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SUMMARY
For addressing many important research questions, randomized
trials are neither necessary nor desirable. However, if the effects
of a hypothesized intervention are likely to be only small to mod-
erate in size, a randomized trial with a large sample size will be
necessary to provide a definitive test of such research questions.
Large trials, if properly designed, can be conducted using rela-
tively simple protocols in which minimal screening or data
collection is required.

Large and simple trials are characterized by their emphasis on
enrolling large numbers of participants; testing an intervention’s
effect on a readily ascertained, clinically important outcome; and
collecting a relatively limited amount of baseline and followup
data. Such trials are particulary appropriate for addressing
questions about the relative effectiveness of treatments with wide
potential applicability. Because they enroll such a broad range of
participants, their results are directly relevant to the wide range
of patients seen in clinical practice. Because such trials often in-
volve nonacademic as well as research-oriented clinicians and
health care institutions, their results also may be more rapidly in-
corporated into standard care of patients.

Not all areas of medical research are suitable for large, simple
trials. Nevertheless, many questions could be tested using far
simpler protocols than those that have been used in most random-
ized clinical trials. Where appropriate, large and simple trials
can provide more reliable tests of an intervention than can other
feasible research approaches, and do so at very low cost per pa-
tient randomized. 
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T
wo types of epidemiologic studies can be
used to test hypotheses: observational
studies (case-control or cohort investiga-
tions) and randomized trials. Because of

the methodologic limitations inherent in observa-
tional studies, randomized controlled trials (in
which the investigators allocate the treatment to
participants at random) represent the type of ana-
lytic study in humans that most closely resembles
the highly controlled experiments possible in the
laboratory (29).

Randomized controlled trials are particularly
useful for detecting small to moderate effects of
treatments or interventions-effects that are like-
ly to change outcomes by 10 to 50 percent. In such
circumstances, observational studies, which eval-
uate self-selected exposures and the subsequent
occurrence of disease, are particularly vulnerable
to the effects of unmeasured or unmeasurable con-
founding factors that may account for all or part of
any observed association. For example, in an ob-
servational study that reports a 30-percent lower
risk of cancer among individuals with high dietary
intake of the antioxidant vitamin beta-carotene,
the participants with greater intake of this micro-
nutrient might have other dietary or lifestyle prac-
tices not fully accounted for in the study analysis
that might be partially or entirely responsible for
the observed benefit.

Even when an observational study reports a
large effect, the amount of uncontrolled confound-
ing may affect the magnitude of the estimated rel-
ative risk. Confounding factors, for example,
could mean that the reported 15- to 20-fold higher
risk of lung cancer among lifelong smokers than
among nonsmokers could actually be as high as 25
or as low as 10. It is unlikely, however, that the
confounding factors would change the conclusion
that a strong relationship exists between smoking
and lung cancer. In the case of current smoking

and coronary heart disease, if the true effect of
smoking is about an 80-percent increased risk of
heart disease, uncontrolled confounding may
mean that the observed effect is as small as 60 per-
cent or as large as 100 percent. Again, however,
this uncertainty does not materially affect the con-
clusion that current cigarette smoking increases
the risk of coronary heart disease.

Thus, when the most plausible effects of an in-
tervention or exposure are relatively large, they
can be easily detected through observational stud-
ies.1 But when the most plausible effect size is be-
tween 10 and 50 percent, as is the case with many
promising interventions, a small amount of un-
controlled confounding could mean the difference
between a 20-percent decreased risk, no effect, or
even a 20-percent increased risk. While such mod-
est effects are difficult to detect reliably, they can
have tremendous public health impact for a com-
mon or serious condition. Reliably detecting
modest effects of a treatment, however, can only
be done through randomized trials.

If such trials are sufficiently large, they elimi-
nate the residual confounding that cannot be con-
trolled in observational studies, by randomly allo-
cating participants to the exposure of interest. For
example, if a randomized trial is conducted to test
whether beta-carotene reduces the risk of cancer,
some participants would be assigned at random to
take beta-carotene supplements, while others
would serve as the comparison group by receiving
no beta-carotene supplements. Such a strategy
eliminates the self-selection of exposure that oc-
curs in observational studies, and the impact of
other variables that might be more prevalent
among those who choose to eat diets high or low in
beta-carotene. The unique strength of randomiza-
tion is that, if the sample is large enough, the two
study groups will usually be comparable with re-
spect to all confounding variables, known and un-
known, that might independently be related to risk

1 For an exposure hypothesized to confer harm rather than benefit (e.g., cigarette smoking), randomized trials cannot be justified, because it

would be unethical to assign study participants to such an exposure. In such cases, observational studies remain the only epidemiologic study
design available, even when the likely effect of the exposure is modest.
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of the disease. Randomized trials thus achieve a
degree of control over bias and confounding that is
not possible with any other epidemiologic design
strategy.

Recognizing that small to moderate treatment
effects can be reliably detected only with large
samples, some researchers have focused on large
and simple trials to answer important medical
questions. The size of such trials, which generally
involve several thousand participants, and the
simplicity of their study protocol and streamlined
collection of followup data distinguish these in-
vestigations from most randomized trials con-
ducted to date.

PRINCIPLES OF LARGE
AND SIMPLE TRIALS
The basic principles of clinical trial methodology
must be considered in the design and analysis of
any randomized trial, regardless of size. However,
the design and conduct of large and simple trials
rest on several additional principles and consider-
ations (49):

the need for Large sample sizes in order to reli-
ably detect the most plausible small to moder-
ate effects of particular treatments or to exclude
with statistical certainty the possibility of such
effects,
the importance of testing widely practicable
treatments that could have broad application if
demonstrated to be effective,
the use of broad entry criteria to determine eli-
gibility for inclusion in trials,
the use of streamlined protocols, and
the use of a clinically important outcome mea-
sure to assess the effects of treatments.

Need for Large Samples Sizes
Through the random assignment of treatment,
trials maximize the probability that both known
and unknown confounding variables will be dis-
tributed equally among the treatment groups. Be-
cause this phenomenon works “on average,” equal
distribution is more likely to occur if the trials are
large. Moreover, large samples also enhance the

statistical power of trials—i.e., the likelihood that
a trial will detect an effect if one is truly present.

A fundamental aim of any randomized trial
should be to assemble a sample size that is ade-
quate to permit the researchers to definitively de-
tect an effect if it exists, or to clearly demonstrate
the lack of an effect if there isn’t one. Many ran-
domized trials have failed to provide definitive
tests of research hypotheses simply because they
were too small to rule out the play of chance as a
plausible alternative explanation for any findings
that emerged. Such trials can actually do scientific
harm if their results are interpreted as providing
clear evidence of no effects when the trials simply
had inadequate statistical power to answer the re-
search questions with certainty. Null findings
have emerged from a number of small trials test-
ing treatments that were later shown unequivocal-
ly in investigations with adequate samples to con-
fer clear net benefits.

Two examples of the importance of large sam-
ples to definitively evaluate a hypothesis involve
the testing of promising treatments for acute heart
attacks, or myocardial infarction (MI). The In-
ternational Studies of Infarct Survival (ISIS) is a
set of studies on treatment for MI, conducted
through a worldwide collaboration of hospitals,
that began in the early 1980s. The first ISIS trial
was designed to test the effects of the beta-blocker
drug atenolol. More than 16,000 patients in the
acute phase of a suspected heart attack were en-
rolled into ISIS- 1 and assigned at random to re-
ceive atenolol (5 to 10 mg intravenously and then
100 mg per day orally for 7 days) or to serve as
controls (32). Another trial of beta-blocker thera-
py, the Metoprolol in Acute Myocardial Infarction
(MIAMI) trial, enrolled approximately 6,000 pa-
tients to test this treatment (39).

When the two trials were completed, the esti-
mates of the effects of treatment were very similar,
with the study participants who received beta-
blocker therapy experiencing reductions in vascu-
lar mortality of approximately 13 percent in the
MIAMI trial and 15 percent in ISIS-1. Though the
estimates of effect in the two trials were virtually
identical, the ISIS- 1 result achieved statistical sig-
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nificance, whereas the MIAMI result did not. This
difference in the strength of the conclusions that
could be drawn from the two trials resulted almost
wholly from their respective sample sizes.

Another promising area of research in the treat-
ment of acute MI in the early 1980s was the use of
thrombolytic drugs, agents given during the acute
phase of a heart attack to dissolve the clots in the
coronary artery that had precipitated the attack.
By restoring blood flow to areas of the heart
muscle that have been starved of oxygen-rich
blood by the blockage, these drugs can spare the
heart from permanent damage.

By the mid- 1980s, 24 separate trials had tested
the hypothesis that the use of an intravenous
thrombolytic agent (primarily streptokinase)
would decrease the risk of mortality in patients
with acute MI. Of these trials, five reported a sta-
tistically significant benefit on mortality from use
of a thrombolytic drug, 11 suggested a benefit but
were not statistically significant, and eight re-
ported a harmful trend but were also not statisti-
cally significant (50). The discrepancies in the
trials’ findings most likely derived from the fact
that the effect of such agents was anticipated to be
modest (on the order of a 10- to 30-percent de-
crease in mortality), and the majority of the indi-
vidual trials were simply too small to detect such a
benefit accurately (none enrolled more than 750
patients).

