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Abstract
Duchenne muscular dystrophy (DMD) is a progressive X-linked degenerative muscle disease due to mutations in theDMD gene.
Genetic confirmation has become standard in recent years. Improvements in the standard of care for DMD have led to improved
survival. Novel treatments for DMD have focused on reducing the dystrophic mechanism of the muscle disease, modulating
utrophin protein expression, and restoring dystrophin protein expression. Among the strategies to reduce the dystrophic mech-
anisms are 1) inhibiting inflammation, 2) promoting muscle growth and regeneration, 3) reducing fibrosis, and 4) facilitating
mitochondrial function. The agents under investigation include a novel steroid, myostatin inhibitors, idebenone, an anti-CTGF
antibody, a histone deacetylase inhibitor, and cardiosphere-derived cells. For utrophin modulation, AAV-mediated gene therapy
with GALGT2 is currently being investigated to upregulate utrophin expression. Finally, the strategies for dystrophin protein
restoration include 1) nonsense readthrough, 2) synthetic antisense oligonucleotides for exon skipping, and 3) AAV-mediated
micro/minidystrophin gene delivery. With newer agents, we are witnessing the use of more advanced biotechnological methods.
Although these potential breakthroughs provide significant promise, theymay also raise new questions regarding treatment effect
and safety.
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Introduction

Duchenne muscular dystrophy (DMD) is an X-linked reces-
sive disorder that affects approximately 1 in 5000 live male
births [1, 2]. It was first described in detail in the 1860s by the
French neurologist Guillaume-Benjamin-Amand Duchenne
[3]. Patients with Duchenne muscular dystrophy usually ex-
hibit motor symptoms within the first 3 years of life. Most
commonly, they may have a Bwaddling^ gait that results from
hip-girdle weakness and require the use of their hands when
they get up from the floor (Gower’s maneuver). Serum crea-
tine kinase (CK) levels are typically markedly elevated [4].

The disease is due to an absence of the dystrophin protein
in the skeletal muscle membrane, and muscles lacking dystro-

phin are more susceptible to mechanical injury. Absence of
dystrophin may be demonstrated by the absence of immuno-
staining for dystrophin on muscle biopsy. Genetic testing,
however, has become more readily available in recent years
and has become the standard method of diagnostic confirma-
tion. Typically, genetic testing starts with screening for dupli-
cations or deletions either by multiplex ligation-dependent
probe amplification (MLPA) or by microarray analysis. If
duplication/deletion testing is negative, then sequencing of
all 79 exons is performed to detect missense, nonsense, splice
site, and small indel mutations [5]. This analysis will not de-
tect intronic mutations and rearrangements, however, and
these cases may require muscle biopsy to demonstrate the
absence of dystrophin. If available, RNA sequencing may be
performed on the muscle tissue to identify the specific intronic
mutation or rearrangement.

DMD is considered a multisystem disease [4–6]. As the
patient ages, there is progressive muscle weakness, respiratory
insufficiency, musculoskeletal deformities, and cardiomyopa-
thy. In addition, cognitive impairment, autism spectrum disor-
der, and behavior problems are not uncommonly seen but are
not progressive. Progressive pulmonary insufficiency and or-
thopedic issues are a direct result of the progressive skeletal
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muscle weakness; cardiomyopathy and cognitive/behavioral
issues, however, are most likely a result of aberrant dystrophin
expression in these tissues. The degree of cardiomyopathy or
cognitive/behavioral impairment, however, is variable and is
often not correlated with the degree of skeletal muscle in-
volvement. It is not exactly clear what would contribute to
this variability; genetic modifiers are likely to play some role,
and the location of the mutation within the DMD gene and the
effect on specific isoforms of dystrophin may also play some
role in determining the phenotypic profile.

Dystrophin and the DMD Gene

Approximately 125 years after Duchenne described the disease,
it was linked to the DMD gene [7] on the X chromosome and
demonstrated to encode a 427-kDa protein appropriately named
dystrophin [8]. This protein is characterized by an N-terminal
actin binding domain, a central rod domain, and a C-terminal
domain (see Fig. 1) that binds to a membrane-bound protein
complex known as the dystrophin-associated glycoprotein
complex. The rod domain is comprised of 24 spectrin-like re-
peats, interspersed with 4 hinge domains (see Fig. 1).

