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Abstract

Background Pediatric asthma has been identified by regulators, clinicians, clinical trial sponsors, and caregiv-

ers as an area in need of novel fit-for-purpose clinical outcome assessments (COAs) developed in accordance

with the U.S. Food and Drug Administration’s (FDA's) regulatory guidance for evaluating clinical benefit in treat-

ment trials. To address this gap, the Patient-Reported Outcome (PRO) Consortium’s Pediatric Asthma Working Group
has continued development of 2 COAs to assess asthma signs and symptoms in pediatric asthma clinical trials to sup-
port efficacy endpoints: a PRO measure, the Pediatric Asthma Diary—Child (PAD-C) for children 8-11 years old (y.0.)
and an observer-reported outcome measure, the Pediatric Asthma Diary-Observer (PAD—O) for caregivers of children
4-11 y.0. This qualitative research aimed to generate evidence regarding the content validity of the PAD-C and PAD-O.

Methods Semi-structured combined concept elicitation and cognitive interviews were conducted with a diverse
sample of U.S. participants (15 children 8-11 y.o. and 30 caregivers of children 4-11 y.0.). All children had clini-
cian-diagnosed mild to severe asthma. Interviews explored the experience of pediatric asthma and assessed

the understanding and relevance of both measures. Interviews were conducted across 3 iterative rounds to allow
for modifications.

Results Concept elicitation findings demonstrated that the core sign/symptom and impact concepts assessed

in the PAD-C (cough, hard to breathe, out of breath, wheezing, chest tightness, and nighttime awakenings/symptoms)
and PAD-O (cough, difficulty breathing, short of breath, wheezing, and nighttime awakenings/signs) correspond

to those most frequently reported by participants; concept saturation was achieved. All PAD-C and PAD-O instruc-
tions and core items were well understood and considered relevant by most participants. Feedback from participants,
the Pediatric Asthma Working Group, advisory panel, and FDA supported modifications to the measures, includ-

ing addition of 1 new item to both measures and removal of 1 caregiver item.
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Conclusions Findings provide strong support for the content validity of both measures. The cross-sectional meas-
urement properties of both measures and their user experience and feasibility in electronic format will be assessed
in a future quantitative pilot study with qualitative exit interviews, intended to support the reliability, construct valid-
ity, final content, and, ultimately, FDA qualification of the measures.

Keywords Pediatric asthma, Patient-reported outcome (PRO), Observer-reported outcome (ObsRO), Qualitative,
Development, Diary, Interview, Measurement, Symptoms, Signs

Plain English summary

Pediatric asthma is one of the most common chronic diseases in children. However, there are problems of underdi-
agnosis, poor disease management, and undertreatment for many pediatric asthma patients, pressuring healthcare
systems worldwide. Evaluating asthma symptoms is an important part of the development of treatments for pedi-
atric asthma. However, there are few clinical outcome assessments (COAs) developed in line with regulatory guid-
ance to directly assess symptom severity and evaluate the benefit of new treatments in children with asthma. In this
study, we continued the development of the Pediatric Asthma Diary—Child (PAD-C) and the Pediatric Asthma Diary—
Observer (PAD-0), according to regulatory guidance, to assess asthma signs and symptoms in children 4 through 11
years old and address this unmet need. The study aimed to explore the experience of pediatric asthma and assess
how well-understood and relevant the measures are. Three rounds of qualitative interviews were conducted with 15
children 8 through 11 years old and 30 caregivers of children 4 through 11 years old with asthma. Results show

that both measures are well-understood and assess the relevant and important aspects of pediatric asthma reported
by children and caregivers. Findings provide evidence supporting the PAD-C and PAD-O as measures of symptom
severity and their future use in pediatric asthma treatment trials. Further research is underway to evaluate their meas-
urement properties and assess the user experience and feasibility of electronic completion, to ultimately support
the PAD-C and PAD-O in an ongoing COA qualification process by the United States Food and Drug Administration.

Background
As a chronic inflammatory disease of the airways, pedi-
atric asthma is characterized by recurrent episodes of
shortness of breath, wheeze, chest tightness, and cough.
These episodes are typically associated with expiratory
airflow limitation that may resolve spontaneously or in
response to medication [1]. Pediatric asthma is recog-
nized as the most common chronic disease in children [2,
3]; however, prevalence is increasing globally and issues
of underdiagnosis, poor disease management, and under-
treatment continue to persist [4]. As a result, pediatric
asthma remains a critical area of unmet need and poses a
substantial global burden on healthcare systems [5].
International guidelines issued by the Global Initia-
tive for Asthma (GINA) state that the long-term goals
of asthma management are to achieve good symptom
control and to minimize future risk of exacerbations,
persistent airflow limitation, and side effects of treat-
ment [1]. The achievement of good symptom control
necessitates the assessment of asthma symptoms; how-
ever, there are poor correlations between objective
measures of asthma severity typically used in clinical
trials (e.g., forced expiratory volume in 1 s and peak
expiratory flow) and patients’ self-reported experience
[6-8]. The assessment of asthma symptoms is a criti-
cal component in the development of treatments for

pediatric asthma and to ease the burden on children
and their families. Therefore, to ensure the patient
perspective of asthma is accurately represented and
assessed in clinical research, there is a need for novel
clinical outcome assessments (COAs) to directly assess
symptom severity and evaluate clinical benefit in pedi-
atric asthma populations [9, 10].

