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How to evaluate clinical trials

K. S. REDDY

INTRODUCTION
'The controlled clinical trial has probably contributed more
than any single scientific discovery to the improvement
in medical care." This accolade appears appropriate,
since a randomized clinical trial provides, with the
greatest degree of freedom from bias, an experimental
research design for the ascertainment of 'truth' about any
aspect of patient management. It is thus superior to non-
experimental or observational designs like case-control
or cohort studies. Clinical trials have now become the
preferred method of scientific evaluation, whether it is the
efficacy of a new drug to be tested in the hospital setting
or the effectiveness of a vaccine to be assessed in the field.
Now even surgical procedures are put to scientific scrutiny
by controlled trials.?

The readers of medical journals are often confused by
the welter of contradictory trial reports. What, indeed, is
the 'truth' if two studies of nitroprusside therapy in acute
myocardial infarction, published in the same issue of a
reputed journal, come to opposite conclusions'P> What
is the hapless reader to believe when the Anturane rein-
farction trial.' published in the New England Journal of
Medicine, is commended editorially by the renowned
cardiologist Braunwald" only to be shredded later by a
methodological critique by the analysts of the Food and
Drugs Administration 7 which ultimately refused to license
the drug because of serious flaws in the analysis? The reader
will become even more disheartened when cautioned that
several published 'negative trials" as well as published
'positive trials'? are not justified in their conclusions due
to methodological infirmities.

This article attempts to explain the methodological
issues in designing and evaluating a clinical trial so that
published literature can be critically evaluated and only
scientifically valid evidence incorporated into clinical
practice.

Though clinical trials may be undertaken to study dia-
gnostic tests, prognosis and, rarely, causation, they are most
often conducted to evaluate the effectiveness of therapeutic
or preventive health interventions. The following discussion
deals with some of the most important methodological
criteria that have been laid down to assess the quality of
clinical trials. J~12
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NOMENCLATURE OF CLINICAL TRIALS
Most clinical trials are 'controlled' trials, i.e. where the
intervention group is compared to a control group receiving
'standard' therapy or an inert placebo. Single group 'un-
controlled' trials, in which the effects of intervention
are assessed only in one group, as a 'before' and 'after'
comparison, are not methodologically sound. This is
because the placebo effect of the intervention and the
effects of natural progression or regression of disease
during the trial period are not assessed. An 'unblinded' or
'unmasked' trial is also prone to several types of bias.

'Controlled trials' may be 'parallel group' (Fig. 1) or
'cross-over' (Fig. 2) in design. In the former, the two
groups are followed on different regimens (new drug v.
standard therapy for example) throughout the trial period
whereas, in the latter, each group has a period of exposure
to both regimens sequentially. The trials may be 'open'
(unblinded, unmasked) or 'blinded' (masked) depending
on whether the patients and physicians are aware of the
nature of the therapy being administered to each patient.
If only the patients are unaware, the trial is single blind;
if both patients and physicians are unaware, the trial is
double blind. If the physicians involved in treatment
assignment and in the assessment of outcomes are different,
both should be blinded.

In a 'factorial trial' two or more interventions may be
assessed alone or in combination against placebos. In the
ISIS-2 trial (Second international collaborative study of
infarct survival), 13 for example, a 2 x 2 factorial design of
random allocation of streptokinase, aspirin and placebos
for each resulted in four groups: (1) streptokinase alone
with aspirin placebo, (2) aspirin alone with streptokinase
placebo, (3) streptokinase and aspirin (both active drugs),
and (4) both placebos. This was achieved by first ran-
domizing all eligible patients to either active streptokinase
or its placebo and later randomizing all patients once
again into active aspirin and its placebo groups without
prior knowledge of the earlier randomization. I]

The trial may be a 'fixed' or 'variable' dose trial. While
fixed dose trials are less susceptible to breakdown of
blinding mechanisms, variable dose trials are likely to be
more clinically relevant as they permit two or three levels
of dose titration based on clinical response and side-effects.

