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Composite End Points

JAMES D. NEATON, PhD,! GERRY GRAY, PhD,> BRAM D. ZUCKERMAN, MD,?> AND MARVIN A. KONSTAM, MD?

Minneapolis, Minnesota; Rockville, Maryland; Boston, Massachusetts

ABSTRACT

Background: Composite outcomes are commonly used in heart failure trials. The aim of this article is to
discuss the advantages and disadvantages of composite outcomes and recommend guidelines for reporting
them. Examples are used to illustrate key points.

Methods and Results: A workshop jointly planned by the Heart Failure Society of America and the US
Food and Drug Administration was convened in April 2004. One of the panel discussions concerned the
use of composite outcomes in heart failure trials. With use of composite outcomes, event rates are higher
and if it is reasonable to assume that the treatment effect is similar for each component of the composite
outcome, sample size will be smaller than using one of the components as the primary end point. Com-
posites end points are difficult to interpret if effects are not similar for all components or if the effect of
treatment is primarily on a more common, less serious component of the composite. Composite outcomes
typically only focus on the first occurring event. This can lead to a substantial loss of information in some
trials. When composite end points are used, data collection for all components should continue until the
end of the trial so that each component can be separately evaluated.

Conclusion: Composite end points should be used with caution. Additional research is need on optimally
weighting components of composite outcomes and to better using the entire event history of patients in

heart failure trials. Further analyses of completed trials could be useful in this respect.
Key Words: Composite end point, clinical trial, heart failure, medical devices.

The selection of a primary end point is an important step
in a clinical trial. Along with the treatments and the defini-
tion of the target population, the primary end point defines
the research question. Many trials use composite outcomes
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as primary or secondary outcomes. Meinert defined a com-
posite outcome as ‘‘an event that is considered to have oc-
curred if any one of several different events or outcomes is
observed.”! The terms composite end point and combined
end point are used interchangeably by many clinical tria-
lists. Use of composites is a common way to deal with mul-
tiple outcomes.

The purpose of this article is to discuss the use of com-
posite outcomes in heart failure trials, give recommenda-
tions for the reporting of composite outcomes, and
discuss some advantages and disadvantages of a single ver-
sus composite outcome versus other approaches for hand-
ling multiple outcomes. Examples are cited to illustrate
how composites have been defined and used in heart failure
drug and device trials.

General End Point Considerations

The objectives and scope of clinical trials are largely de-
termined by the end point chosen. For example, a 24-week



568 Journal of Cardiac Failure Vol. 11 No. 8 October 2005

clinical trial might investigate the effect of a cardiac re-
synchronization device on quality of life, but it could not
reliably assess the influence of the device on morbidity
and mortality. For the latter, a larger study with longer fol-
low-up would be needed. Both types of studies are impor-
tant for a full understanding of the efficacy and safety of
a device.

General factors to consider in choosing a primary end
point are discussed in several clinical trial texts.”* Ideally,
the primary end point should be clinically relevant, be eas-
ily ascertainable in all patients, be capable of unbiased as-
sessment, be sensitive to the hypothesized effects of the
treatment, and be inexpensive to measure.

Other trial conditions, such as blinding, often dictate the
choice of the primary outcome. For example, change in pa-
tient-reported quality of life or in investigator-assessed
functional status after a period of treatment may be reason-
able choices for an outcome in a double-blind study of
a new heart failure treatment. However, in a non-blind
study, as many device trials are, these outcomes may not
be ideal as primary end points because of the potential
for bias.

End points may be categorized as (1) measures of clini-
cal outcomes (eg, death or morbid events), (2) measures of
symptoms or clinical status (eg, quality of life or New York
Heart Association [NYHA] class change, or (3) surrogates
(eg, ejection fraction, ventricular volumes, B-type natriu-
retic peptide). Surrogate end points are those that are not di-
rect measures of clinical outcome, symptoms, or clinical
status, but correlate with clinically relevant findings, either
because they signal worsening of the underlying disease or
contribute to its pathophysiology. Importantly, as noted by
Fleming and DeMets ‘“‘a correlate does not a surrogate
make.”” Prentice argued that a valid surrogate must fully
capture the net effect of treatment on the clinical outcome.®
There are no established surrogates for device trials. There
may be “‘partial”’ surrogates. Further research is needed in
this area. Pooling of data from trials that measured both
surrogate markers and clinical outcomes might identify
potential surrogates. There is a precedent for this for anti-
retroviral drugs used to treat HIV.’

