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Ethics and Statistics in Randomized
Clinical Trials
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Abstract. Randomized clinical trials can present a scientific/ethical
dilemma for clinical investigators. Statisticians have tended to focus on
only one side of this dilemma, emphasizing the statistical and scientific
advantages of randomized trials. Here we look at the other side, exam-
ining the personal care principle on which the physician-patient rela-
tionship is based and observing how that principle can make it difficult
or impossible for a physician to participate in a randomized clinical
study. We urge that the view that randomized clinical trials are the
only scientifically valid means of resolving controversies about thera-
pies is mistaken, and we suggest that a faulty statistical principle is
partly to blame for this misconception. We conclude that statisticians
should be more sensitive to the physician’s responsibility to the individ-
ual 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.

Key words and phrases: Nonrandomized control group, observational
study, physician-patient relationship, randomization, selection bias.

1. INTRODUCTION

...from my associations with doctors in con-
trolled trials I have learned that the better the
statistician understands the doctor/patient re-
lationship and the doctor’s very real and unique
ethical problem the-better he can help to devise
a trial that may be less than ideal experimen-
tally but yet likely to be of some, and perhaps
considerable, value to medicine. ... still more
important, I have learned that though the
statistician himself may never see a patient. . .
nevertheless, he cannot sit in an armchair,
remote and Olympian, comfortably divesting
himself of all ethical responsibility. As a part-

. ner in a combined endeavor a full share of that
responsibility will always lie with him...
(Hill, 1963).

Randomized clinical trials are widely regarded as
the most scientifically sound approach to determin-
ing which of two medical treatments is better. Some
argue that they are essential for the advancement
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of medicine. For example, Zelen (1979), states that
disruption of such trials would undermine “. .. the
scientific basis of therapeutic medicine,” Tukey
(1977) expresses the conviction that “...the only
source of reliable evidence about the usefulness of
almost any sort of therapy or surgical intervention
is that obtained from well-planned and carefully
conducted randomized . . . clinical trials,” and
Cowan (1981) writes “With some exceptions, par-
ticipation of any group of patients in a nonrandom-
ized trial is wholly unjustified and unethical since
nothing can be learned from it.” While not all

" statisticians would endorse such strong judgments,

most would agree with Byar et al. (1976) that
“Randomized clinical trials remain the most reli-
able method for evaluating the efficacy of thera-
pies.”

Despite the enthusiasm that they generate on
scientific and statistical grounds, many randomized
clinical trials are beset by reservations and discom-
fort arising from ethical considerations. Here we
will examine the ethical and statistical arguments
bearing on the dilemma faced by the clinical inves-
tigator. A trial that compared two therapies for
newborn infants in severe respiratory distress will
be used as an example. This example is chosen, not
as a particularly extreme instance of the general
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problems discussed here, but because its authors
were unusually candid in describing their beliefs
going into the study and their rationale for proceed-
ing as they did.

2. THE PHYSICIAN’S OBLIGATION TO THE
PATIENT

2.1 The Personal Care Principal

“The traditional concept of the physicians’ rela-
tion to his patient is one of unqualified fidelity to
that patient’s health” (Fried, 1974, page 50).
Schafer (1982) notes that, in his traditional role of
healer, the physician’s commitment is “exclusively
and unequivocally to promote the interests of his
patient.” This concept has no accepted name; it is
very closely related to what Veatch (1981) calls the
‘“Hippocratic principle” and Marquis (1983) names
the “therapeutic obligation.” I will follow Fried in
calling it the personal care principle. It relates
specifically to the professional relationship between
physician and patient and expresses (Chapman,
1984) the physician’s obligation “to place the pa-
tient’s interests before all else within the profes-
sional relationship.”

The personal care principle is commonly stated
as the physician’s duty “to do what is best for the
patient.” It is not entirely clear whether it is im-
plied to the Hippocratic Oath (“Whatever houses I
may visit, I will come for the benefit of the
sick . ..”), but the Physician’s Oath adopted by the
World Medical Association at Geneva (1948) is ex-
plicit: “the health of my patient will be my first
consideration.” In the context of clinical trials, the
principle appears in the Medical Research Council
of Great Britain’s (1964) statement on Responsibil-
ity in Investigations on Human Subjects: “It goes
without question that any doctor taking part in. . .
a collective controlled trial is under an obligation
to withdraw a patient from the trial, and to insti-
tute any treatment he considers necessary, should
this, in his personal opinion, be in the better inter-
ests of his patient.” And individual authors writing
about clinical trials routinely acknowledge “. . . the
fundamental principle that the physician-investiga-
tor’s primary responsibility is to his patient” (Shaw
and Chalmers, 1970).

In addition to whatever moral force might sup-
port the personal care principle, there is a practical
need for it—its absence would create severe obsta-
cles to the proper functioning of the present system
of medical care. One who doubts that his physician’s
professional advice is motivated by what is best for
the patient is effectively cut off from adequate care.
Blind faith that no physician ever put another

interest above the health of a patient is not neces-
sary or even desirable. But confidence that the
personal care principle is usually honored seems
essential if people are to be motivated to seek
out needed medical help and to follow prescribed
therapies.

