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Composite endpoints amalgamate multiple clinical outcomes into a single measure, offering efficiency
gains in clinical trials through increased event rates and reduced sample sizes, thus accelerating clinical
development and regulatory approval. However, employing composite endpoints introduces complexities
into health technology assessments (HTAs), particularly in economic modeling, due to the varying clinical
significance and cost implications of the components. In this paper, we explore best modeling practice for
HTAs that are based on clinical trials that employ composite endpoints. We examine regulatory guidance
and discuss statistical solutions for differential component impacts, before presenting a case study based
on a recent dapagliflozin submission for reimbursement in heart failure. Our investigation reveals that
while composite endpoints can streamline trial analyses and hasten regulatory approval, they also pose
a risk of bias in HTA if treatment effects for the components are inappropriately pooled. The paper
discusses HTA principles in the context of composite endpoint trials and proposes strategies to develop
modeling scenarios and interpret results, especially concerning whether to combine or split out estimates
of component treatment effects. A particular focus is the accurate capture of uncertainty, both in terms
of the parameter inputs to the model and over the ultimate decision to reimburse. This paper serves as a
potential resource for researchers, practitioners and decision-makers, offering insights into best modeling
practices that can unlock the full potential of composite endpoints in the pursuit of evidence-based
healthcare decision-making.

Plain language summary
What is this article about? This article explores how composite endpoints – which combine multiple
clinical outcomes into a single measure – are used in clinical trials and how they impact health technology
assessment (HTA). Composite endpoints are widely used in clinical research to increase statistical power
and speed up drug development, but they can create challenges in economic modeling when evaluating
whether new treatments provide value for money. This paper reviews existing guidance from regulatory
agencies and HTA bodies, presents statistical approaches to handling composite endpoints, and uses a
case study of dapagliflozin for heart failure to illustrate key challenges and potential approaches to cost-
effectiveness modeling.
What were the results? This study finds that while composite endpoints offer advantages for clinical trial
efficiency, they present difficulties if treatment effects on individual components vary significantly. The
case study of dapagliflozin highlights how different approaches to modeling composite endpoints can
lead to different economic results, ultimately affecting reimbursement decisions:
• Using the composite endpoint as a single measure suggested dapagliflozin was highly cost-effective

(i.e., resulted in greatest value for money).
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• Separating the composite endpoint into its individual components showed similar results, but with
greater uncertainty.

• Ignoring treatment effects on certain components (e.g., cardiovascular death) made dapagliflozin
appear less cost-effective, despite trial data showing a possible benefit.

What do the results of the study mean? These findings highlight the importance of carefully handling
composite endpoints to avoid biased conclusions. The study suggests that HTA evaluations should account
for uncertainty in treatment effects on individual components, avoid exclusions of components based on
statistical significance alone and align with best practices from regulatory agencies, while also ensuring
economic models accurately reflect real-world clinical impact.

Overall, this paper provides practical guidance for researchers, policymakers and decision-makers on
how to handle composite endpoints when presenting economic models to HTA decision-makers.

First draft submitted: 18 July 2024; Accepted for publication: 7 August 2025; Published online:
10 Septemeber 2025

Keywords: case study • composite endpoints • cost-effectiveness • health economic modeling • health technology
assessment • uncertainty

Composite endpoints, formed by aggregating multiple individual clinical endpoints into a common measure, have
emerged as a valuable tool for the evaluation of healthcare interventions. Many clinical trials have embraced the
use of composite endpoints [1]. The primary benefit of composite endpoints is the potential for greater efficiency
(increased statistical power) in clinical trial design, either through combining several faster accruing nonfatal events
or by combining nonfatal events with slower accruing fatal events [2,3]. This may allow for a more rapid completion
of the trial, which is of importance given the resource constraints often seen in clinical research and development.
Additionally, the use of a composite endpoint eliminates the need for multiplicity adjustments or other complex
statistical approaches that are otherwise required when analyzing multiple individual endpoints separately. This
streamlined approach may simplify statistical analyses and interpretation of trial results, potentially accelerating
the translation of clinical evidence into practice. Meanwhile, the integration of both nonfatal and fatal events may
better summarize the patient experience and provide clinicians with a summary estimate based on the totality of
evidence.

In this context, the focus of this methodological paper (the first in a series of two) aims to provide guidance
for conducting health technology assessments (HTAs) using data from regulatory clinical trials utilizing composite
endpoints, with the express aim of exploring the value for money for products seeking reimbursement. Health
economic models represent a key part of HTAs that are submitted by companies seeking reimbursement for their
products. Identifying best practice approaches for modeling trials with composite endpoints is the main aim of this
first manuscript.

