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Abstract

Practising clinicians are assailed daily with reports of
new therapeutic clinical trials. The evidence-based
medicine movement has developed critical appraisal
methods for assessing the validity and impact of such
studies. However, challenges persist in regards to the
appropriate interpretation and application of trial results

within everyday clinical settings. Using selected exam-
ples from recently published literature, we illustrate 15
cautionary themes for translating research evidence from
therapeutic trials into clinical practice. (Intern Med ]
2005; 35: 611-621)
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INTRODUCTION

The evidence-based medicine (EBM) movement has
emphasised the need for critical appraisal of results of
randomised clinical trials (RCT) in regards to validity,
clinical impact and patient applicability,! and has prom-
ulgated standardised reporting methods that better
highlight strengths and weaknesses of individual trials.?
Despite this, the Evidence-based Medicine Working
Group of the Internal Medicine Society of Australia and
New Zealand contends,? as have done others,* that clini-
cians remain vulnerable to changing their practice on the
basis of misleading claims. The reporting of trial meth-
odology is inadequate in more than half of therapy
publications,” outcome measures are frequently
misreported or omitted,® and conclusions and infer-
ences are often biased and unsubstantiated.” This article
discusses, with examples, 15 cautionary themes for less-
ening the risk of clinical misinterpretation of reports of
therapy trials. For each theme we highlight the relevant
components of therapeutic trial design: Patient group,
Intervention, Comparison and Outcome (PICO).8

Beware limited generalisability

Generalisability (‘external validity’ or ‘applicability’)
refers to how much trial findings can be extrapolated to
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the broader population, or to particular patients. This
depends on the representativeness of the trial population
(P) in terms of clinical characteristics (age, sex, disease
severity and other comorbidities), setting and
concomitant therapies (or cointerventions) (Table 1).°
No more than 4%1°-15%!! of screened populations
actually achieve randomisation in most trials, with
severely ill or elderly patients, those with multisystem
disease, and others in whom risks of therapy are consid-
ered disproportionately high tending to be excluded.

Unintended harm can result from generalising prom-
ising results of trials involving selected patients to
unselected populations in the absence of close surveil-
lance or confirmation of observed effects in large trials
with broad patient selection criteria.!?
Example. In the RALES trial, spironolactone use signif-
icantly reduced all-cause mortality and rehospitalisation
(23% relative risk reduction (RRR) over 2 years) in
patients with congestive heart failure (CHF).!?
However, trial patients had normal renal function and
severe left ventricular (LV) dysfunction (ejection
fraction <35%). Cohort studies have since revealed an
‘indication drift’, with spironolactone use in patients
with advanced renal failure and/or mild LV dysfunc-
tion.!* In Ontario, a more than threefold post-RALES
increase in spironolactone prescribing in CHF patients
was correlated with an almost fourfold rise in the
numbers of hospitalisations and deaths secondary to
hyperkalaemia.!®

Conversely, foregoing administration of therapies to
non-trial patients at higher risk than trial patients might
also be inappropriate if evidence suggests no increased
risk of therapy-induced harm.!°
Example. Early trials of B-blocker therapy following
myocardial infarction excluded patients with chronic
obstructive pulmonary disease (COPD), diabetes or
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depression because of concerns about -blocker-induced
bronchospasm, hypoglycaemia unawareness, or severe
depression.!” However, cohort studies revealed that
B-blockade in these patient groups failed to show excess
toxicity,'82% and, indeed, in patients with COPD or
diabetes, demonstrated greater absolute reductions in
mortality than in trial patients.?!

Beware faulty comparators

Wherever possible, experimental therapies should be
compared with acceptable current practice or ‘usual
care’ (C) rather than placebo drugs. Usual care therapies
should, in turn, reflect conventional dosing schedules
that minimise toxicity. Head-to-head trials of different
treatments might, in their design, unfairly advantage one
drug over its comparator.