2.2 Paternalism and Autonomy

Views about the proper relationship between
physician and patient are not static. Before the
1940s the dominant image was a paternalistic one
in which the focus was on the physician’s responsi-
bility to do what, in his judgment, was best for the
patient. Recent decades have seen increasing em-
phasis on the rights of the autonomous patient,
particularly the rights to be informed and to make
his or her own decisions. The personal care princi-
ple does not demand that the physician does what-
ever he thinks is best for the patient, regardless of
the patient’s preferences: the role of the physician
is to advise and propose, not to impose his judg-
ments. The right to decide what is truly in the
patient’s best interests belongs to the patient. As
Chapman (1984) put it “There are times when the
doctor does indeed know best, even though he or
she may not impose a decision; ultimate choice is
uncontestably the patient’s.” This view is exempli-
fied in recent legal judgments that the decision of a
patient whose religious beliefs forbid blood transfu-
sion must be respected, even by a physician who is
convinced of the urgent medical need for the trans-
fusion. Of course many patients choose to play a
passive role, trusting the physician to do ‘“Whatever
you think is best.” And of course the basis for this
decision is the assumption that the personal care
principle will be respected.

2.3 Competence

The personal care principle is not the physician’s

-only rule of professional ethics. Another obligation

relates directly to our discussion: the physician
must maintain competence. His actions are ethi-
cally sound only if they are directed by both the
personal care principle and adequate professional
knowledge and skills. A physician does not face an
obligation to provide the best available therapy for
his patient. His obligation is to provide what is best
in his judgment, and to ensure that his judgment is
medically competent. No more is humanly possible.
If two competent clinicians, both observing the per-
sonal care principle, disagree about the relative
merits of two therapies, then one may be using
what is in fact an inferior treatment, but neither is
behaving unethically.
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2.4 Limitations to Personal Care

There are certain.situations in which the physi-
cian’s responsibility to serve the interests of the
patient is restricted on behalf of the interests of
society. For example, although the physician is
generally charged with maintaining confidential-
ity, he is required to report gunshot wounds to the
police. Clearly such a report might be contrary to
the interests of a wounded fugitive. For another
example, Food and Drug Administration regula-
tions limit the conditions under which many drugs
can be used, so that a physician may not be allowed
to prescribe what he or she thinks would be best for
the individual patient. It is important to note that
these situations, in which the personal care princi-
ple is compromised for a presumed social good, are
explicitly circumscribed by public law and not left
to the personal judgment of the physician.

3. RANDOMIZED CLINICAL TRIALS

Clinical trials are medical experiments with pa-
tients as subjects. We will consider trials that take
place when there is uncertainty about which of two
therapies is preferable. Some patients receive one
treatment and some the other, then results in the
two groups are compared. The defining characteris-
tic of randomized clinical trials (RCTs) is that each
patient’s therapy is determined by a specified
chance mechanism: each patient is randomized to
treatment A or treatment B. Questions of ethics
arise because the treatment that an individual pa-
tient receives is determined, not by the physician
acting under the personal care principle, but by the
randomizing device. Before looking at these ethical
questions, let us consider why we might want to
carry out an RCT.

3.1 Advantages of RCTs

We want to learn about these two treatments, A
and B. If we see different results in the A group
than in the B group, we want to attribute this to
.differing treatment effects. But of course this con-
clusion can be invalidated by the observation that
the two groups of patients were not comparable
before treatment. Randomization precludes one no-
torious source of noncomparability, selection bias.
It ensures that the two groups cannot differ be-
cause the physician tended (either consciously or
not) to select treatment A for the more severely ill
patients, for example. '

Besides protecting against selection bias, ran-
domization also tends to balance the treatment
groups with respect to covariates. For example, it
tends to produce groups that are similar with re-

spect to the distribution of prognostic factors. Of
course randomization does not guarantee to pro-
duce groups that are similar, say in their age distri-
bution, and if it is found that by chance the groups
are different, then statistical adjustments can be
made. But one of the most important advantages of
randomization relates to unobserved, perhaps un-
known, covariates, for which statistical adjust-
ments are impossible. Although it cannot be known
for certain that the groups in the study are in fact
comparable on such an unobserved covariate, X,
the tendency of randomization to produce balanced
groups can ensure that severe imbalance on X is
improbable, thus strengthening the argument that
an observed difference between treatment groups is
due to the treatments, not to X-differences between
the groups.

The third advantage of randomization that is
commonly cited (e.g., Byar et al., 1976) relates to
the probabilities used in statistical analysis. Proba-
bilities deliberately introduced via random treat-
ment assignment can be used in analyzing the
results, and such analyses are then surely valid in
a sense that cannot be guaranteed for analyses
based on probabilistic assumptions not grounded in
the act of randomization.

Of course RCTs have some disadvantages, too.
For example, obtaining the patients’ informed con-
sent to participate in a study can be made more
difficult by the need to explain randomization. Be-
sides prolonging the investigation, this can produce
a study population that differs markedly in educa-
tion and attitudes from the target population. How-
ever, the advantages of RCTs are such that few
would disagree with the position that, other things
being equal, a comparative trial is strengthened by
the judicious use of randomization.