Symptoms of asthma are most appropriately assessed
using patient-reported outcome (PRO) measures,
since only persons with asthma can feel and self-
report on many symptoms. However, as young chil-
dren (i.e., <7 years old [y.0.]) may not be able to reliably
self-report symptom experience, pediatric asthma tri-
als can involve the collection of PRO data from older
children (i.e.,>8 y.0.) on asthma symptoms and
observer-reported outcome (ObsRO) data from par-
ents/caregivers on observable asthma-related signs for
younger children [9]. Although recent efforts to develop
COAs in pediatric asthma exist [11], there is still a lack
of fit-for-purpose COAs developed in accordance with
United States (U.S.) Food and Drug Administration’s
(FDA’s) evidentiary expectations for evaluating clinical
benefit in pediatric asthma clinical trials [12]. During
previous interactions between FDA and the PRO Con-
sortium’s Asthma Working Group during qualification
of the Asthma Daytime Symptom Diary (ADSD) and
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the Asthma Nighttime Symptom Diary (ANSD) for
adolescent and adult populations [13, 14], FDA feed-
back noted the measurement gap in pediatric popula-
tions and requested the development of novel COAs to
assess asthma symptoms in a broader range of asthma
patients (i.e., <12 y.0.) in clinical studies.

To address this, Merck Sharpe & Dohme Corpora-
tion, a member of Critical Path Institute’s (C-Path’s)
PRO Consortium [15], contributed draft versions of
2 COAs for use in pediatric asthma clinical trials to
assess the signs and symptoms of mild to severe per-
sistent asthma: a PRO measure designed for com-
pletion by children 8-11 y.o. (originally named the
Child Asthma Diary [CAD]); and an ObsRO measure
designed for completion by parents/caregivers of chil-
dren 4-11 y.o. (originally named the Observer Asthma
Diary [OAD]) [16]. Initial development of the measures
was informed by multiple stages of qualitative research,
including a targeted literature review, input by expert
scientific advisors, 3 phases of concept elicitation inter-
views, and 2 phases of cognitive interviews with the
respective target populations. However, initial FDA
feedback to Merck raised concerns regarding adequacy
of the evidence for the content validity of the CAD and
OAD in the planned context of use. As a result, the
PRO Consortium’s Pediatric Asthma Working Group
embarked on further development of the CAD and
OAD, with the intention of submitting for COA quali-
fication by FDA for the assessment of asthma sign and
symptom severity in children with asthma (i.e, <12
y.0.) in pediatric asthma clinical trials [17]. A reanaly-
sis of Merck’s original qualitative data collected as part
of the initial development of the draft CAD and OAD
was conducted to address FDA’s feedback. Based on
this reanalysis of the original data, the draft CAD and
OAD were subsequently modified and renamed the
Pediatric Asthma Diary—Child (PAD-C) and Pediatric
Asthma Diary—Observer (PAD-0), respectively. FDA
accepted the PAD-C and PAD-O into the Drug Devel-
opment Tool (DDT) COA Qualification Program on
June 13, 2017. FDA input has therefore been sought at
key points throughout the development and qualifica-
tion process [17] and has been outlined throughout this
article where applicable.

The PAD-C and PAD-O are intended to be used to
derive co-primary or secondary endpoints in pediatric
asthma clinical trials to establish clinical benefit and
support product-specific labeling claims. This article
summarizes the qualitative research conducted to con-
tinue the development of the PAD-C and PAD-O and to
generate qualitative evidence supporting their content
validity in accordance with FDA regulatory guidance
[10, 18, 19].
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Methods

Study design

Figure 1 provides an overview of the qualitative research
conducted to support the development of the PAD-C and
PAD-O.

At key points throughout the process, input was
obtained from the Pediatric Asthma Working Group,
C-Path scientists, the advisory panel (J.K, J.H, A.E, T.\¥),
and FDA’s Qualification Review Team. A translatability
assessment was conducted on the measures following
each round of interviews to ensure that any modifications
to the wording used would be suitable for future transla-
tion into other languages.

Initial draft PAD-C and PAD-O

A number of changes occurred to the CAD and OAD
to create the modified PAD-C and PAD-O. Prior to the
study reported here, the PRO Consortium’s Pediat-
ric Asthma Working Group and Adelphi Values made
additional refinements to the PAD-C and PAD-O ahead
of inclusion and testing in the qualitative interviews.
Changes included rearranging and streamlining the
PAD-C and PAD-O training guides and simplifying the
terminology used in the instructions and item wording
of each measure. This section describes the initial draft
PAD-C and PAD-O tested in the Round 1 concept elicita-
tion and cognitive interviews.

The PAD-C and PAD-O are designed to be completed
twice daily and include a Morning Diary (completed once
daily upon waking up to start the day) to assess nighttime
awakenings and nighttime asthma symptom severity and
a Bedtime Diary / Evening Diary (completed once daily
before going to bed) to assess daytime symptom severity.
Both measures include a Training Guide that all partici-
pants must read prior to completing the PAD-C or PAD-
O to aid understanding of the diaries.