Example. High-dose (80mg/day) atorvostatin is heavily
promoted as the most appropriate lipid-lowering
regimen in patients with coronary artery disease based
on two recent trials evaluating long-term cardiovascular
end-points.?® 23 However, in one trial high dose atorvos-
tatin was compared to a different statin (pravastatin) at
a less potent dose (40mg/day),?3 while in the other, high-
dose atorvostatin was compared to an unconventionally
low dose (10mg/day) of the same drug.2* If both trials
had included a comparison of high-dose with inter-
mediate dose (40mg/day) atorvostatin, cholesterol levels
and incidence of cardiovascular events in high and inter-
mediate dose atorvostatin groups might have been
shown to be the same, and lower than in the pravastatin
or low-dose atorvostatin groups. Equivalence of high
and intermediate dose atorvostatin, if demonstrated,
would obviate the additional cost and risk of toxicity
entailed in using high-dose atorvostatin in large numbers
of patients.

Beware surrogate end-points

Surrogate end-points are physiological, biochemical,
radiological, neuropsychological or other outcome meas-
ures, distinct from ‘clinically important’ end-points (O),

Table 1 Criteria for assessing generalisability®

such as death, morbid events, or hospitalisation. When
assumed to correlate with improved clinical end-points,
changes in surrogates might obviate the need for large
trials by occurring more quickly and with greater
precision than rare, more remote clinical end-points.
However, surrogate-based trials should only influence
practice under strictly defined circumstances (Table 2)
because of repeated dissonance between their results and
those of clinical outcome-based trials.*

Example 1. In an RCT of 502 postinfarct patients with
ventricular ectopy on electrocardiogram, patients
randomised to encainide or flecainide achieved higher
rates of suppression of ectopics than those receiving
placebo (79 and 83% wvs 37%).2> This reduction in
ectopy was assumed to predict a reduced risk of sudden
arrhythmic cardiac death. However, in a subsequent
RCT of 1498 postinfarct patients, antiarrhythmic treat-
ment compared to placebo increased the risk of cardiac
deaths and arrests (relative risk (RR) 2.64 (95% confi-
dence interval (CI) 1.60—4.36)).2¢

Example 2. In a Cochrane review of 16 trials (z = 4365)
of the acetylcholinesterase inhibitor donepezil in patients
with mild to moderately severe Alzheimer’s dementia,?’
improvements were noted over 6—12 months in cognitive
function, which, although statistically significant, repre-
sented marginal clinical gains (mean 1.84 point increase
on 30-point Mini-Mental State Examination (MMSE)
scale;?8 mean 2.92 decrease on 70-point Alzheimer’s
Disease Assessment Scale—cognitive subscale).?® Modest
improvements in global clinical states, activities of daily
living (ADL) measures and behaviour were seen, but
with non-standardised measures giving heterogenous
results.

Stabilisation or improvement in cognitive and func-
tional performance is assumed to predict less need for
institutionalisation, reduced disability, fewer deaths or
adverse events, lower carer burden and decreased health-
care costs. However, a recent RCT of 565 community-
living patients with mild to moderate dementia showed
no difference between donepezil and placebo groups for

* Similarity of clinical characteristics of trial patients to those encountered in practice
* Conformity of treatments and background care (doses, durations, follow-up period, care settings etc.) to standard practice

patterns
» Consistency of measured outcomes with conclusions drawn

» Coverage of all relevant outcomes (adverse events and side-effects)
» Consideration of the study findings in the context of other available evidence

Table 2 Criteria for accepting trials based on surrogate end-points?*

* Strong, independent and consistent association between surrogate and clinical outcome
* RCTs involving same drug class and other drug classes show consistent improvement in clinical outcome following improvement

in surrogate
» Treatment effect is large, precise and lasting

 Likely treatment benefits outweigh potential costs and harms on the basis of high baseline patient risk, patient preferences to
avoid target clinical outcome, and absence of alternative therapies

RCT, randomised clinical trials.
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any of these clinical end-points over 3 years,3? despite
changes in MMSE and ADL scores of a magnitude
similar to those seen in the Cochrane review.

Beware relative versus absolute effects

The magnitude of effect size, or differences in outcomes
(0), can be expressed in relative or absolute terms.
Doctors, patients and health managers all become more
conservative in supporting new therapies when efficacy is
expressed as absolute risk reduction (ARR), or number
needed to treat (NNT) to prevent an event, as opposed
to RRR or odds ratios (OR).31-33 Absolute benefit is, in
turn, related to the absolute level of baseline risk.
Treating patients with moderate to severe hypertension,
for example, will prevent more strokes (ARR = 8%;
NNT =12) than treating mild hypertension
(ARR = 0.6%; NNT = 166) in the first instance, even
though the RRR from treatment is identical (40%) in
both groups.3*

Example. Of 174 pharmaceutical advertisements from 6
popular Australian medical journals, less than 10%
presented any numerical estimate of efficacy, and of
these, no more than a quarter reported ARR, NNT and
RRR, or provided the data that allowed their calcu-
lation.?> Instead, misleading graphical depictions of
relative risk,>® combined with visual and linguistic
imagery,>” are used to influence clinician practice.

