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Preface 

The ideas in this book, the use of Bayesian methods to give patients a better 
break in clinical trials, have taken over a decade to bring to fruition. They have, 
in general, their technological roots in the development of Bayesian ideas, and 
in particular in progress in practical elicitation of prior opinions. 

These ideas have been developed by a talented interdisciplinary group 
involving philosophy (Schaffner, Seidenfeld), law (Kairys), medicine (Heitmil-
ler, Blanck), statistics (Kadane, Sedransk, Emrich), and statistical computing 
(Galway). This group was helped, critiqued, and commented upon by other 
participants, including Coulehan, Katz, Popp, and Moore. All have their say 
in the chapters that follow. 

That each of these people has been trained in a particular way does lead to 
certain intellectual leanings on their part, but it does not determine their 
perspectives by any means. There was a lot of debate in our meetings, and we 
came to appreciate each other's viewpoints more as a result. We also came to 
see that we are all potential consumers of clinical research, and we are all 
potential patients in clinical trials as well. We are particularly reminded of the 
human stakes in our research by the untimely death of Larry Emrich, coauthor 
of Chapter 18 of this book. 

My hope in editing this book is to provide some of the flavor of the debate. 
To do so, I have encouraged each author to tell a personal story in a personal 
way. The consequence is that the book is somewhat uneven from chapter to 
chapter. I hope that the burden on the reader imposed by this policy is 
compensated for by the genuineness of the resulting expression. The discussion 
did not always lead to agreement; sometimes we found the opinions of others 
wrong and/or offensive. In order to expose the variety of opinions offered, there 
are three chapters of commentary (7, 15, and 16), and one of rebuttal (17). 

The book is organized as follows: Chapter 1 gives an overview of the project 
and touches on the main ideas. Most readers will be well served by reading it 
first. The next three chapters, constituting Part I, deal with important issues 
for the class of designs of clinical trials proposed here: Chapter 2, by Schaffner, 
reviews current ethical theory and how it relates to our design; Chapter 3, by 

ix 



X PREFACE 

Sedransk, examines the key concept of the admissibility of a treatment 
assignment to a particular patient and offers advantages and disadvantages for 
each of the several choices. Finally, Chapter 4, written by Kadane and 
Seidenfeld, shows how the data from a trial designed as we suggest, can be 
analyzed to yield uncontaminated information about the effect of treatment on 
outcome. I think a first reader would want to at least skim these chapters. 

The heart of the book is Part II, the test case of the verapamil/nitroprusside 
trial as agents for treatment of hypertension immediately after open-heart 
surgery. This material, in Chapters 5 through 13, discusses the process and 
results of the trial, as experienced by the investigators. Probably this will be 
the most heavily studied aspect of the book, since it is more specific than the 
generalities that precede and follow it. 

Part III takes up other issues that we explored in this context. In Chapter 
14 Kairys explores American law and how it relates to our design for a clinical 
trial. This chapter attracted comments from Popp and Moore, and from Katz, 
to which Kairys replies in Chapter 17. Each of the chapters in the legal section 
is dated to reflect when it was first written. Each of the authors had a recent 
opportunity to revise and declined to do so. Finally, Chapter 18 reports work 
by Sedransk and Emrich about when a rational patient would agree 
to participate in a clinical trial. The book concludes with an Epilogue in 
Chapter 19. 

The work reported here is the subject of research funded by the Ethics and 
Values in Science and Technology Program of the National Science Founda-
tion and by the National Endowment for the Humanities, through Carnegie 
Mellon University. Those supported by the grant included Lionel Galway, 
Joseph B. Kadane, David Kairys, Ken Schaffner, Nell Sedransk, and Teddy 
Seidenfeld, advised by Thomas J. J. Blanck, Jack Coulehan, Preston Covey, 
Jerome J. DeCosse, Arvin S. Glicksman, Eugenie Heitmiller, Rachelle Hollan-
der, Kathryn D. Katz, Alan Meisel, A. John Popp, and John C. Ruckdeschel. 
Others whose comments were helpful include John Bailar III, Robyn Dawes, 
Clark Glymour, and Juana Sanchez. Chapters 1 and 12 appeared in earlier 
forms in the Journal of Medicine and Philosophy, 11 (1986), 325-404, and in 
the Journal of Statistical Planning and Inference, 40 (1994), 221-232, respect-
ively. 

