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Abstract: Key characteristics of chronic obstructive pulmonary disease (COPD) that sig-
nificantly affect health-related quality of life (HRQoL) include chest symptoms, dyspnea,
cough, sputum production, and exacerbations. Additional areas of impact are sleep, fatigue,
emotional well-being, social functioning, and coping. Patient-reported outcomes (PROs) are
essential to evaluate symptoms, impact of symptoms on activities of daily living, and
treatment response. This review summarizes COPD-specific PRO endpoints from rando-
mized controlled trials of approved and commonly used COPD drugs. A search conducted in
“ClinicalTrials.gov” to identify COPD clinical trials (only completed Phase III and IV)
incorporating PRO endpoints yielded a total of 104 clinical trials for inclusion in this
analysis. Both symptom-based and HRQoL-specific PRO measures were reported. Several
COPD-specific PRO measures are available; however, the St. George’s Respiratory
Questionnaire (SGRQ) and the Baseline and Transition Dyspnea Indexes (BDI/TDI) were
reported in the majority of the studies. Results reflected a gap in terms of full coverage of key
impacted areas from a patient’s perspective. Methodological issues identified in this review
related to scoring of instruments require careful consideration, as these challenges may limit
the complete assessment of drug benefits. Selection of PRO measures aligned with the
expected treatment benefit of a drug in a clinical trial should reflect patients’ perspective
holistically.

Keywords: chronic obstructive pulmonary disease, patient-reported outcomes, clinical trials,

endpoints, Patient-Focused Drug Development, randomized controlled trials

Introduction

Chronic obstructive pulmonary disease (COPD) is a global health issue, with pro-
gressive morbidity and high mortality incurring huge societal costs.' > It is charac-
terized by persistent symptoms such as dyspnea, wheeze, chest tightness, cough, and
sputum production.* A recent “social media listening” study indicated that from
a patient’s perspective, relief from cough, mucus production, and shortness of breath
are the most sought-after symptoms to be treated.’ Exacerbations (worsening of
condition) are important predictors of disease progression.’ Besides pulmonary
impact, COPD affects multiple organs, ultimately leading to systemic effects.’
Sleep gets impacted substantially due to nighttime symptoms; fatigue and progres-
sive dyspnea limit daily activities of patients with COPD to a large extent.®'°
Urinary incontinence is also a prevalent bothersome symptom in these patients.'!
While COPD symptoms negatively influence the quality of life (QoL) of patients,
pharmacological control of symptoms has an overall positive impact on their health
status. Nevertheless, despite the availability of a range of therapies, an unmet
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treatment need persists. Several patients (including even
patients on dual or triple therapy) experience a huge symp-
tomatic burden and report low levels of medication
adherence.'>' Both direct (eg, cost of drugs) and indirect
(eg, work productivity losses) costs contribute toward the
economic burden on patients and their families.'*
Health-related quality of life (HRQoL) is significantly
impaired in patients with COPD across all severities.'>'®
An increased number of emergency hospital admissions,
mainly during exacerbation of the disease, are associated
with poor HRQoL.'” COPD symptoms have a substantial
detrimental impact on emotional and social functioning and
present challenges with coping due to the progressive nat-
ure of HRQoL deterioration.*'®

symptoms further lead to reduced physical health and low

Comorbid depressive

survival rates, forming a vicious cycle.'” Patient-reported
outcomes (PROs)—reports directly provided by patients on
their perceived health status—are essential to determine
disease severity and its impact on health conditions in
patients with COPD.*? Traditionally, both generic (eg,
the 36-Item Short Form Health Survey [SF-36]) and dis-
(eg, the St
Questionnaire [SGRQ]) PRO measures have been used in
COPD studies.?'*? PRO measures such as the Exacerbation
of Chronic Pulmonary Disease Tool (EXACT) have also
been used for detection, quantification, and evaluation of
COPD exacerbations.®

