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Clinical Trials in Cancer Research

by Edmund A. Gehan*

This is a review paper which gives a discussion of various aspects of clinical trials in cancer research. Since
the conduct of the first randomized controlled clinical trial in cancer patients in the mid-1950s, substantizl
progress has been made in the utilization of the clinical trial technique for the evaluation of therapeutic
efficiacy. The important elements of a protocol are given with some discussion of items to be considered in
designing a protocol. The types of clinical trial (phase 1, I1, I11) are defined, and the place of each phase of
study in the context of the search for new treatments is delineated.

A comprehensive discussion is given of the elements in the comparative clinical trial (phase III), including
objectives, considerations in planning (comparability of treatment groups, stratification of patients, feasi-
bility and size of study, and prospective versus retrospective studies). Brief descriptions are given of designs
for comparative clinical trials and a trial in oat cell lung carcinoma is discussed in some detail. Finally, some
comments and references are given concerning the analysis of clinical trials,

Introduction

The randomized clinical trial was first used for the
evaluation of cancer treatments in the mid-1950"s (/).
In only two decades, it has proven to be a useful way
of evaluating the relative effectiveness of treatments
and a substantial body of knowledge has been de-
veloped which provides objective data about cancer
treatments. The organization of comparative clinical
trials through the cooperative groups program spon-
sored by the National Cancer Institute in the U.S.
and clinical trials organized in other countries have
led to more uniform criteria for diagnosis, objective
definitions of response, protocols for the evaluation
of treatments, and statistical evaluation of results.

The design of clinical cancer research studies rep-
resents a cooperative effort between clinicians and
statisticians in the design and analysis of studies and
between clinicians and patieats in the conduct of
studies. The clinical trial is a device for obtaining
objective evaluations of the effectiveness of treat-
ments. All would agree that the treatment of patients
with cancer is not optimal and that better clinical
studies are needed to define better forms of treat-
ment.

In this paper, a description will be given of pro-
tocols in clinical studies, and the types of clinical
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trials being used in cancer research, with special
emphasis on the comparative clinical trial. For the
comparative clinical trial, discussion will be given to
objectives, considerations in planning, designs for
comparative studies, and analysis of clinical trials.
The overall objective will be to give an introduction
to the field with appropriate references to work that
has been accomplished,

Some recent articles giving a discussion of general
issues relating to cancer clinical trials are Gehan and
Schneiderman (2), Livingston and Gehan (3), and
Peto et al. ).

Protocols in Clinical Trials

Since any scientific clinical study requires a well-
developed experimental plan, ail clinical trials
should have a protocol which outlines the design and
method of conduct of the clinical trial. A protocolis a
written document which gives the purpose of the
clinical study including the rationale, the method of
administering the treatment(s), and details concern-
ing the plan of investigation. The uswal elements
included in a protocol are (1) introduction and scien-
tific background for the study; (2) objectives of
study; (3) selection of patients; (4) design of study
(including schematic diagram) (5) treatment pro-
grams; (6) procedures in event of response, no re-
sponse. or toxicity; (7) required clinical and labora-
tory data; (8) criteria for evaluating the effect of
treatment; (9) statistical considerations; (10) in-
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formed consent: (11) record forms; (12} references;
(13) study chairman or responsible investigator and
telephone number.

The first requirement of a good study is that it be
addressed to an important clinicai question. If the
design, conduct, and analysis are perfectly carried
out but the question is trivial, then the study will be
trivial. The protocol should include a statement of
the objectives of the clinical study which are specific
and well-defined. These may be divided into primary
and secondary objectives, and the design of the
study should ensure that at least all the primary
objectives are achieved. For example, in a study of
adult patients with acute leukemia, a clinical trial
might be designed to compare treatments for induc-
ing remissions, treatments for maintaining complete
remissions, and whether different types of im-
munotherapy treatment would be useful after a pa-
tient has been in remission for one year. If the latter
were considered a primary objective, then sufficient
patients would have to be entered into study so that
the required numbers of patients were on each im-
munotherapy treatment among patients having re-
missions lasting at least one year. Since only 35-40%
of patients will achieve this status, it is evident that
rather large numbers of patients may have to be
entered into study to achieve a precise comparison of
the immunotherapy treatments. However, if com-
parison of the immunotherapy treatments was ¢on-
sidered a secondary objective, sufficient patients
could be entered into study to achieve precise com-
parisons of remission induction and remission
maintenance treatments and simply analyze what-
ever numbers of patients receive the different im-
munotherapy treatments.

