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Purpose: COPDCompEx is a novel composite end point that includes moderate and severe exacerbation events (requiring oral
corticosteroid and/or antibiotic use, or hospitalization), as well as acute worsening events (AWEs), defined as deteriorating chronic
obstructive pulmonary disease (COPD) symptoms accompanied by a decline in peak expiratory flow (PEF; morning or evening) or an
increase in reliever medication use. AWEs are generally self-managed and rarely reported in clinical trials.

Patients and Methods: In this post hoc analysis, patient data were obtained from 4 COPD clinical intervention studies and were
pooled and grouped according to the occurrence of COPDCompEx events (exacerbations only, AWEs only, and mixed events). For each
group, outcomes evaluated included: PEF, reliever medication use, COPD symptoms (ie, breathlessness, sputum, cough, and sleep),
forced expiratory volume in 1 second (FEV)), and St. George’s Respiratory Questionnaire (SGRQ).

Results: All event types impacted PEF and reliever medication use, with AWEs having a greater effect than exacerbations (event-level
data). The COPD symptoms were more pronounced for AWEs and mixed events than exacerbations; the return to baseline was slower
for mixed events. Additionally, mixed events had a greater impact on FEV,; and SGRQ scores compared to non-COPDCompEx and
other COPDCompEx events (patient-level data), indicating a potential impact on lung function and quality of life.

Conclusion: The COPDCompEx composite outcome includes patient-relevant AWEs that represent a clinically meaningful, patient-
centric end point. The data highlight the relevance of COPDCompEx as a drug development tool that could improve clinical
development in COPD treatments thereby achieving better outcomes for patients.

Keywords: acute worsening event, composite endpoint, patient-centric, pulmonary disease tool

Introduction

Key goals of treatment for chronic obstructive pulmonary disease (COPD) are to reduce the burden of symptoms and to
prevent acute exacerbations, with the ultimate aim of improving or maintaining patients’ health status and quality of life
(QoL)." Severe exacerbations are generally defined as acute worsening of COPD symptoms requiring hospitalization or an
emergency department visit lasting >24 hours; or resulting in death.” Moderate exacerbations are generally defined as acute

worsening of COPD symptoms requiring treatment with oral corticosteroids and/or antibiotics. Due to the post facto nature of
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these definitions, differences in resource availability, and local standards for hospital visits, there is significant international
variability in reporting of acute exacerbation events of COPD (AECOPD).'

Although instruments such as EXAcerbations of Chronic pulmonary disease Tool (EXACT) and EXACT-Patient-
Reported Outcomes (EXACT-PRO) currently exist to measure self-reported symptoms associated with COPD, their
ability to detect clinically meaningful changes associated with AECOPD is limited.> Traditionally, the definition of
AECOPD does not encompass all events that are relevant to daily functioning and may impact disease progression. The
Rome Proposal emerged as a call to action to redefine AECOPD’s definition and severity, aiming to provide a more
comprehensive and objective approach than the existing Global Initiative for Chronic Obstructive Lung Disease (GOLD)
report. Although it has not yet been widely adopted,* the Rome Proposal includes objective measurements such as
respiratory and heart rates, and pulse oximetry.” It emphasizes the acute worsening of symptoms due to increased airway
inflammation, offering health care professionals a clearer framework for diagnosing and managing COPD exacerbations.