METHODOLOGICAL ISSUES
Bias
When a clinician reads a 'positive' trial report in a journal
(i.e. a trial report which reports benefit from an interven-
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tion as a 'statistically significant difference between two
groups'), the most important question he must ask is: Are
there any sources of bias which invalidate this conclusio~?
Bias means any factor which leads to a systematic deviation
from the truth. 14 The word is used in this scientific context
and not in any pejorative sense implying investigator
malpraxis. The randomized controlled trial is relatively
protected but not immune from bias and hence the need
to scrutinize the potential source of bias.

Power
When the reader views a 'negative' trial report in a journal
(i.e. where the intervention has not been shown to be
beneficial and the verdict is that the 'difference between
the two groups is not statistically significant') the major
question that he must ask is whether the study had an
adequate number of subjects (sample size) to demonstrate
a clinically relevant difference, if it did indeed exist. In
statistical parlance, did the study have adequate 'power'
to detect such a difference or was the lack of a significant
result merely because too few subjects were enrolled into
the study? The issue of bias needs to be considered in a
'negative trial' too, especially to check if any factors
unduly favoured the 'control' group over the 'interven-
tion' group and thus obscured the true benefit of the
intervention.

Statistical validity
The third question a reader must ask, in evaluating any
trial, is whether the statistical methods were adequate as
well as appropriate? Several published trials have been
bedevilled by the use of inappropriate tests, absence of
survival analyses where necessary, multiple significance
testing and lack of estimation of the magnitude of the
biological effect. While clinicians cannot be expected to
be statistical wizards, they should nevertheless be aware
of some of the commonly performed types of analyses and
their appropriateness.

Generalizability
Another important question that must be asked, while
deciding whether the results of the trial are applicable to
the setting in which the reader practices or the case
material he frequently encounters, concerns the issue of
'generalizability'. A trial may be perfectly valid in its
methodology and in its conclusions about the type of
subjects enrolled in the trial (internal validity is present)
but if the trial subjects were a very select group, not
representative of the usual patient characteristics in that
disorder, the results are not generalizable to the universe
of patients with that disorder (external validity is absent).

HOW TO ASSESS THESE ISSUES

Protection against bias
The following measures are required to ensure that the
two arms of the trial are uninfluenced by any factor other
than the differences in therapy.
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RANDOMIZATION

Is the trial randomized? Randomization of treatment
allocation ensures unbiased treatment comparison. Ran-
domization should be carried out by using a table of random
numbers.

Systematic schemes (quasi-randomization) in which
every alternate patient is assigned to the test treatment
are faulty because the future assignment can be predicted
from the past assignment and such methods are thus
vulnerable to physician manipulation. 15 If a cardiologist
involved in a trial of closed mitral valvotomy versus
balloon mitral valvuloplasty knew that the last patient was
allotted to the valvuloplasty group, he may delay the
admission of a patient with better baseline characteristics
to ensure that he too enters the valvuloplasty group rather
than the valvotomy group. Physicians may take such steps
either because they want to make their preferred therapy
look better or because they genuinely believe one form of
therapy to be better for the patient and consider it ethically
necessary to protect their patients from allocation to the
other group. The bias may be subconscious. In either
case, the desired balance between the two groups is lost.
Other forms of assignment, using birth dates, odd or even
day admission and telephone numbers etc. are also flawed
as physicians will have access to a patient's treatment
assignment. Selective enrolment may be manipulated and
unblinding may lead to a biased assessment of outcome
events.

BLINDING

Was there adequate 'blinding'? There should ideally
be quadruple blinding: (a) blinding of physicians to the
randomization process so that it cannot be manipulated,
(b) blinding of patients to the identity of the drug or inter-
vention they are receiving, (c) blinding of the physicians
to the identity of the drug or intervention each patient is
receiving, and (d) blinding of the physicians to the results
of interim analyses of the trial prior to its completion.

