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Multiple analyses in clinical trials:
sound science or data dredging?

Sarah J Lord, Val J Gebski and Anthony C Keech

linical trials typically require the collection of many data to

describe the participants and for measuring their response

to an intervention. In addition to the primary analysis of
treatment effect, investigators can use these data to perform
multiple analyses, but there are important pitfalls with their use.'*
Here, we discuss three common types of secondary analyses:
analyses of multiple outcome variables; analyses of trial outcomes
that account for prognostic factors (adjusted analyses); and using
trial data to answer secondary research questions (see definitions
in Box 1). The use of trial data for population subgroup analyses
has been discussed earlier in this series.”

What are the problems?

The two main problems introduced by multiple analyses are,
firstly, the increased probability of detecting intervention effects
where none exist (“false positives” owing to multiple comparisons
— type I errors), and secondly, the limited capability (“power”) of
trials to detect a true treatment effect in secondary outcomes if not
enough participants are enrolled to show a statistically significant
difference in these outcomes (“false negatives” — type II errors).
One study compared trial protocols with their subsequent publica-
tions, and provided empirical evidence of the selective reporting of
positive trial results.” The use of multiple analyses is therefore of
particular concern when these are conducted post-hoc as a “fishing
expedition”, and undue emphasis is given to positive findings.
Item 18 of the CONSORT checklist (Box 2) recommends that
investigators report on all multiple analyses and declare which
were prespecified and which were conducted as exploratory
activities after investigators were unblinded to the treatment
allocation of participants.®

Analyses of multiple outcomes

Advantages

Investigators may choose multiple outcomes to measure the effect
of treatment. This is an advantage when different parameters
provide information about different aspects of the treatment
response.’ Secondary analyses may also assist the interpretation of
the primary analysis. For example, in a recently reported trial
comparing chemotherapy regimens in the treatment of patients
with metastatic breast cancer, investigators selected two primary
outcomes as the most important measures of treatment effect: the
overall tumour response rate (measured as complete and partial
response) and time to treatment failure. Secondary outcomes,
including overall survival, toxicity and quality of life, provided
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1 Definitions

Primary outcome: The health parameter measured in all study

participants to detect a response to treatment. Conclusions about

the effectiveness of treatment should focus on this measurement.

Primary analysis: The statistical test performed to determine

whether there is a difference in the primary outcome between

participants allocated to receive the treatment and those allocated

to the control arm.

Secondary outcomes: Other parameters that are measured in all

study participants to help describe the effect of treatment.

Baseline variables: The characteristics of each participant measured

at the time of random allocation.

This information is documented to allow the trial results to be

generalised to the appropriate population/s. Specific characteristics

associated with the patient’s response to treatment (such as age and

sex) are known as prognostic factors.

Multiple analyses: Comparisons between the study groups for more

than one outcome. They increase the likelihood of detecting a

difference between the treatment and control group owing to

chance alone (false positive).

Common examples of multiplicity in trials include the use of:

e multiple outcomes, including surrogate endpoints;

e multiple treatment comparisons (in a multiarm trial);

e subgroup analyses to detect differences in the treatment effect in
one or more subsets of trial participants;

¢ adjusted analyses to control for imbalances in prognostic factors
between the study groups;

e repeated measures over time of the same outcome; and

o interim analyses of the treatment effect at different stages in the trial.

Exploratory analyses: Analyses that were not specified before the

trial or, for blinded studies, analyses planned after the investigators

were unblinded to the treatment allocation of participants. These

analyses may be driven by the results of the primary analysis.

additional information about the treatment effect.” Including a set
of supplementary outcomes may also be a practical solution when
different investigators value outcomes differently.

Multiple-outcomes analysis is particularly useful when a statisti-
cally significant benefit of treatment on the primary outcome can
be confirmed or strengthened by a consistent effect on other
relevant outcomes. The Long-Term Intervention with Pravastatin
in Ischaemic Disease (LIPID) trial evaluated the effectiveness of
pravastatin for preventing cardiovascular events in patients with
diabetes or impaired fasting glucose and a history of coronary
heart disease.® The finding of a statistically significant reduction in
the risk of a major coronary event was supported by a similar
reduction in the risk of a revascularisation procedure or stroke.
Such findings may also advance the understanding of the relation-
ships between outcomes.

