Subgroup analysis in clinical trials

CLINICAL TRIALS REPRESENT A MAJOR INVESTMENT by
investigators, sponsors and participants, and it is reasonable
to attempt to gain the maximum information from them.
Practitioners and regulatory agencies are keen to know
whether there are subgroups of trial participants who are
more (or less) likely to be helped (or harmed) by the
intervention under investigation, and a recent survey of
trials published over 3 months in four leading journals
found that 70% included subgroup analyses.”” Further-
more, regulatory guidance documents (such as the Commit-
tee for Proprietary Medicinal Products September 2002
document Points to consider on multiplicivy issues in clinical
trials®) strongly encourage appropriate subgroup analyses.
The results of subgroup analyses can also drive changes in
practice guidelines. For example, the United States National
Institutes of Health issued a clinical alert following the
unexpected finding in the BARI (Bypass Angioplasty Revas-
cularisation Investigation) trial that mortality after angio-
plasty in patients with diabetes was nearly double that after
bypass-graft surgery (P=0.003).%

Meaningful information from subgroup analyses within a
randomised trial is restricted by multiplicity of testing and
low statistical power. There is therefore a tension between
our wish to identify heterogeneity in the responses of trial
participants to trial interventions and our technical capacity
for doing so. Surveys on the adequacy of the reporting of
clinical trials consistently find the reporting of subgroup
analysis to be characterised by poor practice.?>” Item 18 of
the CONSORT checklist (Box 1) deals with the multiplicity
issues that arise in subgroup analysis.®

Problems in subgroup analysis

The problem of multiple testing

Statistical investigation of large numbers of subgroups inev-
itably shows significant interactions with the effectiveness of
the trial intervention. By definition, testing at the 5% level of
significance will erroneously report a statistically significant
difference between subgroup categories in about 5% of the
tests performed (so-called false-positive results). Trials with
multiple comparisons to assess the comparability of ran-
domised groups at baseline confirm this prediction.!*°
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1: 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 pre-

specified and those exploratory.

In subgroup analysis, where a plethora of factors (eg, sex,
age, race, centre, smoking status, stage of disease, and
coexistent disorders) may influence outcome, the risk of
false-positive results is high.!? Overly enthusiastic analysis of
subgroups can reveal statistically significant differences in
outcome between subgroups even where neither arm of the
study receives any intervention.!! In some cases, such as in
the ISIS-2 study, which found a slight adverse impact of
aspirin therapy on patients born under the star signs Gemini
and Libra, and that aspirin helped after the first, but not
subsequent, infarctions,'? the results of the subgroup analy-
sis may be dismissed as contrary to current understanding of
biological mechanisms. In other cases, such as the BARI
trial,* whether the finding was valid could only be estab-
lished by additional studies.!*!*

The problem of statistical power

Most studies enrol just enough participants to ensure that
the primary hypothesis can be adequately tested. Therefore,
statistical tests on subgroups will have only power to detect
substantially larger effects on the same endpoint. Loss of
compliance, together with adjustments for multiple testing,
will exacerbate this lack of power.® In consequence, when
tested separately, many of the subgroups will fail to show the
statistically significant treatment effect that was shown in the
main population; at the same time, genuine differences in
response to treatment (so-called heterogeneity) between
study subpopulations may also go undetected.

Can the problems be overcome?

Despite subgroup analyses generally lacking statistical
power, when used repeatedly to look for differences across
many factors (eg, sex, age, smoking status, blood pres-
sure) they have a proclivity to detect spurious effects. We
are thus forced to reconcile our wish to find genuine
differences between subgroups with the need to minimise
the risk of accepting and publishing false positives.?® One
solution to this dilemma is to accept that the results of
subgroup analysis are hypotheses. Guidelines such as
those given in Box 2 are intended to help readers identify
which hypotheses are strong and which are weak. How-
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ever, even among experts, opinions range from only
accepting pre-specified subgroup analyses supported by a
very strong a priori biological rationale!® to a more liberal
view in which subgroup analyses, if properly carried out
and carefully interpreted, are permitted to play a role in
assisting doctors and their patients to choose between
treatment options. '%

Trial design

Are the subgroups appropriately defined?

Subgroups based on characteristics measured after ran-
domisation, such as compliance, should be avoided, as
allocation to the subgroup may be influenced by the inter-
vention. Similarly, it is preferable to use the intention-to-
treat population, as reasons for withdrawal may not be
balanced between treatment arms. For example, adverse
drug events may be a more important reason for withdraw-
als from an active treatment arm, whereas lack of efficacy
may be more important in a placebo-controlled arm.!”

Were the subgroup analyses planned before commencement
of the study?

In general, subgroup analyses should be defined a prior: and
purposely on the basis of known biological mechanisms or in
response to findings in previous studies. Ideally, the choice
of the subgroups and the expected direction of the subgroup
difference should be justified in the trial protocol. Where a
particular subgroup analysis is of great interest, adequate
power to show the results can be designed into the trial, for
example by using an expanded endpoint for the subgroup
analysis.

