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Abstract.
Background: Duchenne muscular dystrophy (DMD) and related dystrophinopathies are neuromuscular conditions with great
unmet medical needs that require the development of effective medical treatments.
Objective: To aid sponsors in clinical development of drugs and therapeutic biological products for treating DMD across
the disease spectrum by integrating advancements, patient registries, natural history studies, and more into a comprehensive
guidance.
Methods: This guidance emerged from collaboration between the FDA, the Duchenne community, and industry stakeholders.
It entailed a structured approach, involving multiple committees and boards. From its inception in 2014, the guidance
underwent revisions incorporating insights from gene therapy studies, cardiac function research, and innovative clinical trial
designs.
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Results: The guidance provides a deeper understanding of DMD and its variants, focusing on patient engagement, diagnostic
criteria, natural history, biomarkers, and clinical trials. It underscores patient-focused drug development, the significance of
dystrophin as a biomarker, and the pivotal role of magnetic resonance imaging in assessing disease progression. Additionally,
the guidance addresses cardiomyopathy’s prominence in DMD and the burgeoning field of gene therapy.
Conclusions: The updated guidance offers a comprehensive understanding of DMD, emphasizing patient-centric approaches,
innovative trial designs, and the importance of biomarkers. The focus on cardiomyopathy and gene therapy signifies the
evolving realm of DMD research. It acts as a crucial roadmap for sponsors, potentially leading to improved treatments for
DMD.

Keywords: Patient-Focused Drug Development (PFDD), Duchenne Muscular Dystrophy (DMD), Dystrophinopathies, Nat-
ural History of DMD, Genetic Testing and Diagnosis, Outcome Measures, Cardiomyopathy In DMD, Gene Therapy for
DMD, Patient Experience and Engagement, Regulatory Guidance and Considerations

EXECUTIVE SUMMARY

This draft guidance represents an update of the first draft FDA
guidance initially composed by a disease community, with
input from industry, sponsors, academia, and the Duchenne
muscular dystrophy patient community. When finalized, it
should represent the Food and Drug Administration’s (FDA’s)
current thinking on this topic. It does not create or confer any
rights for or on any person and does not operate to bind FDA or
the public. You can use an alternative approach if the approach
satisfies the requirements of the applicable statutes and
regulations. If you want to discuss an alternative approach,
contact the FDA staff responsible for implementing this
guidance. If you cannot identify the appropriate FDA staff, call
the appropriate number listed on the title page of this guidance.

INTRODUCTION

The purpose of this guidance is to assist sponsors
in the clinical development of medical prod-
ucts (i.e., human drugs and therapeutic biological
products) for the treatment of individuals with
Duchenne muscular dystrophy (DMD) and related
dystrophinopathies over the entire spectrum of the
disease.

This updated guidance is the result of the first col-
laboration between the FDA and a disease-specific
community in their respective disease area. The FDA
invited the Duchenne community (including patients,
parents and caregivers, clinicians, academic experts,
and industry) to develop the earlier version of the
guidance as provided under FDA’s interpretation of
Good Guidance Practice provisions.

The Duchenne muscular dystrophy community
then embarked on an unprecedented journey to
develop a draft guidance for industry to propose to the
U.S. Food and Drug Administration (FDA) [1]. The
push stemmed from a perceived inadequacy of exist-

ing draft guidelines. To remedy this, patient advocates
mobilized over 200 community members, clinicians,
academics, researchers, and other experts for the pro-
cess of drafting the guidance. The strategy involved a
structured Core Support Team, Steering Committee,
expert working groups, and a Community Advi-
sory Board. These entities ensured comprehensive
desk reviews, transparent deliberations, and commu-
nity representation. The guidance touched on pivotal
issues, such as the willingness of the Duchenne com-
munity to accept potential treatment risks, diagnostic
challenges, and innovative clinical trial designs. After
meticulous development and revisions, the guidance
was submitted to the FDA, emphasizing the commu-
nity’s urgency.

Upon receipt of the first iteration of the guidance
on June 25, 2014, the FDA opened a docket and
held further meetings with the DMD community
and other experts, leading to revisions based
upon regulatory and statutory requirements and
additional published data, released in June 2015
(see https://www.parentprojectmd.org/wp-content/
uploads/2021/07/2014 Community Guidance.pdf).

These activities provided the impetus and laid
the groundwork for the FDA to develop its own
streamlined guidance for industry on DMD and
related dystrophinopathies—the first for a specific
rare disease—focused specifically on the clini-
cal trial process. This guidance was finalized
in February 2018 (refer to https://www.fda.gov/
media/92233/download) [2].

This process fortified relationships between the
Duchenne community, FDA, and sponsors, foster-
ing trust and enhancing credibility. The initiative not
only spotlighted the patient’s perspective but set a
precedent, demonstrating how rare disease commu-
nities can actively shape the direction of potential
treatments and research.