3.2 Two Types of RCTs

An RCT that is carried out by clinicians who are
themselves quite unsure which treatment is better
will be called an experimental trial. Many trials
are of a different sort: their authors are confident
that one treatment is superior. Their purpose is to
demonstrate that superiority in a way that will be
convincing to others. These will be called demon-
stration trials. Such trials are often undertaken by
the developers of a new therapy who, having used
it successfully in a series of patients, believe that it
is better than the old treatment. But sometimes, as
in proposed trials of certain controversial cancer
therapies, the purpose is to provide a convincing
demonstration of the inferiority of an unconven-
tional treatment (Mulder, 1981; Cowan, 1981).

Demonstration trials clearly present ethical prob-
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lems, because they involve a physician’s assigning
some of his patients to a treatment that he believes
to be inferior. What can be said in their defense?
There are two arguments. One of these looks at the
beneficial consequences of an RCT and weighs the
cost against these bénefits; the other is more philo-
sophical, centered on the definition of “knowledge.”
We describe the first argument as practical and the
second as epistemological.

3.3 The Practical Argument for Demonstration Trials

The practical argument is based on the utilitar-
ian objective of maximizing the total good. It ac-
knowledges that there is a cost, that some patients
in the demonstration trial will not receive what, in
their physician’s best judgment, is best for them.
But it argues that this cost is exceeded by the
benefits to many more patients whose physicians
will have been convinced by the demonstration trial
not to use the inferior treatment.

This utilitarian argument seems to be particu-
larly attractive to statisticians and others who are
not bound by the clinician’s obligation to the indi-
vidual patient. However, according to the personal
care principle, the patient has a right to expect that
his physician will act in his best interests and will
not sacrifice them on behalf of other patients. Al-
though the physician might judge that one patient’s
interests are less valuable than those of others, the
principle forbids his making the trade. Specifically,
it forbids his giving a patient what he believes to
be an inferior treatment in order to demonstrate its
inferiority for the benefit of others.

3.4 The Epistemological Argument for
Demonstration Trials

The practical argument for demonstration trials
emphasizes their benefits, attempting to show that
they are great enough to outweigh the costs. On
the other hand, the epistemological argument
claims that there is actually no cost. According to
this argument, if therapy A were known to be
better than B, then there would be no need for an
RCT. And if it is not known, then the physician
who believes that A is better has no sound basis for
recommending A; his belief represents only a per-
sonal opinion, an unscientific hunch, and is not a
proper basis for responsible professional judgment.
Thus even though in randomly assigning half of his
patients to therapy B he fully believes that he is
doing less than he can for those patients, there is
actually no sacrifice made, no ethical cost incurred.

Freund (1982) used this argument in urging that
more clinical trials should be done in surgery.

While the ... new technique may seem quite
different or novel to the general medical and
surgical community, in the eyes of those in-
volved in its evolution there is no such feeling.
A pilot study of several patients will have been
performed with success.. The surgeons primar-
ily involved... may be enthusiastic in their
advocacy of the new procedure. To submit their
patients to a large clinical randomized study is
not ethical in their opinion, since they have
already seen that their new approach is
better . .. and yet, in terms of statistically sig-
nificant, unbiased, truly tested knowledge, a
sound scientific database does not exist.
...much of what the surgeon assumes he
knows is not based on solid scientific data, but
rather on training, experience, and reinforce-
ment. The choice of treatment is neither more
nor less likely to be correct if made arbitrarily
than if assigned randomly in the clinical trial.
The two courses of action can thus be consid-
ered ethically equivalent in terms of patient
risk.

...even an opinion held with strong convie-
tion is not a sufficient basis for ethical action;
passionate opinion does not make an incorrect
opinion into a correct one.

This echoes the argument of Byar et al. (1976)
who proposed that when the relative merits of two
therapies are in dispute an RCT “...involves no
ethical compromise concerning the patients who
will be involved in the trial in that no patient will
receive a therapy that is known to be inferior to
another.”

Freedman (1987) presents a variation on this
argument. He considers the situation where “There
exists (or, in the case of novel therapy, there may
soon exist) an honest, professional disagreement
among expert clinicians about the preferred treat-
ment.” Now some investigators who “have a de-
cided preference for [therapy] B but wish to conduct
a trial” appear before an ethics committee:

The ethics committee asks the investigators
whether, if they or members of their families
were within [the study] population P, they
would not want to be treated with their prefer-
ence B? An affirmative answer is often thought
to be fatal to the prospects for such a trial, yet
the investigators answer in the affirmative.
Would [such] a trial ... be ethical?

I believe that it clearly is ethical... The
ethics of medical practice grants no ethical or
normative meaning to a treatment preference,
however powerful, that is based on a hunch or
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on anything less than evidence publicly pre-
sented and convincing to the clinical commu-
nity.

