ELSEVIER

P-Value Interpretation and Alpha Allocation in Clinical Trials

LEMUEL A. MOYE, MD, PuD

PURPOSE: Although much value has been placed on type I error event probabilities in clinical trials,
interpretive difficulties often arise that are directly related to clinical trial complexity. Deviations of
the trial execution from its protocol, the presence of multiple treatment arms, and the inclusion of
multiple end points complicate the interpretation of an experiment’s reported alpha level. The purpose
of this manuscript is to formulate the discussion of P values (and power for studies showing no significant
differences) on the basis of the event whose relative frequency they represent.

METHODS: Experimental discordance (discrepancies between the protocol’s directives and the experi-
ment’s execution) is linked to difficulty in alpha and beta interpretation. Mild experimental discordance
leads to an acceptable adjustment for alpha or beta, while severe discordance results in their corruption.
RESULTS: Finally, guidelines are provided for allocating type | error among a collection of end points
in a prospectively designed, randomized controlled clinical trial.

CONCLUSIONS: When considéring secondary end point inclusion in clinical crials. investigators
should increase the sample size to preserve the type I error rates at acceptable levels.
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INTRODUCTION

Investigators are obligated to design and execute their re-
search programs to protect both the patients included in
the study and the population to whom the experiments
will be generalized. This later responsibility has become
comrlicated in experiments that measure multiple outcomes
(1-3) or can have multiple treatment arms (4). In addition,
investigators perform post hoc analvses that were not pro-
spectivelv planned (5-7). Even in simulation experiments,
p-value interpretation can re challenging (8). However,
investigators are nevertheless ubligated to design and exe-
cute their research programs su that the type [ and type 11
errors are easily interpreted.

The purpose of this manuscript is to provide ‘guidelines
tor allocating type I error among a collection of end points
in a prospectively designed experimental program. Experi-
mental Jdiscordance is defined. and a distinction is made
between an adjustment of alpha and its corruption.

FOUNDATION OF ALPHA LEVELS IN
EXPERIMENTAL SETTINGS

Clinical investigators have rwo oblications in clinical trials:
patient protection and popuiation protection. Investigators
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share the responsibility to ensure that the results of their
research do not mislead. This responsibility is administered
through controlling sampling error (P values and npe I
error rates) and ensuring that the research program is exe-
cuted as planned.

The alpha level is a prokability and, in order to under-
stand it. we must understand the event whose relative fre-
quency it represents. Alpha levels are traditionally described
as conditional probabilities. c.g., the probability that the
test staustic falls in the critical region given the condition:
that the null hypothesis is true. However., the motivation
of this mathematical definition lies in the use of popuiation
sampling. The strategy of drawing a random sample trom
the population at large makes the experiment executable,

since logistics preclude including all patients in the popula-

tion in the trial. However, the investigators must pav 1 rrice
for this executability: that price is the recognition that
another sample with a different set of subjects drawn from
the same population might vield different results. The vari-
ability of samples generated bv a population and the v3r:bil-
ity of results produced by these samples is sampling 2rror.
Although populations can generate many different samrles,
under correct sampling plans., most of the samples =i be
representative of the population. However., Jespite :xe in-
vestigators” hest etforts, the population may have “lealt
them a tad hand.” i.e., provided a sample whose r=dings
of efficacy will not reflect the andings in the popuiaz:. n ar
large. This sampling error is dangerous to the integriov of
the experiment and, if handled inappropriately, ¢z:z:cally
weakens the investigators’ akilities to generalize the:r nd-
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Selected Abbreviations and Acronyms
NSABP = national surgical adjuvant breast and bowel project
CHF = congestive heart tailure
PTCA = percutaneous transluminai coronary angioplasty

ings to the larger population from which the sample was
drawn. The P value handles this sampling error by linking
the experiment’s outcome to the types of samples the popu-
lation may have produced. Assume an experiment is exe-
cuted and results in a 15% efficacy for the intervention.
The alpha level is the probability that the population from
which the sample of the experiment was randomly drawn

derives no therapeutic benefit but misleads the investigators.

by producing an unrepresentative sample with 15% efficacy.
We term this event the type I error event. The likelihood of
this event is measured by the p-value and is what we hope
to minimize.

