearly or completely free of these prob-
lems.

Data Monitoring Committees

History in the United States. The Greenberg Report
(1988), written in 1969 and published later in the Jour-
nal of Controlled Clinical Trials, established many of
the guiding principles for the proper function of DMCs.
These principles have been followed since the early
1970s by the major cardiovascular disease studies
sponsored by the National Institutes of Health (NIH).
In cancer cooperative groups sponsored by the Na-
tional Cancer Institute (NCI), DMCs have been in place-
in all randomized comparative trials of the North Cen-
tral Cancer Treatment Group since 1979, of the South-
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west Oncology Group since 1984 and of most other
major groups currently conducting studies.

When the AIDS Clinical Trial Group (ACTG) spon-
sored by the National Institute of Allergy and Infec-
tious Diseases (NIAID) was established in 1987, a
single DMC was formed to monitor all ACTG random-
ized trials. The DMC meets quarterly and has nine
members, including three statisticians, two ethicists
and four clinicians with infectious disease specializa-
tion. Membership formally excludes anyone from in-
dustry, the Food and Drug Administration (FDA) or
the NIAID AIDS Program, as well as those directly
involved in treating ACTG patients. However, to in-
'sure that important interactions can occur, Open Ses-
sions are held during which industry/government
sponsors, the FDA and study investigators can provide
information to the DMC. Closed Sessions then occur
at which data on the relative efficacy of treatments are
openly discussed by committee members. This single
committee now also monitors all randomized trials
conducted by NIAID’s second AIDS cooperative group,
the recently formed Community Program for Clinical
Research in AIDS (CPCRA).

Experiences. Experiences in monitoring trials in on-
cology and in AIDS illustrate the complexities of the
decision making process. We will review the recent
Cancer Intergroup Study 0035 evaluating the role of
5FU + levamisole as adjuvant therapy for resected
colon cancer, and the recent placebo-controlled ACTG
Study 019 investigating AZT in asymptomatic patients
having the human immunodeficiency virus (HIV).

Each year in the United States alone, 100,000 new
cases of colon cancer are diagnosed. In many of these
cases, cancer has already spread into regional lymph
nodes before surgery is performed, yet the disease is
sufficiently confined that it can be clinically completely
resected. In this setting, referred to as Duke’s Stage
C colon cancer, approximately 50% of patients will
have recurrence of disease and death within 5 years
due to undetected microscopic metastatic residual dis-
ease at the time of surgery. Cancer Intergroup 0035
involved randomization of 971 Duke’s C patients,
within 1 month of their clinically complete surgical
resection, to adjuvant treatment with levamisole ver-
sus 5-FU + levamisole versus observation alone (Moer-
tel et al., 1990). Final analysis was planned to be
performed when 500 deaths had occurred, with up to
three interim analyses planned after each group of 125
deaths. The primary intent of the trial was improve-
ment in long-term survival, with a reduction in the rate
of disease recurrence providing important supportive
information. The O’Brien-Fleming group sequential
procedure was used to guide decisions about early
termination.

Patient accrual began in March 1984 and was com-
pleted October 1987, prior to the first interim analysis

of efficacy results, which occurred in Spring 1988. At
that analysis, there was quite strong evidence that the
5-FU + levamisole regimen was providing a reduction
in the rate of recurrence of disease, confirming the
result of an earlier smaller yet otherwise identically
designed study (Laurie et al., 1989). Median follow-up
for survival was a relatively short 18-24 months, with
only small trends for survival improvement apparent
at that time. Thus, the DMC decided the study should
continue and remain blinded.

In late Summer 1988, some members of the DMC
favored sharing current results with a small number
of leaders from the FDA and NCI to facilitate the
regulatory review process should the trial be termi-
nated after the second interim analysis. Even though
these FDA and NCI individuals had promised to main-
tain confidentiality, on the day after the meeting with
the committee, an NCI official publicly shared blinded
relative efficacy results. Former NCI Director V. De-
Vita obtained study results through this improper pub-
lic revelation and promptly published an editorial in
Science (Marx, 1989), challenging the ethics of study
continuation by the DMC. These events illustrate the
harmful risks to study integrity resulting from even
very limited early release of relative efficacy results.

At the second interim analysis held in Fall 1989, 301
deaths had occurred rather than the planned 250, due
to an unexpected cluster of deaths in late summer and
a short delay in scheduling the interim analysis due to
logistics of assembling the DMC. As discussed by
Lan and DeMets (1983, 1989), among others, group
sequential designs are flexible and fully allow such
changes in the timing of analyses. The O'Brien-Fleming
guideline for trial termination when 60% of information
(301 of 500 deaths) has been obtained is 0.01 and was
satisfied by the 5-FU + levamisole versus observation
comparison relative to the primary survival endpoint
(p = 0.0086) as well as the secondary rate of recurrence
endpoint (p = 0.0001) (Figure 1). The DMC recom-
mended formal termination of the trial and reporting

" of results. However, since median survival follow-up

was still only 3.5 years, the committee also recom-
mended that study investigators continue to follow
patients an additional 2-3 years. This formal termina-
tion in Fall 1989 was important since it led to an
immediate redesign (replacing the untreated control
regimen by 5-FU + levamisole) to the Cancer In-
tergroup’s “next generation” study, which had already
begun patient accrual, and led to prompt FDA approval
for marketing of levamisole in this indication.