TheDMD gene is considered one of the largest genes in the
human genome, and many mutations have been reported. De
novomutations appear to be common, with estimates ranging
between 12 and 33% of patients with DMD [9–11]. Estimates
of the prevalence of different mutation types vary, but recent
reports suggest that, among DMD patients, 69% have large
deletions, 11% have large duplications, 10% have nonsense

mutations, 7% have missense or small indels, and another 3%
have intronic or other mutations [12]. Monaco et al. [13] pro-
posed that deletions [within the central rod domain] that pre-
serve the reading frame hypothesis would likely result in a
milder Becker muscular dystrophy (BMD) phenotype, where-
as deletions that disrupt the reading frame are likely to result in
a severe DMD phenotype. This reading frame hypothesis has
been shown to be valid in about 91% of 4700 patients entered
into the Leiden database that was collecting genotypes and
phenotypes of DMD mutations [14].

There are several isoforms of the dystrophin protein that
have been described and are driven by different
promoters (see Fig. 1). These isoforms include the variants
of the canonical Dp427—expressed in lymphocytes, the brain,
and muscle and driven by promoters upstream of exon 1 [7,
15]; Dp260—expressed in the retina and driven by a promoter
upstream of exon 30 [16]; Dp140—expressed in the brain and
kidney and driven by a promoter upstream of exon 45 [17];
Dp116—expressed in Schwann cells and driven by a promot-
er upstream of exon 56 [18]; and Dp71—ubiquitously
expressed and driven by a promoter upstream of exon 63
[19]. Thus, the location of the mutation within the DMD gene
may determine the phenotypic profile of the patient through
differential expression of these isoforms.

Although the reading frame is useful in predicting the se-
verity of skeletal muscle weakness, there is still some pheno-
typic variability within the prediction. Genetic modifiers are
likely to contribute some role in this phenotypic variability,
and SPP1 and LTB4, among others, have been reported to
modify the phenotype of DMD [20].

Fig. 1 The canonical dystrophin protein, Dp427, and the different
isoforms: Dp260, Dp140, Dp116, and Dp71. The numbers under the
constructs show the map to the approximate exon encoding that region.

N-term =N terminal domain, R# = spectrin repeat number, H# = hinge
number, CR = cysteine-rich domain, C-term = C terminal domain
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Treatment for Duchenne Muscular Dystrophy

As standards of care for DMD have evolved, survival has also
improved [21]. Updated care considerations for DMD have
recently been published [4–6]. Among the standards of care
discussed, oral glucocorticoids, cardiac management, pulmo-
nary management, vaccinations, physical therapy and ortho-
pedic care, nutritional management, and bone health are often
highlighted. The goals of these care considerations are to im-
prove long-term survival, maintain mobility and indepen-
dence, and improve overall quality of life.

The development of validated outcome measures for DMD
has helped to improve clinical trial methodology for newer
agents under investigation. These agents can be categorized
into 3 strategies: 1) reducing the dystrophic mechanisms of
disease, 2) modulating utrophin protein expression, and 3)
restoring dystrophin protein expression. Reviewed here are
the current approaches that have been approved for use or
are still under investigation (Table 1).

Anti-Inflammatory

Glucocorticoid treatment has been the standard of care for
patients with DMD [5]. Prednisone 0.75 mg/kg/day and
deflazacort 0.9 mg/kg/day are the most commonly recom-
mended steroid regimens, although other dosing regimens
are also used [22]. The benefit of steroids is apparent within
months of starting treatment [23], and starting steroids at a
younger age is associated with improved outcomes [24]. A
large-scale observational study conducted through the
CINRG network demonstrated that long-term steroid use re-
sulted in improved outcomes including ambulation [25], and
another study has demonstrated reduced need for scoliosis
surgery [26]. Deflazacort has been associated with less weight
gain [27], which may improve its tolerability. A multicenter,
randomized, double-blind, placebo-controlled study compar-
ing deflazacort, prednisone, and placebo was completed in
1995 and demonstrated data suggesting possible superiority
efficacy of deflazacort over prednisone [28]. Since deflazacort

Table 1 Agents under
investigation for Duchenne
muscular dystrophy

Category Agent Description

Anti-inflammatory Vamorolone Novel steroid analog with a potentially
favorable side-effect profile

Edasalonexent NF-κB inhibitor

Myostatin Domagrozumab Humanized monoclonal antibody against
myostatin, leading to muscle
growth/regeneration