EXPERIMENTAL CONCORDANCE VS.
EXPERIMENTAL DISCORDANCE

The P value of an experiment is relevant to the scientific
community if the P value is the final repository of the
experiment’s sampling error. i.e.. it is the result of a well-
defined. prospectively fixed experiment whose only random
component is the data itself. This is not the case when the
investigators allow sampling error to affect the conduct of
an experiment. If the data generated by the experiment
are allowed to intluence the experiment (i.e, leading the
investigators to change the experiment’s end point), then
the experiment has an unanticirated random component.
Since the random data have peen allowed to transmirt ran-
Jomness to the analysis pian and the research program's
results, the P value is meaningless since it is the result not
onlv of random data, but also o a random analysis plan.
The P value is germane only it it represents a population-
based sampling event of interest to the scientitic community.
This occurs when the expeniment is executed according to
protocol, defined here as experimental concordance. With
exrerimental concordance. the tvpe I error event of the
experiment answers the question raised by the research com-
munity (as stated in the protocol). When the data alter
the experiment’s execution. and discrepancies are created
between the protocol’s plan of operation and the experi-
ment’s actual execution (experimental discordance), the
tvpe | error event for the experiment may not be the type
[ error event directed by the protocol. If the discordance is
miid. the experiment’s type [ error event remains pertinent
to the medical communitv and the experiment’s P value
mav be adjusted. However. if there is severe or profound
exrerimental discordance. the experimental P value mav be
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of little value. Severe experimental discordance can unfortu-
nately be lethal to the interpretation of the results of a
research program because it produces a random experiment
with an uninterpretable corrupt P value. In a negative study,
in which attention often focuses on power, the beta error
is corrupted as a result of experimental discordance.

MILD EXPERIMENTAL DISCORDANCE:
PROGRAM P VALUE ADJUSTMENT

Most research programs contain some experimental dis-
cordance. I define mild experimental discordance as the pres-
ence of discrepancies between the protocol and the actual
program execution that still allow the research program's
type [ error rate to remain relevant to the scientific commu-
nity. In this circumstance. the experimental P value can be
adjusted easily.

Example 1: Mild Discordance

Consider the protocol for a prospectively designed. double-
blind. randomized controlled clinical trial to assess an inter-
vention for improving survival in patients with myocardial
infarction. This experiment requires 2182 patients to dem-
onstrate with 80% power and a two-sided alpha level of
0.05 a 20% relative reduction in total mortality from a
cumulative placebo event rate of 25%. The per protocol
type | error event is that the population with a cumulative
event rate of 25% derives no efficacy from the therapy
of interest. but misleads the investigators by producing an

ARE

unrepresentative sample of 2182 patients in which 20
efficacy 1s demonstrated. However, suppose only 2000 pa-
tients are randomized. representing a discrepancy with the
experimentai plan. Qur intuition tells us that this expen-
ment (if positive) it still interpretable, since the tpe [ error
event of the experiment (the population derives no eficacy.
but misleads us by producing a sample of 2000 patients in
which a 20 efficacy is seen) is so close to the tvpe [ error
event of the protocol as to render the trial's tvpe [ error
event still meaningtul and relevant. The protocol P value
is replaced kv rthe trial P value through use of the tnai
sample size :n the compuration of the test statistic and
resultant tvre | error event rate. This example is tvpicaiiv
considered s raising the issue of power. Of course, the power
of the experiment is reduced. but if the trial is posttive, the
similarity - ¢ the experimental and protocol tvpe | error
event keers the interpretation of the P value clear.