The DMC met every 6 months during the 3.5-year
period preceding the first formal interim analysis held
in Spring 1988. At these meetings, safety issues were
reviewed along with issues important to the quality
and integrity of the trial. These included assessing
frequency of violation of protocol-specified treatment
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Fi16. 1. Recurrence and survival results, by treatment group, for
Cancer Intergroup 0035 in Fall 1989.

procedures, adherence to eligibility criteria, complete-
ness of follow-up information, accrual rates, treatment
balance with respect to key prognostic factors and
pooled event rates. Frequent early inspection of these
issues allowed prompt corrective measures to be taken
with study investigators. Since results on relative
efficacy of treatments were not released at these ses-
sions, these analyses did not affect the false positive
or false negative error rates of the trial and thus were
not part of the formal group sequential design. They
can be referred to as “administrative analyses,” which

formally are analyses conducted without access to data
on the relative efficacy of treatments.

The ACTG Study 019, providing a placebo-controlled
evaluation of AZT in asymptomatic HIV patients, was
the largest and certainly one of the most important
randomized trials conducted in patients with HIV in-
fection or AIDS (Volberding et al., 1990). Between July
1987 and March 1989, the ACTG accrued over 3,200
patients to the trial that was designed to have separate
analyses in the baseline CD4 < 500 and CD4 = 500
categories, with the latter group requiring substan-
tially longer follow-up to assess treatment effects. We
will restrict our discussion to results from the 1,338
patients in the baseline CD4 < 500 category. The pa-
tients were randomized to double-blinded administra-
tion of high-dose AZT (1,500 mg/day), low-dose AZT
(500 mg/day) or placebo. The study’s primary objective
was to obtain a definitive assessment of the effect
of AZT on the clinical outcome: time to advanced
AIDS-related complex (ARC), AIDS or death.

The interim analysis at the midpoint of the study in
the CD4 < 500 category occurred in August 1989. The
key efficacy data presented to the DMC at its meeting
on August 2 are shown in Table 1A. At that time, 51
events were reported to the committee. Relative to
placebo, the rate of outcome events was substantially
reduced in both AZT groups, with the placebo compari-
son to low-dose AZT (p = 0.0008) meeting the O’'Brien-
Fleming stopping guideline of 0.005.

In order to provide an adequate opportunity to imple-
ment quality control procedures to insure completeness
and accuracy of reported data, the ACTG study team
“froze” the database on May 10, 1989. Thus, at the
August 2 meeting, the data provided to the DMC
were of high quality and included accurate follow-up
information through May 10 on most patients, but
did not include any information on outcome events
occurring after May 10. Because the committee was
seriously considering a recommendation for trial termi-
nation and because it expected many more events had

" occurred during the 3 months between early May and

early August, it requested the 019 study team to rap-

TaBLE 1
ACTG 019: AZT in patients with asymptomatic HIV: interim results on clinical efficacy outcome
Treatment Number of events Event rate* P-value vs. placebo

A. 8/2/89 (data freeze on 5/10/89)

Placebo (428) 31 7.5 -

500 mg (453) ) 8 2.1 0.0008

1,500 mg (457) 12 3.4 0.015
B. 8/16/89

Placebo (428) : 38=31+7 7.6 -

500 mg (453) 17=8+9 3.6 0.0030

1,500 mg (457) 19=12+17 4.2 0.05

* Failures per 100 person years of follow-up.
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idly update only the information on the primary out-
come. Through an intensive effort, the study team
promptly provided the requested update that allowed
the committee to meet again only 2 weeks later. Table
1B contains the updated results reviewed by the DMC
on August 16 and shows 23 additional events had been
documented. The total 74 events included progression
to ARC in 19 patients (with three later having docu-
mented progression to AIDS) and progression to AIDS
in 55 patients (with eight dying by the mid-August
analysis). Even though the additional 23 events were
nearly evenly distributed among the three treatment
groups, the estimates of the AZT effect remained im-
pressive, with the placebo versus low-dose AZT com-
parison still meeting the O’Brien-Fleming guideline.
The DMC recommended termination of the placebo
arm at this meeting on August 16.

The updated data do alter one’s impression of the
nature of the treatment effect estimated by the Kaplan-
Meier time-to-event curves. For the placebo versus
low-dose AZT comparison, the curves on August 2,
in Figure 2A, reveal an estimated 96% versus 87%
difference at 18 months, with a sustained reduction in
the hazard rate over time. There is a suggestion that
low-dose AZT would provide very substantial improve-
ment in long-term survival. In contrast, the curves
presented on August 16, in Figure 2B, reveal an esti-
mated 94% versus 89% difference at 18 months, with
the low-dose AZT curve essentially being a 6-month
translation of the placebo curve. Several members of
the DMC interpreted the update as providing evidence
consistent with a delay, rather than cure, in AIDS
progression, and the committee indicated there was no
evidence as yet that early treatment with AZT would
be more effective than delaying administration of the
drug until CD4 lymphocyte counts fell to the 200
range.

Monitoring Clinical Trials: Some Issues

It is apparent that there are several issues needing
greater attention in areas of development and imple-
mentation of statistical methods for monitoring trials.

* Large rapidly accruing trials requitring long-term fol-
low-up for occurrence of clinical endpoints may well
provide definitive evidence of short-term beneficial
effects of treatment, even though chronologically one
may still be quite early in the planned duration of the
study. This issue arose in Cancer Intergroup 0035 and
to an even greater extent in ACTG 019, when nearly
90% of patients remained free of clinical events at the
time of trial termination. Continued follow-up to obtain
longer term results is occurring in 0035, with current
results reported at the 1992 ASCO Plenary Session
revealing substantial treatment effects on survival
after median follow-up of 6 years. However, most pa-
tients on the placebo arm in ACTG 019 began taking
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Fic. 2. HIV progression results, by treatment group for ACTG
019, on August 2, 1989 (A) and on August 16, 1989 (B).