The uncertainties left by these trials led directly
to ISIS-2, in which more than 17,000 patients
were randomized to the thrombolytic drug strep-
tokinase or placebo as well as to a month-long reg-
imen of daily low-dose aspirin or placebo (33).
With respect to vascular mortality, patients who
received streptokinase experienced a statistically
significant 25-percent reduction in risk, those re-
ceiving aspirin experienced a statistically signifi-
cant 23-percent decrease, and those who received
both treatments experienced a significant 42-per-
cent decrease in vascular death. Thus, this large
and simple trial was able to detect definitively the
modest but clinically meaningful benefits of
thrombolytic therapy in the treatment of acute MI.

The reason that larger trials are better able tore-
liably detect modest treatment effects derives not
just from the numbers of randomized participants
but rather from the number of events they experi-
ence. For example, whereas a trial of aspirin in the
primary prevention of heart disease might require
a sample of 22,000 men over the age of 40 in order
to detect a 20-percent reduction in risk, a sample
of 40,000 women over the age of 45 would be re-
quired to detect the same effect, because women
have a lower baseline rate of heart disease than
men do. Thus, trials must be large enough to ac-
crue sufficient numbers of outcome events to
demonstrate either definitive positive results or
truly informative null findings.

The identification of effective treatments for a
condition also affects the sample size require-
ments of future investigations. As the efficacy of
thrombolysis and aspirin has been demonstrated
in large trials, these therapies have become more
common components of the routine management
of MI patients (35,40). Any new therapies, then,
must be shown to confer additional benefits be-
yond those of an expanding regimen of effective
standard treatments. As a result, the absolute mag-
nitudes of any further benefits are likely to be pro-
gressively smaller. Such benefits may be very
worthwhile, since MI is a common and serious
condition, but detecting them will become in-
creasingly difficult and will require trials with
even larger samples.

A second circumstance that affects a trial’s
sample size requirements is the need to compare
directly two or more treatments to determine
whether one has clear advantages. It was just such
a question that led to ISIS-3 (34). Randomized
trials had suggested that, in addition to streptoki-
nase, two other thrombolytic agents—tPA (tissue
plasminogen activator) and APSAC (anisoylated
plasminogen-streptokinase activator complex)—
were effective in dissolving clots in acute MI and
reducing subsequent mortality. Although throm-
bolytic therapy was clearly a valuable treatment, it
was unclear whether there were any important dif-
ferences in the benefits and risks of the three prin-
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cipal thrombolytic drugs, so a head-to-head com-
parison of the agents was carried out.

All patients in ISIS-3 received thrombolytic
drugs, with one-third of the study participants ran-
domly assigned to each agent. To detect meaning-
ful differences among the treatments, all of which
were expected to confer roughly comparable
benefits, 1S1S-3 randomized more than 41,000 pa-
tients. The trial provided statistically conclusive
evidence that there were no significant differences
between the three thrombolytic drugs in reducing
mortality following acute MI. Moreover, in terms
of the most serious adverse effects associated with
thrombolytic drugs, tPA and APSAC were shown
in ISIS-3 to be associated with significantly more
cerebral hemorrhages than streptokinase. The
three drugs differ substantially in cost, which
ranges from roughly $300 per dose for streptoki-
nase to approximately $1,700 for APSAC and
$2,200 for tPA.

A subsequently reported trial, GUSTO (Global
Utilization of Streptokinase and Tissue Plasmino-
gen Activator for Occluded Coronary Arteries),
which included comparisons of streptokinase and
tPA, suggested that a newer method of administer-
ing tPA very rapidly conferred a slight advantage
in reducing mortality over streptokinase (26).
Again, however, tPA was associated with a higher
rate of cerebral hemorrhage. Considerable contro-
versy has surrounded specific issues in the inter-
pretation of the GUSTO findings (41).

An issue raised by the findings from GUSTO
and other trials of thrombolytic agents is the need
to distinguish between differences in treatment ef-
fects that are statistically significant, based on
comparisons of tens of thousands of patients, and
those that are clinically meaningful in treating pa-
tients. In the case of streptokinase and tPA, cur-
rently available evidence from large-scale trials
suggests that emphasizing the differences in
thrombolytic agents’ efficacy and safety is far less
important than encouraging their wider use, since
all of them confer clear benefits in a large propor-
tion of acute MI patients (41).

I Testing Widely Practicable Treatments
The need to test widely practicable treatments is
another principle of large and simple trials. From
a public policy standpoint, a treatment is likely to
have a greater effect on public health if it can be
readily administered at most community hospitals
than if it is very complicated or expensive (or re-
quires specialized training or resources available
only at tertiary care facilities), even if the two
treatments confer the same degree of benefit.

For example, three recent small randomized
trials of treatments for acute MI patients compared
the effects of a clot-dissolving thrombolytic agent
with those of coronary angioplasty, a procedure in
which a balloon-tipped catheter is guided into the
blocked coronary artery and briefly inflated to re-
open the occluded vessel (22,23,53). In two of the
three trials, patients receiving angioplasty experi-
enced lower rates of mortal it y or recurrent MI than
did those receiving thrombolytic therapy (23,53).
The third trial found no clear evidence of a differ-
ence in the effects of the two treatment strategies
(22).

These results suggest that the two approaches
may be equally effective, or perhaps even that an-
gioplasty has a short-term advantage. Of far more
significance from a public health perspective,
however, is the fact that only 18 percent of U.S.
hospitals are capable of performing angioplasty,
with even fewer equipped to conduct emergency
coronary bypass surgery (which is necessary in
the small number of cases where a vessel abruptly
closes following angioplasty). Many acute MI pa-
tients in the United States probably live reason-
ably near hospitals equipped to perform angio-
plasties as well as emergency coronary bypass
surgery, but the widespread use of angioplasty
instead of thrombolytic therapy would greatly in-
crease the demands on such facilities and would
have tremendous implications for the level of cor-
onary care services required in U.S. hospitals.
Consequently, the editorial accompanying the
three trial reports concluded that “the strategy of
immediate angioplasty for acute myocardial in-
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farction has limited applicability because of the
severely restricted accessibility of the procedure”
(37). At present, therefore, thrombolytic therapy,
which can be administered at most emergency
care facilities—and in prehospital settings in
some areas-can have a far greater overall public
health impact on mortality following acute heart
attack.

I Use of Broad Entry Criteria
Many randomized trials have studied relatively
homogeneous, narrowly defined groups of pa-
tients, thereby meeting the scientific urge for pre-
cision in knowing exactly which types of patients
will benefit from particular interventions. By con-
trast, large, simple trials generally have used very
broad and flexible entry criteria. On a practical
level, the use of broad entry criteria aids the re-
cruitment of large numbers of patients and mini-
mizes costs by eliminating the need for elaborate
screening procedures. In addition, however, there
is a compelling scientific rationale for such a prac-
tice (52).

The goal of randomized trials is to provide reli-
able evidence of treatment effects that can be used
to improve clinical practice. Large, simple trials
have used very wide entry criteria so that the heter-
ogeneous population under study will more close-
ly mirror the broad population of patients to whom
the results can be generalized. A basic premise un-
derlying the use of broad eligibility criteria is that
the direction, though not necessarily the magni-
tude, of the net effect of a treatment is likely to be
similar for many subcategories of patients. In oth-
er words, the magnitude of any benefit or harm
may well differ according to certain patient char-
acteristics, but such quantitative differences in the
size of the effect are much more likely than unan-
ticipated qualitative differences, in which one
group of participants benefits from a treatment
while another either does not benefit or is harmed.

The use of narrow eligibility criteria can unnec-
essarily limit the generalizability of findings. For
example, from the results of animal experiments,
researchers thought that thrombolytic therapy
would be ineffective or perhaps even harmful if

initiated more than six hours after the onset of
symptoms. Some early trials of thrombolytic ther-
apy, therefore, restricted participation to patients
with symptoms of less than six hours’ duration.
The rationale for this limitation was that little
benefit would accrue to patients whose symptoms
were of longer duration but that the drugs’ known
risks (e.g., cerebral hemorrhage) would still exist.
However, even if the results of such trials sug-
gested a benefit of thrombolysis, they could not
answer whether the treatment might also benefit
patients who arrived at hospitals more than six
hours after their symptoms began.

ISIS-2 adopted much wider eligibility criteria,
enrolling patients up to 24 hours after the onset of
MI symptoms. Large-scale trials can, and indeed
should, collect data on key variables that may de-
fine clinically important subcategories of patients
in whom treatment effects may substantially dif-
fer. Therefore, the time that had elapsed since the
onset of symptoms was one of the select variables
in ISIS-2 for which information was gathered at
baseline. The collection of such data allowed for
the analysis of trial results according to duration
of symptoms prior to treatment, an analysis that
demonstrated that the benefit of streptokinase, al-
though greatest for patients treated early, extends
to those treated up to 24 hours after the onset of
symptoms. Overall, a 25-percent reduction in car-
diovascular death was associated with streptoki-
nase treatment given within 24 hours of the onset
of symptoms. The reduction was 35 percent for
those treated within four hours and 17 percent for
those treated within five to 24 hours.