Example 2: Mild Discordance

Consider a research program designed to assess the impact
of various nonpharmacologic and pharmacologic measures
to control Fi-od pressure. In order to have the widest possi-
ble generai:zakility of these nndings, the investicators stat
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in the protocol their prospective plan to select a simple
random sample 60% of which will consist of patients of
African-American descent. The investigators realize that
they will to have adequate power to carry out formal hypoth-

esis tests-in this subset, but they desire to have a credible

argument for extending the findings of the trial to the Afri-
can-American population. However, during the execution
of the trial, despite the investigators’ best efforts, their sam-
ple is only 40% African-American. Although many readers
would decry the shortfall, in general there would be no
objections to extending the findings of the experiment to
African-American patients. The difference between the
protocol type I error event (which concerned a sample in
which 60% of its participanits were African-American) and
the executed type I error event {a sample for which 40%
of its members were of African-American descent) is small.

SEVERE DISCORDANCE

Severe experimental discordance Jescribes the situation
where the experimental type I or type Il error event is so
different from the protocol type I error event rate that the
experiment is rendered meaningless and irrelevant to the
medical community. This unfortunate state of affairs can be
produced by the flawed execution of a well-written protocol.
The situation can be so complicated that, in the case of a
positive study, the value of the experimental type [ error
cannot be computed without controversy. | use the term
alpha corruption to signify that the protocol type I error
cannot be approximated by the experimental type I error.
In a negative study, where the issue of power is the critical
consideration, beta corruption 1s the relevant term. Experi-
ments that lead to the corrupticn of alpha and beta are
essentially useless to the research community.

An example of severe experimental discordance would
be the following clinical trial designed to assess the effect
of an intervention on patients who have established heart
failure at the time of randomization. Patients are randomized
to one of placebo or active intervention. The endpoint of
the trial is progression of heart failure as measured by change
in background medication starus (¢.g., increase in Jdiuretic
use or the addition of angiotensin-converting enzyme inhib-
itor therapy) at the trial's end. A::ording to the protocol,
482 patients are required to detect 2 30% relative reduction
with 80% power and two-sided alrha error rate of 0.05 from
a 40% cumulative incidence rate of progression of heart
tailure. Type | error event wouid vccur if the population
of heart failure patients with a :umulative heart failure
progression rate of 40% derived no ~enefit from therapy but
misleads the investigators by producing an unrepresentative
sample of 482 patients who demons:rate 30% efficacy. How-
ever, during the trial’s execution. 22% of the patients have
mussing medical records, allowin: <nd point compuration
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on only the remainder. In this case, there would be disagree-
ment on the computation of the trial’s type I error since
different assumptions would lead to different p-values. The
experimental type I error event would occur if the popula-
tion of heart failure patients with a cumulative heart failure

~ progression rate of 40% derived no benefit from therapy but

produced an unrepresentative sample of 482 patients in
which 1) only 40% have available CHF progression informa-
tion and 2) a 30% efficacy on the remaining 60%. This

~event is of little interest to the scientific community. The

alpha corruption has profoundly blurred any clear interpre-
tation of the study.

A more problematic case would be a two-armed clinical
trial that has a statistically significant P value for efficacy
against a total mortality end point but that violates the
protocol by losing 15% of its randomized patients to follow-
up. The implications of this discordance are substantial
because the follow-up losses blur our view. of the therapy
efficacy within the sample. The degree of discordance here
depends on the size of the P value. If the P value remained
below the threshold of significance when we assume all lost
patients assigned to the placebo group were alive and all
lost patients in the active group died, we conclude that the
discordance is mild because the worst implications of the
losses to follow-up do not vitiate the results, and the type
I error event is still relevant to the scientific community.
However, if the P value changes in significance, we may
say that the discordance is severe and the alpha error is cor-
rupted.

