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Abstract

Introduction/Aims: Facioscapulohumeral muscular dystrophy (FSHD) is a slowly pro-

gressive muscular dystrophy without approved therapies. In this study we evaluated

whether locally acting ACE-083 could safely increase muscle volume and improve

functional outcomes in adults with FSHD.

Methods: Participants were at least 18 years old and had FSHD1/FSHD2. Part 1 was

open label, ascending dose, assessing safety and tolerability (primary objective). Part

2 was randomized, double-blind for 6 months, evaluating ACE-083240 mg/muscle vs

placebo injected bilaterally every 3 weeks in the biceps brachii (BB) or tibialis anterior

(TA) muscles, followed by 6 months of open label. Magnetic resonance imaging mea-

sures included total muscle volume (TMV; primary objective), fat fraction (FF), and

contractile muscle volume (CMV). Functional measures included 6-minute walk test,

10-meter walk/run, and 4-stair climb (TA group), and performance of upper limb

midlevel/elbow score (BB group). Strength, patient-reported outcomes (PROs), and

safety were also evaluated.

Results: Parts 1 and 2 enrolled 37 and 58 participants, respectively. Among 55 partici-

pants evaluable in Part 2, the least-squares mean (90% confidence interval, analysis

of covariance) treatment difference for TMV was 16.4% (9.8%-23.0%) in the BB

group (P < .0001) and 9.5% (3.2%-15.9%) in the TA group (P = .01). CMV increased

significantly in the BB and TA groups and FF decreased in the TA group. There were

no consistent improvements in functional or PRO measures in either group. The most

common adverse events were mild or moderate injection-site reactions.

Discussion: Significant increases in TMV with ACE-083 vs placebo did not result in

consistent functional or PRO improvements with up to 12 months of treatment.

K E YWORD S

facioscapulohumeral muscular dystrophy, FSHD, randomized, controlled trial

1 | INTRODUCTION

Facioscapulohumeral muscular dystrophy (FSHD) is a common form

of muscular dystrophy, characterized by slowly progressive and asym-

metric weakness in muscles of the face, shoulder, upper arm, lower

leg, and trunk.1,2 In FSHD, epigenetic derepression of the transcrip-

tion factor DUX4 causes a toxic gain of function, occurring in two

genetically distinct but clinically similar forms: FSHD1 and FSHD2.1,2

There is currently no approved therapy for FSHD,3-5 but potential

treatments include modalities to increase muscle volume and strength,

such as myostatin inhibition.1,6

ACE-083 is a recombinant fusion protein composed of modified

human follistatin linked to the human immunoglobulin G2 Fc domain that

functions as a ligand trap for the transforming growth factor (TGF)-β

superfamily, particularly activins and myostatin, which inhibit skeletal

muscle growth and regeneration.7 In animal models, ACE-083 caused
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localized muscle hypertrophy and improved function.8 In a phase 1 study,

locally injected ACE-083 increased muscle volume in healthy volunteers,

was generally well tolerated, and was largely undetectable in serum.7

The aim of this study was to evaluate safety, tolerability, and effi-

cacy of ACE-083 in participants with FSHD.

2 | 2 METHODS

2.1 | Study design

In this study we evaluated participants from November 22, 2016, to Octo-

ber 9, 2019, at 26 sites in the United States, Canada, and Spain (Figure 1).

Part 1 was an open-label, uncontrolled, dose-escalation study

(3 months) evaluating multiple ascending doses of ACE-083 injected

into the biceps brachii (BB) or tibialis anterior (TA) muscle, unilaterally

or bilaterally. Part 2 was a randomized, double-blind, placebo-

controlled study (6 months) followed by a 6-month open-label period

to evaluate ACE-083 vs placebo injected bilaterally into either the BB

or TA muscle. Participants who completed this study were eligible to

enroll into a long-term open-label extension (OLE) study of ACE-083

(ClinicalTrials.gov identifier NCT03943290). Part 2 and the OLE study

were terminated early because treatment with ACE-083 did not

achieve secondary endpoints measuring function and patient-reported

outcomes (PROs) at the time of the planned analysis of primary and

secondary endpoints at the end of the 6-month placebo-controlled

period.

2.2 | Standard protocol approvals, registrations,
and patient consent

This study received institutional review board approval for all sites.

Each participant provided informed consent. This study was registered

on ClinicalTrials.gov (NCT02927080).

2.2.1 | Participants

Study participants were at least 18 years of age with genetically con-

firmed FSHD1 or FSHD2 (or had a first-degree relative with

genetically confirmed FSHD1 or FSHD2). Participants in Part 1 were

not eligible for inclusion in Part 2.