Although the ISIS-2 results demonstrated the
advantages of wide eligibility criteria, precise def-
inition of the eligibility criteria for a trial is a mat-
ter of scientific judgment, based on the particular
question being asked. Randomizing patients up to
one week following the onset of MI symptoms,
for example, makes little biological sense, in view
of the known properties of thrombolytic drugs and
the pathophysiology of MI over such a period. Not
only would such broad eligibility criteria unneces-
sarily expose late-treated patients to the possible
risks of thrombolysis, but they would also dilute



Large and Simple Randomized Trials | 73

any benefit of treatment to such an extent that the
overall finding from the trial might be null, even if
analyses restricted to early treated patients sug-
gested a clear benefit. In fact, while some early
trials of thrombolysis used unduly restrictive
entry criteria, others cast too wide a net, randomiz-
ing patients up to 72 hours after initial symptoms
(50). Thus, reasonable judgments must be made
not only in identifying the population at risk for
the outcome under study, but in defining the group
of individuals in whom an effect of the interven-
tion is biologically plausible.

One criticism of the use of broad entry criteria
is that even though the study’s overall results may
apply to a wide population of patients with a par-
ticular disease, they do not offer much guidance
about how to treat individual patients with specif-
ic medical profiles. This tension—between the
broadly relevant data available from large, simple
trials and the highly detailed information upon
which practicing clinicians might ideally wish to
base individual treatment recommendations—
may never be fully resolved. However, several
factors support the use of wide, rather than narrow,
entry criteria in many trials evaluating promising
medical interventions. First is the belief that un-
less there is a clear reason to believe otherwise, a
beneficial treatment is likely to be effective across
a broad spectrum of patients. Results from trials
using broad entry criteria, therefore, are directly
relevant to the wide spectrum of patients to whom
the results will be generalized in actual clinical
medicine. Second, if the effect of an intervention
differs among categories of patients, a large-scale
trial enrolling a broad range of patients might be
the only way to detect the differences. Even in
large trials, however, the statistical power to de-
tect treatment effects among subcategories of pa-
tients may be inadequate. Further, if many sub-
categories are analyzed, it becomes increasingly
likely that an erroneous finding will emerge sim-
ply from the play of chance. Therefore, for re-
search questions that require the enrollment of
large numbers of participants, the main finding
will be one that answers whether, on average, the
study intervention confers a net benefit compared
with no treatment (or the alternative treatment).

More precise evidence may emerge from analyses
of select subcategories, but applying trial results
to medical practice will always involve making
individual clinical judgments based on each pa-
tient’s medical profile. A decade ago, a paper de-
scribing the principles of large, simple trials ad-
dressed these issues succinctly:

Trials are at least a practical way of making
some solid progress, and it would be unfortunate
if desire for the perfect (i.e., knowledge of ex-
actly who will benefit from treatment) were to
become the enemy of the possible (i.e., knowl-
edge of the direction and approximate size of the
effects of the treatment of wide categories of pa-
tient) (49).

I Use of Streamlined Protocols
The use of streamlined study protocols has very
practical advantages in the design of a large-scale
trial. If a trial requires many thousands of patients
in order to answer a question reliably, the trial or-
ganizers usually must reach beyond the confines
of the academic medical centers (where most re-
search is conducted) to involve general-care com-
munity hospitals or even medical settings in a
number of countries. This can be accomplished
only if treatments can be administered in a wide
range of settings, as is the case for thrombolytic
therapy. Furthermore, to secure the cooperation of
busy physicians and nurses (whose primary mis-
sion is to care for their patients, not to conduct re-
search), trial treatments must be relatively simple
to administer, and the added burdens of participa-
tion must be minimized whenever possible by us-
ing streamlined screening procedures and collect-
ing only the most important followup data needed
for assessing the efficacy and side effects of the
treatment.

The cost of research is also an important factor
in the move toward simple trial protocols. Particu-
larly during an era of shrinking research budgets
and increased competition for funding, efficient
study designs are imperative if large trials are to be
funded to any significant extent. For example, the
Beta-Blocker Heart Attack Trial (BHAT), which
began in 1977, randomized 3,837 patients with
prior heart attacks in order to test whether the beta-
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blocker drug propranolol hydrochloride reduced
total mortality, at a total cost of $20 million (3). In
contrast, a trial testing the drug digitalis among
patients with congestive heart failure, which was
begun in 1991 and is employing a streamlined trial
protocol, randomized 7,790 patients and will have
a total budget of $16 million (21). After adjust-
ment for inflation, the earlier BHAT investigation
cost approximately $11,350 per participant, while
the ongoing digitalis trial will incur costs of
approximately $2,050 per participant.

Similar efficiencies are possible in studies of
preventive interventions in apparently healthy
participants. Most such investigations have col-
lected extensive baseline and followup data and
required regular clinic visits, with costs generally
ranging from $3,000 to $15,000 per randomized
participant for a five-year trial. In contrast, the
Physicians’ Health Study, a trial testing aspirin
and beta-carotene in the prevention of cardiovas-
cular disease and cancer, has been conducted en-
tirely by mail among 22,071 U.S. male physicians
at a cost of approximately $80 per participant per
year (4).

Practical considerations underscore the need
for simple trial protocols, but in addition, the most
widely practicable treatments are often those that
are simple. And for interventions where the out-
come of interest is a straightforward, easily ascer-
tainable event such as mortality, most of the cru-
cial information needed for future clinical
decisionmaking and public health policy is avail-
able from the streamlined data collected in large,
simple trials.

In ISIS-2, for example, virtually every patient
entering a participating hospital within 24 hours
of the onset of symptoms of suspected MI was
considered eligible to participate. If there were no
clear indication for or against the trial treatments,
the patient was eligible to be randomized. If in-
formed consent were obtained, a 24-hour toll-free
randomization telephone line was dialed, and the
physician or nurse collaborator provided basic
identifying data on the patient as well as informa-
tion about a very few select medical variables,
such as time since the onset of symptoms. A ran-
domization code was then obtained and matched

against one of the treatment packs stored in the
hospital, and the contents of the pack adminis-
tered to the patient. At the time of the patient’s
hospital discharge, the clinician completed a sim-
ple one-page followup form, providing informa-
tion on vital status (i.e., whether the patient was
alive or dead) as well as major in-hospital events,
such as reinfarction, stroke, or significant bleed-
ing episodes. The clinician then sent this form,
along with the results from a pre-randomization
electrocardiogram, to the international coordinat-
ing center in England. At that point, the clinician
responsibilities to the trial were over.

An important assumption underlying the use of
a simple protocol with streamlined followup is
that the areas of chief concern regarding adverse
effects of the intervention have been reliably iden-
tified. Although the balance between the benefits
and the risks of a treatment is unknown-and, in-
deed, is the principal question being asked in most
large trials—preliminary testing or knowledge of
biological mechanisms should have allowed the
researchers to identify the most serious potential
side effects so that the collection of followup data
could be confined to a few key variables. Trials of
agents or procedures for which there is little prior
knowledge concerning safety may require much
more detailed data collection and thus will more
closely resemble traditional randomized con-
trolled trials.

I Use of Clinically Important
Outcome Measures

Small and more complex trials may be important
early in the development of a treatment. Such in-
vestigations may collect data on scores of vari-
ables to assess their response to treatment. This
may, in turn, provide important information about
the action of the drug, its side effects, or features
of the disease itself. When an intervention is suffi-
ciently promising to warrant testing for efficacy in
a large-scale trial, however, the fundamental goal
is to obtain information that can inform clinical
practice and public health policy. For this reason,
the primary outcome in a large, simple trial should
be a clinically meaningful event, not  an  intermedi-
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ate marker whose clinical significance is un-
known. In most trials of serious diseases, the fun-
damental question is whether a treatment
increases patients’ chances of survival. Major
morbidity events, such as nonfatal heart attacks,
may also be suitable endpoints in some trials, but
the use of subclinical or intermediate markers as
surrogates for clinical endpoints can lead to spuri-
ous conclusions.

Reliance on an intermediate endpoint in studies
of the effect of thrombolytic drugs in the treatment
of acute MI, for example, may have led to erro-
neous conclusions about the relative benefit of
different agents. Many physicians believed that
the thrombolytic drug tPA was superior to strepto-
kinase because it appeared to be faster at dissolv-
ing the clots in the coronary artery that precipi-
tated the attack. This conclusion was based on
angiographic studies demonstrating that 90 min-
utes after treatment, blood flow was restored
through the previously occluded artery in 70 per-
cent of patients receiving tPA compared with 50 to
55 percent of patients receiving streptokinase
(46). However, further studies indicated that coro-
nary patency rates for tPA and streptokinase be-
come equal over the next several hours. Moreover,
for the primary clinical endpoint of mortality, the
results of large-scale trials demonstrated identical
35-day vascular mortality rates for patients given
tPA and those given streptokinase (25,34).

In addition to making a clinically important
outcome the primary focus, a large and simple
trial must also have a main outcome event that can
be fairly readily ascertained without extensive,
specialized testing or frequent in-person followup
visits. In this regard, mortality is the most straight-
forward outcome event, inasmuch as its occur-
rence is not subject to dispute and can even be
tracked by searching death certificate databases or
using other indirect methods of followup. Nonfa-
tal medical events may also be suitable endpoints
for large, simple trials. For example, most nonfa-
tal heart attacks or cancer diagnoses can be veri-
fied using existing medical record information
that would be available regardless of whether an
individual was part of a trial protocol.