COPD clinical trials aimed at proving the efficacy of

ease-specific George’s  Respiratory

drugs focus on clinical parameters and biomarkers as primary
endpoints. Decline in lung function over time is
a fundamental measure of disease progression; hence, spiro-
metry (forced expiratory volume in 1 second [FEV]) decline
has been widely used as a central outcome measure in ran-
domized controlled trials (RCTs).” However, FEV, alone
might not capture all the beneficial effects of therapy
on clinically relevant patient outcomes and disease
modification.”*** In addition, only a small proportion of
patients show clinically relevant improvements in PROs
along with improvements in lung function.”> Previous stu-
dies have shown low to moderate correlations between lung
function and patients’ perception of disease impairment.*> 2’
Furthermore, most of these correlations were observed in
large populations,®® and individual-level data are lacking.
To demonstrate additional efficacy benefits of drugs
by improvements in HRQoL, sponsors include PROs as
key secondary, exploratory, or other pre-specified end-
For

points. patient-centered drug development, it

becomes crucial to include PRO endpoints in addition to

clinical endpoints. However, there is limited information
in the literature on overall trends (usual practices over the
years) for PRO inclusion in COPD clinical studies. The
present review is a trend analysis of PRO endpoints in
RCTs, encompassing an overview of disease-specific
PRO endpoints in completed RCTs of commonly used
and approved COPD drug therapies. This review high-
lights the current challenges in the selection of PRO
measures and also touches upon methodological issues
related to PRO scoring that can impact their selection.
This work will support the development of PRO strate-
gies aligned with the Food and Drug Administration
(FDA) Patient-Focused Drug Development (PFDD)
initiative, providing insights on incorporating patients’
perspectives into drug development. Overall, this review
can be considered and referred to as a groundwork on the
selection of PRO endpoints for future COPD clinical
trials.

Methods
Study Design and Data Source

This cross-sectional (at a single time point) descriptive
review was conducted by including completed phase III
and IV clinical trials posted on the “ClinicalTrials.gov”
database as of April 2020. RCTs that assessed approved
and commonly used COPD therapies such as aclidinium,
budesonide, beclomethasone, fluticasone, formoterol, gly-
copyrronium, indacaterol, olodaterol, roflumilast, salme-
terol, tiotropium, umeclidinium, and vilanterol, either as
monotherapy or in combinations, were included. It is note-
worthy that some of the recent trials included in the analysis
comprise drugs that are still in the pre-approval phase. The
search was restricted to completed phase III and IV trials,
and only articles published in English were included. There
was no restriction on the time frame of the search and no
limitations on the inclusion of studies based on the age
group or gender of COPD patients. Terminated, recruiting,
or withdrawn trials were excluded from the search.
Keywords such as “chronic obstructive pulmonary dis-
ease,” “COPD,” “patient-reported outcomes,” “PRO,” and
“health-related quality of life” were used to initiate the
search in the selected database “ClinicalTrials.gov.” Other
“EudraCT”

excluded in this review to avoid duplication in terms of

region-specific databases such as were
retrieval of the same studies registered under different trial

numbers or names.
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Data Collection and Retrieval

From each of the selected RCT, data were summarized in
an Excel sheet, providing basic study details such as
registration number, intervention and comparator arms,
and reported COPD-specific PROs from each RCT. This
information is available as supplementary file (S1).

Published literature of corresponding RCTs was referenced
(wherever available) to cross-check for details related to
PRO endpoints. Furthermore, PRO endpoints from each
trial were reported as primary, secondary, or exploratory
(other/additional), and this information was also collected
under “classification of endpoints.” Wherever there was
a discrepancy in reporting of endpoints, the corresponding
publication of the respective clinical trial was referred for
a final decision.

Outcomes Included in the Review

The primary outcomes include data and descriptions
related to disease-specific PRO endpoints. A trend in
terms of reported PRO endpoints was summarized from
the included RCTs. All types of endpoints (primary, sec-
ondary, exploratory, and non-specified) reported across the
trials were captured. Both validated (developed and psy-
chometrically evaluated in accordance with FDA gui-
dance, 2009°°) and unvalidated PRO measures (without
evidence of formal validation) were integrated into the
analysis. However, owing to the specific focus of the
review on disease-specific PRO endpoints, no generic
and health utility measures were included in the analysis.
Results presented are mutually inclusive, ie, while count-
ing the number of PRO endpoints, there were trials
wherein more than one PRO measure was used. In such
cases, results consisted of the frequency of usage (total
count) of that individual PRO measure from all the trials.
Furthermore, wherever available (ie, published), full-text
articles were retrieved to capture additional details of PRO
endpoints. PRO measures identified were further analyzed
for their respective domains and sub-domains.