Pitfalls

The type and number of analyses performed should be reported so
that readers can assess the probability of detecting a treatment
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2 CONSORT checklist of items to include when reporting
a trial®

Selection and topic  Item no.  Descriptor

Ancillary analyses 18 Address multiplicity by reporting
any other analyses performed,
including subgroup analyses and
adjusted analyses, indicating those
prespecified and those

exploratory.

effect by chance alone. This is often poorly documented in trial
reports.” Additionally, major discrepancies have been observed
between the primary outcome specified in the trial protocol and
that reported in the published article.” Chan et al reported that of
76 trials that prespecified a primary outcome in the trial protocol,
20 (26%) did not report on this outcome in the published article,
and of 63 trials that specified a primary outcome in the published
article, in 11 (17%) it was not mentioned in the trial protocol.S An
example of the latter was a study reporting on the percentage of
patients with graft occlusion as the primary outcome, even though
the study was not originally designed to measure a difference in
this outcome.”

Caution is needed when unexpected results from multiple
analyses are interpreted. Inconsistent results are more credible if
the outcome variables are restricted to those that were prespecified
in the trial protocol, are clinically relevant, and are based on
plausible biological mechanisms. A variety of statistical corrections
can be performed to take into account the increased probability of
a chance finding with multiple testing.

A statistically significant treatment effect for one outcome and
not other clinically related outcomes may also indicate that the
sample is too small — that is, the study lacks power. Interpreting
the results of analyses that are underpowered is difficult. This is a
common problem, for example, in the mandatory reporting of
adverse events in drug trials. A trial may report on a large set of
adverse events, but it will commonly not have been powered to
detect a statistically significant difference in these outcomes
between the trial’s study groups.*

Composite endpoints

To overcome the problem of insufficient power, investigators may
combine data from clinically related outcomes to form one or more
composite endpoints. This approach reduces the number of
analyses required while retaining all the potentially valuable
information. The TAXUS 1V trial was a double-blind randomised
controlled trial to determine the safety and effectiveness in coro-
nary artery disease of paclitaxel-eluting stents compared with bare
metal stents.” The primary outcome of the trial was the incidence
of revascularisation procedures due to reocclusion of the target
vessel at 9 months. A composite endpoint, “major adverse cardiac
events” (defined as death from cardiac causes, myocardial infarc-
tion, or revascularisation procedures), was a secondary outcome.
At one year after the procedure, the rates of cardiac death and
myocardial infarction were similar between the study groups,
while the rate of target-vessel revascularisation was 62% lower
(P<0.0001) in the patients receiving paclitaxel-eluting stents than
in those receiving bare metal stents.” The treatment effect on

revascularisation rates appeared to drive the results for the com-
posite endpoint, resulting in a reported 49% reduction in major
adverse cardiac events (P<0.0001) at 12 months. Combining
disparate events can lead to an overestimate of the clinical
importance if a positive finding is largely driven by the less
important events.

Overall, as a result of the potential to overinterpret or misinter-
pret the results of analyses of multiple outcomes, readers should
seek information in the methods section of the report about the
primary purpose and outcomes that the trial was designed to
address and interpret any additional findings in this context.

Adjusted analyses

Clinical trials use a concealed randomisation process, with or
without stratification by key prognostic factors, such as age and
sex, to help to ensure the baseline similarity of the study groups.*
However, even well-conducted random allocation may still result
in chance imbalances.!! If an imbalance in an important prognos-
tic factor occurs, statistical methods can control for this imbalance
by including the factor as a “covariate”. This is referred to as
adjusted analysis, or a multivariate analysis if more than one
covariate is included. While adjusted analyses can statistically
accommodate imbalances between study groups in non-ran-
domised studies, in randomised studies they should usually be
considered supplementary to the unadjusted analysis of the pri-
mary outcome. If the adjusted effect estimate differs from the
unadjusted estimate, interpretation may be a problem. For exam-
ple, if some covariate data are missing and these participants are
excluded from the adjusted analysis, it will not be clear whether
observed differences result from controlling for this factor or
another, unknown effect of these exclusions. Adjusted analysis
may be indicated when a factor is known to strongly predict the
outcome (for example, age and survival), even when the imbalance
observed between study groups does not reach statistical signifi-
cance.'” In general, adjusted analyses frequently improve the
precision of the estimate of treatment effect, even when the
correlation of the covariates with the study outcome is not
strong.?