In a drug trial, blinding is achieved by using an inert
placebo which is identical to the active drug in packaging,
appearance, taste (if possible) and schedule of adminis-
tration. If the test drug is being compared to another drug
which is the 'standard therapy' then both drugs must be
indistinguishable in appearance and administration.
Ancillary therapy, for example potassium supplements
for diuretic therapy, also must be placebo-controlled so
that the total number and appearance of drugs adminis-
tered as a part of the trial are identical in both groups. The
treatment must be coded and the code must not be known
to anyone involved in treatment assignment or assessment
of outcome events. The treatment assignment is best done
as per a prim' randomization log, by a statistician or
physician not actively connected with the study. Serially
numbered opaque sealed envelopes may be used for making
treatment assignment, as per random number sequence,
prior to the study. These are serially opened as new
patients are recruited into the study. Surgical trials cannot
usually be blinded, particularly if a surgical procedure is
being compared to medical therapy. In such cases, the
trial end-points should be such that they will not be
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affected by observer bias (e.g. mortality). A good trial
report should explicitly state the blinding practices which
were followed in relation to each of these aspects.

TESTING OF BLINDING EFFECTIVENESS

Ideally the study should also report, either in the main
publication or as an ancillary report, the results of tests
carried out to assess the efficacy of the blinding procedures.
The Beta-blocker Heart Attack Trial (BHA T) for example
revealed how some unblinding of patients as well as physi-
cians occurred because of the slowing of pulse rate in the
active intervention group!"

CO-INTERVENTION AND CONTAMINATION

Were the effects of 'co-intervention' and 'contamination'
assessed? 'Co-intervention' occurs when any patient in
the treatment group or the control group receives drugs
or interventions that are not part of the trial protocol. This
occurs, for example, when a patient assigned to beta
blockers only in an angina trial receives calcium antagonists
as well. 'Contamination' occurs when any patient in the
control group receives the intervention meant for the
treatment group. Ideally any co-intervention or contami-
nation should be avoided. If they do occur, the magnitude
of such deviations from the assignment and possible
direction of bias due to such changes need to be assessed
in the trial report. Co-intervention usually, but not
always, enhances the success rate of the experimental
treatment. Contamination usually leads to underestima-
tion of the success of an effective drug or intervention. In
the Beta-blocker Heart Attack Trial of propranolol in the
secondary prophylaxis of myocardial infarction, some
of the control group received beta blockers. Thus the
reduction in mortality due to propranolol, reported by the
trial, may have been an underestimate of the true efficacy
of the drug, as a proportion of the control group benefited
from its use.!? Though the BHAT study did reveal a
statistically significant reduction in mortality due to
propranolol despite this, contamination could easily blur
the differences in outcome between the two groups and
lead to spuriously negative trials.

COMPARABLE BASELINE CHARACTERISTICS

Were the two groups comparable in terms of baseline
characteristics? This is especially important when ensuring
that prognostic factors determining the outcome are equally
balanced in both the groups. IS Otherwise, an observed
difference in outcome may be due to important prognostic
factors like age or left ventricular function and may be
erroneously ascribed to the therapy under trial. Usually a
comparison of such baseline characteristics between the
groups is reported in the published study report. This
often involves a statistical comparison of several variables
which is incorrect as some differences may appear signi-
ficant due to chance alone. If one tests 20 variables, one
variable may appear significantly different between the
two groups, at the conventional p value of 0.05. As such,
it is better if the trial report publishes the standard devia-
tion of the estimates of each of the variables in both groups
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so that the reader can assess if a sizeable magnitude of
difference exists for any variable.

STRATIFICATION

Randomization usually takes care of ensuring balance
between the groups, if the patient numbers are large.
However, since randomization does not guarantee com-
parability most investigators like to ensure balance in
major prognostic variables by stratifying for them in the
process of allocation of therapy. This is done by stratifying
the patients into the number of desired strata and then
using the random allocation method within each stratum
through permuted blocks to ensure adequate numbers
of each stratum in both groups. Apart from biological
variables like age, centre-specific stratification is also
used in multicentric trials. Wisdom dictates that stratifica-
tion be confined to three or four clearly important variables.
Increasing the number of strata further may result in
inadequate patient numbers in some strata.