Treatment differences based on clinical outcomes and on
surrogate markers are not always consistent. Fleming and
DeMets’ cite the PROMISE (Prospective Milrinone Sur-
vival Evaluation) trial, which found that milrinone, a drug
treatment that increased exercise tolerance, increased total
mortality in patients with advanced heart failure.® Knowl-
edge or suspicion of an increase in mortality would repre-
sent a major obstacle to approval of a drug or device,
despite known improvement in quality of life or functional
capacity. However, such approval may be warranted under
some circumstances, and measures that integrate survival
and quality of life should be considered.

Use of surrogate end points in clinical trials offer many
potential advantages: fewer patients, shorter follow-up,
and lower cost.” However, use of surrogates requires a clear
understanding of the relationship—both physiologic and

statistical—between the surrogate and the clinical results
that are presumed to follow. Demonstration of “‘efficacy”
based on surrogate results must be further subjected to anal-
ysis of risk-benefit, because serious adverse events may ne-
gate an intervention’s clinical utility. An appropriate
approach may be to integrate surrogate end points with
clinical measures through use of composites, allowing the
surrogate finding to augment the clinical outcome, which
might otherwise not be definitive on its own.

Rationale for Using Composite End Points

Some of the characteristics of surrogate outcomes also
motivate the use of composite end points. Composite end
points may involve clinical outcomes, surrogate outcomes,
or combinations of both. Each component of a composite
outcome must be ascertainable without bias, and each com-
ponent should be clinically relevant and sensitive to the hy-
pothesized effects of the treatment.

The primary rationale for considering a composite pri-
mary outcome instead of a single event outcome is sample
size. In success/failure trials and time to event trials,
a higher event rate can lead to a smaller sample size or trial
duration. ““Can” is an important choice of words. In some
cases, power can be lost if the treatment does not affect, or
affects to a lesser degree, 1 or more components of the
composite end point. Yusuf and Negassa'® discuss this
point in the choice of end points for heart failure trials
and argue for cause-specific end points (cardiovascular dis-
ease [CVD] mortality and CVD hospitalization) rather than
all-cause mortality and hospitalization because they are
more sensitive to treatment differences and power is in-
creased. The optimal degree of specificity will depend on
the target population. For example, in a target population
that had just experienced an acute myocardial infarction
such as enrolled in the Eplerenone Post-Acute Myocardial
Infarction Heart Failure Efficacy and Survival Study
(EPHESUS) heart-failure study, the majority of deaths
would be expected to be CVD (86% were).'" Thus using
all-cause mortality instead of CVD would not be expected
to result in a vary large loss of sensitivity. In contrast, in
a study of patients with stable disease and preserved left
ventricular ejection fraction, more patients might be ex-
pected to die from non-CVD causes than in study of pa-
tients with acute MI. Thus use of an all-cause mortality
outcome might result in a substantial loss of power for an
intervention aimed at preventing CVD. For example, in
the Candesartan in Heart Failure Assessment of Reduction
in Mortality (CHARM)-Preserved Trial, 71% of deaths
were attributed to CVD disease.'?

This same thinking applies to the construction of compo-
sites. If the expected risk reduction or hazard ratio is a priori
considered similar for all components of the end point,
sample size will usually be less than using any one of the
components. For example, if the estimated failure rate in
the control group is 10%, the required sample size to detect
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a 50% lower rate (5%) in a group given a new device is
1170 patients (585 per group) assuming a significance level
of 0.05 (2-sided) and power of 0.90. If, by using a composite
outcome, the control failure rate was increased to 30%, the
sample size required to detect a 50% reduction in this rate
(to 15%) at the same type I and II error levels is substantial-
ly smaller—330 patients (165 per group). However, if by
using the composite end point, the expected reduction in
risk is reduced to 25% instead of 50% (an expected rate
of 22.5% for the device group instead of 15%), the sample
size required would be 1450 (725 per group). This is shown
more generally in Fig. 1. The horizontal line corresponds to
the sample size for the 10% control event rate and a 50%
lower rate in the new device group. The 3 curves illustrate
the impact on sample size of adding new component(s) to
the composite. The 3 curves correspond to new compo-
nent(s) that increase the overall composite event rate by
10%, 20%, and 30%, respectively. The middle curve, corre-
sponding to a new component that adds 20%, shows that the
expected risk reduction for the new component(s) need to be
nearly 20% to realize any sample size efficiency for the high-
er overall control event rate.