The epistemological argument undermines the
personal care principle. It does this not by direct
contradiction, but by emptying the class of situa-
tions to which the principle applies. According to
that argument, it might be true that whenever the
physician knows therapy A to be better than B, he
must try to provide A. But when he doesn’t know,
when he only believes A to be better, he is under no
such obligation.

So when does the personal care principle apply?
When does he know? Is it when his beliefs agree
with some broad professional consensus? There are
too many examples where the consensus has proved
wrong to accept this definition. The consensus is
certainly relevant in making judgments about com-
petence, and one whose beliefs are at odds with the
majority view must be prepared to give rational
arguments to support his position. But knowledge
is not simply whatever is widely believed by ex-
perts. A dissenter can be the one who “knows,”
while the “well-known fact” can prove to be only a
popular misconception.

If the consensus of experts does not define the
physician’s “knowledge,” then what does? How can
we decide when he “knows” what is best, and is
therefore bound by the personal care principle?
Does the physician “know” that A is the better
therapy when an RCT has reached this conclusion?
Of course not. Structuring a study as an RCT does
not ensure that it will not reach an erroneous
conclusion; it only provides a way to measure and
control the probability of such an outcome. An RCT
can provide valuable evidence, which can justify
strong beliefs. It can make one very confident and
convince others as well. It cannot prove anything.

The physician never knows; he has only his in-
formed judgment, his beliefs, and it is on these that
he must act in his patient’s interest. If the personal
care principle applied only when he %knew what was
best, it would be meaningless.

3.5 Unacceptability of Demonstration Trials

The personal care principle prohibits demonstra-
tion trials. The patient has a right to expect that
the physician will not deliberately provide what he
believes to be inferior care, .even for the worthy
purpose of generating sound scientific evidence that
his belief is correct.

How then is the advocate of a new or improved
therapy to demonstrate the procedure’s superiority
in a way that other clinicians will find convincing?

I will argue later that alternatives to RCTs should
be more highly valued. But RCTs provide the most
convincing evidence, and if demonstration trials
are forbidden because they entail violation of pa-
tients’ individual rights, then science will suffer.
And, to the extent that science is used for the
betterment of society, society will suffer. So be it:
“It is the essence of rights to work as constraints on
the pursuit of social goods” (Fried, 1974, page 171).

In fact, demonstration trials have few defenders;
most writers consider them inappropriate. In a
pointed rejection of the epistemological argument,
Hill (1963) wrote

...it must be possible ethically to give every
patient admitted to a trial any of the treat-
ments involved . . . Ifthe doctor. .. thinks even
in the absence of any evidence that for the
patient’s benefit he ought to give one treat-
ment rather than another, then that patient
should not be admitted to the trial. Only if, in
his state of ignorance, he believes the treat-
ment given to be a matter of indifference can
he accept a random distribution of the patients
to the different groups.

Other authors express similar positions in rejecting
demonstration trials:

Sometimes, the initial clinical studies suggest
that the new therapy is much more effective
than the conventional therapy. In this circum-
stance, a clinical investigator would not be
fulfilling his ethical responsibility to his pa-
tients if he planned a randomized comparative
trial instead of administering the therapy to
consecutive patients. (Gehan and Freireich,
1974.)
Ethically, a physician should only participate
in [RCTs] if he or she believes that all treat-
~ ments under study have potentially equal ben-
efits. (Zelen, 1979.)

Randomization can be applied when the clini-
cian or clinicians in charge of the patient be-
lieve that either treatment method, the ac-
cepted or the experimental, has essentially
equal potential benefit to the patient, and when
other factors, such as side effects and personal
history, are also of no consequence to the selec-
tion process. (Curran, 1979.)

3.6 Experimental Trials and Equipoise

The popular view, expressed in the above quota-
tions, is that demonstration RCTs are ethically
impermissible. If the physician believes that A is
better for this patient, then he cannot allow ther-
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apy to be determined by a random choice between
A and B. The same arguments apply even when the
physician’s belief falls short of absolute conviction.
Even if he is only “pretty sure” that A is better,
and willing to acknowledge that he might be wrong,
the personal care principle precludes his allowing
the scientific need for more patients in the B group
to lead to his giving B to this patient. The only
ethically permissible RCTs are experimental; and
even experimental RCTs are prohibited except when
the uncertainty about which treatment is better is
complete, when the physician is in the state of
equipoise, unable to state a preference for either
therapy.

This conclusion is the basis for Chalmers’ advo-
cacy of “randomizing the first patient” (Shaw and
Chalmers, 1970; Chalmers, 1982). He argues that
trying a new therapy on a series of patients will
usually lead the physician to believe that is better
(or worse) than the old, thus destroying his state of
equipoise and precluding his participation in an
RCT. Now Chalmers views RCTs as “essential for
medical progress” (1976, page 137). Thus he urges
that the first use of new therapy should be in the
context of an RCT designed to test its efficacy
against the standard therapy.