Beware small effect sizes

Outcome differences (0O) between groups, although
reaching statistical significance, might be of minor
clinical significance. We caution against an overinter-
pretation of small to modest effect sizes, especially if new
treatments, compared to alternatives, are more costly or
might induce more harm.

Example. An Australian trial involving 6083 elderly
hypertensive patients found, over 4 years, a RRR of 11%
in all cardiovascular events or all-cause mortality
favouring ACE inhibitors over diuretics.>® However this
RRR was of borderline statistical significance (95% CI
-1 to 21%; P = 0.05) and, in absolute terms, represented
a difference of only 0.4 events per 100 patient years; that
is, NNT of 250 to prevent 1 additional event over 1 year.
The much larger trial, ALLHAT, (z =33 357)3° and a

Table 3 Criteria for accepting results of subgroup analyses*!
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meta-analysis of 42 trials (n = 192 478)%° also demon-
strated no benefit for ACE inhibitors over diuretics as
first-line agents in treating hypertension, including that
in elderly patients.

Beware subgroup analyses

Subgroup analyses attempt to identify subsets of patients
(P) who derive greater or lesser benefit (O) from experi-
mental therapies than does the average trial patient.
Subgroups can be defined by age, sex, disease severity,
comorbidities or cointerventions. However, before
basing treatment decisions on results of subgroup anal-
yses, several criteria should be satisfied (Table 3).4!
Example 1. The previously cited hypertension trial
reported that, in men, ACE inhibitors significantly
reduced the hazard of death or cardiovascular events
(RRR 17%; 95% CI 3-29%; P = 0.02), whereas in
women there was no difference.?® However, this
subgroup analysis satisfied only one (within-study
comparison) of the seven criteria listed in Table 3, with
a 15% probability that the difference in RRR between
the sexes could be explained by chance alone. Although
conceding that ‘the significance of these secondary
results should be judged -cautiously’ the authors
concluded in their abstract that ‘ACE inhibitors in older
subjects, particularly men, (italics added) appear to lead
to better outcomes than treatment with diuretics’.
Example 2. The PRAISE-1 trial assessed the effects of
amlodipine versus placebo in 3000 patients with systolic
CHF,* with randomisation stratified according to aeti-
ology: ischaemic versus non-ischaemic. There was a
mortality trend favouring amlodipine overall (RRR 16%;
95% CI -2 to 31%; P = 0.06), no survival effect in the
ischaemic subgroup, but a highly significant survival
benefit (RRR 46%; 95% CI 21-63%; P = 0.004) in the
non-ischaemic subgroup. In contrast, the subsequent
PRAISE-2 trial, involving 1652 patients with non-
ischaemic heart failure and using a study design identical
to that in PRAISE-1, showed no survival difference.*>

Beware de-emphasised or unmeasured risk of harm

The negative outcomes of treatment-induced harm
might not be reported or even measured, or misreported
in ways that mask their clinical impact. We suggest

¢ Clinically significant: the magnitude of the differences between treatment groups are clinically important and would lead to

different clinical decisions for different subgroups

using appropriate statistical methods

Statistically significant: the differences remain statistically significant after formally testing for treatment—subgroup interactions

A priori hypothesis: the hypothesis of subgroup differences preceded rather than followed the analysis (i.e. a priori hypothesis

prespecified in the trial protocol, not a discovery made from post-hoc analyses)

* Limited number of comparisons: the subgroup analysis in question was one of a small number of hypotheses tested to minimise
the number of seemingly significant differences (i.e. interactions) that could occur simply by chance

* Within study comparisons: subgroup differences were suggested by comparisons within studies (i.e. direct comparisons) rather

than between studies (indirect comparisons)

