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Abstract.

Background: Corticosteroids are recommended to all people with Duchenne as standard of care; patient experience data is
important to guide corticosteroid decision making and as a comparator for new treatment options.

Objective: This study assesses patient and caregiver-reported benefits and side effects from corticosteroids to treat Duchenne
muscular dystrophy, their importance, and satisfaction.

Methods: Using one-on-one interviews (n=28) and an online survey (n=236), parents and adults with Duchenne reported
corticosteroid benefits and side effects rated as both experienced and important.

Results: Benefits to breathing, heart function, arm strength, slowing progression of weakness, and getting around were
rated as particularly important, regardless of ambulatory status. Important side effects included increased fracture risk,
unwanted weight gain, and diabetes/prediabetes. Parents rated behavior issues and adults rated delayed puberty as having
high importance. Being ambulatory was independently associated with reporting more net benefit (p = 0.02). For side effects,
parent scores were significantly higher than adult score (p =0.02). Corticosteroid type was not significant. Participants were,
overall, satisfied with corticosteroids (means ranging from 6.2 to 7.7 on a scale of 0-10), with no significant differences based
on corticosteroid type.

Conclusions: Overall, most participants were satisfied with the use of corticosteroids. While a range of side effects were rated
as important and relatively common, individuals using corticosteroids and their caregivers indicate that benefits outweigh the
side effects. Qualitative data indicate that high acceptability is influenced by lack of treatment alternatives. Patient experience
data on use of corticosteroids in Duchenne may be relevant to drug development, regulatory assessment of new treatments,
and to families making decisions about corticosteroid use.
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group of conditions known as dystrophinopathies.
Duchenne and Becker are caused by mutations in the
dystrophin gene leading to the absence or reduced
production of the dystrophin protein, a protein that
is key to stabilization of the muscle cell membranes
[1]. This lack of dystrophin in muscle leads to pro-
gressive muscle weakness and loss over time causing
premature death. Duchenne and Becker are X-linked
conditions most commonly diagnosed in males [2].

Duchenne and Becker are characterized by pro-
gressive muscle degeneration. Symptoms of the more
severe Duchenne type of muscular dystrophy typi-
cally appear around age three and lead to the loss of
ambulation in the early teens, followed by respiratory
and cardiac complications later in life [3]. Corticos-
teroid therapy has been used for the management
of Duchenne for decades with a purpose of slow-
ing disease progression by reducing inflammation
in muscle [4-6]. Numerous studies have indicated
the benefits and risks of prolonged corticosteroid
use in Duchenne. Benefits of corticosteroids include
delaying the loss of ambulatory milestones, as well
as preserving pulmonary function and reducing the
incidence of scoliosis [7-9]. While corticosteroids
are known to slow disease progression, chronic use
can result in side effects including growth stunting,
weight gain, delayed puberty, loss of bone density
with consequent fractures, and cataract formation [4,
9, 10].

While the potential benefits and side effects of
corticosteroids in Duchenne are well documented,
there is a paucity of data regarding how patients
and parents think and feel about the benefits and
risks of using corticosteroids. In a survey collected
in 2010-2012, researchers developed a self-report
tool for parents and patients to measure the sever-
ity of side effects and importance of benefits of
corticosteroids to treat Duchenne. The most severe
side effects reported by respondents were weight
gain, being short for height, getting upset easily,
and having puffy cheeks, while the most important
reported benefits were those attributed to breathing
and heart function [11]. New treatment and man-
agement options are now available for Duchenne. In
recent years, drug development efforts have included
those targeting muscle inflammation with the goal of
finding corticosteroid alternatives that have similar
benefits but mitigate or reduce the side effect profile
seen in corticosteroids [12].

Eliciting and quantifying patient and caregiver
experiences regarding current treatment regimens
is a key area of interest of regulators, clinicians,

patients, drug developers, and payers. In 2012,
the U.S. Food and Drug Administration (FDA)
established the Patient-Focused Drug Development
(PFDD) initiative aimed at taking a more structured
and transparent approach to systematically obtain-
ing the patient perspective on specific diseases and
their currently available treatments [13]. Since then,
organizations like Parent Project Muscular Dystro-
phy (PPMD) have been collecting and reporting
patient experience data to inform relevant stakehold-
ers and decision-makers within the Duchenne care
and drug development ecosystem [14]. Given the
paucity of relevant patient experience data, we sought
to assess experienced or expected corticosteroid ben-
efits and side effects, the importance that people with
Duchenne and their caregivers associated with each,
and overall corticosteroid satisfaction. We employed
a two-phase study design to obtain data from teens
and adults with Duchenne and Becker muscular dys-
trophy and parents of individuals with Duchenne
about their experience using corticosteroids. Data
regarding patient and caregiver experiences with cor-
ticosteroid use has the potential to provide insights
that may inform individual and shared decision-
making of patients, parents and treating physicians.
This data may also inform the work of drug develop-
ers developing potential corticosteroid alternatives,
as well as regulators making decisions on the approval
of new molecular entities or repurposed medications
targeting inflammation.

METHODS

This study utilized a community-engaged
approach where an advisory board comprised of
physicians, advocates, parents, individuals with
Duchenne, and industry partners provided input
on the aims and instruments and offered insight
on interpretation [15]. The first phase of this
mixed-methods study included interviews with
parents of children with Duchenne and adult patients
with Duchenne or Becker. Our qualitative aim was
to explore attitudes and experienced or expected
benefits and side effects with using corticosteroids
and the impact on participants’ lives. Data generated
by the first phase informed the development of a
subsequent exploratory survey. The survey aims
were to assess respondents’ report of benefits and
side effects; factors associated with experiencing
more net corticosteroid benefits and more total
corticosteroid side effects; and satisfaction with



R. Fischer et al. / A Mixed-Method Study Exploring Patient-Experienced and Caregiver-Reported Benefits 595

corticosteroid use. Additional data obtained from
this study from participants not using steroids and on
patient/parent decision-making about the initiation
and continuation of corticosteroids are reported
elsewhere [16].

The RTI International Institutional Review Board
reviewed and approved the study protocol (IRB#
STUDY00021154).

ELIGIBILITY AND RECRUITMENT

Recruitment was conducted by PPMD through two
existing sources: the Duchenne Registry and their
general contact database/social media contacts. The
Duchenne Registry (formerly DuchenneConnect) is
a patient reported registry for Duchenne and Becker
muscular dystrophy. For both study phases, US based
participants were recruited directly through the reg-
istry via a targeted email, as well as other existing
sources including the PPMD website, PPMD general
email list, social media, and informal networks. Diag-
nosis is based on self-report, though a large subset of
participants have genetic confirmation of diagnosis
through the Duchenne Registry. All other variables
(including ambulatory status and corticosteroid regi-
men) were based on respondent report.

Interview phase

Interview participants were recruited July — August
2020 via direct emails to families from PPMD staff.
Those interested completed a screener to determine
their eligibility for the study. Eligible individuals
included teenagers and young adults with Duchenne
or Becker muscular dystrophy and parents of children
with Duchenne or Becker (any age). All participants
received a $25 gift card for their participation in the
study.

Survey phase

Participants for the survey were recruited March
— July 2021. They included English-speaking, U.S.-
based adult Duchenne patients or parents/guardians
of children with Duchenne. We conducted two phases
of recruitment for the survey phase of the study.
The Duchenne Registry had 279 registrants who met
eligibility requirements and had completed the Cor-
ticosteroid Survey in Duchenne Registry within 16
months of the survey invitation. All 279 were sent an
invitation to participate in the survey.

The second phase of recruitment included an invi-
tation email and reminder email sent through PPMD’s
general email list, as well as informal networks and
posts placed on social media. At the end of recruit-
ment, participants who had completed the survey
were entered into a raffle to win one of five $50 gift
cards.

INSTRUMENTS AND DATA COLLECTION

Interviews

Prior to the interview, participants completed a
brief survey collecting data on corticosteroid use
history and demographics. Interviewers employed a
semi-structured interview guide that included: cor-
ticosteroid use history, expected and experienced
effects of corticosteroids, treatment decision-making,
and hypothetical new treatment options (not
described here). Interviews were conducted via
videoconference over an eight-week period from
August— September 2020. Interviews averaged about
45 minutes (range of 28 to 63 minutes). Interviews
were audio-recorded and transcribed verbatim.