Gaps in terms of how adequately a PRO measure
covers key impacted areas were explored by looking into
the domains of each PRO measure. To support the assess-
ment of such gaps and inform on key impacted domains,
a conceptual framework was constructed based on pub-
lished literature on the impact of COPD on HRQoL," %’
including the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) COPD guidelines, 2020,* and the
American Thoracic Society/European Respiratory Society

(ATS/ERS) guidelines on outcomes for COPD pharmaco-
logical trials 2008.%°

Presentation of Results

Based on domains covered, each PRO measure was clas-
sified either as symptom-based or HRQoL-specific.
Results presented embrace the frequency of inclusion of
PRO endpoints and the domains covered by each PRO
measure. Descriptive tables comprising the PRO endpoints
are provided as results after analysis in Table 1, while
domain-level analysis for each PRO measure is presented

in Table 2.

Results

The conceptual framework presented in Figure 1 gives an
overview of the impacted domains in COPD, along with
the etiology and contributing factors of the disease.
HRQoL, which consists of physical, psychosocial, and
economic domains, was largely impacted by COPD symp-
toms, as depicted in Figure 1. Additionally, treatment
impact, which is an important aspect of overall HRQoL,
was also included in the framework. The physical domain
included sleep, fatigue, and activities of daily living, while
the psychosocial domain concentrates on emotional,
family dynamics, personal and social relationships. The
economic domain included work productivity losses as
well as direct and indirect costs of COPD treatment.
Furthermore, impacted areas within each domain were
classified into two categories based on their coverage in
the included RCTs by use of PROs. Symptoms highlighted
in blue font in Figure 1 were the most widely covered and
were captured by both validated and unvalidated PROs.
On the other hand, areas of impact highlighted in red font
were not covered by PROs in any of the included trials.

Features of the 104 Trials

Trends in the selection and reporting of PRO endpoints
from the included studies are summarized in this section.
In total, 104 clinical trials were included, and the results
presented are mutually inclusive. Results comprise both
phase III (n=84) and IV RCTs (n=20). Table 1 summarizes
the frequency of usage of each PRO measure from all
included studies. To assess the health status of patients,
both symptom-based and HRQoL PROs were reported in
the RCTs. The reported symptoms mainly comprise dys-
pnea, wheeze, chest symptoms, cough, and sputum pro-
duction. The Baseline and Transition Dyspnea Indexes
(BDI/TDI) were frequently used (60/104 studies) for
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Table | Frequency of PRO Measures Reported in the Included Trials (n=104)

Category PRO Measures

No. of Trials (n)

Baseline/Transition Dyspnea Indexes (BDI/TDI)*
Unvalidated symptom-based instruments®

Symptom-based

Borg Dyspnea Scale

Shortness of Breath Questionnaire (SOBQ)
Global Chest Symptoms Questionnaire (GCSQ)
Cough Symptom Score (CSS)

Evaluating Respiratory Symptoms in COPD (E-RS™: COPD)“

Exacerbations of Chronic Pulmonary Disease Tool (EXACT)

Shortness of Breath with Daily Activities (SOBDA)

Chronic Respiratory Questionnaire Self-Administered Standardized (CRQ-SAS) dyspnea domain®
Early Morning and Nighttime Symptoms of COPD Instrument (EMSCI and NiSCI)

60

w
N

— — N W AN SBNDO

HRQolL-specific St. George’s Respiratory Questionnaire (SGRQ)

COPD Assessment Test (CAT)

Clinical COPD Questionnaire (CCQ)
Leicester Cough Questionnaire (LCQ)

St. George’s Respiratory Questionnaire COPD-specific (SGRQ-C) 12

Cough and Sputum Assessment Questionnaire (CASA-Q) 2
Capacity of Daily Living during the Morning (CDLM)

o
N

21

2
2
|

Notes: Results presented are mutually inclusive, which means that while counting the number of PRO endpoints, there may have been cases wherein more than one PRO was
used in the same trial. In such cases, results reported are based on the frequency of usage of that individual PRO from the total trials. *BDI/TDI are interview-based instruments
(except the self-administered computerized [SAC] version); “Unvalidated instruments are instruments that do not have published evidence for their validation; “E-RSTM:
COPD is subscale of EXACT; “CRQ-SAS is an HRQoL instrument, but in clinical trials, only the dyspnea domain was used; hence, it has been classified under symptom.
Abbreviations: COPD, chronic obstructive pulmonary disease; HRQoL, health-related quality of life; PRO, patient-reported outcome.