Reproducibility: the subgroup difference is reproducible in other studies that have adequate power and are of similar design in

terms of patient characteristics, cointerventions and outcome measures
» Supporting evidence: the subgroup difference is biologically compelling; that is, consistent with current understanding of

biologic mechanisms of disease
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caution in accepting results of trials that inadequately
report all important adverse effects regarded as plausible
on the basis of previous clinical experience, observa-
tional data, or postulated mechanisms of drug action.
Example. Two trials assessing effects of cyclooxygenase-2
(COX-2) inhibitors on risk of colonic cancer were
suspended when it became apparent that, in comparison
to placebo, rofecoxib and celecoxib in moderate to high
dosage over a 3-year period, were associated with a
two to threefold increase in risk of myocardial infarc-
tion, stroke or death.*»% Previous trials comparing
COX-2 inhibitors with non-selective non-steroidal anti-
inflammatory drugs (NSAIDs) in arthritis, and focusing
on differences in short-term gastrointestinal toxicity,*6-47
had not revealed this cardiovascular risk. However, more
complete pooled data from these trials at 12 months
follow up clearly showed a 1.3% increase in absolute risk
of death, hospitalisation, life-threatening or disabling
event with COX-2 inhibitors.*® The 6 in 1000 higher
incidence of cardiovascular events for rofecoxib
cancelled out the 5 in 1000 lower incidence of compli-
cated ulcers.*°

By December 2000, accumulated evidence had
confirmed the more than twofold increased risk of
cardiac events secondary to rofecoxib,’® and to
celecoxib,’! but it took another 4 years before safety data
from the cancer prevention trials led to withdrawal of
rofecoxib from the market and a cautionary letter to all
practitioners from the makers of celecoxib. During this
time, hypertensive patients prescribed COX-2 inhibitors
in the USA had higher coronary risk profiles than those
prescribed non-selective NSAIDs,?! further increasing
the magnitude of harm. Moreover, a 41% rise in overall
use of NSAIDs in 1.3 million elderly patients in Ontario
from 1994 to 2002, driven by the use of COX 2 inhibi-
tors, was accompanied by 10% increase in
hospitalisation rates for upper gastrointestinal
bleeding.>?

The detection of rare and delayed, but serious, toxicity
is difficult. To be 95% sure of seeing at least one adverse
event that occurs once in every given number of patients
during the duration of a trial, you need to follow up 3
times that number of patients.’> Given the size and
duration of most trials, adverse events occurring less

than 1 in 1000, or which take longer than 6 months to
appear, will generally remain undetected.

Nevertheless, randomised trials (and meta-analyses of
such trials) provide the most unbiased estimates of excess
hazard, and should include all data from non-published
trials or submissions to regulatory authorities. In the
absence of trial data, premarketing safety data (phase 1 and
2 studies), case-control studies and postmarketing surveil-
lance data must serve to confirm safety of new drugs.>*>3

Beware composite end-points

The use of composite end-points (combining multiple
end-points into a single outcome measure (Q)) is
becoming popular, especially in cardiovascular trials.>®
Athough composites advantage investigators, they disad-
vantage clinicians because of their propensity to
misinterpretation (Table 4).5” When component end-
points are not reported separately, clinicians are unable
to discern which of those that matter to individual
patients have been altered by therapy, or might wrongly
believe that all component end-points have undergone
changes of similar magnitude and direction.
Example. The UK prospective diabetes study (UKPDS)
randomised patients with type 2 diabetes to intensive
glycaemic control versus conventional control.’® The
primary end-point was a composite of 21 end-points:
time to (i) first ‘diabetes-related end-point’ comprising
sudden death, death from hyper- or hypoglycaemia, fatal
or non-fatal myocardial infarction, angina, heart failure,
stroke, renal failure, amputation of at least one digit,
vitreous haemorrhage, retinal photocoagulation (end-
point added after trial onset), uniocular blindness, or
cataract extraction, (i) ‘diabetes-related death’ from
myocardial infarction, stroke, peripheral vascular
disease, renal disease, hyperglycaemia or hypoglycaemia
and sudden cardiac death or (iii) all-cause death.
Although a significant decrease was seen in the
composite end-point (RRR =12%; 95% CI 1-21%;
P=0.01), most of this effect comprised reduction in
retinal photocoagulation, with no changes in diabetes-
related deaths and all-cause mortality; an observation
emphasised in only 1 of 35 reviews of the UKPDS
results.>®

Table 4 Advantages and disadvantages of composite end-points>’

Advantages

* More events allowing smaller sample size and reduced follow-up period
» Evaluation of effects of treatment on different but related disease processes