J. B. KADANE 
Pittsburgh, PA 
September 1995 
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C H A P T E R 1 

Introduction 
Joseph B. Kadane 

The circumstances surrounding the administration of experimental drugs and 
treatments to human beings trouble the conscience of the medical and scientific 
community. Not that I think what is done is bad. On the whole the system 
works surprisingly well. There are a few atrocity cases, however. I remember 
especially the Tuskegee syphilis experiment, in which black men with syphilis 
remained untreated for years so that the experimenters could observe the 
natural course of the disease (Brandt 1978). But on the whole it is my belief 
that standard experimental practice takes reasonable care of patients in clinical 
trials. I think that experimentation bothers the conscience because it is not 
clear that the patient is receiving the best possible care in the experimental 
situation (see Lellouch and Schwartz 1971; Clayton 1982). This is a quest 
without a definite end: To be sure it is a challenge to our collective applied 
cleverness to see if we can somehow devise alternatives that are both arguably 
better for patients and scientifically responsible. 

1.1 DO PATIENTS GET A FAIR SHAKE IN 
CURRENT CLINICAL TRIALS? 

Most clinical trials use some form of randomization to assign patients to 
treatments. Patients may be told that the treatment they will be given is 
decided by the flip of a coin. Often this is not literally true, for neither the 
patient nor the attending physician knows which treatment will be assigned. 
The patient is asked to sign an informed-consent statement agreeing to be in 
the experiment, and agreeing to treatment assigned in a random manner. 
Informed consent is like a legal contract between the patient and the physician. 
Usually the contract states the patient's diagnosis, the treatments under study, 
and the possible adverse side effects of the treatments. On this basis the patient 
signs the form, accepting the randomly assigned treatment. 

The informed-consent procedure affirms the rights of the patients to 
determine the uses of their bodies. But if informed consent is to be regarded as 
a valid contract, the patient and experimenter must be reasonably equal in 
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4 INTRODUCTION 

bargaining power and have their wits about them. On this point the evidence 
is negative. In several studies the experimenter was in the waiting room to 
interview the patient leaving the physician's office after the informed-consent 
interview. The patients had poor recall of what they had signed and what the 
treatments and side effects were. Many patients had interpreted the process of 
informed consent as a form they had to sign in order to get treatment. (See 
Meisel and Roth 1983 for a review). 

To say this is not to criticize the physicians or the patients. The patients are, 
after all, sick, and depending on the nature and severity of their illness, their 
cognitive functioning may be impaired. They may, earlier in the informed-
consent interview or in the recent past, have been given bad news about their 
health or prognosis. Who among us might not be upset and functioning poorly 
when given such news? The physician and the patient are not anywhere near 
equal in bargaining power in this situation. 

Despite the evidence showing that informed consent is rarely "informed" 
and may or may not be consent, I would not recommend abolishing the 
ceremony. Rather, my interpretation of these results is that they impose a 
greater burden on the medical-scientific community to ensure that the contract 
offered the patient in informed consent is as advantageous as possible for the 
patient. We must look out for the patient's interests, since the patient may be 
unable to do so. We cannot use the excuse that the patient has agreed, via 
informed consent, to a disadvantageous procedure. To do so has the ring of 
foisting disadvantageous treaties on Indian chiefs in a language they did not 
know. 

So I am led to consider the fairness of the substance of what the patient is 
asked to sign in informed consent. Here the picture is somewhat gloomier. Let 
us accept that clinical trials only occur when the medical community is not 
agreed upon the best treatment for the condition under study. In such a 
circumstance the patient can be told truthfully that the best treatment among 
those compared in the trial is not currently known. But this does not justify 
random assignment. A knowledgeable patient might say, "Doctor, you know 
about me and about my disease. You must have a hunch about which 
treatment would be better for me. Please give me the treatment, and forget 
about flipping coins." If the attending physician is not so knowledgeable, we 
can suppose that a consulting expert could be found to make such a judgment. 
Even if such an expert were truly neutral at the start of a study, after the first 
few patients are studied and their outcomes are at least partially known, there 
would be a reasonable basis for a hunch that could be useful to the patient, 
though without the established validity we usually associate with scientific 
knowledge (see Chalmers 1967). 

One road out of this conundrum is to keep the attending physicians 
ignorant of the results of the trial to date. This is useful in that it may help 
reduce their tendency, even unconsciously, to change the pool of patients in the 
trial or to misinterpret "recovery." But as a way to deal with the legitimate 
patient objective of getting competent and appropriate care, it seems to me to 
be very shaky. If anything, there might be a duty to inform the attending 
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physicians of the data to date so that their advice to, and treatment of, patients 
might be better informed. To prevent the person who is supposed to be using 
his or her expert judgment to help the patient from having the very information 
that might help the patient seems to me to be unethical. After all if that person 
had that information and conveyed it to the patient, the patient might make a 
decision the designers of the trial do not want the patient to make. 

Sometimes a physician believes that a drug or treatment available only 
through a specific clinical trial would be advantageous to the patient. This 
argument presupposes the current U.S. law that requires FDA approval before 
a new drug can be made available commercially. It also assumes that the 
patient is unable or unwilling to go to another country where the treatment is 
available without being in a trial. Such availability of the treatment would 
mean that the patient could be certain of getting the treatment, without 
undergoing randomization. This is then a weak sense of advantageousness to 
patients, and it applies to only a few trials. 