measurement of dyspnea based on activities of daily living
in symptomatic individuals. Unvalidated symptom-based
instruments (electronic daily diaries) were reported in
nearly one-third (n=32) of the included clinical trials;
these instruments usually capture common COPD symp-
toms such as cough, sputum production, dyspnea, and
wheeze. Hence, in addition to symptom-based PRO mea-
sures, symptoms were captured by clinical endpoints (not
reported in this review), interview/clinician-based (BDI/
TDI), or unvalidated PRO measures.

HRQoL was measured using the SGRQ in a majority of
the trials (n=64), along with the SGRQ COPD-specific ver-
sion (SGRQ-C) in 12 trials, adding up to 76 trials (73.0%) in
which the SGRQ was used (Table 1). Four trials used SGRQ
as a primary endpoint, while the remaining 72 used it as a key
secondary, exploratory, additional, or other pre-specified
endpoints. Table 1 also lists the number of trials that utilized
other HRQoL measures such as the COPD Assessment Test
(CAT), the Cough and Sputum Assessment Questionnaire
(CASA-Q), the Capacity of Daily Living during the
Morning (CDLM), the Leicester Cough Questionnaire
(LCQ), and the Clinical COPD Questionnaire (CCQ).

Additional PRO endpoints used in the included RCTs but
not depicted in Table 1 include the “impact on activities of

daily living” captured by “percentage of days able to perform
usual activities” in nine trials. Furthermore, patients’ global
rating (or evaluation) of their health (n=5) and patient pre-
ference, such as inhaler preference and device satisfaction
(n=5) were also reported. One study used a validated single-
item component of the Breathlessness Cough and Sputum
Scale (BCSS) to measure dyspnea. Details are available in
the supplementary file (S1).

Domain-Level Analyses of PRO Measures

in Included Studies
Table 2 summarizes the domain-level analysis of PRO
measures in the included trials. Domains were categorized

LEINT3 EEINT3 EEINT3

into “symptom and its impact,” “sleep,” “energy,” “activ-

ERINT3

ities of daily living,” “psychosocial,” “treatment impact,”
“work,” and “other.” Among the symptoms, dyspnea and
its impact was the most elaborately reported domain
(Table 2). Among the HRQoL-specific PROs, the SGRQ
and the LCQ covered a wide spectrum of impacted
domains. These PRO measures also covered areas such
as fatigue, daily activities, and emotional concerns
(Table 2). While the scoring algorithm of these instru-
ments can provide both domain and total scores, only

total score was reported in most of the studies.
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Figure | Overview of impact of COPD symptoms on HRQoL.

Notes: Data from these studies.'’ Clinical endpoints, symptom diaries, and EXACT were used to capture exacerbations. Cost of treatment includes both direct and

indirect costs, but this aspect was not captured in this review.

Abbreviations: EXACT, Exacerbations of Chronic Pulmonary Disease ToolHRQoL, health-related quality of life.

Measurement of Direct Impact of
Symptoms on HRQoL

This section provides a description of PRO measures that
focus on the measurement of the impact of symptoms on
HRQoL. The CASA-Q evaluates the impact of cough and
sputum on a patient’s QoL. This instrument includes four
domains, namely, cough symptoms (3 items), cough

impact (8 items), sputum symptoms (3 items), and

sputum impact (6 items).* The SGRQ also captures the
impact of symptoms on HRQoL and activities of daily
living, with few missing domains such as the impact of
sputum production on overall HRQoL (Table 2). The
CDLM and LCQ focus on the impact of chest symptoms
and cough on HRQoL. The BDI and TDI capture the
impact of dyspnea along with the impact on activities of

daily living. Similarly, the dyspnea domain of the SOBQ,
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SOBDA, and CRQ-SAS focuses on the impact of
dyspnea.