The draft PAD-C (7-item Morning Diary and 12-item
Bedtime Diary) has been developed for use in children
with asthma 8-11 y.o. to assess self-reported asthma
symptom severity. The draft PAD-O (9-item Morning
Diary and 12-item Evening Diary) has been developed
for use in caregivers of children with asthma 4-11 y.o. to
assess caregiver-reported asthma sign/symptom sever-
ity. When completing the PAD-O, the caregiver can also
consider input from other informants (e.g., the child, sib-
lings, teachers, babysitters, and spouses/partners) regard-
ing observable asthma signs and symptoms.

The PAD-C Bedtime Diary assesses the severity of 5
core asthma symptoms (cough, hard to breathe, out of
breath, wheezing, and chest tightness) and the PAD-O
Evening Diary assesses the severity of 4 core observable
asthma signs and symptoms (cough, difficulty breath-
ing, shortness of breath, and wheezing). Note that chest
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Fig. 1 Overview of study design

tightness was not included within the PAD-O as it was
found to not be an observable concept that can be reli-
ably reported by caregivers in the previous qualitative
research [16]. Due to difficulty with feasibility of chil-
dren or caregivers reporting on the severity of individual
symptoms during the night, a global assessment of night-
time asthma symptom or sign severity is included within
the PAD-C Morning Diary and PAD-O Morning Diary,
respectively. The morning diaries also assess presence of
nighttime awakenings, which is considered a clinically
relevant marker for asthma control and symptom sever-
ity [1]. The asthma sign and symptom concepts included
within the PAD-C and PAD-O are assessed in terms of
presence (nighttime awakenings), intensity (cough, night-
time asthma symptom severity), or frequency (cough,
difficulty breathing, shortness of breath, wheezing, and
chest tightness [PAD-C only]), to provide an assessment
of sign and symptom severity which is widely recognized
as needed to demonstrate clinical benefit in pediatric
asthma treatment trials.

Additional items included in the PAD-C and PAD-O
to assess other asthma-relevant measurement concepts
are: difficulty falling asleep (Morning Diary), activity
limitations (Bedtime Diary / Evening Diary), and rescue
medication use for both rescue inhalers and nebulizers

(Morning Diary and Bedtime Diary / Evening Diary). Sin-
gle items designed to assess global daytime asthma symp-
tom severity are included in the Bedtime Diary / Evening
Diary only, to support analyses during measure develop-
ment. In the PAD-O, items are included to capture the
sources of information used by caregivers when respond-
ing to items for informational purposes only, in addition
to 1 item added at FDA’s request assessing whether car-
egivers check on their child during the night (Morning
Diary only).

Items in the PAD-C are answered using a 4- or 5-level
verbal rating scales (VRS) with text descriptors for each
response option paired with colored boxes of increased
shading, or via “Yes/No” response options. Items in the
PAD-O are answered using a 5- or 6-level VRS, or via
“Yes/No/I don’t know” response options. Number entry
fields are also used for the rescue inhaler and nebulizer
items in both measures.

Concept elicitation and cognitive interviews

Combined semi-structured concept elicitation and
cognitive interviews were conducted across 3 iterative
rounds to evaluate modifications made to the PAD-C and
PAD-O.
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Recruitment

Forty-five participants were targeted for inclusion in the
interviews, including 15 children 8-11 y.o., 15 parents/
caregivers of children 4-7 y.o., and 15 parents/caregivers
of children 8-11 y.o. These subgroups allowed for devel-
opment and testing of the PAD-C and PAD-O in nar-
rower age groupings to help account for developmental
differences in children [9, 20]. Participants were recruited
from 5 different U.S. locations (Chicago, IL; Baltimore,
MD; New Orleans, LA; Pittsburgh, PA; St. Louis, MO)
with the assistance of a third-party recruitment agency
via referral by general practitioners, pediatricians, and
respiratory specialists. Child participants were required
to be 8-11 y.o., have a clinician-confirmed diagnosis of
asthma as defined by national or international asthma
guidelines (i.e., GINA [1], National Asthma Education
and Prevention Program [NAEPP] [21]) for at least 1
year, have received/filled a prescription for asthma medi-
cation in the last year, and have experienced symptoms
of asthma in the 3 weeks prior to screening. Caregivers
were required to be at least 18 years of age and a parent/
caregiver of a child 4-11 y.o. with a clinician-confirmed
diagnosis of pediatric asthma, who had received/filled a
prescription for asthma medication in the last year and
had experienced signs or symptoms of asthma in the 3
weeks prior to screening.

Participants were excluded if they (or their child if
a caregiver) had a diagnosis of a condition other than
asthma (not including allergies or rhinitis) that affected
lung function (e.g., bronchiectasis, chronic sinusitis,
cystic fibrosis) or any other significant condition that
would impact ability to take part in the study.

Recruitment quotas for the following characteristics
were used to ensure a sociodemographically and clini-
cally diverse sample reflective of respondents typically
enrolled in pediatric asthma clinical trials: age, sex, eth-
nicity, race, time since diagnosis, asthma control (i.e.,
well-controlled and not well-controlled [22]), exacerba-
tions, and medication use.

Interview procedure
The research was conducted in accordance with the
Declaration of Helsinki and ethical approval and over-
sight were provided by Copernicus Group Independent
Review Board (CGIRB), an independent ethical review
board in the U.S. (IRB number: 20200606). All data were
handled in accordance with Health Insurance Portabil-
ity and Accountability Act (HIPAA) guidelines and the
European General Data Protection Regulation (GDPR)
for the security and privacy of health data.