The utilization of composite endpoints in clinical research is not without its challenges [4,5], and these challenges
are magnified when considering their implications for HTA and associated health economic modeling of cost-
effectiveness. There is an inherent assumption that all components of the composite endpoint hold equal value,
yet this assumption rarely applies; for example, different clinical events may carry varying degrees of clinical
significance, as well as having different impacts on patients and health service costs. Furthermore, treatments under
evaluation may exert differential effects on each component of the composite endpoint, or may influence recurrent
events as well as the first event. The relative timing of component events for the groups compared may differ in
that nonfatal events will likely occur on average earlier in the time course of disease progression compared with
fatal events. Understanding the relative importance of the individual components of a composite endpoint and the
potential for differing treatment effects, is essential not only to inform clinical decision-making, yet also to inform
cost-effectiveness analyses and HTA, as they directly influence the estimation of an intervention’s value.

This methodological study summarizes the available guidance on the use of composite endpoints that has
been offered by regulators and HTA bodies, as well as examining some of the proposed statistical solutions for
addressing the hierarchy of components in a composite endpoint, the potential for components to be differentially
impacted by treatment, and where treatment affects both first and recurrent events. A case study on dapagliflozin, a
sodium-glucose co-transporter 2 inhibitor (SGLT2i), is also presented to illustrate the specific challenges for HTA
and cost-effectiveness modeling. Finally, we discuss the principles of HTA and cost-effectiveness modeling in the
context of composite endpoint trials and offer some guidance for how to develop modeling scenarios and interpret
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the results, bearing in mind the potential conflict between the efficiency of employing a clinical endpoint and the
danger of bias that can result if inappropriately employed. Throughout this study, the focus is to accurately capture
the uncertainty in terms of the parameter inputs to the model, yet most importantly, assess the decision uncertainty
arising from a model’s outputs.

Good practice guidance from drug regulatory & HTA bodies
Adhering to good practice guidance from drug regulatory and HTA bodies is essential to ensure robust and reliable
assessments of composite endpoints. This section highlights the key recommendations and guidance provided by
prominent regulatory authorities and HTA organizations on the use of composite endpoints.

The EMA offers comprehensive guidance on the clinical evaluation of medicinal products, emphasizing the
importance of composite endpoints in demonstrating the efficacy and safety of new treatments. EMA guidance
on multiplicity in clinical trials includes a section on composite endpoints. This includes a number of important
guidelines, such as the expectation that treatment should impact all components, that more clinically severe events
(e.g., mortality) should be included alongside less severe components (e.g., hospitalization), and that one of the
advantages of a composite endpoint is that it obviates the need for multiplicity testing. The EMA advocates that
the components should be analyzed separately alongside the composite, and that evidence of differential treatment
effects on the components will likely complicate the interpretation of results [6].

Similarly, the US FDA guidance on composite endpoints notes that [7]:

“The effect on the composite endpoint, however, will not be a reasonable indicator of the effect on all of the
components or an accurate description of the drug’s benefit if the clinical importance of different components is
substantially different and the treatment effect is chiefly on the least important event.”

The FDA also provides specific guidance for examining the components of a composite endpoint, including
disaggregating a composite endpoint into individual components based on first event, where more than one of the
component events occurs.

There is limited guidance on the use of composite endpoints from HTA bodies. The Pharmaceutical Benefits
Advisory Committee (PBAC), Australia’s advisory body on the cost-effectiveness of medicines, provides guidance
on the evaluation of pharmaceuticals, which includes some limited guidance on the use of composite endpoints in
terms of reporting, justifying and analyzing results [8].

“If one or more of the reported outcomes is a composite, discuss and compare the clinical importance of each of the
components of the composite. Report whether the definition of the composite outcome was explicitly prespecified.
Justify the inclusion of the components in the composite outcome, and the exclusion of any components that were
considered but subsequently rejected. Disaggregate the composite outcome and present the results. . . Composite
outcomes need to be appropriately handled when disaggregating the component outcomes so that the true estimate
for each component outcome is appropriately captured.” – Section 2.4.3 Outcomes, PBAC 2016 [8]

However, this information is reported in the ‘Clinical Evaluation’ section of the PBAC guidelines, and no direct
guidance for how to interpret a composite endpoint from the perspective of the economic modeler is given.