C. McDonald et al. / DMD/BMD/Dystrophinopathy Industry Guidance 501

A. Revision of the guidance

Since that time, there have been numerous
advances in DMD, including an increase in gene ther-
apy studies and a growing recognition of the need to
focus on the deterioration of cardiac function as a sep-
arate process from loss of skeletal muscle function.
There are updated care considerations guidelines that
include the care of adult patients, progress in the
FDA’s approach to patient engagement and prefer-
ence studies, genotype / phenotype correlations and
disease progression models, as well as new more
sensitive outcome measures. In addition, there was
also a need to expand the guidance to include con-
siderations specific to development of treatments for
Becker muscular dystrophy (BMD) and other dys-
trophinopathies.

After dialogues with the CDER and CBER divi-
sions of the FDA, a consensus emerged that it was
critical that all of the new knowledge be captured in
an update to a patient-led guidance document focused
on supporting the developing of treatments for DMD,
BMD and related dystrophinopathies. In response,
the community marshaled its resources, enlisting a
technical management team to ensure project man-
agement, strategy formulation, editorial support, and
to facilitate the steering committee’s oversight of the
guidance development activities.

The revision of the guidance was a meticulous
process, leveraging the expertise of leading special-
ists from academia, industry, government research,
regulatory organizations, and the patient commu-
nity. The working groups were composed of topic
experts, community advocates, patients, and care-
givers, engaged in regular Zoom calls to dissect and
enhance the existing framework. They embarked on a
thorough examination of the initial guidance, discern-
ing elements that remained pertinent and identifying
areas requiring updates.

A rigorous desk review was conducted, compil-
ing and scrutinizing relevant epidemiological, basic
research, and clinical data, with references to evi-
dence substantiated in peer-reviewed articles and
regulatory documents. This exercise was pivotal in
unearthing key findings, addressing challenges faced
by industry engaged in dystrophinopathy research,
and forging consensus while shedding light on topics
that demanded further exploration.

Central to these discussions was the integration
of patient and caregiver perspectives, ensuring that
the Duchenne community’s voice echoed throughout
the document. The working groups were instrumental

in steering the technical writer, meticulously review-
ing draft iterations, and harnessing Google Docs for
real-time, collaborative editing. Moreover, the pro-
cess entailed a thorough consideration of feedback
from both community and the pharmaceutical advi-
sory boards, which was necessary for transparency
and collective input.

Recognizing the distinct voices within the guid-
ance reflects the multifaceted nature of the endeavor.
Each working group lent its unique tone to the
narrative: some sections adopted a more regulatory
cadence, resonating with the precision required for
policy and compliance, while others embraced an
academic tone, allowing for a deeper exploration
of the nuances inherent in natural history data, and
the development of exploratory outcome measures
and novel trial designs. This diversity in expression
enriches the guidance, providing a spectrum of per-
spectives that mirror the complexity and depth of the
field itself.

Like the previous community guidance, this
updated guidance addresses and expands upon the
FDA’s current thinking regarding the consideration
that should be given to the patient engagement of
the DMD and BMD community. It also reflects
the FDA’s appreciation that recent evidence from
patient registries, natural history studies, and clini-
cal trial cohorts have updated both the understanding
of DMD and BMD natural history and the causes
for variability in outcomes. It addresses the selec-
tion of endpoints for clinical trials in populations
with DMD as well as the manner in which disease
modification might be demonstrated. Given the use
of dystrophin as a surrogate endpoint marker for the
approval of several drugs [3], this document provides
up-to-date guidance on the state-of-the-art measure-
ment of the biomarker. This updated guidance also
provides similar guidance on the use of magnetic
resonance (MR) imaging measures of both skele-
tal and cardiac muscle and function and encourages
sponsors and regulators to consider their use as surro-
gate endpoints. Finally, the guidance expands beyond
the development of pharmacological treatments
(drugs) to consider the development of gene therapy
products.

In the pursuit of advancing the development of
therapies for DMD and related dystrophinopathies,
this comprehensive draft guidance presents a level of
detail that surpasses the practical constraints of this
journal publication’s format. With the objective to
disseminate key insights and foundational elements
of this guidance, we have distilled its essence into
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an executive summary tailored for broad accessibil-
ity. This overview publication serves to elucidate the
most consequential aspects of the guidance, focus-
ing on regulatory matters, the evolving understanding
of natural history, innovations in outcome measures
and biomarkers, and considerations in clinical trial
design. Furthermore, it highlights the community’s
concerns, the evolving opportunities in gene ther-
apy, and the need to consider cardiomyopathy in
clinical trials. Crucially, it underscores the appli-
cation of patient engagement in drug development
as a necessary scientific and ethical component in
our collective effort to meet the therapeutic needs
of individuals with a dystrophinopathy. Thus, while
the full guidance (provided as an online supplement),
remains a comprehensive resource for pharmaceuti-
cal sponsors, this executive summary aims to share
the elements that inform and drive the development
of effective treatments within the wider scientific and
medical communities.