All participants provided written informed consent (or
parental permission and participant assent in the case of
participants 8—11 y.0.) before their participation in the
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study. Semi-structured interviews lasting approximately
60 min were conducted by trained qualitative researchers
via Microsoft Teams or by telephone. All interviews were
audio recorded and transcribed verbatim.

In each round, interviews included an introduction (5
min), concept elicitation (5 min), and cognitive interview
(50 min) sections. A brief concept elicitation component
was included at the start of the interview, to explore the
experience of pediatric asthma and evaluate whether the
PAD-C and PAD-O adequately assess the core symptoms
reported by participants. Since comprehensive concept
elicitation work was completed by Merck during initial
development activities, this section was deliberately brief
to allocate more time to the cognitive evaluation of the
PAD-C and PAD-O. Following concept elicitation, par-
ticipants were asked to complete a paper version of the
PAD-C (children) or PAD-O (caregivers) using a “think
aloud” method to vocalize their thoughts as they read
each instruction and completed each item. In-depth cog-
nitive interview questions were then used to explore the
relevance and understanding of the diary items, instruc-
tions, response scales, and recall periods.

Analysis

A qualitative analysis plan was developed a priori to
define the coding process, subgroup analyses, and pres-
entation of results. All interview data were analyzed
using qualitative analysis methods and ATLAS.ti soft-
ware [23].

Concept saturation, defined as the point at which no
new relevant or important information emerges with
the collection of more data [10], was evaluated to ensure
that the concepts elicited by participants during the con-
cept elicitation portion of the interview had been fully
explored. Saturation analyses were conducted for the
child and caregiver samples separately by dividing partic-
ipants into 3 equal groups according to the chronologi-
cal order in which they were interviewed. Saturation was
said to be achieved if no new concepts emerged within
the final group of interviews (i.e., Round 3 interviews).

Results

Sample characteristics

A total of 45 participants were included across 3 rounds
of interviews. Fifteen interviews were conducted with
children 8-11 y.o. and 30 interviews were conducted
with caregivers of children 4-11 y.o. All children had cli-
nician-diagnosed mild to severe asthma.

Table 1 summarizes the sociodemographic and clinical
characteristics of children participating or being repre-
sented by a caregiver in the qualitative interviews. Soci-
odemographic characteristics of caregivers are presented
in Additional file 1: Table 1. Overall, the majority of
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Table 1 Child sociodemographic and clinical characteristics (n=30)

Characteristic Child being represented by caregiver Child
participating
in study

4-7y.0.(n=15) 8-11y.0 8-11y.0
(n=3) (n=15)

Age (years)

Mean 4.8 10 9.3

Min, Max 4,7 8,11 8,11

Sex, n (%)°

Male 10 (66.7%) 2 (66.7%) 9 (60.0%)

Female 5(33.3%) 1(33.3%) 6 (40.0%)

Ethnicity, n (%)

Non-Hispanic or Latino 10 (66.7%) - 11 (73.3%)

Hispanic or Latino (of any race) 5(33.3%) 3 (100%) 4 (26.7%)

Race, n (%)

Black/African American 4 (26.7%) - 5(33.3%)

White 3(20.0%) - 4 (26.7%)

Multi-racial 4(26.7%) 1(33.3%) 3 (20.0%)

Asian 1(6.7%) - 1(6.7%)

Other: reported Hispanic as race 3(20.0%) 2 (66.67%) 2 (13.3%)

Asthma control according to participant score on C-ACT, n (%)

Well-controlled (C-ACT score: > 20) 8(53.3%) - 7 (46.7%)

Not well-controlled (C-ACT score: < 19) 7 (46.7%) 3 (100%) 8 (53.3%)

Participant experience of an exacerbation in the past two weeks, n (%)

No, did not experience an exacerbation 9 (60.0%) 1(33.3%) 8(53.3%)

Yes, experienced a moderate exacerbation 4(26.7%) 2 (66.7%) 4 (26.7%)

Yes, experienced a severe exacerbation 2(13.3%) 1(33.3%)" 3(20.0%)

Type of treatment currently receiving for management of Asthma, n (%)

Step 2 6 (40.0%) - 7 (40.0%)

Step 3 5(33.3%) 1(33.3%) 3(20.0%)

Step 4 4 (26.7.%) 2 (66.7%) 5(33.3%)

"n=3 children 8-11 years old (y.0.) were represented by caregivers who participated in an interview, but the children were not interviewed themselves

2 All participants’ identified gender was the same as their sex
3 C-ACT = Childhood Asthma Control Test
4 One participant experienced both moderate and severe exacerbations

5 Step-wise categories of medication use are based on GINA guidelines [1]

pre-specified recruitment quotas were met or only nar-
rowly missed, and there was good representation of char-
acteristics in both child and caregiver samples for each
age group.

Concept elicitation results

The symptoms most frequently reported by children
during the concept elicitation section of the inter-
views correspond to the 5 core symptom concepts
assessed in the PAD-C Bedtime Diary; cough, diffi-
culty breathing, and chest tightness were reported by
all child participants (n=15/15, 100%), and shortness
of breath and wheezing were reported by almost all

(n=14/15, 93.3%; see Table 2). These symptoms were
elicited in each round of interviews and equally across
both levels of asthma control (well-controlled and not
well-controlled).