Another reason that composites are used is to avoid the
problem of competing risks. For example, in a trial of pa-
tients with advanced heart failure, an end point of hospital-
ization for heart failure would be criticized because it does
not account for mortality. The censoring of deaths in such
a trial (patients who died without hospitalization) is prob-
ably “informative” because a patient who is censored for
death is likely not at the same risk of hospitalization
(had they survived) as a patient who survived as long
and is still at risk for hospitalization. If censoring because
of death, or reasons for it, varied by treatment group, the
estimate of the treatment effect would be biased. Related
to this, if the device appeared to reduce the rate of hospi-
talization but increased mortality, the results would be

Effect of adding a new component to a composite
(existing composite: p.control=0.1, RR = 0.5)
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Fig. 1. Impact on sample size of adding new components to a com-
posite income.

difficult to interpret. Similarly, an end point of change in
self-reported quality of life after 24 weeks would also be
suspect if deaths or serious illness prevented a quality of
life assessment from being carried out and this was not
accounted for in the primary analysis. The patients without
the quality of life assessment may not be representative of
those with it.

As noted previously, a primary end point needs to be as-
certainable for all, or at least nearly all, of the patients en-
rolled. One way to account for missing data from mortality
in such a trial is to include death as part of a composite end
point. Califf and colleagues'> made this argument concern-
ing use of left ventricular ejection fraction in thrombolytic
therapy trials. He noted that a problem with use of such an
end point is that data might not be collected because the pa-
tient was too sick or had died. Use of a composite ordinal
outcome that included mortality as the worst outcome
was proposed as a solution.

A third reason composite end points are used was cited
by Freemantle and colleagues.'* He quoted a guideline by
the International Conference on Harmonization that states:
“If a single primary variable cannot be selected..., another
useful strategy is to integrate or combine the multiple meas-
urements into a single or composite variable.” '3 Inability to
reach consensus on a single outcome is generally not a good
reason to use a composite end point.

Cautions with Use of Composite End Points

One caution, already mentioned, is that there could be
a loss of power if the treatment effect is not similar for
all of the components. Worse yet is the situation when com-
ponents of the combined end point go in opposite direc-
tions. If this occurs, findings of the study could be
ambiguous, and clear recommendations about the use of
the treatment might not be possible. This problem could
manifest itself if the earlier occurring outcomes were less
likely to represent a major failure of the treatment com-
pared with later occurring outcomes. According to the def-
inition given previously, if any component of a composite
failure end point occurs, the patient is considered a ‘“fail-
ure.” In time to event analyses, the failure time corresponds
to the time from randomization to the first occurrence of
any event included in the composite. Many treatments have
modest (not large) effects on progression of heart failure.
Thus it is possible that an effective treatment for patients
with advanced heart failure might reduce risk of death
but not hospitalization from any cause. A first event analy-
sis of a composite defined as all-cause mortality or all-
cause hospitalization might not be sensitive to the effects
of a treatment with modest efficacy.

Another caution with the use of composite end points re-
lates to the weighting of individual components. In most
studies, the components of the composite end point are as-
signed equal weight even though patients and clinicians
may not consider them equally important. For example,
the composite outcome of mortality or hospitalization from
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any cause as mentioned in the preceding paragraph assigns
equal weight to a death from CVD and a hospitalization for
an appendectomy.

An alternative to equal weighting is to assign each com-
ponent a weight that reflects relative severity to other com-
ponents. Assignment of weights to components may be
based on subjective rankings or objective criteria. To obtain
a weighting for different clinical outcomes, Califf and col-
leagues surveyed 407 cardiologists at the 1989 American
Heart Association meeting concerning end points that
might be affected by a reperfusion strategy.'® The cardiol-
ogists were asked to rank outcomes on a scale from 0 to
10, with 10 being the most serious. They proposed using
the ranking of the outcomes experienced by a patients to
define a single, ordered end point.

