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Abstract

In clinical trials, the primary efficacy endpoint often
corresponds to a so-called “composite endpoint”.
Composite endpoints combine several events of interest
within a single outcome variable. Thereby it is intended
to enlarge the expected effect size and thereby
increase the power of the study. However, composite
endpoints also come along with serious challenges
and problems. On the one hand, composite endpoints
may lead to difficulties during the planning phase of
a trial with respect to the sample size calculation, as

Raishidenge ~ WJC | www.wjgnet.com

the expected clinical effect of an intervention on the
composite endpoint depends on the effects on its
single components and their correlations. This may
lead to wrong assumptions on the sample size needed.
Too optimistic assumptions on the expected effect
may lead to an underpowered of the trial, whereas
a too conservatively estimated effect results in an
unnecessarily high sample size. On the other hand, the
interpretation of composite endpoints may be difficult,
as the observed effect of the composite does not
necessarily reflect the effects of the single components.
Therefore the demonstration of the clinical efficacy
of a new intervention by exclusively evaluating the
composite endpoint may be misleading. The present
paper summarizes results and recommendations of
the latest research addressing the above mentioned
problems in the planning, analysis and interpretation
of clinical trials with composite endpoints, thereby
providing a practical guidance for users.
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Multiple testing; Time-to-event; Adaptive designs
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Core tip: When planning a clinical trial with a composite
primary endpoint: (1) Be aware of planning uncertainties
when calculating the sample size and incorporate them
in an adequate way; (2) Include a multiple testing
strategy for an improved interpretation of the study
results; (3) Take into account competing risks when
analyzing the individual components of a composite
endpoint; and (4) Analyze subsequent events in an
adequate multi-stage model.
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RATIONALE FOR USING COMPOSITE
ENDPOINTS

Clinical trials often focus on event variables as primary
efficacy endpoints. In cardiology, “death” is often
considered as the outcome of primary interest. However,
clinically most relevant event types like “death” may be
rare in many clinical conditions under investigation'".
For example, due to the beneficial effects of modern
treatments, patients with cardiovascular events like acute
myocardial infarction experience a low mortality in the
following years. Therefore, the assessment of differences
in the survival curves of several treatment options may be
difficult”. Using a rare event as primary endpoint results in
the need of large sample sizes, a prolonged follow-up, and
consequently an increased financial support, which often
is not available. Thus, a “relevant and important treatment
benefit” as claimed by the ICH E9 Guideline®” cannot
always be achieved by evaluating a single event endpoint,
especially if this event type occurs with a low frequency!.
By combining several types of events in a composite
endpoint, the number of expected events is increased
thereby intending an enlarged overall treatment effect.
In the field of cardiovascular research, apart from death,
clinical events like “non-fatal myocardial infarction”, “non-
fatal stroke”, or “cardiovascular hospital admissions” also
are of clinical interest and thus included into composite
endpoints.

Most often, the composite endpoint is defined as a
time-to-first-event variable, where different event types
are counted as target events. In some applications, where
the time period until the occurrence of an event is not
of interest, composite endpoints can also be defined as
binary event variables.

In summary, by using composite endpoints the required
sample size is usually reduced and the study duration is
shortened. Thereby, the use of composite endpoints very
often is the only way to realize clinical trials investigating
special interventions of interest.

Another important reason to use composite endpoints
is when the effect of a new intervention may only be
adequately assessed by considering several event variables.
For example, atherosclerosis may result in a variety of
clinical complications, and a single event endpoint therefore
might not be sufficient for an adequate clinical evaluation”.
Instead of formulating a multiple testing problem for
several primary event endpoints, which always results
in a loss of power, the ICH E9 Guideline™ states that a
composite outcome “addresses the multiplicity problem
without requiring adjustment to the type I error”.

CHALLENGES OF USING COMPOSITE
ENDPOINTS

Planning and interpreting clinical trials with composite
endpoints

Apart from the advantages of composite endpoints as
outlined above, there also exist some serious problems
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and challenges.

In the planning stage of a clinical trial with a
composite primary endpoint, calculation of the power
may be particularly difficult as the assumed effect of
the intervention depends on the effect sizes of the
single components and their correlations. However,
the level of evidence for these quantities may be low in
many applications, as good historical data do not always
exist. This complicates the choice of valid parameter
assumptions in the planning phase of a study.