The requirement of equipoise represents a severe
obstacle to starting an RCT. It precludes participa-
tion by the proponents of either therapy being
tested, restricting the use of this research tool to
those sitting squarely on the fence. An even for the
physician who has no preference, there are prob-
lems with letting a randomizing device choose
which therapy a patient receives. Angell (1984)
describes one: “. .. if the physician has no reason to
believe that the efficacy of the two treatments is
different, then the decision of a fully informed pa-
tient will rest on the patient’s own preferences. . .
These may be weak or nonexistent in comparing
two medicines... but intense when comparing
mastectomy with lumpectomy.” Equipoise must ap-
ply for both physician and patient.

Another consideration is that the physician’s
state of equipoise must apply to each patient: sta-
tistical equipoise is not enough. Fried (1974) ex-
plains

I would concede that as to a particular medical
condition ... viewed across a general popula-
tion there might be a number of cases where
the balance between treatments was equal. . .

But, when a particular patient is involved, with
a particular set of symptoms, a particular diag-
nostic picture, and a particular set of values
and preferences, then one may doubt how often

a physician carefully going into all of these
particularities would conclude that the risks
and benefits are truly equal.

3.7 The Problem of Accumulating Evidence

Suppose a physician finds himself in a situation
where the perceived cost and benefits of therapies
A and B are truly in equipoise with respect to each
member of a defined group of patients who them-
selves have no preferences for one treatment or the
other. In this case, he might undertake an RCT to
learn (and to show the world) which treatment is
better for such patients. Suppose that after apply-
ing each therapy to four patients he observes three
recoveries in the A group and none in the B group.
Now he has some evidence that A is better. It is not
strong evidence. It is not “statistically significant”
at the conventional 5% level. But it is evidence.
And it is sufficient to upset equipoise. If the rate of
success under the better treatment is some number
k (> 1) times the rate under the one that is worse,
and if before this RCT the probability that A is
better was one half, then now, given the results for
the first eight patients, the probability that A is
better is at least £3/(1 + k3). If k = 3, this is 0.96,
if k=2 itis 0.89. If k is only 1.25, the probability
is 0.66, which means that the odds that A is the
better treatment are at least two to one. It is not
yet clear that there is an important difference be-
tween the two response rates. But if there is, if
either one is much better than the other, then it is
now a good bet that the superior treatment is A.
The personal care principle requires that the next
patient receive not a random choice but A.
“...serious consideration of each individual pa-
tient’s welfare will lead to policies which prevent
any clinical trial from producing a clear answer”
(Peto et al., 1976). Not all trials present this prob-
lem. Some are structured so that all patients are
enlisted and all therapeutic decisions are made
long before any results can be seen. But, com-
monly, as the evidence accumulates it upsets
equipoise: experimental trials, as they unfold,
evolve into demonstration trials. And there is wide
agreement that demonstration trials are unethical.

3.8 Concealing the Data

There is a popular solution to this problem, a
simple way to prevent experimental trials from
evolving into demonstration trials: do not allow
those who are conducting the trial to look at the
results as they accumulate. That is, to maintain
the required state of equipoise, conceal the evi-
dence from the physician until the trial is com-
pleted. But there are serious problems with this
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solution. Fried (1974, page 35), considering the
legal context, writes that

...there is a continuing duty on the part of
the patient’s physician to inform himself about
the progress of the experiment and to inform
the patient about any significant new informa-
tion coming out of the experiment that might
bear on the patient’s choice to remain in the
study or to seek other types of therapy.

He points to the relevant legal doctrine and con-
cludes

Nor would the device, by which only a super-
vising committee and not the patient’s physi-
cian has access to the results of the experiment
for a determined period of time, insulate the
physician from the consequences of this doc-
trine.

And Marquis (1983), in an ethical analysis of the
argument for concealing the data, observes that

This is quite a remarkable argument . . . [Plhy-
sicians who would not enroll a patient in a
study on moral grounds should be prevented
from doing so by withholding from them infor-
mation needed to make the moral judgment?

3.9 Adaptive Trials

Another response to the problem represented by
accumulating evidence is to depart from 50-50 ran-
domization. As the evidence that A is better grows,
incoming patients are still randomized to A or B,
but the probability of B is reduced. The arguments
for such procedures are usually utilitarian: they
reduce the number of patients who receive the
disfavored treatment, and, compared to 50-50 ran-
domization, improve participants’ chances of get-
ting the better treatment. But the ethical problems
are clear: after finding enough evidence favoring A
to require reducing the probability of B, the physi-
cian obeying the personal care principle must see

,that the next patient gets A, rnot just with high
probability, but with certainty.

3.10 Informed Consent

Perhaps the ethical problems with RCTs can be
avoided by proper use of informed consent. If the
patient, when fully informed about the situation,
voluntarily chooses to give up his right to personal
care and agrees to allow his treatment to be se-
lected by chance, then that also is his right. The
physician might explain that a new treatment is
being tested against a conventional one, and that
he personally thinks the new one will prove to be

better (or worse), although it is far from certain. He
might also point out that some colleagues whose
opinions he respects prefer the other treatment.
Under such conditions, many patients might be
quite willing to participate in an RCT. They might
behave altruistically, releasing the physician from
his obligation to do what in his judgment is best for
them, and even consenting to the concealment of
the accumulated evidence.