In Part 1, participants in the BB cohorts had left and/or right elbow

flexion strength of Medical Research Council manual muscle testing (MRC-

MMT) grade 3 to 4+, inclusive; the contralateral, untreated side could be

any MRC-MMT grade. Participants in the TA cohorts were required to

have 6-minute walk distances (6MWDs) of at least 150 meters (without

braces) and left and/or right ankle dorsiflexion strength of MRC-MMT

grade 3 to 4+, inclusive. In TA cohorts treated unilaterally, the contralateral

side could have been MRC-MMT grades 3 to 5. In Part 2, both left and

right elbow flexion strength (for the BB group) and both left and right ankle

dorsiflexion strength (for the TA group) MRC-MMT grades must have been

3 to 4+, inclusive. In Part 2, each participant in the TA group had to have a

6MWD of at least 150 meters and less than 500 meters.

Exclusion criteria included serious comorbid health conditions,

pregnancy, increased risk of bleeding, recent major surgery, or taking

chronic systemic corticosteroids, androgens, or growth hormone. Par-

ticipants were asked to maintain their current level of physical activity

during the study and not add additional exercise.

2.3 | Treatment

Using electromyography (EMG) or ultrasound guidance, each dose of

the study drug was administered into the nontendinous portion of the

BB or TA as up to five equal-volume injections in the same location at

each dosing visit.

In Part 1, ACE-083 was administered in the BB cohorts unilater-

ally at 150, 200, or 240 mg per muscle. In the TA cohorts, ACE-083

was administered unilaterally at 150 or 200 mg per muscle or bilater-

ally at 200 mg per muscle. ACE-083 was administered every 3 weeks

for up to 5 doses (≈3 months).

In the double-blind period of Part 2, participants were assigned to

the BB or TA groups based on inclusion criteria and the investigator's

discretion. Participants were randomized 1:1 to ACE-083 or placebo

with interactive response technology (IRT) and stratified by muscle

(BB or TA) and MRC-MMT grade category (mild, 3 to 4�; moderate,

4� to 4+ on the weaker side). Participants with MRC-MMT grade 4�

were randomly assigned to either the mild or moderate MRC-MMT

strength category via IRT. ACE-083 240 mg per muscle or placebo

was administered bilaterally in the BB or TA every 3 weeks for

F IGURE 1 Study design (Parts 1 and 2). Abbreviations: BB, biceps brachii; TA, tibialis anterior.
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27 weeks (nine doses). Only the pharmacist who prepared the study

drug, a clinical monitor designated by the sponsor, and the analytical

laboratory were unblinded to treatment assignments. All participants

who continued to the open-label period received ACE-083 240 mg

per muscle bilaterally every 3 weeks for 24 weeks (eight doses).

2.4 | Outcome measures

The primary objective of Part 1 was to evaluate safety and tolerability,

and, for Part 2, to assess the increase from baseline in total muscle

volume (TMV) by magnetic resonance imaging (MRI). Secondary end-

points for strength, motor function, and PROs are summarized in what

follows.

2.4.1 | MRI measures

Bilateral MRI scans of the injected muscles (BB or TA) were obtained

(including contralateral muscle in participants treated unilaterally in Part

1), and muscle volumes and fat fraction (FF) were determined for the

entire muscle. TMV was measured as the sum of voxels identified as

either muscle or intramuscular fat. FF was measured as the amount of fat

in each voxel using the two-point Dixon scan, averaged across the entire

muscle. Contractile muscle volume (CMV) was calculated as: TMV �
(contractile muscle fraction [CMF] / 100), where CMF= 100 � FF.

2.4.2 | Motor function, PRO, and strength

The motor function test for the BB group was the performance of

upper limb (PUL) midlevel/elbow dimension score, which includes nine

assessments of upper limb motor function.9 Motor function tests for

the TA group included the 6-minute walk test (6MWT),10 10-meter

walk/run (10 mW/R), and 4-stair climb.11

The FSHD-Health Index (FSHD-HI)12,13 assessed disease impact

in the BB and TA groups across 14 separate subdomains with a score

ranging from 0 to 100, with higher values indicating increased disease

impact.

Strength assessments included elbow flexion (BB group) and

ankle dorsiflexion (TA group) measured by handheld dynamometry

(microFET; Hoggan Scientific, LLC, Salt Lake City, UT) as maximum

voluntary isometric contraction (MVIC) and by MRC-MMT grade in

Part 2.14 In both groups, MVIC was the maximum force from three

measurements.

2.4.3 | Safety

Safety assessments included treatment-emergent adverse events

(TEAEs), injection-site reactions (ISRs), concomitant medications,

physical examinations, vital signs, and clinical laboratory tests (hema-

tology, chemistry, urinalysis, antidrug antibodies [ADAs], confirmed as

anti–ACE-083 or anti-follistatin [FST315]). Related TEAEs were

assessed by the investigator for relationship to study drug; events

with missing assessments were assumed to be probably related.