Clinical trials in COPD typically focus on assessing the impact of treatment on AECOPD, which occur infrequently and
subsequently require large, extensive trials run over long durations.*” The COPD Composite Endpoint for Exacerbations
(COPDCompEX) is a clinical-trial measure designed to capture clinically meaningful worsening of COPD by accounting for
moderate-to-severe exacerbations, acute worsening events (AWEs), and, in some cases, study discontinuations.® COPDCompEx
was developed to increase the number of clinically relevant events captured in clinical trials, making it useful in early studies that
are underpowered to detect differences between treatment groups in AECOPD.® An AWE is an episode of COPD worsening that
may be self-managed and does not always result in additional treatment. AWESs are identified from daily diary data and require
concurrent deterioration in more than one component (eg, worsening symptoms with decline in morning or evening peak
expiratory flow (PEF) and/or increased reliever medication use) sustained for >2 consecutive days, which helps distinguish
AWEs from typical day-to-day symptom variability. In instances where PEF is not considered, AWE is defined by the
combination of COPD symptoms and increased reliever medication use. These episodes can occur concurrently or independently
of exacerbations.® When used as a clinical end point, COPDCompEx also includes study drop-outs. COPDCompEx has been
used in clinical development as a primary or secondary efficacy outcome in Phase 2 studies, because of its ability to predict 12
months of treatment efficacy on AECOPD in only 3 months.* '

This post hoc analysis evaluated the correlation between different COPDCompEx event subtypes and the progression of
COPD over time. These subtypes include exacerbations, AWEs, and mixed exacerbations/AWEs. Exacerbations in COPD are
defined as episodes where there is a sudden and significant worsening of respiratory symptoms, surpassing usual daily
fluctuations, and can be moderate (managed with outpatient care) or severe (requiring hospitalization). AWEs are character-
ized by a rapid decline in respiratory function and are self-managed. Mixed exacerbations/AWEs are complex occurrences
where the features of both exacerbations and AWEs are present. It was hypothesized that AWEs are meaningful to individuals
with COPD and may contribute to poor health outcomes and disease progression. COPDCompEx could thus represent
a valuable composite end point or efficacy assessment tool for future clinical and real-world studies.

Materials and Methods

Data Collection

Data were collected from previously described clinical trials, including Exacerbations 003, SUN, PINNACLE-3, and
ACCLAIM I and I1.%7'"12 The Exacerbations 003 and SUN studies evaluated the efficacy of budesonide plus formoterol
metered dose inhaler (MDI; 160/4.5 ng and 80/4.5 pg twice daily [BID]) compared with formoterol MDI (4.5 pg BID)
and placebo.®” The PINNACLE-3 study assessed the long-term safety and tolerability of glycopyrrolate (18 pg BID) and
formoterol fumarate (9.6 ug) combination MDI (GFF; 18/9.6 pg BID), and glycopyrrolate (18 pg BID) and formoterol
fumarate (9.6 pug BID) MDIs alone compared with open-label tiotropium bromide inhaler as the active control.'’ Lastly,
ACCLAIM I and II compared the efficacy of aclidinium bromide (200 pg once daily) to placebo.'?

Patients and/or the public were not involved in the design, conduct, reporting, or dissemination plans of this post hoc analysis.
The study used anonymized data from 4 previously completed interventional COPD trials. As these trials were not co-produced
with patient or public representatives, no additional patient engagement was undertaken for the present analysis. All studies have
been published previously and were conducted in compliance with the Declaration of Helsinki, International Conference on
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Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use, Good Clinical Practice guide-
lines, and the ethics committee at each participating site. The corresponding publications for each study include their respective
ethics approval and informed consent statements. All participants or their legal representatives provided written informed
6,7,11,12

consent.”"”

The participant inclusion criteria were similar across the included trials (Supplemental Table 1).

Definition of COPDCompEx Events

The definition of a COPDCompEx event is shown in Figure 1A. Moderate exacerbations required treatment with oral
corticosteroids and/or antibiotics but did not lead to hospitalization. Severe exacerbations were defined as exacerbations
that resulted in hospitalization. The definitions of exacerbation have been aligned with those used in the trials included in
this study to ensure consistency and accuracy. Discontinuations or drop-outs were excluded from the COPDCompEx
definition as data were generally not collected post-withdrawal. A timeline of events occurring within 3 months was used
in line with the original publication. As previously described, AWEs were identified using the COPDCompEx tool based
on daily diary entries. Because AWEs only do not fulfill the American Thoracic Society/European Respiratory Society
criteria for “moderate or severe exacerbation”,' they are not formally reported as events in clinical trials. To reduce
misclassification due to usual day-to-day symptom variation, an AWE required concurrent deterioration in >1 measure
(eg, worsening symptoms with reduced PEF and/or increased reliever medication use) sustained for >2 consecutive days
Where PEF was not captured (PINNACLE-3), an algorithm based on reliever use and symptoms was used to determine
the occurrence of AWE.® Mixed events were defined when an AWE and a treated exacerbation occurred in proximity