GUIDANCE STRUCTURE OVERVIEW

The guidance is structured to provide compre-
hensive insights into the broad range of topics that
sponsors should consider when developing treat-
ments for dystrophinopathies. It is composed of
an executive summary, eight detailed sections or
chapters, some inclusive of figures and appendices,
reflecting the collaborative efforts of various stake-
holders.

Executive Summary: It serves as an introduction,
detailing the impetus and methodology behind the
guidance, FDA’s initial response, and the necessity
for a revised update. It encapsulates a brief technical
background on dystrophinopathies, summarizes the
key considerations identified by the working groups
for each section, and concludes with community
imperatives and formal directives on the use of FDA
guidance.

Main Guidance Sections:

A. The Science of Patient Engagement and
Patient Experience Assessment: This section
delves into the background of patient-focused
drug development, existing FDA guidance, and
how Duchenne patient experience data related
to patient preferences can advance drug devel-
opment programs.

B. Criteria for Diagnosis in the Clinical
and Research Settings: Offers a detailed

background on classic Duchenne Muscular
Dystrophy, including clinical features, genetic
confirmation, genotype-phenotype associa-
tions, and the role of muscle biopsy.

C. The Current Understanding of the Natural
History of Duchenne Muscular Dystrophy:
Discusses the stages of DMD disease progres-
sion, the heterogeneity and predictability of the
disease, and natural history across the spectrum
of dystrophinopathy.

D. Considerations for Outcome Measurement
Selection: This segment addresses gen-
eral comments on outcome measures, spe-
cific ones in DMD, including develop-
mental scales, motor measures, pulmonary
outcome measures, and considerations for
cardiomyopathy.

E. Biomarkers in Duchenne Muscular Dystro-
phy: Provides a general commentary, delves
into dystrophin quantification as biomarkers,
considerations related to muscle biopsies, and
a comprehensive look at non-biopsy-based
biomarkers.

F. Specific Trial Design and Analysis Issues
for Clinical Trials in DMD: Discusses the
learnings from past DMD trials, key features
of DMD trial design and analysis, the use of
models and natural history data, innovations in
trial designs, and specific trial considerations
in BMD and other dystrophinopathies.

G. Cardiomyopathy: This crucial section intro-
duces the topic, provides a background
on the natural history of cardiomyopathy
in dystrophinopathies, and discusses cardiac
assessment, trial designs, potential outcome
measures, and concludes with thoughts on the
future direction.

H. Gene Therapy for DMD and Other Dys-
trophinopathies: Covers an introduction to
gene therapy, background, considerations for
chemistry, manufacturing, controls, preclini-
cal and clinical trial considerations, patient
engagement, and expedited programs, culmi-
nating in an appendix on informed consent in
gene therapy trials.

Each of these sections could serve as a standalone
FDA guidance in their respective areas, addressing
the various facets of dystrophinopathy-related topics.
The culmination of these sections presents a holistic
and in-depth guide for the advancement of treatment
and research in dystrophinopathies.
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BACKGROUND ON
DYSTROPHINOPATHIES

Dystrophinopathies result from genetic mutations
in the DMD gene that decrease the amount of
dystrophin protein and/or cause dysfunction of the
protein [4]. In association with other proteins, dys-
trophin protects muscle fibers against the mechanical
forces of contraction—in the absence of dystrophin,
muscle is prone to damage, and progressive muscle
degeneration [5]. Downstream pathologies includ-
ing inflammation and fibrosis interfere with muscle
regeneration and cause loss of ambulation, loss of
upper limb function and other movement, orthope-
dic complications, and, ultimately, respiratory, and
cardiac failure.

The most common and generally most severe dys-
trophinopathy is DMD, with a birth prevalence of
about 1 in 3,500 to 6,000 males [6]. DMD causes
delay and/or failure to reach developmental mile-
stones, functional losses in the first decade of life,
and a loss of independent ambulation before the age
of 13 years in the absence of disease-modifying treat-
ment. In nonambulatory boys and young men, there
is gradual loss of upper limb and neck functions, so
that grooming, toileting, bathing, dressing, and eat-
ing become impaired or impossible to perform by
oneself—affecting the quality of life of patients, their
caregivers, and families [7]. This is accompanied
by weakness affecting respiratory muscles and the
heart that contributes to decreased respiratory func-
tion and cardiomyopathy—and greatly decreased life
expectancy. Heart disease is now the most common
cause of death in boys and young men with DMD [8,
9].

BMD has later onset of symptoms and slower
progression [10]. BMD is characterized by wide
interpatient variability in severity, with some patients
having a clinical course similar to that observed for
DMD, while other patients remain nearly, or in some
cases, completely asymptomatic, and cardiac dys-
function may progress more rapidly than for skeletal
muscle [11]. The cumulative birth incidence of BMD
was once estimated be at least 1 : 18,500 males (pre-
genetic confirmation) [12], and more recently, at least
7.2 : 100,000 in a study with genetic confirmation
[13] — but incidence and prevalence may vary by
population. A small percentage of female carriers
may also exhibit a range of muscle symptoms from
the full Duchenne phenotype to milder skeletal mus-
cle weakness (see more on related dystrophinopathies
in the Diagnosis section) [14].