There is another line of argument that supports the current system from a 
very different premise. This line is utilitarian, and admits that the deal currently 
offered patients is suboptimal in a narrow accounting of the patient's interests. 
Quite frankly, the patient is being asked to sacrifice some prospect of recovery 
for the sake of scientific progress. Of course this is hubris, the kind of assertion 
that has led in our century to much good but also much mischief. I would feel 
more comfortable with it if I thought that informed consent worked better than 
it apparently does. While an appeal to this argument may in the end be 
necessary to support doing clinical trials on human beings at all, surely the 
circumstance that the patients, as a practical matter, are not in a good position 
to defend themselves from overly great and unfair claims that they should "help 
science" must admonish us to design trials to reduce the burden on patients to 
a minimum. Whether patients get a fair shake in current clinical trials, then, 
depends critically on our ability to propose a system that would be better for 
them and still permit the scientific analysis of the resulting data. 

1.2 WHY ALLOWING PATIENTS TO CHOOSE THEIR OWN 
TREATMENTS IS NOT A SOLUTION 

Clinical trials would be a fruitless exercise if the data could not be used 
scientifically. There is, in medicine, a long history of false conclusions reached 
through observational studies or from clinical trials lacking proper control. 
This has led the medical/scientific community to be methodologically cautious, 
and properly so. 

To take a position opposite to current practice, suppose that the patient and 
the physician jointly decide on a treatment. The trial may then follow the 
course of the patient. This would remove nearly entirely the burden imposed 
by current trials on patients of being assigned a possibly disadvantageous 
treatment. However, how could interpreters of the data separate effects due to 
the treatments themselves from effects due to the kinds of people who choose 
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the treatments? To take a recent example, a study was done on women with 
breast cancer to determine whether segmental mastectomy, which removes 
only sufficient tissue to ensure that what remains is free of tumor, is as 
efficacious as the more traditional total mastectomy, which removes the entire 
breast and some chest muscles (Fisher et al. 1985). Women may value 
differently the benefits of saving the breast against the possible increased risk 
of recurrence of the cancer (and early death). How they do so may have 
something to do with their personality, which, for all we know now about 
cancer, may have something to do with their outcome. Consequently, had they 
been allowed to choose their own treatments, it would have been very difficult 
to interpret the results. A summary of the data might be "Among those who 
chose segmental mastectomy, the five-year survival rate was x, while among 
those who chose total mastectomy, the five-year survival rate was y" If x > y, 
the advice to patients is to be like those who chose segmental mastectomy. This 
is unhelpful both scientifically and therapeutically. I do not mean that such 
data must be valueless—as a statistician I occasionally work with data sets 
with as much ambiguity. But I do mean that, had it been required that patients 
be allowed to choose their treatments, it might well have been decided that 
such a study would not be a cost-effective way to make progress on cancer, and 
consequently the study might well not have been done. And this would have 
been a real loss to the thousands of women who develop breast cancer every 
year. We would not be doing a service if, in the name of protecting patients, 
we protected them from the possibility of medical progress using clinical trials. 
(For a contrary view outside of the context of experimentation, see Schultz 
1985). 

What I seek, then, is a middle position, one that offers patients a better deal 
in the design of a trial but that still offers data interprétable as bearing on the 
effect of the treatment on the disease. This will be a compromise of some sort. 
It is in the nature of compromises that they are uneasy positions, liable to 
attack from both sides. 

1.3 DISAGREEMENT AMONG EXPERTS 

Disagreement among medical experts about the advisable treatment for the 
condition seems inherent to the decision to conduct a clinical trial. Clinical 
trials are expensive, and, according to this model, will be conducted only when 
serious disagreement exists. Many medical procedures are supported by 
custom, and do not have a rigorous scientific basis, so orthodox treatment is 
not necessarily good medicine. The radical mastectomy operation for breast 
cancer, mentioned above, was the standard treatment since the turn of the 
century. A trial to compare it to the alternative lumpectomy was not begun 
until the mid-1970s, however, when sufficient expert opinion supported the 
alternative to create serious disagreement. 

Sometimes there are trials where nearly the entire medical community is 
quite convinced of the outcome before the trial starts. This was the case in the 
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test of a derivative of apricot pits (Laetrile) as a treatment for terminal cancer. 
Although outlawed as a treatment in the United States, many very sick and 
desperate patients were going to Mexico for treatment using it, in the hope that 
it might be effective. Finally, sufficient political pressure was brought to bear 
through Congress on NIH that a clinical trial was authorized. (The treatment 
proved ineffective.) 