— Greater insights into mechanism of drug action

— Identification of disease populations that might benefit preferentially in terms of reduction in rates of specific clinical events
— Aids extrapolation of drug effect from single to multiple disease conditions that share a common pathogenesis

Disadvantages

» Multiple component end-points that individually might be non-significant or moving in opposite directions

* Problematic issues of definition and/or measurement of each end-point both within and between trials

» Equal statistical weighting of component clinical end-points (e.g. mortality is treated statistically the same as recurrent angina)
* Potential for double-counting of component clinical end-points if measured as ‘all-events’ rather than ‘first specified event’ at

the level of individual patients

* Potential for misinterpretation by clinicians wherein reported benefits can be ascribed to all component end-points, inflating

perceptions of efficacy

Internal Medicine Journal 2005; 35: 611-621



Beware clinician-driven end-points

The UKPDS trial also raises another issue: the inclusion
of clinician-driven end-points as outcomes (O). These
end-points do not reflect natural history of disease, but
embody pragmatic, clinician-instigated therapeutic
manoeuvres such as retinal photocoagulation, revas-
cularisation procedures, mechanical ventilation, or
initiation of dialysis. Assessment is rarely undertaken of
the precision and reproducibility of these different and
arbitrarily defined proxy end-points and of the clinical
and/or environmental circumstances that trigger them,
or whether they correlate with clinical end-points such as
death.

In an analysis of 179 comparisons involving composite
end-points, the inclusion in 78 of a clinician-driven end-
point more than doubled the odds of a result favouring
experimental therapy (OR = 2.24; 95% CI 1.15-4.34)
after adjusting for differences in event rates, quality of
trial design and numbers of component end-points.>’

Beware discordant or unexpected results for
secondary end-points

Interpreting results of a trial or group of trials showing
no treatment effect on the primary end-point but an
apparent benefit on a secondary end-point is problem-
atic. We recommend caution in accepting discordant or
unexpected results for secondary end-points, particularly
those analysed post-hoc, and suggest that they be viewed
as hypothesis-generating in need of confirmation by
additional, independent evidence.

Example. In the ELITE 1 trial involving 722 elderly
patients with heart failure randomised to losartan or
captopril, there was no difference in renal function as the
primary end-point. However, an unexpected decrease was
seen in the secondary end-point of all-cause mortality
favouring losartan (4.8 vs 8.7%; RRR =46%; 95% CI
5-69%; P=0.035).%° In response, the larger (n = 3152)
ELITE II study was undertaken, using virtually the same
study design, in which all-cause death, as a primary end-
point, was similar for both drugs (11.7% vs 10.4%).5!

Beware conflated trials

We define a conflated trial as the situation where two
separate experiments (I) and their outcome results (O),
which may go in opposite directions, are reported as if
they arose from a single trial and where aggregated data

Table 5 Results for each arm of PROGRESS®2
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may give rise to misleading interpretations. We advise
clinicians to be clear on how comparisons were
performed, and to ensure that results of all comparisons
are presented and any interpretations justified.

Example. In the PROGRESS trial, 6105 patients with
previous stroke or transient ischaemic attack were
randomly assigned active treatment or placebo, the
former comprising perindopril (4 mg/day), with addition
of a second agent indapamide at the discretion of
treating clinicians.%? After mean follow up of 3.9 years,
the active treatment group as a whole had significantly
fewer strokes (RRR = 28%; 95%CI 17-38%) and major
vascular events (RRR = 26%; 95%CI 16-34%) than the
placebo group. The results as reported, together with
the phrase ‘perindopril-based blood-pressure-lowering
regimen’ in the title might invoke the erroneous inter-
pretation that perindopril alone protects against stroke
recurrence, with added benefit if combined with
indapamide.

However, the PROGRESS study was in fact two trials
in one as patients were randomised, according to clini-
cian preference, to: (i) perindopril plus indapamide or
double placebo or (ii) perindopril alone or placebo.
(Note: no third arm randomising patients to indapamide
alone vs placebo.) The separate results for each trial
(Table 5) clearly show that perindopril alone had no
outcome effect, a result de-emphasised in several inter-
pretations of PROGRESS results recommending
perindopril be initiated post-stroke,53:%% and indapamide
added if possible. Indapamide alone might be superior to
perindopril plus indapamide on the basis of a 29%
decrease in stroke recurrence with indapamide versus
placebo in the PATS trial.®

Beware class effect assumptions

Virtually all drug classes include multiple compounds
manufactured by different drug companies. We define
‘drug class’ as those drugs that share a similar chemical
structure, mechanism of action and biological target (I).
Because of these similarities, drug classes are generally
thought to confer similar pharmacologic effects and
clinical outcomes; that is, to show class effects, which
often imply, in addition, similar safety profiles.