AZT immediately after August 16, 1989, which pre-

" cluded obtaining a long-term controlled evaluation of

AZT in these asymptomatic patients. New designs and
methods that enable one to obtain greater insights into
long-term treatment effects in such settings would be
very useful. Although not providing the same strength
of evidence that is obtained from a long-term random-
ized trial, these useful methods might be formulated
by an appropriate approach to pooling early results
from the trial together with longer term results (on
control treatment) from historical databases and (on
experimental treatment) from data generated during a
period of open label treatment that often follows early
termination of a positive trial.

Data management procedures should be in place to
allow high-quality data to be available to the DMC.
However, as illustrated by ACTG 019, it is important
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that follow-up data on outcome measures of relative
efficacy be nearly current. A guideline for most settings
is that follow-up data should be nearly uniformly com-
plete to a date of “data freeze,” which is no longer than
2 months prior to the date of the committee’s meeting.

Extensive experiences in monitoring trials strongly
reinforce the conclusion reached by the scientific review
of Green, Fleming and O’Fallon (1987) and by the
negative consequences of early data release in Cancer
Intergroup 0035. Specifically, members of the DMC
should be the only individuals to whom the clinical
trial’'s Data Analysis Center provides interim results
on relative effects of treatment interventions. All indi-
viduals with access to these interim results must com-
mit to maintain confidentiality. In addition, members
of the committee should be free of apparent significant
scientific or financial conflict of interest.

Data Monitoring Committees are now routinely es-
tablished in most government-sponsored Phase III
randomized trials in the setting of life-threatening dis-
eases. Due to the even greater potential for these com-
mittees to substantially increase the integrity and
credibility of studies in industry, broad efforts are
needed to increase their use in the industry-sponsored
setting. Membership should be independent of indus-
try, although the Open Sessions alluded to earlier can
provide a forum for industry to provide information to
the committee. When the Data Management and Data
Analysis Center are not independent of the sponsoring
company, it is preferable that the relative efficacy data
be available only to the few individuals from the Data
Analysis Center who are responsible for presenting
results to the committee. In industry-sponsored stud-
ies, company officials"should not be unblinded to effi-
cacy results without authorization by the DMC, and
any consideration by the company to override a DMC
recommendation about trial continuation or termina-
tion should involve full consultation jointly with the
DMC and the relevant regulatory agency, such as the
FDA.

Important monitoring issues also arise in trials hav-
ing active control designs. These will be discussed in
‘the next section. ’

ACTIVE CONTROL DESIGNS

When effective standard treatment (STD) exists, it
is frequent that one wishes to evaluate an analogue or
alternative therapy that promises to have fewer side
effects, be less costly or be easier to administer. Rather
than proving superiority, one need only establish in
such settings that the efficacy of the experimental
treatment (EXP) is equivalent to that of STD. Some
recent illustrations include evaluation of mitoxantrone
(MITX) as an alternative to adriamycin (ADR) in treat-
ment of advanced breast cancer, idarubicin (IDR) to

replace daunorubicin (DNR) in first-line combination
treatment (with ARA-C) for acute nonlymphocytic
lymphoma (ANLL) and trimetrexate with leucovorin
rescue (TMTX) to replace bactrim (BAC) in treatment
of Pneumocystis carinii pneumonia in AIDS patients.

A common misconception among clinical investiga-
tors is that a nonsignificant test for equality estab-
lishes equivalence. For example, at the March 1986
FDA Oncology Advisory Committee meeting to review
MITX in advanced breast cancer, the sponsor provided
four studies that revealed the anti-tumor response rate
on MITX was only approximately two-thirds that on
ADR and survival was about 80% as long. Because
the efficacy differences did not reach statistical signifi-
cance in individual studies, the sponsor reached the
misleading conclusion that equivalence had been estab-
lished.

P-values from tests for equality, of course, fail to
indicate how large a difference in treatment effects
could still exist with reasonable likelihood. To establish
that the EXP is equivalent to the STD, one must
obtain definitive evidence against any hypothesized
difference in favor of STD that would be judged to
be clinically meaningful. This approach is explored in
detail in Fleming (1987, 1990) and is formulated in
terms of confidence intervals for the efficacy of EXP
relative to that of STD. In each of the three illustra-
tions above, it was judged that equivalence in patient
survival would be established if one could rule out that
survival on STD would be at least 25% longer than
that on EXP; statistically, the lower limit of a 95%
confidence interval of the STD/EXP hazard ratio in
the relevant Cox (1972) proportional hazards regression
model should exceed 0.8. It is immediately clear that
the advanced breast cancer studies do not establish
equivalence, since 0.8 was nearly the point estimate of
the ADR/MITX hazard ratio.

Once analyses of active control trials have been for-
mulated in terms of confidence intervals, one can then
apply repeated confidence interval methods to guide
early termination decisions. See Fleming (1987, 1990)
and Emerson and Fleming (1989), and related work by
Jennison and Turnbull (1984, 1989). Figure 3 illustrates
this approach using the three ANLL studies designed
to compare survival and complete response rates, that
is, rates of complete eradication of clinically detectable
disease, on IDR + ARA-C versus DNR + ARA-C. The
final data, as presented at the July 1990 meeting of
the FDA Oncology Advisory Committee, are from
Southeast Group (SEG) and Adria Labs (ADRIA) tri-
als, which were not terminated early, and from the
Memorial Sloan Kettering Cancer Center (MSKCC)
trial, which was stopped at the third of four planned
analyses using an O'Brien-Fleming guideline. Since sig-
nificance levels in a four-stage O'Brien-Fleming guide-
line are given by a < 0.001, a <0.004, a <0.018 and
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Fic. 3. Confidence intervals for differences in % complete re-
sponse and for the survival hazard ratio, for studies comparing
IDR + ARA-C versus DNR + ARA-C in acute nonlymphocytic
leukemia. Point estimates are represented by the solid dots.

a < 0.042, the criterion for equivalence is based on the
lower limit of the 98.2% confidence interval from the
MSKCC study and 95.8% confidence intervals from
the SEG and ADRIA trials. Figure 3 reveals that all
three studies have hazard ratio lower limits above 0.8,
establishing equivalence for survival, with the MSKCC
and ADRIA trials also satisfying the stronger criterion
for superiority by having lower limits above 1. All
three also were judged to establish equivalence for
rates of complete response, since lower limits of confi-
dence intervals for the IDR-DNR difference in response
rates exceeded —10%.