It is usually not a good idea to plan a study that
involves a large number of questions. Such studies
are more difficult for investigators to carry out, re-
quire more monitoring of patients and completion of
forms, are more subject to changes in study plan, and
are often difficult to interpret clearly. It is usually
better to have a simple design of study which is
addressed to a small number of important questions.

The protocol should contain the preclinical and
clinical rationale for doing the study in the context of
a review of pertinent recent data in the tumors to be
studied. The protocol should give the primary rea-
sons for undertaking the study and the scientific
basis for the choice of treatments.

The section on selection of patients should define
which patients are eligible for study and which will
be excluded. Ideally, the patients entering study
should be considered as a representative sample
from the population of possible patients who meet
the selection criteria. Pathological confirmation of
diagnosis is a requirement in nearly all studies and
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should be indicated in this section. Further details
that might be given are: tumor site(s) or type(s) to be
studied; type (or amount) of prior therapy permitted;
age restrictions; requirements about renal and/or
liver function and bone marrow status; and require-
ments concerning the measurability of lesions.

Itis desirable to keep a log book of all patients seen
during the study period who have a confirmed diag-
nosis of the disease and are possible candidates for
study. The clinical investigator should record data
on characteristics related to prognosis, such as age
and stage of disease. If a patient is not entered into
study, a reason should be given. A log book permits
the clinical investigator to make statements about
the characteristics of the population of patients who
are candidates for study and the proportion of this
population that has been entered into study. Changes
in the selection criteria might be made if too many
patients are being excluded.

The section on design of study should give a de-
tailed statement of the course of a patient’s treatment
on the protocol. If the course is divided into parts,
such as induction, consolidation, and maintenance,
the procedures to be followed at each stage should be
described clearly. It is helpful to include a schematic
diagram giving the general design of the study with
the treatments to be administered on specific days
following the start of study.

The section on treatment programs is that most
frequently referred to by physicians caring for pa-
tients and should give precise statements concerning
the treatments to be administered. Treatment pro-
grams may be defined in terms of the achievement of
a given endpoint for the patient, for example a dose
of drug may be given according to a certain route and
schedule until the white blood count performed at
stated intervals reaches a level of 2000/mm? or less.
The important point is to have a well defined treat-
ment program that can be followed by the physician.

The section on procedures in event of response, no
response, or toxicity should indicate what is to be
done to the patient in each circumstance. The gen-
eral steps should be indicated by the design of the
study, however the specifics in terms of alternative
treatments, methods of handling toxicity, and re-
quirements for removal from study shouid be given
here.

The section on required clinical and laboratory
data gives the tests required for all patients prior to
entry into study and at designated time points during
the study. It is convenient if a table summarizing
these requirements is given in the protocol.

An important section of a protocol is that giving
the endpoints for evaluating the effectiveness of
treatment. In cancer clinical trials, typical endpoints
are response (complete remission, partial remission,
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no response), length of complete remission, and sur-
vival time. In some types of cancer, for example,
advanced breast or lung cancer, the ‘‘no response”’
category is sometimes subdivided into stable dis-
ease, mixed response, and disease progression. For
patients with advanced disease, achieving a state of
“stable disease’ may occur more frequently with
one treatment than with another. For patients with
limited disease, such as certain patients with breast
cancer, treatment by surgery alone can remove all
evidence of disease. Endpoints for analysis in this
circumstance are ‘‘time to relapse’ and ‘‘relapse.”
Relapse may be defined as local recurrence of dis-
ease or occurrence of metastatic disease.