Other prominent HTA bodies, such as the National Institute for Health and Care Excellence (NICE) in the UK,
and Canada’s Drug Agency, provide comprehensive methodological guidance on HTAs, though specific guidance
on the use of composite endpoints is not provided in their relevant documents [9,10]. The Scottish Medicines
Consortium (SMC) does not provide guidance on composite endpoints directly, though it does make the following
specific request [11]:

“If the submitting company presents a base case analysis which includes some differences which were not
statistically significant, within the sensitivity analysis they should include such an analysis with the non-
significant differences removed.” – Section 6.13.3 Uncertainty, SMC 2022 [11]

This guidance from SMC is presented without context but may be applicable to the components of a composite
endpoint. It must be noted, however, that if this guidance is applied in this way, any hypothesis test would be
underpowered by design; issues of power for detecting significant differences are not addressed in the approach
described in Section 6.13.3.

Current guidelines identified in this study thus appear to devote limited attention specifically to the topic of
managing results from clinical trials reporting composite endpoints, although the use of such endpoints is extensive.
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Eventually, guidance will be needed on the development and application of methods relating to establishing a link
between treatment response based on composite endpoints and health outcomes for patients in the context of
valuation for HTA assessment [12].

Existing statistical approaches for analysis of composite endpoints
The aggregation of multiple individual clinical endpoints into a composite measure offers statistical advantages in
terms of increasing events and, therefore, power for statistical testing, while avoiding the complexities associated
with multiplicity testing. Nevertheless, as identified in regulatory guidance, the use of composite endpoints creates
new challenges around the value of the component endpoints and the possibility that treatment effects could vary
by component [13]. A number of statistical methods have been developed relating to composite endpoints, many
of which are described in a recent review by Baracaldo-Santamaria et al., which investigated the interpretation of
composite endpoints in clinical research [4].

These statistical methods can be categorized according to the challenge they seek to address, including the
hierarchical importance of the components of the composite (e.g., the Win-ratio [Pocock et al. [14]]) or weighted
composite endpoints (e.g., Ozga and Rauch [15]), testing for heterogeneity in the treatment effect for components
(e.g., Pogue et al. 2010 and 2012 [16,17]; Ristl et al. 2019 [18]), and methods that allow for repeated measures
for nonfatal endpoints (e.g., Andersen–Gill model, negative binomial model). Another categorization of analysis
methods for comparing ‘novel’ versus ‘traditional’ approaches can be based on time to first event, composite
event process and pairwise hierarchical comparisons [2]. All of these methods focus on the statistical testing of
the composite, while making an allowance for the differential weights that might be applied to the components.
However, health economic modeling requires a specific set of weights based on the quality-adjusted life year (QALY)
and health service resource cost consequences of the components, and focuses on the estimation of cost-effectiveness
not the testing of hypotheses.

Furthermore, a common feature among these statistical procedures is the requirement for individual participant
data. Such data are rarely available to the analyst performing HTA for all the studies pertaining to a decision
problem, and as a result, these methods are not often used in practice to inform policy-making. Consequently,
visual inspection of the results for the individual components remains the main evaluation approach, which can
increase the level of subjectivity in the choice as to whether to pool or split the component endpoints. In addition,
none of the above methods addresses the three main challenges associated with the use of composite endpoints
(relative value of each composite component, heterogeneity of effects by component endpoint, and accommodation
of repeat measures for recurrent events) simultaneously, which is necessary in most HTA submissions. For this
reason, we do not explore these specific methods further in this paper as we consider they are not appropriate for
health economic modeling.

Importance of representing uncertainty in HTA submissions
Generally, existing guidance from reimbursement authorities and other good practice guides for modeling em-
phasizes that all evidence relating to a decision problem should be included in an HTA. Furthermore, since
HTA-relevant outcomes (e.g., healthcare resource utilization and costs per value gained) are rarely the primary
endpoints of clinical studies, the focus of health economic modeling should be on the estimation of relevant
outcomes with appropriate representation of uncertainty, rather than on testing of hypotheses. Where possible,
structural assumptions relating to a health economic model should be parameterized, and uncertainty should be
propagated through the model structure from the input parameters to the output parameters using probabilistic
sensitivity analysis. This allows the representation of uncertainty not only in terms of uncertainty intervals (95%
credible interval often preferred), but also in terms of the expected value of perfect information (EVPI), a Bayesian
decision analysis procedure that integrates the loss function associated with incorrect decision making with the
probability of making the wrong decision [19]. The EVPI can be thought of as the cost of incorrect decision making.