Survey

The Parent Project Muscular Dystrophy research
team members have access to the Duchenne Reg-
istry data. Access to this existing data allowed us
to develop two versions of the survey. For registry
participants, participants consented to the use of the
demographic and clinical history information in the
Duchenne Registry. Participants who were not in
the registry responded to additional demographic
and clinical questions in our survey (including cor-
ticosteroid type, age at initiation, and whether the
individual used corticosteroids continuously) that
mirror those collected in the Duchenne Registry.
Surveys were programmed using Qualtrics [17]. All
surveys included the following components: corti-
costeroid benefits, corticosteroid side effects, overall
experience with corticosteroid, and medical decision-
making (to be reported elsewhere).

For the benefit and side effect items, we adapted an
existing instrument of items developed by Hendrik-
sen and colleagues [11]. The adaptations were based
on findings from the interview study together with
advisory committee feedback. The resulting instru-
ment included 11 corticosteroid benefit items (as
shown in Figs. 1 and 2) and 16 corticosteroid side
effect items (as show in Figs. 3 and 4). Because of



596 R. Fischer et al. / A Mixed-Method Study Exploring Patient-Experienced and Caregiver-Reported Benefits

intended for color

reproduction
Experienced and expected benefits: ambulatory respondents
(adult patient and parent)
Benefit Respondent Response
Never had this Does not yet have
benefit and do Unsure had this this benefit, but Used to have this
Adult (N=6) not expect it in benefit or will expect it in the benefit, but no Currently has this
Parent (N=138) the future ever have it future longer benefit Missing
Maintain walking themselves Adult | | F [ ] ]
Parent i : i l : —
Maintain use of arms Adult 3 | 1 1 —
Parent 3 | 3 | - 3 —
Maintain balance and stability ~ Adult | | ! | E F
Parent i | i | L ) 0.7%
Have less fatigue doing Adult i I | - | i
regular day-to-day activities Parent 1 | ) | N i AT 0.7%
Get around better Adult i | ] [ ] | ]
Parent | | 1 | _ N\J } 0.7%
Have more energy Adult 3 I | - - 3
Parent 3 | 1 I . 1 — 1.4%
Have slower progression of Adult | | | I _
muscle weakness parent 3 | i | N 3 NN 0.7%
Be less likely to need a spine Adult | | [ ] L | i
operation because of scoliosis .. ! | ! [ ‘ ; — 0.7%
Maintain heart strength Adult i | | [ | —
Parent i | i N ' i — 0.7%
Maintain breathing strength Adult | | | | —
—— ! | : § | : NN\ 0.7%
Have improved performancein  Adult 3 | | | ] | 3
school parent | N ] A\ 0.7%
0% 56% 0% 50% 0% 50% 0% 50% 0% 56% 100%
Percent of responses
Respondent Key:
Benefit importance: ambulatory respondents W A
Parent
(adult patient and parent) .
Benefit Respondent Response
Adult (N=6) Not important Slightly important [l Moderately important [l Important [l Very important
Parent (N=138) Missing
Maintain walking themselves Adult I
Parent i
Maintain use of arms Adult
Parent
Mair]tlain balance and Adult
stability Parent 3 0.7%
Have less fatigue doing Adult !
regular day-to-day activities B ' 0.7%
Get around better Adult ‘
Parent : 0.7%
Have more energy Adult i
Parent 3 0.7%
Have slower progression of Adult
muscle weakness Parent ! 0.7%
Be less likely to need a spine Adult |
operation because of scoliosis parent ] 1.4%
Maintain heart strength Adult !
Parent } 0.7%
Maintain breathing strength Adult
Parent i 0.7%
Have improved performance  Adult : } I
in school Parent ‘ R I AR AR\ 0.7%
-20% 0% 20% 40% 60% 80% 100%

Percent of responses

Fig. 1. Experienced and expected benefits and rated importance of ambulatory respondents.
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intended for color

reproduction

Experienced and expected benefits: non-ambulatory respondents
(adult patient and parent)

Benefit

Adult (N=20)  not expect it in benefit or will expect it in the benefit, but no Currently has this
Parent (N=72) the future ever have it future longer benefit Missing
Maintain walking themselves Adult | i — 1 1
Parent : 1 NN\ N\
Maintain use of arms Adult | i | i | | i
Parent [ 3 - 3 _
Maintain balance and stability ~ Adult | 3 1 [ ] i
Parent ) i N\ 1.4%
Have less fatigue doing Adult | 3 | [ | 3 I 3
regular day-to-day activities Parent | i ] - i AN 2.8%
Get around better Adult | i 1
Parent ' 3 = - 2.8%
Have more energy Adult | 3 | ] 3 | ] 3
Parent | i - i NN\ 4.2%
Have slower progression of Adult | | | || i [ ] i
muscle weakness parent | 3 I - 3 MM 2.8%
Be less likely to need a spine Adult | | | 1 | I 3
operation because of scoliosis .. [ i ] ] i AN 2.8%
Maintain heart strength Adult | 3 [ | 3 [ ] :
Parent [ i l ' i -— 2.8%
Maintain breathing strength Adult | ] 1 [ ] l ] l
Parent | i i I i 2.8%
Have improved performance in ~ Adult | i | | | i [ | 3
school parent [ 3 [} - 3 R\ 2.8%
0% 50% 0% 56% 0% 50% 0% 56% 0% 50% 106%
Percent of responses
Respondent Key:
Benefit importance: non-ambulatory respondents ——
aren
(adult patient and parent)
Benefit Respondent Response
Adult (N=20) Not important Slightly important [l Moderately important [l Important [l Very important
Parent (N=72) Missing
Maintain walking themselves  Adult o
— R RIS
Maintain use of arms Adult e ——— |
Parent RSN AN\
Maintain balance and Adult _——
stability parent AR AR 1.4%
Have less fatigue doing Adult L
regular day-to-day activities PErE RN ANNAAANAAAAAAAAAAARR AN\ 2.8%
Get around better Adult T I ——
Parent -—— 2.8%
Have more energy Adult T
Parent A E 2.8%
Have slower progression of Adult p— |
muscle weakness PerenR AERRRARERRRRRARRRARRIAAAAAN AN 2.8%
Be less likely to need a spine Adult e
operation because of scoliosis RN AR NN NN\ 2.8%
Maintain heart strength Adult -——
Parent R R R RN RRNRRNY 2.8%
Maintain breathing strength Adult e
Parent RN NN 2.8%
Have improved performance  Adult o0 | | |
in school DErEmR R Y 2.8%
-20% 0% 20% 40% 60% 80% 100%

Respondent

Never had this
benefit and do

Response

Does not yet have

Unsure had this this benefit, but Used to have this

Percent of responses

Fig. 2. Experienced and expected benefits and rated importance of non-ambulatory respondents.
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intended for color
reproduction

Experienced and expected side effects: ambulatory respondents
(adult patient and parent)

