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Special Series 
Clinical Trials: I. Design and Ethical Issues 

Barbara Tilley, PhD* 

I his is the first in a series of four articles focusing on 
clinical trials which wil l appear in this Journal in the next 
several issues. This article wil l present some ethical and 
design issues. The second article wil l provide infor­
mation on sample size and randomization; the th i rd , on 
stopping rules and analyses; and the final article, on 
management issues. 

Definition and History 

Clinical trials are def ined, for this series of articles, as a 
"prospective study comparing the effect and value of 
interventions against a control in human subjects" (1). 
Clinical trials involving animals wil l not be discussed. 

One of the earliest clinical trials was carried out by John 
Lind in 1747 among sailors who had scurvy. Twelve 
patients were given six treatments including vinegar 
and cider. Two of the 12 were given only oranges and 
lemons and were soon well enough to nurse the others 
(2). In the 1930s, Fisher developed methods for sta­
tistical inference based on random allocation which he 
applied to agriculture; these methods were the foun­
dation of modern clinical trials. The first reported ran­
domized clinical trial was carried out by Amberson who 
tested a therapy for tuberculosis; patients were allo­
cated by a f l ip of a coin. Hill is credited with being the 
first to recognize not only the importance of ran­
domization but its usefulness for valid statistical evalu­
ation. Hill's first trial in 1944 was to test a remedy for the 
common cold, and the second was to test streptomycin 
as a cure for tuberculosis (3). 

Rationale 

Clinical trials are performed for many reasons. First, 
given the uncertainty about the course of a disease and 
the variations in biologic measures, it is usually impos­
sible to say, on the basis of uncontrol led clinical obser­
vations, whether a new treatment makes a difference in 
outcome. Chalmers gives the fo l lowing example f rom 
his observation of medical practice. A man wi th gas­
trointestinal hemorrhage dies wi thout surgery. The 
second man wi th the same problem has early surgery 
and does wel l . The next also has early surgery and does 

wel l . The fourth man has early surgery and dies, so the 
fol lowing patient has late surgery because of the expe­
rience with the previous patient (4). Randomized clinical 
trials allow decision making based on a comparison of 
past experiences rather than on one or two recent 
events in highly variable patients. 

Clinical trials are also useful to determine the incidence 
of adverse events. Wi thout clinical trials, drug toxicities, 
especially rare events, could go unnot iced. For exam­
ple, 3,038 patients were studied in a trial of practolol, a 
beta blocker given to prevent recurrent myocardial 
infarction. Two patients were observed to have scler­
osing per i toni t is and three to have ocu lomucocu-
taneous syndrome. These symptoms were unusual 
enough to discourage the use of the drug, but it took a 
trial of this size to detect these problems. 

Third, events which occur naturally in the general popu­
lation could go unnoticed. In the Coronary Drug Project 
(1), a long-term, l ipid-lowering study in men with cor­
onary heart disease, cardiac arrythmias were noted on 
the annual 12-lead electrocardiograms. This f inding was 
not surprising, but the percentages differed by treat­
ment group. In the clofibrate-treated group, 33.3% ex­
perienced arrhythmias, as compared to 32.7% in the 
niacin group, and 28.2% in the placebo group. These 
differences were statistically significant. 

Finally, adverse events thought to be attributed to ther­
apy may be shown to be independent. Again, in the 
Coronary Drug Project, clofibrate was thought to be 
associated with nausea, but when the placebo group 
was compared to the clofibrate group, there was no 
difference in nausea. 

Design 

Cox (5) outlines the requirements for a good experi­
ment which can be applied to clinical trials. These re­
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quirements include the absence of systematic error, 
precision, acceptable range of validity, simplicity, and 
calculation of uncertainty. 

Absence of systematic error 

One of the best ways to eliminate systematic error is to 
select the appropriate control group. Clinical trials also 
must have carefully defined protocols to which inves­
tigators strictly adhere. Where possible, the studies 
should be b l inded; that is, neither the investigator nor 
the patient should know which treatment the patient 
wil l receive so that the patient or the investigator wil l 
not inf luence the tr ial ou tcome. Finally, fo l low-up 
efforts must be the same for both groups, to gather as 
much information as possible on the study endpoint 
wi thout regard to the treatment al location. 

Precision 

It is important to carefully define the trial endpoint in 
order to determine the precision of the estimate of the 
endpoint. An endpoint is the cri terion by which patient 
benefit is measured. In cancer, the endpoint may be 
survival, tumor shrinkage, or duration of tumor disap­
pearance. In heart disease, it may be survival or the 
occurrence of a new cardiac event. There is also increas­
ing interest in quality of l i fe, an endpoint which is more 
diff icult to quantify. If the standard error of the estimate 
of the trial endpoint is too small, then resources have 
been expended uselessly, and the study could have 
been carried out wi th a smaller sample size. On the 
other hand, if the sample size is too small, resources 
have been wasted because no valid conclusions can be 
reached. The best way to guarantee precision is to 
estimate the appropriate sample size before beginning 
the trial. 