What happened here, in my view, is that the definition of who is a medical 
expert was expanded to include physicians who believed in this unorthodox 
treatment. The lesson I learn from this episode is that the decisions as to who 
is an expert and what clinical trials will be conducted have a political 
component. Often expenditure of public money is involved. Always the 
credibility and trust put in the medical/scientific community by the public is at 
stake. While the politics involved rarely includes Congress, it usually does have 
to do with the pecking order among physicians and scientists (and also 
between physicians and scientists), which is political in the larger sense. I do 
not regard this as pejorative; I think of peer review as a political mechanism 
to reach political decisions about the allocation of resources. "Political" need 
not mean partisan in the sense of political parties. Modern scientific politics 
often involves fascinating mixtures of expertise and general judgment in 
matters such as environmental and space policy, energy, and the construction 
of large laboratories to study fundamental particles, as well as medicine. Whom 
to trust to do what is a matter of continuing discussion; I will return to this 
question later, after explaining the proposal discussed in this book, to show 
that the particular way information is treated here ameliorates this problem to 
some extent. 

Disagreement in the medical community often colors what a physician 
might say to a patient about the relative merits of the treatments in a clinical 
trial. To say that the best treatment is not known is obvious. This usually does 
not imply that the physician has no opinion about which of the treatments 
might be better for the patient. I would argue that what a patient seeks from 
his or her physician is informed opinion. Medical certainty and agreement, 
although pleasant when available, are the exception. (This is not to deny the 
possible therapeutic benefit of a patient's naive belief in the infallibility of the 
physician.) 

1.4 A PARTIAL REDEFINITION OF THE RESPONSIBILITIES OF 
THE DESIGNERS OF A CLINICAL TRIAL TO THE PATIENT 

In the context of clinical trials medical experts will likely disagree about the 
desirability of the treatments. A responsible clinical trial cannot offer patients 
a choice of treatments. What might then be said about the responsibilities of 
the designers of a clinical trial to the patient? 

For the long-term survival of clinical trials as well as for the shorter-term 
effect of feeling better about what one is doing, it seems to me that a clinical 
trial should offer the patient whatever benefits the patient might reasonably be 
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able to obtain outside the trial, as long as it can do so and still fulfill its 
scientific mission. What might this consist of in the context of lack of 
knowledge in the medical community and conflict over the best courses of 
treatment? Suppose that there is a group of experts on the disease, identified 
in the scientific-political way described above. A vigorous patient with ad-
equate financial resources and good medical connections might get to see one 
of these experts and take the advice of that expert about what treatment to 
take. Thus I think that a clinical trial should try to replicate this, as best it can, 
for the patients in the trial. 

A second thing I think a clinical trial ought to do is to offer information or 
use information developed during the course of the trial for the benefit of the 
patient to the extent that it can do so without jeopardizing the scientific merit 
of the study. The proviso is there because totally unblinded patients might 
implicitly be choosing their treatment in the guise of choosing whether to be 
in the trial. Thus, for example, in a randomized trial, telling the patient what 
treatment would be assigned if the patient were in the trial, might have this 
effect. There can be legitimate differences of opinion about what information 
might "jeopardize the scientific merit of the study," a matter to which this 
chapter returns later. 

1.5 THE BASICS OF SUBJECTIVE STATISTICAL INFERENCE 

There are several forms of classical statistics and subjective Bayesian statistics. 
A good general review of these schools can be found in Barnett (1982). 

What is particularly important for our purposes about the subjective 
Bayesian view point is that it offers legitimacy and methods of calculation for 
dealing with opinions, in our case, opinions of medical experts. Modern 
Bayesian research concerns, among other topics, the elicitation of opinion in 
the form of probability distributions (Kadane et al. 1980), and this is the new 
technical tool being brought to bear on clinical trials. In an elicitation an 
expert is asked questions about his or her median for a dependent variable (the 
one being predicted) given specified values of the predictor variables (being 
used in the prediction). The answers to these questions, and other similar 
questions discussed later, are put into a computer, and they lead to a computer 
model of how the expert would answer any such questions. Thus Bayesian 
analysis allows us to study how experts are similar and different in their views, 
and also allows us to use these opinions for the benefit of patients without 
having physically to consult the expert about each patient. 