Side Effect Respondent Response
Never had this side Unsure had thisside  Does not yet have this
Adult (N=6) effect and do not effect or will ever side effect, but expect Used to have this side Currently has this side
Parent (N=138) expect it in the future have it it in the future effect, but no longer  effect Missing
I Adult i \ 1 I | ——
Unwanted weight gain e—— i ] ! RN ] = i 1.49%
A diagnosis of prediabetes  Adult i | ' | || - '
or diabetes Parent i N ; N l- 1 i 1.4%
; Adult | | ! | —
Too much appetite =" | ] ) N N RN\ ! 2.2%
Puffy cheeks or a Adult i \ i i | F
moon-shaped face Parent : 1 : N\ ] N 2.2%
Trouble sleepin, Adult ) . i | — I
ping Parent ! N | R .. W ! 2.2%
Being short for age Adult | i | =
Parent { N { W 1 - 2.2%
Looking young for age Adult | | | 1 F =
& youne € Parent ; N ; W : | 2.2%
Irritable behavior Adult 1 L i ! F h
Parent ; B ; i | | ‘ 2.2%
Trouble managing behavior ~ Adult | L | | F ;
ging Parent I N ! ) | ‘=; 2.2%
Trouble concentratin Adult i - i L F ]
g Parent ! N\ ! N | ‘=: -
Fracture risk caused by Adult | | | | h F
weaker bones Parent ! N ! R\ | | d 2.9%
Delayed pubert Adult | | | F ;
ved puberty — ; N ; R\ ‘ h ; 2.9%
Adult | ! | '
Immature for age — ; < ; N h = I 2.9%
; Adult ] | i | ! i
Cataracts in eyes me— : N : NN | r ; 2.9%
Kin rash Adult : - | | 1
Skin ras| Parent : N ! '] ‘h = | 2.9%
Sickness or iliness more Adult i | i | h h i
often Parent ! N ] AW ! ! H 2.9%
0% 50% 0% 50% 0% 50% 0% 50% 0% 50%  100%
Percent of responses
Side effect importance: ambulatory respondents
(adult patient and parent)
Side Effect Respondent Response
Adult (N=6) Not important [ Slightly important Ml Moderately important [l Important [l Very important Missing
Parent (N=138) : )
. : Adult |
8] ted ht i i
nwanted weight gain e— ] | 2.2%
A diagnosis of prediabetes  Adult ! !
or diabetes Parent { ! 2.2%
N Adult !
Too much appetite e— : | 2.9%
Puffy cheecks or a Adult !
moon-shaped face Parent ! ! 2.9%
Trouble sleepin, Adult |
ping Parent | | 3.6%
Being short for age Adult i i
Parent ; ; 2.9%
Looking young for age Adult |
Parent : ! 2.9%
Irritable behavior Adult )
Parent h h 2.9%
Trouble managing behavior ~ Adult )
Parent | | 2.9%
Trouble concentrating Adult )
Parent | | 3.6%
Fracture risk caused by Adult |
weaker bone Parent . ! 4.3%
Delayed pubert Adult i
vedp v Parent h | 3.6%
Immature for age Adult i
i Parent ! i 4.3%
f Adult |
Cataracts in eyes ;
v Parent 1 L 3.6%
Skin rash Adult |
Parent | | 3.6%
Sickness or iliness more Adult ]
often Parent | | ! . . i 3.6%
-20%  -10% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percent of responses

Fig. 3. Experienced and expected side e?ects and rated importance of ambulatory respondents.
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intended for color

reproduction
Experienced and expected side effects: non-ambulatory respondents
(adult patient and parent)
Side Effect Respondent Response
Never had this Does not yet have
~ side-effect and do Unsure had this this side-effect, but ~ Used to have this
Adult (N=20) not expect it in side-effect or will expect it in the side-effect, but no Currently has this
Parent (N=72) the future ever have it future longer side-effect Missing
. . Adult | [ | ]
Unwanted weight gain parent N ‘ N _ 5.6%
A diagnosis of prediabetes  Adult || | | || ' '
or diabetes Parent ) N i § N i 5.6%
) Adult ] 1 [ | 1 w
Too much appetite Parent : ] | N . 5.6%
Puffy cheeks or a Adult | i | I
moon-shaped face Parent i N : N ASTRRRRINY 5.6%
; Adult | ' | || ! |
Trouble sleeping m— ‘ N 1 N ] 1 5.6%
Being short for age Adult ! | i ] — i
Parent i N : 1 — 5.6%
Looking young for age Adult . | | 1 I !
Parent I N ! N _ 5.6%
Irritable behavi Adult | i u | B !
rritable behavior e ‘ ] } S\ SN 5.6%
Trouble managing behavior ~ Adult ' | ! | 1 i i
&g Parent 1 i | N NN\ 5.6%
Troubl trati Adult : | | | 1 || ! I
rouble concentrating ST : i | - — 5.6%
Fracture risk caused by Adult ] ! 1 ] |
weaker bones Parent ! N\ ! N RN 6.9%
Delaved pubert Adult | | | | !
elayed puberty pam— i N ; N W 5.6%
|mmature Adult | 1 [ ] ] 1 ‘
mmature for age e— | ] ' ] N\ ] 5.6%
Cataracts i Adult | ! | | I )
ataracts in eyes Parent ! W ] W 5.6%
Skin rash Adult | 1 | | . i
Parent . N | 1 W | 5.6%
Sickness or illness more Adult | i | u i |
often Parent ) N\ ! N ] ! 5.6%
0% 50% 0% 50% 0% 50% 0% 50% 0% 50% 100%
Percent of responses
. . . Respondent Key:
Side effect importance: non-ambulatory respondents B Acut
(adult patient and parent) BN Parent
Side Effect Respondent Response
Adult (N=20) Notimportant [ Slightly important [l Moderately important [l Important [l Very important
Parent (N=72) Missing
) ) Adult i
Unwanted weight gain pe— ! ! 5.6%
A diagnosis of prediabetes Adult |
or diabetes Parent ] i 5.6%
) Adult i
Too much appetite parent 3 ! 5.6%
Puffy cheecks or a Adult I
moon-shaped face Parent 3 i 5.6%
: Adult i
Trouble sleeping pom— 3 ' 5.6%
Being short for age Adult ! !
Parent i ! 5.6%
Looking young for age Adult i 0
g young for ag, oot : ‘ 5.6%
Irritable behavior Adult i 1
Parent { i 5.6%
Trouble managing behavior ~ Adult i i
Parent ] ! 5.6%
Trouble concentrating Adult i |
Parent ! ! " " 5.6%
Fracture risk caused by Adult |
weaker bone Parent ! | " . 5.6%
Delayed pubet Adult | I
ved puberty Parent 3 0 5.6%
Immature for age Adult 1 !
Parent | | 5.6%
Cataracts in eyes Adult |
Parent | | 5.6%
Skin rash Adult | :
Parent | | 5.6%
Sickness or illness more Adult |
often Parent ] 0 5.6%
-40% -20% 0% 20% 40% 60% 80% 100%

Percent of responses

Fig. 4. Experienced and expected side e?ects and rated importance of non-ambulatory respondents.



600 R. Fischer et al. / A Mixed-Method Study Exploring Patient-Experienced and Caregiver-Reported Benefits

the progressive nature of Duchenne and the impor-
tance of both experienced and expected outcomes in
treatment satisfaction corticosteroid benefit and side
effect items used these response options (parent ver-
sions of the response options are shown): “Unsure
if my child has this benefit/side effect or will ever
have it,” “Use to have this benefit/side effect, but not
any longer,” “Currently has this benefit/side effect,”
“Does not yet have this benefit/side effect but I expect
itin the future,” and “Never had this benefit/side effect
and I do not expect it in the future.” Participants also
indicated the importance for each benefit/side effect
on a 5-point Likert type scale ranging from 1 to 5,
with higher scores indicating more importance.

Participants then reported on overall corticosteroid
impact on a 5-point Likert type scale. Questions
included degree of overall benefit, overall side effect
impact on the person with Duchenne, overall side
effect impact on the family, and level of concern
about taking corticosteroids long-term (items shown
in Table 6). Finally, participants responded using a
slider with a scale ranging from 0-10 for items on
benefit/side effect balance, satisfaction with corticos-
teroids, and likelihood to recommend corticosteroids
to others, with higher scores indicating more agree-
ment (items shown in Table 7).

ANALYSIS

Interviews

We employed a rapid analytic approach, which
involves a team-based process to rapidly develop an
understanding of the data [18-20]. Interviewers used
a standardized notes template to abridge the data into
summary notes, which were then synthesized using
a matrix-based approach [18, 20, 21]. For each inter-
view, an analyst (KAP) conducted a quality check of
the data by comparing summary notes to transcripts,
and then transferred the final summaries into a data
matrix that was organized by question domain, survey
data, and cohort. The matrix was organized by par-
ticipant (y-axis) and domain (y-axis). Participant data
were summarized for each domain, revealing a range
of perceptions, priorities, and attitudes relating to cor-
ticosteroid use [22, 23]. A validity check involved a
collaborative decision-making process between the
Principal Investigator (HLP) and KAP, where the
matrix summaries were used to compare content
across interviews [22]. Reports of the analyses were
shared with the expert advisory board to provide addi-
tional interpretation.