Talditercept alfa Human IgG1(Fc)–adnectin fusion that binds
myostatin, leading to muscle
growth/regeneration

Others Idebenone Facilitating mitochondrial function and
metabolism

Givinostat HDAC inhibitor, potentially leading to
anti-inflammatory, anti-fibrotic, and
regenerative effects

Pamrevlumab Human monoclonal antibody against
connective tissue growth factor (CTGF),
anti-fibrotic

CAP-1002 Allogenic cardiosphere-derived cells

Utrophin
modulation

rAAVrh74.MCK.GALGT2 Gene therapy with GALGT2 to modulate
utrophin expression

Dystrophin
protein
restoration

Ataluren Nonsense suppression

Golodirsen Exon 53 skipping, PMO chemistry

Casimersen Exon 45 skipping, PMO chemistry

SRP-5051 Exon 51 skipping, PPMO chemistry

NS-065 Exon 53 skipping, PMO chemistry

WVE-210201 Exon 51 skipping, stereo-pure phosphorothio-
ate chemistry

DS-5141b Exon 45 skipping, 2′-4′-ethylene-bridge nucleic
acid/2′-OMe-RNA chemistry

rAAVrh74.MHCK7.Micro-dystrophin Microdystrophin gene therapy, AAVrh74 vector

SGT-001 Microdystrophin gene therapy, AAV9 vector

PF-06939926 Minidystrophin gene therapy, AAV9 vector
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was previously not available in the USA, additional clinical
studies were performed to secure Food and Drug
Administration (FDA) approval, which was granted in 2017.
Steroid use is now a prerequisite for enrollment in most inter-
ventional clinical trials for DMD. This premise was used for a
post hoc analysis of the placebo arm from the ataluren phase 3
study for DMD, which demonstrated improved outcomes in
deflazacort-treated patients compared to prednisone-treated
patients [29]. A 5-year, randomized, double-blind study com-
paring daily deflazacort, daily prednisone, and intermittent
(10 days on, 10 days off) prednisone is ongoing [30].

Recently, vamorolone [31] was identified as a novel steroid
analog based on membrane-stabilizing and anti-inflammatory
properties (including inhibition of NF-κB) without significant
immunosuppressive or hormonal effects. Studies are ongoing
to establish the safety profile and efficacy of vamorolone [32],
looking for potential advantages of the novel steroid analog
over currently used steroids. In a similar vein, edasalonexent
was identified as an inhibitor of NF-κB that may benefit DMD
patients based on its anti-inflammatory properties [33]. A
phase 2 study in DMD patients has recently been completed
[34], with a phase 3 study currently being planned.

Myostatin

As DMD is a degenerative process with progressive develop-
ment of necrotic muscle fibers, mechanisms that promote
muscle regeneration are a reasonable strategy for treatment.
Myostatin (GDF8) was originally identified in mice as a
TGF-β superfamily member that demonstrated significant hy-
pertrophy and hyperplasia of muscles [35]. It was subsequent-
ly shown that loss of myostatin attenuated the severity of
muscular dystrophy in the mdx mouse (a mouse model for
Duchenne) [36]. Thus, inhibiting myostatin may serve as an
appropriate strategy in treating DMD.

Recently, there have been 2 anti-myostatin programs that
are focused on DMD. A large phase 2 study of
domagrozumab [37], an intravenous humanized monoclonal
antibody against myostatin given monthly, was recently ter-
minated due to lack of efficacy [38]. Talditercept alfa, a week-
ly, subcutaneous human IgG1(Fc)–adnectin fusion that binds
myostatin, is currently being evaluated in an ongoing phase 3
clinical trial [39].

Other Mechanisms

Idebenone is a synthetic short-chain benzoquinone that, like
coenzyme Q10, carries energy equivalents within the electron
transport chain. Unlike coenzyme Q10, however, idebenone
also shuttles energy equivalents from the cytosol to the elec-
tron transport chain [40]. Thus, the facilitation of metabolic
pathways is the rationale for its potential effect in DMD. A
phase 3, randomized, double-blind, placebo-controlled study

of idebenone in DMD patients not using glucocorticoids dem-
onstrated improved pulmonary function among the treated
population [41]. Whether idebenone will potentially benefit
patients who are on steroids is being addressed in an ongoing
phase 3, randomized, double-blind, placebo-controlled study
of idebenone for DMD patients who are taking glucocorti-
coids [42].