At the other extreme, subgroup analyses that are decided
on once the dataset has been examined should be treated
with scepticism. Intermediate between these two extremes
are cases, such as occurred in the BARI trial, in which the
subgroup analysis, although not originally planned, was
decided on during the course of the trial in response to
findings in other studies (with the investigators remaining
blinded to the interim results of BARI).*

Reporting

The study report should include all the information
required to assess the validity of subgroup analyses reported.
In particular, the number of subgroup analyses should be
declared, as this will enable readers to assess whether the
issue of multiple testing is being dealt with. Analyses
planned a priori, and the rationale for choosing them, should
be clearly stated. Summary data, including event numbers
and denominators for all the subgroup analyses, even the
uninteresting ones, should be included, as this will facilitate
future meta-analyses of the data and help prevent publica-
tion bias.'® The impact of multiple tests on the chance of
declaring as statistically significant at least one false-positive
result is shown in Box 3.
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2: Checklist for subgroup analyses

Design

= Are the subgroups based on pre-randomisation characteristics?

= What is the impact of patient misallocation on the subgroup
analysis?

= |s the intention-to-treat population being used in the subgroup
analysis?

= Were the subgroups planned a priori?

= Were they planned in response to existing trial or biological data”?

= Was the expected direction of the subgroup effect stated a prior?

= Was the trial designed to have adequate power for the proposed
subgroup analysis?

Reporting
= |s the total number of subgroup analyses undertaken declared?

= Are relevant summary data, including event numbers and
denominators, tabulated?

= Are analyses decided on a priori clearly distinguished from those
decided on a posteriorl?

Statistical analysis

= Are the statistical tests appropriate for the underlying
hypotheses?

= Are tests for heterogeneity (ie, interaction) statistically significant?
= Are there appropriate adjustments for multiple testing?

Interpretation

= |s appropriate emphasis being placed on the primary outcome of
the study?

= |s the validity of the findings of the subgroup analysis discussed

in the light of current biological knowledge and the findings from
similar trials?

3: Probability of at least one significant result at the
5% significance level given no true differences

Number of tests Probability

-

0.05
0.10
0.14
0.23
0.40
20 0.64

o 0w N

Statistical analysis

Some investigators avoid the issue of multiplicity of testing
by tabulating the observed outcomes for the subgroups of
interest without undertaking any formal statistical analysis.
The data become available for meta-analysis,'® but there is
the disadvantage that the investigator may fail to detect
and draw attention to an important heterogeneity in the
population.

The statistical methods used should be appropriate for the
hypothesis being tested. The common practice of perform-
ing subgroup-specific tests of treatment effect is flawed in
that it is testing the wrong hypothesis.!® The hypothesis that
should be tested is whether the treatment effect in a
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subgroup is significantly different from that in the overall
population.'® Testing for a statistically significant treatment
effect in a subgroup is hindered by a small sample size.

The appropriate tests to use when analysing heterogeneity
of responses among subgroups are interaction tests,>'° for
which worked examples are available.!®?° One study found
that these were used in only 43% of 35 trials which reported
subgroup analyses in their sample.?

Finally, the article should state whether the statistical tests
used included adjustments for multiplicity.

Interpretation

Because subgroup analyses have less power to detect a
therapeutic effect than the main study, the trial report,
especially in the Abstract or Conclusions, should emphasise
the overall result. Given the risks of false-positive findings
when multiple subgroup analyses are performed, it is not
surprising if a subgroup-specific test shows a significant
(P<0.05) or suggestive (P=0.05 to P=0.10) effect of
treatment, even when the trial failed to do so overall.>’

Investigators are often tempted to highlight a particular
subgroup analysis.>’ For example, in one trial the sugges-
tion that a psychosocial nursing intervention following
myocardial infarction was harmful for women (P=0.064),
but not men (P=0.94), was highlighted, even though the
intervention did not affect survival in the overall
population?! (and a test for interaction was not significant?).

A number of arguments may be used to support the
validity of a claimed subgroup effect (see, for example, the
BARI trial* and Rathore et al®?):
= replication in another independent study;
= the presence of a dose—response relationship;
= reproducibilty of the observation in independent samples

within the study, such as within individual sites; and
= the availability of a biological explanation.

Of these, the first is the strongest evidence. For example,
even though the BARI study found no difference in survival
following bypass surgery or angioplasty in the overall popu-
lation, the validity of the subgroup findings was supported
by other studies.* On the other hand, the report by Rathore
et al that digoxin use is associated with a significantly
increased risk of death among women (P<0.014)%? is
weakened by the fact that it was a post-hoc analysis which
was motivated by “biological suspicion” rather than by
suggestive findings in earlier trials. Biological justifications
for the findings of a posteriori (exploratory) analyses, on the
other hand, carry little weight®?® — the reports that diabetes
is more common in boys born in October,?* and that lung
cancer is more common in people born in March,?®
included (in)credible biological explanations after the find-
ings had been revealed.

The strategies for overcoming some of these difficulties in
interpreting subgroup analyses will be explored in a forth-
coming article in this series.
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