Survey

The data analysis was done using SAS® software,
Version 7.15 of the SAS System for Windows (Copy-
right © 2017. SAS Institute Inc. SAS and all other
SAS Institute Inc. product or service names are regis-
tered trademarks or trademarks of SAS Institute Inc.,
Cary, NC, USA).

Ambulation status was determined by response to
this question: “How do you or your child (the person
with Duchenne or Becker) get around?” Participants
were categorized as ambulatory if they responded
with “T usually or always walk on my own without
help or mobility devices” or “I can get around on
my own, but I sometimes need help from a mobil-
ity device.” Participants responding with “I use a
wheelchair or other mobility device and rarely or
never walk” were categorized as non-ambulatory.
In subgroups based on respondent type (adult with
Duchenne or parent) and ambulatory status, we con-
ducted descriptive analyses to generate frequencies
for corticosteroid benefits, side effects, and the impor-
tance associated with each benefit or side effect.

We then examined factors contributing to respon-
dents’ total experienced or expected benefits and
total experienced or expected side effects. The scores
were summed for the benefit items and the side
effect items; individuals who did not answer all items
were omitted from this analysis. The Cronbach’s
alpha coefficient was utilized to determine scale con-
sistency for the benefit and side effect items. The
relationship between respondent characteristics (age,
corticosteroid type, ambulation status, and respon-
dent type) and net benefit and net side-effect scores
were examined using ANCOVA. We used both a
visual examination of the residuals as well as Shaprio-
Wilk test for normal distribution. If there is normal
distribution, a generalized linear model is used with
the PROC GLM procedure. If there was not a normal
dstirbution, the outcome variable was modeled with
log-normal distribution through the PROC GEN-
MOD procedure. For these analyses, age was treated
as a covariate while all other characteristics were
organized into nominal groups. Interactions were
tested but they were not statistically significant so
were not included in the model.

Finally, we used cross tabulations to com-
pare responses on the satisfaction items by
corticosteroid type (Emflaza™/deflazacort vs. pred-
nisone/prednisolone) in subgroups defined by
respondent type (adult patient vs parents) and ambu-
latory status.
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RESULTS
Farticipant characteristics

Interviews

The 28 participants reporting on current corti-
costeroid use included 14 parents of children with
Duchenne and 14 teens or adults with Duchenne
or Becker (Table 1). Corticosteroid initiation ranged
from 2 — 12 years, with a median age of 6 years.
The majority (n=24) indicated continuous corti-
costeroid use. Six respondents reported currently
using Emflaza™/deflazacort and 12 reported cur-
rently using prednisone/prednisolone.

Survey

There were 236 survey participants: 138 parents of
ambulatory children with Duchenne, 6 adults who
reported to be ambulatory and have a diagnosis
of Duchenne, 72 parents of non-ambulatory chil-
dren, and 20 non-ambulatory adults with Duchenne
(Table 2). Of participants recruited through the
Duchenne Registry, 284 individuals were invited to
participate in the survey and 107 participated, exclud-
ing 23 missing steroid or ambulatory data, yielding
a response rate of 37.7%. A response rate cannot be
calculated for individuals recruited from outside of
the registry.

Of corticosteroid users, 155 (65.7%) were using
Emflaza™/deflazacort and 81 (34.3%) were using
prednisone/prednisolone. The average ages at cor-
ticosteroid initiation ranged from 5.0 (as reported
by parents of ambulatory children) and 10.0 (as
reported by non-ambulatory adults). Most respon-
dents indicated they/their child used corticosteroids
continuously, without one or more breaks. At the
time of this survey, 88 (36.5%) respondents reported
that the patient with Duchenne had been through
puberty, 32 (13.2%) have taken growth hormone, and
44 (18.3%) have taken testosterone.

CORTICOSTEROIDS BENEFITS

Interview results: Corticosteroid benefits

During the interviews, participants were prompted
to identify three benefits that they believe should
occur for people who take corticosteroids. The most
frequently reported benefits included heart function,
lung function, strength, and better ambulation. Pro-
tection of the heart and lungs were often reported
together as a single unit of benefit from corticosteroid

use (n=20, 71%). Strength was described as better
muscular strength and preservation of strength over a
longer time (n =18, 64%). Some participants specif-
ically mentioned arm muscle function and control as
an important benefit. Benefits to mobility/ambulation
were defined by participants as maintaining walking
longer, walking farther with less fatigue, and a gen-
eral improvement in activities that involve mobility
(n=16, 57%).

Most participants in the teen and adult cohort also
reported a general “slowing of the progression of the
disease” and living longer (n =8, 29%). Additionally,
several other benefits reported by both cohorts were
related to quality of life, including having more con-
fidence, increase in independence, fewer episodes of
illness, and maintaining mental health.

When asked to describe benefits they had received
from corticosteroids, all participants were able to
name specific treatment benefits that were consis-
tent with the list of benefits described above. Some
respondents reported being uncertain if they were
receiving all the benefits that “should” come from
corticosteroid use. Many indicated that they have no
way of knowing how their disease would have pro-
gressed if they were not on corticosteroids. This was
particularly challenging when considering benefits
after ambulation ended and for potential benefits to
heart and lung function.

“You know, I think when you're still walking
around, it’s easier to see [the benefits of corti-
costeroids]. I don’t know if I'm like, ‘Oh, wow,
they’re still saving my [heart and lung | function.’
Now, Ithink I'm at better place than it would have
been without steroids. So, I think, I have received
the benefits to the point that is the most benefits
they can give.” -Adult participant

Most parents of children with DMD referenced
their child’s current or past maintenance of ambu-
lation as an indicator of corticosteroid benefit.
Parents with more than one child with Duchenne
and those with a family history compared their
children’s/relatives’ progression at specific ages to
attempt to define the benefits of corticosteroids. As
one parent indicated,

“I feel like he is getting the benefit. I feel like
it’s helping him because we can kind of compare
a little bit to my brother at the same age; he was
actually in wheelchair at this age. And [my son] is
still walking [and] getting around well.” -Parent
Participant
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Table 1
Interview participant characteristics and Duchenne/Becker index cases (n =28)

Participant Characteristics

Median Range
Parent participant age (years) 47 (34-52)
Teen/Adult participant age (years) 25 (16-36)
Sex of participant Count
Female 13 (46%)
Male 15 (54%)
Duchenne or Becker Index Cases
Median Range
Age of child with Duchenne or Becker (years) 14 (4-16)
Age at corticosteroid initiation (years) 6 2-12)
Count (%)
Diagnosis
Duchenne muscular dystrophy 27 (96%)
Becker muscular dystrophy 1 (4%)
Current Corticosteroid Status
Prednisone/prednisolone 12 (43%)
Emflaza™/deflazacort 16 (57%)
Corticosteroid Usage History
Continuous use 24 (86%)
Took one or more breaks 4 (14%)

Table 2

Survey participant characteristics (all reference patients have Duchenne) (n=236)

Ambulatory (n=144)

Non-Ambulatory (n=92)

Parent (n=138) Adult (n=6) p-value Parent (n=72) Adult (n=20) p-value
N or Mean % or SD NorMean % or SD NorMean %orSD NorMean % or SD
Age of individual with Duchenne 9.8 4.1 253 6.7 <.0001 15.8 6.7 27.1 58 <.0001
Age at diagnosis 3.9 2.1 45 24 .85 45 24 4.8 6.0 0.73
Corticosteroid currently used 42 0.50
Emflaza™/Deflazacort 91 65.9% 3 50.0% 49 68.1% 12 60.0%
Prednisone/prednisolone 47 34.1% 3 50.0% 23 31.9% 8 40.0%
Age at corticosteroid initiation (years) 5.0 2.1 55 25 11 6.8 3.0 10.0 8.4 0.55
Steroid use history 1.00 0.16
Took one or more breaks 1 0.7% - - 4 5.6% 3 15.0%
Continuous use 135 97.8% 6 100.0% 67 93.1% 16 80.0%
Missing 2 1.4% 1 1.4% 1 5.0%

“We’ll never know what part is the natural course
and what is from the corticosteroid . . . . I can only
look back and say, ‘I’'m glad that I made the deci-
sion and that I did as much as I could.” -Parent
participant

Survey results: Corticosteroid benefits

Table 3 shows the five benefits that were most
frequently rated as current or prior benefits of cor-
ticosteroid use, in each of the study subgroups; and
the five benefits that were most frequently rated as
important or very important. Figures 1 and 2 provide
a more detailed representation of the ratings for each
benefit item.