Histone deacetylase (HDAC) inhibitors have been shown
to activate gene expression, and previous studies have sug-
gested that HDAC inhibitors confer a benefit in the mdx
mouse [43]. Givinostat is an HDAC inhibitor that is being
investigated in DMD patients; the proposed rationale is based
on the expression of anti-inflammatory, anti-fibrotic, and
proregenerative genes. A phase 3, randomized, double-blind,
placebo-controlled study of givinostat in DMD patients is cur-
rently ongoing [44].

Pamrevlumab is a fully human monoclonal antibody
against connective tissue growth factor (CTGF). The rationale
is that the anti-fibrotic properties of pamrevlumab will likely
be beneficial to DMD patients. A phase 2, open-label study of
pamrevlumab in DMD patients is currently ongoing [45].

CAP-1002 contains allogenic cardiosphere-derived cells
(CDCs), and preclinical studies suggest that CAP-1002 im-
proves mdx mice through the secretion of growth factors and
exosomes [46]. CAP-1002 has been proposed to act by mod-
ulating the immune system, inhibiting fibrosis, and promoting
regeneration [46]. A phase 2, randomized, double-blind,
placebo-controlled study in nonambulatory boys and men
with DMD is currently ongoing [47].

Utrophin Modulation

Utrophin was originally identified as Bdystrophin-related
protein^ (DRP) based on its significant homology to dystro-
phin [48]. In contrast to dystrophin, however, utrophin is
expressed mostly at neuromuscular junctions [49]. It was sub-
sequently shown that dystrophin–utrophin double mutants
demonstrated more severe muscle weakness than the
dystrophin-only mutant mice (mdx mouse) [50, 51]. Finally,
overexpression of utrophin in the mdx mouse appeared to
prevent these mice from developing any signs of muscular
dystrophy [52]. In a high-throughput screen for small mole-
cules that activate utrophin transcription, ezutromid was iden-
tified. A phase 2 study of ezutromid in DMD patients [53],
however, demonstrated no efficacy signals [54].

A different approach to modulating utrophin expression is
being taken at Nationwide Children’s Hospital. The strategy in
this study is to overexpress Galgt2 using adeno-associated
virus (AAVrh74)-mediated gene delivery of the GALGT2
gene [55]. Galgt2 normally acts at the synaptic regions to
add the terminal GalNAc to an O-linked carbohydrate antigen
on the α-dystroglycan near the neuromuscular junctions [56].
Overexpression of GALGT2 results in ectopic expression of
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synapse-associated proteins, including utrophin, away from
the synaptic regions [56]. Thus, overexpression of GALGT2
may ameliorate the phenotype of DMD by upregulating
utrophin expression along myofibers. Overexpression of
galgt2 protein in mdx mice prevents muscular dystrophy
when the GALGT2 gene is introduced transgenically [56] as
well as through AAVrh74-mediated gene delivery [57]. A
first-in-human study of AAVrh74-mediated GALGT2 gene
delivery in DMD boys began recruiting in 2018 [55].

Dystrophin Protein Restoration

A number of strategies are also being employed to restore
dystrophin protein expression. Most of these strategies are
not designed to restore the native wild-type protein.
Nonetheless, expression of the altered dystrophin protein
may confer a better phenotype than absence of expression or
a truncated, unstable protein.

1) Dystrophin restoration through nonsense suppression

Ataluren is a small molecule that was identified to suppress
nonsense mutations, promoting full-length dystrophin expres-
sion in cell culture [58]. This molecule has been studied in
humans, most recently in a large phase 3 study of DMD pa-
tients with nonsense mutations that showed benefit in a num-
ber of outcome measures including the 6-min walk distance
(6MWD), particularly among patients whose baseline
6MWDs were between 300 and 400 m [59]. Ataluren has
received conditional approval by the European Medicines
Agency (EMA), but did not receive approval from the FDA.
Additional studies are being conducted to address some of the
questions raised by the FDA, including a study to confirm the
benefit that was seen among patients with baseline 6MWDs
between 300 and 400 m [60] and another study to assess
dystrophin expression in the muscle biopsies of ataluren-
treated patients [61].

2) Dystrophin restoration through exon skipping

The term Bexon skipping^ commonly refers to the use of
synthetic antisense oligonucleotides (ASO) to inhibit a splice
enhancer site to prevent a particular exon from participating in
splicing [62]. As predicted by the reading frame rule [13],
deletion mutations that shift the reading frame would be pre-
dicted to result in a truncated and/or unstable protein. Certain
patients, however, may have a deletion where the reading
frame could be restored by skipping an additional exon adja-
cent to the deletion. The altered transcript would be shortened,
but this shortened coding sequencewould not have a disrupted
reading frame, permitting the expression of a stable functional
protein [63].