ADJUSTED ANALYSIS

Some investigators prefer to iron out the differences in
baseline characteristics, between the two groups, at the
time of analysis instead of at the time of treatment alloca-
tion. Cox's proportional hazards model, for example, is
used to adjust for baseline variables in evaluating survival
times. The usual current procedure in major clinical trials
is to initially stratify for a few major prognostic variables
and later, while analysing, to adjust for a range of important
baseline characteristics that may have a bearing on the
outcome.

COMPLIANCE

Were any measures used to promote compliance with
therapy? If so, were they equally employed in both
groups? Unless a compliance enhancement programme of
the intervention is being tested in a trial, it is necessary
to ensure that all such measures are uniformly applied.
Blinding of the patients as well as physicians protects
against selective application of compliance enhancing
measures.

FOLLOW UP AND DIAGNOSTIC SURVEILLANCE

Were the measures for follow up and diagnostic surveil-
lance equal? If there is unequal follow up frequency or if
diagnostic measures for detection of outcome events are
more frequently employed in one group, it may result in a
greater detection of outcome events in that group. More
clinic visits during followup by one group will lead to a
better reporting or better clinical recognition of these
events than in a group which is seen less frequently or
evaluated with fewer diagnostic tests. Such diagnostic
surveillance bias is best avoided by blinding both the
physicians and the patients and employing identical follow
up protocols.

ACCURACY OF MEASUREMENT

An often undetected source of bias is the imprecise
measurement or recording of outcome events. This may
arise because the criteria for identifying such an event may
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have been ill defined or permit variable interpretation. It
is not enough to suppose that all observers use the same
criteria for the diagnosis of 'acute myocardial infarction'
or 'transient ischaemic attack of the cerebrovascular
system'. It is necessary to clearly define them to eliminate
observer variance in diagnosis. Standardization exercises
of observers and laboratories involved in measuring out-
come events (e.g. blood pressure, serum cholesterol)
need to be performed and reliability of measurements
maximized. This appears elementary but even large
studies have been known to report differences in applica-
tion of diagnostic criteria in their interim report and the
final publication" Discrepant diagnostic criteria are
particularly likely to be problems in multicentric trials.
Thismay result in over-diagnosis or under-diagnosis of an
outcome event by a centre or an individual observer and
may adversely affect the recorded event rates in one or
both of the trial groups. The trial report should clearly
state the diagnostic criteria employed in the 'methods'
sectionor as an appendix. Thus, bias is best minimized by
ensuring, to the extent possible, that the outcome is not
influenced by factors other than the interventions being
compared.

Power
An adequate sample size capable of detecting outcome
differencesof clinical relevance, is an essential prerequisite
for each trial. It is expected that sufficient thought would
have gone into determining the sample size during the
pre-trial protocol development. This is not always the
case and the careful reader must check if the sample size
wasadequate for the stated objectives. A good trial report
should give, in its methods section or as an appendix, the
pertinent details of the calculation of the sample size.
This is not an issue when evaluating a 'positive trial' as a
statistically significant (and possibly clinically relevant)
difference has already been detected. It is, however, a
very important issue in a 'negative trial'. The report must
mention the outcome difference between the two groups
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that was considered clinically relevant, the probabilities
of false positive and false negative results that were consi-
dered acceptable and whether, based on these, the
computed sample size could detect the desired outcome
difference if it really did exist.

EFFECT SIZE

The definition of a clinically relevant difference in outcome
(effect size) is often a subjective decision. However, it
should carry credibility with other clinicians and also have
potential public health importance. In the setting of acute
myocardial infarction, even a 25% reduction in mortality
would be relevant. So a trial which has enough numbers
only to detect a 50% reduction in mortality but is incapable
of detecting a 25% difference is misleading when it
reports that the observed difference in mortality is not
statistically significant. Table I, modified from Yusuf
et 01. ,19 shows the sample size requirements for detecting
a 25% reduction in a disease with a 10% mortality rate. This
illustrates why most reported clinical trials on interventions
in acute myocardial infarction are 'under-powered'.

SAMPLE SIZE DETERMINANTS

Sample sizes are estimated by using appropriate formulae
for detecting statistical differences between proportions
(for dichotomous events such as death, stroke or myocardial
infarction) or differences between means (for continuous
variables such as exercise time, blood pressure, serum
cholesterol) 15.20 The sample size is based upon:

1. Knowledge of the event rate or the mean level of the
continuous variable of interest in the control group.

2. f::, (delta) - Clinically relevant differences which the
trial seeks to detect, if truly present.