PARENTS OF AMBULATORY CHILDREN

For parents (n=136) reporting through the
quantitative survey on their ambulatory child’s expe-
rience with corticosteroids, Table 3 shows the
percentage that currently has or used to have
the most frequently-endorsed benefit items (“ever
experienced”): maintain walking (n=126, 91.3%),
maintain use of arms (n =125, 90.6%), maintain bal-
ance and stability (125, 90.6%), get around better
(n=121, 87.7%), and having less fatigue (n=117,
84.8%). The benefits most frequently rated as “very
important” or “important” by parents were main-
tain breathing strength (n=135, 97.9%), maintain
heart strength (n =134, 97.1%), maintain use of arms
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Table 3

Benefits most frequently experienced and most frequently reported as important (top 5), by participant type and ambulatory status

Benefit Experience: Caregiver Ambulatory

Benefit

Currently has

Currently has

Used to have

Used to have

benefit (N) benefit (%) this benefit, but this benefit, but
no longer (N) no longer (%)
Maintain walking themselves 111 80.4% 15 10.9%
Maintain use of arms 120 87.0% 5 3.6%
Maintain balance and stability 109 79.0% 16 11.6%
Get around better 101 73.2% 20 14.5%
Have less fatigue doing regular day-to-day activities 100 72.5% 17 12.3%

Benefit Importance: Caregiver Ambulatory

Benefit

Very Important
™)

Very Important
(%)

Important (N)

Important (%)

Maintain breathing strength

Maintain heart strength

Maintain use of arms

Have slower progression of muscle weakness
Get around better

124
125
111
116
90

89.9%
90.6%
80.4%
84.1%
65.2%

11
9

22
16
40

8.0%
6.5%
15.9%
11.6%
29.0%

Benefit Experience: Adult Ambulatory

Benefit

Currently has

Currently has

Used to have

Used to have

benefit (N) benefit (%) this benefit, but this benefit, but
no longer (N) no longer (%)
Maintain use of arms 5 83.3% 1 16.7%
Have slower progression of muscle weakness 5 83.3% 1 16.7%
Get around better 2 33.3% 4 66.7%
Maintain balance and stability 3 50.0% 3 50.0%
Be less likely to need spine operation because of scoliosis 5 83.3% 1 16.7%
Benefit Importance: Adult Ambulatory
Benefit Very Important Very Important Important (N) Important (%)
N) (%)
Maintain heart strength 6 100.0% 0 0%
Maintain breathing strength 6 100.0% 0 0%
Maintain use of arms 5 83.3% 1 16.7%
Have slower progression of muscle weakness 4 66.7% 2 33.3%
Get around better 3 50.0% 3 50.0%

Benefit Experience: Caregiver Non-Ambulatory

Benefit

Currently has

Currently has

Used to have

Used to have

benefit (N) benefit (%) this benefit, but this benefit, but
no longer (N) no longer (%)
Maintain use of arms 59 81.9% 7 9.7%
Get around better 24 33.3% 40 55.6%
Maintain walking themselves 19 26.4% 44 61.1%
Maintain balance and stability 23 31.9% 37 51.4%
Maintain breathing strength 57 79.2% 2 2.8%

Benefit Importance: Caregiver Non-Ambulatory

Benefit

Very Important
™)

Very Important
(%)

Important (N)

Important (%)

Maintain use of arms

Maintain heart strength

Maintain breathing strength

Have slower progression of muscle weakness
Get around better

62
63
64
53
45

86.1%
87.5%
88.9%
73.6%
62.5%

N — B~ O

\SIo

11.1%
8.3%
5.6%
20.8%
30.6%

(Continued)
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Table 3

(Continued)

Benefit Experience: Adult Non-Ambulatory

Benefit Currently has Currently has Used to have Used to have
benefit (N) benefit (%) this benefit, but this benefit, but
no longer (N) no longer (%)

Maintain balance and stability 9 45.0% 9 45.0%
Maintain breathing strength 15 75.0% 3 15.0%
Maintain use of arms 10 50.0% 7 35.0%
Maintain heart strength 17 85.0% 0 0%

Have slower progression of muscle weakness 13 65.0% 3 15.0%

Benefit Importance: Adult Non-Ambulatory

Benefit Very Important Very Important Important (N) Important (%)
() (%)

Maintain heart strength 14 70.0% 5 25.0%

Maintain breathing strength 13 65.0% 6 30.0%

Have slower progression of muscle weakness 15 75.0% 3 15.0%

Maintain use of arms 14 70.0% 3 15.0%

Get around better 7 35.0% 9 45.0%

(n=133, 96.3%), have slower progression of mus-
cle weakness (n =132, 95.7%), and get around better
(n=130, 94.2%) (Table 3, Fig. 1).

AMBULATORY ADULTS

All ambulatory adults (n=6) completing the sur-
vey rated each of these items as current or prior
benefits (“ever experienced”): maintain use of arms
(n=6, 100%), have slower progression of muscle
weakness(n =6, 100%), be less likely to need a spine
operation because of scoliosis (n=6, 100%), main-
tain balance and stability (n=6, 100%), and get
around better (n=6, 100%). The benefits most fre-
quently rated as “very important” or “important” by
ambulatory adults were maintain breathing strength
(n=6, 100%), maintain heart strength (n =6, 100%),
maintain use of arms (n=6, 100%), and have slower
progression of muscle weakness (n=6, 100%), and
get around better (n=6, 100%) (Table 3, Fig. 1).

PARENTS OF NON-AMBULATORY
CHILDREN

For parents (n=72) reporting through the sur-
vey on their non-ambulatory child’s experience
with corticosteroids, Table 3 shows the percent-
age that currently has or used to have the most
commonly-endorsed benefit items (“ever experi-
enced”): maintain use of arms (n=66, 91.6%),
get around better (n=064, 88.9%), maintain walk-
ing (n=63, 87.5%), maintain balance and stability
(n=61, 83.3%), and maintain breathing strength

(n=59, 82.0%). Benefits reported as most important
were maintain use of arms (n=70, 97.2%), maintain
heart strength (n=69, 95.8%), maintain breathing
strength (n =68, 94.4%), have slower progression of
muscle weakness (n=68, 94.4%), and get around
better (n=67, 93.1%) (Table 3, Fig. 2).

NON-AMBULATORY ADULTS

Among non-ambulatory adults (n=20), the
most frequently-endorsed current or prior benefit
items (“ever experienced”) were: maintain balance
and stability (n=18, 90.0%), maintain breathing
strength(n = 18, 90.0%), maintain use of arms (n =17,
85.0%), maintain heart strength (n=17, 85.0%),
and have slower progression of muscle weakness
(n=16, 80.0%). Benefits reported as most important
were maintain heart strength (n=19, 95.0%) main-
tain breathing strength (n=19, 95.0%), have slower
progression of muscle weakness (n=18, 90.0%),
maintain use of arms (n= 17, 85.0%), and get around
better (n=16, 80.0%) (Table 3, Fig. 2).