1.6 PROPOSAL FOR A MORE ETHICAL METHOD FOR 
CLINICAL TRIALS 

The possibilities opened by the subjective Bayesian technique led Sedransk and 
me (1980) to propose the following modification of the standard clinical trial. 
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Suppose that a number of experts on the disease in question, say, five, are 
identified. Suppose also that the goal of treatment is agreed upon (i.e., length 
of life in the case of cancer), and that a short list of important predictor (or 
concomitant) variables are identified that arguably are the most important 
variables for predicting prognosis (for primary breast cancer, at least extent of 
disease, whether there is clinical nodal involvement, and pre- or post-meno-
pausal status). Then the opinion (as a probability distribution for the goal of 
the treatment) of each expert could be elicited as a function of the predictor 
variables and treatment. This would be done, in the example, by asking 
questions like: For a pre-menopausal woman with no nodal involvement 
treated with segmental mastectomy, what is your median for how long she will 
live (i.e., what is the length of time you think it is as likely she would live longer 
than as shorter than)? Another part of the elicitation involves finding out how 
surely these opinions are held, by asking questions like: If we had already tried 
segmental mastectomy on two patients, the first pre-menopausal with nodal 
involvement who then lived 2.7 years, and the second post-menopausal with 
no nodal involvement who then lived for 6.5 years, what would your median 
now be on how long a pre-menopausal patient with no nodal involvement 
would live? An expert who has treated many patients, and is very sure, would 
not let small amounts of data influence his or her judgment: An expert who is 
unsure (e.g., who may be relying solely on animai and other laboratory studies) 
might be much more influenced by hypothetical data. A single indicator (or 
utility), such as expected survival time, would also be chosen. 

Using standard Bayesian probabilistic methods, these opinions can be 
updated, once the trial is underway, for the evidence as it is gathered. Thus it 
is possible to have available a computer model for what each expert would 
think, if asked before that patient is assigned a treatment by the trial, about 
the prognosis of each individual patient in the trial as a function of treatment. 
These opinions would take into account only the values of the predictor 
variables, and would not therefore be necessarily the same as an opinion based 
on a full medical examination. 

The proposal then is that unless at least one expert (as modeled on the 
computer) finds a treatment to be the best for someone with the predictor variable 
values of the patient, it will not be assigned. Thus, if only one expert finds a 
treatment the best for a patient of a given type, it could, under this rule, be 
assigned to that patient. Within this constraint to admissible treatments, 
patients may be assigned to treatments in any one of many ways — randomly, 
or to maximize balance on the important predictor variables, or in any other 
way. Other concepts of admissibility are considered in Chapter 3. 

How might data collected in this way be analyzed? If random selection of 
treatment is made among the admissible treatments, an analysis could be 
conducted based on classical randomization theory. From a Bayesian perspec-
tive, the analysis is straightforward. At each stage the assignment of patients to 
treatments is a known (albeit complicated) function of the predictor variables 
of the current and past patients, and the results to date. They involve no 
dependence on unrecorded aspects of the patients and in particular do not 
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involve unexplained patient choice. Hence the data on treatment outcomes, 
given treatment and the predictor variables, are independent of treatment 
assignment, as discussed more fully in Chapter 4. 

An appropriate Bayesian analysis, then is conditional on the predictor 
variables used in the designs. This means that the conclusions would be stated 
separately for each value of predictor variables (for post-menopausal women 
with nodal involvement, etc). Alternatively, conclusions might be stated by a 
probability distribution conditioned on the predictor variables. 

It might happen that there is evidence E such that, given E, no expert prefers 
treatment 7„ and hence no more subjects are given it. However, it might be 
the case that if they had, Tt would have been preferred in the long run. Stable 
estimation, in the sense of Edwards, Lindman, and Savage (1963), is lost. Note, 
however, this would happen only if the alternative to treatment Tj continues 
to do better than each expert thinks Tj would. It is the thesis of this book that 
in such an instance it would be unethical to assign Tt to patients. 

It is one thing to propose in principle how a trial might be conducted; it is 
quite another thing to do it. Several things might be learned from such an 
experience: whether institutional review boards will permit the trial, whether 
the calculations proposed can be performed, what the response of patients, 
physicians, experts and others is, whether the trial is scientifically successful in 
answering the question posed. 

Due to a fortunate circumstance, I was able to attract a team of anesthesiol-
ogists at Johns Hopkins to these ideas. Jointly we set up a trial to compare 
nitroprusside and verapamil infusions as treatment for hypertension after 
separation from cardiopulmonary bypass during cardiac surgery. Nationally, 
nitroprusside infusion is the more common treatment, but both treatments had 
been used at Johns Hopkins Hospital. In fact the Joint Committee on Clinical 
Investigation, the human subjects institutional review board at Johns Hopkins, 
had previously approved an unrestricted randomized trial comparing these two 
treatments. However, that trial had not begun. This history is recounted in 
Chapter 6. 

Our first step was to find experts to serve as guardians of the interests of the 
patients. They should be selected so that they adequately represent the range of 
responsible medical opinion on the issues at hand. In this case they were chosen 
so that only one of the five is at Johns Hopkins, to avoid conflict of interest. 
They include one anesthesiologist, one cardiac anesthesiologist, one cardiac 
surgeon, one physiologist and anethesiologist, and one biochemist and cardiac 
anesthesiologist. 