Over the past decade, patient organizations,
academia, and industry have worked together
to develop several patient registries, disseminate
improved standards of care, and explore clinical out-
come measures and biomarkers. This experience and
data collection has resulted in a greatly improved
understanding of the pathogenesis and the natural his-
tory of DMD and BMD, including factors that may
lead to variability in the course of the disease.

Natural history studies as well as clinical trials have
shown that the use of glucocorticoids and the manage-
ment of spine deformity, and pulmonary and cardiac
dysfunctions have altered the timing of some of the
clinical milestones of the disease [7, 15, 16]. But with
improved medical management have come new com-
plications, and quality of life often suffers [17]. For
instance, adverse events known to be associated with
glucocorticoid usage include excessive weight gain,
growth inhibition, bone fragility with a high risk of
fractures, risk of diabetes, behavioral abnormalities,
Cushingoid features, change in pubertal progression,
and cataracts [18]. Of particular concern is the issue
of weight gain since this can compound the physical
limitations of a dystrophic myopathy.

At the time of this update, it should be acknowl-
edged, with gratitude, that there have been some
advances in treatment since the previous guidance
with an FDA-approved corticosteroid drug, and also
several FDA-approved DMD-specific exon-skipping
drugs that provide some benefit for individuals with
specific DMD mutations. These latter agents were
approved based on surrogate marker-evidence [19],
and there is increasing evidence of clinical bene-
fit based on longer term observation on treatment
[20]. We urge the sponsors, however, to complete
the FDA-recommended post-marketing placebo-
controlled trials in an expeditious manner, thus, better
characterizing the extent of this clinical benefit.

However, these advances in no way reverse the
underlying condition. Duchenne is characterized by
a progressive, irreversible loss of one function after
the other, from the loss of standing from the floor
to the loss of ambulation, to the loss of the abil-
ity to self-feed, and the inability to breath without
assisted ventilation. Once a functional capacity is lost
in an individual with DMD, it is gone forever. Death
can happen without warning, at any moment, even in
younger boys [21]. Complications such as cardiomy-
opathy commonly cause early death in patients with
BMD [22].

There is an urgent unmet need to develop new
treatments, especially those that address the under-



504 C. McDonald et al. / DMD/BMD/Dystrophinopathy Industry Guidance

lying cause of dystrophinopathy. With a number of
potential therapeutic agents in or entering clinical
development, sponsors need formal guidance on how
best to demonstrate a treatment’s effectiveness and
safety in this rare disease and what sort of effect
would be clinically meaningful to patients and their
caregivers.

GUIDANCE UPDATE OVERVIEW

This iteration of the draft guidance contains
updates to the sections of the first draft guidance.
As with the initial draft guidance, the community
chose to place the topic of patient engagement at the
start of the document, because it was recognized that
sponsors should be guided by patient engagement and
patient and caregiver preferences from the very start
of a product’s clinical development. The diagnosis
section follows, to help guide sponsors in the selec-
tion of patients, and to prepare for the introduction
of newborn screening. This is followed with sections
on natural history, outcome measure selection, and
a section on biomarkers that has been moved before
the updated clinical trials section as biomarkers are
increasingly incorporated into these studies and often
used as surrogate endpoints.

The following are key considerations in these
updated sections.

A. The Science of Patient Engagement and Patient
Experience Assessment

(Formerly the Benefit/Risk Assessment section)

Key considerations in this section:

• Patient-focused drug development (PFDD) has
evolved considerably since the 2014 community-
led Duchenne Guidance was released, with FDA
providing clearer direction via guidance docu-
ments on the collection of data related to patient
experiences [23, 24].

• Patient experience data comes in many forms
[25, 26] and are intended to provide informa-
tion about patients’ experiences with DMD and
BMD. More data related to BMD patient expe-
riences are needed to inform drug development
[27].

• Patient and caregiver preferences for treatments
have been measured and are well documented
in the Duchenne community and can inform all
stages of drug development [27–35].

• Preference data has shown that patients and
caregivers have similar preferences and that they
are willing to accept risk and uncertainty in
exchange for therapies aimed at slowing disease
progression [30, 33].

• Sponsors should engage patient groups and FDA
on the collection of new patient experience data
related to their development programs.

B. Criteria for Diagnosis in the Clinical and
Research Settings

This section provides sponsors with an overview
on the diagnosis of dystrophinopathies and differs
from the section in the earlier guidance in some key
areas.

• The updated section approaches dys-
trophinopathies as a spectrum of disorders
rather than focusing solely on DMD, adding
a list of clinical features for typical DMD and
those with later-onset of clinical progression.