The choice of the primary response variable has an
important effect on the number of patients and length
of study. If comparison is to be made between the
percentages of patients discase-free two years after
the start of the study, then the study must last at least
two years plus the length of time required to enter
sufficient patients into trial. Length of survival is
clearly an important endpoint; however, patients
sometimes die of causes not related to the disease
under study, may receive other treatments after re-
lapse on the study, or may have too long an expected
survival for a clinical trial of reasonable length. In
each clinical trial, various definitions of response
should be considered for their meaningfulness and
type of trial implied.

The section on statistical considerations should
summarize the major objectives to be achieved in the
study and give an estimate of the number of patients
required or of how the study will be analyzed se-
quentially as it proceeds. Some designs for clinical
trials comparing two or more treatments are the sim-
ple randomized design, the stratifted randomized de-
sign, and the factorial design. The feasibility of the
study should also be considered in this section; if
estimates of the number of patients to be entered into
study per month can be given based upon previous
data, the estimates should be given. An estimate
should be made of the total length of time required to
accrue and follow sufficient patients to observe the
relevant endpoints and achieve major obiectives.
Failure to give adequate consideration to the feasi-
bility of study has resuited in the starting of clinical
trials which had little or no hope of being completed
with a definite statement about the effectiveness of
treatments.

In the United States, there is a requirement for
informed consent either from the patient or an indi-
vidual responsible for the patient when the patient is
a child. As far as possible, the patient should be
informed of the design of the study and the rationale
for its conduct so that proper consent can be ob-
tained.
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Copies of the record forms should either be part of
the protocol or should be supplied in conjunction
with it. The record forms should contain the required
pre-treatment data and the data to be evaluated dur-
ing the course of study for each patient. Sufficient
information should be on the form so that an evalua-
tion can be made of whether or not the patient fol-
lowed the protocol properly and whether there was
sufficient objective evidence for response orrelapse.
It is usually helpful to have forms with boxes for the
recording of information that are self-coding, i.e.,
data can be entered directly into the computer by
keypunching from the forms or entry of data via a
computer terminal.

A protocol should be a self-contained document
and not have references to other protocols for items
such as definition of response or method of adminis-
tering treatment. When a protocol has been well
written, the final report of the study will be easier to
write.

Types of Clinical Trials

Figure 1 gives a sequence of clinical trials for a new
agent. The diagram is given in terms of a chemo-
therapeutic agent, but similar steps are involved in
the development of new radiotherapy or surgery
treatments, New agents may reach the clinical trial
stage for various reasons: an indication of effective-
ness against cancer in animal systems (mice, rats,
dogs, and monkeys), as analogs of agents that have
already proven effective, or as combinations of
single agents known to be of some effectiveness in
previous clinical studies.

Phase 1 Studies

The major objective of this trial is to determine the
maximum safely tolerated dosage regimen for a
given schedule of an agent in man. The regimen
should be one that can be used in looking for
therapeutic effects in later phases of study. A major
aspect of the phase I trial is the elucidation of the
nature of the agent’s side effects, both qualitatively
and quantitatively. The basic steps in the phase I
study are: selection of a starting dose, selection of a
method for dose escalation, and selection of a sample
of patients to receive the agent.

Studies in animal systems provide a useful guide to
the selection of the starting dosage in man. Freireich
et al. (5) have shown that the maximum tolerated
dose in man was comparable to that in five animal
species (mouse, rat, hamster, dog, and monkey)
when dosage was expressed per unit of surface area
in square meters. Hence, phase I studies in man
might be started at dosage levels of 14 or less of the
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Fig. 1. The sequence of clinical trials for a new agent.

average maximum tolerated dose per unit surface
area in the five animal species or a more conservative
procedure would be to use %3 the dosage in the most
sensitive animal species. These can only be taken as
general guidelines, since as Freireich et al. (5) state:
*It is emphasized and should be clearly understood
that it is dangerous to attempt to extrapolate directly
from animal toxicity data to maximum tolerated
doses in man.”’