If weights are assigned to the individual components, it is
important that the weights be validated by relating the
weighted composite to some credible outcome (eg, mortal-
ity). This might be accomplished by applying proposed
weighting schemes to completed clinical trials in which
the various end points were assessed but not weighted in
the primary analysis. Neaton and colleagues'® uses the re-
sults of completed HIV treatment trials and compares the
use of subjective rankings by patients and clinicians with
rankings based on risk of death as a means for weighting
opportunistic illnesses associated with HIV. Bjorling and
Hodges study different rule-based ranking schemes of event
histories and validated them using expert rankings.'” These
findings are relevant to trials in many areas including heart
failure. Not surprisingly, ranking schemes in best accord
with expert opinion considered the severity of different
events, the timing events, and how many events each pa-
tient experienced.

Another caution, related to the discussion previously, is if
the treatment benefit with the composite results primarily
from a common, less serious outcome, and the less common,
more serious components of the composite do not differ be-
tween the treatment groups or go in the other direction.

Montori and colleagues'® summarize these cautions by
stating 3 questions to consider as a guide in the choice of
a composite outcome: (1) Are the components of the com-
posite end point of similar importance to patients? (2) Did
the more and less important outcomes occur with similar
frequency? (3) Are the components likely to be similarly
effected by the treatment?

Because of these concerns with the use of composites, it
is important to summarize each component of the compos-
ite separately in the study report. This is discussed further
in the following section.

Reporting of Composite Outcomes

In trials with a composite end point, patients should be
followed to the end of the study for all components of the
composite outcome. Continued data collection of all out-
comes comprising the composite end point will permit
a proper intent-to-treat analysis of each component of the

composite as well as the composite (Analysis 1). This has
been referred to as the “Consumer Reports” analysis.'?
For example, if the composite outcome is cardiovascular
mortality, nonfatal myocardial infarction or nonfatal stroke,
patients who experience a nonfatal stroke should continue
to be followed for a nonfatal myocardial infarction or car-
diovascular death.

The trial report should also describe the frequency with
which each component occurred as the first event for those
with end points (Analysis 2). For example, if 100 patients
assigned the device experienced the composite outcome de-
scribed previously (cardiovascular mortality, nonfatal myo-
cardial infarction, or nonfatal stroke), the trial report should
state how many of these 100 events were a result of cardio-
vascular mortality, and how many were nonfatal myocardial
infarction or stroke.

These 2 analyses will allow the reader (the consumer of
your trial report) to assess whether treatment differences
for each component of the composite trend in the same di-
rection (Analysis 1), and whether the first event experienced
by those with an end point is similar for the treatment groups
(Analysis 2). Freemantle and colleagues'® emphasize the
importance of Analysis 1 in trial reports. In addition, Free-
mantle and colleagues advocate defining each component of
the composite end point as a secondary outcome. A recent
report of a trial of nifedipine illustrates proper reporting of
composite outcomes'® (see Tables 3 and 4 in that article
for illustrations of Analysis 1 and Analysis 2).

More generally, in device trials, all outcomes, both safety
and efficacy, should be collected through the end of the
study. This will minimize the bias in assessing the relative
benefits and risk that might otherwise arise due to censoring
of some outcomes and then having to carry out an analysis
that is not intent to treat.

Collection of all outcomes, even repeat occurrences of
the same event (eg, multiple nonfatal myocardial infarc-
tions in a study like that described previously), might also
improve the precision of some analyses that take into ac-
count the entire event profile of the patient while in the
study. This is discussed further in a later section.

Examples of Heart Failure Trials With
Composite Outcomes

The use of composite outcomes is very common in trials
of new drugs and devices for patients with heart failure. A
few examples are cited to illustrate their use.

EPHESUS Trial of Eplerenone

In the EPHESUS trial, 2 primary end points were de-
fined."' One of the coprimary end points was death from
any cause; the second coprimary end point was death from
CVD or first hospitalization for a CVD event—heart fail-
ure, recurrent myocardial infarction (patients had a docu-
mented myocardial infarction at entry), stroke, or
ventricular arrhythmia. The use of coprimary end points
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will be discussed in a later section. For now, consider
Fig. 1, which illustrates how patients were counted for
the composite end point of CVD death or hospitalization
that was used in EPHESUS.