Similarly, the signs and symptoms most frequently
reported by caregivers during the concept elicitation
section of the interviews correspond to the 4 observa-
ble signs and symptoms assessed in the PAD-O Evening
Diary; cough, difficulty breathing, and wheezing were
reported by all caregivers (n=30/30, 100%), and short-
ness of breath was reported by most (n=28/30, 93.3%;
see Table 2). Children and caregivers also reported
other asthma symptoms including general congestion
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Table 2 Summary of asthma signs/symptoms and impacts reported during concept elicitation in Round 1, 2, and 3 interviews (N =45)

Concept

Participant type

Example participant quote

Asthma sign/symptoms
Cough (N=45/45, 100%)

Difficulty breathing (N=45/45, 100%)

Wheezing (n=44/45, 97.8%)

Shortness of breath (n=42/45, 93.3%)

Chest tightness (n=19/45, 42.2%)

Domains of impacts on daily life
Physical activity (N=45/45, 100%)

Sleep (n=44/45, 97.8%)

Social functioning (n=18/45, 40.0%)

Emotional wellbeing (n=17/45, 37.8%)

School (n=4/45, 8.9%)

Child 8-11y.0. (n=15/15, 100%)
Caregiver of child 4-11 y.o. (n=30/30, 100%)

Child 8-11y.0. (n=15/15, 100%)
Caregiver of child 4-11 y.o. (h=30/30, 100%)

Child 8-11y.0. (n=14/15, 93.3%)
Caregiver of child 4-11 y.o. (n=30/30, 100%)

Child 8-11y.0. (n=14/15, 93.3%)
Caregiver of child 4-11 y.o. (n=28/30, 9.33%)

Child 8-11y.0. (n=15/15, 100%)
Caregiver of child 4-11 y.o. (n=4/30, 13.3%)

Child 8-11y.0. (n=15/15, 100%)
Caregiver of child 4-11 y.o. (n=30/30, 100%)

Child 8-11y.0. (n=15/15, 100%)
Caregiver of child 4-11 y.o. (n=29/30, 96.7%)

Child 8-11vy.0.(n=7/15, 46.7%)
Caregiver of child 4-11y.0. (n=11/30, 36.7%)

Child 8-11y.0. (n=5/15, 33.3%)
Caregiver of child 4-11 y.o. (n=12/30, 40.0%)

Child 8-11y.0. (n=3/15, 20.0%)
Caregiver of child 4-11 y.o. (n=1/30, 3.3%)

06-20-M-8-WC-P: “.. would really like start coughing, like cough-
ing real bad.. .| will really cough a lot...and I'll like need my. ...
asthma pump...”

11-30-F-34-WC-CG: “She will just cough all day when it’s real bad.
Um, there have been times at night where she will cough and keep
her up, uh, cough to the point of throwing up.”

27-40-F-11-NWC-P: "Asthma, it’s hard to breathe. It’s like when you
can't do much things cause it’s hard to breathe...”
09-20-F-35-NWC-CG: “Well typically she'll always, um, grab her
chest or around her throat area and say that it’s difficult to breathe
or she’s having a hard time breathing...”

18-50-M-9-NWC-P: ‘T hear a loud wheezing noise.”
19-40-F-31-WC-CG: “.. So he usually has like wheezing and short
of breath, um, especially like certain times of the night sometimes.
And also like if he’s, um, at school and he’s doing too much activity
or something, he can experience symptoms like that”

23-40-M-9-NWC-P: “Uh, | get out of breath quickly.”
08-40-F-38-NWC-CG: “..He has a hard time kind of just catching
his breath, um, just seems out of breath.”

09-20-F-10-NWC-P: “My chest tighten up.”

15-40-F-40-WC-CG: ”..Um, he feels from what | can see and what
he can describe is like a tightness of the chest. So kind of like the,
the walls of his body kind of closing in.”

10-40-F-9-WC-P: " .you can’, you can't like play like a normal
person. Like you can't like play without having to stop to take your
pump or something.”

23-40-F-36-NWC-CG: “If just—if he’s not feeling well, then there’s
Jjust—nhe can't go play or run.”

27-40-F-11-NWC-P: “Well like sometimes | wake up from my sleep
like more than once a week. Like | just wake up cause it’s like, like |
can't breathe when I'm sleeping. So | wake up.”
09-20-F-35-NWC-CG: “Um, yes. There has been times that it has
been very difficult for her to go to sleep, um, especially when she’s
having a really, really bad flare-up...”

03-40-M-8-WC-P: “Uh, the worst thing is that like if like it's—um,

so like in the summertime, if | play with my friends and my family
and we usually run around if we're having like a water balloon
fight or water gun fight. That | have to take a break and | can't play
anymore until like it goes away and starts to slow down.”
23-40-F-36-NWC-CG: “..Um, | mean there’s times that he can't do
things that he likes to do as a kid, you know, in school trying to play
with his friends. And when he’s not feeling well, he just doesn't”

13-10-M-11-NWC-P: “When | do wheeze, it makes like—to me it
makes a loud noise, like again a whistle noise. And it will—some-
times it will scare me because when, uh, | do wheeze that means |
again have trouble breathing.”

20-50-F-24-NWC-CG: “Um, where he is short of breath, where he’s
to the point where he’s crying because he's—I guess it’s like an anxi-
ety feeling for him where he can't breathe.”