A decision had to be made about what predictor variables to use. Those 
selected were whether the patient was already receiving beta blockers or 
calcium antagonists, whether the patient's heart had demonstrated wall-motion 
abnormalities as measured by X-ray contrast studies or echocardiography, and 
whether the patient had a previous history of hypertension. These choices were 
made by Dr. Blanck, the anesthesiologist in charge of the study, and were not 
objected to by any of the experts. Potential study patients were excluded from 
the study if they had any other serious illness beside the heart problem that led 
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them to have cardiac surgery. Only patients whose mean arterial pressure after 
cardiopulmonary bypass exceeded lOOmmHg or whose systolic blood pressure 
exceeded 120mmHg were treated, and hence included in the study. 

The choice of dependent variable was more difficult. The choice initially 
made supposed that the principal danger patients faced was that their blood 
pressure might drop too quickly by the treatment. The dependent variable was 
chosen to be the lowest value that mean arterial pressure reached in the half 
hour after commencement of treatment. Higher numbers are judged better for 
patients than lower numbers on this measure. There can be a variety of 
views about what measure appropriately reflects danger to the patient. What-
ever measure is chosen, though, it must be one that the experts can use 
comfortably. 

Having chosen the experts, and the predictor and dependent variables, the 
next step was to elicit the opinions of each expert about the dependent variable 
as a function of the predictor variables and treatment. For each treatment and 
expert, this took approximately one hour in a telephone interview using the 
methods described in Kadane et al. (1980). 

The interviews have two rather distinct phases. In the first phase, the expert is 
asked for a median, a 75th percentile, and a 90th percentile for the dependent 
variable at various values of the predictor variables. For each expert this permits 
estimation of how much each predictor variable matters in determining the 
dependent variable. Those estimated values were read back to the expert, who in 
each case confirmed that they reasonably represented his view. The difference 
between the expert's medians and the model's fit to those medians were 
computed and made available to the expert. At several points in this process, 
experts could change their minds about values already given. Several did. 

In the second phase, a hypothetical data set is built and shown to the expert. 
The expert is asked for a median at previously elicited values of the predictor 
variables, to see how much this opinion is influenced by the accumulating data. 
This in turn is used to estimate how sure the expert is about the estimates 
previously described. An expert who is very uncertain will be much influenced 
by the hypothetical data, and the converse is also true. Experts are asked not 
to forget any given hypothetical data, since this is an important design 
consideration in creating the method. To be useful, the hypothetical data must 
be somewhat different from what the expert thought would be most likely but 
must not be outlandish. One expert, incidentally, was sufficiently certain of his 
judgments that the hypothetical data set did not change any of his opinions, 
although he did say that for the less common treatment, verapamil, having 
seven patients all with higher than predicted mean arterial pressures was 
coming close to changing his mind a bit. 

All the experts found that they were able to answer the questions posed. One 
factor that may have been important might have been that all the questions 
were about their medians for mean arterial pressure of patients with various 
characteristics (and here they had varying amount of information, so that they 
were answering in units that were within their experience). Their views on the 
elicitation process are recounted in Chapter 9. 
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The probability model underlying the elicitation is technically a normal 
linear model with a conjugate prior. The built-in model checks, based on 
redundancy of questions, indicated that it fit reasonably well in each case. 

Once institutional review board approval was received, the elicitations were 
completed, and the requisite computer programs were written, we began the 
actual trial. When a potentially suitable patient, who has given informed 
consent, is found, the anesthesiologist at Johns Hopkins Hospital telephones 
the statistician at Carnegie Mellon and gives the patient's name, number, and 
description according to the four predictor variables. These are entered into 
the computer, which then computes, for each "expert," the predicted mean 
arterial pressure for a patient with the specified predictor variable values. If 
calculations for all five experts show that this is likely to be higher with one 
particular treatment, that treatment is assigned. If not, the treatment is 
assigned from a table in the computer that is created to maximize balance 
among the treatments, based on designs of Sedransk (1973), as described in 
Chapter 10. The assigned treatment is read over the telephone to the anes-
thesiologists at Johns Hopkins. Should the patient experience hypertension 
after cardiopulmonary bypass, but prior to the end of the operation, the 
assigned treatment is used. The patient's lowest mean arterial pressure is 
entered into the computer. If no hypertension develops, no treatment is used. 
Whichever the case, this information is reported to Carnegie Mellon and 
entered into the computer. When a treatment is used, the opinions of each 
expert are updated using Bayes's theorem to reflect the new data. These are 
then read for application on the next eligible patient. The computations are 
discussed in Chapter 8. 

Chapter 11 gives my view of how successful we were in carrying out the trial. 
While our execution was certainly not flawless—we made mistakes—I 
nonetheless came away from the experience confident that the method pro-
posed is feasible. In Chapter 12 and 13 we report the results of the trial. 