within the COPDCompEx framework.
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Figure | (A) Types of COPDCompEx events and (B) categorization of patients based on COPDCompEx events.
Abbreviations: AWE, acute worsening event; Exac, exacerbations (moderate or severe); OCS, oral corticosteroid.
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Characterization of the Relationship Between COPDCompEx Event Types and COPD

Outcomes (Event-Level Data)

Data from each study for morning and evening PEF, reliever medication use (morning plus evening), and symptoms (breath-
lessness, cough, sputum, or sleep) were evaluated around the time of occurrence for exacerbations only (treated events), AWEs
only (untreated events), or mixed exacerbations/AWEs (treated events) from baseline to 21 days post-event (recovery).

Characterization of the Relationship Between Participants Experiencing Different
COPDCompEx Event Types and COPD Outcomes (Patient-Level Data)

Participants were categorized as experiencing a COPDCompEx event and were further subcategorized by COPDCompEx
event type including exacerbations, AWEs, or mixed (exacerbations and AWEs in either order; Figure 1B). The relationships
between COPDCompEx event types experienced versus forced expiratory volume in 1 second (FEV,) and St. George’s
Respiratory Questionnaire (SGRQ) score were evaluated up to 12 months post-randomization. The study assessed compar-
isons between COPDCompEx and FEV; or SGRQ score in participants who experienced their first COPDCompEx event
within the first 3 months post-randomization. The goal was to determine if the intervention influenced the trajectory of disease
progression, as measured by FEV; or SGRQ.

Statistical Analysis

The frequencies of COPDCompEx subtypes were summarized using descriptive statistics. Profiles of diary card variables
surrounding a first COPDCompEx event (exacerbations, AWESs, or mixed events) were described using raw means without
imputation. Diary card variables of morning and evening PEF, reliever medication use, breathlessness, sputum, cough, and
sleep were compared for each COPDCompEx subtype. Different versions of diary card symptoms were used across the
studies; therefore, to assess COPDCompEZx, the pooled mean value curves around the events were rescaled to a common score
range of 0—4. Changes from baseline in FEV, and SGRQ score values up to 12 months post-randomization were compared
using a mixed model for repeated measures. The model included baseline as covariate, fixed factors for visits, event type, their
respective interaction (with the study as a random factor in the pooled analyses), and a Toeplitz covariance matrix. This model
also generated the FEV, and SGRQ score graph data. Due to varying measurement schedules (2 and 3 months across the
studies), visit data were moved to the nearest previous visit month. Trajectories of FEV, and SGRQ score were plotted
according to whether a participant experienced a COPDCompEx event during the first 3 months, and by COPDCompEx
subtype experienced (exacerbations, AWEs, or mixed).

Sustained recovery was defined as 2 consecutive days within 21 days post-event when diary card variable values met or
exceeded the mean value from the second week pre-event. Sustained recovery could also be achieved if the last available value
met or exceeded the mean value calculated for the second week pre-event. Participants who did not achieve sustained recovery
were censored at Day 21 or at the last day with data, whichever came first. Homogeneity between patient groups of different
COPDCompEx event types in sustained recovery up to Day 21 was evaluated by a Cox proportional hazards model and
presented using pairwise hazard ratios with 95% confidence intervals.

Results

Participants

The baseline characteristics of the study populations in each clinical trial have been previously published.®”'!"!?

Inclusion criteria are also summarized in Supplemental Table 1.