Analyzing and interpreting clinical trials with comp-
osite endpoints can be challenging as the composite
effect as a “net measure” does not necessarily reflect
the influence of the new intervention on the individual
Components[()’ﬂ. Even in case a statistically significant
and clinically relevant effect in the composite endpoint
is observed, it may happen that the effects for some
components are of very different magnitude or even
point in opposite directions. As the efficacy of a treatment
is usually judged on the composite effect alone, these
situations may result in serious misinterpretations. This
especially is a problem in case the composite endpoint
consists of components of different clinical relevance
and the less relevant endpoints refer to the larger effect
sizes. The CPMP Guideline “Points to Consider on
Multiplicity Issues™
only components, which are expected to show effects
of similar magnitude and with the same direction. This
recommendation, however, may not be realistic in clinical

therefore recommends to combine

practice. Even in thoroughly planned clinical studies, the
initial assumptions about the underlying effect sizes can
be wrong. Furthermore, the choice of the components
must primarily be guided by their clinical relevance, and
similar effects for all relevant event types cannot be
expected in many cases.

Competing risks as a source of bias

The individual components of a composite endpoint
usually define competing risks. In the presence of
competing risks, the event rate of a specific event type
also depends on the rates of all competing events ). For
this reason, the event rates cannot be interpreted without
simultaneously reporting all competing event rates. To
illustrate this concept, assume that a novel therapeutic
intervention in patients with cardiovascular disease is
assoclated with a “one year mortality” of 0.3 as compared
to 0.5 in the control group. Within the same group of
patients, the rate for a “non-fatal myocardial infarction”
might be 0.4 in the treatment group but only 0.2 in the
control. If the death rates would not have been reported,
one might come to the wrong conclusion that the control
is superior to the treatment group with respect to “non-
fatal myocardial infarction”. When looking at the death
rates, howevet, it becomes evident that the lower rate of
“non-fatal myocardial infarction” in the control could
exclusively be due to the fact that many patients had died
before experiencing a (non-fatal) myocardial infarction.
Ignoring the competing event scenario therefore may
lead to a serious misinterpretation of treatment efficacy.
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Therefore, methods taking into account competing
events must be applied whenever the components of a
composite endpoint are separately analyzedB’S].

Follow-up beyond the first event

Composite time-to-first-event variables only take into
account the first occurring event. This of course does
not imply that there are no other subsequent events of
interest occurring later. However, in the time to first
event analysis these later events are not investigated,
thereby leading to a loss of information.

On the other hand, an adequate and meaningful
analysis of subsequent events may be a complex and
difficult task, as-once a primary event has occurred the
risk for all following events usually changes. For the latter
reason models only focusing on a certain type of event,
but not taking into account whether other events have
occurred before, will yield biased results.

An unbiased approach to evaluate subsequent events
would be to use more complex multistate models, which
investigate all transition hazards between different
subsequent event typesm. The complexity of these models
may be very high, and in order to get estimates with
reasonable accuracy of all transition probabilities, the
required sample size soon becomes unrealistically large.
Therefore, for the confirmatory analysis of the composite
and its components the time-to-first-event approach
should usually be preferred. However, a descriptive
presentation of the absolute numbers of all observed
events should be provided in addition, keeping in mind
that a correct interpretation of these results may be

difficult.

NEW BIOMETRICAL METHODS FOR
THE INTERPRETATION OF COMPOSITE
ENDPOINTS

Overcoming uncertainties in sample size calculation
The standard approach to take account of planning
uncertainties is the use of group-sequential or adaptive
study designs. These designs allow stopping a trial at an
interim stage due to an early demonstration of efficacy
or due to futility. Whereas for group-sequential designs
the number of interim analyses and the corresponding
time points must be strictly planned in advance, adaptive
designs additionally allow to change design parameters
within an ongoing trial while still controlling the type 1
error rate.

A standard group-sequential design with one interim
analysis (e.g., after inclusion of 50% of the total study
population) only offers two options-either to stop the
study at interim or to continue the study until the full
number of patients specified in the planning stage has
been recruited""?.

In contrast, when using an adaptive design with one
interim analysis, the sample size for the second stage
can be recalculated based on the observed treatment
effect at interim. If the observed effect at interim is large
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but not yet significant, only a small sample size for the
second stage is needed, whereas the additionally required
sample size is large, if the effect observed at interim is
small. Moreover, it is possible to incorporate predefined
stopping-for-futility rules in such designs, allowing to stop
the study eatly with the acceptance of the null hypothesis
whenever, on the basis of the interim data, the primary
study goal becomes unrealistic. Thereby the number of
patients being exposed to an ineffective treatment can be
limited, and time and financial resources can be saved.

Another way to deal with uncertainties in the study
planning assumptions is to use a more flexible power
approach for sample size calculation. While the classical
power is defined as the probability to reject the null
hypothesis under a fixed parameter constellation of
the alternative hypothesis, Rauch ez al” proposed a so-
called “expected power”, which is defined as a weighted
average over the classical power for different parameter
constellations. Thereby, parameter constellations assu-
med to be more realistic in the planning stage of a
study are assigned a higher weight, whereas other, less
realistic assumptions are down-weighted. If there is no
preexisting evidence available at all, equal weights for all
possible parameter constellations might be assigned. The
weights, which are defined by prior distributions, thus
reflect the level of evidence or uncertainty in the planning
stage. Calculating the sample size based on the “expected
power” therefore defines a more robust approach in the
common case of uncertain planning assumptions. The
“expected power” can also be interpreted as a semi-
Bayesian power approachm.