Range of validity 

The range of validity determines the generalizability of 
conclusions. This range of validity is usually def ined by 
the eligibil ity criteria for the study. And here there is a 
tradeoff. If entry criteria are too broad, effects may be 
h idden in the var iabi l i ty i n t roduced by inc lud ing 
patients who are less likely to benefit. On the other 
hand, if criteria are too narrow, the subgroup may 
contr ibute little information about the populat ion to 
which the study is directed. An example of entry criteria 
which are neither too narrow nor too broad comes f rom 
the recently completed Lipid Research Clinics Program 
(6). Men aged 39-59 w i th hyper l ip idemia were ran­
domized into two groups, one that received a l ip id-
lowering drug and one that did not. This group was 
selected because it was at high risk for a new cardiac 
event. Thus, the entry criteria were narrow enough to 
assure that a sufficient number of cardiac events wou ld 
occur. The study showed that the group given the 

cholesterol- lowering drug had fewer events than the 
placebo groups. Because the study concurred wi th 
previous studies and there was a dose-response re­
lationship wi th in the study, investigators were able to 
generalize their results to conclude that lowering cho­
lesterol is useful in preventing coronary heart disease in 
the general populat ion. 

Simplicity 

The best way to ensure a successful study is to clearly 
define the protocol . If the protocol is too compl icated, 
useless data can be col lected, or the investigators may 
not complete the protocol . Simplicity of study design 
also makes the study easier to describe, decreasing the 
possibility of misinterpreting the results when the study 
is publ ished. 

Calculation of uncertainty 

This is the probabil i ty that the observed results could 
have occurred by chance alone. The best way to cal­
culate uncertainty is to do a rigorous statistical analysis. 

Controls 

Several types of controls are proposed in the l i terature: 
historical, crossover, and randomized. These are sug­
gested because one type of control cannot be used in all 
settings. Randomized comparison groups are ideal, but 
there are situations where this is not possible. For ex­
ample, randomized trials are unethical to test adverse 
effects of possibly noxious agents. Randomized trials 
are also diff icult to perform when there are several 
alternatives, or when technologic advances produce 
improved agents so rapidly that long-term trials of a 
previous agent become obsolete before the trials are 
completed (7). 

Historical or nonrandomized 

Two types of nonrandomized controls have been pro­
posed: controls f rom the literature and matched con­
trols f rom previous or concurrent studies (8). In many 
places around the country, cooperative cancer groups 
commonly carry along the best treatment regimen f rom 
a previous study. The new treatment is then tested 
against the best previous treatment. These groups also 
use common protocols, so it has been proposed that 
investigators enter consecutive patients on the new 
treatment regimen, using patients on the previous 
treatment for a comparison group. 

Simon (9) wrote that nonrandomized controls could be 
useful if they were f rom the same inst i tut ion which is 
carrying out a new study wi th the same eligibil i ty cri­
teria, workup, etc. It is also important to have a static 
referral pattern, that is, no changes in the types of 
patients who are referred to an insti tut ion over t ime. For 
example, if an institution discovers a new treatment for 
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breast cancer, the publicity could lead to a sudden 
increase in numbers of patients and a change in the type 
of all cancer patients seen. Prognostic factors must be 
similar in the two groups, and Simon also insists that the 
prognosis should be close to 100% predictable before 
the advent of the new therapy (9). Tukey suggests that 
when a study is carried out wi thout randomizat ion, the 
results should be analyzed by insisting on a 30-50% 
improvement over the historical controls. If this analysis 
is indecisive, it wi l l be necessary either to change to a 
randomized design or drop the trial (10). 

Nonrandomized controls present several problems 
whether they are simultaneous controls, controls f rom 
previous studies, or controls f rom the literature. Diag­
nostic techniques, staging procedures, or secondary 
treatments often vary in the different studies. Differ­
ential bias in selecting patients for a particular treatment 
could be present, especially when controls f rom the 
literature are used. There could also be differences in 
determining ineligibil ity for treatment and differences 
in the distr ibution of prognostic factors (11). 

Some of these dangers have been illustrated by other 
authors. Byar, et al (12) reported on a large series of 
prostatic cancer patients who were selected bythe same 
criteria. Both groups were given placebos, and yet the 
two groups had substantially dif ferent survival rates 
over t ime. Pocock (13) reported on 19 instances where a 
collaborative group carried over one treatment for two 
successive studies. For 4 out of 19 pairs of trials, there 
were differences in outcome (p <0.02) when the two 
trials of the same treatment were compared. 