• While it is emphasized that genetic testing
remains the gold standard for diagnosis, it
needs to be considered within the clinical con-
text [7]. Muscle biopsy is usually not required in
a clinical setting [36], but often still necessary
in the research setting.

• The discussion on the multiple testing options
for genetic confirmation of a dystrophinopathy
has been expanded and an algorithm that charts
a diagnostic pathway has been added. It also
reviews variants of uncertain significance in the
DMD gene which have become more common
with the advent of next generation sequenc-
ing and population screening (expanded carrier
screening).

• Forward-looking statements have been added
regarding newborn screening for Duchenne.
A nomination for the Recommended Uniform
Screening Panel (RUSP) was submitted in
2022. The formal evidence review started in
2023, with a final vote anticipated in 2024.
Implementation would enable diagnosis and
management during the presymptomatic stage
for infants.

Another change in the drafting of this guidance,
was to combine the working groups drafting the
Natural History, Outcome Measures and Clinical
Trials sections into one larger group, as in the
previous guidance, the work of each working group
often informed the other. In addition, there has
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been increasing use and acceptance of DMD natural
history data both in the development of disease
progression models and as real-world evidence of
disease progression and natural history, which, in
the absence of novel therapies that can augment
or potentially replace data from placebo arms by
serving as an external comparator group [37, 38].

C. The Current Understanding of the Natural
History of Duchenne Muscular Dystrophy

Key considerations in this section:

• This section provides an updated overview of
DMD natural history concepts, including a new
schematic illustrating the typical progression of
DMD using violin plots to depict the median and
range of timing when milestones occur, (e.g.,
loss of ambulation, loss of standing ability from
the floor, etc.), derived from extensive natural
history cohorts. It also highlights key outcome
measures employed to monitor disease progres-
sion across the different stages of disease.

• Progression models such as the HERCULES
Model [39] and the UC Davis Model [17] link
events and outcome measures to add granu-
larity to the characterization of disease stage
and trajectory. One important feature of these
models is the recognition of a brief transitional
stage starting during late ambulation where
individuals are able to either stand indepen-
dently or with assistance and can transfer their
own weight.

• There now exists a more comprehensive body
of DMD natural history data [16], allowing
for a refined characterization an individual’s
disease course [17] and the sources of het-
erogeneity that sponsors can take into account
when designing clinical trials [40].

D. Outcome Measurement Selection

Key considerations in this section:

• This section describes outcome measure selec-
tion for staging disease, stratifying cohorts, and
for monitoring disease progression.

• Certain outcome measures, including the North
Star Ambulatory Assessment, time function
tests, 6-minute walk tests, 10-meter walk run
tests, and upper limb functional measures can
serve as intermediate clinical endpoints or can
be used to identify populations of participants

at risk of progression and functional losses
during the course of a DMD trial [17, 41–
45]. By using these outcome measures during
participant screening and for stratification, the
risk of underpowering a study and failing to
reach a conclusive answer regarding a poten-
tial therapy’s effectiveness can be mitigated.
While a study might have broad inclusion cri-
teria, stratification can enrich a group that the
study’s primary prespecified analysis is based
on.

• Recent data highlight specific changes in out-
come measures that are clinically meaningful to
patients and families at different disease stages
[44, 46–49]. The performance measured by cer-
tain tools is predictive of progression to disease
milestones, potentially serving as intermediate
clinical endpoints.

• In addition to developmental and motor mea-
sures, this section reviews the use of pulmonary
outcome measures [50], upper limb function
measures [45], and activities monitored by digi-
tal technologies and wearable devices [51–54].
These tools can track the course of progres-
sion during the transitional phase, through loss
of ambulation, and through the nonambulatory
stages of DMD.

E. Biomarkers in Duchenne Muscular Dystrophy

Key considerations within this section:

• Dystrophin quantification has been used been
used as an informative biomarker to support
accelerated approval of several genetic thera-
pies in DMD [3]. A variety of quantification
methods have been used for assessing dys-
trophin; underscoring the potential need for
multiple methodologies to accurately represent
the expression and biodistribution of protein
[55].

• Sponsors are advised to minimize patient
trauma associated with muscle biopsies [56]. It
is imperative to have well-defined protocols for
the handling and preparing samples to prevent
the loss of invaluable tissue [57].

• There is a robust body of evidence that MR mea-
sures are related to patient function [58–62].
These measures are not only predictive of future
functional changes but are also suitable for use
in both ambulatory [59, 62, 63] and nonambu-
latory patients [60, 61]. To further substantiate
MR measures as potential surrogate endpoints,
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sponsors are encouraged to incorporate them
in their trials.

• While circulating biomarkers can offer insights
into disease progression and response to treat-
ment, there remains a need for further research
to connect circulating biomarkers to specific
mechanisms of action [64, 65].

F. Specific Trial Design and Analysis Issues for
Clinical Trials In DMD

Key considerations within this section:

• This section contains key learnings from past
trials,[66, 67] including the chief finding that
baseline disease severity characteristics are
better than age as criteria for enrichment of
patient trajectories [46, 68, 69].