Where structural uncertainties cannot be parameterized (such that they are not represented within the estimated
uncertainty intervals of cost-effectiveness outcomes), the preferred approach is to present scenarios for alternative
modeling assumptions with associated uncertainty intervals [9]. Within the manuscript, we use a case study (described
below) to illustrate how the approach to modeling composite endpoints or the components of those endpoints
in health economic models can have a profound impact on the associated uncertainty of the model. Further, we
consider this to be a very important form of structural uncertainty for the proposed model.
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Figure 1. Hazard ratio results from the DELIVER clinical trial in terms of the treatment effect on the composite
endpoint and its components.
CV: Cardiovascular; HHF: Hospitalization for heart failure; HR: Hazard ratio; SGLT2i: Sodium-glucose co-transporter 2
inhibitor.

Case study – dapagliflozin for heart failure with preserved or mildly reduced ejection fraction
(HFpEF/HFmrEF)
Background & decision making context
In this section, we describe the comparative effectiveness and cost-effectiveness analysis of dapagliflozin (an SGLT2i)
plus standard of care, versus placebo plus standard of care, for the treatment of heart failure with preserved or mildly
reduced ejection fraction (HFpEF/HFmrEF), a decision problem previously submitted to NICE for evaluation [20].

The key study informing this reimbursement decision was the DELIVER trial [21], a Phase III, placebo-controlled
trial, in adult patients with symptomatic chronic HFpEF/HFmrEF. The primary outcome in the DELIVER trial
was a composite of worsening HF (defined as either an unplanned hospitalization for HF (HHF) or an urgent visit
for HF) or cardiovascular (CV) death. The primary composite endpoint used in the DELIVER trial encompasses
both fatal and nonfatal events as encouraged by regulators, and thus guarantees that the component endpoints have
different perceived values (whether from a clinical, patient or economic perspective) since fatal and nonfatal events
are associated with different values.

Treatment with dapagliflozin added to standard of care was shown to reduce the composite endpoint when
compared with placebo added to standard of care (hazard ratio [HR]: 0.82, 95% confidence interval [CI]: 0.73–
0.92), shown in Figure 1 as the ‘Composite’ scenario. However, when the components of the composite were
analyzed separately, there was uncertainty as to whether treatment with dapagliflozin reduced both events equally.
For worsening heart failure, the treatment effect of dapagliflozin was statistically significant (HR: 0.79, 95% CI:
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0.69–0.91) compared with placebo, but for CV death, the treatment effect was not statistically significant (HR:
0.88, 95% CI: 0.74–1.05), as shown in Figure 1 as the ‘Split’ scenario. Subsequently, the evidence assessment
group, an independent academic group tasked with assessing company evidence submissions, suggested to present
a scenario which excluded mortality effect from the model, meaning only the treatment effect of dapagliflozin
on HHF remained. This scenario is represented by the ‘no CV death Scenario’ shown in Figure 1. The impact
of such a scenario is important to consider – not only is the mortality effect removed, but such a scenario also
assumes that the lack of treatment effect is known with certainty. Although this seems consistent with the quote
from the SMC about presenting scenarios with nonsignificant treatment effects removed, it also runs counter to
the advice from NICE [9] that structural uncertainties should be parameterized within a model. The impact of this
structural uncertainty choice, to either include the possibility of a treatment effect on death with all the inherent
uncertainty, or to exclude the possibility of a treatment effect on death assuming that this is known with certainty,
is an important point of contrast for this manuscript.

Based on the modeling scenarios presented to the NICE technology appraisal committee, it was considered that
there were substantial uncertainties in the economic modeling. As a result, the initial decision by the NICE com-
mittee concluded that the cost-effectiveness estimates for dapagliflozin are likely higher than what NICE considers
a cost-effective use of National Health Service (NHS) resources [20]. Therefore, the initial draft guidance issued by
the committee did not recommend dapagliflozin within its marketing authorization for the treatment of chronic
HFpEF/HFmrEF in the NHS. However, following the provision of additional evidence during the consultation
period, the committee issued a final appraisal document which recommended dapagliflozin within its marketing
authorization as an option for treating symptomatic chronic HFpEF/HFmrEF in adults [22]. This revised recom-
mendation was largely based on the recognition that scenarios that included a direct and/or indirect dapagliflozin
treatment effect on cardiovascular and all-cause deaths were more plausible, despite a level of uncertainty still exist-
ing. When this preferred assumption was incorporated, the cost-effectiveness estimates were subsequently below the
threshold of what NICE considers an acceptable use of NHS resources; thus, the intervention was recommended.