It is apparent that, unless a study has sufficiently
large sample sizes to yield narrow confidence bands,
one needs at least slightly favorable point estimates of
the efficacy of EXP relative to STD in order for the
trial to positively establish equivalence. Point esti-
mates need to be quite favorable in order for equiva-
lence to be definitively established at an interim
analysis.

The active control trial comparing TMTX versus
BAC in treatment of Pneumocystis carinii pneumonia
(PCP) in AIDS patients illustrates the use of repeated
confidence intervals to guide an early termination deci-
sion of a study having negative results. At the third
analysis of a five-stage O’Brien-Fleming design, the
estimated survival on TMTX was inferior to that on
the STD, bactrim. Specifically, the estimate of the
BAC/TMTX hazard ratio was 0.57. Noting that the
O’Brien-Fleming guideline for the third look of five is
0.01, we computed the 99% confidence interval for the
BAC/TMTX hazard ratio, which yielded (0.27, 1.19).

The trial was stopped since these early results were
sufficiently negative to rule out that the “efficacy-to-
toxicity” profile of TMTX could be meaningfully more
favorable than that of BAC.

Monitoring Multiple Measures of Treatment Effect:
Some Issues

Even though formal guidelines for early stopping of
clinical trials usually focus on a single primary outcome
measure, often there is substantial interest at the time
of data analysis in evaluating treatment effects on
some secondary measures. For example, in the MSKCC
trial illustrated in Figure 3, the study protocol indi-
cated that the O’Brien-Fleming group sequential proce-
dure would be applied to complete response data to
guide decisions about early termination. The FDA was
especially interested in the effect of treatment on pa-
tient survival and was interested in what adjustment
would be required to account for the group sequential
data evaluation. It is intuitively clear that the greater
the correlation between the statistics assessing treat-
ment effect on a primary measure and its effect on a
secondary measure, the larger the adjustment that is
necessary for the secondary outcome.

Rigorous solutions to this problem of determining
proper adjustment to secondary outcomes after group
sequential monitoring of a primary outcome would
prove useful. Whitehead (1986) desribes analysis condi-
tioning on the primary outcome. Unconditional analy-
ses would be desirable that do not provide the same
risk of adjusting away that part of the treatment effect
related to its mechanisms of action that influence the
primary outcome.

In a related issue, Lin (1991) has proposed a method
for applying group sequential guidelines to multivari-
ate outcomes. This method, which weighs outcome
measures proportionally to the frequency of occurrence
of each type of endpoint, should be quite efficient. Never-
theless, useful extensions of Lin’s approach would be
obtained by allowing investigators to prespecify bounds
on how outcome measures might be weighed. This
would be particularly important, for instance, when
the clinically more important outcome might be late in
its occurrence, such as patient survival, whereas an-
other outcome might be an early occurring surrogate
marker.

SURROGATE MARKERS AND AUXILIARY
INFORMATION

Overview

In designing clinical trials to evaluate new interven-
tions, one often must address some difficult and contro-
versial issues when selecting proper measures of
treatment effect. These “measures” or “endpoints”
should not only be sensitive to the effect of treatment,
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but also should be clinically relevant. In smaller screen-
ing studies that occur in the earlier stages of clinical
experimentation, one usually focuses on measures of
biological activity. Examples include evidence of tumor
shrinkage in oncology, increase in ejection fraction or
lowering of blood cholesterol in patients recovering
from a myocardial infarction or measures of immune
function (such as CD4 lymphocyte counts) or of viral
load (such as P-24 antigen levels) in HIV-positive pa-
tients. Effects of treatment on these biological mea-
sures usually can be established quite rapidly. In
contrast, in larger trials intended to allow a definitive
evaluation of the role of a new treatment in clinical
practice, one should focus on measures that unequivo-
cally reflect tangible benefit to the patient; we refer to
these as measures of clinical efficacy. These include
length of survival and various measures of quality of
life such as pain relief, cognitive ability, sense of well
being, days spent in a hospital and ability to move
about or to carry out normal activities. One could argue
that there are additional measures of clinical efficacy.
For example, in HIV-infected patients, these include
occurrence of ARC symptoms such as wasting syn-
drome, thrush, hairy leukoplakia, persistent fever or
fatigue or occurrence of AIDS-defining events such as
opportunistic infections, Kaposi’s sarcoma or AIDS-
related dementia.