• The section describes key considerations in
DMD trial design and analysis, including
recommendations on concurrent therapy, par-
ticularly corticosteroid therapy [17, 70], trial
duration, and cohort selection required to mea-
sure clinical benefit at different disease stages.

• The section considers advances in the collec-
tion and analysis of natural history data and
real-world data and their use in informing the
design of clinical trials [37, 40, 71]. Innovative
trial designs can also include delayed placebo
(or run-in trials, in which natural history data
are used in the run-in to the trial) and roll-
over trials in order to make trials more efficient
and reduce participants’ exposure to placebo
[38]. For instance, the DMD community has
been working on a master protocol for a plat-
form trial that can share placebo patients and
reduce the proportion of individuals random-
ized to placebo.

• Finally, a brief discussion of clinical trial
considerations in BMD and other dys-
trophinopathies is included. For instance, there
is a significant body of natural history data to
support the design of clinical trials in BMD and
other dystrophinopathies, although decreased
disease severity and slower rate of clinical pro-
gression may affect endpoint selection and trial
duration [72–74].

This updated version of the guidance also contains
two new sections, one on cardiomyopathy and the
other on gene therapy. Cardiomyopathy is now the
leading cause of death among young men with DMD
[8], and some sponsors are looking specifically at

heart function in patients with dystrophinopathies,
and the use of imaging methodologies to moni-
tor pathogenic changes to the heart. The guidance
calls on sponsors to gather evidence linking these
pathogenic changes to clinical progression to support
regulatory acceptance of these imaging biomarkers as
surrogate markers.

Finally, at the time of the original guidance
drafting, most of gene therapy research was pre-
clinical. Now, with a few years’ worth of data in
clinic, the community saw a need to engage with
the Center for Biologics Evaluation and Research
to develop a section that consolidates the existing
FDA guidance on gene therapy and provides specific
recommendations on patient considerations unique
to DMD and related dystrophinopathies.

G. Cardiomyopathy

Key considerations within this section:

• DMD-related cardiomyopathy is characterized
by fibrofatty replacement of the myocardium,
with an extended timeline of cardiac disease
progression culminating in full thickness fatty
replacement of the myocardium [75–77]. This
suggests maximum therapeutic benefit will be
garnered only by developing trials focused on
BOTH early and later stage disease. A singular
focus on trials powered to examine late-stage
disease in order to incorporate mortality out-
comes may miss an important therapeutic
window prior to irreversible, fatty replacement
of the myocardium [78].

• Harmonization of diagnostic evaluation and
therapeutics between trial centers is integral
to trial design but must be balanced with the
need for inclusivity and access. Consensus
recommendations regarding potential cardiac
biomarkers and their consideration in trial
design will not only facilitate effective trial
design but would also provide a means to
develop a more robust real-world data infras-
tructure [79]. This infrastructure is currently
needed to assess ongoing clinical trials and for
future trials, both cardiac and noncardiac.

• The understanding of cardiac disease pro-
gression has evolved as longitudinal, granular
cardiac data has emerged over the last decade.
These data and the creation of multicenter net-
works have made cardiac clinical trials in DMD
more feasible [80]. Creation of a roadmap
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to assess effectiveness of cardiac therapies in
DMD will further facilitate the timely develop-
ment of therapies.

H. Gene Therapy for DMD and Other Dys-
trophinopathies: Approaches, Patient-Centered
Considerations, and Development Pathway

Key considerations within this section:

• This section draws upon existing FDA guid-
ance on gene therapy (GT) and considers how
sponsors can apply it to the development of GT
products for DMD.

• Technical challenges for the development of GT
products that are unique to dystrophinopathies
include the target tissues—both skeletal muscle
and cardiac muscle—as well as the size and
complexity of DMD gene that a GT would be
designed to restore or correct [81–85].

• Sponsors should consider the implications of
the immune responses and safety issues that
currently limit the administration, and preclude
re-administration, of some of the GT products
furthest along in development [86].

• Priorities for preclinical studies include dose
selection so that clinical trials start with a dose
expected to have a therapeutic effect, as well as
early evaluation of the effects of GT on the heart
[87, 88].

• While well-controlled placebo-controlled stud-
ies are recommended for GT products that are
not expected to have large, self-evident effects,
sponsors are encouraged to discuss novel trial
designs with FDA that limit the time or necessity
that a trial participant is on placebo.

• The section includes guidance on corticosteroid
treatment prior to and during clinical trials,
participant selection criteria and safety consid-
erations including long-term monitoring of GT
trial participants.