1.7 CHARGES AND RESPONSES 

This section repeats certain charges made or questions asked about the method 
of clinical trial described above, and to give answers that reflect the analysis 
developed to deal with them. 

1. Only strictly randomized trials are valid. 
Response: I have four replies to this charge. First, many studies that 

appear to be randomized do not have a truly random mechanism 
determining treatment. As one example, some trials assign patients to 
treatments to maximize balance. Thus with the given characteristics and 
assignments to treatment of patients treated previously, and with the 
given characteristics of the current patient, the same assignment would 
be made each time. Such a trial is controlled, however, in that neither 
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the patient nor the attending physician knows what treatment would be 
assigned when the patient agrees to be in the trial. True randomization 
may be much less frequent in practice than is believed. 

Second, practice is split on whether randomized trials are or should 
be checked for balance dynamically as the trial progresses. Not to check 
is more in accord with Fisher's original theory of randomization, and 
this is simpler procedurally. However, checking avoids obvious design 
catastrophes, such as assigning all men to one treatment and all women 
to the other. In some clinical trials the patients are entered sequentially, 
and balance is only examined (if at all) when the trial is over. 

Fisher himself (see Savage 1962, p. 88) agreed that he would exclude 
certain regular designs when drawing a random Latin Square. Some 
clinical trials use this idea, dynamically checking balance on various 
covariates as patients are accrued. This has the advantage of avoiding 
design catastrophes, but it complicates the randomization analysis, 
making it more costly because the researcher has to specify exactly 
which (sequential) designs would have been excluded had they come up 
and what would have been done instead. I know of no clinical trial to 
have done so. Neither alternative strikes me as satisfactory. 

One might use the admissibility criterion to limit eligibility to 
patients for whom every treatment in the trial would be admissible and 
then use random assignment. That approach is consistent with the 
ethical principle suggested here, but it is not what is done in the 
verapamil/nitroprusside experiment. Rather, patients for whom only one 
treatment is admissible are included in the study and assigned the 
admissible treatment. The alternative seems to me impractical in that it 
would exclude too many patients, particularly in a trial with several 
treatments. 

Randomization is not the only way of thinking about statistics. If 
other considerations, such as treating patients well, suggest other 
methods, statisticians should be flexible enough to adjust. Alternative 
designs allow one to design more efficiently to achieve the purpose of 
the design. 

Fourth, if one really insists on the randomization and is willing to do 
it right, that commitment is not barred by the ethical proposal made 
here. More about randomization and its place in statistical theory can 
be found in Kadane and Seidenfeld (1990). 

2. If patients cannot be allowed to choose their own treatment, at the very 
least, before agreeing to be the trial the patient should be told how each 
expert would vote on a patient with his or her characteristics. 

Response: To be told how each expert would vote is sometimes to be 
told what treatment would be assigned if the patient agreed to be in the 
study, and hence would be objectionable on the reasoning in Section 1.2. 
It would not have the same impact in the other cases. Since the expert 
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panel is chosen to represent the spectrum of the medical community but 
not to reflect the appropriate weight (if such could be specified) that 
should be given to each view, the "votes" could be quite misleading to 
an unknowledgeable patient. 

3. How should experts be chosen? 
Response: As previously noted, with the admissibility rule used here, 

the experts should reflect the span of current respectable medical/ 
scientific opinion on the disease and treatments in question. Adding an 
expert with views identical to someone already on the panel would have 
no effect on the trial. The composition of the panel should be included 
in the proposal to conduct the trial, and the reviewers should under-
stand the spread of views on the panel and in the wider medical/ 
scientific community. 

4. Physicians' opinions are unreliable and often wrong. 
Response: Opinion is what patients go to doctors for. Medicine may 

not be so wonderfully scientific, but it will have to do until something 
better comes along. This design additionally incorporates a self-correct-
ing feature through the Bayesian updating. 

5. Physicians, like other experts, tend to be too sure of their opinions. 
Response: Although this is widely believed to be true, in my judg-

ment, the evidence for over-confidence should be treated with some 
caution. It should be possible to correct for over-confidence by increas-
ing the variance associated with various aspects of the opinion. Philo-
sophically the trial's view of an expert opinion could be different from 
the expert's own view, as pointed out by Lindley et al. (1979). The trial 
of verapamil and nitroprusside described here took expert opinions at 
face value. 

6. How can a single, simple function of the patient's outcomes represent all 
the values and concerns of the patient? 

Response: The function of patient outcomes used here to protect 
patients should not substitute for a full analysis of the data at the end 
of a trial, when a full and careful balancing of advantages and disadvan-
tages of each treatment can be conducted. It has a more modest intent, 
to protect the patients from the single most pressing concern a physician 
might have. Because of this limited purpose, it may appropriately be 
changed as the trial takes place if the most pressing concern for patient 
safety changes. 