OTHER APPLICATIONS
OF LARGE, SIMPLE TRIALS
Acute MI has been the clinical context in which
the principles of large, simple trials have been
most widely applied to date, as discussed above.
Because it is an easily defined, common, and seri-
ous clinical event—and one for which the funda-
mental measure of a treatment’s efficacy can be
made over a relatively short time frame—acute
MI is particularly well-suited to this research ap-
proach. In addition, however, trials employing
these principles have been conducted and pro-
posed for a wide range of treatments and health
conditions, including longer-term trials of chronic
heart disease, the management of women with
high-risk pregnancies, treatments for patients
with human immunodeficiency virus (HIV) infec-
tion or acquired immune deficiency syndrome
(AIDS), and the surgical treatment of cancer, as
well as the testing of promising interventions in
the primary prevention of cancer and heart disease
among apparently healthy participants.

Polio Vaccine Field Trial:
An Early Example

Perhaps the first large and simple randomized trial
was carried out 40 years ago, when the National
Foundation for Infantile Paralysis recruited a team
of physicians and public health researchers to
mount a massive randomized trial to test the effi-
cacy of the Salk polio vaccine (38). More than
400,000 U.S. school children took part in this ex-
periment in the spring and summer of 1954. The
polio vaccine trial randomly assigned half of the
participants to receive the vaccine, while half re-
ceived a placebo injection. The incidence of dis-
ease in the two groups was then tracked by simply
monitoring the hospitalizations for polio in the
areas where the field trial was carried out. Over the
course of several months, the effectiveness of the
vaccine in preventing this serious, disabling child-
hood disease became clear (20).

In many respects, the large and simple design of
the massive polio trial was a response to the urgen-
cy of the problem, in which there was tremendous
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pressure to provide a quick and reliable test of the
newly developed vaccine in a single polio season.
While the polio trial may have been the first exam-
ple of a large and simple randomized trial, it was
not until several decades later—in the late 1970s
and early 1980s—that the principles of this ap-
proach to answering health questions were more
formally described and its methods more widely
used to evaluate clinical questions (38).

Digitalis in the Treatment
 of Congestive Heart Failure

Researchers have recently begun testing the drug
digitalis in the treatment of congestive heart fail-
ure in a long-term trial that has incorporated many
features of large, simple trials (12). Although
overall rates of cardiovascular disease have de-
clined significantly in the United States, over the
past two decades the incidence and prevalence of
congestive heart failure (CHF) have increased sig-
nificantly, a pattern that is expected to continue as
the population ages. CHF, a cardiac syndrome
characterized by a weakening of the contractions
of the heart muscle, is estimated to be a primary
or contributing cause of 250,000 deaths in the
United States each year.

Digitalis preparations, which have been avail-
able for more than 200 years, are one of the most
commonly prescribed treatments for CHF. In
1986, more than 12 million prescriptions for this
drug were written in the United States (12). De-
spite its widespread use, the net effect of this drug
on mortality in patients with CHF remains uncer-
tain. Although a number of small trials of digitalis
have been conducted, the results of the trials are
inconsistent (51 ). Digitalis may improve the out-
put of blood by the heart (ejection fraction) and
thereby slow the progression of CHF and decrease
mortality, but the drug has other biochemical
properties that, in theory, may increase the risk of
dangerous changes in cardiac rhythm. In view of
the continued uncertainty regarding the net effect
of digitalis, a large trial of the drug was initiated in
1991 under the direction of the National Heart,
Lung and Blood Institute (NHLBI).

Because any large benefit of digitalis would
probably have been clear from the smaller studies
already conducted to date, its true benefit-if
any-in reducing mortality is likely to be on the
order of 10 to 15 percent. However, as with throm-
bolysis or aspirin therapy of acute MI, even a
modest mortality benefit for such a common
condition could be of great public health value.
For researchers to detect a benefit of digitalis in
this range, about 2,000 deaths would need to occur
in a trial population. To enable researchers to ob-
serve this number of events over a relatively short
period, the trial has enrolled nearly 8,000 patients
at more than 300 hospitals throughout the United
States and Canada.

The digitalis trial will involve treatment and
followup of patients for three years. The principal
entry criterion for the trial will be moderate or se-
vere CHF (ejection fraction< 0.45). All patients in
the trial must have had a chest x-ray within the
past six months and cardiac ejection fraction doc-
umented by either angiography or echocardio-
gram. Patients will be randomized via telephone
calls to a central coordinating center, with key
baseline data given directly by phone for entry in
the study’s database. Each randomized patient
must return for a followup visit in four weeks, and
every four months thereafter. Because digitalis
has a relatively narrow therapeutic window, with
high toxicity at elevated doses, blood will be
drawn during followup visits to monitor the serum
levels of digitalis as well as those of potassium,
creatinine and magnesium. In addition, since the
appropriate dose of digitalis depends on patient
characteristics such as age, weight, and sex, four
different dose regimens will be used.

Despite these considerations, which add com-
plexity to the trial protocol, the digitalis trial re-
tains two chief characteristics of large, simple
trials: the collection of followup data is limited (a
one-page questionnaire at each visit), and the clin-
ic visits and many of the monitoring tests of dose
level, as well as the required radiologic studies for
eligibility, would be carried out anyway as part of
the standard clinical management of CHF pa-
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tients. The principal outcome measurement in the
study will be mortality, and the trial should pro-
vide clear evidence of digitalis’s net effect on
mortality in patients with CHF.

Aspirin in Treatment of
High-Risk Pregnant Women

Pre-eclampsia, a condition caused by high blood
pressure, is a common and serious complication
of the second half of pregnancy. It can lead to in-
trauterine growth retardation and fetal death as
well as to complications of prematurity, because
early delivery of the baby is the only effective ap-
proach to the condition.

Several trials of aspirin have suggested that
treatment in high-risk pregnant women is benefi-
cial, but the small samples of patients in most of
the trials have left a great deal of uncertainty con-
cerning the treatment’s effects. To address this
problem, the Collaborative Low-Dose Aspirin
Study in Pregnancy (CLASP) randomized 9,364
women in 16 countries to either 60 mg of aspirin
or a placebo daily (8). According to the trial’s
broad entry criteria, women were eligible if they
were between their 12th and 32nd weeks of preg-
nancy and were judged by their treating clinicians
to be at sufficient risk of pre-eclampsia to consider
aspirin treatment. Randomization was carried out
by having clinic staff telephone a 24-hour ran-
domization service. For each patient, data were
collected on several key variables at entry, and a
single-page followup form was completed fol-
lowing hospital discharge at the end of the preg-
nancy, recording information on treatment com-
pliance, use of other drugs, and major clinical
events occurring after randomization.

Overall, those assigned to receive aspirin expe-
rienced a 12-percent reduction in the development
of pre-eclampsia, but this difference was not sta-
tistically significant. Aspirin-allocated women
did experience a modest but significant lower rate
of delivery before 37 weeks estimated gestation.
However, there were no significant differences be-
tween treatment groups in the proportion of still-
births, neonatal deaths, or babies with intrauterine
growth retardation. Because of the possibility that

the benefits of aspirin might be restricted to cer-
tain subgroups of women, the CLASP protocol
called for separate analyses of data based on sever-
al entry characteristics. There were no subgroups
in whom the reduction in pre-eclampsia was as
large as that reported in the earlier small trials. The
authors concluded that currently available data do
not support the widespread use of aspirin in
women at high risk for pre-eclampsia. Nonethe-
less, among women with preterm deliveries, there
was a significant trend toward greater reductions
in the development of pre-eclampsia in the group
that received aspirin. The authors suggest that as-
pirin may have effects in women who are suscepti-
ble to early pre-eclarnpsia that it does not have
among women who develop this condition in the
late stages of gestation. Aspirin may, therefore, be
justified in those at particularly high risk of early-
onset (before 32 weeks) pre-eclampsia, but inas-
much as these women are difficult to identify pro-
spectively, the clinical implications of the CLASP
findings may be restricted to high-risk women
with prior histories of early-onset pre-eclampsia.

Treatments for Patients
with HIV or AIDS

Several investigators have suggested that large,
simple trials could be used for the efficient testing
of potential treatments for those infected with
HIV or with diagnosed AIDS (6,7,13,14,42). Very
detailed studies in specialized centers are clearly
crucial to gain more knowledge about this disease.
Indeed, it is from the intensive study of patients
and potential treatments that promising hypothe-
ses will emerge. To reliably answer the broader
question of a treatment’s net clinical effect, how-
ever, will require collaborative trials using the
principles of large, simple trials, because most of
the promising therapies are likely to have only
small to moderate effects. In addition, as with the
treatment of acute MI, trials will need to be de-
signed to detect the equal or superior efficacy of
new treatments in relation to an expanding array
of standard therapies.

Both the National Institutes of Health and the
American Foundation for AIDS Research have es-
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tablished networks of community physicians for
research studies. Such consortia could form the
organizational basis for the implementation of
large, simple trial protocols (13, 14). Another ave-
nue that has been suggested for the development
of large trials is the enrollment of patients now re-
ceiving treatments as part of the system known as
the treatment IND (investigational new drug) or
parallel track. This expanded-access program
was approved by the Food and Drug Administra-
tion to make treatments still undergoing exper-
imental evaluation available to a broad population
of patients who have life-threatening diseases and
who are no longer able to tolerate or benefit from
the standard available treatments. Although these
programs are providing many patients with exper-
imental AIDS drugs and uncontrolled observa-

 tional followup, direct comparison of such treat-
ments could be carried out as part of simple,
randomized treatment protocols, without undue
requirements for additional work by busy clini-
cians, but with systematic coordination by a data
center.