14-10-M-8-NWC-P: “About my breathing well and not going to
school because | can't go to school because I'm sick of the asthma.”
Interviewer: “.. how do these symptoms affect your child?”
23-40-F-36-NWC-CG: “Um, with his school work. You know, trying
to focus sometimes.”

Participant IDs are presented as follows: participant number, site number, sex (M =Male; F=Female), participant age (y.o.=years old), level of asthma control
(WC=Well-controlled; NWC = Not Well-controlled), and participant type (P = pediatric participant; CG=caregiver participant)
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(n=3 caregivers), tiredness (n=3 caregivers), flushed
face (n=2 caregivers), and nasal congestion (n=2
children).

Children and caregivers discussed how asthma
impacted their/their child’s daily life. Impacts on physi-
cal activity (n=15/15 children, 100%; n=30/30 caregiv-
ers, 100%) and sleep (n=15/15 children, 100%; n=29/30
caregivers, 96.7%) were reported most frequently by chil-
dren and caregivers, both of which are assessed by items
in the PAD-C and PAD-O. Impacts on social functioning
(n=7/15 children, 46.7%; n=11/30 caregivers, 36.7%),
emotional wellbeing (n=>5/15 children, 33.3%; n=12/30
caregivers, 40.0%), and school (n=3/15 children, 20.0%;
n=1/30 caregiver, 3.3%; see Table 2) were also reported
by children and caregivers. In terms of asthma treat-
ments, all children (n=15/15, 100%) and all but 1 car-
egiver (n=29/30, 96.7%) reported the use of a rescue
inhaler. Nebulizer use (n=28/15 children, 53.3%; n=20/30
caregivers, 66.7%) and maintenance inhaler use (n=5/15
children, 33.3%; n=18/30 caregivers, 60.0%) were also
reported.

Concept saturation was achieved after the first 2
rounds of child interviews, by which point the majority of
signs/symptoms and impact domains had been elicited.
This included the core symptom concepts assessed by the
PAD-C (cough, difficulty breathing, shortness of breath,
wheezing, and chest tightness) and PAD-O (cough, dif-
ficulty breathing, shortness of breath, and wheezing), as
well as impacts on physical activity and sleep (Additional
file 1: Tables 2 and 3, respectively). Note that, night-
time awakenings were spontaneously reported for the
first time in the final round of child interviews; however,
nighttime awakenings were reported by 13 additional
children when probed across the 3 rounds, supporting
relevance of the concept to this patient population.

Cognitive interview results for the PAD-C and PAD-O

For the cognitive interviews, the Pediatric Asthma Work-
ing Group and Adelphi Values divided each of the meas-
ures into core, supplementary, and developmental items.
“Core items” assess the severity of key signs, symptoms,
and impacts of pediatric asthma intended for inclusion
in scoring of the measure. “Supplementary items” assess
other optional asthma-relevant concepts intended to
supplement the measures when used in clinical trials, and
“developmental items” are intended for testing purposes
during development of the measures. A distinct sam-
ple of 15 participants took part in each round of cogni-
tive interviews; 5 children completed the PAD-C and 10
caregivers completed the PAD-O in each round. Across
all 3 rounds of cognitive interviews, PAD-C and PAD-O
instructions and items were generally well understood
and considered relevant. See Additional file 1: Figs. 1,
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2, 3,4, 5, 6, 7 and 8—for an overview of understanding
and relevance across the 3 rounds of child and caregiver
interviews.

The 3 iterative rounds of cognitive interviews sup-
ported refinement of the PAD-C and PAD-O, with revi-
sions to the instructions and items implemented after
each round, as summarized in Table 3 (PAD-C) and
Table 4 (PAD-0O). Modifications made were based on
feedback from participants, the Pediatric Asthma Work-
ing Group, C-Path scientists, the advisory panel, FDA
scientists, and the translatability assessments. Updates
were generally applied across both measures where
applicable, with the aim of promoting consistency and
comprehensiveness.

Round 1

The majority of instructions and items in the PAD-C
and the PAD-O were well understood, and all core items
were considered relevant by most participants. Recall
period instructions for the Morning Diary and Bedtime
Diary / Evening Diary were understood by most children
and caregivers asked. Based on interview findings, sev-
eral modifications were made to the PAD-C and PAD-O
training guides and overall measures, including updates
to the instructions, item wording, and response options.

Round 2

The PAD-C and PAD-O instructions and response
options were understood by most participants, and all
core items were understood and relevant to the major-
ity of participants. Almost all children and caregivers
understood the recall period instructions in the Morning
Diary and Bedtime Diary / Evening Diary. Despite these
results, further modifications were made to the PAD-C
and PAD-O training guides and overall measures, includ-
ing updates to the instructions (to allow for both single
and multiple-observer completion [PAD-O only]), item
wording, and response options.

Round 3

No changes were suggested to the PAD-C and PAD-
O core items as all items and response scales were well
understood and relevant to the majority of participants.
Additional sections in the PAD-O Training Guide relat-
ing to single and multiple-observer completion were gen-
erally well understood, and half of the caregiver sample
(n=5/10, 50.0%) indicated that they would share comple-
tion of the PAD-O with another caregiver (e.g., another
parent or grandparent), supporting retention of multi-
ple-observer instructions. Some further modifications
were made to the PAD-C and PAD-O training guides and
overall measures following Round 3 interviews, including
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minor updates to the recall period wording within the
instructions, item wording, and response scales.