If a class effect is assumed, then choosing one from
several drugs of the same class relies on putative differ-
ences in cost, ease of administration, or patient
tolerability. Assuming class effects, however, assumes
there are rarely differences between drugs of the same

Outcome Perindopril + Double placebo (%) RRR (95% CI) NNT (95% CI)
Indapamide (%)
Stroke 8.5 14 43% (30-54) 17 (13-27)
Major vascular event 13 21 40% (29-49) 14 (10-20)
Perindopril alone (%) Single placebo (%) RRR (95% CI) NNT
Stroke 12.3 12.9 5% (-19-23) Not significant
Major vascular event 17.7 18.5 4% (-15-20) Not significant

CI, confidence interval; NNT, number needed to treat; RRR, relative risk reduction

Internal Medicine Journal 2005; 35: 611-621
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class in clinically important physiological or pharmaco-
kinetic effects.

Example 1. The glycoprotein IIb/IIIa inhibitors tirofiban
and eptifibatide were shown in separate placebo-
controlled trials to be more effective than usual care
alone in reducing rates of death and infarction in
patients with acute coronary syndrome.%%%7 In contrast,
another inhibitor, abciximab, proved ineffective in the
same clinical settings,%8 possibly explained by dose-
related variation in platelet inhibition.%°

Example 2. A class effect of ACE inhibitors in patients
with stable cardiovascular disease and preserved left
ventricular function is challenged by the discordant
results of the HOPE,’© EUROPA,”! and PEACE"2
studies at 4-5 years follow up. In HOPE, ramipril (target
dose 10 mg/day) compared to placebo reduced cardio-
vascular events by 18% (95% CI 14-30%; P < 0.001) in
9297 patients with known vascular disease or diabetes
plus another cardiovascular risk factor.”® Similarly, in
EUROPA, events were reduced by 20% (95% CI
9-29%; P = 0.003) by perindopril (target dose 8 mg/day)
in 13 655 patients with stable coronary disease.”! In
contrast, in PEACE, trandalopril (target dose 4 mg/day)
exerted no effect on events in 8290 patients with stable
coronary disease.”?

These discordant results might be explained by
different levels of tissue penetration’? or, alternatively,
between-trial differences in end-point definitions, trial
duration, baseline risk of adverse events, and the type
and intensity of cointerventions.” Proving superiority or
equivalence of members of a drug class requires head-
to-head trials wusing identical study designs and
bioequivalent drug dosing; that is, direct within-study
comparisons.

As such trials are difficult to fund because of large
samples required to show significant differences, and
because results might threaten commercial viability of
competing products, we are frequently forced to rely on
indirect comparisons across trials which compare
different drugs with placebo, which are of similar design
and quality.

Table 6 Criteria for determining likelihood of class effect’#

Drugs A and B can be compared indirectly by com-
paring RR estimates from studies of drug A versus
placebo (P) and those of drug B versus p, such that
RRA versus B — RRA versus p/RRB versus p'75 Such com-
parisons assume absence of potential confounders, and
consistency of drug effect (or RR) across different
patient subgroups. Although indirect methods have
validity when comparing different interventions for the
same clinical condition,”® they tend to overestimate dif-
ferences in effect when comparing different drugs of the
same class.”> We propose criteria listed in Table 6 as
guides for deciding the existence of class effects.””