In the dose-escalation period of Part 1, participant safety was

reviewed by a safety review team, comprising a principal investigator,

medical monitor, and independent neuromuscular specialist, before

initiating the next-higher-dose cohort. In Part 2, safety review team

meetings were held every 3 to 6 months.

2.5 | Statistical analysis

Analysis was performed using SAS version 9.4 or higher (SAS Institute,

Inc, Cary, NC) and R (R Foundation for Statistical Computing, Vienna,

Austria). There was no formal sample size calculation for Part 1. A

10% difference between the ACE-083 and placebo groups in percent

change in TMV was used to power Part 2 based on clinical experience

in Part 1 and expert opinion regarding a potentially meaningful magni-

tude of change. Assuming a two-sided type I error rate of 0.10 (one-

sided, 0.05), a 10% difference in percent change from baseline in TMV

between treatment groups, a standard deviation of 9% for each group

(estimated from Part 1), and 1:1 randomization, 83% power was

achieved with a total sample size of 24 for each muscle (12 active,

12 placebo) based on a standard t test. To account for dropouts (up to

15%), 28 participants were planned to be randomized to study treat-

ment for each muscle (14 active, 14 placebo) to ensure at least 12 par-

ticipants per treatment group would complete the double-blind

period.

Efficacy outcomes were analyzed in all participants receiving at

least one dose of study drug without major protocol violations (per

protocol set). The analysis set for safety data included all recipients of

at least one dose of study drug.

Descriptive statistics were calculated for continuous variables;

frequency counts were tabulated for categorical variables. Study drug

exposure was reported based on the number of treatment cycles and

participants with dose delay or reduction. Safety and tolerability were

assessed by the frequency and nature of adverse events.

In Part 2, mean (standard error of the mean [SEM]) changes in

efficacy measures from baseline were plotted by scheduled day. For

MRI and MVIC data, changes from baseline were determined for the

left and right sides and averaged for a single value for each time-point.

For selected efficacy variables, analysis of covariance (ANCOVA)

models were fitted to changes from baseline at day 190 (double-blind

period), from which least-squares (LS) mean differences and SEM for

treatment effects were determined.

For MRI data, covariates in the ANCOVA model included muscle

(BB or TA), treatment (ACE-083 or placebo), baseline value, MRC-

MMT grade category (mild or moderate), muscle-by-treatment inter-

action, and baseline-by-muscle interaction. For MVIC data, covariates

included treatment, baseline value, and MRC-MMT grade category.

For the BB functional endpoint, covariates in the ANCOVA model

included treatment, baseline value, and MRC-MMT grade category.

For the TA functional endpoints, covariates included treatment,
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baseline value, MRC-MMT grade category, and height (only for

6MWD and 10 mW/R). For FSHD-HI data, covariates included mus-

cle, baseline value, treatment, MRC-MMT grade category, and

muscle-by-treatment interaction.

Hypothesis testing for treatment effect was performed at the

two-sided 0.10 significance level, and the corresponding 90% confi-

dence interval for treatment effect was provided. Standard multiple

imputations were performed for missing data, and there were no

planned adjustments for multiplicity.

3 | RESULTS

3.1 | Participant disposition and results (Part 1)

In Part 1, 19 participants were treated with ACE-083 in the BB

cohorts and 18 were treated in the TA cohorts (Figure 1). Eighteen

participants (94.7%) in the BB cohorts and 17 (94.4%) in the TA

cohorts completed the planned treatment per protocol. One partici-

pant in the BB cohorts and one participant in the TA cohort discon-

tinued treatment (both ACE-083200 mg unilateral) prematurely. The

reasons for discontinuation were patient request and an adverse

event of muscle swelling, respectively.

Baseline characteristics for participants treated in Part 1 are pres-

ented in Table 1. In the BB cohorts, participants in the cohort given

240 mg per muscle had lower median age, body mass index, and BB

muscle volume than the other BB cohorts.

Increases in TMV were seen in all groups, with changes of greater

than 15% observed at ACE-083 doses of 200 to 240 mg per muscle.

FF decreased from baseline with ACE-083 in each of the TA groups,

but changed minimally in the BB groups.

In the BB groups, the PUL midlevel elbow dimension score did

not demonstrate consistent mean changes; decreases (improve-

ments) in FSHD-HI mean scores were more apparent in the two

higher dose groups. In the TA group, 6MWD and 10 mW/R

increased from baseline with treatment, but without evidence of a

dose response.