Discussion

Inclusion of PROs in clinical trials is gaining importance
for a better understanding of disease impact on HRQoL.
PRO data provide important supporting evidence of the
treatment benefit of drugs. Hence, sponsors highly value
patient views of product efficacy in addition to safety and
efficacy parameters. In order to meet their commitment to
Patient-Focused Drug Development (PFDD), the US FDA
give high importance to patients’ input.’>*® The European
Medicines Agency (EMA) also considers patients’ per-
spective as an important aspect of drug approval.*” The
analysis presented in this review focuses on PRO end-
points and reveals a trend on coverage of impacted
HRQoL domains in COPD clinical studies. It informs on
usual practices and trends of PRO inclusion in RCTs and
foregrounds the need for using a battery of instruments to
capture HRQoL comprehensively. Important issues and
gaps related to current practices on the selection of PRO
measures in the context of COPD clinical studies are also
brought to light.

From a clinical perspective, the most prominent and
bothersome symptoms include dyspnea, wheeze, cough,
sputum, chest troubles or attacks, and exacerbations. The
sponsors also reflect this focus on the selection of symptom-
based PROs. COPD symptoms such as breathlessness, chest
symptoms, cough, and sputum are comprehensively cap-
tured (Tables 1 and 2) by the use of PRO measures.
Domain-level analysis of PRO measures showed that dys-
pnea and its impact on patients were the most elaborately
reported domains. However, BDI and TDI, which were used
most frequently in trials to measure dyspnea, are interview-
based measures (except the SAC version) and not direct
reports from patients; hence, there is a likelihood of poten-
tial interviewer bias during their administration.*® Despite
the availability of various validated COPD-specific symp-
tom-based PRO measures, a large number of trials utilized
trial-specific, custom-based unvalidated PRO measures.
Although sensitive to changes in symptom burden, such
PRO measures lack evidence of formal validation and con-
tent generation. Widespread use of unvalidated symptom-
based PRO measures reflects a gap in terms of a standard
format for symptom assessment from a patients’ perspec-
tive. As regulatory scrutiny of PRO measures on content
validity and documentation of psychometric evidence have

increased in the recent past, clinical studies should imple-
ment validated PRO measures developed following regula-
tory guidance. Another challenge observed through
domain-level analyses is the direct measurement of the
impact of symptoms on HRQoL. As shown in the domain-
level analyses (Table 2), the impact of symptoms is often
included in the total score or a domain score (which are
combinations of various items). These total scores have
often been referred to as “black box,” providing little or
no insights on the specific nature of disease progression or
drug benefit.?’ Total scores do not necessarily reflect
improvements (or deterioration) in the discrete impact of
a particular symptom. In a nutshell, from a patient perspec-
tive, a standardized approach for the measurement of symp-
toms (and their impact on HRQoL) is still lacking.

To measure HRQoL, various COPD-specific PRO mea-
sures with proven validity and reliability are available.
However, owing to various instances of acceptance by reg-
ulatory bodies (FDA and EMA) and the availability of an
extensive historical database on use, the SGRQ is the most
preferred PRO measure by both regulators and sponsors.
The results of this review also reflect the preponderance of
the SGRQ in terms of usage and reporting (in published
evidence). The SGRQ was used in 73.0% of clinical studies
included in this analysis, mainly as a secondary endpoint.
Given that the latest FDA guidance (2018) on the use of the
SGRQ prefers a total score over domain scores,*’ assess-
ment of all the impacted domains by total scores of SGRQ
alone can be challenging. For an instance, although the
SGRQ includes one item for sleep, estimation of impacted
sleep is not possible owing to the scoring algorithm of the
SGRQ, which reports only the combined scores (total and
domain scores) of different items. The use of other HRQoL
instruments (eg, CAT and LCQ) also poses similar limita-
tions and challenges. Depicted in the conceptual framework
(Figure 1), COPD affects multiple areas (beyond symptoms)
including sleep, activities of daily living, fatigue, emotional
wellbeing (eg, depression or anxiety), and social function-
ing, resulting in severely impacted HRQoL. Work produc-
tivity and treatment impact are also important determinants
of QoL of patients with COPD. The analyzed trials lacked
the use of dedicated validated PRO measures on key
affected areas such as fatigue, sleep, and activities of daily
living. Patient preference (in the form of inhaler preference
or device satisfaction) was captured in five trials. Essentially,
a gap exists in coverage of key impacted HRQoL domains,
mainly due to a lack of use of PRO measures despite their
availability. To overcome such challenges, incorporation of
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additional PRO endpoints providing a holistic overview of
HRQoL becomes indispensable to improve clinical study
designs.