Selecting a method for escalating doses is not well
standardized. On assuming that no toxic side effects
have been observed at the starting dose level,
schemes suggested for increasing dosage may be
based upon a Fibonacci search technique (6) in
which the dose is raised by decreasing increments, or
a simple percentage change in dose scheme based
upon toxicity observed. It is clearly desirable to
minimize the number of steps required to reach some
evidence of biological effect, since neither useful
information nor benefit to the patient is obtained by
administering doses that are too low: on the other
hand, when some undesirable side effects have been
observed at a particular dosage, one must be ex-
tremely cautious in escalating dosage. As a general
guideline, it is advisable to have three patients on a
study at each dose level and each should be observed
unti) the pentod of anticipated risk of acute side ef-
fects has passed.

The patient population chosen for a phase 1 study
can influence conclusions in 2 major manner, de-
pending upon the sensitivity of the patients to the
agent being studied. If only patients with very ad-
vanced disease are put on a phase I study, then the
dosage regimen recommended might be too low for
patients who were in an earlier stage of disease.

Every phase 1 study is at least in part a phase 11
study. That is, there should be a definite searching
for evidence of therapeutic response in the phase 1
study.

M

Phase Il Studies

The objective of the phase II trial is to determine
whether the particular dosage regimen chosen in the
phase I study is effective enough to warrant further
study. An agent would certainly be of interest if it
appearcd substantially better than the existing best
treatment; alternatively, it could be of interest if it
had a lesser degree of activity but represented a
different type of agent or if the agent had lower
effectiveness but less toxicity.

Figure 1 indicates a category for a follow-up trial
which has the objective of providing an estimate of
effectiveness of the treatment regimen that has a
certain precision. An estimate of the approximate
effectiveness of an agent is desirable to have either
from the phase II or the follow-up trial prior to the
conduct of a phase III study.

A clinical trial is never a test of a drug or
radiotherapy or surgery. It is a test of a treatment
program when administered at a certain dosage, ac-
cording to a certain schedule, and in a particular type
of patient.

One of the following conclusions should be
reached at the end of a phase 11 trial: (1) agent could
be effective in X% of patients or more, or (2) agent is
unlikely to be effective in X% of patients or more. If
the objective can be stated in that manner, study of
only a relatively small number of patients might be
needed.

One approach to determining the minimum size of
sample for phase I1 studies has been given by Gehan
(7). Table 1 gives the number of patients necessary to
have in a phase 1 triaf to decide whether an agent is
worthy of further study or is unlikely to be effective
in X% of patients or more at given levels of rejection
error. Rejection error 8 is the chance of failing to
send an agent on to further study, when it should
have been. Hence, if one is interested in an agent of
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Table 1. Number of patients required for phase II trial of an agent for given levels of therapeutic effectiveness and rejection error

Therapeutic effectiveness, %

Rejection
error 3, % 5 10 i5 20 25 30 35 40 45 50
5 59 29 19 14 i1 9 7 6 6 b
10 45 22 15 11 9 7 6 5 4 4

20¢% effectiveness and is willing to accept a 5% re-
jection error, a sample of 14 patients is needed. This
number has been derived by assuming that the true
effectiveness of the agent is 209 and calculating that
the chance of [4 consecutive failuresis less than 5%.
Consequently, if all 14 patients fail to respond,
further study of the agent could be stopped because a
sequence of 14 failures would occur less than 5% of
the time if the true therapeutic effectiveness was
20%.