3. II (alpha) - probability of the observed difference
arising due to chance alone (probability of a type I or
false positive error).

4. ~ (beta) - probability of missing a true difference
(probability of a type II or false negative error).
1-~is the ability of the trial to detect a difference of

TABLE I. Expected effects of trial size on trial results. Relationship between the total number of deaths"
in the two treatment groups combined and the approximate probability of a convincingly (1 p < .01)
significant result emerging, in trials where allocation to active treatment actually reduces the odds of
death by about one-fourth+

Total number
of deaths"
(treated + control)

Approximate number of Approximate probability of fail-
patients randomized ing to achieve 1 p < .01 signifi-

ifrisk == 10% cance iftrue risk reduction =< 114

Comments that might be
made on sample size before

Irial begins

0-50
50-150

150-350
350-{'50

>650

<500
1,000

3.000
6,000

10.000

>0.9
0.7-{).9
0.3-{).7
0.1-{).3

<0.1

Utterly inadequate
Probably inadequate
Possibly adequate, possibly not
Probably adequate
Definitely adequate

• About twice as many patients would be needed to achieve the corresponding probabilities of detection of risk reductions of only 1/6
(instead of 1/4). Conversely. only about half as many patients might be needed for risk reductions as large as 1/3.
t Because of the inevitable diluting effects of noncompliance and certain other protocol deviations. a 25% risk reduction might be
produced by allocation to a treatment that actually confers a risk reduction of about 30%.

Modified from Yusuf et 01. 1M
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t::., if it truly existed. This is known as the 'power' of
the study.

5. a2-variance of the outcome measure between subjects
(assumed to be the same for all patients in both treat-
ment groups). This is required for continuous variables
and needs prior information about a (standard devia-
tion). This is obtained as a pooled estimate from other
studies in the literature or from a pilot study under-
taken by the investigators prior to the trial.

The value of 11 is conventionally taken as 0.05 but may
vary from 0.1 to 0.01. The sample size will also vary
depending on whether the 11 is one-sided or two-sided. If
the alternate hypothesis is two-sided (i.e. the new treatment
is better or worse than the control therapy), a two-sided
or two-tailed alpha is used. If the alternate hypothesis
is only one-sided (the new treatment is better than the
control therapy), a one-sided or one-tailed alpha is used.
While the principal interest of a trial lies in finding out if
the new treatment is more beneficial than standard treat-
ment or no treatment, we would also like to know if the
new therapy is actually less effective so that new trials may
not be launched. For this reason, a two-tailed alpha is
most commonly used even though a one-tailed alpha
requires a smaller sample size. The beta (~) is usually set
between 0.05 and 0.20 (i.e. with a power of 0.80 to 0.95).
A good trial report should enumerate the values of IX, ~, a
and t::. that were used in estimating the sample size and
justify them. This is particularly essential for a trial report-
ing a 'negative' result. The reader may familiarize himself
with the statistical techniques for estimating power from
any good book of medical statistics?" but should be alert
to the issue when reading a trial publication.

ADJUSTMENT FOR NON-COMPLIANCE AND MULTIPLE TESTING

The sample size must also take into account the anticipated
non-compliance rate and adjust for it. This is because the
estimated treatment effect (t::.) would be diluted due to
non-compliance. Another important issue concerns the
need to adjust for the effect of multiple testing on the
alpha error. This may be due to periodic analysis of
accumulating data with optional stopping or due to testing
multiple response variables or multiple subgroups." The
latter is best avoided by identifying one primary analysis
and estimating the sample size for that variable. If periodic
analyses are planned, the type I error is distributed over
these analyses such that they sum up to the desired 11. When
performing k independent tests this can be accomplished
by making each test at czlk. Thus early stopping rules must
be predetermined so that if a trial needs to be stopped pre-
maturely on ethical grounds, an appropriate level of 11 can
be used for the analysis. When multiple analyses are
performed or when a trial has concluded prematurely on
the basis of an interim analysis, the adjustments for avoiding
an increased a error must be discussed in the ppublication.