Beware equivalence trials

Most therapeutic RCTs are designed as superiority
trials, attempting to show one agent is better than
another (I). In contrast, increasing numbers of studies,
including those of same class drugs, aim to demonstrate
equivalence (or non-inferiority); that is, one is not worse
than another by a prespecified amount of clinically
important effect (0). A treatment that is judged not to
be inferior to, or indeed better than, another might be
preferred because of less cost, toxicity or invasiveness.
However, of 88 equivalence trials, only 45 (51%)
specifically stated equivalence as the study objective, and
only 19 (22%) satisfied all validity criteria listed in
Table 7.78 The most common flaw was poor definition,
or marked inconsistency, of quantitative boundaries
used to determine, a priori, the magnitude of difference
deemed to be clinically important. Clinical judgement
should be applied in deciding the appropriateness of
arbitrarily defined equivalence boundaries.
Example. In the INJECT trial,”® two thrombolytic treat-
ments, reteplase and streptokinase, were to be
considered equivalent if the absolute mortality difference
between groups was <1%, this boundary being derived
from the GUSTO trial where a 1% mortality difference
was considered clinically significant.8° However, in
another thrombolytic trial, COBALT,%! comparing
continuous with double-bolus reteplase, equivalence was
defined as a mortality difference <0.4%, this being the
lower confidence limit of the 1% mortality difference

Essential

* Clearly defined, common chemical structure, mechanism of action and biological target (or pathway)

» Comparable efficacy demonstrated for multiple agents within the class (either by head-to-head RCT or multiple RCT)
involving different agents being compared with a common comparator (placebo or ‘conventional care’)

» Absence of convincing evidence that there is a member of the class that does not have comparable clinical benefit to that of

other agents in the class
Supportive

* Clinical circumstances (patient selection criteria, concomitant treatments, clinical setting etc.) under which benefit (and

harm) have been determined is the same for all agents

similar broad (or narrow) clinical benefit

similar among agents

Particular patient subgroups that show benefit (or lack of benefit or harm) are similar for all agents, and all agents show

Absolute and relative levels of benefit are comparable among agents, and the extent and depth of evidence of benefit are

« Safety profile and tolerability of individual agents have been evaluated and seen to be similar

RCT, randomised clinical trials.
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Table 7 Validity criteria for equivalence (non-inferiority) trials’®
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» Equivalence is stated as the study objective

* Method and units of measurement for detecting differences between different agents are clearly specified:

— Absolute differences in means, medians or rates
— Proportionate (or relative) differences
— Standardised effect sizes

¢ Maximum value of clinically important difference in effect beyond which a difference would deem drugs being compared as
nonequivalent (also called the boundary of equivalence) is prespecified
Although it is not possible to specify a single value of clinically important difference in all cases, some acceptable boundaries

of equivalence might include:
— Absolute differences of 3%
— Proportionate differences of 10%
— Standardised effect size of 0.25
* Method of statistical testing

Testing for equivalence should not rely on a failed test for superiority, but instead rely on comparing observed differences
against a specific equivalence boundary. A direct test of equivalency is intended to reject the ‘alternative hypothesis’ that the
true difference is larger than the boundary limit, whereas statistical tests for superiority are aimed at rejecting a null hypothesis

of no difference.
 Calculation of sample size

Study must be adequately powered, with advance calculation of minimum sample size, to prevent observed differences, which
would suggest inferiority, failing to reach statistical significance

used in GUSTO.8° The INJECT mortality results of
9.53 versus 9.02% led to a declaration that both drugs
were equivalent (absolute difference = 0.51% and
<1.0%, the chosen equivalence boundary), whereas in
COBALT, they were declared not equivalent despite an
absolute mortality difference of 0.44% (7.98 vs 7.54%),
as the equivalence boundary here was 0.4%.

Beware sponsor bias

Funding of trials by pharmaceutical company sponsors
raises concerns about undue influence of commercial
interests on design and conduct of trials and analysis and
reporting of their results.82 Although methodologic
quality of pharmaceutically sponsored trials seems no
worse than that of trials funded from other sources, the
former, for the same intervention, more commonly
produce outcomes favouring the sponsor.®> Also, pharma-
ceutical sponsorship increases the odds of strong
recommendations favouring the intervention fivefold,
after taking into account large effect sizes (measure of
benefit) and use of blinding (measure of trial quality).34
We suggest clinicians exercise caution in accepting
findings of trials that do not contain a detailed statement
on the role of the sponsor or funding agency, or where
the sponsor, or its contracted agencies, have been
directly involved in data gathering and analysis, or have
disproportionate representation in trial governance.
Example. The ESTEEM trial, as its primary end-point,
evaluated over 6 months the dose-response of the oral
direct thrombin inhibitor, ximelagatran (XN) plus
aspirin (vs aspirin and placebo) on all-cause death, non-
fatal myocardial infarction and severe recurrent
ischaemia in 1883 patients following acute myocardial
infarction.®> The abstract stated: ‘oral XN significantly
reduced the risk for the primary end-point by 14% (95%
CI 2-41; P=0.036) for the combined XN groups versus
placebo’. (This was not the prespecified primary end-

point for which no significant difference existed between
any of the four separate XN dosage groups and placebo.
We contend data for all patients receiving XN were
aggregated post-hoc to derive a result that just reached
statistical significance.) “There was no indication of a
dose-response between the XN groups’. (In the context
of the previous sentence, this falsely implies all dosages
were effective.)