Relationship Between COPDCompEx Event Types and COPD Outcomes (Event-Level
Data)

All categories of events (exacerbations, AWEs, and mixed events) had an impact on the lung function parameters
assessed by PEF and reliever medication use. AWEs and mixed events had a greater impact on lung function than treated
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exacerbations, and the return to baseline post-event was slower for mixed events versus AWEs or exacerbations
(Figure 2A and B).

For the analysis of sustained recovery, the cumulative incidence of recovering to mean baseline PEF by 21 days post-
event for those with exacerbations was 59% for morning PEF and 59% for evening PEF (Table 1). These proportions
were lower for AWEs (40%, P <0.05 for morning PEF and 41%, P <0.05 for evening PEF) and lowest with mixed events
(32%, P <0.01 for morning PEF and 35%, P <0.05 for evening PEF). Participants with exacerbations were more likely to
achieve sustained recovery at 21 days post-event versus AWEs or mixed events (Figure 3A for morning and evening PEF,
respectively). The cumulative incidence of sustained recovery to mean baseline for reliever medication use was highest

Morning PEF Evening PEF

40

20

Mean change in PEF (L/min)

—20

T T
14 21 -21 -14 -7 0 7 14 21
Days from event

~

T T
=21 14 -7 0

Mean change in total reliever
medication use (# of inhalations)

T
=21 -14 -7 0 7 14 21
Days from event

Figure 2 Relationship between COPDCompEx events and (A) mean PEF and (B) mean reliever medication use.

Notes: The red line represents participants experiencing exacerbations only; the blue line represents participants experiencing AWE only; and the green line represents
participants with mixed events.
Abbreviations: AWE, acute worsening event; PEF, peak expiratory flow.
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Table | Rate of Sustained Recovery by 21 Days Post-Event, by COPDCompEx Component Experienced During First 3 Months of
Study

Variable, n (%) Exacerbations Only AWEs Only Mixed Contrast HR 95% CI P value Homogeneity
(N =263) (N =1231) (N =212) Test®
Morning PEF 156 (59.3) 490 (39.8) 68 (32.1) AWE vs Exac 0.82 0.69, 0.98 0.034 0.021
AWE vs Mixed 1.20 0.93, 1.55 0.158
Exac vs Mixed |.46 .10, 1.94 0.009
Evening PEF 156 (59.3) 500 (40.6) 75 (354) AWE vs Exac 0.80 0.67, 0.95 0.013 0.021
AWE vs Mixed 111 0.87, 1.41 0413
Exac vs Mixed 1.39 1.05, 1.83 0.019
Reliever medication use 230 (87.5) 998 (81.1) 159 (75.0) AWE vs Exac 0.64 0.55, 0.73 <0.001 <0.001
AWE vs Mixed 1.24 1.05, 1.47 0.010
Exac vs Mixed 1.96 1.60, 2.40 <0.001
Breathlessness 217 (82.5) 905 (73.5) 163 (76.9) AWE vs Exac 0.64 0.55, 0.74 <0.001 <0.001
AWE vs Mixed 0.99 0.83, 1.16 0.867
Exac vs Mixed .54 1.26, 1.89 <0.001
Cough 205 (77.9) 998 (81.1) 163 (76.9) AWE vs Exac 1.05 0.90, 1.22 0.527 0.032
AWE vs Mixed 1.25 1.06, 1.47 0.009
Exac vs Mixed 1.19 0.97, 1.46 0.100
Sputum 214 (81.4) 954 (77.5) 164 (77.4) AWE vs Exac 0.86 0.74, 0.99 0.041 0.059
AWE vs Mixed 1.08 091, 1.27 0.391
Exac vs Mixed 1.26 1.02, 1.54 0.029
Sleep 134 (51.0) 911 (74.0) 157 (74.1) AWE vs Exac 0.90 0.75, 1.08 0.268 0.279
AWE vs Mixed 1.09 0.92, 1.29 0.323
Exac vs Mixed 1.21 0.96, 1.52 0.110

Notes: “A homogeneity test (main effect from the Cox model) for each variable was used to flag whether the 3 COPDCompEx event types differed within that variable.
Abbreviations: AWE, acute worsening event; Cl, confidence interval; Exac, exacerbations (moderate or severe); HR, hazard ratio; PEF, peak expiratory flow.

for exacerbations (88%), followed by AWEs (81%), and mixed events (75%; P <0.001 overall; Table 1). The sustained
recovery analysis showed similar results for reliever medication use, with a higher proportion of participants with
exacerbations achieving sustained recovery at 21 days post-event versus those with AWEs or mixed events (Figure 3A).