Because large-scale community-based trials
would collect uniform data on only a small num-
ber of important variables, more extensive data
could be gathered at selected participating sites,
such as academic research centers. This strategy,
which has been used in other large trials, may be
particularly appropriate for AIDS treatment,
where the rapid development of new experimental
therapies means that there is frequently much less
long-term experience with a drug’s toxicity oroth-
er effects than is often the case with agents being
tested in large-scale trials. Such trials might,
therefore, more appropriately be considered hy-
brid trials, with a large component that uses a sim-
ple trial protocol and a small subgroup for whom a
more detailed randomized clinical trial protocol is
implemented.

Since a major goal of AIDS treatments is to
prolong survival, large numbers of patients must
be enrolled in trials if any net benefit of these treat-
ments on mortality is to become known relatively
quickly. New antiretroviral agents, for example,
could be compared with current standard therapies
in large-scale trials to assess their survival benefits

(42). Other important questions that could be an-
swered through large trials include determining
the optimal doses of available treatments (13).
Many currently available AIDS treatments have
significant toxicity. Randomized trials comparing
different doses of a particular drug could deter-
mine whether lower, less toxic doses confer a sim-
ilar survival benefit. Studies of zidovudine
(AZT), for example, have already shown that dai-
ly doses of 600 mg are as effective at prolonging
survival as 1200-mg doses. Even lower doses
might work equally well, and such a finding could
significantly improve the quality of life for many
AIDS patients (13).

At present, AIDS treatments differ qualitative-
ly from those used in other conditions. In the case
of acute MI, where treatment with thrombolysis or
aspirin saves several lives for every 100 patients
treated, these individuals are, in some sense, con-
sidered “cured” because they avoided death dur-
ing the high-risk period immediately following
their attack. Such patients remain at higher risk for
cardiovascular death, but they could live for de-
cades and then die from nonvascular causes. There
is no comparable life-saving effect of current
AIDS treatments, which confer only short-term
survival benefits.

This suggests some justification for using other
clinical endpoints besides mortality, such as quali-
ty-of-life measures or the development of oppor-
tunistic infections, to determine the benefits of
some agents. It is crucial to keep in mind, how-
ever, that an observed improvement in such out-
comes may not translate into longer patient sur-
vival. The demonstrated benefits of any
treatments approved on such a basis must be clear-
ly identified to avoid overstating their known ef-
fects.

Biological markers, such as CD4 cell counts,
have also been proposed for use as endpoints in
AIDS trials. Because drugs may affect these surro-
gate endpoints much sooner than clinical outcom-
es (e.g., opportunistic infections or death), the use
of such endpoint markers can reduce the needed
size and duration of a trial. This approach is clear-
ly attractive in the face of a fatal epidemic. Unfor-
tunately, none of the biological markers currently
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measured in AIDS patients has been shown to pre-
dict clinical course or survival reliably enough for
use as a firm endpoint (7).

After the initial demonstration that AZT con-
fers a short-term reduction in the mortality of
symptomatic patients (19), a trial was conducted
to test whether early treatment would delay the on-
set of AIDS in asymptomatic individuals infected
with HIV. A clear delay in disease onset was ob-
served and the trial was stopped prematurely (47).
However, it was not at all clear whether the early
use of AZT in asymptomatic patients would ex-
tend their survival beyond what would be
achieved by initiating therapy at the onset of the
disease. Moreover, early use of an antiretroviral
agent may render the drug less effective later, dur-
ing the actual disease phase, thereby potentially
shortening the survival time after the development
of full-blown AIDS (42). Because of the debilitat-
ing and fatal nature of the disease, this may be an
acceptable choice to patients, who face limited life
expectancies regardless of which treatment course
they pursue. Information on this question should
be available, however, so that patients can make
informed choices.

To provide further data on the relative merits of
immediate versus delayed treatment with AZT, a
randomized controlled trial in Europe compared
how the two treatment approaches affect mortality
(1,9). The Concorde trial was a multicentered trial
carried out in England, Ireland, and France among
1,749 HIV-infected individuals who were symp-
tom-free at baseline. Half of the participants were
randomized to begin immediate treatment with
AZT; the others were randomized to deferred
treatment, which entailed taking inert placebo
pills that resembled AZT. Once patients exhibited
symptoms of AIDS or AIDS-related complex
(ARC), or had persistently low CD4 cell counts
that led their physicians to believe treatment was
indicated, their assignments were unblinded and
those who were receiving placebos began AZT
therapy.

Throughout the trial, the patients randomized
to immediate AZT treatment had significantly
higher CD4 cell counts. It has been postulated that
higher levels of these disease-fighting cells indi-

cate the efficacy of an AIDS treatment, and that
decreases in CD4 cell counts signal the progres-
sion of HIV disease. Despite the favorable effect
of immediate treatment on CD4 cell counts in
asymptomatic patients, the three-year survival
rates in the two treatment groups were virtually
identical (92 percent in the immediate treatment
group vs. 94 percent in the deferred therapy
group). Even more surprising, the Concorde re-
sults indicated that early treatment of HIV did not
appear to slow the rate of progression of asympto-
matic HIV disease to ARC, AIDS, or death—a
finding in marked contrast to previous studies,
which had indicated a benefit of early treatment of
asymptomatic patients. However, these tria~s
were stopped much earlier than the Concorde trial.
Short-term followup data from the Concorde trial
were also compatible with the finding of a benefit
from early treatment, but the apparent advantage
of immediate AZT therapy disappeared with long-
er-term treatment and followup.

Although the Concorde findings appear to rule
out any large benefit from early treatment with
AZT in asymptomatic individuals, the trial was
not large enough to rule out the possibility of a
small advantage of such treatment.

The Concorde results raise important questions
about the ultimate public health benefit of the rap-
id approval of AIDS drugs in the United States.
The highly organized activities of individuals
with HIV mark an unprecedented degree of direct
involvement by affected patients in the quest for
advances in treatment of their condition. This ac-
tivism has led to many positive changes in what
some have regarded as an often cumbersome and
unduly bureaucratic drug approval process. At the
same time, however, the pressure to speed drug
approval may also lead to rapid decisions made
without full benefit of the optimal quality or quan-
tity of randomized trial data.

The guiding principle of broad entry criteria in
large, simple trials has particular relevance to the
study of AIDS treatments. Many AIDS patients
are interested in participating in treatment proto-
cols, but have been excluded because of stringent
entry criteria. Because most of the treatments that
are found to be effective will be made available to
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most patients, it is reasonable—and indeed desir-
able—to include a broad range of patients in
trials (6).

As in the large trials of patients with MI or
CHF, several key baseline variables should be col-
lected to allow for the assessment of any differing
effects of treatments among subgroups.

Breast Cancer Treatments
Some of the most significant advances in the treat-
ment of breast cancer have resulted from the col-
laboration of a large number of hospitals in the
National Surgical Adjuvant Breast Project
(NSABP), which has coordinated multicentered
randomized trials comparing different treatment
approaches to breast cancer ( 17, 18). For many de-
cades, the standard treatment was radical mastec-
tomy, which entails removal of the breast, axillary
lymph nodes, and pectoral muscles. Anecdotal ev-
idence suggested that less disfiguring approaches
might be as effective as more extensive surgery,
but definitive evidence was not available to settle
the debate.

In a study to determine whether alternative
treatments to radical mastectomy increased the
risk of cancer recurrence or death (18), a total of 34
institutions in the United States and Canada ran-
domized 1,665 women with operable breast can-
cer. Women judged to be free of cancer in axillary
nodes were randomly assigned to undergo radical
mastectomy, total mastectomy with regional radi-
ation treatments, or total mastectomy alone.
Those judged to have cancer in the axillary nodes
were assigned randomly to either radical mastec-
tomy or total mastectomy with radiation treat-
ment. The overall rates of survival and cancer re-
currence were similar for all three groups of
patients with clinically negative axillary nodes.
The overall survival at 10 years for patients with

positive axillary nodes was similar for those who
underwent radical mastectomy and those who had
total mastectomy with accompanying radiation
treatment. This trial provided clear evidence that
surgery less extensive than radical mastectomy
could be safely performed with no decrease in
long-term survival.

A second trial coordinated by the NSABP
sought to determine whether even greater breast
conservation could be safely achieved through
segmental mastectomy (also referred to as lum-
pectomy), in which only the tumor and immedi-
ately surrounding tissue are removed (17). This
trial randomized 1,843 women who had breast tu-
mors no more than 4 cm at the largest dimension.
The three types of treatment tested were: total
mastectomy, segmental mastectomy (lumpecto-
my), or segmental mastectomy with accompany-
ing radiation treatments. All of the women under-
went removal of their axillary nodes, and those
patients found to have evidence of nodal cancer
underwent chemotherapy. After five years, the
overall rates of survival were better for the women
who had received segmental mastectomy, with or
without radiation, than for those who had under-
gone total mastectomy, and the rates of survival
with no recurrence of the disease recurrence were
better for those who had undergone segmental
mastectomy with radiation treatment than for
those who had undergone total mastectomy.2

Because the NSABP trials enrolled a broad
range of patients, their results are clinically rele-
vant to a large proportion of women, and the out-
comes measures-disease-free survival and over-
all survival-were easily ascertained, clinically
important events. The trial treatments and follow-
up monitoring were clearly more complex than
those of nonsurgical large-scale trials, but most of
the procedures are part of the standard manage-
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ment of breast cancer patients and would have
been followed anyway.

