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Objectives. The accepted sine
qua non for estimating the difference
in efficacy between a new and a
standard treatment is a randomized
controlled clinical trial. Yet in some
situations it is either practically or
ethically impossible to conduct such
a trial. For example, patients who are
desperately ill may decline to partici-
pate when they learn they may not
receive the new treatment, especially
when that treatment is readily avail-
able outside the experimental proto-
col. Likewise, in a prophylactic trial
of a promising vaccine, recruitment
of persons at greater risk may falter
or fail. Our objective is to demon-
strate that a rigorous comparison of
treatments may still be attainable.

Methods. The features of a con-
trolled clinical or prophylactic trial
are reviewed from the perspectives
of Food and Drug Administration
regulations, ethical considerations,
and practical problems.

Results. An explicit risk-based
allocation method of design and
analysis is proposed, one guarantee-
ing that all subjects at greater risk
will receive the new treatment.

Conclusions. Under certain con-
ditions, a risk-based allocation trial
can furnish consistent estimates of
both standard and experimental treat-
ment effects for those at greater risk
while avoiding certain difficulties
caused by randomized treatment allo-
cation. (Am J Public Health. 1996;86:
691-695)

May 1996, Vol. 86, No. 5

Clinical and Prophylactic Trials with
Assured New Treatment for Those at
Greater Risk: I. A Design Proposal

Michael O. Finkelstein, JD, Bruce Levin, PhD, and Herbert Robbins, PhD

Introduction

The human immunodeficiency virus/
acquired immunodeficiency disease (HIV/
AIDS) epidemic has focused attention on
the way new drugs are tested and ap-
proved in the United States. The basic
requirement, mandated by law, is a
controlled clinical or prophylactic trial
that demonstrates the efficacy and safety
of the proposed treatment. In recent
years, the protocols for such trials have
received new scrutiny, and the acceptabil-
ity of long-established practices has been
questioned. One feature of particular
concern is the randomly selected control
group, which receives a standard treat-
ment or a placebo. Although there is no
assurance that the experimental therapy
or prophylaxis will be better than the
standard one, a drug or vaccine that
reaches the trial stage is usually perceived
as promising, while the standard treat-
ment may be largely ineffective. In such
cases, random assignment of patients or
designated populations to the control
group raises important ethical and practi-
cal problems. These problems arise from
the lack of assurance that participants
who are either very sick or at grave risk
will receive the new intervention.

To cope with these problems in
severe cases, we propose that instead of
random allocation to intervention or
control status, the trial protocol use a
risk-based method of allocation. In this
method, all those at greater risk receive
the new treatment or prophylaxis while
only persons at lesser risk are the controls.
Statistical models based on data for the
concurrent controls are then used to
estimate what the response of those at
greater risk would have been if they had
received the placebo or standard treat-
ment.

These methods are applicable be-
yond the realm of HIV/AIDS. They apply
to any circumstance in which a control
group would normally be used but one is
reluctant to deny the possible advantage
of the treatment or intervention to those
who most need it, or in which recruitment
would be compromised when prospective
subjects are told (as they must be) that
they may be denied the treatment. Thus,
risk-based allocation methods have appli-
cation in trials in both clinical and public
health settings. The latter might include
prophylactic trials for either primary or
secondary prevention, as exemplified by
the control of hypercholesteremia to
prevent coronary heart disease. In the
United States, trials of vaccines against
HIV are quite likely to be compromised
because of the possible denial of the
vaccine. A long-standing case is the second-
ary prevention of cervical cancer through
Papanicolaou smears to detect cellular
dysplasia: controlled trials were hamstrung
once the approach became firmly en-
trenched without benefit of any trials.
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How assured allocation to surmount
such difficulties would work in practice is
the subject of two articles. In this article,
we review briefly the basic elements of
randomized controlled trials and the
problems that have arisen in some cases.
In the second article, we give some
examples in which risk-based allocation
methods are applied to the data of
randomized controlled trials and the
results of the two methods are compared.
We emphasize at the outset that a
randomized controlled trial is the method
of choice in testing new therapies and that
alternatives should be considered .only
when practical difficulties pose a substan-
tial threat to the conduct or integrity of a
proposed trial.