As a final example of discordance, consider the findings
of the NSABP protocol B-06 (9, 10), in which 99 ineligible
patients were deliberately randomized with falsified Jata.
To assess the experimental discordance produced b+ this
event, we first examine of the trial resules by excluding these
99 patients. If their exclusion moved the P value across
the significance threshold. the inclusion of these patients
produces unacceprable discordance. However, a second rele-
vant question on the interpretation of the trial must be
addressed since the presence of fraudulent data admits the
possibility of dishonest behavior elsewhere in the trial appa-
ratus. However. the audit of Christian and colleagues (11)
may be considered an investigation of the degree of dis-
cordance. Since the protocol discrepancies identified were
small in number. the degree of discordance was mild.

IMPORTANCE OF PROSPECTIVE

'EXPERIMENTAL DESIGN

Successtul experiments protect experimental concordance.
This concordance is easily lost if data collected during the

- experiment are allowed to attect decisions in an unpianned

manner concerning the experiment’s outcome, thus aiiowing
sampling error to besmirch protocol-mandated procedures.
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Since sampling error is a necessary evil in clinical trials, it
must be handled with care. ensuring that it does not contam-
inate the experiment. The one acceptable repository for

~ sampling error is the type I and type II event probabilities.

The correct containment of sampling error is assured by
preventing trial execution decisions from being affected by
the data of the experiment, thereby insulating the experi-
ment from the sampling error. A superior procedure that
helps to assure ease of alpha and beta interpretation is the
investment of investigator time into the development of
the research protocol (e.g., knowing the population from
which the sample is to be randomized and having the pa-
tience to carry out a pilot study to ascertain what is unknown
but required for the successful execution of the trial). Once
the protocol is written and accepted, investigators must
insist on nothing less than its rigorous execution. The proto-
col is the rule book of the trial, and it must be strictly
adhered to by all.

Protocol development requires the clear statement of end
points. Since this has implications for the type I error event
rate, the following is presented as a guideline to investigators
in prospectively setting alpha levels.

PROSPECTIVE ALLOCATION OF ALPHA

The two conflicting forces of end point abundance (the
desire to measure many different assessments at the end of
the experiment) vs. interpretive parsimony (the alpha level
and therefore the success of the trial rest on the interpreta-
tion of one and only one end point) bedevil investigators
as they plan their experiments. Guidance for the selection
of end points in clinical trials is available (12). Motivations
for secondary and tertiary end points involve both epidemio-
logical considerations (coherency within the trial and con-
sistency across trials) and cost-efficiency. How can all of
this information on nonprimary end points be interpreted
when the medical and scientific community focus on the
experimental P value for the primary endpoint of a trial?
What is the correct interpretation of a trial which produces
negative results for its primary end point, but has nominally
statistically significant secondarv end points? If a trial has
twoactive arms and one placebo arm, must a single compari-
son take precedence? Various strategies for interpretation
of the family of P values trom an experiment and various
multiple comparison procedures are available (12-18). The
concept presented here is an adaptation of multiple testing,
taking advantage of the ability to set the multiple compari-
son values at different levels. It should be used only for
prospectively determined end points (i.e., formal hypothesis
testing), as opposed to hypothesis generation, a more inquis-
itive investigation, designed to identify relationships not
anticipated before the beginning of the experiment.
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ALPHA ALLOCATION

Type I error accumulates with each executed hypothesis
test and must be controlled by the investigators. By the
prospective selection of the alpha levels, the investigators
set the standard by which the trial will be judged. P values
for post hoc analyses are uninterpretable within a clinical
trial setting since (i) being data driven (as opposed to proto-
col driven), they are intertwined with sampling error, and
(i) many post hoc analyses can be performed with only the
most favorable ones being promulgated, leading to hidden
alpha accumulation. Post hoc testing produces severe experi-
mental discordance with corrupt alpha levels. Research in-
vestigators avoid this serious limitation of analysis interpre-
tation by choosing end points prospectively. However, they
strengthen their experimental design further by also choos-
ing the allocation of the type I error. Alpha should be
allocated to protocol-specified hypotheses and protocol-

 specified subsgroup analyses. If the subgroup analysis is based
- on findings of other trials. alpha can still be allocated if

(i) no data from the current experiment are used in the
examination of alpha; and (ii) the additional subgroup analy-
sis is added with appropriate changes in the decision path
before the end of the study.