The numbers in Table 1 should be taken as guide-
lines because several simplifying assumptions have
been made. First, response is assumed to be an all-
or-none phenomemon. If complete remission is the
endpoint, then nonresponse patients would be those
who showed no biological effect at all and also pa-
tients who showed some degree of response that was
not sufficient to qualify for complete remission. Re-
sponse should be defined so that when one or more
such responses have been observed, it is meaningful
to study the agent further. Secondly, the numbers of
patients in the table assume that the chance of re-
sponse is the same for each patient. Based upon
previous studi¢s, it is known that the chance of re-
sponse differs among individual patients according
to prognostic characteristics., Consequently, the
numbers in the table are those assuming an ‘‘average
level” of effectiveness for each patient. If there is not
alarge amount of variation around the average level,
the results in the table will be approximately correct
and not likely to lead to difficulties in particular
studies. Thirdly, no prior information concerning the
agent is used in the planning of the study. If the agent
has previously been included in a phase 1 study, it
may be desirable to combine the estimates of effec-
tiveness from the phase [ and I1 studies, however no
allowance for this is made in Table 1. Fourthly, if the
agent has atready been studied in other tumor types,
there is presumably some correlation between
chance of response in various tumor types; however
no allowance has been made for this,

The decision rule for a phase Il study using the
number of patients in Table 1 is as follows: if all
patients in the study do not respond, further study of
the agent is halted; if one or more patients respond,
additional patients are added to study to determine
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an approximate estimate of effectiveness. Agents
with effectiveness substantially lower than that of
interest have a substantial chance of being passed to
further study. For example, if one enters 14 patients
in search of an agent of 20% effectiveness (with 5%
rejection error), there is more than a 51% chance that
one or more responses will be observed even if the
agent has only 5% true therapeutic effectiveness.
The numbers of patients given in Table 1 represent
the minimum needed to reject an agent for further
study, given that no responses have been observed.
Passing an agent on for further study when the true
response rate is low might be acceptable when no
agent of any real effectiveness exists for the given
disease, but it may not be satisfactory for diseases
for which agents of moderate to high order of effec-
tiveness already exist.

There are alternative methods of specifying a
number of patients for phase II studies. A method
incorporating decision theory criteria has been given
by Sylvester and Staquet (8).

When a dosage regimen has passed a phase 11 trial
or has been of moderate effectiveness in a phase 1
trial, follow-up studies will be instituted to obtain a
more precise estimate of effectiveness. Gehan (7)
has given the number of additional patients to be
studied corresponding to number of responses ob-
served in the phase Il study.

Some clinical investigators have suggested that
two dosage regimens or two types of chemotherapy
should be randomized in a phase II trial. In essence,
the proposal is for the conduct of two concurrent
phase I trials, since there is no objective of deter-
mining which of the two therapies is superior. Ran-
domizing patients between therapies provides some
control over the investigator’s selection of patients
for study. If this is likely to be a problem and if
sufficient patients are available for conducting two
studies at the same time, then randomization of pa-
tients in phase Il studies might be worthwhile.

As all phase [ studies have some elements of phase
II, many phase I1 studies are concerned with phase |
problems, In studies of a single agent, cumulative
side effects may be observed in the phase II study
that were not observed in the phase I study, e.g.,
studies of adriamycin and daunorubicin cardiac tox-
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icity. Further discussion is given by Livingston et al.
(3) of some of the clinical aspects of phase II studies.

The Comparative Clinical Trial
(Phase Ill)

A comparative clinical trial is a planned experi-
ment in human patients involving two or more treat-
ments when the primary purpose is to determine the
relative effectiveness of the treatments. A phase II1
trial might be begun when there is a preliminary
estimate of effectiveness of a new therapy from prior
phase I or I studies. A common circumstance for the
phase L1 trial is to compare a proposed new therapy
with the best standard treatment for the disease
being studied. A phase III trial should begin before
opinions have become fixed concerning the relative
value of the new treatment; this would make it dif-
ficult or impossible to do a controlled trial. However,
a phase 111 trial should not be undertaken when the
treatment programs are likely to be modified fre-
quently. In this circumstance, further patients
should be added to the phase I study.

These general considerations suggest that the
place for the phase III study-is when the proposed
new therapy has a potential for a smatl to moderate
sized advance in effectiveness over the best standard
treatment. If there is no possibility of an advantage
for the proposed new therapy, then there is no real
rationale for a phase 11l study. If the new therapy
appears very significantly superior to the standard
therapy based on phase 1 or II studies, then it may
not be ethical to do a study in which patients would
be randomized between the new and standard treat-
ments.