Crossover designs 

Another typeof study which has been used widely in the 
past is a crossover design. Patients are started on either 
the treatment or placebo; after a certain period of t ime, 
the patients are switched to the opposite group. Thus, 
each patient is used as his/her own control . Crossover 
designs have been used in patients wi th chronic dis­
eases such as diabetes, or in Phase II cancer studies 
where the evaluation of a new treatment is made on 
patients who have received some previous treatment. 
Crossover designs may increase the sensitivity of a 
study and reduce the sample size necessary to carry it 
out . However, a crossover design has some strong 
disadvantages. Patients may experience changes over 
t ime that are unrelated to the treatment. Also a treat­
ment may be inf luenced by previous treatments or 
responses. 

Crossover designs are discouraged by the Statistical 
Advisory Committee of the Food and Drug Admin­
istration (FDA). If the relative efficacy of treatment in a 
second period differs f rom that in the first or is condi­
t ioned by the first period of response, the patient can­

not be used as his/her own contro l , thus invalidating the 
tr ial. Also, to determine if this interaction exists, a 
crossover design requires almost as many patients as a 
noncrossover design, wi th little reduction in sample 
size. Finally, crossover designs are frequently analyzed 
incorrectly, ignoring the design (1,9). 

Randomized control group 

In randomized trials, the patients are allocated by some 
random process to either the treatment or the control 
group. Randomization is the most ethical procedure 
when there is no knowledge about the relative efficacy 
of a treatment; it also decreases the bias that might 
occur if patients are allocated wi thout randomization. 

Chalmers says that randomization should begin with 
the first patient (14). An argument frequently used 
against randomization is that it may be unethical for 
physicians to randomize patients to treatments which 
they believe are inferior, but physicians who truly be­
lieve that one treatment is better than another should 
not participate in a randomized clinical tr ial. 

To evaluate the use of randomized clinical trials in 
surgery, Gilbert, et al (15) used the Medical Literature 
Analysis and Retrieval System (MEDLARS) to identify all 
randomized surgical and anesthesia trials reported in 
English with at least ten patients in each group for the 
years 1964-1976. Forty-six studies were identi f ied, and 
49% of the innovations were successful when compared 
to the standard. That is, when assessed by randomized 
clinical tr ial, innovations in surgery and anesthesia were 
successful only about one half of the t ime. Since inno­
vations brought to the stage of a randomized clinical 
trial are thought to be beneficial, the failure of 51% 
provides strong evidence for the value of a randomized 
trial in checking these innovations. 

A danger of poorly control led studies is that large num­
bers of such studies may create an il lusion of strong 
evidence that causes investigators to believe in the 
efficacy of the new therapy. This accumulation of evi­
dence is demonstrated in Table I which shows the early 
studies of the usefulness of diethylsti lbestrol (DES) to 
prevent spontaneous abor t ion du r i ng pregnancy. 
These studies led to widespread use of DES. Yet the 
studies had either contrived controls, no controls, or 
historical controls. Contr ived controls included re­
ported rates of spontaneous abort ion for the same 
hospital in previous years. In contrast (Table 11), where 
alternate randomized controls (every other patient is 
put on the placebo) or simultaneous controls (the first 
100 receive treatment, the next 100 receive placebo) were 
used, DES was shown to be no more effective than a 
placebo in preventing spontaneous abortions (16). 
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TABLE I 

Diethylstilbestrol in Prevention of Abortion and 
Other Accidents of Pregnancy (16) 

Enthusiastic Studies 

No. of 

First Author Date Patients Controls Bl inding 

Smith 1946-1954 13004- Contr ived No 

Gitman 1950 51 None No 

Davis 1950 42 Historical No 

Ross 1951-1953 200 None Nc 

Pena 1954 200 Historical No 

Whi te* 1949-1953 642 Contr ived No 

Plate 1954 29 None No 

•Only diabetics studied 

TABLE II 

Diethylstilbestrol in Prevention of Abortion and 
Other Accidents of Pregnancy (16) 

Negative Studies 

First Author Date 
No. of 

Patients Controls Bl indin 

Crowder 1950 100 Alternate No 

Robinson 1952 93 Alternate No 

Ferguson 1953 393 Alternate Yes 

Dieckmann 1953 1,646 Alternate Yes 

Randall 1955 237 Simultaneous No 

Reid* 1955 148 Random Yes 

•Only diabetics studied 

Ethical Issues 

In designing a tr ial, it is impossible to avoid ethical 
issues. For example, an uncontro l led, poorly designed 
trial is clearly unethical. A primary issue, of course, is 
the t iming of a clinical tr ial. There is only a small period 
of t ime when a trial can be carried out . Before this t ime, 
the medical communi ty has so little evidence about 
efficacy that they wou ld be unwi l l ing to randomize any 
patient to the new treatment. After that t ime, the medi­
cal community is so convinced of the efficacy of the new 
treatment that they wou ld be unwi l l ing to randomize 
the patient to the control group. 

