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1. Introduction

Composite outcomes combine two or more constructs into a single measure that can be 

used to evaluate a treatment’s efficacy, tolerability, or safety, or their combination (i.e., 

risk/benefit). The main potential advantage of such outcomes is that they can provide a 

more comprehensive assessment by including multiple domains that are important to the 

individuals being studied, rather than a single factor that may not adequately describe 

their experience. Such outcomes may better inform patient, clinician, researcher, regulator, 

and payor decisions. One way to think about this advantage is to compare 3 hypothetical 

participants in a trial that evaluates 2 domains: pain intensity and function (Figure 1). 

Participant 1 experiences a large improvement in pain intensity, but their function worsens, 

possibly due to treatment side effects. Participant 2 experiences a small improvement in pain 

intensity and a large improvement in function. Participant 3 experiences large improvements 

in both domains. If the primary outcome of the clinical trial was pain intensity, participants 

1 and 3 would have the same outcome, but their experiences were quite different. This 

illustration suggests that the outcome for each participant might be better assessed using 

a composite measure that incorporates multiple important domains. In other words, the 
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composite outcome may be more clinically relevant than pain intensity alone. In addition, 

unlike standard separate analyses of multiple outcomes, composite outcomes can incorporate 

information about the relationships among the separate domains.

Composite outcomes can be particularly useful when the included domains assess both 

efficacy (i.e., benefits) and harm (i.e., risk) because the efficacy and harms of a treatment 

can be correlated within patients and represent positive and negative effects of the treatment 

(i.e., trade-offs). Typically in clinical trials, efficacy and harms are evaluated separately 

and the results of the separate outcomes are qualitatively combined to inform conclusions 

concerning the risk/benefit profile. Alternatively, a composite outcome could be used to 

assess the efficacy/harm trade-off within each participant and allow for a quantitative 

evaluation of the risk/benefit profile.

The approach used to construct the composite outcome will affect the degree to which 

it improves clinical relevance or is responsive to interventions. This article will review 

general considerations for developing composite outcomes, the advantages and limitations of 

various methods used to generate composite outcomes, and considerations for interpreting 

and disseminating trial results with composite outcomes. Examples of published composite 

outcomes will be used to illustrate these concepts.

2. General considerations

In order to ensure that a composite outcome is clinically relevant, it is imperative that 

previous research and patient and clinician input inform the selection of the included 

domains for a particular condition and “response” definitions or ranking of the joint 

outcomes, when applicable. This practice will minimize the potential for overestimation of 

treatment effects by composite outcomes that include less relevant domains that are strongly 

affected by a treatment. Concept elicitation interviews and focus groups can be used to 

obtain broad input for designing the outcome, and subsequent interviews or surveys should 

be used to further assess the content validity of the resulting outcome.[24] The inclusion of 

patients who have experienced improvement with pain treatments in these interviews and 

focus groups should be prioritized so that their opinions are based on actual rather than 

anticipated experiences. In addition, secondary analyses of previous trial data can be used 

to investigate the associations between the composite outcomes and global improvement 

measures. Secondary analyses can also be used to evaluate the relative responsiveness 

of different composite outcomes to effective treatments and should ideally use multiple 

data sets to evaluate consistency. The major goal of such secondary analyses would be to 

determine whether clinical relevance can be increased without sacrificing responsiveness to 

effective treatments.

Finally, when weighing the potential benefits of increased clinical relevance of a composite 

outcome with potential decreases in responsiveness compared to single domain outcomes, 

investigators should also consider the study phase and goal. For example, in early 

phase proof-of-concept trials with smaller sample sizes, it may be beneficial to prioritize 

responsiveness over maximum clinical relevance to avoid premature termination of a drug 

development plan.
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Even with careful design of a composite outcome, interpretation of clinical trial results 

using these outcomes can be challenging. For example, suppose that there is a treatment-

associated benefit on a subset of the domains included in a composite outcome, but there is 

a treatment-associated worsening on another domain. Many readers may interpret a positive 

result on the composite outcome to mean that the treatment positively affects ALL of 

the included domains. Thus, articles reporting the results of clinical trials with composite 

outcomes should be carefully worded to avoid the implication that a significant effect on 

the composite outcome implies a significant effect on all of the outcome domains in the 

composite, unless the composite is specifically designed for this purpose (e.g., requirement 

to improve on all domains).[10] Both the European Medicines Agency[6] and the U.S. 

Food and Drug Administration[23, 24] recommend analyzing the individual domains of 

the composite outcome to examine how each domain is affected by the treatment. Note 

that although these analyses are necessary to fully inform the interpretation of the results 

and should be presented in published trial reports, claims of significance related to these 

secondary analyses of individual outcomes are not justified unless they are incorporated in a 

pre-specified analysis plan that statistically adjusts for multiplicity.[22]

It is also important to recognize that even when included domains, method of outcome 

construction, and “response” definitions are based on previous research and stakeholder 

input, the priorities reflected in the outcomes will not necessarily apply to all participants. 