The following is a guide to investigators on the apportion-
ment of alpha during the design phase of a research program.
Commonly, the scientific community considers an alpha
level for each hypothesis test to be examined in a research
program, leaving the interpretation of the overall alpha to the
reader who is attempting to interpret the significance of the
study. Consider instead an experimental (or trial} alpha,
g, representing the type I error in the experiment. The
primary end point will have alpha associated with it (cp).
and secondary end points will have alpha associated with
them (a.). Since the goal is to set an upper bound for the
experimental type I error. there are limitations placed on
ap and a.. [ begin by writing the probability of no type I
error in the experiment as the product of the probability of
no type I error on the primary end point and the probability
of no type I error on the secondary endpoint.

I =a:=(1 = ap)(l = )
C!E=1_(1 "ap)(].“‘ag) (1)

The probability invoked here is that of the event "at least
one success,” described in Snedecor and Cochran (14).
(This assumes independence between the type | error event
for the primary end point and the type I error event for
the secondary end point. Relaxing this assumption requires
specific information about the nature of the dependence
between primary and secondary end points, which will be
trial specific. For the purpose of this discussion, I will assume
independence.) Thus. a: is the probability of making at
least one type I error—an error on either the primary or
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TABLE 1. Alpha allocation: az = .05 (two-sided)
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TABLE 2. Alpha allocation: a; = 0.05 (two-sided)

End point Allocated alpha End point Allocated alpha
Primary end point A vs. placebo comparison 0.02532
Total mortality 0.02000 Primary end point
Secondary end points Total mortality 0.02000
Hospitalization for CHF? 0.01031 Secondary end points
Progression of CHF 001031 Hospitalization for CHF* 0.00272
Maximal O: consumption 0.01031 Progression of CHF ‘ 0.00272
* CHF, congestive heart failure. A, vs. placebo comparison 0.02532
Primary end point
Total mortality 0.02000
the secondary end point. This formula generalizes to np Secondary end points '
primary end points and ns secondary end points. Hospitalization for CHF 0.00272
T Progression of CHF (medication status) 0.00272

. " .
ag=1-— [H (1- uf.:)][n (1- as.i)}
i=}| =]

This probability has its upper bound approximated by Bon-
feroni's inequality, but an exact treatment will be developed
here. Several examples are provided for the use of this function.
We will assume that all hypothesis testing is two-tailed.

Scenario 1

An experiment randomized patients to one of two treatment
arms for the assessment of an intervention reducing total
mortality. There are three secondary end points of equal
weight (i.e., to be assessed at the same alpha levels).

In this case o is the probability of making at least one
type | error for either of the one primary or three secondary
end points and is set as a maximum of 0.05. If we choose
ap = 0.02, then we can find the available alpha for the
secondary end points from equarion 1 as

1 — ag - - (0.95)
I —a - 0.98)

So ag = 0.03061 is the available tvpe I error for the family
of secondary end points. Apportioning this equally, we find

1 —0.03061 =1 - af)

and & = 0.01031. An alpha allocation table assembled by
the investigators and supplied rrospectively in the experi-
ment's protocol (Table 1) is an unambiguous statement
of the investigators' plans for assessing the impact of the
experimental intervention.