The proportion of participants recovering to mean baseline breathlessness was greater for exacerbations (83%)
compared with AWEs (74%, P <0.001), or mixed events (77%, P <0.001; Table 1). The proportion of participants
recovering to mean baseline sputum was also greater for exacerbations (81%) compared with AWEs (78%, P <0.05) or
mixed events (77%, P <0.05). The sustained recovery analysis indicated that those with exacerbations were more likely
to achieve sustained recovery from breathlessness at 21 days post-event versus those with AWEs or mixed events
(Figure 3B). Additionally, those with exacerbations were more likely to achieve sustained recovery from sputum at 21
days post-event versus those with AWEs (Figure 3B). However, the proportion of participants recovering to mean
baseline cough was not significantly different for exacerbations (78%) compared with AWEs (81%, P = 0.527) or mixed
events (77%, P = 0.1; Table 1), and the analysis of participants without sustained recovery of cough did not indicate
a difference for those with exacerbations versus AWEs (Figure 3B). Similarly, the proportion of participants recovering

to mean baseline sleep was numerically lower, but not significant for exacerbations (51%) compared with AWEs or
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mixed events (74% each, P = 0.268 and P = 0.110, respectively), and the sustained recovery analysis for sleep did not
indicate a difference for those with exacerbations versus AWEs or mixed events (Figure 3B).

The impact of untreated AWEs and of mixed events on COPD symptoms (ie, breathlessness, sputum, cough, or sleep)
was greater than the impact of exacerbations on these symptoms (Figures 4A-D).

Relationship Between Participants Experiencing Different COPDCompEx Event Types

and COPD Outcomes (Patient-Level Data)
Although participants experiencing AWEs or no COPDCompEx events began with the highest FEV, their lung function

declined over 12 months (Figure 5A). For participants experiencing exacerbations or mixed events, FEV, started at
a lower level compared with other event subtypes and remained relatively stable throughout the 12-month period.
Overall, after 12 months, participants experiencing mixed events had the worst FEV, trajectory outcomes. FEV,
trajectories by COPDCompEx category are shown for each individual trial in Figure 5B.

Participants experiencing COPDCompEx events during the first 3 months post-randomization had a diminished
SGRQ trajectory (higher SGRQ score) indicating a decline in QoL over time (Figure 6A). Participants with mixed events
had the poorest SGRQ outcomes compared with participants with no events who had the best SGRQ outcomes. SGRQ
trajectory outcomes by COPDCompEx category are shown for each individual trial in Figure 6B.
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Figure 4 Magnitude of change in COPDCompEx component events for COPD symptoms (A) breathlessness, (B) sputum, (C) cough and (D) sleep.

Notes: The red line represents participants experiencing exacerbations only; the blue line represents participants experiencing AWE only; and the green line represents
participants with mixed events.

Abbreviations: AWE, acute worsening event; COPD, chronic obstructive pulmonary disease.
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Notes: The red line represents participants experiencing exacerbations only; the blue line represents participants experiencing AWE only; the green line represents
participants with mixed events; the pink line represents participants with a CompEx event; and the black line represents participants with no CompEx event.
Abbreviations: AWE, acute worsening event; FEV|, forced expiratory volume in | second.