Modeling challenges & illustration
The full submission model presented to NICE involved an individual participant data analysis of the DELIVER trial
informing a state transition model that, in its original form, split out the components of the composite endpoint and
applied different treatment effects [23]. In the illustrative analysis described here, some minor simplifying assumptions
were made to allow the direct application of the treatment effects depicted in Figure 1 to the economic model.
Specifically, from the full submission model, only unadjusted HF event risk and survival models were used. For
survival, the Weibull distribution was selected, and the shape and scale parameters derived from the DELIVER trial
analysis were retained, but the coefficient for the treatment arm was substituted with log-transformed HRs according
to the applicable analysis scenario. Similarly, in the unadjusted models to predict recurrent HF events, the intercept
was kept, while the treatment arm coefficient was substituted with the log-transformed treatment HRs. In both
cases, uncertainty parameters were estimated using the reported HR confidence intervals. Although not identical to
the analysis submitted to NICE, the figures presented in this illustration are comparable to those in the full NICE
analysis and serve the purpose of exemplifying the modeling challenges faced.

In the illustration, the cost-effectiveness model was interrogated with respect to the three different scenarios
shown in Figure 1:

1. Split scenario: in this scenario, treatment effects were separately applied for both HHF and CV death based on
the observed treatment effects from DELIVER.

2. Composite scenario: in this scenario, the same treatment effect was assumed for both HHF and CV death, that
being the treatment effect on the composite outcome from DELIVER.

3. No CV death scenario: this scenario assumed there was a treatment effect on HHF as observed in DELIVER,
but that there was no CV death treatment effect (and no uncertainty regarding the lack of treatment effect. This
assumption represents a change from the results observed in the DELIVER trial.)

The results of applying these three scenarios are shown in Table 1, which summarizes the estimated ICER, the
incremental net monetary benefit ([INMB], assuming a decision threshold of £20,000 per QALY), and the EVPI.
The 95% credible intervals were calculated based on 1000 replicates of probabilistic sensitivity analyses. The INMB
results are also presented as a forest plot in Figure 2.
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Table 1. Cost-effectiveness results for three modeling scenarios.
Scenario ICER INMB (95% CI INMB) EVPI

Split £10,256 £1697 (-£4510 to £7904) £609

Composite £7636 £3306 (-£952 to £7563) £66

No CV death £27,152 -£426 (-£1227 to £376) £36

CI: Confidence interval; CV: Cardiovascular; EVPI: Expected value of perfect information; ICER: Incremental cost-effectiveness ratio; INMB:
Incremental net monetary benefit.

Incremental net monetary benefit (£)

-5000 -2500 0 2500 5000 7500

Favours placebo Favours SGLT2i

Split

Composite

No CV death benefit

Figure 2. Incremental net monetary benefit for three modeling scenarios.
CVD: Cardiovascular death; SGLT2i: Sodium-glucose co-transporter 2 inhibitor.

Results presented in Table 1 & Figure 2 demonstrate that the choice of how to incorporate treatment effects from
a composite endpoint has important implications for both the point estimate of cost-effectiveness and the associated
uncertainty. The most favorable cost-effectiveness outcomes were observed when using the composite scenario,
with an ICER of approximately £7600 per QALY gained and the greatest INMB of all scenarios. The split scenario
yielded a slightly increased ICER of approximately £10,000 per QALY gained, and the scenario with no CV death
was associated with the least favorable cost-effectiveness outcomes, with an ICER of approximately £27,000 per
QALY gained and a negative INMB when using a decision threshold of £20,000 per QALY gained (Figure 2).
Considerable differences were observed between the point estimates for the three scenarios, but strikingly, although
derived from the same trial data source with its inherent uncertainty, the uncertainty intervals estimated for the
scenario point estimates also vary considerably. As expected, the uncertainty interval on INMB was marginally
smaller for the composite scenario compared with that of the split scenario, although both are of comparable
magnitude. Notably, for the no CV death scenario, the uncertainty interval on INMB was markedly reduced. This
is due to the implicit assumption that the absence of a treatment effect on CV death was known with complete
certainty. This assumption also influenced the EVPI results (which can be interpreted as the cost of decision
uncertainty), where the EVPI similarly decreased for the no CV death scenario when compared with the other
scenarios.