Obtaining high-quality data on each of these mea-
sures of clinical efficacy often is quite difficult. One
may need several years of follow-up in order to address
the effect of treatment on patient survival or on AIDS-
defining events, and the interpretability of long-term
endpoint data might be compromised by risks of loss-
to-follow-up or of noncompliance. Measures of quality
of life usually are very subjective, and often it is very
difficult to obtain agreement on proper procedures to
obtain reliable and meaningful quality of life informa-
tion that can be collected uniformly across study cen-
ters. With a sense of urgency to identify effective
therapies, especially for patients with life-threatening
diseases such as cancer or AIDS, there is a strong
reluctance to conduct randomized trials that are likely

"to require many years to definitively establish the
effects of new interventions on measures of clinical
efficacy. There is considerable interest in the use of
surrogate or replacement endpoints in order to reduce
the size, duration and cost of clinical trials. These
surrogate endpoints usually are those measures of bio-
logical activity that can be evaluated after a short
period of follow-up. For example, Statistics in Medicine
papers by Ellenberg and Hamilton (1989), by Wittes,
Lagakos and Probsfield (1989), and by Hillis and Siegel
(1989) considered potential biological markers as surro-
gate endpoints in cancer treatment trials, cardiovas-
cular disease prevention and treatment trials and
ophthalmologic studies, respectively. Extensive recent

measured by
N urrogate, Marker, S

HIV Activity
vs
Immune System

denoted Z

\ denoted T

Clinical Outcome:

AIDS Event
or Death

Other Biological
Processes Affecting
Prognosis

Treatment has many
Mechanisms of Action

FiG. 4. Relationships between treatment (Z), a surrogate marker
(S), and the clinical outcome (T).

discussion has focused on the use of CD4 lymphocyte
counts and other biological markers as surrogates for
progression to AIDS or death in studies of HIV-
infected patients (e.g., IOM Conference Summary,
1990; Machado, Gail and Ellenberg, 1990; Jacobson,
Bacchetti, Kolokathis et al., 1991; Ellenberg, 1991;
Lagakos and Hoth, 1992).

Unfortunately, even though one might restrict atten-
tion to biological markers that are known predictors
of the clinical outcome in natural history data, one
can obtain highly misleading false positive or false
negative conclusions when using treatment effects on
biological markers to assess effects on longer term
clinical outcomes.

Figure 4 provides insight into this important issue.
As an illustration, consider the setting of HIV-positive
patients. There is a principle underlying biological pro-
cess, termed “HIV activity versus the immune system,”
that is of focal interest because it has a direct clinical
effect of leading to AIDS-defining events and an in-
creased risk of death. The status of this underlying
biological process might be imperfectly measured by a
surrogate marker, such as the patient’'s CD4 lympho-
cyte count. Treatments often are chosen based on their
anticipated or documented effect on the surrogate
marker, the CD4 lymphocyte count, with the expecta-
tion that such a treatment would provide a beneficial
effect on the clinical outcome that would be mediated
through its anticipated effect on the principal underly-
ing biological process. This expectation may not be
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fulfilled, even when natural history data clearly estab-
lish that the surrogate. marker is strongly predictive
of the risk of occurrence of the clinical outcome. Spe-
cifically, since there exist many other biological pro-
cesses that also affect prognosis and since most
treatments have many mechanisms of action, the ac-
tual treatment effect on the clinical outcome might be
substantially altered by the treatment’s effect on these
other biological processes.

Suppose one does use treatment effects on biological
markers to assess effects on longer term clinical out-
comes. If the outcome effects mediated through other
biological processes are quite negative, then beneficial
effects of treatment on the surrogate marker could
lead to false positive conclusions. Conversely, suppose
treatment does not provide beneficial effects on the
surrogate marker. False negative conclusions would
occur if treatment has a beneficial effect on clinical
outcome that either is mediated through beneficial
effects on the principle underlying biological process
that are not captured by the imperfect surrogate
marker variable or is mediated through beneficial
effects on the other biological processes affecting prog-
nosis.

Misleading Use of Surrogate Markers:
Some lllustrations

Many examples could be provided to illustrate the
risks involved in the reliance on surrogate markers when
attempting to evaluate clinical efficacy of treatment
interventions. We will focus on two recent studies, in
patients with ventricular arrhythmias after myocardial
infarction (Cardiac Arrhythmia Pilot Study, 1988;
Cardiac Arrhythmia Suppression Trial, 1989) and in
those with chronic granulomatous disease (Interna-
tional Chronic Granulomatous Disease Cooperative
Study Group, 1991), that clearly illustrate how effects
on markers can lead to either false positive or false
negative conclusions.

In patients having had a recent myocardial in-
farction, it is known that ventricular arrhythmias are
a risk factor for subsequent sudden death. As a result,
the antiarrhythmic drugs encainide and flecainide had
become widely accepted, with an estimated 500,000
new patients per year receiving the drugs in the U.S.
alone. Indeed, many argued a placebo-controlled trial
to establish their effect on survival would not be ethi-
cal. Nevertheless, the Cardiac Arrhythmia Suppression
Trial (CAST) involving over 2,000 randomized patients
was conducted and established the startling result that
the drugs nearly tripled the death rate relative to
placebo. Interestingly, in April 1991, the U.S. Congress
chided the FDA for its false positive evaluation and
premature release of the antiarrhythmic drugs, and yet
they continue to pressure the agency to use surrogate
marker data to hasten approval of AIDS drugs.

Reliance on surrogate markers can also lead to false
negative conclusions about the effects of treatments
on clinical efficacy endpoints. Chronic granulomatous
disease (CGD) is a serious childhood disease involving
rare disorders of the immune system. Phagocytes from
CGD patients ingest microorganisms normally but fail
to kill them due to an inability to generate a respiratory
burst dependent on the production of superoxide and
other toxic oxygen metabolites. This in turn leads to
a significant risk of recurrent serious and sometimes
life-threatening infections.

There was evidence establishing a role for gamma
interferon as an important macrophage-activating fac-
tor that could restore superoxide anion production and
bacterial killing by phagocytes in CGD patients. The
International CGD Cooperative Study Group planned
a double-blinded placebo-controlled clinical trial to eval-
uate the role of gamma interferon in this setting. It
was estimated that study treatments would need to be
continued for 1 year to determine their effect on the
rate of serious infections. Because this involved provid-
ing three weekly placebo injections for 1 year to one-
half of the children on the study, many argued that
the study should be limited to a 1-month duration,
which should be adequate to assess the effect of gamma
interferon on the surrogate markers, superoxide pro-
duction and bacterial killing. After considerable de-
bate, the study team did decide that surrogate markers
too frequently provide misleading information about
the clinical effect of treatment. Hence, the 1-year study
was conducted with an interim analysis, guided by the
O’Brien-Fleming design, to be performed at 6 months.