Promising Therapies
in Primary Prevention

For a common and serious condition such as acute
MI, even modest reductions in mortality can have
a significant public health impact, saving tens of
thousands of lives per year. At the same time, ef-
fective means of preventing such a disease could,
in theory, have a far greater impact, preventing
perhaps hundreds of thousands of deaths each
year. The conduct of large-scale trials of promis-
ing therapies in primary prevention presents
unique challenges not faced by those conducting
trials to test treatments in a population with a spe-
cific disease.

One primary prevention trial that has employed
many of the principles of large and simple trials is
the Physicians’ Health Study, an ongoing, ran-
domized, double-blind, placebo-controlled trial
begun in 1982 to test the effect of low-dose aspirin
on cardiovascular disease and beta-carotene on
cancer risk among a population of 22,071 appar-
ently healthy U.S. male physicians, ages 40 to 84
(28,29).

Because the rates of disease and death among
an apparently healthy population “at usual risk”
are much lower than rates among a comparable
group of individuals with a serious condition such
as MI, a primary prevention trial must not only en-
roll a large number of participants, but also follow
them for an extended period in order to allow for
valid tests of the study’s hypotheses. The partici-
pants must also remain compliant with their as-
signed treatment regimens and be conscientious in
maintaining contact with the researchers to report
their health experiences. Significant noncom-
pliance with the assigned study regimens or losses
to followup will weaken the study’s ability to gen-
erate valid results. The choice of a study popula-
tion for such a trial, therefore, is particularly im-
portant. Because of their clear interest in health
issues, physicians were considered a group who
would be motivated participants willing to follow
daily pill-taking regimens for an extended period.

A guiding principle of large, simple trials is to
minimize the necessity for procedures or clinic
visits beyond those that would take place in the
standard management of a condition (49). But par-
ticipants in a primary prevention trial are, by defi-
nition, free of major disease and therefore have no
regular clinic visits or procedures. Because physi-
cians were deemed capable of reporting on their
own health with a high degree of accuracy, the trial
could be conducted entirely by mail. Annual sup-
plies of study medications are sent in convenient
monthly calendar packs, and brief, followup ques-
tionnaires are mailed to collect data on com-
pliance and relevant outcomes at 12-month inter-
vals. Reports of study outcomes are verified by
seeking permission to obtain copies of confirma-
tory medical records.

The Physicians’ Health Study also implement-
ed a prerandomization run-in period, in which the
participants took their study pills for approxi-
mately 18 weeks before their official randomiza-
tion into the study took place. After this run-in pe-
riod, the doctors were sent a brief followup
questionnaire, and only those who reported that
they took their study pills at least two-thirds of the
time were randomized into the trial. Participants
were randomly assigned to one of four treatments:
aspirin alone, beta-carotene alone, both active
agents, or both placebos. This efficient design
(known as a 2x2 factorial design) has allowed the
trial to test two agents simultaneously, with little
increased cost over that of a study testing one
agent alone. The choice of study population, the
enrollment procedures, and the prerandomization
run-in period were designed to assemble a group
of proven compliers who would be likely to fol-
low the study regimen and report accurately on
their health experience for the extended period of
trial treatment and followup. Compliance with the
assigned regimen is an important factor in deter-
mining a trial’s statistical power to answer a re-
search question. The run-in, therefore, increased
the trial’s power. Indeed, a study- population of
22,071 men who remain compliant with the regi-
men will have greater statistical power to answer a
question than would a group of 33,000, one-third
of whom become noncompliant (36).
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The initial assembly of the study population in-
volved much more effort than that of many large,
simple trials, but once the participants were ran-
domized, the trial procedures and followup in the
Physicians’ Health Study have proved remark-
ably streamlined and simple. Moreover, com-
pliance rates after 10 years remain at over 80 per-
cent, morbidity followup is over 95 percent, and
every death among participants has been re-
corded.

In 1988, the external Data Monitoring Board
terminated the aspirin component of the trial early
because the group taking aspirin had experienced
a statistically extreme 44 percent reduction in the
risk of a first MI. The beta-carotene component of
the trial has continued uninterrupted and is sched-
uled to end in 1995.

In addition to performing added work to as-
semble its study population, the Physicians’
Health Study differed from many other large, sim-
ple trials in that it enrolled a relatively homoge-
neous study population. From the standpoint of
generalizability of the study findings, testing
these hypotheses in a more heterogeneous group
might have seemed preferable. From the stand-
point of validity, however, in view of the need to
conduct the trial efficiently by mail, to maintain
the followup of all participants, and to rely upon
their own reporting of health outcomes and mo-
tivation to adhere to the treatment regimen over an
extended period, a group of health professionals
was considered an ideal population in which to
conduct the trial. The increased validity and effi-
ciency derived from choosing physicians for the
study population were judged, overall, a greater
asset to the generalizability of the trial results than
a more representative study population unable to
maintain adequate compliance for the duration of
the study.

Although it may be reasonable to assume that
the direction of any net effects seen in the Physi-
cians’ Health Study would be similar for other
groups, the balance of benefits and risks may well
differ for populations with different risk profiles.
Because of the desirability of obtaining direct evi-
dence of aspirin’s primary prevention effect in
women, a large-scale trial of aspirin was begun in

1992 among apparently healthy U.S. female
health professionals. The Women’s Health Study
plans to enroll approximately 40,000 women,
ages 45 and older, and will test the effects of low-
dose aspirin, beta-carotene, and vitamin Eon the
risks of cardiovascular disease and cancer (5).

IMPACT OF LARGE, SIMPLE TRIALS
ON CLINICAL PRACTICE
Although the immediate goal of any large-scale
randomized trial is to provide a reliable test of the
intervention, the ultimate goal is to provide in-
formation that can be incorporated into the clini-
cal management of patients in general medical
practice. It is difficult to draw broad generaliza-
tions about the effects of large, simple trials on
medical practice. Nevertheless, because large
trials are generally better than small trials at an-
swering research questions, their degree of scien-
tific reliability is high, an important factor that
probably influences clinicians’ receptivity to re-
search findings. The results of large trials also
tend to be published in prominent journals, mak-
ing physicians and the public more aware of them.

Several reports suggest that the recent large,
simple trials of the treatment of acute MI have in-
deed had a measurable impact on medical prac-
tice. For example, in the mid- 1980s, about 25 per-
cent of acute MI patients in the United States
received thrombolytic therapy. By 1989, follow-
ing publication of the ISIS-2 results, this figure
rose to just under 40 percent (40). Aspirin was ad-
ministrated to 39 percent of all acute MI patients
before the ISIS-2 report, and approximately 72
percent of all patients following the report (35).
Significantly more patients could benefit from
thrombolysis and aspirin in acute heart attacks
than are presently receiving these treatments (31 ).
Nevertheless, the data indicate that practitioners
are adopting these treatment regimens, which
have been demonstrated to confer clear benefit.

Although findings from a trial maybe clear and
unequivocal, in terms of their public health im-
pact, it is equally important that they address
questions considered important by clinicians. For
this reason, the ability to provide reliable data on
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important possible modifying factors, such as age
or time delay to treatment for thrombolysis, may
also be a determinant of the impact of the findings
for a large, simple trial on medical practice.

Large and simple trials may also affect clinical
practice more directly and immediately than
small, academic-based investigations because the
large trials involve the collaboration of the prac-
ticing physicians who ultimately decide how to
incorporate research results into patient care (48).
Perhaps the best example of this is a series of trials
of acute MI treatment in Italy. The GISSI trials
(Gruppo Italiano per 10 Studio della Streptochina-
si nell’Infarto Miocardico) have tested questions
similar to those addressed in the ISIS trials. The
first GISSI trial paralleled ISIS-2, testing intrave-
nous streptokinase versus standard treatment
among 11,806 patients at 176 coronary care units
throughout Italy (24). Three-fourths of Italy’s cor-
onary care units collaborated in the trial. Within a
year after the publication of the trial finding dem-
onstrating a clear benefit of streptokinase, the
drug had become routine treatment for acute MI in
99 percent of the country’s coronary care units,
suggesting a remarkably rapid and complete in-
corporation of the trial results into clinical prac-
tice (45). The GISSI investigators also held sym-
posia for collaborating clinicians in order to
provide scientific background on the trial treat-
ments as well as information about aspects of ran-
domized trial methodology.

LIMITATIONS OF LARGE, SIMPLE TRIALS
Testing a promising intervention by assembling a
large study population and using a streamlined
trial protocol can be an extremely effective ap-
proach to answer a wide range of important health
questions. However, there are many questions for
which large, simple trials are either not necessary
or not feasible.