Based on prevalence data from a large database of patients,
13 to 14% of DMD patients had an out-of-frame deletion
where the reading frame would be corrected by skipping exon
51 [12, 64], which is more than the number of patients that
would be corrected by skipping other exons. Thus, the first
clinical trials for exon skipping were conducted in patients
with deletions where the reading frame was corrected by
(amenable to) skipping exon 51. This included drisapersen
(BioMarin - San Rafael, CA) [65], a 2′-O-methyl phosphoro-
thioate ASO, and eteplirsen (Sarepta Therapeutics -
Cambridge, MA) [66], a phosphorodiamidate morpholino
oligomer (PMO). The data for drisapersen was submitted to
the FDA but did not receive approval, and BioMarin has de-
cided that they will no longer pursue regulatory approval for
drisapersen. Eteplirsen, however, was approved by the FDA in
2016 based on dystrophin protein biomarker data under an
Accelerated Approval pathway, which requires additional data
from confirmatory trials to be submitted to the FDA to verify
and describe the anticipated clinical benefit. Eteplirsen was
the FDA’s first journey into the use of dystrophin quantifica-
tion as a surrogate outcome measure for DMD. Based on this
experience, quantification methods were developed with feed-
back from the FDA [67]. This experience has also influenced
the FDA guidance documents on developing drugs for
Duchenne muscular dystrophy [68] and bioanalytical method
validation [69].

Sarepta has additional PMOs that are also currently being
studied in Duchenne muscular dystrophy patients. Golodirsen,
designed to skip exon 53, and casimersen, designed to skip
exon 45, are currently being evaluated in a phase 3 double-
blind, placebo-controlled study [70]. Based on prevalence data
(12, 64), 8.1 to 9.0% of all DMD patients may be a candidate
for casimersen, and although 7.7 to 10.1% of DMD patients
may be candidates for golodirsen, the number of new patients
for golodirsen may only be an additional 5.7 to 8.1% beyond
eteplirsen-treated patients, since approximately 2% of DMD
patients are exon 52 deletion patients who are candidates for
either exon 53 skipping or exon 51 skipping [12].

Preclinical data on peptide-conjugated PMO (PPMO) in
mice and nonhuman primates demonstrates increased penetra-
tion intomuscle tissue, improved potency, and a favorable phar-
macokinetic profile over the PMO chemistry, with notable pen-
etration into the heart and diaphragm [71, 72]. SRP-5051, a
PPMO targeting exon 51 under development by Sarepta, is
currently being studied in a phase 1 clinical trial [73].

Three other exon-skipping programs are also underway.
NS-065 (NS Pharma - Paramus, NJ) is another morpholino
antisense oligonucleotide (ASO) that has been studied in
DMD boys amenable to exon 53 skipping [74]. WVE-
210201 (Wave Life Sciences - Singapore) is a stereo-pure
phosphorothioate ASO, using the stereoisomer that has been
optimized for potency for exon skipping. A phase 1 of WVE-
210201 for patients amenable to exon 51 skipping is currently
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ongoing [75]. DS-5141b (Daiichi Sankyo, Tokyo, Japan) is an
ASO comprised of 2′-4′-ethylene-bridge nucleic acid (ENA)
and 2′-O-methyl RNA [76] and is designed to skip exon 45. A
phase 1 study was recently completed [77].

3) Dystrophin restoration through gene therapy

The large size of the dystrophin protein meant that full gene
replacement therapy for DMD was only feasible with large
viruses such as adenoviral vectors [78]. The death of Jesse
Gelsinger in 1999 during a gene therapy clinical trial for or-
nithine trans-carbamylase (OTC) deficiency [79], however,
raised significant concerns about the safety of gene therapy
with an adenoviral vector [80]. England et al., however, re-
ported in 1990 a patient with very mild muscular dystrophy
with a deletion of exons 17 to 48 [81]. This patient was still
ambulatory at age 61, despite missing more than 46% of the
protein sequence, illustrating that very mild phenotypes may
be possible even with very large deletions of the dystrophin
gene. After 1999, the gene therapy strategy for Duchenne
shifted to optimizing miniaturized versions of dystrophin, of-
ten nicknamed Bminidystrophins^ or Bmicrodystrophins^ that
would be small enough to be packaged in an adeno-associated
virus (AAV), which has a payload capacity of ~ 5 kb [82].
Over the past 16 years, the preclinical and clinical investiga-
tional experience with AAVs has grown to provide a better
understanding of the safety profile of these viruses. This ex-
perience has opened the door to a number of gene therapy
strategies for various genetic diseases, including the micro/
minidystrophin gene delivery programs for DMD.