Patients were accrued between October 1988 and
March 1989. At the interim analysis performed in July
1989, gamma interferon was found to provide better
than a threefold reduction in the rate of recurrent
serious infections, with the significance of the associa-
tion being sufficiently strong to meet the O’Brien-
Fleming guideline for early termination of the trial.

. The study was stopped with open-label gamma inter-

feron then being made available to all study patients.
The FDA approval for use of gamma interferon in CGD
patients rapidly followed. This study illustrates that
clinical trials with group sequential guidelines and clini-
cal efficacy endpoints enable reliable evaluation of
treatment interventions and can lead to rapid availabil-
ity to patients of those therapies that are truly effec-
tive. Interestingly, when the surrogate biological
marker data were analyzed in the CGD study, there
was no detectable effect of treatment on either mea-
surements of superoxide production or bacterial killing.
Reliance on surrogate markers can lead to false nega-
tive conclusions and in this setting would have de-
prived children with CGD of an effective intervention.

It is apparent that statistical conditions that rigor-
ously establish when surrogate markers are valid
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would be very useful in clinical applications. We will
consider conditions formulated by Prentice (1989) and
their use in AIDS data.

Prentice Criteria for Valid Surrogates

As stated by Prentice (1989), corresponding to any
true clinical endpoint, 7, the label surrogate endpoint
should be reserved for those variables, S, “for which a
test of the null hypothesis of no relationship to the
treatment groups under comparison is also a valid test
of the corresponding null hypothesis based on the true

_endpoint.” In symbols, S must satisfy

(1) P(S|Z) = P(S) » P(T|Z) = P(T),

where Z denotes treatment. Prentice then identified
two conditions that essentially are sufficient to estab-
lish the validity of (1):

(i) P(T|S,Z) = P(T|S); that is, S fully captures the
effect of Z on T; and
(ii) P(T|S) # P(T); that is, S is informative about 7

To obtain (=) in (1), note
P(T\Z) = [ P(T,S|2)dS
= [ P(T|S, 2)P(S|2) dS
= [ P(T|S)P(S) dS
= [P(T,8)dS
= P(T),

where the third equality follows by P(S|Z) = P(S) and
by (i). Conversely, note P(T'|Z) = P(T) implies

[ P(T|S,2)P(S|2) dS = [ P(T|S)P(S) dS
and so, by (i),
| P(T|S)P(S|2) dS = [ P(T|S)P(S) dS.

Thus, if we restrict attention to the important setting l

in which, for each ¢ over the support of the distribution,
" P(T < t|S) is strictly monotone in S and in which sto-
chastic ordering holds in Z for the distribution P(S|Z),
then (ii) would establish (<=).

Unfortunately, condition (i), requiring the surrogate
endpoint to fully capture the effect of treatment on the
true clinical endpoint, is so restrictive that it would
rarely hold in clinical applications. For example, in
evaluating the Burroughs-Wellcome (BW) 02 and the
ACTG 016 controlled trials of AZT in HIV-infected
individuals, Lin, Fischl and Schoenfeld (1992) found
that the time-varying covariate representing CD4-
lymphocyte change does not fulfill the Prentice criteria
for being a valid surrogate for the clinical endpoints.
Specifically, they found that the overall effect of AZT

on AIDS-defining events and death exceeds the effect
of AZT on these clinical outcomes, which is mediated
through its effect on the surrogate marker. When data
were analyzed from other controlled trials of AZT,
similar conclusions were reached by Tsiatis and De-
Gruttola (personal communication) using ACTG 002
and BW 02, and by Choi and Lagakos (personal com-
munication) using ACTG 019.

One rarely can establish that surrogate endpoints
are valid. Even in that rare setting in which data on
treatment Z would allow one to view S as a valid
surrogate for 7, one cannot extrapolate this surrogacy
to any new treatment Z* that could have mechanisms
of action that differ from those of Z. As an illustration,
gpl160 and gp120 vaccines (Z*) are now being evaluated
as therapies for the early stages of HIV infection.
These treatments provide novel mechanisms of action
relative to currently used anti-retrovirals (Z) such as
nucleoside analogues, AZT, ddI or ddC. Thus, the FDA
Vaccine Advisory Committee, at its meeting on No-
vember 12, 1991, unanimously agreed that vaccine
trials must allow direct evaluation of the effect of Z* on
clinical outcomes (T'), whether or not CD4-lymphocyte
changes (S) would be judged to provide a valid surro-
gate for T in the setting of the nucleoside analogues.

Whenever attempting to provide a definitive evalua-
tion of the effect of treatment on a true clinical end-
point, one should be extremely cautious about the
amount of emphasis placed on the association of treat-
ment with surrogate markers. Because one rarely can
establish that surrogate endpoints are valid, we pursue
in the next section some approaches that use the infor-
mation in § as an auxiliary variable to strengthen
standard analyses of the association of treatment with
the true endpoint, 7.

Auxiliary Variables

Rather than serving as surrogates to replace true
endpoints, response variables, such as measures of
biological activity discussed earlier in this section, can
be used to strengthen clinical efficacy analyses. These
variables, S, then should be called auxiliary. Suppose
one’s interest is in the effect of treatment on time to
a true clinical endpoint, 7. Suppose further that the
auxiliary information, S, is readily available, whereas
T is censored in a substantial fraction of those patients
having relatively late occurring clinical endpoints. If S
and T are strongly correlated, one can expect that S
will provide useful additional information about the
clinical endpoint in those patients in which T is cen-
sored.