The event history of 5 patients is illustrated in Fig. 2.
Time zero is randomization. The “X” and “O” denote
event and censoring times, respectively, for the time to
event analysis. The “&’ denotes events that do not count
for the composite end point analysis. The first patient was
hospitalized for CVD shortly after randomization; the sec-
ond patient did not experience the composite outcome (was
event-free at the end of the trial); the third patient died from
CVD, which was not preceded by a CVD hospitalization;
the fourth patient died from a non-CVD cause and is cen-
sored at that time (the patient is no longer at risk for
CVD death); the fifth patient was hospitalized for CVD 3
times before dying from CVD (only the first event is
counted for the composite end point).

These fictitious patients illustrate some characteristics of
composite end points analyzed with time to event methods:
(1) although a CVD death would generally be regarded as
more serious than a CVD hospitalization, the shortest
failure time is for the first patient who was hospitalized
for CVD; (2) because non-CVD deaths are treated as cen-
sored observations and do not count as events, a priori, it
would be important to expect no effect of treatment on
non-CVD mortality because if there were, the interpretation
of the composite could be complicated; and (3) even though
the fifth patient had the more severe event history, only the
first event is counted and it occurred after the primary
events occurred for the first and third patients.

In the EPHESUS trial, a “Consumer Reports” analysis
as described previously was cited for the composite end
point. For the composite, 885 of 3319 patients assigned
eplerenone and 993 of 3313 patients assigned placebo expe-
rienced at least 1 event. Deaths from CVD numbered 407
and 483 for eplerenone and placebo, respectively; CVD
hospitalizations numbered 606 and 649, respectively. Thus
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Fig. 2. Illustrative patients in a time-to-event trial with a composite
outcome of cardiovascular (CVD) hospitalization of death from
CVD.

128 patients in the eplerenone group and 139 patients in the
placebo group were hospitalized at least once and died from
CVD. Hazard ratios for the composite end point, for CVD
mortality, and for CVD hospitalization were 0.87, 0.83, and
0.91, respectively.

CVD deaths and hospitalizations were further broken
down by cause. Because all hospitalizations were collected
until the end of the study, it was also possible to compute
hazard ratios for type of nonfatal CVD event (see Table 2
of Pitt and colleagues).

COMPANION Trial

The COMPANION (ie, Comparison of Medical Therapy,
Pacing, and Defibrillation in Heart Failure) trial evaluated
pacemakers with and without a defibrillator versus optimal
pharmacologic therapy alone in patients with advanced
heart failure. The primary end point of the COMPANION
trial was the composite of death from any cause or hospital-
ization from any cause.”’

In this trial, 26% of patients in the pharmacologic therapy
group withdrew from the study to receive a commercially
available pacemaker implant because of arrhythmia or heart
failure. Although about half of these patients had experi-
enced a hospitalization event, mortality follow-up was not
available. In contrast, the withdrawal rates for the pacemaker
and pacemaker-defibrillator arms were much lower—6%
and 7%, respectively. Fortunately the sponsor attempted to
reconsent these patients for event data collection through
the closing date of the study. As a consequence of those ef-
forts, the primary end point was unknown for 9% of the con-
trol patients and vital status was unknown for 4%. The
corresponding percents for both device arms were 1%.

This trial illustrates the importance of planning for data
collection of all events for all randomized patients from
the outset. This is particularly important for survival.

CardioWest Artificial Heart Study

Composites are used for success/failure outcomes as well
as time to event outcomes. For example, a nonrandomized
study with historical controls was carried out to evaluate the
safety and efficacy of the CardioWest Total Artificial Heart
in transplant-eligible patients at risk for imminent death
from irreversible biventricular cardiac failure.*' One of
the end points used to evaluate the artificial heart was
a composite end point called “treatment success.” Treat-
ment was considered successful if, 30 days after transplan-
tation, the patient was: (1) alive; (2) in NYHA class I or II;
(3) ambulatory; (4) not dependent on a ventilator; and (5)
not undergoing dialysis. Some components of this compos-
ite are more easily ascertainable than others. With this type
of outcome, the timing of events within the planned follow-
up period is ignored.

PICO Study

Composites can also be defined using both continuous
outcomes and clinical events. The Pimobendan in
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Congestive Heart Failure (ie, PICO) trial was a 24 week
placebo-controlled study of the addition of pimobendan
(versus placebo) on exercise duration.”? The investigators
observed that 24-week data on exercise duration, the prima-
ry end point, were missing for some patients because of
death or because of a cardiovascular contraindication. Fur-
thermore, the number and reason for missing the exercise
duration data varied by treatment group—the missing data
were likely informative. Thus they carried out a rank anal-
ysis in which deaths and missing data from cardiovascular
contraindications were ranked lower than the lowest exer-
cise time change observed.