Regulations for Clinical Trials
of New Drugs

The protocols for clinical trials of
new drugs are governed by the federal
Food, Drug, and Cosmetic Act and Food
and Drug Administration (FDA) regula-
tions. With certain exceptions, these re-
quire that the FDA must approve a new
drug as safe and effective before that drug
may be introduced into interstate com-
merce.! The approval standards for safety
and efficacy were established at different
times and are not identical. Premarketing
approval for safety stems from the original
1938 act, which provides broadly that
there must be ‘“adequate tests by all
means reasonably applicable to show
whether such drug is safe.”? (The history
and requirements of the 1938 act are
discussed in Weinberger v Hynson, Westcott
& Dunning, 412 US 609 [1973].) A
requirement of approval for efficacy,
added in 1962, is more specific; as
amended in that year, the act requires the
FDA to refuse approval of a new drug and
to withdraw any prior approval if “substan-
tial evidence” that the new drug is
effective for its intended use is lacking.
“Substantial evidence” is defined as “evi-
dence of adequate and well-controlled
investigations, including clinical investiga-
tions, by experts qualified by scientific
experience and training” (emphasis
added).?

FDA regulations implement the stat-
ute by emphasizing the importance of
controlled studies and specifying their key
elements. Under the regulations, the
agency reports of “adequate and well-
controlled studies” as the “primary basis”
for determining whether there is “substan-
tial evidence” to support the claims of
effectiveness for new drugs.* The regula-
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tions emphasize that “uncontrolled or
partially controlled studies are not accept-
able as the sole basis for the approval of
claims of effectiveness,” although such
studies may provide “corroborative sup-
port of well-controlled studies regarding
efficacy and valuable data on safety.”

The protocols for controlled trials
are outlined in the regulations, which
begin by invoking the authority of scien-
tific consensus: “The characteristics of
[controlled clinical trials] . .. have been
developed over a period of years and are
recognized by the scientific community as
the essentials of an adequate and well-
controlled clinical investigation.”* The
study must use “a design that permits a
valid comparison with a control to provide
a quantitative assessment of drug effect.”¢
The core is a proper control group. The
permissible controls are described in
some detail. There is a “placebo concur-
rent control,” in which the control group
receives a placebo; a “dose-comparison
concurrent control,” in which the control
group receives a different dose from that
of the treatment group; a “no-treatment
concurrent control,” to be used only when
the placebo effect is anticipated to be
negligible; and an “active treatment con-
current control,” in which the test drug is
compared with a known effective therapy.’
These concurrent controls stand in con-
trast to “historical” controls, in which the
results of treatment with the test drug are
compared with “experience historically
derived from the adequately documented
natural history of the disease or condition,
or from the results of active treatment, in
comparable patients or populations.”®

For a concurrent control study, the
method of assigning patients to treatment
and control groups must minimize bias
and “assure comparability of the groups
with respect to pertinent variables such as
age, sex, severity of disease, duration of
disease, and use of drugs or therapy other
than the test drug.”® According to the
regulations, it is because such pertinent
variables cannot be well assessed in
historical populations that the use of
historical controls is limited to “special
circumstances,” such as diseases with
“high and predictable mortality (certain
malignancies) and studies in which the
effect of the drug is self-evident (general
anesthetics, drug metabolism).” The goals
of unbiasedness and comparability gener-
ally are met by randomizing the allocation
of treatment and control status across
subjects.