Statistical validity
The statistical methods section of a trial report needs to
be scrutinized to see if the statistical treatment has been
adequate and appropriate. Frequently, bland statements
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TABLE II. A brief guide to common statistical tests

Design Data Statistical test

Two independent Proportions (nominal) Chi-square; Fishers
groups exact

Rank ordered (ordinal) Mann Whitney U
Measured quantities Unpaired t-test

(interval ratio)
Survival data Mantel-Haenszel:

Logrank
Two related groups Proportions Mcnemar's chi-sq.

(before/after; Binomial test
matched pairs; Rank ordered Sign test; Wilcoxon
cross-over) signed rank

Measured quantities Paired t-test

More than two Proportions Chi-square
independent Rank ordered Kruskal Wallis
groups Measured quantities Analysis of variance

Survival data Log rank

More than two Proportions Cochran 0
related groups Rank ordered Friedman

Measured quantities Analysis of variance

Multivariate Proportions Log linear models
Measured quantities Multiple regression

Discriminant function
Cohort design Rates exposed Relative risk
Case control and unexposed Odds ratio

Courtesy: D. W. Taylor. Department of Chnical Epidemiology and Biostatistics.
McMa"cr University. Hammon. Canada

about the results having been significant or otherwise are
made without supporting p values. Wrong formulae may
be used (e.g. use of a paired t-test for an unpaired t-test
or use of a paired t-test for a study involving a series
of sequential measurements when a repeated measures
ANOYA, i.e. analysis of variance, would be appropriate).
A study may report end-of-trial mortality rates without
using appropriate methods of survival or life-table
analysis which take into account the variable periods of
follow up of subjects recruited into the trial at different
points of time. It is beyond the scope of this review to
discuss the types of statistical analysis that need to be
performed in various situations. Table II lists the tests that
are appropriate for various types of data sets.

MULTIPLE SIGNIFICANCE TESTING

A particularly common problem concerns multiple signifi-
cance testing." If a large number of variables are tested for
differences between the two groups, some variables may
show statistically significant differences by chance alone
since the error is compounded. Yery attractive subgroup
differences may emerge when the overall trial groups may
show no difference. Such subgroup analyses should always
be regarded as hypothesis-generating and not as hypothesis-
testing. Each positive subgroup difference needs to be
tested afresh in a new trial specifically designed for that
purpose and often vanishes when thus tested.

The reader should be wary of multiple significance test-
ing. SYST AT, a computer software system for statistical
analysis, gives a warning 'p values are a health hazard.
The more of them you see on a computer printout, the less
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meaningful they are.?' This is true for published trial
results as well.

The best way of avoiding this problem is to clearly state
one primary hypothesis prior to the study and determine
the fate of the trial (negative or positive) on the basis of
that result only. Other secondary hypotheses may be stated
and analysed but they should be regarded as secondary
analyses which will have no bearing on the acceptance or
rejection of the test therapy. A few subgroup analyses
maybe performed but these should be pre-specified and
not be the results of post-hoc data dredging. Each trial
should report its primary hypothesis in the abstract as well
as the introduction.

MULTIPLE OUTCOMES

A peculiar problem of multiple testing concerns the
separate evaluation of mortality and morbid events or
separately assessing different causes of mortality. If treat-
ment A is more effective than treatment B in saving lives
in patients with acute myocardial infarction, it means that
over a period of time there are more high-risk survivors in
group A (more high-risk patients in group B are dead).
As such by the end of the trial period, group A would have
a greater susceptibility to morbid events like re-infarction
than group B. Thus, even if treatment A is also effective
in reducing re-infarction, it may be difficult to demonstrate
this due to the dissimilarity of this risk in the two groups.
Similarly if a treatment effectively reduces mortality due
to stroke, it will have more high-risk survivors who are at
risk for a coronary event, since there is a commonality of
risk factors for these vascular diseases. As such, the most
sensible way of analysing these would be to combine the
desired mortality and morbidity outcome events into one
major end-point of 'treatment failures' or 'unfavourable
clinical outcomes' and perform one analysis. Similarly
all-cause mortality analysis is preferable to multiple
cause-specific mortality analyses. One of the advantages
of combining mortality and morbidity end-points into one
category is that the total event rate in the control group
goes up, thereby reducing sample size required to detect
the lIof clinical interest.