Provided no law is violated, our mores sanction
almost any experiment if participation is vol-
untary, after full disclosure of its implications.
(Zeisel, 1970.)

Although proper use of informed consent can al-
low many randomized clinical trials to proceed, it is
no panacea. Some see ethical or legal problems
with asking for consent from a person who is seri-
ously ill and who has come to the physician for
help, not to volunteer as a research subject (Cur-
ran, 1979; Marquis, 1983). And it is not clear that
anyone has the right to give consent for infants and
others who are incapable of autonomous decision-
making to participate in a study where therapy is
selected by any criterion other than the personal
care principle.

A more prosaic reason why informed consent is
not a panacea is that in many cases it simply won’t
work. Sometimes too few patients will agree to
participate in the study. And sometimes the con-
sent process is simply too uncomfortable and time-
consuming. Many physicians are reluctant to share
their uncertainties with patients, and many pa-
tients do not want to hear about such uncertain-
ties. Also, many patients know so little about re-
search that to make them truly understand what
they are being asked to do and why, to make their
consent truly “informed,” would require more time
and effort than can reasonably be invested.

3.11 The Dilemma

The basic dilemma that plagues randomized clin-
ical trials occurs because the physician-investigator
is playing two roles. As a clinician he is bound by
the personal care principle to make the therapeutic
decision solely on the basis of what, in his profes-
sional judgment, is best for this individual patient,
while as a scientist he needs to assign adequate
numbers of patients to each treatment and to let
the assignments be made by a randomizing device,
so that his judgment is not allowed to bias the trial.

Although some writers emphasize both the possi-
bility that the physician’s treatment preference
might be wrong and the great social value of an
RCT that convinces clinicians that a standard ther-
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apy is in fact inferior (e.g., Gilbert, McPeek and
Mosteller, 1977; Silverman, 1980), most insist that
the personal care principle is paramount. Angell
(1984) writes

Physicians traditionally act in the best inter-
ests of each patient under their care, and pa-
tients expect this of their physician. If this
commitment to the patient is attenuated, even
for so good a cause as benefits to future pa-
tients, the implicit assumptions of the doctor-
patient relationships are violated. I have no
doubt that we would lose more than we would
gain by adopting such an approach.

This is the position promulgated by the World Med-
ical Association in the Declaration of Helsinki
(1964): “Concern for the interests of the subject
must always prevail over the interests of science
and society.” Hill (1963) put it even more simply:
“...the ethical obligation always and entirely out-
weighs the experimental.”

4. A RANDOMIZED CLINICAL TRIAL

In 1985 a group at a major neonatal intensive
care center published the results of a randomized
clinical trade of two therapies for newborn infants
with severe respiratory failure (Bartlett et al.,
1985). This center and others had experienced very
high mortality rates among such infants when con-
ventional therapy was applied, and some of these
physicians had been leaders in the development of
an alternative treatment based on extracorporeal
membrane oxygenation, or ECMO. They had previ-
ously published the results of an uncontrolled study
in which ECMO had-been used on 55 “moribund”
infants. Among the 15 infants whose birth weight
was less than 2 kg 3 survived, while among the 40
whose birth weight was more than 2 kg, 28 (70%)
survived. With this experience behind them, they
designed and carried out an RCT to compare ECMO
with conventional therapy.

The published report makes it clear that this was
not an experimental but a demonstration trial. The
participating physicians had a definite treatment
preference: “We anticipated that most ECMO pa-
tients would survive and most control patients

would die... .” Nevertheless, “...we were com-
pelled to conduct a prospective randomized
study...” in which critically ill infants were as-

signed to ECMO or control on the basis of a random
draw. This is particularly disturbing to me as a
statistician because it is we statisticians who are
largely responsible for creating the attitudes and
assumptions that “compelled” this study. This is
not to deny that some physicians are among the

most enthusiastic proponents of the doctrine that
nothing is scientifically established until it has
been shown in a properly controlled randomized
clinical trial, so that those who would resolve a
therapeutic controversy are “compelled” to do an
RCT. But because this doctrine addresses funda-
mental questions of experimental design and infer-
ence, it is within the purview of statistics and is the
responsibility of statisticians, from whom the
physicians learned it. If Freireich (1979) is correct
in his assessment that ... the brilliant success of
the RCT has now become a form of intellectual
tyranny,” statisticians should help to redress mat-
ters. In the next section I propose that the above
doctrine springs at least in part from adherence to
a faulty statistical principle.

These investigators saw themselves in a . . . sci-
entific/ethical dilemma” in which they felt com-
pelled to conduct an RCT “but reluctant to with-
hold a lifesaving treatment from alternate patients
simply to meet conventional random assignment
technique” (Bartlett et al., 1985). Their approach
to this dilemma was to use an adaptive randomiza-
tion scheme, one of the ‘“randomized play-the-
winner” treatment assignment rules of Wei and
Durham (1978). This rule promised that, if things
went as expected, the fraction of patients from
whom the lifesaving treatment would be withheld
would probably, but not surely, be considerably less
than the full 50% required under “conventional
random assignment.”