CORTICOSTEROID SIDE EFFECTS
Interview results: Corticosteroid side effects

Interview participants were prompted to identify
bothersome effects of corticosteroids. Compared to
the difficulty described by interviewees with iden-
tifying what benefits they experienced, respondents
could easily report what side effects they experienced.
The most frequently-reported side effects included
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weight gain, behavior changes, bone health, and
impacts on physical appearance.

e Weight gain: This side effect was often attributed
to increase in appetite. Many participants cited
difficulties with maintaining a feeling of satia-
tion after meals and needing to make healthy
food choices to maintain weight. Weight gain
was described as negatively affecting self-
esteem, causing discomfort in the wheelchair,
and negatively impacting long-term health (e.g.,
higher risk of diabetes or other health problems
associated with obesity) (n=16, 57%).

e Behavior challenges: These were often
described as emotional outbursts, anger,
and mood changes. Many indicated specific
challenges with behavioral impacts in the
period following corticosteroid initiation and at
younger ages; some participants reported these
issues were managed over time or outgrown

(n=15, 54%).
e Bone health: This included concerns about
developing osteoporosis/brittle bones

that increase risk for fractures and spinal
compressions (n=11, 39%).

e Physical appearance: Impacts on physical
appearance were defined several ways. Look-
ing young for age and being short for age
were described as having negative psychoso-
cial impacts by some participants (n=35, 18%).
Four respondents reported that delayed puberty
influenced social life and treatment by peers.
Round-shaped face was also listed as a bother-
some effect by a few participants.

“You kind of look like a little kid for a really
long time and that’s difficult... .. I think just
struggling with self-image is a big one. You
know, dating or interpersonal relationships is a
big one, because unless you know people, their
assumptions about you are not usually accurate.”
-Teen/adult participant

Both parent and teen/adult respondents reported
monitoring side effects and taking time to manage
side effects to the extent possible. Teen/adult respon-
dents and some parent respondents reported that side
effects become more manageable or less of an issue
as the participant aged. Parents also identified ways
corticosteroids impacted others in the family; exam-
ples are behavioral issues and impact on the immune
system.

“One thing is, we live in fear of him getting sick.
Especially with the pandemic because of him tak-
ing corticosteroids, we’re afraid to take him out
anywhere. And this has affected not only us, but
also his sister. I didn’t want her to go back to
school because I didn’t want her to get sick and
then get him sick, so it’s affecting the whole fam-
ily.” — Parent Participant

The findings regarding corticosteroid side effects
from the semi structured interviews helped to inform
the questions related to side effects in the quantitative
survey.

Survey results: Corticosteroid side effects

Table 4 shows the five side effect items that were
most frequently rated as current or prior side effects
of corticosteroid use, in each of the study subgroups;
and the five side effects that were most frequently
rated as important or very important. Figures 3 and 4
provides a more detailed representation of the ratings
for each side effect item.

PARENTS OF AMBULATORY CHILDREN

For parents (n = 138) reporting through the survey
on their ambulatory children’s side effect experience,
Table 4 shows the percentage that endorsed either cur-
rently having or used to have the most common side
effect items (“ever experienced”): irritable behav-
ior (n=95, 68.8%), puffy cheeks (n=91, 65.9%),
being short for age (n=90, 65.2%), trouble manag-
ing behavior (n=84, 69%), and too much appetite
(n="7T7,55.8%). Side effects reported as most impor-
tant were fracture risk (n=129, 93.5%), diabetes
or prediabetes (n=110, 79.7%), trouble manag-
ing behavior (n=102, 73.9%), unwanted weight
gain (n=100, 75%), and cataracts (n=98, 71.0%)
(Table 4, Fig. 3).

AMBULATORY ADULTS

Table 4 shows the percentage of ambulatory adults
(n=06) thatendorsed either currently having or used to
have the most common side effect items (“‘ever expe-
rienced”): puffy cheeks (n=6, 100%), fracture risk
(n=6, 100%) looking young for age (n=15,83.4%),
unwanted weight gain (n=5,83.4%), and trouble
concentrating (n=5,83.4%). Side effects reported as
most important were fracture risk caused by weaker
bones (n =6, 100%), irritable behavior (n =4, 66.6%),
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Table 4
Side effects most frequently experienced and most frequently reported as important (top 5), by participant type and ambulatory status

Side Effect Experienced: Caregiver Ambulatory

Side-Effect

Currently has

Currently has

Used to have

Used to have

side effect (N) side effect (%) this side effect, this side effect,
but no longer but no longer
™) (%)
Irritable behavior 78 56.5% 17 12.3%
Puffy cheeks or a moon-shaped face 85 61.6% 6 4.3%
Being short for age 87 63.0% 3 2.2%
Trouble managing behavior 69 50.0% 15 10.9%
Too much appetite 51 37.0% 26 18.8%
Side Effect Importance: Caregiver Ambulatory
Side-Effect Very Important Very Important Important (N) Important (%)
N) (%)
Fracture risk caused by weaker bone 90 65.2% 39 28.3%
A diagnosis of prediabetes or diabetes 71 51.4% 39 28.3%
Trouble managing behavior 54 39.1% 48 34.8%
Unwanted weight gain 60 43.5% 40 29.0%
Cataracts in eyes 52 37.7% 46 33.3%
Side Effect Experienced: Adult Ambulatory
Side-Effect Currently has Currently has Used to have Used to have
side effect (N) side effect (%) this side effect, this side effect,
but no longer but no longer
(N) (%)
Puffy cheeks or a moon-shaped face 6 100.0% 0 0%
Fracture risk caused by weaker bone 6 100.0% 0 0%
Looking young for age 4 66.7% 1 16.7%
Unwanted weight gain 3 50.0% 2 33.3%
Trouble concentrating 3 50.0% 2 33.3%
Side Effect Importance: Adult Ambulatory
Side-Effect Very Important Very Important Important (N) Important (%)
MN) (%)
Fracture risk caused by weaker bone 3 50.0% 3 50.0%
Irritable behavior 1 16.7% 3 50.0%
Trouble sleeping 3 50.0% 1 16.7%
Sickness or illness more often 2 33.3% 2 33.3%
Delayed puberty 2 33.3% 1 16.7%
Side Effect Experienced: Caregiver Non-Ambulatory
Side Effect Current has side Currently has Used to have Used to have
effect (N) side effect (%) this side effect, this side effect,
but no longer but no longer
(N) (%)
Puffy cheeks or a moon-shaped face 45 62.5% 7 9.7%
Unwanted weight gain 37 51.4% 10 13.9%
Being short for age 45 62.5% 2 2.8%
Looking young for age 39 54.2% 6 8.3%
Trritable behavior 26 36.1% 17 23.6%
Side Effect Importance: Caregiver Non-Ambulatory
Side-Effect Very Important Very Important Important (N) Important (%)
™) (%)
Fracture risk caused by weaker bone 43 59.7% 20 27.8%
Unwanted weight gain 32 44.4% 26 36.1%
Sickness or illness more often 32 44.4% 26 36.1%
A diagnosis of prediabetes or diabetes 29 40.3% 28 38.9%
Trouble sleeping 28 38.9% 23 31.9%

(Continued)
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Table 4

(Continued)

Side Effect Experienced: Adult Non-Ambulatory

Side Effect Currently has Currently has Used to have Used to have
side effect (N) side effect (%) this side effect, this side effect,
but no longer but no longer
™) (%)
Unwanted weight gain 11 55.0% 8 40.0%
Puffy cheeks or a moon-shaped face 17 85.0% 0 0%
Fracture risk caused by weaker bone 13 65.0% 1 5.0%
Being short for age 12 60.0% 1 5.0%
Looking young for age 12 60.0% 1 5.0%
Side Effect Importance: Adult Non-Ambulatory
Side-Effect Very Important Very Important Important (N) Important (%)
N) (%)
Fracture risk caused by weaker bone 8 40.0% 7 35.0%
Unwanted weight gain 6 30.0% 7 35.0%
A diagnosis of prediabetes or diabetes 7 35.0% 6 30.0%
Delayed puberty 7 35.0% 6 30.0%
Cataracts in eyes 6 30.0% 6 30.0%

trouble sleeping (n=4, 66.6%), sickness more often
(n=4, 66.6%), and delayed puberty (n=3, 50%)
(Table 4, Fig. 3).

PARENTS OF NON-AMBULATORY
CHILDREN

For parents (n=72) reporting on their non-
ambulatory children’s side effect experience, Table 4
shows the percentage that endorsed either currently
having or used to have the most common side effect
items (“ever experienced”): puffy cheeks (n=>52,
72.2%), weight gain (n=47, 65.3%), being short for
age (n=47, 65.3%), looking young for age (n=45,
62.5%), and irritable behavior (n=43, 59.7%). Side
effects reported as most important were fracture risk
caused by weaker bones (n=63, 87.5%), unwanted
weight gain (n=58, 80.5%), sickness more often
(n=58, 80.5%), diabetes or prediabetes (n=257,
79.2%), and trouble sleeping (n =51, 70.8%) (Fig. 4).