Issues Raised by Control Groups

However, these established methods
of conducting trials do not satisfy desper-
ately sick people—most conspicuously,
victims of advanced AIDS—who face the
prospect of near-term death. These people
have leveled barrages of criticism at the
way clinical trials are managed, from the
entry criteria to the speed of approval of
new drugs. In particular, they argue that
the use of control groups is scientifically
unnecessary (because death is predict-
able) and ethically unacceptable (because
a doctor cannot prescribe less than the
best available treatment, and the control
group may not receive that treatment).
The relative permissiveness of the Na-
tional Institutes of Health, which regu-
lates cancer trials, has been contrasted
favorably with the FDA'’s practice.?

The argument that control groups
are scientifically unnecessary has not been
accepted and has not resulted in any
significant structural change in the con-
duct of controlled clinical trials. Ethical
concerns are another matter. To meet
ethical objections to control groups, the
principle has been articulated that all
branches of a trial must be in clinical
equipoise—that is, that none of the
treatment strategies has been established
as clearly preferable.!! It follows that if, as
the trial progresses, accumulating data
indicate strongly that the new drug is
either efficacious or toxic, the trial should
be discontinued and the new drug either
offered to all (if there appears to be
efficacy) or withdrawn (if there appears to
be toxicity).

This principle rules out egregious
abuses (e.g., giving placebos to a control
group when therapies are established and
available) but is in fact far more problem-
atic and complex than would appear from
the deceptive simplicity of its formulation.
Views differ as to whether the personal
opinion of the patient’s physician, unsup-
ported by clinical trial evidence, should
create an ethical obligation that would
preclude participation in a trial in which
the patient may be randomized to a
treatment that the physician does not
regard as optimal.!2-16 If so, trials would
be severely restricted. Moreover, if a trial
is terminated early when a new drug
seems to be promising, the data of the
trial can no longer be analyzed in a simple
way to determine the drug’s effect.!” The
statistical theory of sequential trials can
be used to correct for bias and to calculate
significance levels and confidence inter-
vals when the stopping rule is prespeci-
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fied. But the precision of information
gained about primary and secondary
endpoints may not be great, and the
theory does not cover those common
situations in which trials are stopped
because of side effects or information
outside the trial (e.g., late-breaking re-
sults from other trials). When early
termination is suggested by such input,
scientific and patient interests may col-
lide.!®

In addition to ethical issues, control
groups create practical problems in recruit-
ment and risks of sabotage. While experts
debate the ethics of controlled trials,
some AIDS patients have taken matters
into their own hands. In significant num-
bers they have refused to volunteer for
trials or have undermined them either by
sharing the drug with others, thereby
sabotaging dosage design, or by opting out
if they believe they are in the standard
treatment group. Describing these and
other problems, one commentator has
concluded that “clearly the magnitude of
noncompliance in AIDS research threat-
ens the validity of many important ongo-
ing clinical trials.”'%r2% Those involved in
the design and conduct of clinical trials
have moved cautiously in response to
activist pressure.?

The problem of recruitment is exacer-
bated when the experimental treatment is
readily available outside of a controlled
trial. Randomized studies of bone marrow
transplant therapy for breast cancer pa-
tients have been stymied in New York by
the refusal of women to participate in
controlled trials since they can be assured
of receiving the transplant treatment
elsewhere.?! Recruitment for AIDS trials
may have been hampered by a 1988
congressional enactment providing for
early access to new AIDS drugs still
undergoing trials.?2

Clinical trial recruitment may be
helped by providing for patient cross-
overs. Some trial protocols permit a
patient who does poorly under the origi-
nally selected treatment to cross over to
another arm of the trial during the
follow-up period. Under the conventional
intention-to-treat principle, however, pa-
tients are counted in the group to which
they were originally randomized, despite
subsequent changes. While preserving a
valid type I error rate for the trial,
intention-to-treat analysis degrades the
clinical meaningfulness of the measured
treatment effect when there are a large
number of such crossovers, and it causes a
loss of statistical power when the null
hypothesis is false.? Crossovers, and
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patients who drop out or are otherwise
noncompliant, thus cast doubt on the
statistical integrity of a trial.