As previously noted, the assumption that there is an absence of treatment effect on CV death does not reflect
the clinical trial results. This is illustrated in Figure 3, showing the model predictions (aggregated across treatment
and no-treatment groups) under each of the three scenarios compared with the Kaplan–Meier failure curves from
the DELIVER trial. As anticipated, the composite scenario slightly underestimated CV death, though the split
scenario demonstrated a very close match between the model predictions and the observed DELIVER data. The
no CV death scenario systematically overestimated CV death in the model.
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Figure 3. Observed Kaplan–Meier estimates of cumulative cardiovascular deaths compared with model estimates of
cardiovascular deaths for three modeling scenarios.
CV: Cardiovascular; KM: Kaplan–Meier.

Discussion & limitations
This study summarizes examples of reported guidance on the use of composite endpoints from drug regulatory
agencies and highlights the potential practical usefulness of composite endpoints for licensing studies. However, the
use of composite endpoints is less straightforward when it comes to HTAs and cost-effectiveness models to support
reimbursement decisions; therefore, further guidance is needed. Using an illustration based on a recent submission
to NICE in the UK, this study showed that the interpretation of the treatment effects on the components of a
composite endpoint can have a profound impact on the estimated cost-effectiveness and associated uncertainty,
which could influence reimbursement decisions.

A common assumption suggests that it is necessary to disaggregate composite endpoints for health economic
modeling exercises, given that the components of the composite are valued differently (in terms of healthcare
resource use and/or the health outcome consequences); however, this is not required in all circumstances. Health
economic models synthesize the results of many input parameters into a single metric, such as an ICER or an
INMB, to inform decision-makers on the estimated value-for-money of an intervention. Ultimately, therefore, all
parameters of the model are synthesized together. If either the value of the components of the composite endpoint
or the treatment effect on the components of the composite is equal, it would be legitimate to use the treatment
effect on the composite endpoint in the health economic model. However, if neither of these conditions is met,
the use of a composite endpoint in the health economic model would be biased compared with disaggregating the
components and applying differential treatment effects. Nevertheless, it remains a somewhat subjective assessment
of whether or not the assumption of equality of treatment effects is met, given that any formal statistical test is
underpowered.

Using the example of dapagliflozin, presented in this study as an illustration, it was evident that the value of
HHF and CV death outcomes was not equal in our subjective opinion. HHF is more costly in terms of healthcare
resource use when compared with CV death, but CV death is associated with greater QALY loss. The results
observed for the split scenario and composite scenario in Figure 1 suggest that the treatment effects on the two
components (HHF and CV death) are not dissimilar. For example, both components were in the same numerical
direction (favoring dapagliflozin), and both CIs overlapped the point estimate of the other component. Similar
findings were observed for the cost-effectiveness analysis (Table 1 & Figure 2), where the results for the split and
composite scenarios were relatively comparable and had similar CI ranges, though there was a numerical advantage
for the composite scenario, which gave a slightly increased treatment effect for CV death (Figure 3). On this basis, it
may be reasonable to suggest that an appropriate base case analysis for the cost-effectiveness analysis of dapagliflozin
would be the split scenario; this was ultimately the preferred scenario by the NICE committee when making the
final appraisal decision.

10.57264/cer-2024-0117 J. Comp. Eff. Res. (2025) e240117
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Importantly, we do not consider it appropriate, nor reasonable, to base the cost-effectiveness modeling of
dapagliflozin on a scenario that assumes there is no treatment effect on CV death. The lack of significance observed
on CV death arises from the decision to model the components of the composite endpoint individually, which leads
to any hypothesis testing of those components being underpowered. This argument is similar to that used to argue
against concluding that a subgroup treatment effect exists only for a subgroup where the CI excludes the null, while
the effect is absent in a subgroup where the null is included in the CI [24,25]. This fallacious subgroup interpretation
has been widely criticized in evidence-based medical literature and is implied by the well-known adage that ‘absence
of evidence is not evidence of absence’. Instead, the appropriate way to undertake subgroup analysis is to employ
an appropriate interaction test [25,26]. Similarly, the appropriate way to conclude whether the treatment effects of
the components of a composite endpoint are different would be to employ an appropriately powered statistical test
of heterogeneity. However, given the lack of power that may exist for the components of a composite endpoint
(assuming the trial was powered for the composite), such a statistical test can only confirm the existence of a
difference and is unable to confirm the lack of a difference. Therefore, we consider it prudent to employ another
popular adage that the purpose of the cost-effectiveness analysis is “estimation not hypothesis testing” [27]. When
estimating the cost-effectiveness of a new intervention, the analyst must consider all uncertainties in the model.
The no CV death scenario fails to recognize the inherent uncertainty that treatment with dapagliflozin could likely
impact CV death. Indeed, this no CV death scenario suggested by the evidence assessment group contradicts the
NICE guidance, which states that structural uncertainty should be parameterized in the model where possible [9].
The request to remove CV death introduces a structural certainty to the model, falsely implying that it is known
that treatment cannot impact CV death. Furthermore, dismissing the potential mortality benefit of a treatment
by handling the composite endpoint inappropriately, as illustrated in the case study presented in this manuscript,
could misinform clinicians and have negative consequences for patients.