In the discussion section, ‘XN is effective at a wide range
of doses with a low risk of bleeding’. (This refers to dosage
effects on a predefined secondary, composite end-point for
which the results for two doses were non-significant.)
Finally, ‘the lowest dose of 24 mg XN twice daily achieved
maximum efficacy at an acceptable safety profile’. (True
only for the secondary end-point, but major bleeding risk
was clinically comparable (1-3%) among all other dosage
groups and, overall, 15% of XN patients discontinued the
drug because of adverse events vs 6% for placebo, chal-
lenging the repeated inference of relative safety.)

The inconsistencies in data analysis and reporting
suggests to us a biased attempt to present ESSENCE in
a positive light. Four of 7 authors and 4 of 7 members of
the trial executive committee were, or had previously
been, drug company employees; the trial executive
chairman and the lead author both received company
research grants; and the company’s research and devel-
opment centre undertook data co-ordination.

Beware publication bias

Historically, trialists and perhaps medical journal editors
have shown a bias against publicising negative trials that
show no effect or even inferiority of new therapies. This
can lead to biased perceptions of their overall efficacy.

Example 1. In a prospective follow up of 126 trials
submitted to the ethics committee of a major Sydney
tertiary hospital, those with significantly positive results
were more likely to be published (85 vs 65% over
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10 years), and be published earlier (median time to
publication 4.8 years s 8.0 years) than trials showing nil
effect.8% Similar observations are seen for research
conducted within various subspecialties.?7-38
Example 2. A meta-analysis of published trials involving
1908 patients with ovarian cancer indicated improved
survival with combination chemotherapy compared to
alkylating agent monotherapy (RRR =16%; 95% CI
6-27; P = 0.004).8% However, an analysis of similar trials
in an international registry (8 published and 5 unpub-
lished trials involving 2491 patients) showed no
significant difference in survival (RRR = 6%; 95%CI -3
to 15%; P=0.17).%9

Hopefully, the recent decision of the International
Committee of Medical Journal Editors to publish only
those trials that, if commenced on or after 1 July 2005,
have been registered at their inception with a publicly
accessible trial registry, will reduce publication bias.?°
Pharmaceutical companies have also agreed to make
publicly available all on-file information from sponsored
trials of new prescription medicine,®! although this
agreement is voluntary among larger companies and
ideally should be mandatory for all companies.®?

HOW TO AVOID BEING MISLED

In minimising the chances of inappropriately changing
practice on the basis of biased interpretations and
conclusions, we recommend the following when
reviewing the results of the latest trial.
1 Resist the temptation to only read the Introduction
and Conclusion sections, and carefully read the
Methods and Results sections as well.
2 Look for situations that, on the basis of the preceding
discussion, increase the risk of being misled:

* Use of surrogate outcomes

» Reporting of clinically borderline benefits

* Use of composite end-points, especially clinician-

driven end-points

* Presentation of results that are inconsistent with

stated study objectives and methods

* Use of post-hoc analyses or multiple subgroup

analyses

» Absence of reporting of safety and toxicity data

* Trials dealing with class effects or equivalence of

effect

* Role of commercial sponsors not stated or sugges-

tion of undue influence on study design, analysis and

reporting
3 Look for (or calculate from the data provided) abso-
lute measures of benefit and harm.
4 Ensure interpretations and conclusions are substanti-
ated by factual data; beware subliminal messages con-
tained within selective or obfuscated reporting of results.
5 Compare the way results have been reported and
interpreted in original articles with that found in inde-
pendent, pre-appraised sources such as Evidence-based
Medicine,”> ACP Journal Club,’* InfoPOEMS,%>
Cochrane Library,”® National Prescribing Service
Rational Assessment of Drugs and Adverse Reports
(RADAR)?7 and the Critically Appraised Topic articles
in this journal and in the IMSANZ-CATs Library.”®
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