CONFIDENCE INTERVALS

Medical research does not consist of hypothesis testing
alone (statistical significance). It also consists of estimating
the magnitude of the biological effect (clinical significance).
This is done by estimating the 90% or 95% confidence
interval around the observed treatment effect. 22 This has
two important implications. Firstly, in a 'positive trial' it
is possible to have obtained a statistically significant result
(p<O.05) by increasing the sample size to such an extent
that even minor treatment differences can be detected as
significantly different. If a trial with one million people
demonstrates that a 1% reduction in the number of strokes
due to a new and expensive drug is statistically significant,
should it alter clinical practice? The 95% confidence
interval will show the range of likely clinical benefit to be
clinically irrelevant despite the statistical significance.
Secondly, in a 'negative trial' , with inadequate power, an
estimate of the likely benefit versus risk may still be use-
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ful. If the 95% confidence interval ranges from a possible
3% increase in adverse clinical outcome to a possible 27%
reduction in that outcome due to an inexpensive and
easily administered mode of therapy, doctors may be willing
to alter their practice by accepting the drug, despite the
failure of the trial to attain statistical significance due to
a sub-optimal sample size. In any case, it will encourage
efforts to test the therapy in a larger trial. Thus a good trial
must report the confidence intervals for all its estimated
end-points. This will also help in comparing different
trials addressing the same issue and in a meta-analysis of
smaller trials.

FOLLOW UP

A good trial report must also provide full details of the
follow up of patients in each group so that all subjects are
fully accounted for. While withdrawals prior to randomi-
zation (due to lack of consent etc.) are permissible, all
patients who have been randomized must be included in
the analysis. Post-randomization withdrawals are taboo.
If unacceptable side-effects lead to drug withdrawal. this
fact must be mentioned. Such patients continue to be
counted in the group of original allocation. In effect, they
constitute treatment failures and merit inclusion in that
category if such a broad end-point is the focus of the
primary analysis. Ideally, there should be no loss to follow
up. Some trialists even engage private detectives to trace
missing patients! However, if some loss to follow up
occurs, it may be analysed by applying the worst case
scenario to them or by applying the group averages to
them. If the test treatment is still proven to be better,
despite the worst case of assuming all of its follow up
losses to be victims of unfavourable end-points, we should
be happy to accept the result.

'INTENTION TO TREAT' ANALYSIS

What about non-compliers or unintended cross-overs?
They are usually analysed as though they are still a part of
the group to which they were originally allocated ('inten-
tion to treat' analysis). This appears illogical at the first
glance but is necessary to maintain the balance initially
brought out by randomization. If they are excluded, the
groups will no longer be comparable in terms of baseline
characteristics and the trial becomes vitiated. Therefore,
in order to preserve the structure of randomization and
comparability, these protocol deviants are regarded as
originally assigned. Such an analysis is also referred to as
an 'effectiveness trial' in which the net benefit from the
therapy, in operational conditions which include dropouts
and cross-overs, is assessed. An analysis which excludes
such patients from the analysis is called an 'efficacy trial'
where the benefit conferred by the therapy in ideal condi-
tions of use is assessed. A trial may report both types of
analysis. An 'intention to treat' analysis must, however,
be reported in all trials. In some situations, such an
analysis is the only logical one despite seeming to be
otherwise. Consider a trial of coronary artery bypass
surgery versus medical treatment for unstable angina
pectoris in which 20% of the patients assigned to medical
treatment cross-over to surgery by the end of the trial
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period. You may question any 'intention to treat' analysis
which includes them as part of the medical therapy group.
When we consider, however, that the research question
being addressed is whether the policy of initially treating
the patients of unstable angina with medical therapy is
comparable to the policy of initially treating them by
surgery, the situation becomes clear. Initial medical
therapy does not preclude surgery as a later option. Cross
over to surgery one year later does not mean surgery
should have been the initial option. If both groups fare
equally well at the end of 5 years, then the policy of ini-
tially treating patients with medical treatment, with the
option of surgical referral when essential, is not wrong.
Here an 'intention to treat' analysis does justice to the
question of choosing the initial line of management.