Conclusion
In summary, the utilization of composite endpoints in clinical research is common practice to enhance the efficiency
of clinical research and development and the relevance of healthcare evaluations. However, their incorporation into
the HTA process requires a nuanced understanding of their advantages and challenges, especially in the context
of health economic modeling. This paper serves as a potential resource for researchers, practitioners and decision-
makers, offering insights into best modeling practices that can unlock the full potential of composite endpoints in
the pursuit of evidence-based healthcare decision-making.

Executive summary

• Composite endpoints, formed by aggregating multiple individual clinical endpoints into a common measure,
afford statistical advantages for analysis of clinical trial data.

• Regulatory authorities emphasize the importance of their use to demonstrate the efficacy and safety of new
treatments, but health technology assessment (HTA) bodies provide scant guidance.

• Analyses to inform HTA evaluation may make use of efficacy results for the composite endpoint or disaggregated
by component, and if disaggregated, may further selectively consider which effects to include based on statistical
measures of uncertainty.

• According to HTA good practice, all evidence relating to a decision problem should be included, and the focus
should be on estimation of relevant outcomes with appropriate representation of uncertainty rather than
hypothesis testing.

• A case study is presented to assess scenarios of use of a composite, its components and selective inclusion of
component effects to illustrate the specific challenges and the danger of bias.

• Health economic results and uncertainties can be characterized through incremental cost-effectiveness ratios,
probabilistic sensitivity analyses, net monetary benefit and the expected value of perfect information.

• Disaggregation of the composite was found to most faithfully reproduce treatment effects and uncertainty
observed in the source clinical trial; in contrast, a proposed scenario of disregarding a statistically non-significant
component yielded the poorest propagation of uncertainty and representation of trial results.

• Treatment effect by components of a composite should be employed unless those components are of equal value
or experience the same treatment effect and consideration of uncertainty should form part of the analysis.
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5. Montori VM, Permanyer-Miralda G, Ferreira-González I et al. Validity of composite end points in clinical trials. Brit. Med. J. 330(7491),
594–596 (2005).

6. European Medicines Agency. Multiplicity issues in clinical trials – scientific guideline. (2017). Available from:
https://www.ema.europa.eu/en/multiplicity-issues-clinical-trials-scientific-guideline (Accessed: 9 April 2024).

7. Food and Drug Administration. Multiple endpoints in clinical trials. Guidance for Industry, (2022). Available from:
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/multiple-endpoints-clinical-trials-guidance-industry
(Accessed: 9 April 2024).

8. Pharmaceutical Benefits Advisory Committee. Guidelines for preparing a submission to the Pharmaceutical Benefits Advisory Committee
(2016). Available from: https://pbac.pbs.gov.au/content/information/files/pbac-guidelines-version-5.pdf (Accessed: 9 April 2024).

9. National Institute of Health and Care Excellence. NICE health technology evaluations: the manual. Process and Methods (PMG36),
(2022). Available from: https://www.nice.org.uk/process/pmg36 (Accessed: 15 February 2024).

•• An extensive guide published by a UK government agency that outlines their preferred modeling/analytical approaches.

10.57264/cer-2024-0117 J. Comp. Eff. Res. (2025) e240117

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ema.europa.eu/en/multiplicity-issues-clinical-trials-scientific-guideline
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/multiple-endpoints-clinical-trials-guidance-industry
https://pbac.pbs.gov.au/content/information/files/pbac-guidelines-version-5.pdf
https://www.nice.org.uk/process/pmg36


Composite endpoints in HTA: Part 1 – an illustration of best modeling practice Methodology

10. Canada’s Drug Agency. Guidelines for the economic evaluation of health technologies: Canada [4th Edition] (2017). Available from:
https://www.cadth.ca/guidelines-economic-evaluation-health-technologies-canada-4th-edition (Accessed: 16 April 2024).