The rule used was equivalent to the following
procedure: The treatments are coded A and B. Ini-
tially there are two balls in an urn, one marked A
and one B. Each patient’s treatment is determined
by drawing a ball from the urn. After each draw
the indicated treatment is applied, the result is
observed, the ball is put back in the urn, and a new
ball is added. If the treatment was successful the
new ball carries the same treatment letter (A or B),

_ and if not, it carries the other letter. The trial ends

when 10 balls of one type have been added, with
that treatment then being declared the winner.
This scheme requires at least 10 and at most 19
patients in the study, with the actual number being
a random variable. How many of these patients
actually will have received the treatment that is
declared the loser is also a random variable, with
possible values ranging from “none” to “all.” Un-
der the assumption that one treatment provides a
substantially greater chance of survival than the
other, the probability is very high that this ran-
domized play-the-winner rule will select as the win-
ner the treatment that is actually better. If, for
example, the survival rate under the better treat-
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ment is at last 0.8 and if it is at least 0.4 greater
than the rate under the worse one, then the proba-
bility that the better treatment will be declared the
winner is at least 0.95. and “For the probabilities
actually thought to hold, namely P, = 0.9 for
ECMO and Py = 0.1 for conventional therapy, the
probability of selection of the better treatment after
10 patients not only exceeded 0.95 but equalled
1.0” (Bartlett et al., 1985).

As it turned out, the first patient was assigned
ECMO and survived, the second was assigned con-
ventional therapy and died. The next eight patients
were assigned ECMO. All survived. At this point
10 ECMO balls had been added to the urn, so
ECMO was declared the winner. Then two more
patients were assigned ECMO, and they both sur-
vived. The authors concluded that .. .this study
proves that ECMO improves survival when com-
pared to conventional treatment.”

The adaptive randomization scheme had been
successful in assigning to most patients the treat-
ment that proved to be the winner. Only one pa-
tient had been given the losing therapy. Levine
(1986, page 210) cites this result with approval:
“Consider what the death rate might have been in
a conventional RCT.” However, the authors ex-
pressed not satisfaction but disappointment with
this aspect of their study: “In retrospect it would
have been better to begin with two or three pairs of
balls, which probably would have resulted in more
than one control patient.” In this, they were cor-
rectly anticipating the criticism made by Ware and
Epstein (1985), who argued

...the results are not completely convincing.
Why not? Because only one patient received
the standard therapy, so that the interpreta-
tion of the study depends strongly on the belief
that eligible patients would have experienced
poor survival in the absence of [ECMO]

and concluded that

Further randomized clinical trials using con-
current controls and addressing the ethical as-
pects of consent, randomization, and optimal
care will be difficult but remain necessary.

The question of whether the parents’ informed
consent makes it ethically acceptable to include a
critically ill infant in a study such as this is diffi-
cult. With respect to this particular study, the
question is hypothetical, because the parents of the
infant who was randomized to conventional ther-
apy were not informed about the trial and its ratio-
nale, about their physician’s judgment about the
two available therapies, about the fact that conven-

tional therapy was selected for their child, not on
the basis of that judgment, but by a random device,
and, most important, about their right not to par-
ticipate in the study, not to accept the randomly
selected therapy. For this, too statisticians must
share the responsibility. The investigators were
using Zelen’s (1979) “randomized consent” design.

The assumption behind the randomized consent
design is that there is no need to inform patients
assigned to “standard therapy’ about the trial (and
about the fact that the therapeutic choice was made
in their case by a randomizing device) and no need
to ask for their consent to participate: *...every
patient expects to receive the best standard ther-
apy. It is only when there are departures from this
expectation that the patient should be so informed”
(Zelen, 1979). In the present application, this argu-
ment is particularly disingenuous in view of the
fact that the study was done in a center where
“Many [of the babies] were referred from other
level III intensive care centers because of the avail-
ability of ECMO in this institution” (Bartlett et al.,
1985; italics added).

Science desires randomized clinical trials, it does
not demand them. Writers promoting wider use of
randomized trials often dramatize their merits by
comparing them to trials that use historical con-
trols (e.g., Byar, 1979). Randomized trials are often
better in many important ways than historical con-
trol trials. But both types of trial can produce
misleading results and neither can prove anything.
Historical controls require more cautious interpre-
tation, but this is only a matter of degree.

...the difference between the RCT and the
observational, retrospective study is not the
difference between good and bad science, truth
and falsity, but a difference between varying
degrees of confidence. (Fried, 1974, page 159.)

Moreover the importance of randomized trials is
exaggerated by the false dichotomy that is implied
when historical control trials are the only alterna-
tive discussed. In fact, many of the weaknesses of
historical controls can be avoided by using concur-
rent nonrandomized controls. And of course com-
paring a treatment with both historical and concur-
rent controls can be provide even stronger evidence
about its efficacy.