An Alternative: Risk-Based
Allocation

What can be done to close the gap
between those who insist on randomized
controlled trials for the soundness of
scientific investigation and those who
object to them for ethical, compassionate,
or practical reasons? The rules governing
controlled trials are sanctified in science
and have been written into law. Neverthe-
less, we suggest that in cases with severe
practical problems, we can still achieve
the goals of controlled trials by adopting a
risk-based allocation design, in which the
treatment group is not selected at random
but consists of persons who are at greater
risk while the control group consists of
those who are at lower risk. Statistical
models are then used to adjust for the
differences between the two groups. The
models grow out of theoretical work in
empirical Bayes estimation by one of us
(H.R.) and Cun-Hui Zhang.?*?" These
models are in the modern spirit of
stochastic personal risk parameter models
for causal inference.?® In this approach,
the effect of the standard treatment on
the persons at greater risk, who in fact
receive the new treatment, is estimated
from a mathematical model instead of
being observed directly. The comparison
among persons at greater risk of their
directly observed response to new treat-
ment with their estimated response to the
standard treatment is the measure of the
differential treatment effect. This departs
from the conventional measure of treat-
ment effect in that the differential effect is
measured only for the persons at greater
risk whereas the conventional measure
reflects the average difference over all
subjects. This measure can be justified if
the benefit to the persons at greater risk is
a point of central interest. If the response
of the lower-risk persons is also of
interest, the trial protocol could provide
for random allocation of those subjects to
new or standard treatment while guaran-
teeing the new treatment for all the
higher-risk subjects. This elaboration of-
fers no analytic difficulties and may, in
certain cases, facilitate approval of the
protocol.

For example, in the bone marrow
transplant randomized trial referred to
above, only women with 10 or more
involved nodes are eligible. Thus, the trial
is designed to estimate treatment effect
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for this group of patients. With a risk-
based allocation design, these women
would be guaranteed bone marrow trans-
plant while women with fewer than 10
involved nodes would serve as controls
and be given standard therapy. Our
estimate of treatment effect would apply
to the originally targeted group of pa-
tients.

Under this protocol, the subjects at
greater risk, who are in most urgent need
of treatment, would all get the new
treatment and so should be more willing
to cooperate in the study. The subjects at
lower risk would not have that assurance
but would know that, if the drug is
effective, they would have an opportunity
to be treated with it later. If informed
consent is obtained prior to the determina-
tion of disease severity (i.e., measure-
ment[s] determining treatment alloca-
tion), subjects may be told that they will
definitely receive the experimental treat-
ment if their condition or disease severity
is found to warrant it.

One might view this risk-based alloca-
tion as an intermediate protocol between
historical controls and the standard ran-
domized concurrent controls. The investi-
gators would rely on prior experience to
choose the mathematical form of the
model, but on current data to estimate the
parameters of that model. Since they
would look to history only for generalized
guidance in model building, that more
limited use should help to meet the
objection noted in the regulations that
historical control groups cannot usually be
relied on because “pertinent variables”
cannot be well assessed in historical
control populations.

In a similar vein, the use of risk-
based allocation addresses one criticism
of observational studies, which is that in
such studies the allocation to treatment or
control groups follows an unknown mech-
anism involving self-selection and other
potentially biasing factors. As a result,
unless much effort is exerted in the design
of the observational study to ensure that
the two groups are comparable, the
groups will tend to differ with respect to
one or more potentially confounding
factors. In such cases, simple comparisons
of averages will need to be adjusted for
the effect of the confounders. In other
words, in observational studies, unad-
justed treatment effects and adjusted
treatment effects generally differ, and
adjustment is required to guard against
spurious effects. In randomized studies,
by contrast, adjusted and unadjusted
treatment effects are equal in theory
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because of the orthogonality (uncorrelat-
edness) of treatment allocation with con-
founders built in by the randomization. (It
may be shown that in randomized trials,
adjusted treatment effect estimates are
more efficient than unadjusted effect
estimates for typical analyses based on
linear models or linear logistic models.?
However, the gain in precision is usually
small, especially in large trials. In smaller
trials, it may even be deemed inadvisable
to adjust for covariates when there are
many to select from and they yield
different conclusions, such that the trial
may be called into question for a kind of
analytic selection bias.)