Improving the interpretation of study results

The interpretation of study results may become difficult
as the effect of the intervention under investigation on
the composite endpoint does not necessarily reflect its
effects on the single components. A possible solution
of this problem would be to incorporate the (most
important) components within the confirmatory test
strategy by a multiple testing problem. However, this
approach might seem to be contradictory as one main
rationale for the use of a composite endpoint was to
avoid multiplicity. A multiple testing problem always
comes along with a certain loss in power resulting in an
increase in sample size. The aim therefore is to create an
adequate compromise by a multiple testing procedure,
which mainly focuses on the composite endpoint but
additionally gives some confirmatory evidence (at least)
on the most important components.

In the literature, there exist a variety of either
simple but also of more sophisticated multiple testing
procedures, which can be applied to evaluate composite
endpoints and their components. Simple applicable
multiple testing strategies include the Bonferroni-
Holm approach'” or the sequential testing approach for
hierarchically ordered hypothesesm. The application of
at least a simple multiple testing strategy, which allow
to address the components in a confirmatory way, is
generally recommended. Even, if the trial is powered to
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assess only the composite endpoint, these methods often
allow a gain in information without increasing the sample
size!.

There also exist a variety of more sophisticated
multiple testing procedures, which can be applied to
provide sufficient power for the composite as well as for
the (most relevant) components. So called “sequentially-
rejective methods” represent extensions of the simple
approaches outlined above. The underlying idea is to
use an optimal splitting of the global significance level
to test the individual hypotheses corresponding to the
composite and the components. By “recovering” local
levels of rejected hypotheses, the power loss due to
multiplicity can be limited. Moreover, the test hypotheses
for the components may be formulated less strictly
than for the composite. For example, if the treatment
under investigation already exhibits a significant and
relevant effect on the composite, it might be sufficient
to demonstrate in addition that the most relevant
component is not adversely affected.

The application of sequentially-rejective multiple
testing strategies in the evaluation of composite endpoints
and their components has to be combined with the
methodology for competing risks in order to provide an
unbiased analysis and to prevent misinterpretations' "

These methods can be further improved, if the
correlation between the test statistics is taken into account.
As an event referring to a single component always
corresponds to an event in the composite endpoint, the
test statistic of the composite and its components are
usually highly correlated. By incorporating the information
of the underlying correlation, the local significance levels
of a multiple testing problem can be chosen less stringent,
and the power loss often can be markedly decreased.
These two approaches have been investigated recently by
Rauch e at™".

A completely different approach to improve the
interpretation of clinical trials with composite endpoints
is to use a weighted combined effect measure, which
assigns higher weights to the more important components
with the intention that an opposite effect in a relevant
component (e.g., “death”) is less likely to be masked by a
large effect in a component of secondary importance (e.g.,
“cardiovascular hospital admission”). Recently, Pocock ez
al™ and Buyse'™ proposed two similar combined effect
measures, referred as the “win ratio” and the “proportion
in favor of treatment”, respectively. Both approaches
are based on the same idea: All components are ordered
with respect to their clinical relevance. The individual
patients are compared between the groups. Based on the
component of primary importance, for each comparison
the patient with the “better” outcome is determined.
In case no unique “winner” can be determined with
respect to the most relevant component (e.g., due to
censoring, missing values or due to equal performance
of both patients), the comparison will be based on the
component of secondary importance and so on. This
approach intends a higher weighting of the more relevant
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components, but also allows incorporating subsequent
events.

Although this approach appears to be attractive in
general, it also has some deficiencies. On the one hand,
it can be shown that the weights, which are assigned to
the single components, depend on the follow-up and
the censoring distribution”". Moreover the weights are
not standardized, that means they do not sum up to
1. As a consequence, the combined effect measure is
not comparable between various studies as required-
for example-within the context of meta-analyses. A
small effect in the combined measure might thus be
due to small effects in the components, but also could
be explained by an unfavorable censoring distribution.
Therefore, it cannot generally be deduced that these two
approaches provide a gain in interpretation.

CONCLUSION

The use of a composite endpoint as primary efficacy vari-

able can provide major advantages compared to a single
event endpoint, if the event of primary interest is rare.
However, care has to be taken when planning, analyzing
and interpreting clinical trials with a composite endpoint
as the primary efficacy outcome. The current statistical
literature provides a variety of methods to overcome typical
challenges arising from the use of composite endpoints
thereby strengthening the interpretation of the results of
clinical trials and avoiding serious misinterpretations. Now,
the time has come to routinely incorporate these new
methods into clinical trial applications.
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