Currently, there are 3 gene therapy programs for DMD that
are actively enrolling. All utilize a muscle-specific promoter
that is driving expression of different micro/minidystrophins
(Fig. 2). The Sarepta program uses an AAVrh74 capsid with
an MHCK7 promoter [83, 84]. SGT-001 (Solid Biosciences -
Cambridge, MA) is an AAV9 capsid with a CK8 promoter
driving microdystrophin expression [85, 86]. PF-06939936

(Pfizer - New York, NY) also uses an AAV9 capsid with a
muscle-specific promoter that Pfizer has not publicly disclosed
[87, 88]. All 3 programs began dosing in 2018. Although there
has been much interest in gene therapy in recent years, patients
with immunity to the AAV vector would not be candidates for
gene therapy. Some investigators have raised questions about
plasmapheresis and other measures to attenuate immunity to the
AAV vector, but the author of this review is not aware of any
formal protocols under development.

Although the gene therapy strategies are designed to restore
an optimized micro/minidystrophin protein, the protein
expressed is still not the full dystrophin protein and thus would
still be considered an imperfect protein. Thus, with treatment,
even in the most optimistic scenario, we would still expect
some progression of the disease over time, although the pro-
gression would presumably be dramatically slowed by this
treatment. Another issue that may arise with the gene therapy
strategy is the question of durability. Since the genome of AAVs
generally does not integrate into the host genome [89], the
micro/minidystrophin transgene would persist in host cells as
episome and would not be replicated during mitosis. Thus, in
any tissue with cell division or turnover (e.g., mildly dystrophic
muscle), the transgene may eventually become Bdiluted^ or
lost. Since dosing would result in immunity to the AAV vector,
redosing with gene therapy would not be possible unless pro-
tocols that avoid the host immune system are available.
Alternatively, some have raised the possibility of the rare oc-
currence of AAV vector integration [90]; if this happens at any
significant frequency, it would raise the concern of altering the
expression of endogenous, chromosomal genes.

Conclusion

Dystrophin-restoring therapies have become an important
strategy in the treatment of DMD. Synthetic antisense
oligonucleotide-mediated exon skipping continues to be a

Fig. 2 The 3 AAV micro/minidystrophin agents currently under investi-
gation. A Sarepta/Nationwide’s agent uses an AAVrh74 capsid, with
MHCK7 promoter [84]. B SGT-001 uses an AAV9 capsid, with CK8
promoter [86]. C PF-06939926 uses an AAV9 capsid, with a muscle-

specific promoter that has not been publicly disclosed at the time of this
review [88]. N-term =N terminal domain, R# = spectrin repeat number,
H# = hinge number, CR = cysteine-rich domain
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significant strategy, with newer and possibly more pharmaco-
dynamically favorable chemistries under investigation. The
latest development to enter clinical trials is gene replacement
therapy with micro/minidystrophin. Although there is great
interest in this therapy, there are still questions regarding im-
munity, host integration, and durability of these therapies.
Even in the most optimistic scenarios, however, dystrophin-
restoring therapies will still exhibit some disease progression.
Other strategies for treating DMD are also under investigation,
including anti-inflammatory mechanism, promoting muscle
growth and regeneration, and anti-fibrotic mechanisms.
These strategies remain important as they will likely remain
complementary treatments to any dystrophin-restoring
therapies.

With validated outcome measures for ambulatory DMD
patients, we are now able to test new treatments in well-
designed clinical trials, and the number of studies has grown
significantly over the past 10 years. The growth in the number
of clinical trials, however, has created a relative shortage of
potential research subjects that are still ambulatory and able to
participate in these studies. Outcome measures for younger
patients as well as older, nonambulatory patients are also be-
ing developed and validated to help broaden the spectrum of
DMD patients that can be studied.

Required Author Forms Disclosure forms provided by the au-
thors are available with the online version of this article.
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