In a risk-based allocation trial, the
allocation mechanism is known and objec-
tive. As a result, all that is required to
estimate treatment effect among the sub-
jects at greater risk is a valid model for
standard treatment response given true
discase severity and/or the allocation
variable, but that model need not further
adjust for any confounders (see Part II of
this paper and the appendix for a precise
formulation of such models). Thus, our
procedure is exactly parallel to that used
in randomized trials where treatment
effects are estimated without adjustment
for confounders, and, indeed, whatever
treatment effect parameters can be consis-
tently estimated for primary endpoints in
the randomized trial can also be consis-
tently estimated in the assured allocation
design. To be sure, the assumption of a
valid model for standard treatment re-
sponse is critical to the success of the
method, but once the form of that
response model is determined for the
subjects to be recruited, the treatment
effect parameter can be estimated with no
more bias or need for adjustment for
confounders than in the randomized trial.
Of course, if it is desired to estimate
treatment effects adjusted for a set of
confounding factors, one would need to
incorporate those factors as conditioning
variables into the model, just as in the case
of randomized trials.

Apart from issues of statistical estima-
tion, which we discuss in Part II,3
risk-based allocation would generally be
inconsistent with the double-blind feature
of many clinical trials. This is a loss that
has to be weighed on a case-by-case basis
against the benefits of risk-based alloca-
tion. Double-blind procedure is not al-
ways practically or ethically possible in
standard randomized trials, such as the
bone marrow transplant trials. Even
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double-blind trials have the potential for
concealed biases if subjects analyze the
drug or otherwise determine what they
are receiving. Moreover, the decision to
terminate early, if made on a judgmental
basis, may reflect the biases of the
monitors, who have full knowledge of the
results.

The methods we propose are specula-
tive in that they assume specific models
for the effect of the standard treatment.
To minimize the speculative element
inherent in model selection, risk-based
allocation should be used only when prior
experience with comparable subject popu-
lations provides a reasonable basis for
specifying the mean standard treatment
response as a function of the measure of
severity—that is, the allocation variable.
Since the appropriateness of the model
turns on the effect of a standard treat-
ment, the natural history of the disease or
condition, or experience from other stud-
ies, must be consulted to provide a basis
for model selection. In the bone marrow
transplant example, oncologists today can
quantify the average decrement in 5-year
survival for each additional involved node,
which would provide a basis for specifying
a model in that case. The model param-
eters can be estimated from the data for
the concurrent control group, and the
appropriateness of the model can also be
checked against those data. It is an
advantage of our method that it requires
no model for the effect of the experimen-
tal treatment itself, which would usually
be quite problematic.

Conclusion

What has to be considered in each
case is the loss of double-blinding and the
risk of being seriously wrong about the
model for the effect of standard treat-
ment, weighed against the difficulty of
finding volunteers, the risks of sabotage,
the pressure for premature termination,
or even the abandonment of the control
group concept. Balancing everything, the
safer and ultimately more humane course
in some cases may well be a risk-based
allocation protocol of the type we pro-
pose. We are following here the sugges-
tion that “statisticians should be more
sensitive to the physician’s responsibility
to the individual patient and should,
besides promoting randomized trials when
they are ethically and practically feasible,
work to improve the planning, execution,
and analysis of nonrandomized clinical
studies.”4p52)

In Part II, we show how risk-based
allocation could have been used in three
types of studies, and we compare the
results of the actual trials with those
obtained under the risk-based methods
we propose.¥ [J
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