Three approaches that have been proposed for using
auxiliary variables have been referred to as “variance
reduction,” “augmented score” and “estimated likeli-
hood.” The variance reduction approach, explored by
Kosorok (1991), is applicable when S is a time-to-event
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endpoint and when the treatment relationship with S
yields a zero mean statistic X such that cor(X,Y) = p
is positive, where Y is a standard statistic used to
assess the effect of treatment on 7. The statistic Y—pX
proposed by Kosorok makes use of auxiliary informa-
tion to provide a “variance reduced” alternative to us-
ing Y.

The “augmented score” and “estimated likelihood”
approaches, which we will review in somewhat greater
detail, were explored by Fleming et al. (1992). For
either approach, we assume we have n independent
cases, where case i provides data (X;, &; Z;). If T;
and U; are independent latent failure and censoring
variables for case i, then X; = min{T},,U;} = TiAU,, 6; =
Iix;- 1y and the vector Z; provides covariate informa-
tion. Here, I 4) denotes an indicator for A. Assume the
usual proportional hazards model

(2) Mt|Z) = Aoltlexp(BZ)
for the relationship between the covariate vector Z and

the hazard function for the clinical outcome 7. Denote
the cumulative hazard for A, by

Aolt) = / " 2ls) ds.
0

To motivate the augmented score approach, recall
that, when A, is assumed to be known, a maximum
likelihood estimate for § can be obtained by solving
the score estimating equation

(3) Z ZiM(XiI,B) =0,

i=1
where, for any ¢t = 0,
(4) M{(t|B) = Lir<yy — ePZiNo(tAT)),

with M{(t|f) being a case-specific martingale in ¢ in
uncensored data (i.e., U; = =), essentially representing
“observed” minus “model predicted” events over [0, ¢]
for case 7.

In turn, in the semi-parametric setting where A, is
unspecified, the Cox (1975) maximum partial likelihood
estimate of f is obtained by solving the estimating
équation

n

(5) > Z:M{Xi|f) = 0,
i=1

where M; is obtained from (4) by estimating A(t) using
the semi-parametric Breslow (1972) estimator evalu-
ated at g,

n -1
Aoty = 3 D iIixy=xp€” 'Z"} .

{:Xj = t,05=1} | k=1

Censorship reduces the information available in (3)
or (5) that is used for the estimation of S. Specifically,
M;(t|p) is only known over t € [0, X;] rather than over

t € [0, T}], and, in (5), less information is available to
formulate Ao.

Fortunately, the surrogate information, S;, does allow
recovery of some of this lost information. Suppose
denotes some arbitrary large time, and temporarily
assume Ag is known. To recover some information over
(X, 7] for a censored case (i.e., with J; = 0), we consider

(6) em(B) = E{Mz|p) — M;(Xi|B)|X;,0; = 0,8},

which essentially is the conditional expectation of the
lost information over (X;,7], given available information
on case i to X;. It is straightforward to show that
the right-hand side of (6) reduces to zero when one
conditions only on (X;, J; = 0), verifying that the recov-
ery of information on g is made possible only through
using the available information on S;.

The expectation ep;(f) involves the unknown joint
distributions for S; with 7; and U.. Fleming et al. (1992)
formulate an estimator é,;(8) in the special case in
which S; is a censored time-to-event endpoint. Then,
for the setting in which 1, is unspecified, they propose
estimation of # based on solving the “augmented score
equation:”

2 ZMUXHB) + X (1 — oM ixi<aZinidB) = O.
i=1 =1

Exploration needs to be done to determine a proper
choice of the arbitrary t that would allow the capture
of as much information as possible, while still allowing
the estimates é;(8) to be stable.

The “estimated likelihood” approach grew out of ear-
lier work by Pepe and Fleming (1991) and Carroll and
Wand (1991). These authors independently studied the
estimated likelihood for inference with mismeasured
covariate data using models that are nonparametric
with respect to the mismeasurement process. Pepe
(1992) extended this work to the setting of missing
outcome data, where she assumed one had a validation
set of patients having complete uncensored informa-

" tion on both the biological marker, S, and clinical out-

come, T, and a nonvalidation set of patients having
only the marker data, S.

Fleming et al. (1992) extended Pepe’s approach to be
applicable in the usual setting where one has censored
data on both T and S, rather than validation and
nonvalidation sets. Continue to assume the usual pro-
portional hazards model in (2), and temporarily assume
Ao to be known. Following Pepe’s (1992) semi-para-
metric approach, which involves nonparametric estima-
tion of P(S|T, Z) to obtain greater robustness, the
corresponding estimated likelihood is

Lp = anﬁ(Tiiz,-) 11 Po(T > X|Z)
&= 6i=0

(7 - 11 By(S:|T> X, Z)),

6i=0
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where S; can be an arbitrary right-censored vector-
valued process providing auxiliary information. The
first two terms on the right-hand side of (7) represent
the usual likelihood when the auxiliary information, S,
is not taken into account. Under (2), these two terms
reduce to the usual Cox partial likelihood when A, is
considered to be unspecified and, in turn, is estimated
by the piecewise linear approach presented in Breslow
(1974).

Turning to the third term in the estimated likelihood
in (7), we have

-(8) PAS,-IT>X,~,Z,~) =fw PAt|T>Xi,Zi)Pﬁ(Si|t,Zi) dt,
Xi

where P4S|t, Z) is a nonparametric estimate, as ex-
plored in Fleming et al. (1992). From (8), it is clear that
the amount of improvement provided by the estimated
likelihood relative to the usual partial likelihood de-
pends on the degree of dependence of Px(S|t, Z)) on t.
In fact, with nonparametric estimation of PyS|t, Z),
the information about g reduces to that provided by
the usual partial likelihood when

P(S|T,Z) = P(S|Z)

or, equivalently, when P(T'|S, Z) = P(T|Z). Thus, it is
only necessary that S relate to the true endpoint 7,
given Z, in order that it serve as a potentially useful
auxiliary variable.