• Efficacy endpoints considerations are the same
as in trials of non-GT product for DMD.
Intermediate clinical endpoints and surrogate
endpoints reasonably likely to lead to or predict
clinical benefit could be the basis for a GT to be
granted accelerated approval. Given the inabil-
ity to repeat dosing at the present time, there
should be some evidence suggestive of clinical
benefit, whether through demonstration of high
levels of expression of a functional transgene
or demonstration of restored expression of the
endogenous gene after gene editing, for the pro-

teins produced by gene therapy to be considered
a surrogate endpoint meeting the “reasonably
likely” standard for accelerated approval. Evi-
dence from other candidate surrogate endpoints
(such as imaging) could support an application.

IMPERATIVES AND IMPLICATIONS

Finally, the guidance document concluded with a
section on the community’s imperatives for regula-
tors and sponsors in the development of treatments
across the spectrum of dystrophinopathies, based
upon consultation with our community guidance
board consisting of patients, caregivers, and other
representatives of the DMD and BMD community
(this is not included in the online supplement but can
be found at https://www.parentprojectmd.org/wp-
content/uploads/2022/10/Dystrophinopathy-Guidan
ce-Master Sept30Final.pdf.

It should be noted that the FDA has acknowledged
the concerns expressed by the DMD and BMD com-
munity that flexibility be exercised in the review of
products for these diseases—recognizing that many
patients and caregivers are willing to take greater risks
for a treatment that may slow clinical deterioration
or delay the loss of functional milestones, each of
which is clinically meaningful [2]. The FDA shares
the Duchenne and Becker community’s goal to work
with industry to get new therapeutic agents onto the
market as rapidly and responsibly as possible. This
updated community-drafted guidance for industry is
but a step towards achieving that goal.

This guidance is intended to serve as a focus for
continued discussions among the FDA, the medical
industry, sponsors, academic community, the patient
and caregiver community, and the public.

FDA’s guidance documents, including this com-
munity guidance, do not establish legally enforce-
able responsibilities. Instead, guidance documents
describe the Agency’s current thinking on a topic
and should be viewed only as recommendations,
unless specific regulatory or statutory requirements
are cited. The use of the word should in Agency guid-
ance documents means that something is suggested
or recommended, but not required.
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[411] Silva MC, Magalhães TA, Meira ZM, Rassi CH, Andrade
AC, Gutierrez PS, et al. Myocardial Fibrosis Progression
in Duchenne and Becker Muscular Dystrophy: A Random-
ized Clinical Trial. JAMA Cardiol. 2017;2(2):190-9.

[412] Villa CR, Czosek RJ, Ahmed H, Khoury PR, Ander-
son JB, Knilans TK, et al. Ambulatory Monitoring
and Arrhythmic Outcomes in Pediatric and Adolescent
Patients With Duchenne Muscular Dystrophy. J Am Heart
Assoc. 2015;5(1):e002620.

[413] Chiang DY, Allen HD, Kim JJ, Valdes SO, Wang
Y, Pignatelli RH, et al. Relation of Cardiac Dys-
function to Rhythm Abnormalities in Patients With
Duchenne or Becker Muscular Dystrophies. Am J Cardiol.
2016;117(8):1349-54.



C. McDonald et al. / DMD/BMD/Dystrophinopathy Industry Guidance 523

[414] Menon SC, Etheridge SP, Liesemer KN, Williams RV,
Bardsley T, Heywood MC, et al. Predictive value of
myocardial delayed enhancement in Duchenne muscular
dystrophy. Pediatr Cardiol. 2014;35(7):1279-85.

[415] Sanyal SK, Johnson WW, Dische MR, Pitner SE, Beard
C. Dystrophic degeneration of papillary muscle and
ventricular myocardium. A basis for mitral valve pro-
lapse in Duchenne’s muscular dystrophy. Circulation.
1980;62(2):430-8.

[416] Frankel KA, Rosser RJ. The pathology of the heart in pro-
gressive muscular dystrophy: epimyocardial fibrosis. Hum
Pathol. 1976;7(4):375-86.

[417] Moriuchi T, Kagawa N, Mukoyama M, Hizawa K.
Autopsy analyses of the muscular dystrophies. Tokushima
J Exp Med. 1993;40(1-2):83-93.

[418] Adorisio R, Calvieri C, Cantarutti N, D’Amico A, Cat-
teruccia M, Bertini E, et al. Heart rate reduction strategy
using ivabradine in end-stage Duchenne cardiomyopathy.
Int J Cardiol. 2019;280:99-103.

[419] Raman SV, Hor KN, Mazur W, Halnon NJ, Kissel JT, He
X, et al. Eplerenone for early cardiomyopathy in Duchenne
muscular dystrophy: a randomised, double-blind, placebo-
controlled trial. Lancet Neurol. 2015;14(2):153-61.

[420] Taylor M, Jefferies J, Byrne B, Lima J, Ambale-Venkatesh
B, Ostovaneh MR, et al. Cardiac and skeletal muscle
effects in the randomized HOPE-Duchenne trial. Neurol-
ogy. 2019;92(8):e866-e78.