= 0.03061

(Ig-_-l—

Scenario 2

An investigator is designing a ciinical trial, with a placebo
and two treatment arms A, and A:. There is equal interest
is testing A, against placebo ar.d A against placebo. For
each of these tests, there is one primary end point, total
mortality, and two secondary end points (intermittent clau-
dication and unstable angina). Szt a; = 0.05, to be divided
equally between the two tests 12 versus placebo and A.
versus placebo). We find

* CHF, congestive heart failure.

ay = ay, =1 = (1 — ag)® = 0.02532

If 0.02 of this is allowed for the primary end point, and the
remainder is Jistributed equally across the secondary end
points, we conclude

1 — 0.02532

*=1_(
o 1 - 002

05
) = 0.00272

Since A; would be handled analogously, the allocation of
alpha for the end points can be easily completed (Table 2).
Note that this prospective alpha allocation would allow a
study, negative for the primary endpoint to be positive if
the findings were strong enough (p < 0.00272) for the
secondary endpoints.

Scenario 3

Consider a two-armed trial testing the impact of an inter-
vention on the primary end point of mortality and each of
two secondary end points. The investigators give each of
these secondary end points equal weight. Applying equation
1, the investigators compute an alpha allocation table (Ta-
ble 3). Assume that the experiment is executed according
to the protocol and that the significance of the end points

TABLE 3. :lpha allocation: a: = 0.05 (two-sided)

Alpha allocated Alpha expended

End point (design) (execution!
Primary end poine 2.02500
Total mortaiirr 0.02500 Q001
Secondary end roints 002564
Hospitalization ro.r CHF Q.01290 Q020
Progression or CHF
(medicatn status) Q01290 . Q040

" CHF, conuestive heart tailure.
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TABLE 4. Alpha allocation and dependency

Primary end point
Secondary No type
end point Type I error I etror Total
Type I error 0.02 0.005 0.025
No type I error 0.005 0.97 0.975
Total 0.025 0.975 1

is assessed. The overall alpha expended in the experiment =
1 = (1 = 0.00100)(1 — 0.02000)(1 — 0.00400) = 0.02490.
However, although the trial is positive with less than 0.05
in alpha allocation spent, the finding for hospitalization
for CHF must still be considered negative, a conclusion
reaffirming the importance of the investigators’ prospective
statement on level of statistical significance for the trial
end points.

The presence of dependent hvpothesis tests induced by
end point set correlation can result in a generous alpha
allocation (15). In such circumstances, the adjustment pre-
sented here is an overadjustment, leading to alpha levels lower
than required. The incorporation of a dependency argument
can lead to an important savings in alpha allocation. This
presumes that the nature of the dependency is clear, quan-
tifable, and defensible. A clinical trial (examining the im-
pact of integrilin in the-immediate post-PTCA setting)
that made prospective arguments for dependency among the
collection of primary and secondary events was successfully
presented and defended at the Federal Food and Drug Ad-
ministration public hearing in February, 1997. This presen-
tation led to the computation of an alpha based on both
primary and secondary end points that kept the overall
alpha spent below an acceptable upper bound.

As a further elaboration on the impact of a dependency
argument in alpha allocation, consider the implications of
correlation between the likelihood of a type I error for two
end points (Table 4). In this case. the total alpha expended
is 1 —0.97 = 0.03. By assuming that the test on the primary
end point is independent of the test on the secondary end
point, the type I error expended is | — (0.975)(0.975) =
0.0494. When compared to the expenditure of 0.03 using
the dependency argument. the incorporation of dependency
led to a 100 (0.0494 — 0.03)/0.0494 = 39.3% savings.

DISCUSSION

Opinions on both the necessity and strategy of alpha alloca-
tion are diverse (12-18). The use of multiple comparison
procedures based on the Bonferont method (14) has invoked
strong criticism from Rothman 113), who states that such
tools trivialize the possible hypothesis-testing outcomes by
reducing the maximal P value acceptable for a positive
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finding to a level that seems to preclude proclaiming any
effect as positive. The tack taken in this manuscript allows
experimenters the freedom to choose a priori the alpha level
of each hypothesis but allows the levels of alpha to reflect
the importance of the end point. Thus the investigators
tailor their alpha selection to their experience with the
intervention and target those hypothesis tests of the greatest
clinical relevance, akin to the construction of a minimax

" rule. However, the type I error of the experiment should

be conserved, since this strategy protects the population to
whom the results will be extended from an excessive number
of false-positive findings. This procedure is in contradistinc-
tion to work on partial null hypotheses, (i.e., minimizing
alpha within each of a collection of subsets of hypothesis
tests) which may not keep the experiments overall alpha
below a prespecified level.