NON-AMBULATORY ADULTS

Table 4 shows the percentage of non-ambulatory
adults (n=20) that endorsed either currently hav-
ing or used to have the most common side effect
items (“ever experienced”): weight gain (n=19,
95.0%), puffy cheeks (n=17, 85.0%), fracture risk
(n=14,70.0%), being short for age (n=13, 65.0%),
and looking young for age (n=13, 65.0%). Side
effects reported as most important were fracture risk
caused by weaker bones (n=15, 75.0%), unwanted
weight gain (n=13, 65.0%), diabetes or prediabetes

(n=13,65.0%), delayed puberty (n=13, 65.0%), and
cataracts (n=12, 60.0%) (Table 4, Fig. 4).

FACTORS ASSOCIATED WITH NET
BENEFIT AND NET SIDE-EFFECT
SCORES

The Cronbach’s Alpha for the benefit item scale
was 0.869 (11 items) and for the side effect scale was
0.821 (16items), indicating good internal consistency
(Oppenheim, 1992). The results of the ANCOVA
analyses are shown in Table 5.

After controlling for ambulation, respondent type
(parent/adult report), and age, there was no signifi-
cant difference in net benefit score (x2 (1,236)=0.37,
p=0.55)) based on corticosteroid type or based
on whether the respondent was the parent or the
adult with Duchenne (x? (1, 236)=2.76, p=0.10)).
Although there was a downward trend in benefit
score with age, this trend was not statistically signif-
icant (x2 (1, 236)=0.14, p=0.71). Only ambulatory
status was significant, with the ambulatory group hav-
ing a modestly higher mean benefit rating (about
3.17 points higher) than the non-ambulatory group
(M=41.85 vs. M=38.68, p<.05). The R? value of
0.078 indicate that 7.8% of the variation in net benefit
score is explained by the model.

Similar to benefit scores, after controlling for
ambulation, respondent type, and age, there was no
effect of corticosteroid type on net side effect rat-
ing (F (1, 229)=1.06, p=0.33). Although there was
an upward trend in the net side effect score with
age, this trend was not statistically significant (F(1,
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Table 5

Relationship among corticosteroid type, ambulatory status, respondent type, age and overall benefit score and side effect score

Benefit summed score

Side effect summed score

Summed score ANCOVA Summed score ANCOVA
F P F P
Corticosteroid 0.35 0.56 1.06 0.33
Emflaza™/Deflazacort 40.82 35.45
Prednisone/Prednisolone 40.08 33.79
Age (in years)* 0.22 0.64 1.32 0.25
5 40.91 33.10
10 40.63 33.99
15 40.36 34.88
20 40.09 35.77
25 39.82 36.66
30 39.55 37.55
35 39.28 38.43
40 39.01 39.32
Ambulatory status 5.35 0.02° 0.66 0.42
Ambulatory 42.09 35.39
Non-Ambulatory 38.81 33.85
Respondent type 2.62 0.11 5.17 0.02°
Adult 38.46 30.21
Parent 42.43 37.95
R? 0.079 0.032

2 Age was treated as a covariate; Pstatistically significant when p <0.05. ANCOVA, analysis of covariance.

229)=1.32, p=0.25). There was no effect of ambula-
tory status on net side effect rating (F (1, 229) =0.66,
p=0.42). Only respondent type was statistically sig-
nificant with parents reporting, on average, a nearly 8
point higher side-effect score than adult self-reporters
(M=37.95 vs. M=30.21, p<.05). The R? value of
0.032 indicate that 3.2% of the variation in net benefit
score is explained by the model.

OVERALL CORTICOSTEROID IMPACT
AND SATISFACTION

Interview results

When teen/adult respondents were asked about
the overall impact of corticosteroids, good or bad,
most reflected on side effects that have impacted
or could impact their quality of life (e.g., irri-
tability/mood swings, delayed puberty, weight gain,
cataracts, and fracture risk). Some also referenced
beneficial impacts such as improved heart and lung
function and the ability to do more activities. Sev-
eral teens/adults noted that taking corticosteroids was
“just a part of life”, though one reported concerns
about forgetting to take the medicine. No respon-
dents indicated that they regret taking corticosteroids
and all but one agreed the benefits outweigh the side
effects, though to varying degrees. Most respondents
indicated that the side effects were manageable. Sev-
eral adults reported wanting to change an aspect about

their corticosteroid use, such as the dose or regimen.

The quotes below reflect the variation in the degree
that benefits were described as outweighing the side
effects.

“If it wasn’t for [corticosteroids], I wouldn’t be
alive right now.” — Teen/adult participant

“Staying as healthy and stable for as long as
possible is much better . .. you can manage [side
effects], you just have to be more careful about
weight, it’s not that hard of a thing to do.” —
Teen/adult participant

“I think that’s a hard call to make. Especially
when you’re in a point in your life where you're
really dealing with the side effects and not seeing
somany of the benefits because of the progression.
Yeah, but I think it was still the right decision.” —
Teen/adult participant

Teen/adult respondents also reflected on the lim-
ited treatment options for Duchenne as a reason to
accept a treatment that comes with side effects—at
the time when most of the respondents started corti-
costeroids, it was the only treatment available.

“They were the best option . .. I think the options
back then were either not great or terrible. In that
case, you’re going to want to choose the one that
is ‘not great.’ It's damage control.” -Teen/adult
participant
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Table 6
Ratings of corticosteroid impact, by corticosteroid (on 1-5 scale)
Ambulatory
Parent Adult
Emflaza™/ Prednisone/ Emflaza™/ Prednisone/
Deflazacort Prednisolone Deflazacort Prednisolone
(n=88) (n=46) (n=3) (n=3)
Mean SD Mean SD p-value  Mean SD Mean SD p-value
In your opinion, how 3.7 (0.9) 3.7 (1.0) 1 3.7 (0.6) 4 (1.0) 0.64
much do you think taking
steroids has helped
you/your child?
In your opinion, how 3 (1.1) 2.8 (1.2) 0.22 2.7 (0.6) 2.7 (0.6) 1
much do steroid side
effects bother you/your
child?
In your opinion, how 2.9 (1.2) 2.9 (1.2) 0.85 2.3 (0.6) 2 (1.0) 0.64
much do steroid side
effects bother your whole
family?
Non-ambulatory
Parent Adult
Emflaza™/ Prednisone/ Emflaza™/ Prednisone/
Deflazacort Prednisolone Deflazacort Prednisolone
(n=46) (n=22) n=12) (n=28)
Mean SD Mean SD p-value  Mean SD Mean SD p-value

In your opinion, how 3.8 0.9) 3.5 (1.4) 0.42 3.9 (1.2) 3.6 (1.1) 0.52
much do you think taking
steroids has helped
you/your child?
In your opinion, how 3.1 (1.1) 3 (0.8) 0.59 33 (0.8) 2.8 (0.7) 0.11
much do steroid side
effects bother you/your
child?
In your opinion, how 2.8 (1.2) 2.7 (1.0) 0.53 2.8 (1.2) 2.3 0.9) 0.21

much do steroid side
effects bother your whole
family?

“I think [starting corticosteroids] was the right
thing to do. I think it was the only thing to do.” —
Teen/adult participant

Parents focused more on the positive impacts, high-
lighting benefits that improve quality of life such as
strength, energy, mobility, fewer falls, and heart and
lung benefits. Some also cited side effects that impact
their child’s quality of life, such as cataracts, looking
different from peers, and mood changes. Most parents
mentioned the ability to manage side effects.

“Well, [corticosteroids] just give him added
strength and endurance. I guess, he’s never tired.
Even if he’s up all night and up early. He just
doesn’t get tired. He’s always got like a positive
charge and I mean, he’s positive and it’s good.”
— Parent participant

Most parents reported they had no regrets with
starting their child on corticosteroids. Two parents
reported some regret. One stated, “once you give
steroids, his body is never going to go back to nor-
mal,” and the other wondered if the large impact of
steroids on child’s behavior was “worth it.”