A previous study reported only poor to moderate
correlations between physiological, functional, and psy-
chosocial consequences of COPD.* Hence, improvement
in one domain does not guarantee improvement in
another. Interestingly, the correlations between improve-
ments in lung function (eg, FEV,) and PROs and the
associations between different PRO scores are also mod-
est or weak.”> Moreover, the identification of responders
based on the achievement of minimal clinically important
differences shows a small overlap between FEV; and
different PRO measures.”> Such findings suggest that
different PRO measures should be used in a specific
and targeted way and that similar PRO measures cannot
be used interchangeably.

Nevertheless, incorporation of PRO endpoints in
a clinical study should be based on meticulous planning
of trial endpoints to avoid unnecessary administrative bur-
den on patients and study personnel. A meta-analysis
conducted to determine the relationship between response
rates and questionnaire length revealed that it is preferable
to base decisions on the content rather than on the length
of PROs.>! On the other hand, the use of numerous PRO
measures results in an increased time of administration,
which is perceived as burdensome by patients.>
Concisely, there should be an adequate balance between
conceptual coverage and administrative burden to patients
in RCTs. This can be achieved only by customized plan-
ning for PRO inclusion aligned with the aim of a study.

For future clinical trials, the PRO strategy should be
grounded on the most critical needs of COPD patients, and
the most commonly used PRO measures do not necessarily
cover these needs. Capturing all the key impacted areas (as
observed in the conceptual framework) may contribute
towards a comprehensive patient-centered assessment.
With the upcoming COPD therapies, particularly non-
bronchodilators, the inclusion of PRO endpoints in clinical
trials can play an important role in the development and
characterization of newer treatment options.

This review summarizes the analysis of 104 COPD
RCTs from ClinicalTrials.gov, ie, from a single database
only. Hence, this is not an overview of all the completed
COPD trials. By reporting the results from RCTs of
selected commonly used approved drugs, we attempted
to perform a trend analysis. Future research is required to

capture ongoing trials to provide a complete understanding
of such trends.

Conclusion

Overall, HRQoL in COPD clinical studies was measured
using disease-specific PRO measures, majorly the SGRQ.
A significant proportion of RCTs utilized the interviewer-
administered BDI/TDI or unvalidated symptom-based PRO
measures. Hence, a standardized approach for assessment of
COPD symptoms and their impact on HRQoL from a patient’s
perspective are still lacking. Moreover, validated PROs cover-
ing key affected areas such as sleep, fatigue, activities of daily
living, and treatment impact were missing, and such PRO
measures should be integrated into clinical trials. With grow-
ing demands of including patient centricity (aligned with
FDA’s PFDD) into drug development, a PRO strategy
grounded on the most critical needs of patients can ensure
a comprehensive assessment of drug benefits. HRQoL assess-
ment in clinical trials also presents methodological challenges
related to total scores of instruments, which require careful
context-specific considerations.
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Terms Used in the Review

e HRQoL: A multi-domain concept that represents the
patient’s general perception of the effect of illness and
treatment on various aspects of life, such as physical,
psychological, and social.ﬁ

e PRO domain: A sub-concept represented by a score of
an instrument that measures a larger concept compris-
ing multiple domains (eg, depression).f

e Validated PRO measures:
developmental and validation evidence meeting regula-

Instruments with formal

tory guidance such as the FDA guidance, 2009, in the
form of published literature were classified as “vali-
dated” in this review.

e Unvalidated PRO measures: Instruments with no pub-
lished evidence of developmental and validation steps
following regulatory guidance (or are not available in
the public domain) were classified as "unvalidated" in
this review. These are custom-based, trial-specific, and
usually capture symptoms using a Likert scale.

e Qualified instruments: Clinical Outcomes Assessment
(COA) qualification by the FDA is based on a review of
evidence to support that COA is a well-defined and
reliable assessment of a specified concept of interest
for use in adequate and well-controlled studies in
a specified context of use, eg, SGRQ and EXACT.>?
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