The anticipated number of outcome events is
the primary determinant of how big a sample must
be in order for a trial to reliably detect a moderate
treatment effect. In a primary prevention trial, the
sample must be quite large. In the Physicians’
Health Study, where the anticipated rate of cardio-

vascular disease was very low, more than 22,000
participants were randomized in order to detect
meaningful differences between the group receiv-
ing aspirin and the group receiving a placebo.
Fewer than 400 heart attacks occurred during a
five-year period (139 in the aspirin group versus
239 in the placebo group). The 44-percent de-
crease in the risk of a first MI among those as-
signed aspirin was highly statistically significant,
with probability of less than 1 in 100,000 that the
finding was the result of the play of chance (p-val-
ue < 0.00001) (44). A trial one-fourth the size of
the Physicians’ Health Study, with 5,500 partici-
pants (which would still be substantially larger
than most randomized controlled trials), would
have had inadequate statistical power to detect
with certainty the 44-percent reduction in mortal-
ity.

By contrast, in a trial testing a chemotherapeu-
tic agent inpatients with advanced metastatic can-
cer, half of whom were expected to die within six
months, a small trial of several hundred patients
could reliably detect the fact that six-month sur-
vival could be achieved in three-quarters rather
than half of the patients. Large-scale trials, there-
fore, are not needed to detect even modest treat-
ment effects in a population where the expected
outcome rate is extremely high.

With respect to the trial treatment and study
protocol, large, simple trials may not be feasible
for studying interventions that are complex to ad-
minister and that require frequent clinic visits. Ex-
amples include trials testing new physical therapy
treatments or drug trials in which frequent blood
tests are necessary to maintain proper dosing lev-
els and to monitor potential toxicity.

Also impractical for study in large, simple trials
are interventions for which information on inter-
mediate biological markers is deemed important
for understanding the treatment’s actions or as-
pects of the pathophysiology of the disease. For
example, in a trial of a potential AIDS treatment,
detailed laboratory studies at regular intervals
may be important, because there maybe compara-
tively limited knowledge concerning the drug’s
side effects as well as the postulated mechanism
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for its benefit. An alternative to a highly complex
investigation may be to carry out more intensive
laboratory studies among a subset of participants,
while the overall trial design incorporates features
of the large, simple trial approach.

Finally, the principle of evaluating a treat-
ment’s effect on a clinically important outcome
that is easily ascertained also limits the types of
questions that can be addressed by large, simple
trial designs. Examples in which the outcome of
interest may be clinically important but difficult to
assess in a streamlined trial include tests of prom-
ising treatments for arthritis, where objective
measures of mobility must be made; mental ill-
ness, where detailed clinical evaluations are need-
ed; visual acuity; and many quality of life outcom-
es, which are measured in terms of competence in
carrying out activities of daily living.

ADDITIONAL ISSUES

Timing of Randomized Trials
Timing is an important issue in the initiation of all
randomized trials. For ethical reasons, there must
be sufficient belief in the potential benefit of a
drug or procedure to justify exposing half the indi-
viduals to it, while at the same time, there must be
sufficient doubt about its efficacy to justify with-
holding the intervention from the other half. Ideal-
ly, therefore, randomized trials should be con-
ducted as soon as there is a belief that a treatment
might confer a net benefit.

The danger in waiting too long to conduct a trial
of an intervention that is potentially effective, but
as yet unproved, is that it may be adopted into
widespread clinical use and become accepted as
standard therapy, even without firm evidence sup-
porting its efficacy. Not only does this expose in-
dividuals to medical interventions that might not
be beneficial (or might even be harmful), but it
also increases the logistical difficulty of conduct-
ing subsequent randomized trials to evaluate the
intervention. Such trials may not be feasible if po-
tential participants or health care providers be-
come reluctant to be part of a trial in which some
participants will not receive a treatment that has

come to represent standard medical care. It may be
difficult to find a sufficiently large population of
individuals willing to forego a treatment or prac-
tice believed to be beneficial for the duration of
the trial, even if there is no sound evidence to sup-
port this view.

For example, radical mastectomy for breast
cancer gained wide acceptance as the standard of
care after its introduction in the early 20th century
by William Halsted. Halsted’s clinical impression
was that removal of the surrounding lymph nodes
and muscle, in addition to the breast itself, would
decrease the risk of recurrence or spread of the
cancer and subsequent mortality. By the 1970s,
however, questions that had been raised concer-
ning the necessity of the radical mastectomy (11)
prompted randomized trials comparing this pro-
cedure to less extensive surgery. Many physicians
resisted the call to randomize patients into such a
trial, because the radical mastectomy was so en-
trenched as the standard of care (2).

Eventually, however, a large number of women
were enrolled in two multicenter trials. The trials
clearly demonstrated that for women with local-
ized tumors and no evidence of spread beyond the
breast itself, five-year mortality rates as well as
overall rates of recurrence were similar in those
undergoing radical mastectomy, those undergoing
simple mastectomy, and those undergoing a lum-
pectomy followed by radiation therapy (17,18).

Use of Factorial Designs
In view of the cost and feasibility issues of large,
simple clinical trials, one technique to improve ef-
ficiency is to test two or more hypotheses simulta-
neously in a single trial, using a factorial design.
In a 2x2 factorial design, participants are first ran-
domized to treatments A or B to address one hy-
pothesis, and then within each treatment group
there is further randomization to treatments C or
D to evaluate a second question. In a 2x2x2 facto-
rial design, each of these subgroups would be fur-
ther randomized into two additional intervention
groups to address a third hypothesis, and so on.

For example, ISIS-2 used a 2x2 factorial design
to evaluate streptokinase as well as aspirin in the
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treatment of acute MI (33). Patients were random-
ized to 1.5 million units of streptokinase or a pla-
cebo given intravenously, as well as 160 mg of as-
pirin or a placebo daily for 30 days, for a total of
four treatment groups: participants receiving ei-
ther streptokinase alone, aspirin alone, both active
agents, or both placebos.

The principal advantage of the factorial design
is that it allows the simultaneous testing of more
than one question in a single trial, while costing
little more than a trial of one of the questions
alone. Ideally, of course, the additional treatments
in a factorial design should not complicate trial
operations, materially affect eligibility require-
ments, or cause side effects that could lead to poor
compliance or losses to followup. In addition, the
possibility of an interaction between the treatment
regimens must be considered. Although the possi-
bility of such interactions is considered by some to
be a limitation of a factorial design, only through
such a design can any combined effects of trial
treatments be detected (43). ISIS-2 showed that
streptokinase alone and aspirin alone clearly re-
duced 35-day vascular mortality, but that the par-
ticipants who received both drugs experienced the
greatest reduction in risk. The factorial design al-
lowed this interaction to be assessed, which would
not have been possible in a single-factor study.

Subgroup Analyses from
Randomized Trials

Looking at the effect of an intervention among
specific subgroups of participants might appear to
be a way to address the question of whether the
findings of a trial conducted in a wide group of pa-
tients are also applicable to patients with particu-
lar characteristics. It is important to keep in mind,
however, that the most valid comparison in a ran-
domized trial is between the originally allocated
treatment groups. It is only in this comparison that
randomization, in trials of adequate sample size,
assures nearly even distribution of all the potential
confounding variables, both known and un-
known. In an analysis of any subgroup, whether
defined on the basis of compliance or any other
baseline characteristic, the comparison is no long-

er randomized and the potential role of confound-
ing must be evaluated and controlled to the extent
possible, just as in any observational study.

This point is illustrated by the experience of the
Coronary Drug Project trial, a study testing the ef-
fect of the cholesterol-lowering drug clofibrate in
the reduction of mortality following MI (10). In
that trial, the five-year mortality rates in the
groups receiving the clofibrate and the placebo
were very similar (18.0 percent versus 19.5 per-
cent). Because there was substantial noncom-
pliance with the clofibrate regimen, the investiga-
tors attempted to more clearly evaluate the
efficacy of the drug by also analyzing the mortal-
ity rates within the clofibrate group. They found
that patients whose compliance was at least 80
percent had a mortality rate of 15 percent, com-
pared with a rate of 24.6 percent among those who
were less compliant. Such a finding might be erro-
neously interpreted to indicate that clofibrate re-
duces mortality. An analysis within the placebo
group, however, found a similar disparity in
mortality between compliers and noncompliers,
with rates of 15.1 percent and 28.2 percent, re-
spectively. Even after controlling for 40 known
possible confounding variables, researchers still
found a difference between the mortality rates of
compliers and noncompliers in the placebo group.
These data indicate that subgroup analyses of
compliers did not provide valid results, because of
the inability to control for the confounding effects
of differences between compliers and noncompli-
ers that independently affected their prognosis.

Another problem in the interpretation of find-
ings from subgroup analyses relates to the mean-
ing of testing for statistical significance, or the p-
value. In medical research, the conventional level
of statistical significance is p=0.05. This means
that once in 20 times, a finding will be said to be
statistically significant by chance alone, even
though no difference between the treatment
groups actually exists. This implies that if enough
comparisons were made in a trial, as would occur
in an evaluation of the treatment’s effect among a
large number of subgroups, one in 20 would be
statistically significant, even if the intervention



86 I Tools for Evaluating Health Technologies

actually had no effect. The interpretation of this
finding, however, greatly depends on whether the
subgroup was previously defined as being of in-
terest or was found by “fishing” or “data-dredg-
ing.”