7. There is substantial evidence (see Kahneman et al. 1982) that opinion 
cannot be described well by Bayesian axioms. How reliable, then, are the 
calculations based on Bayes's theorem? 
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Response: For this subtle matter, answers on several levels are 
appropriate. First, the Bayesian axioms are normative, not descriptive. 
Thus, they describe how a reasonable and rational person ought to 
make judgments under uncertainty, and not as they actually do. For 
example, there is evidence (Tversky, 1969) that in some circumstances 
subjects are not transitive in their preferences (i.e., they prefer A to B, B 
to C, and C to A). However, it would not benefit patients to model 
experts' behavior this way. 

Second, it is reasonable to inquire about the extent to which the 
calculated posterior distributions approximate the experts' posterior 
distributions as they might be reelicited. As explained above, the 
elicitation questions asked using the Kadane et al. (1980) methods are 
predictive. Indeed the questions the experts are asked in the elicitation 
are very close to the predictions the computer model made about their 
opinions. Thus the Bayesian model can be used to smooth answers but 
would be more questionable if used to extrapolate far beyond the 
elicitations. For this reason, the results might be expected to be robust. 

Additionally, if at any time, the statisticians in the trial suspect that 
the computed elicitations are no longer good approximations, they can 
re-elicit. In the trial described in Part II, we did just that, though not 
for the same reason (see Chapter 11 for a discussion). 

8. Patients do not withhold informed consent for the reasons addressed here, 
so why change? 

Response: As discussed above, patients do not cognitively process 
informed consent very well. If you subscribe to the argument that it is 
incumbent upon the medical/scientific community to make the contract 
proposed to the patient as favorable to the patient as possible, then 
some change is warranted. The experimental results summarized in 
Meisel and Roth (1983) suggest that patients may fail to protest because 
they do not understand what they are agreeing to. While patients may 
not refuse to participate, physicians may refuse if they are not satisfied 
with the ethics of the design. 

9. The patients are not being individually examined by the experts, and they 
should be. 

Response: If we could engage the attention of five world-renowned 
experts to personally examine each patient, that would be ideal. Clearly 
this is not practical, so we use instead computer models of the experts' 
opinions. It is possible to recalibrate them by giving the experts the data 
and reeliciting. For logistical reasons we have not done so in the trial 
reported here. A recalibration of these models would give some idea 
how good the models of experts' opinions are. 

10. Suppose that after a clinical trial is conducted, research shows some new 
predictor variable (e.g., some biochemical marker that was previously 
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unknown) to be important in prognosis given treatment. In such a case, 
would it be necessary to redo the clinical trial? 

Response: When a new predictor variable is discovered, neither 
Bayesian nor randomization analysis will be directly informative. A 
treatment judged best in a randomization analysis may be best only for 
some particular values of the predictor variables. Similarly the inclusion 
of a new predictor variable may change the results of a likelihood or 
Bayesian analysis. 

11. The Zelen (1979) alternative of randomly choosing some patients for the 
standard treatment, and others for informed-consent statements is pre-
ferable. 

Response: The Zelen design divides patients into two groups. Those 
in group 1 are given the standard treatment. Data about them is 
collected and used in the analysis whether or not the patient has agreed 
to this. Those in group 2 are asked to be in the trial and are given their 
choice of treatments. There is a serious difficulty with the Zelen design 
in that it requires patients to be in the study regardless of their 
preferences. Technically this is an invasion of their privacy. Nonetheless, 
the Zelen design is an interesting alternative worthy of discussion (see 
Zelen 1982). 

12. Definitions of admissible treatments for patients might be used other than 
the one-expert preference definition used here. Have these alternatives 
been explored? 

Response: Alternative admissible treatments were discussed at great 
length by the authors of this book. We considered, for example, 
circumstances of three treatments and two experts, whereby expert 1 
rates treatments A, B, and C as 1.0, 0.9, and 0.0, respectively, while 
expert 2 rates treatments A, B, and C as 0.0, 0.9, and 1.0. In this case, 
by definition of admissibility, only treatments A and C would be 
admissible. Yet treatment B, a compromise treatment reasonably accept-
able to both experts, may be a reasonable choice. We could even invent 
an expert 1.5, with preferences 0.5, 0.9, and 0.5, who would make 
treatment B admissible as well. This example suggests an extended 
definition of admissibility in which a treatment would be admissible if 
an expert or any convex combination of experts thinks that treatment 
is best for a particular patient. Chapter 3 looks at alternative definitions 
of admissibility. 

The definition of admissibility used in the verapamil/nitroprusside 
trial ameliorates the problem of choosing experts because two experts 
in complete agreement will not affect the assignment of a patient any 
more than if there is only one such expert. Thus only the range of expert 