Item finalization

Following completion of the 3 rounds of cognitive inter-
views, an item finalization meeting was held with the
Pediatric Asthma Working Group to discuss findings
and confirm the proposed revisions to the PAD-C and
PAD-O. The evidence demonstrated that both meas-
ures provided sufficient conceptual coverage of the core
symptoms in pediatric asthma, and therefore it was
agreed that no additional items should be added. All
items tested in the Round 3 interviews were retained
for both measures, except for 1 caregiver developmen-
tal item in the Morning Diary. The revisions made were
reviewed and approved by the advisory panel. Following
cognitive interviews, the resulting PAD-C consisted of 8
core items, 12 supplementary items, and 1 developmen-
tal item (Fig. 2); whereas the PAD-O consisted of 7 core
items, 12 supplementary items, and 2 developmental
items (Fig. 3).

Conceptual frameworks

The draft conceptual frameworks for the PAD-C and
PAD-O following the 3 rounds of interviews are pre-
sented in Figs. 2 and 3, respectively. These conceptual
frameworks will be finalized after the completion of a
planned quantitative pilot study with qualitative exit
interviews.

Page 12 of 16

Discussion

Pediatric asthma has been identified by regulators and
other relevant stakeholders as an area in need of novel
fit-for-purpose COAs for evaluating clinical benefit in
pediatric asthma treatment trials. In order to address this
unmet measurement need, the PAD-C and PAD-O were
accepted into FDA's DDT COA Qualification Program
[24]. The overall objective of this study was to gener-
ate qualitative evidence that the content of these meas-
ures effectively assesses the severity of the core signs and
symptoms of asthma, achieved via the conduct of com-
bined concept elicitation and cognitive interviews.

Concept elicitation

Concept elicitation findings demonstrated that the core
symptom concepts assessed in the current versions of
the PAD-C and PAD-O were most frequently reported
by participants, providing evidence that these measures
assess the most important and relevant signs and symp-
toms of pediatric asthma. The most frequently reported
domains of impacts on daily life were physical activ-
ity and sleep impacts (including difficulty falling asleep
and nighttime awakenings), both of which are assessed
by items in the PAD-C and PAD-O and are considered
clinically relevant concepts directly linked to asthma
symptoms. The evidence confirms that no core sign or
symptom concepts were missing from the PAD-C or
PAD-O and the addition of further items is not needed.
The findings further substantiate existing literature
highlighting the widespread and considerable impact of
pediatric asthma and reinforces the need for effective

Pediatric Asthma Diary — Child (PAD-C)

Core Items

*Cough

Hard to breathe
Daytime asthma symptom
severity
(Bedtime Diary)

Out of breath
Wheezing

Chest tightness

Nighttime

i . Woke up last night because
(Morning Diary)

of asthma symptoms

Nighttime asthma symptom
severity
(Morning Diary)

Nighttime symptom severity
at worst

Supplementary Items

Hard to run around, play, do

—_— sports, or be active
(Bedtime Diary)
> Difficulty falling asleep
(Morning Diary)
Additional concepts
R Rescue inhaler use

(Morning Diary and Bedtime Diary)

h

» Nebulizer use when asthma is bad
(Morning Diary and Bedtime Diary)

Developmental Items

Daytime symptom severity at
worst
(Bedtime Diary)

Developmental items for

—_—
testing

Fig. 2 PAD-C draft conceptual framework. *Cough currently includes 2 items: cough frequency and cough intensity. Note: “Core Items” are intended
for inclusion in the PAD-C scoring algorithm. “Supplementary Items”assess other optional asthma-relevant concepts intended to supplement
the PAD-C when used in clinical trials. These items would be scored separately from the PAD-C."Developmental Items”are intended for testing

during PAD-C development.
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Pediatric Asthma Diary — Observer (PAD-0)

Core Items

*Cough

Daytime asthma symptom Difficulty breathing

severity
(Evening Diary) Shortness of breath
Wheezing

Nighttime

i . Woke up last night because
(Morning Diary)

of asthma symptoms

Nighttime asthma symptom
severity
(Morning Diary)

» Nighttime symptom severity
at worst

Supplementary Items

Hard to run around, play, do

_— sports, or be active
(Evening Diary)
Difficulty falling asleep
—y N =
Additional concepts (Morning Diary)
Rescue inhaler use
_—

(Morning Diary and Evening Diary)
Nebulizer use for rescue
medication
(Morning Diary and Evening Diary)

—_—

Developmental Items

Daytime symptom severity at
worst
(Evening Diary)

_

Developmental items for

testin,
Z Sources of information used to

answer
(Morning Diary and Evening Diary)

-

Fig. 3 PAD-O draft conceptual framework. *Cough currently includes 2 items: cough frequency and cough intensity. Note: “Core Items”are
intended for inclusion in the PAD-O scoring algorithm. “Supplementary ltems” assess other optional asthma-relevant concepts intended
to supplement the PAD-O when used in clinical trials. These items would be scored separately from the PAD-O."Developmental [tems”are intended

for testing during PAD-O development

treatments to achieve symptom control and accurate
assessments of symptom severity [5, 13, 25].