Lubsen®® discussed this example of a composite. More
generally, a ranking of outcomes has been advocated by
others'***° as means of creating an ordinal composite
outcome that takes into account the relative importance of
the different components.

Gamma-One Study

The Gamma-One study is an example of a trial where
more serious, less frequent components of a composite went
in a direction opposite that to a more common, less severe
component. This trial compared local intracoronary radia-
tion (brachytherapy) versus “‘placebo’ therapy in 252 pa-
tients with documented myocardial ischemia from in-stent
stenosis. The brachytherapy group (n = 131) received an in-
dwelling intracoronary ribbon containing a sealed source of
iridium-192; the “placebo’ group (n = 121) received a sim-
ilar appearing nonradioactive ribbon. The primary end point
was a composite that included death, myocardial infarction
(including late thrombosis), emergency bypass surgery, and
the need for revascularization of the target lesion after 9
months.?’ Deaths, myocardial infarctions, and late thrombo-
sis favored the control arm (4 versus 1, 13 versus 5, and 7
versus 1, respectively); revascularizations of the target le-
sion favored the treatment group (32 versus 51). The com-
posite also favored the treatment group (37 versus 53).
The differential trends delayed Food and Drug Administra-
tion approval, but ultimately, the device was approved with
a warning to avoid use with the placement of new stents (all
of the thrombotic events occurred among patients who re-
ceived additional stents at the time of brachytherapy).?® This
trial illustrates the importance of long-term follow-up to en-
sure that initial favorable effects are not later overwhelmed
by more serious adverse effects.

A-HeFT Study

In some situations it may be desirable to use a composite
in which the components are defined over different periods.
The African-American Heart Failure Trial (ie, A-HeFT)
was a double-blind placebo controlled trial of isosorbide di-
nitrate and hydralazine versus placebo in patients with NY-
HA class IIT or IV heart failure. The primary end point of
the study was a composite score that included clinical out-
comes (death and hospitalization for heart failure) at any
time during the study and change in quality of life after 6

months (all patients were to be followed for at least 6
months).?*>° The investigators scored events as follows:
(1) death (—3); (2) first hospitalization for heart failure
(—1); and (3) change in quality of life at 6 months—by
10 or more units (+2), 5-9 units (+1), less than a 5-unit
change (0), worsening by 5-9 units (—1), and worsening
by 10 or more units (—2). Quality of life was measured us-
ing the Minnesota Living with Heart Failure Questionnaire,
which has a score range from O (best) to 105 (worst). This
gives a range of possible scores of —6 to +2 for the primary
end point.

The study was recently stopped because of a significantly
higher mortality rate in the placebo group compared with
the group given isosorbide dinitrate plus hydralazine.*”
The overall score and each of the components favored the
isosorbide dinitrate plus hydralazine group.®® For example,
the primary composite score averaged —0.1 (standard devi-
ation [SD] = 1.9) for the isosorbide dinitrate plus hydral-
azine group and —0.5 (SD = 2.0) for the placebo group.
Because estimates of the SD for change in this composite
score were not available at the beginning of the study, sam-
ple reestimation was built into the study as part of the interim
analyses (SD was initially assumed to be between 1 and 2).
This is an important consideration of a new composite
scoring system is used.

The composite scoring system used in A-HeFT results in
a score for each patient. An advantage of the scoring system
is that it integrates quality of life with clinical outcomes. A
disadvantage is that the composite does not take account of
the time of the hospitalization or death (eg, a death at 1 year
was weighted the same as a death at 1 month). This could
result in a loss of power if the composite was used in a lon-
ger term study in which the majority of patients were hos-
pitalized or died. In A-HeFT, patients were not followed
beyond 18 months. Another general disadvantage of such
composite scores is that it may be difficult to achieve con-
sensus on an appropriate weighting scheme when the com-
ponents of the score are very different in terms of their
seriousness.