Objectives

The type of comparative trial to undertake differs
according to the precise meaning of ‘‘determining
the relative effectiveness of the treatments.”” If the
primary aim is to select the better of the two treat-
ments for use in future patients and estimation of
effectiveness is secondary, then some type of se-
quential study should be conducted in which the
decision to continue study at any stage would be
determined by the results available at that stage. As
soon as it could be concluded that one treatment was
superior to the other, the study would be stopped,
even though at that point it might be that only impre-
cise estimates of the effectiveness of each treatment
could be made. Alternatively, the objective might be
to select the better treatment and have an estimate of
the effect of treatment with some precision. With this
combined objective of selecting the better treatment
and estimating effectiveness, a sufficient number of
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patients should be entered on ¢ach treatment so that
the effectiveness of each could be estimated with
some precision. Additional patients might then be
needed to satisfy the selection requirement.

As an example, a study by Freireich et al. (9)
involved a randomized, double-blind comparison of
6-MP versus placebo in the maintenance of remis-
sions in acute leukemia. The trial was a sequential
one in which patients were paired at each institution
according to complete or partial remission and pa-
tients were then randomized within pairs to 6-MP or
placebo. A preference was recorded for 6-MP or
placebo depending on the length of remission fol-
lowing each treatment, and there was a sequential
stopping rule which permitted the study to be
stopped after the accumulation of 18 pairs of pa-
tients. At that time, the median length of remission
for 6-MP was 27 weeks compared with 9 weeks for
placebo treatment. At the time the study was
stopped, it was clear that 6-MP was the superior
treatment, however only relatively imprecise esti-
mates of length of remission could be made based
upon 18 patients. Yet, the estimates of median length
of remission were quoted by many clinical inves-
tigators without indication of the precision of the
estimates. This is an example of a study in which the
aim was to select the better treatment and estimate
effectiveness, however the sequential plan was de-
signed to permit only the selection of the better
treatment.

For each particular clinical trial, the primary ob-
jectives should be considered carefully and the study
design chosen to permit the achievement of major
objectives in a reasonable period of time.

Considerations in Planning

Factors to be considered in planning clinical trials
are: comparability of groups of patients, stratifica-
tions of patients, feasibility and size of study, and
prospective versus retrospective studies.

Comparability of Groups of Patients. Having
comparable groups of patients is a sine qua non of a
controlled clinical trial (/0). A comparative clinical
trial should be so planned that the only explanation
of adifference observed between treatment groups is
aresult of the treatment and not differences in types
of patient on each treatment. This requires compara-
bility of patients when entered into study, during the
conduct of the study, and at the time of analysis
when the study is completed.

Randomization of patients is a technique designed
to achieve comparability of patients between treat-
ment groups at time of entry into study. Randomiza-
tion assures that patients will be comparable on the
average with respect to factors influencing prog-

Environmental Health Perspectives



nosis. When patients are not comparable, proce-
dures adjusting for differences in prognosis ¢an be
utilized so that appropriate tests of difference be-
tween treatments can be carried out (/7). Procedures
for randomizing patients are described by Gehan and
Schneiderman 2).

In a retrospective study, patients on a proposed
new therapy would be compared with patients
treated in the past, a historical control group. When
patient characteristics related to prognosis are
known, patients from the historical control series
can be compared with the current series of patients
using regression techniques to adjust for differences
in prognosis. Procedures for applying adjustment
techniques in clinical trials are described in Gehan
(12}, and an application is made to studies of breast
cancer. An assumption is needed in this analysis that
the differences between treatment groups cannot be
explained by factors associated with chronological
time; hence, the use of retrospective studies may be
expected to have more validity when the interval
between groups in chronological time is short.