By enforcing experimental concordance the investigators
ease the task of interpreting their research. However, rigor
and discipline in experimental execution should not exclude
the prospective determination of acceptable alpha error lev-
els. This is a serious obligation of the investigator, since
protection of both the population and the individual patient
are the responsibility of clinical scientists. The result of the
strategies suggested herein is that, in an organized fashion,
investigators prospectively trace the path of alpha accumula-
tion through the end points, aligning their end point choices
with the restrictions of interpretive parsimony.

A consequence of the proposed approach is, that, since
alpha is to be expended on secondary end points, less alpha
can be expended on the primary end point in order to
constrain the alpha of the experiment at an acceptable
upper bound. Thus, experiments with secondary end points
must pay a price for these end points’ interpretation (an
increased sample size for the ap of < 0.05). Many workers
will understandably react negatively to this consequence of
the procedures proposed in this work. However, too often.
no type 1 error is allocated for the secondary end points,
but much interpretive weight is placed there when the ex-
periment has concluded. If the secondary end point s to
have an objective interpretation, this interpretation must
occur in the context of the alpha expended.

Alpha-spending functions for interim analyses (19-22)
are very useful, and any alpha allocation for the end-of-trial
analysis must be reduced if alpha was allocated during the
interim analvses.

There is wisdom in the comments from Friedman and
colleagues (23) who state “it is more reasonable to calculate
sample size based on one primary response variable compari-
son and be cautious in claiming significant results for other
comparisons.” However, the degree to which investigators
violate this principle in interpreting trial results suggests
that this wisdom is not well appreciated. Other strategies
in multiple testing are also admissible and those clinical
investigators who disagree with the findings of Friedman and
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colleagues (23) would benefit from a structured approach to
the allocation of alpha. However. this approach should be
consistent with the investigators' responsibility to protect
the population to whom their research will be generalized
from excessive false-positive errors.

One might successfully argue that the admittedly conser-
vative alpha allocation strategy is an inappropriate standard
in the academic setting, where findings from secondary end
points in pilot studies might be used to generate hypotheses
for subsequent experiments, and there are important criti-
cisms of the analysis path approach that I advocate. How-
ever, conservative allocation of alpha has the advantage of
being disciplined, prospectively identified, and unambiguous
in its interpretation. We must also keep in mind that regula-
tory agencies place weight on P value interpretation, and
that, in rendering final judgement, the population at large
often bears the brunt of type I errors. The alpha allocation
approach advocated here has the virtue of being prospec-
tively defined, quantitative. and easy to reproduce. How-
ever, it must also be noted that this same procedure also
has the weakness of its virtues. By being quantitative, it is
also formal and restrictive. In being prospectively defined,
it is nonreactive to new information made available while
the trial is in progress. An altemative approach would be
to incorporate prior information about the relative likeli-
hood of the research effort’s ability to produce a positive
finding and also to develop a loss function for drawing the
incorrect conclusion. Bayes procedures, which incorporate
the parameterization of prior information concerning an
action and information from the experiment itself into a
posterior decision rule using a credible region, have become
of greater interest (24). Since much of clinical decision
making is based on more than a single research program.,
and interpretation and subsequent actions are generally in
the context of other information and other research, not
solely based on a solitary P value. the Bayesian approach
would offer epidemiologist a wav to describe more accurately
their own methods of implicitly integrating prior informa-
tion into the consideration of the data at hand.

. The author wishes to acknowledge the ¢. ntributions of the reviewers in

the preparation of this manuscript.
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