Alternatives to a Composite End Point

There are several alternatives to using a composite pri-
mary end point. A single outcome variable such as all-cause
mortality could be specified. Although the cautions cited
for a composite outcome do not apply, sample size and
power considerations may not permit the use of such an
outcome. Even with a single primary outcome variable,
the collection and analysis of multiple end points is essen-
tial in clinical trials for a full understanding of the effects of
a treatment. Pocock notes that a patient’s response to a treat-
ment usually includes symptoms and signs, physiologic and
laboratory measurements, clinical events, side effects, and
quality of life.*" This is true for heart failure trials of drugs
and devices.

If multiple primary end points are specified instead of
a single outcome or a single composite end point and each
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is analyzed separately, the study design and analysis plan
must address the increased risk of a type 1 error. A common
approach for doing this is to use a Bonferroni procedure and
to set the type 1 error level (o) such that the probability of
incorrectly rejecting at least 1 true null hypothesis is
=a irrespective of how many individual null hypotheses
are true. With the Bonferroni procedure, if there are P
end points, those with single test P values =o/P are consid-
ered statistically significant.

In some cases it may be desirable to allocate type 1 error
unequally across the coprimary end points.** For example,
EPHESUS had 2 primary end points.'' The all-cause mor-
tality end point was tested at the 0.04 level of significance
and the composite end point of CVD mortality or hospital-
ization was tested at the 0.01 level of significance, preserv-
ing an overall type 1 error rate of 0.05. With this approach,
it is possible that 1 end point would achieve significance
and the other would not. In EPHESUS that was not the
case. This could result in the same difficulty of interpreta-
tion of study results as composites, particularly if the 2
end points went in different directions.

Whether to “put all of your eggs in 1 basket” can be
a difficult decision to make. “Hedging your bet” does
not always work. For example, in the Capricorn study,
the primary end point was changed from a single outcome,
all-cause mortality, to 2 coprimary outcomes, all-cause
mortality to be tested at the 0.005 level of significance,
and a composite outcome, all-cause mortality or CVD hos-
pitalization, to be tested at the 0.045 level of significance.
This change was made because the Data and Safety Mon-
itoring Board noted that the overall mortality was lower
than expected and the sample size for that outcome was
inadequate based on the design assumptions. After com-
pletion of the trial, the P values corresponding to the
all-cause mortality and composite outcomes were .031
and .296, respectively. Neither end point reached prespeci-
fied significance levels; however, the all-cause mortality
end point would have had the coprimary composite end
point not been added. This is also an example of the hos-
pitalization component of the composite end point yielding
a much smaller treatment difference (275 versus 289
patients) than the mortality component (116 versus 151
patients).*>**

The strength of the Bonferroni procedure (and also less
conservative procedures35), is also its weakness with re-
spect to multiple outcomes in clinical trials. The Bonferroni
procedure has its greatest power in situations when only
one of P end points has a non-zero treatment difference.
In most situations it would be considered undesirable if on-
ly 1 of several efficacy outcomes used in a clinical trial was
significant. If other outcomes did not trend in the same di-
rection, the interpretation of the trial would be complicated.
If multiple outcomes are expected to produce consistent re-
sults, the Bonferroni procedure is conservative.>*™’ Less
conservative procedures for handling multiple end points
have been developed. A review of them can be found else-
where.*%4!

If the end points are correlated and similar effects are ex-
pected across multiple outcomes, a global test such as the
one developed by O’Brien can be very useful.** O’Brien’s
rank-sum procedure is both simple to implement and poten-
tially powerful. With it each of the end points is ranked (eg,
greatest benefit to least benefit) noting the treatment group
the patient was in. The sum of the ranks across the P end
points for each patient is computed. With 2 treatment
groups, the sum of the ranks for each patient can be aver-
aged over the treatment groups and be compared with Stu-
dent’s ¢t test or an equivalent statistical test. This procedure
has excellent power when all the end points trend in the
same direction. A disadvantage is that it is possible to ob-
tain an overall significant difference between treatment
groups without any of the individual end points achieving
nominal significance. This complicates communication of
results. Koch and colleagues have noted than in practice
one might have to show significance for at least one of
the components as well as for the global test for the results
of the study to be accepted.*’

In a similar vein, Capizzi and colleagues describe a deci-
sion rule for an asthma trial with 2 types of outcomes, each
with 2 components.*® One pair of outcomes is based on pul-
monary function measurements (forced expiratory volume
and peak expiratory flow rate), and the other pair includes
self-reported symptoms and self-reported use of asthma
medication. They define a rule that requires one end point
in each pair to be significant at the 0.05 level and the other
to trend in the same direction at the 0.20 or 0.10 level of
significance. For moderate correlation among the 4 end
points (<0.40), the experiment-wise type 1 error rate is
substantially less than 0.05.