To achieve comparability, it is also necessary to
manage patients on each treatment regimen in the
same way. Decisions concerning the removal of pa-
tients from study or to stop treatment because of side
effects to the patient should be made utilizing the
same criteria. If some investigators have a prefer-
ence for one of the treatments so that patients are
maintained on it longer, or are classified as toxic only
when the toxicity is very severe, results could be
biased in the direction of the preferred treatment.
One solution is to do a doubie-blind study in which
neither the patient nor the physician is aware of the
treatment being administered. In cancer clinical
studies, double-blind studies tend not to be effective
in reducing bias because different types of treat-
ments generally lead to different types of toxicity and
the types of toxicity are known to the physicians.
Double-blind studies are most useful when the mea-
sure of response is subjective. The more objective
the criteria for toxicity and response, the less the
need for a double-blind study. In some circum-
stances, double-blind studies cannot be carried out,
such as studies of some surgical or radiotherapeutic
procedures.

Patients in each treatment group should be com-
parable with respect to the criteria applied in the
analysis of the study. Hence, if response is defined as
a 50% reduction in the sum of the products of the
measured diameters of the tumors, then the same
criteria should be applied in both groups. In addition
to the investigator treating the patients, it is impor-
tant to have either a study chairman or reviewing
investigator evaluate the patient to assure the appli-
cation of uniform criteria. Evaluation of response of
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the patient can be made with the evaluator being
unaware of which treatment the patient received. In
cooperative groups engaged in clinical trials, often
each patient is evaluated by a commitiee-and objec-
tive criteria are utilized. This tends to diminish the
possibility of bias of a single investigator,
Stratification of Patients. Patients with any
given type of cancer may differ in prognosis accord-
ing to such characteristics as age, stage of disease,
bone marrow status, and prior therapy. In adult
acute leukemia, for example, patients can be
categorized by age, infection status (yes or no), type
of leukemia, platelet count, and hemoglobin value,
Should important prognostic characteristics be
utilized to define stratifications of patients within
which patients would be expected to be comparable
in prognosis? In a randomized study, patients could
be randomized to the possible treatment groups
within each stratum. Alternatively, a randomized
clinical trtal could be carried out by randomizing
patients to treatments without regard to strata. A
recent paper giving arguments for and against
stratification in clinical studies is that of Brown (/3).
Those arguing in favor of stratification state that
the treatment groups will be more comparable than
when prognostic factors are ignored; lack of com-
parability of groups can still be adjusted for in the
analysis; not stratifying patients leads to tests of
difference between treatment with less sensitivity
and power; and the balancing of patients on each
treatment within all subgroups makes it possible to
estimate and test for interaction effects. Peto et al.
(I4) have argued that even when prognostic factors
are tgnored in making treatment assignments, ran-
domization will tend to balance the treatment alloca-
tions within each stratification group. It can be
shown that when there are N patients in a given cell,
the amount of information achieved by complete
balance, that is by assigning exactly one-half of the N
patients to each treatment, can be achieved on the
average by randomly assigning N + | patients to the
treatment arms without regard to balance. Secondly,
they argue that having different stratifications makes
the design and conduct of a clinical trial more com-
plex, possibly discouraging physicians from entering
patients. Thirdly, it is pointed out that use of prog-
nostic factors for balancing treatment groups does
not eliminate the necessity for utilizing these vari-
ables in the statistical analysis. Hence, when multi-
ple strata are part of the design of the study, these
stratifications must be used in the analysis. Brown
(13) finds the arguments against the use of prognostic
factors in randomization of treatment assignments
“logically valid but not persuasive.” He argues that
one should not randomize without stratification, a
procedure that would perform well on the average,
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when one can achieve balance by stratification.
Though the loss of information per cell might be
small, a study with a large number of cells would
have a large loss of power. Assignment of patients to
strata is a simple procedure and not likely to discour-
age investigators from entering patients. Brown (13)
argues for stratification because of the increased
power and precision of the study.

Pocock and Simon (15) give methods for achieving
a balance of patients on each treatment with respect
to prognostic factors. If the assignment of patients is
being made at multiple institutions, it is nearly al-
ways desirable to balance patients at each institu-
tion; failure to do this will result in some inves-
tigators criticizing the experimental plan because of
the divergences in number of patients on each treat-
ment.