Generalizability
The trial report must explicitly state its entry and exclusion
criteria. These criteria must be clinically credible and
acceptable to others dealing with the same clinical problem.
Most exclusion criteria deal with exclusion of other condi-
tions which also determine the principal outcome, for
example, other life threatening disorders or exclusion of
patients in whom the therapy is contraindicated. Very
rigorous entry criteria reduce the generalizability of the
trial results to the broad group of patients with that disease,
though the results are entirely valid for patients who share
the characteristics of the trial subjects.

A trial must report the number of patients with the
disease screened, the number of eligible subjects fulfilling
the entry criteria, the number refusing consent for partici-
pation and the number actually randomized. The numbers
rejected at each stage should enter the 'reject log' (Fig. 3)
This gives the reader an idea of how representative the
trial subjects are of the patients with the disease. A well
conducted trial may lead to valid conclusions for the type
of subjects included but may not be generalizable if the
entry criteria are very restrictive. The reader must con-
sider how the trial results apply to his patients before
altering his clinical practice.

Table III shows a checklist for evaluating a clinical trial.

TABLE III. Checklist for evaluating a clinical trial

1. Was a primary hypothesis clearly stated?
2. Were the groups truly randomized;
3. Was compatibility of the groups ensured at entry and/or analysis?
4. Were effective blinding procedures followed?
5. Was there any co-intervention or contamination?
6. Was the follow up complete with equal compliance

and diagnostic surveillance?
7. Were the outcome criteria clearly defined and their

reproducibility assessed?
8. Were appropriate statistical tests of hypothesis

and estimation applied?
9. Was the sample size adequate to test for clinically

relevant differences?
10. Are the results of the study generalizable?
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CLINICAL RESEARCH METHODS

SIDE-EFFECTS
The trial publication should also report the frequency of
major and minor side-effects or adverse drug reactions.
Significance testing of the differences in each side-effect
betweenthe two groups may not be possible or appropriate
due to the small numbers as well as the perils of multiple
testing.Confidence intervals of the proportion of patients
in whom each side-effect is estimated to occur should.
however. be reported. These estimates are bound to be
widedue to the sample size and will not permit precision
of estimation in small event rates. Frequency of side-
effects may be identified more precisely in phase IV
studies of drugs (post-marketing surveillance) conducted
in the community after release of the drug. However. the
trial report should provide estimates of the frequency of
side-effects so that the choice between therapies of
comparable efficacy can be made on the basis of lesser
toxicity.
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of economic evaluation in clinical trials is beyond the
scope of this review but the interested reader will find
useful guidelines elsewhere. 23.24
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'Keep your enthusiasm but let strict \lerific~tion be its constant companion. '-Louis Pasteur

ETHICS
One of the important concerns that a reader should have
when appraising a clinical trial is about the ethical
safeguards for the trial subjects. Was a therapy of proven
efficacy denied to one of the trial groups? Was the trial
continued despite statistically valid evidence that one of
the trial groups was faring worse than the other? Were the
trial subjects exposed needlessly to potentially hazardous
test procedures? Was free informed consent obtained
after full communication of facts?

Most of these issues are usually resolved when the trial
protocol is reviewed by institutional ethics committees
and funding agencies. However, it is always advisable to
have a trial monitoring committee which will review the
interim results and decide whether the trial should continue.
or not. A good trial report should list its informed consent
procedures as well as trial monitoring protocol in its
methods section. Though it is likely that most of the
ethical issues would have been resolved or clarified at the
protocol stage or at the time of pre-trial scrutiny by the
journal, the reader must be sensitive for detecting ethical
lapses. Such lapses will not compromise the validity of the
trial results, unless differential procedures were followed
inboth groups. However, they will prevent the trial proto-
col being followed in future trials addressing the same
issue.