[421] Allen HD, Flanigan KM, Thrush PT, Dvorchik I, Yin
H, Canter C, et al. A randomized, double-blind trial of
lisinopril and losartan for the treatment of cardiomy-
opathy in duchenne muscular dystrophy. PLoS Curr.
2013;5.

[422] Soslow JH, Xu M, Slaughter JC, Stanley M, Crum
K, Markham LW, et al. Evaluation of Echocardio-
graphic Measures of Left Ventricular Function in
Patients with Duchenne Muscular Dystrophy: Assess-
ment of Reproducibility and Comparison to Cardiac
Magnetic Resonance Imaging. J Am Soc Echocardiogr.
2016;29(10):983-91.

[423] Wittlieb-Weber CA, Knecht KR, Villa CR, Cunningham
C, Conway J, Bock MJ, et al. Risk Factors for Cardiac and
Non-cardiac Causes of Death in Males with Duchenne
Muscular Dystrophy. Pediatr Cardiol. 2020;41(4):764-71.

[424] Chenard AA, Becane HM, Tertrain F, de Kermadec JM,
Weiss YA. Ventricular arrhythmia in Duchenne muscular
dystrophy: prevalence, significance and prognosis. Neu-
romuscul Disord. 1993;3(3):201-6.

[425] Melacini P, Vianello A, Villanova C, Fanin M, Miorin
M, Angelini C, et al. Cardiac and respiratory involve-
ment in advanced stage Duchenne muscular dystrophy.
Neuromuscul Disord. 1996;6(5):367-76.

[426] Spurney CF, Ascheim D, Charnas L, Cripe L, Hor K,
King N, et al. Current state of cardiac troponin testing
in Duchenne muscular dystrophy cardiomyopathy: review
and recommendations from the Parent Project Muscular
Dystrophy expert panel. Open Heart. 2021;8(1).

[427] Feingold B, Mahle WT, Auerbach S, Clemens P,
Domenighetti AA, Jefferies JL, et al. Management of
Cardiac Involvement Associated With Neuromuscular
Diseases: A Scientific Statement From the American Heart
Association. Circulation. 2017;136(13):e200-e31.

[428] Viollet L, Gailey S, Thornton DJ, Friedman NR, Flanigan
KM, Mahan JD, et al. Utility of cystatin C to monitor renal
function in Duchenne muscular dystrophy. Muscle Nerve.
2009;40(3):438-42.

[429] Villa CR, Kaddourah A, Mathew J, Ryan TD, Wong BL,
Goldstein SL, et al. Identifying evidence of cardio-renal
syndrome in patients with Duchenne muscular dystrophy
using cystatin C. Neuromuscul Disord. 2016;26(10):637-
42.

[430] Duboc D, Meune C, Lerebours G, Devaux JY, Vaksmann
G, Bécane HM. Effect of perindopril on the onset and
progression of left ventricular dysfunction in Duchenne
muscular dystrophy. J Am Coll Cardiol. 2005;45(6):
855-7.

[431] Nance ME, Shi R, Hakim CH, Wasala NB, Yue Y, Pan
X, et al. AAV9 Edits Muscle Stem Cells in Normal and
Dystrophic Adult Mice. Mol Ther. 2019;27(9):1568-85.

[432] Verdera HC, Kuranda K, Mingozzi F. AAV Vector
Immunogenicity in Humans: A Long Journey to Success-
ful Gene Transfer. Mol Ther. 2020;28(3):723-46.

[433] United States Food and Drug Administration (FDA):
Center for Biologics Evaluation and Research (CBER).
Human Gene Therapy for Neurodegenerative Diseases.
Draft Guidance for Industry. Silver Spring, MD: FDA;
2021.

[434] United States Food and Drug Administration (FDA):
Center for Biologics Evaluation and Research (CBER).
Considerations for the Design of Early-Phase Clinical Tri-
als of Cellular and Gene Therapy Products: Guidance for
Industry. FDA; 2015.

[435] United States Food and Drug Administration (FDA):
Center for Biologics Evaluation and Research (CBER).
BRIEFING DOCUMENT. Cellular, Tissue, and Gene
Therapies Advisory Committee (CTGTAC) Meeting #70.
Toxicity Risks of Adeno-associated Virus (AAV) Vectors
for Gene Therapy. FDA; 2021.

[436] United States Food and Drug Administration (FDA).
In Vitro Companion Diagnostic Devices: Guidance for
Industry and Food and Drug Administration Staff. FDA;
2014.

[437] United States Food and Drug Administration (FDA): Cen-
ter for Biologics Evaluation and Research (CBER). Long
Term Follow-Up After Administration of Human Gene
Therapy Products: Guidance for Industry. FDA; 2020.

[438] United States Food and Drug Administration (FDA):
Center for Drug Evaluation and Research (CDER) and
Center for Biologics Evaluation and Research (CBER).
Guidance for industry: Expedited Programs for Serious
Conditions—Drugs and Biologics. Silver Spring, MD:.
FDA: CDER, CBER; 2014.