Another recent review of 50 consecutive published trials showed
that the methods and reporting of adjusted analyses vary widely in
clinical trials.'* Of the 36 trials with an adjusted analysis of the
primary outcome, 42% did not report on the methods used to
select the covariates.'* Using inappropriate methods for adjusted
analyses may cause inaccurate and misleading results. Ideally,
investigators should prespecify any prognostic factors that, if
unbalanced, may affect the study outcomes and should plan for
adjusted analyses accordingly. However, some strong predictors of
the outcome may only become apparent at data analysis on formal
testing (so-called exploratory analysis). In this situation, investiga-
tors should clearly describe when and how covariates were
selected for the adjusted analysis. In any case, the primary
emphasis should be on the unadjusted results, because investiga-
tors are able to conduct multiple adjusted analyses using different
sets of covariates, which may lead to overinterpretation or selective
reporting of significant findings. The findings of the primary
unadjusted analysis are strengthened if the results of the adjusted
analysis are consistent with them.
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3 Checklist for multiple analyses

Design and methods

e Were the primary and secondary outcomes for the detection of
treatment response prespecified?

o Was the trial designed to have adequate power for the analyses of
all outcomes?

o Were the covariates for the adjusted analyses and/or the method
used to select these covariates prespecified?

o Were the substudies based on an existing trial or biological data?

e Were the substudies planned prior to unblinding of data?

Analysis

e Have corrections for multiple-significance testing been
performed?

¢ Was the combination of data into a composite outcome
appropriate?

e Was the interpretation of the composite endpoint results
appropriate?

Reporting

o Are the total number of analyses performed reported?

e Was the power calculation reported for the primary outcome?
Secondary outcomes?

o Are the rationale and methods of any adjusted analyses reported?

e Are the number and type of covariates in the adjusted analyses
reported?

o Are the unadjusted and adjusted results reported?

o Are the prespecified analyses clearly distinguished from the
exploratory analyses?

Interpretation

e |s appropriate emphasis given to the primary outcome?

e Have the relationships between interrelated outcomes been
explored with equal interest?

o Are the findings of the multiple analyses discussed in the context
of current biological knowledge and current research?

Other ancillary analyses

A clinical trial may seek to address ancillary questions unrelated to
the primary question so as to optimise the use of resources
required for a large clinical trial. Ancillary questions may relate to
the treatment effect on other conditions of interest, such as the
association between hormone replacement therapy and dementia
in women recruited to a large trial investigating hormone replace-
ment therapy and cardiovascular disease.'” Substudies may also
use trial data to investigate epidemiological questions about the
natural history of disease, the biological mechanisms of the
disease'® or the treatment response.'”

Ideally, these ancillary studies should be designed before the
trial starts. However, important new information or scientific
debate may arise during or after the trial to justify the use of trial
data to investigate new hypotheses. Their results are more con-
vincing if the decision to conduct the analysis has been made
before unblinding. The same potential for overinterpretation and
selective reporting of the results of multiple comparisons and
reduced power apply to exploratory analysis, and any new find-
ings should be regarded as new hypotheses for validation in future
studies.

The principles of planning, reporting, analysing and interpreting
multiple analyses are shown in Box 3. These are not intended to
discourage investigators from conducting potentially important

exploratory analyses of plausible new hypotheses. Rather, they
encourage the balanced reporting of all analyses to prevent
unsound manipulation of data or undue emphasis on particular
findings that may misdirect future research or compromise the
interpretation of results for clinical practice.
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