Survey results

When responding to questions about positive
and negative corticosteroid impact, all participant
groups rated the positive aspects of corticosteroids
higher than the negative aspects on the person with
Duchenne and on the whole family. Table 6 shows
mean scores and standard deviations, revealing no
significant differences based on corticosteroid type.
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Table 7
Ratings of satisfaction, by corticosteroid (on 0-10 scale)
Ambulatory
Parent Adult
Emflaza™/ Prednisone/ Emflaza™/ Prednisone/
Deflazacort Prednisolone Deflazacort Prednisolone
(n=87) (n=46) (n=3) (n=3)
Mean SD Mean SD p-value Mean SD Mean SD p-value
Given your overall experience, which is 7.7 (1.8) 7.4 2.2) 0.42 8.7 (0.6) 7.7 (1.2) 0.25
most true about your experience with
steroids:
o Side effects outweigh benefits (0)
o Benefits outweigh side effects (10)
Overall, how satisfied are you with 6.6 (1.9) 6.4 2.4) 0.49 7.7 (1.2) 7.3 2.9) 0.86
steroids as a treatment?
e Not at all (0)
e Very much (10)
Given your overall experience, how 7.6 (2.0) 7.5 (2.3) 0.87 9 (1.0) 8.5 (0.7) 0.59
likely are you to recommend steroids to
someone like you?
o Not at all (0)
e Very much (10)
Non-ambulatory
Parent Adult

Question Emflaza™/ Prednisone/ Emflaza™/ Prednisone/

Deflazacort Prednisolone Deflazacort Prednisolone

(n=45) (n=22) (n=11) (n=28)
Mean SD Mean SD p-value Mean SD Mean SD p-value

Given your overall experience, which is 7.7 (1.9) 7.4 2.0) 0.49 7.9 (1.1) 7.6 (1.6) 0.25
most true about your experience with
steroids:
o Side effects outweigh benefits (0)
o Benefits outweigh side effects (10)
Overall, how satisfied are you with 7.0 2.2) 6.3 2.5) 0.87 6.2 2.4) 7.1 2.1 0.86
steroids as a treatment?
e Not at all (0)
e Very much (10)
Given your overall experience, how 7.9 2.0) 6.8 (2.6) 0.25 8.0 (1.9) 7.0 2.4) 0.59

likely are you to recommend steroids to
someone like you?

e Not at all (0)

e Very much (10)

Survey participants rated the degree to which the
benefits outweigh the side effects, their overall satis-
faction, and the likelihood they would recommend
corticosteroids to another patient with Duchenne.
Across ambulation, respondent type, and corticos-
teroid type, participants on average reported that
benefits outweighed side effects (means ranging from
7.7 to 8.7 on a scale of 0—10), that they were satisfied
with corticosteroids (means ranging from 6.2 to 7.7
on a scale of 0-10), and that they would recommend
corticosteroids (means ranging from 7.0 to 9.0 on a
scale of 0—10). There were no significant differences
based on corticosteroid type (Table 7).

DISCUSSION

This study provides qualitative and quantitative
data related to the benefits and side effects from
corticosteroids when used to treat Duchenne mus-
cular dystrophy. Understanding patient and caregiver
experience with corticosteroids is important because
corticosteroids are the only treatment option avail-
able to all people with Duchenne as standard of care,
and thus experience data from corticosteroids is an
appropriate comparator for new treatment options.
Vital benefits were maintaining heart, lung, and arm
function, getting around better, and slowing the pro-
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gression of weakness. Across all groups, participants’
ratings of current or past experience of benefits to
heart and lung function were not as high as their rat-
ings of the importance of those benefits, indicating
some degree of mismatch between the highly-valued
benefits and experienced benefits. Based on our qual-
itative data, this may be explained by the difficulty
that participants had in identifying whether they
experienced a heart or lung treatment benefit. Car-
diac and pulmonary symptoms become exacerbated
later in disease progression, and participants have no
benchmark for what progression would have been
without corticosteroid intervention. Our data sug-
gest that providers should explore with people with
Duchenne and their caregivers any evidence of corti-
costeroid benefits to heart and lung function, or lack
thereof.

Similarly, concern for increased fracture risk and
prediabetes/diabetes is high; clinicians should antic-
ipate and address those concerns through regular
monitoring (as consistent with Duchenne care guide-
lines [3.4]) and discuss the results with adults
and/or caregivers. While a range of side effects were
described as impacting quality of life and rated as
important and relatively common, individuals using
corticosteroids and their caregivers reported that ben-
efits outweigh the side effects. Interview participants
indicated few regrets about corticosteroid use, and
survey participants rated that they were satisfied with
the treatment. Qualitative data indicate that one com-
ponent of the acceptability of corticosteroids is that
there are few, if any, treatment alternatives available
to our study population.

We found no significant difference in net corti-
costeroid benefit score based on corticosteroid type
or based on whether the respondent was the par-
ent or the adult with Duchenne. Only ambulatory
status was significant, with the ambulatory group
having a modestly higher mean benefit rating than
the non-ambulatory group—which is not surpris-
ing given that Duchenne progression continues even
with corticosteroid use. In addition, there was no
effect of corticosteroid type on net side effect rat-
ing. Only respondent type was statistically significant
with parents reporting, on average, a nearly 8 point
higher side-effect score than adult self-reporters.
It may be that parents find it more acceptable
to report on side effects than people living with
Duchenne, or that there is a real difference in per-
ceived side effect burden; our qualitative data suggest
the latter, though additional research on this topic is
warranted.

LIMITATIONS

This report includes data only from those using
corticosteroids. Additional research should be done
to explore the reasons why caregivers and individuals
with Duchenne decline corticosteroids, especially as
new treatment options become available. All data in
this study are provided through self-report. Of note,
six adults who self-reported with Duchenne rated
themselves as ambulatory, which is inconsistent with
the adult phenotype of Duchenne. These individuals
may have the less-severe form called Becker mus-
cular dystrophy, or they may have inaccurately rated
their ambulatory status. Given the desire of Parent
Project Muscular Dystrophy to be inclusive to all who
report a Duchenne diagnosis, these individuals were
maintained in the analysis.

The survey results are limited by a relatively low
response rate and a small sample size of adult par-
ticipants; additional research is needed to confirm
the findings. Respondents in the interview phase pro-
vided important context in the interpretation of these
findings, which is that patients and caregivers must
theorize potential treatment benefits (i.e., many of
our participants indicated that they have no way of
knowing how their disease would have progressed if
they were not on corticosteroids) but that treatment-
related side effects are more readily attributable to
the use of corticosteroids. While this may be true of
most treatment experience studies, this is especially
important in the context of a progressive disorder.

There may be additional response bias related to
reporting on some of the steroid side effects. For
example, adult participants may have under-reported
behavioral side effects and delayed puberty due to the
negative connotation associated with those features.
We also ask participants to think back to prior benefits
or side effects, and think ahead to anticipated corti-
costeroid impact, which can lead to additional bias in
response. Finally, we did not require a minimal dura-
tion of use for inclusion criteria, so some respodents
had less experience overall.

CONCLUSIONS

Our data on corticosteroid experience in Duchenne
are informative to clinical care and drug develop-
ment. Corticosteroid use is common in Duchenne,
as it is the only FDA approved therapy that is avail-
able to all affected individuals; not all parents and
people with Duchenne, however, choose to use corti-
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costeroids as a treatment option [24]. These data may
also be useful for parents who are deciding whether
to initiate corticosteroid use in young children. The
results, particularly on benefit and side effect ratings
reported by adults, may also be useful to teens/adults
who are making choices about initiating, re-initiating,
or stopping corticosteroids.

Perceptions of treatment experiences and treatment
preferences may vary based on the availability of
other treatment options. These results should be inter-
preted in the context of the current treatment options
and the progressive trajectory of Duchenne. New
treatment options that may become widely available
(e.g., to adults) and that come with a more favorable
benefit/risk balance are likely to change how people
with Duchenne think and feel about the acceptability
of long-term corticosteroid use.
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