However, this is also the case for “response” definitions for single domain outcomes and 

when interpreting clinically meaningful differences for individual patients and between 

groups in clinical trials. Additionally, certain composite outcomes can be personalized for 

each participant at the beginning of the trial similarly to the approach suggested by the FDA 

for migraine trials in which participants pre-specify their most bothersome symptom to serve 

as their personalized primary outcome.[25] See Section 3.3 for an example of an approach to 

composite outcomes that can be personalized.

Finally, as with all outcomes, research to determine what would be considered a clinically 

meaningful group difference in a composite outcome is necessary to inform trial design 

(sample size) and the interpretation of the potential impact of treatments.[4]

3. Types of composite outcomes and implications for their interpretation

This article discusses composite outcomes that combine two or more different efficacy 

or safety domains assessed separately. This type of composite outcome is particularly 

beneficial when the domains are assessed using different modalities and for which a 

valid, single patient reported outcome (PRO) measure would be difficult to develop (e.g., 

self-report pain combined with objectively-assessed activity[21], adverse events, or rescue 

analgesic consumption). This article will not address composite PROs that include multiple 

items assessed using the same scale (e.g., the Brief Pain Inventory[3]).

3.1. “Responder”-based methods

“Responder”-based composite outcomes group participants into discrete categories based 

on pre-specified criteria to define improvement or worsening (not necessarily response 

to an intervention[17]) during a trial. These types of outcomes are often dichotomous 
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(i.e., “responders” vs. “non-responders”), but can also be ordinal (e.g., worsening vs. no 

change/little improvement vs. moderate improvement vs. substantial improvement). As with 

most composite outcome methods, a “responder”-based composite outcome that requires 

a certain degree of improvement on only one of multiple domains can be driven by one 

domain alone (e.g., requires a 30% improvement in pain OR function). Such a result can 

be misinterpreted as an improvement on all domains of the composite outcome (see Section 

2). On the contrary, a “responder”-based composite outcome that requires improvement 

on all included domains may not demonstrate improvement if a treatment has a clinically 

meaningful benefit on a subset of the included domains. For example, if a composite 

outcome requires 30% improvement in pain AND 30% improvement in physical activity, a 

treatment that is highly effective at improving pain might not affect the composite outcome 

unless the treatment was paired with an intervention focused on increasing activity. Thus, 

these endpoints could lead to underestimating the benefit of potentially effective treatments.

Composite “responder”-based outcomes can also be designed to require an improvement 

on at least one domain and no worsening on other domains. This approach would prevent 

a conclusion of benefit if any domain worsens for a particular participant, and would 

decrease the chances of missing an important therapeutic benefit on the most important 

domain because a second domain did not improve. It is important to avoid criteria to 

define “responders” that will rarely be achieved even with highly effective treatments 

because these outcomes might not be able to distinguish between effective treatments and 

placebo, causing underestimation of potential treatment benefits. One main limitation of 

dichotomous “responder”-based outcomes is that they may not capture potentially important 

finer gradations of improvement and tend to provide less statistical power than continuous 

outcomes.[20]

3.2. Z-score based methods

Standardized scores or z-scores are sometimes used to create measures that are unit-less 

and, hence, easier to combine across domains. A z-score relates a participant’s outcome 

on a given domain to the mean outcome for that domain in a sample. It is computed as 

Z = (observed outcome – mean)/standard deviation (SD). The mean and SD are typically 

obtained from external sources (e.g., normative datasets of patients or healthy controls), 

but the baseline mean and SD of the study sample can also be used. The z-scores for 

each domain are then averaged, possibly with different weights being assigned to the 

different domains based on patient preferences or other clinical considerations, to generate a 

composite score. This approach is useful when individual domains cannot be assessed on the 

same scale. It does not require investigators to identify clinically meaningful cut-offs for the 

continuous variables, and it does not sacrifice information as do dichotomous “responder”-

based outcomes. This approach is perhaps best suited for continuous outcomes that are 

interval-scaled and approximately normally distributed. To our knowledge, composite 

outcomes using this methodology have yet to be proposed for chronic pain. A composite 

measure for multiple sclerosis provides an example of this methodology.[5]
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3.3. Rank-based methods

The O’Brien Rank-Sum Method ranks participants in each relevant domain and then 

calculates the sum of the ranks for each participant.[14] This approach has similar 

advantages to the z-score method in that it allows combination of outcomes measured on 

different scales. It is useful for instances when the individual outcome variables are not 

likely to be normally distributed. An adaptation of this approach that combines participant 

ranks based on their pain scores and their opioid consumption has been proposed by 

Silverman et al. for acute pain trials[18] and was utilized in a randomized clinical trial 

for post-hysterectomy pain.[11]