Tilley and colleagues** and Sankoh and colleagues*' de-
scribe the advantages and disadvantages of different global
tests. Tilley and colleagues** discuss global tests for com-
bining disability scales for stroke trials. Many of the issues
considered are relevant to the combination of different
functional outcomes for heart failure trials (eg, NYHA
class, quality of life and 6-minute walk). Sankoh and col-
leagues*' use simulation methods to compare the type I
and II error performance of global approaches with other
measures for that deal with each outcomes separately.

Follman and colleagues described an approach for hand-
ling multiple outcomes whereby the entire event experience
during the trial is ranked by expert raters.*’ This is analo-
gous to the idea of ranking the components of the compos-
ite that was previously mentioned,'***2% except the entire
event profile is ranked. For example, consider the fifth pa-
tient in Fig. 2. This patient was hospitalized 3 times and
then died. With the approach of Follman and colleagues,*
this event profile would be ranked along with other profiles
(eg, 5 hospitalizations, death without hospitalization) by ex-
perts and the average ranks for the treatment groups com-
pared. As noted earlier, different approaches for handling
the varying severity of clinical events that patients might
experience and using all of the information on events that
occur during a trial have been considered by Neaton and
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colleagues and Bjorling and colleagues for HIV treatment
trials'®'” and by Chang and colleagues*® for vaccine trials.
Related to this, Metcalfe and colleagues discuss different
summary statistics for multiple hospital admissions in heart
failure trials.*” Many of the ideas discussed by these au-
thors are applicable to other disease areas.

Summary

There are advantages and disadvantages to using a com-
posite outcome versus a single outcome versus using another
approach to handling multiple primary outcome measure-
ments. These advantages and disadvantages are summarized
in Fig. 3.

A single, clinically relevant, primary end point that is not
a composite of several outcomes has the advantage of sim-
plicity. For example, a clear survival benefit for a new heart
failure treatment would likely trump any other finding.

Use of a single composite outcome can result in a smaller
sample size if the hypothesized effect of the treatment on
each component of the composite is similar. If, a priori,
there is uncertainty about the consistency of the possible ef-
fects of the treatment on the different components, it should
not be used as the primary end point. For this reason, it is
usually not wise to combine safety and efficacy outcomes
into a composite. Such outcomes need to be examined sep-
arately to balance risks and benefits.

Alternative approaches to handling multiple outcomes
such as a global index and hierarchical scoring or ranking
of end points are less used than other approaches to defining
composites. In part, this is due to uncertainty about clinical
relevance. What may be clinically relevant to 1 group of in-
vestigators may not be to another. Where possible, in com-
pleted trials, novel composites should be defined and
studied before they are used as primary outcomes in new
trials. Knowledge of the correlation among the components
and the distribution of the novel composite is important to
understand before prospective use. Cutter and colleagues™®
describe how data from completed trials of treatments for

Choosing a Primary Endpoint: Advantages and
Disadvantages of Different Choices

Advantage Disadvantage
Single outcome Simple Sample size; multiple
endpoints are a reality
. . X Interpretation not easy if
Smg;z:o:il:tmed Sample size components show
P different patterns
Co-primary Eggs not all Sample size
outcomes in one basket and power
Global index Power Not easily interpretable
Hierarchical Power; clinical Clinical relevance

scoring/ranking relevance

Fig. 3. Advantages and disadvantages of different primary end
point choices.

multiple sclerosis were used to define a new composite out-
come for future multiple sclerosis trials.

In summary, multiple outcomes in clinical trials are a ne-
cessity. To understand whether a treatment makes patients
feel better and live longer and, if it does, how, clinical,
functional, structural, and laboratory outcomes are usually
required. In some cases, a composite can be a meaningful
and powerful way of combining different outcomes. Even
if a composite end point is not the primary outcome, differ-
ent composite outcomes can be useful as secondary out-
comes. Further standardization of composite outcome
definitions across heart failure trials would facilitate study
comparisons and meta-analyses. When composites are
used, all components should be reported. To do this proper-
ly, data collection for all components should continue until
the end of the trial.
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