Cognitive interviews for the PAD-C and PAD-O

Across the 3 rounds of cognitive interviews, instruc-
tions and core items in the PAD-C and PAD-O were well
understood and considered relevant by most participants,
providing qualitative evidence to support their content
validity. The iterative rounds of interviews strengthened
the measures, with revisions to the instructions and
items implemented and tested after each round. Several
modifications were made following Round 1 interviews,
including updates to item stems, response options, res-
cue inhaler and/or nebulizer item wording, and the addi-
tion of a new item to determine whether a child has a
nebulizer for asthma treatment. Following Round 2 inter-
views, further updates were made to response options
including updates to the cough intensity response scale
on both the PAD-C and PAD-O, rescue inhaler and/or
nebulizer item wording, and additional instructions were
added to the PAD-O to allow for single and multiple-
observer completion. Findings from Round 3 interviews
supported additional changes to the rescue inhaler and/
or nebulizer item wording to enhance understanding,
and the item assessing whether caregivers check on their
child was removed as shown in Table 4. This resulted
in the current versions of the PAD-C and PAD-O at the
time of publication.

Since the initiation of this research in 2016, a new elec-
tronic Pediatric Asthma Symptom Diary (ePASD) has
been developed for self-completion by children 6-11
y.0., in an attempt to address the existing measurement
gap in this population [11]. However, there are notable
advantages of the PAD-C and PAD-O over the ePASD
and other existing measures. First, the development of
both a PRO measure (the PAD-C for completion by chil-
dren 8-11 y.0.) and ObsRO measure (the PAD-O for
completion by caregivers of children 4-11 y.0.) allows
for the assessment of asthma signs and symptoms across
a broader range of children with mild to severe asthma,
specifically those younger than 6 y.o. Evidence from the
qualitative interviews and existing literature demon-
strates the importance of assessing symptom severity
in children as young as 4 y.o. [1, 26], particularly as this
often reflects populations included in pediatric asthma
clinical trials. As such, there is a critical need for appro-
priate COAs with adequate evidence of being fit-for-pur-
pose to assess asthma symptom severity in younger age
groups, not purely self-reports by older children. Second,
there is mixed evidence regarding the age at which a child
can independently and reliably self-report, with some
doubts around the appropriateness of administering PRO
measures to children below the age of 8 y.o. [20, 27, 28].
The PAD-O was developed to avoid these potential issues
in younger age groups, as caregivers are more likely to be
optimal reporters of observable asthma signs and medi-
cation use for children under 8 y.o. [16]. The PAD-O also
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offers the unique ability for both single and multiple-
observer completion, an addition that was supported
by FDA representatives to account for a range of differ-
ent caregiver and/or living situations that better reflect
modern family life and allow for greater inclusivity in
future pediatric asthma clinical trials. Finally, an impor-
tant strength of the PAD-C and PAD-O is the pursuit of
qualification as part of FDA’s DDT COA Qualification
Program. Qualification ensures both measures have been
developed and tested in accordance with FDA expecta-
tions and relevant guidance [10, 18, 19], including input
from a diverse sample of children and caregivers from the
target population with varying sociodemographic (e.g.,
age, sex, ethnicity, and race) and clinical characteristics
(e.g., levels of asthma control, exacerbations, and medi-
cation use). This is in addition to involvement from a
multidisciplinary team, COA experts, comprising repre-
sentatives from 2 pharmaceutical firms, C-Path, special-
ist clinicians involved in the diagnosis and management
of children with asthma, patient advocates, and FDA
representatives.

Study limitations

Although there was good representation of different soci-
odemographic and clinical characteristics in the sam-
ple, some target quotas were missed. Most notably this
included children on medication Step 5 and male car-
egivers, although, this is likely a reflection of fewer cases
of more severe asthma in children and the lack of estab-
lished Step 5 treatment for children 4-5 y.o. [1], and the
well-documented sex differences in research participa-
tion [29, 30] and childcare responsibilities [31, 32]. Inter-
views were also conducted with U.S. participants only;
however, the cross-cultural suitability of the PAD-C and
PAD-O was explored within the translatability assess-
ments, and full translation and cultural adaptation of the
measures for other languages will be conducted in future
studies.

Additionally, interviews with children 8-11 y.o. were
conducted via video call or telephone. Face-to-face inter-
views were initially proposed as the optimal method-
ology to build rapport and obtain useful insights from
non-verbal cues; however, this was not feasible due to
the COVID-19 pandemic and associated public health
restrictions when interviews were conducted between
October 2020 and July 2021. Nevertheless, research has
shown comparability between face-to-face and video or
telephone interviews [33, 34], and additional steps were
taken to mitigate against potential issues with remote
interviewing (i.e., color-coding the measures) and to pro-
mote engagement throughout the child interviews (i.e.,
using visual aids and creative tasks).
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Conclusion

The results from this qualitative study provide strong
support for the content validity of the PAD-C and PAD-
O for assessing severity of asthma signs and symptoms
in children 4 through 11 y.o. with mild to severe pediat-
ric asthma. The next steps in the development process
include the migration of the measures to an electronic
mode of data collection and the conduct of a quanti-
tative pilot study with qualitative exit interviews. This
continued research will aim to generate further evi-
dence to confirm the cross-sectional measurement
properties and evaluate the user experience and feasi-
bility of electronic completion of the PAD-C and PAD-
O to support progress towards their qualification in
FDA’s COA Qualification Program.
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