Desirability of Outcome Ranking (DOOR) is a rank-based method in which investigators 

use input from patients and clinicians to develop a prespecified ranking scheme of possible 

joint outcomes of the included domains. If the “perceived distance” between rankings is not 

uniform the DOOR outcome can be quantified using “partial credit” where the desirable 

category is scored 100 and the least desirable category is scored 0 with partial credit 

given to intermediate rankings.[7] This partial credit can be identified based on summarized 

input from stakeholders, including patients and clinicians, but could also be identified by 

each participant prior to the trial in order to personalize this outcome according to each 

participant’s priorities [26] (Figure 2A). A variation of the DOOR method can include 

continuous outcomes for a domain.[8] For example, a ranking scheme could involve first 

separating participants into 3 categories depending on whether their pain improved by < 

30%, 30–49%, or ≥ 50%. Then within those groups, participants would be ranked based on 

physical activity levels as measured by an accelerometer. The prioritization of pain relief in 

this ranking structure implies that regardless of the change in a participant’s activity level, 

if their pain does not improve by at least 30%, the participant should be near the bottom 

of the ranking [8] (Figure 2B).The advantage of the DOOR method is it summarizes the 

experience of the person by joint outcomes that have been ranked a priori based on patient 

and clinician input or personalized by each participant in the trial. The DOOR approach 

provides the probability that a participant randomly selected from the active group has a 

more desirable outcome than a participant in a control group, providing a straightforward, 

meaningful interpretation.[7] This approach has yet to be developed for pain conditions.

4. Risk-benefit composite outcomes

Perhaps one of the most important concepts to assess using a composite outcome is the 

benefit-risk profile. Only by assessing the balance of benefits and risks within an individual 

participant can the outcome capture the relationship between the two outcome domains.[7, 

8] Two groups have proposed benefit-risk measures that group participants in two-way 

tables based on the degree of pain improvement and degree (or presence) of adverse events.

[2, 13] These outcomes could be adapted using a DOOR method to create finer gradations 

in categories with pre-specified prioritization of the benefit-risk trade-offs and potentially 

increase their ability to distinguish between treatments. A third group proposed a composite 

benefit-risk outcome defined as the number of days with at least 30% improvement in pain 

and no or mild adverse events.[12]
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It is important to note that, when using a placebo control, composite outcomes that 

incorporate risk and benefit may be less responsive to treatments with considerable risks 

(e.g., opioids) than outcomes that include only pain intensity, but these outcomes may 

be better suited to evaluate the overall utility of such treatments. In addition, outcomes 

that incorporate risk and benefit may better detect differences between two treatments that 

provide similar pain relief, but have different degrees of adverse effects.

5. Progress and prospects

Table 1 presents examples of composite outcomes that have been developed for various 

pain conditions.The referenced studies provide good methodological examples for how to 

develop and evaluate such outcomes, including the steps taken to develop clinically relevant 

candidate outcomes and secondary analyses of existing trial data to assess the relative 

responsiveness and clinical relevance (e.g., via associations with global improvement 

measures) of potential composite outcomes.

6. Conclusions

Although randomized clinical trials of pain treatments assess many important outcome 

domains, pain intensity is often the only domain used in the primary efficacy assessment. 

A composite outcome is one approach that can be used to incorporate multiple relevant 

domains in the primary conclusion regarding whether a treatment provides benefit. 

Such outcomes arguably can be more clinically meaningful, especially when they assess 

competing domains that can affect one another. Considering the potential harms of common 

pain treatments and the multi-dimensional effects of pain on patients’ lives, developing 

composite outcomes with good content and construct validity will advance pain research 

and facilitate more informed decisions regarding treatment utility. Efforts to develop novel 

composite outcomes should pay careful attention to how the design of such measures 

affects their clinical relevance, interpretation, and responsiveness in clinical trials. Finally, 

professional organizations should work toward obtaining consensus on accepted composite 

outcome measures to utilize across chronic pain trials.[16]
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Figure 1. 
Composite outcomes provide a more complete overall assessment of each participant. The 

figure provides an illustrative example of how 3 participants would be ranked differently 

regarding the desirability of their outcome (i.e., different colors in the figure) using a 

composite outcome of pain intensity and physical function vs. each of its two components 

alone. Note that the color of the dots represents the relative desirability of the outcome for 

hypothetical participants within each outcome and that the desirability of one color, for 

example yellow, in the pain outcome is not necessarily similar to the desirability of yellow in 

the function outcome or the composite outcome.
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Figure 2. 
Illustration of the DOOR method using (A) only categorical outcomes and (B) incorporating 

continuous outcomes. In (A) “Partial credit” can be used when the perceived distance 

between outcomes is not uniform. These credit values can be identified based on research 

with various stakeholders or identified at the beginning of the study by each participant to 

personalize the DOOR outcome. Group comparisons can be performed with respect to the 

partial credit scores (A) or the ranks (B) using an appropriate statistical test. Note that the 

examples used here are hypothetical (i.e., not informed by stakeholders) and serve only to 

illustrate the way in which the method is used.
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