Discussion

This post hoc analysis of COPDCompEx events reveals the substantial impact that AWEs (untreated) have on patient
outcomes suggesting they may be as clinically meaningful as exacerbations (treated) or mixed events (treated). Unlike
exacerbations, which receive medical treatment, AWEs are often self-managed and rarely reported, leading to greater
declines in lung function and QoL. Because AWEs are frequently self-managed, they could signal opportunities for
earlier clinical intervention and optimization of COPD management. Of note, this analysis was conducted to describe
AWESs and their relationship with subsequent outcomes. These findings reinforce the value of COPDCompEx as a tool
for capturing patient-relevant worsening events that may be under-represented when trials focus only on treated
exacerbations. Future studies are needed to determine whether AWEs are linked to suboptimal maintenance therapy
and whether targeted treatment optimization can reduce AWEs or modify longer-term disease trajectories. Consistent
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based on a scale from 0-100.

Notes: The red line represents participants experiencing exacerbations only; the blue line represents participants experiencing AWE only; the green line represents
participants with mixed events; the pink line represents participants with a CompEx event; and the black line represents participants with no CompEx event.
Abbreviations: AWE, acute worsening event; SGRQ, St. George’s Respiratory Questionnaire.

with this, AWEs were associated with a deterioration on lung function parameters like PEF and reliever medication use,
as well as on COPD symptoms such as breathlessness, sputum production, cough, and sleep disturbances. Notably, lung
function following AWEs often fails to return to baseline, indicating the effect of untreated AWEs on COPD progression.
The current analysis shows that AWEs contribute to poorer outcomes and disease progression in participants with COPD,
particularly in mixed event settings. Mixed events, which involve characteristics of both exacerbations and AWEs, are
generally treated with medications and show worse trajectories of FEV; and QoL compared to other event types.
Recovery in lung function and reliever medication use is delayed following mixed events, suggesting they are more
sustained than AWEs.
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The development of the COPDCompEx composite outcome analyzed diary data from 20 randomized controlled COPD
trials.® COPDCompEx events occurred at a rate 3-fold higher than exacerbations, with consistent treatment effects across PEF,
reliever medication use, FEV,, and SGRQ outcomes. The COPDCompEx was designed to predict treatment effects and
facilitate smaller and shorter clinical trials, potentially serving as a patient-relevant assessment in clinical practice.

The current definition of exacerbations according to the GOLD report does not consider AWEs,' despite their impact
on disease progression. A large proportion of exacerbations are not reported to health care providers but still have an
impact on patients’ health status.'*”'” Many patients report taking a “wait and see” approach to symptoms of COPD and
only report to a physician if symptoms become unmanageable at home.'*'® This delayed approach, associated with
AWESs, may contribute to worse lung function and QoL outcomes. Identification of exacerbations of any severity is
important, as prompt treatment can improve outcomes and may delay disease progression.'® 2!

Patient education can effectively increase recognition and treatment of exacerbations,”2* and should include AWEs.
Resources like the COPD Exacerbation Recognition Tool (CERT), which was developed to support a diverse global
patient community, can help educate patients on recognizing AWEs and seeking help when they occur.

This study has several limitations. As with all post hoc analyses, this study did not have prespecified subgroups.
Additionally, data collection was dependent on patient use of daily diaries and is thus subject to patient recall bias.
Furthermore, participants were classified by COPDCompEx outcomes during the first 3 months post-randomization,
meaning that those in the “no CompEx event” group might have experienced exacerbations or AWEs after the 3-month
time point. It is important to note that worsening lung function and symptoms around AWE events compared to
exacerbations is inherent to their definition. Despite these limitations, this novel analysis provides valuable insights on
patient-relevant outcomes based on different event types.

Conclusion

Overall, these findings support the clinical meaningfulness of COPDCompEx as a composite clinical trial end point that
captures patient-relevant worsening events, including AWEs that may be under-reported when trials focus only on treated
exacerbations. COPDCompEx may therefore be a useful tool for evaluating treatment effects on meaningful worsening
events in COPD during drug development. AWEs may also serve as a potential marker of suboptimal COPD control in
some patients. Future studies are warranted to determine whether earlier clinical intervention and optimization of COPD
management can reduce AWEs and improve longer-term outcomes.
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