To illustrate the potential pitfalls of analyzing
many subgroups, the ISIS-2 investigators carried
out analyses according to patients’ astrological
signs. The researchers found that those born under
the birth signs Gemini and Libra experienced a
nonsignificant adverse effect of aspirin in acute
MI, whereas aspirin significantly reduced the
mortality rate of those born under all other zodiac
signs (33). This was not an a priori hypothesis, as
there was no clinical basis for the belief that aspi-
rin would differentially affect those born under
certain astrological signs, and the analysis clearly
demonstrates the caution that must be used in in-
terpreting the results of subgroup analyses.

The Decision To Terminate a Trial Early
In the design phase of a trial, the researchers need
to develop guidelines for deciding whether the
trial should be modified or terminated before its
originally scheduled conclusion. To assure that
the welfare of the participants is protected, the un-
blinded data should be monitored by a group that
is independent of the investigators who are con-
ducting the trial. If the data indicate that the inter-
vention has a clear and extreme benefit on the pri-
mary endpoint, or if a treatment is clearly harmful,
the modification or early termination of the trial
must be considered.

A decision to terminate a study early is based
on a number of complex issues and must be made
with a great deal of caution. It is critical that a trial
not be stopped prematurely based solely on
emerging trends from a small number of patients,
because these findings might well be transient and
disappear or even reverse after data have accumu-
lated from a larger sample. As a general rule, the
first requirement for even considering the modifi-
cation or early termination of an ongoing trial is
the observation of a sustained statistical associa-
tion that is so extreme, and so highly statistically
significant, that its emergence by chance alone

would be virtually impossible. The observed
association must then be considered in the context
of the totality of evidence. A number of specific
guidelines have been used in various studies, but
the aim is to achieve an equitable balance be-
tween, on the one hand, protecting randomized
participants from real harm and, on the other hand,
minimizing the risks of mistakenly modifying or
stopping the trial prematurely.

Whenever a trial is ended prematurely because
of findings related to one endpoint, the ability to
answer other, often equally important, questions
may be lost. The Physicians’ Health Study is a
case in point. The study was designed to evaluate
two primary prevention hypotheses: whether low-
dose aspirin reduces cardiovascular mortality and
whether beta-carotene decreases cancer inci-
dence. In early 1988, the trial’s Data Monitoring
Board prematurely terminated the randomized as-
pirin component of the trial (7a). This decision
was based on all the available evidence, including
three major considerations: the presence of a sta-
tistically significant (p<0.00001 ) reduction in the
risk of MI among those in the group receiving as-
pirin; the fact that no effect of aspirin on cardio-
vascular mortality could be detected in the trial
until the year 2000 or later, because of the excep-
tionally low cardiovascular death rates among the
participating physicians; and the fact that aspirin
was subsequently prescribed for more than 85 per-
cent of the participants who experienced nonfatal
MIs, which would render any later findings about
aspirin and cardiovascular mortality particularly
difficult to interpret.

Two other significant outcomes of interest in
relation to aspirin were stroke and cardiovascular
death, both of which occurred less frequently than
MI. As a result of the early termination of the aspi-
rin component, participants experienced inade-
quate numbers of strokes and cardiovascular
deaths to permit a reliable assessment of aspirin’s
effect. There was an apparent increased risk of
stroke—primarily in the subgroup of hemorrhagic
strokes—but it was not statistically significant.
No reduction in the risk of cardiovascular mortal-
ity was associated with aspirin. Although a num-
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ber of explanations have been proposed, the pri-
mary consideration must be that the number of
cardiovascular deaths in the trial at the time the as-
pirin component was terminated was simply too
small to reliably evaluate the endpoint. Thus, two
major pieces of the benefit-to-risk equation for the
use of aspirin in the primary prevention of cardio-
vascular disease could not be determined, because
of the ethical and practical considerations that
prompted the early termination of the aspirin com-
ponent of the trial.

Role of Meta-Analyses in
Randomized Trials

The sample size of a trial and its resultant statisti-
cal power determine the extent to which chance
may have influenced the study findings. If a
study’s sample size is inadequate, then a finding
of no statistically significant association between
the intervention and the outcome (a so-called null
finding) may well be uninformative, because a
true lack of association would be difficult or im-
possible to distinguish from a true association that
simply could not be detected because of inade-
quate statistical power.

The ambiguity of the results from individual
trials with small samples provides a strong ration-
ale for much larger trials that could reliably detect
modest treatment effects. Some investigators
have argued that small trials should be pursued
first, with larger investigations undertaken only if
shown to be necessary. Because uninformative
null results from small trials may erroneously sug-
gest no effect, however, it would appear far prefer-
able to mount a large trial once there is sufficient
belief in a treatment’s potential. If the effect is far
greater than anticipated, a large trial can always be
terminated earlier than scheduled.

Although a single well-designed and -con-
ducted trial of sufficient size to detect the true ef-
fects of an intervention is usually considered opti-
mal, in the absence of a definitive study, statistical
overviews or meta-analyses that consider in ag-
gregate the data from several small trials can pro-
vide useful information by minimizing the role of
chance as an explanation for the findings (30) (see

M.P. Longnecker, Meta-Analysis, background pa-
per no. 4). However, meta-analysis cannot over-
come the effects of bias or confounding present in
the individual trial results.

One of the most important uses of meta-analy-
ses of small trials may be not to provide a defini-
tive answer to a question, but to provide a reliable
estimate of the most likely effect of an interven-
tion. That estimate then can be used in planning a
future trial with adequate power to detect such an
effect if it truly exists. With respect to estimating
the size of any reduction in risk, the results from a
pilot study or even a single small trial are likely to
be quite unstable due to sampling variability. By
contrast, the unique strength of meta-analysis of
data from all randomized trials is to minimize the
variability of the overall estimate that is obtained
from each individual study. Thus, meta-analyses
provide the most reliable risk estimates that can be
obtained in the absence of individual trials of ade-
quate statistical power.

The pitfalls of estimating the likely effects of an
intervention from a single small trial instead of an
overview can be illustrated by comparing two
trials that tested the effects of beta-blockers, drugs
given in the early acute phase of a heart attack: the
Metoprolol in Acute Myocardial Infarction (MI-
AMI) trial and the First International Study of In-
farct Survival (ISIS- 1). Before the initiation of the
MIAMI trial, the investigators conducted a pilot
study of approximately 1,400 participants. Based
on an observed 36-percent reduction in total
mortality, approximately 6,000 individuals were
enrolled in the full-scale trial. By contrast, the
sample size for ISIS- 1 was calculated from an
overview of 21 previously conducted trials of
beta-blocker therapy, which indicated an approxi-
mate 10-percent reduction in total mortality. On
the basis of this estimate, more than 16,000 pa-
tients were enrolled in ISIS-1. When the two trials
were completed, the estimates of the effects of
treatment were similar, with vascular mortality re-
duced by approximately 13 percent in MIAMI and
15 percent in ISIS- 1, but the results from the MI-
AMI trial did not achieve statistical significance,
while the results from ISIS-1 did (32,39).
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CONCLUSIONS
For addressing many important research ques-
tions, randomized trials are neither necessary nor
desirable. However, if the effects of a hypothe-
sized intervention are likely to be only small to
moderate in size, a trial with a large sample will
be necessary to provide a definitive test of such re-
search questions. Large trials can, if properly de-
signed, be conducted using relatively simple pro-
tocols in which minimal screening or data
collection is required.

There must be flexibility in the application of
these principles to suit the particular circum-
stances of each research question. Although trials
of in-hospital treatment of acute MI may be ex-
tremely simple in design and collect minimal data,
those of chronic disease treatments, such as the di-
gitalis trial in congestive heart failure, may require
somewhat more involved protocols. Trials of pri-
mary prevention, in turn, may necessitate more
prolonged screening phases to enroll populations
of willing and eligible participants, and longer
treatment and followup will be needed to accrue
sufficient numbers of endpoints to permit valid
tests of the trial hypotheses.

All these trials are characterized by their em-
phasis on enrolling large numbers of participants;
testing an intervention’s effect on a readily ascer-
tained, clinically important outcome; and collect-
ing a relatively limited amount of baseline and fol-
lowup data. Many areas of medical research are
suitable for large, simple trial protocols. Some
types of questions, however, do not lend them-
selves to testing using such an approach, and are
therefore best evaluated in more traditional trials
with complex protocols and extensive data collec-
tion.

Nevertheless, many questions could be tested
using far simpler protocols than those that have
been used in most randomized controlled trials.
Physicians are by training-and perhaps by tem-
perament-oriented toward gathering detailed in-
formation on individual patients. This has very
likely contributed to the use of very complex trial
protocols with small samples in which hundreds
of variables are collected on a few participants.

Although an extensive history on a particular pa-
tient is correctly viewed as crucial to rendering in-
dividually appropriate clinical decisions, the
same is not necessarily true for attempting to an-
swer fundamental questions regarding the effec-
tiveness of a promising medical intervention. It is
far preferable, in the case of many trials, to have
data on a few variables for hundreds or thousands
of participants than to collect information on
scores of variables from only a few study partici-
pants.

Where appropriate, therefore, large and simple
trials can provide more reliable tests of an inter-
vention than can other feasible research ap-
proaches. As their broad contributions to medi-
cine become more widely understood, such
investigations may play an increasing role in an-
swering important research questions, and in pro-
viding a sound basis for formulating rational clini-
cal decisions for individual patients and public
health policy for the general population.
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