It is important to evaluate the past evidence in deter­
mining whether a trial is necessary. In the 1950s, chlor­
amphenico l was used in an uncont ro l led study of 
patients wi th typhoid fever, wi th an overwhelming posi­
tive effect. Ten years later, in the 1960s, a double-b l ind, 
randomized trial was carried out in which 23% of the 
placebo group vs 8% of the treatment group d ied. It is 
dif f icult to justify the randomized clinical trial when the 
effect of treatment has already been clearly demon­
strated (4). On the other hand, outside factors may 
hinder the introduct ion of an innovat ion, making a 
randomized clinical trial possible. For example, the 
previously ment ioned Hil l trial of st reptomycin for 
t u b e r c u l o s i s was ca r r ied ou t because exchange 
regulations in Britain after Wor ld War II l imited the 
importat ion of the drug. This made the double-bl ind 
study feasible. Only a l imited amount of the drug was 
available, and all patients who could possibly have had 
the drug were randomized to receive it (10). 

It is also unethical to continue a clinical trial to measure 
the outcome wi th better precision. For example, the 
Beta Blocker Heart Attack Trial was designed to test 
whether the use of the drug could prevent myocardial 
infarctions in those who had one cardiac event. Whi le it 
wou ld be useful to know how long the patient must take 
a beta blocker in order to be protected against recurrent 
myocardial infarctions, the successful results of the 
study led to an early termination of the tr ial. It became 
apparent that it was unethical to w i thho ld this drug f rom 
the untreated group. 

The cost of clinical trials also raises ethical issues. As a 
society we cannot afford to study all medical questions 
by clinical trials. Thus, the practit ioner is of ten forced to 
make decisions on informed opin ion alone. This is an 
important component of medical care, and advocates of 
clinical trials are obliged not to disturb this process too 
greatly. 

Discussion continues about the allocation of funds for 
clinical trials. Is it ethical to spend large amounts of 
money on clinical trials to the detr iment of more basic 
laboratory research? When this issue is evaluated wi th 
regard to a particular clinical tr ial , it is important to 
estimate the losses sustained in choosing the unde­
sirable treatment, or cont inuing to administer it for 
years and to exclude treatment costs (10). An example is 
coronary bypass surgery. The cost of doing the surgery 
should not be considered as part of the cost of carrying 
out trials of this procedure. 

There are also dif f icult questions relating to statistical 
analyses. First, when repeated tests of the hypothesis 
are planned at dif ferent points in t ime, the alpha level 
for rejecting the hypothesis of no dif ference in the two 
groups must be adjusted. The more the data are inspec­
ted, the wider the rejection region has to be, at least 
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early in the tr ial. If too many tests are planned, the trial 
may be unnecessarily prolonged. 

Stopping the trial also provides some interesting ethical 
problems. If a trial is terminated too early, conclusions 
may not be accepted by the medical communi ty . If it is 
terminated some time after results appear defini t ive, 
one study group may suffer needless harm. These de­
cisions are made not only on the statistical criteria but 
also on the judgments of the advisory boards. A unique 
and less preferred stopping rule was reported in the 
New York Times (17). Anturane study researchers (18) 
were divided over stopping their tr ial. The researchers 
agreed to send an article on the trial to The New England 
Journal of Medicine wi th the understanding that if the 
journal accepted the article as statistically val id, the trial 
wou ld stop and the patients would be informed of the 
results. 

Informed consent is another wel l -known ethical issue. 
Two recently publ ished studies evaluated subjects' 
comprehens ion of studies (19,20). In a sample of 

patients f rom the Beta Blocker Heart Attack Trial, most 
were well informed about study design and risks. How­
ever, 8% (5 patients) believed they were participating in 
a therapeutic program rather than a research project. 
A study of pat ients w i t h psychiatr ic p rob lems by 
Appelbaum, etal (20) revealed the same misconception. 
While the subjects understood the benefits and risks of 
treatment, many believed that study assignments were 
based on therapeutic considerations rather than ran­
domization. These results stress the need for better 
explanations. Subjects may have to be to ld explicitly 
that scientific goals wi l l have priori ty over therapeutic 
goals. 

Finally, given a well-designed study which has been 
correctly analyzed and shown to benefi t or harm, it is 
unethical to continue as if the trial had not been done. A 
prime example was Linn's study of scurvy. Forty years 
passed before the British navy provided lemon and 
orange juice to its sailors. 
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