This estimated likelihood approach to using auxiliary
information is quite flexible since it allows S to be a
multivariate censored stochastic process. For example,
components could be a patient’s evolving CD4 lympho-
cyte count or blood pressure over time. However, im-
portant work remains before this estimated likelihood
would provide an efficient method to using auxiliary
information to strengthen standard analyses of the
association of treatment with the true clinical endpoint.
For example, some improvements in the nonparametric
estimates of the term Py(S;|¢t, Z;) in (8) should be possi-
ble by using smoothing techniques to increase available
information and in turn to reduce variability. This
- smoothing could be done both relative to 7' (allowing
information from neighboring failure times to be used)
and relative to S (allowing matching to individuals with
similar rather than identical auxiliary information). In
addition, for each of the three approaches we have
described for using auxiliary information, investiga-
tions should be performed to determine the degree of
correlation between S and 7" and the nature of censor-
ing required for these approaches to be useful.

Improvements in efficiency with these approaches
using auxiliary information are likely to be small unless
S and T are highly correlated and unless there is one
pool of patients having longer term follow-up and an-
other pool of patients with auxiliary information but
with relatively short-term follow-up on the clinical end-

point. In spite of these limitations, approaches using
auxiliary information are of interest since they avoid
the substantial risks for false positive or false negative
conclusions that arise when surrogate markers are used
to replace measures of clinical efficacy.

DISCUSSION AND SUMMARY

There is an urgent need for rapid development and
evaluation of promising new interventions, especially
in the setting of life-threatening diseases such as cancer
and AIDS. Meanwhile, spiraling costs for health care
are limiting the access of an increasing number of
patients to effective treatments that currently are
available. Toxic and ineffective treatments that become
widely available contribute to these spiraling costs
without providing the desired therapeutic benefit.
Strong leadership is needed from statistical scientists
in the effort to confront these critical public health
issues.

In clinical research, this leadership includes close
collaboration with medical researchers, on an ongoing
basis, to assure that the design, conduct, analysis and
interpretation of results of clinical trials are properly
performed, and it includes serving on Data Monitoring
Committees for government- or industry-sponsored tri-
als. In methodologic research, this includes the devel-
opment and evaluation of new scientific approaches to
medical research that will allow more rapid and efficient
evaluation of treatments without compromising the
reliability of conclusions. Finally, in public service, this
includes playing an active role on Review Committees
and Advisory Committees for NIH and for the FDA
or other regulatory agencies that have considerable
influence in defining the scientific standards for clinical
research and in establishing what evidence should be
required before releasing new drugs and biologics.

In this paper, we have discussed some of the designs,
methods and important issues in evaluating therapeu-
tic interventions and some areas of future research.
Independent Data Monitoring Committees should be
established in government- and industry-sponsored
randomized trials designed to definitively establish
treatment efficacy and safety, particularly in the set-
ting of diseases that are life-threatening or produce
irreversible morbidity. These committees should have
multidisciplinary representation and membership free
of apparent significant conflict of interest, and, ideally,
their members should be the only individuals to whom
the trial's Data Analysis Center provides access to
interim results on relative efficacy of treatments. These
committees should be guided by protocol-specified
group sequential designs. Among future research top-
ics, methods are needed that enable one to obtain
greater insights into long-term treatment effects in
trials that are reported early due to definitive evidence
of short-term benefits.
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Active control designs should be used when at-
tempting to establish that a new therapeutic approach
is less toxic or costly than standard treatment, yet
equally efficacious. Analysis of active control trials
should focus on whether confidence intervals allow one
to exclude clinically meaningful differences that favor
the standard treatment. An illustration is provided by
the recent ACTG Study 021, in which bactrim, as
secondary prophylaxis of Pneumocystis carinii pneu-
monia in AIDS patients, was found to have efficacy
sufficiently favorable to satisfy these criteria relative
to the much more expensive standard treatment, aero-

_solized pentamidine.

In the evaluation of a new intervention, the selection
of the measures of treatment effect can be difficult and
controversial. To be clinically relevant, trials intended
to allow a definitive evaluation of the role of a new
treatment in clinical practice should use measures of
clinical efficacy. Surrogate or replacement endpoints,
which usually are measures of biological activity, often
are considered instead in an attempt to reduce the size,
duration and cost of clinical trials. The use of surrogate
endpoints currently is one of the most intensely de-
bated issues in AIDS research. Because one rarely
can establish the validity of a surrogate endpoint, an
alternative approach could be considered in which mea-
sures of biological activity are used as auxiliary infor-
mation to strengthen analyses of the effect of
treatment on the clinical endpoint. Much important
work remains in developing efficient approaches to
using auxiliary information.
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DATA MONITORING COMMITTEES

Structure

The model of committees composed of independent
investigators meeting every 6 months with open hear-
ings beforehand is not practical in every setting, nor
is it necessarily desirable. Funds are not available for
committees of this sort for the 150 or so randomized
trials being conducted in the cancer cooperative groups.
Further, we believe that those who know the most
about the trial are among those in the best position to
judge it. In particular, it seems important to include
some members who treat patients with the regimens
being studied (and who thus face the ethical issues
directly), as well as those who are most familiar with
any problems with the data. Tom and we were involved
in the development of the Southwest Oncology Group
monitoring committee policy in 1985. Since then, the
group has had good results using monitoring commit-