In the case of the ECMO trial, a multicenter
observational study might have been done in which
patients at centers such as the University of Michi-
gan, where ECMO was favored, would be compared
to the patients at centers such as Johns Hopkins
where only “conventional” therapy was available.
The protocol could have specified rigid criteria for
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inclusion in the study, for diagnosis and evalua-
tion, and for exactly what data were to be recorded
at entry and subsequently, with precise definitions
to ensure that the data would be recorded uni-
formly for all patients. Those responsible for moni-
toring the study could have seen that all of the
centers produced high quality data, with specified
procedures for detecting errors and preventing
missing observations. (Here I am paraphrasing
some of Byar’s, 1979, description of a “properly
run” randomized trial.) Such a multicenter study
would have had some scientific disadvantages com-
pared to a comparable multicenter randomized
study, but it would also have had the important
advantage that every baby in the study would be
receiving what his physician considered to be the
best care that he could deliver.

5. THE RANDOMIZATION PRINCIPLE

R. A. Fisher is generally credited with introduc-
ing deliberate randomization into experimental de-
sign. In Design of Experiments (1935; Section 20),
he gave an example showing how a test of signifi-
cance could be calculated on the basis of the proba-
bility distribution that is created when treatments
are assigned to experimental units at random. He
also asserted (Section 21) that *“. . .the physical act
of randomization . . . is necessary for the validity of
any test of significance... .” thereby planting the
seed of the doctrine that lives today as the random-
ization principle. This principle asserts that delib-
erate randomization creates the only probability
distributions on which valid statistical inferences
can be based (Royall, 1976, 1983). As Bearman put
it “...the only logical bases that we know... for
making generalizations from data all rest on the
foundation of randomization.” Thus “If any of you
need my help, or that of any of my biostatistical
colleagues, random assignment of patients will be a
sine qua non ...” (Bearman, 1976).

The randomization principle is one important fac-
tor contributing to the conviction that RCTs are not
just desirable but also a scientific necessity. This is
because the principle implies that statistically valid
inferences from nonrandomized studies are impossi-
ble. Hence Silverman’s (1980) observation that in a
particular study “A declaration of statistical signif-

icance is meaningless...” because “The key re-
quirement of Fisherian design was not fulfilled:
random assignment of treatments . . .’ and Cowan’s

(1981) assertion, quoted in Section 1, that nothing
can be learned from nonrandomized trials.

The randomization principle has been accepted
by some prominent statisticians (e.g., Yates, 1948;
Stuart, 1962). It has been rejected by others (e.g.,

Neyman and Pearson, 1937; Savage, 1962). Corn-
field (1959), using the term “experiment” to refer
to randomized studies, wrote: “The proposition that
some inherent logical incompetence attaches to an
inference based on observational [nonrandomized],
as distinguished from experimental evidence seems
to have little to commend it beyond the great posi-
tiveness with which it is sometimes asserted.” And
Fisher (1960) himself backed down, adding a new
section (Section 21.1) to the seventh edition of his
book, in which he claimed that his original exam-
ple “...was in no sense put forward to supersede
the common and expeditious tests...” that are
based on probability models other than the one
created by deliberate randomization, such as the
normal or “Gaussian” distribution models.
Statistical theory explains why the randomiza-
tion principle is unacceptable. It does this in terms
of the concepts of conditionality (ancillarity) and
likelihood (Berger and Wolpert, 1988; Cox and
Hinkley, 1974; Royall, 1976). The conditionality
principle asserts that when an ancillary statistic C
is present, inferences should be based on the condi-
tional probability model given the observed value
of C. The problem this creates for the randomiza-
tion principle is that the statistic representing the
result of the randomization is ancillary; thus the
conditional randomization distribution is degener-
ate, assigning probability one to the allocation pat-
tern that was actually used. The only “inference”
from the observed data that this conditional distri-
bution supports is “I saw what I saw” (Royall and
Cumberland, 1981, Section 2.3 and Rejoinder).

6. CONCLUSION

“Randomized clinical trials remain the most reli-
able method for evaluating the efficacy of thera-
pies” (Byar et al., 1976). This does not imply that
studies that use historical or nonrandomized con-
current controls have little or no scientific value.
We can learn without randomization. Epidemiolo-
gists routinely find it impossible to obtain random-
ized control groups. Yet they have made findings of
enormous importance to science and health. In this
context, it is noteworthy (and perhaps statistically
significant) that those who were convinced by the
observational evidence that cigarette smoking in-
creases the risk of lung cancer, and who urged that
the population should be so warned, were persis-
tently and caustically criticized by Fisher, the fa-
ther of the randomization principle, who railed
against “...the fallacious conclusions... about
the danger of cigarettes” (Fisher, 1959).

In some situations clinical investigations are
badly needed, but nonrandomized controls are the
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only ones that can be obtained ethically. Statisti-
cians should be more sensitive to this point when
they serve as designers, reviewers and critics of
clinical studies. Although it is important that we
understand, teach and exploit the advantages of
RCTs, it is also important that we not exaggerate
the disadvantages of carefully conducted and ana-
lyzed studies that use nonrandomized controls:
“...we should not proceed on the fallacious as-
sumption that where there is no randomization
there is no truth” (Fried, 1974, page 160).
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