11. Scottish Medicines Consortium. Guidance to Submitting companies for completion of New Product Assessment Form (NPAF) (2023).
Available from: https://www.scottishmedicines.org.uk/media/6229/20230810-guidance-supplement-interim-acceptance-v1.pdf
(Accessed: 9 April 2024).

12. Gavan SP, Bruce IN, Payne K et al. Valuing health gain from composite response endpoints for multisystem diseases. Value Health 26(1),
115–122 (2023).

13. Rauch G, Kieser M. An expected power approach for the assessment of composite endpoints and their components. Comp. Stat. Data
Anal. 60, 111–122 (2013).

14. Pocock SJ, Ariti CA, Collier TJ, Wang D. The win ratio: a new approach to the analysis of composite endpoints in clinical trials based on
clinical priorities. Eur. Heart J. 33(2), 176–182 (2012).

15. Ozga AK, Rauch G. Weighted composite time to event endpoints with recurrent events: comparison of three analytical approaches.
BMC Med. Res. Methodol. 22(1), 38 (2022).

16. Pogue J, Devereaux PJ, Thabane L, Yusuf S. Designing and analyzing clinical trials with composite outcomes: consideration of possible
treatment differences between the individual outcomes. PLoS ONE 7(4), e34785 (2012).

17. Pogue J, Thabane L, Devereaux PJ, Yusuf S. Testing for heterogeneity among the components of a binary composite outcome in a
clinical trial. BMC Med. Res. Methodol. 10(1), 49 (2010).

18. Ristl R, Urach S, Rosenkranz G, Posch M. Methods for the analysis of multiple endpoints in small populations: a review. J. Biopharm.
Stat. 29(1), 1–29 (2019).

19. Rothery C, Strong M, Koffijberg HE et al. Value of information analytical methods: report 2 of the ISPOR value of information analysis
emerging good practices task force. Value Health 23(3), 277–286 (2020).

• Relevant background on value of information analysis in the context of cost-effectiveness analysis. A relevant economic
characterization of uncertainty in model results.

20. National Institute for Health and Care Excellence. Dapagliflozin for treating chronic heart failure with preserved or mildly reduced
ejection fraction (2023). Available from: https://www.nice.org.uk/guidance/ta902/documents/129 (Accessed: 9 April 2024).

21. Solomon SD, McMurray JJV, Claggett B et al. Dapagliflozin in heart failure with mildly reduced or preserved ejection fraction. N. Engl.
J. Med. 387(12), 1089–1098 (2022).

22. National Institute for Health and Care Excellence. Dapagliflozin for treating chronic heart failure with preserved or mildly reduced
ejection fraction. Final Draft Guidance, (2023). Available from: https://www.nice.org.uk/guidance/ta902/documents/html-content-5
(Accessed: 9 April 2024).

• NICE assessment of dapagliflozin in the specified heart failure indication, the subject of the current manuscript case study.

23. Booth D, Davis JA, McEwan P et al. The cost-effectiveness of dapagliflozin in heart failure with preserved or mildly reduced ejection
fraction: a European health-economic analysis of the DELIVER trial. Eur. J. Heart Fail. 25(8), 1386–1395 (2023).

24. Altman DG, Matthews JN. Statistics notes. Interaction 1: heterogeneity of effects. Br. Med. J. 313(7055), 486 (1996).

• One of a series of seminal studies describing principles to be upheld in health technology assessment (HTA) analyses.

25. Matthews JN, Altman DG. Statistics notes. Interaction 2: compare effect sizes not p values. Br. Med. J. 313(7060), 808 (1996).

• One of a series of seminal studies describing principles to be upheld in HTA analyses.

26. Matthews JNS, Altman DG. Statistics notes: Interaction 3: How to examine heterogeneity. Br. Med. J. 313(7061), 862 (1996).

• One of a series of seminal studies describing principles to be upheld in HTA analyses.

27. Gardner MJ, Altman DG. Confidence intervals rather than P values: estimation rather than hypothesis testing. Br. Med. J. (Clin. Res.
Ed.) 292(6522), 746–750 (1986).

10.57264/cer-2024-0117

https://www.cadth.ca/guidelines-economic-evaluation-health-technologies-canada-4th-edition
https://www.scottishmedicines.org.uk/media/6229/20230810-guidance-supplement-interim-acceptance-v1.pdf
https://www.nice.org.uk/guidance/ta902/documents/129
https://www.nice.org.uk/guidance/ta902/documents/html-content-5


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