Feasibility and Size of Study. Each clinical trial
should be considered for feasibility, number of pa-
tients required, and length of study. An important
consideration in planning a clinical trial is the num-
ber of patients per year that might be expected to
enter study. Having an estimate of this number and
knowing the approximate follow-up period for ob-
servation of an endpoint in the average patient will
make it easier to determine the number of patients to
enter into study. Clinical trials should not be planned
to last for too long a period, since interest and moti-
vation of the clinical investigators tend to decrease
with time. Also, alternative treatments are likely to
be discovered and become candidates for compara-
tive studies.

The size of a comparative clinical trial is usually
determined by considering the clinical trial as a test
of a null hypothesis versus an alternative. Sufficient
patients are entered into study to provide an ade-
quate test of that hypothesis in terms of significance
level and power. For example, in a clinical trial of A
versus B, the null hypothesis might be that there is no
real difference in the response rate to A or B, while
the aiternative hypothesis might specify that there is
some real difference in response rates. The one-
sided alternative specifies the direction of the differ-
ence (response rate to A being higher than that to B,
say), whereas a two-sided alternative specifies that
either A or B may have the higher response rate.

Tables 2 and 3 give the number of patients required
in each of two treatment groups to test for given
differences in response rate at a certain significance
level and power of test. Table 2 gives the sizes of
study needed for the one-sided test, i.e., when the
clinical trial is designed to test whether a new treat-
ment is better than a standard. Table 3 gives the
number of patients required for a two-sided test, that
is which of the two treatments s better. The clinical
investigator shouid specify the difference in re-
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sponse rates to be determined, an estimate of the
response rate for one of the two treatments, the level
of statistical significance (), the value of the desired
power (1 — B8), and whether the test should be one- or
two-sided. The level of significance a is the chance of
false positive error, that is that the trial resnlts in a
statement that there is a real difference between
treatments when in fact there is none. The chance of
afalse negative error is 3, that is, the trial results ina
statement that there is no difference between treat-
ments when, in fact, there is. The power of the test is
defined as (1 — ).

As an example using Table 2, suppose that 40% of
patients are expected to respond to standard treat-
ment, the clinical trial is to be conducted to deter-
mine whether a proposed new treatment results in a
response rate that is 20% higher and it is desired to
use a statistical significance level of 5% and a power
of test of 80%. From Table 2, the number of patients
needed in each group to meet these requirements is
76. If the desired power is 90% and the other re-
quirements are the same, then 105 patients are
needed in each group. The higher the power needed,
the larger the number of patients. Also, the higher
the significance level {i.e., the smaller the probability
that the observed difference is due to chance) used,
the larger the number of patients needed. For ex-
ample, if the clinical trial is supposed to be con-
ducted using a significance level of 196 and a power
of 95%%, 195 patients would be needed in each group.

If the set-up for the clinical study was the same,
except that it was desired to conduct a two-sided
test, then reference to Table 3 shows that 97 patients
would be needed in each treatment group (signifi-
cance level 596, power of test 80%). Clinical trials for
testing two-sided alternative hypotheses always re-
quire larger sample sizes than equivalent trials for
one-sided alternatives.

If the clinical trial were conducted strictly as a
hypothesis-testing procedure, then the given num-
bers of patients would be entered into each treatment
group, response rates determined, and a statistical
test carried out to determine whether the difference
in outcomes was statistically significant at the 5%
level or not. Clinical trials are rarely, if ever, con-
ducted with this degree of rigidity so that the sample
numbers of patients should be considered as guide-
lines in the planning stages of the study. Sometimes,
in fact, the procedure for determining sample size is
applied in reverse. For example, if 100 patients are
expected to enter study per year in a one-sided com-
parison of A versus B with a response rate of 40% for
B, at about one year when 96 patients have been
entered, a 25% advantage in response rate for treat-
ment A could be detected (statistical significance
level 5%, power of test 809%). At about 134 years,
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