Based on safety and tolerability of ACE-083 at all tested doses

and MRI findings, investigators believed longer treatment with the

highest tested dose (240 mg per muscle bilaterally) provided the best

likelihood of improving strength and function in Part 2.

3.2 | Participant disposition and baseline
characteristics (Part 2)

Participant disposition for Part 2 is presented in Figure 2. Baseline

characteristics for Part 2 were similar between muscle and treatment

groups (Table 2). There was a predominance of males in the BB group,

but not in the TA group. Most participants had FSHD1 and a D4Z4

fragment size of at least 19 kb, and approximately half of the partici-

pants had symptoms for at least 20 years. Differences were observed

for median muscle mass (smaller) and FF (greater) in the BB ACE-083

group compared with the BB placebo group.

During the double-blind period, all participants received nine

treatment administrations, except for five who discontinued early:

two participants in each placebo group, four in the BB ACE-083

group, and eight in the TA ACE-083 group had dose delay or reduc-

tion. During the open-label period, participants received a median of

eight administrations in both the BB (range of three to eight) and TA

(range of one to eight) groups. Eight and 13 participants had a dose

delay or reduction during the open-label period in the BB and TA

groups, respectively.

3.3 | Imaging primary and secondary endpoints
(Part 2)

For the primary endpoint of TMV measured by MRI, LS mean percent-

age change from baseline to day 190 in the BB group was 16.4%

greater with ACE-083 vs placebo (P < .0001; Table 3). In the TA

group, this difference was 9.5% (P = .01; Table 2). Changes in TMV

with ACE-083 treatment in the BB group remained relatively stable

through day 295 (Figure 3A). In the TA group, increases in TMV from

baseline observed with ACE-083 during the double-blind period

appeared to wane with extended treatment (Figure 3B).

The treatment difference in LS mean CMV from baseline to day

190 with ACE-083 vs placebo was statistically significant in both the

TA and BB groups; however, reductions in FF favoring ACE-083 were

only statistically significant in the TA group (Table 3), similar to obser-

vations in Part 1.

3.4 | Function, PRO, and strength secondary
endpoints (Part 2)

In the BB group, the change in PUL midlevel domain score from base-

line to day 190 was greater with ACE-083 vs placebo (Table 3), but

was not uniformly so throughout the double-blind or open-label treat-

ment periods (Figure 3C). In the TA group, there were no statistically

significant differences (Table 3) in functional tests (6MWT, 10 mW/R,

and 4-stair climb) between patients treated with ACE-083 or placebo

in the double-blind period, nor were there consistent trends

suggesting improvement with up to 12 months of treatment

(Figure 3D,E, and data not shown).

For the PRO measure, FSHD-HI, there were no statistically

significant differences between treatment groups in LS mean

change from baseline to day 190 in total score (Appendix

Table S1). In the BB group, improvement (decreased score) was

observed with ACE-083 in change from baseline in FSHD-HI

arm/shoulder subscale score over 12 months but not in total

score (Figure 4). Post hoc subgroup analyses suggested a more

significant decrease in the FSHD-HI arm/shoulder subscale score

in the more mildly affected BB subgroups (ie, baseline elbow
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flexion MRC-MMT grade 4 to 4+ or baseline FF less than the

median; data not shown).

For quantitative muscle strength testing in the BB group, the dif-

ference in percent change from baseline to day 190 in elbow flexion

MVIC for participants treated with ACE-083 vs placebo was statisti-

cally significant (Table 3); however, this improvement was not

observed at other time-points during 12 months of treatment. No

improvement in strength measurements was observed with ACE-083

in the TA group (Table 3). There was no improvement in strength

measurements after switching from placebo to active drug in either

muscle group.

3.5 | Safety and tolerability (Parts 1 and 2)

Across Parts 1 and 2, the most common TEAEs possibly or probably

related to study drug were ISRs and myalgia (Appendix Table S2). These

side effects were generally mild to moderate and of short duration.

Among ISRs during the double-blind period, erythema (in the TA group),

discomfort, swelling, pruritus, and warmth were more common with

ACE-083 than with placebo. Myalgia and peripheral or joint swelling

were also more common with ACE-083.

In Part 1, most participants had at least 1 TEAE possibly or proba-

bly related to study drug, with none being serious (Appendix Table S3).

One participant receiving ACE-083200 mg in the TA had myalgia and

muscle swelling leading to dose reduction and drug withdrawal. Both

events were probably related to the study drug and later resolved.

In Part 2 (double-blind and open-label periods), all related TEAEs

were grade ≤2, with none being serious (Appendix Table S3). One par-

ticipant who received ACE-083 in the TA group during the double-

blind period had left foot paresthesia, left partial peroneal nerve axo-

nal injury, and hypoesthesia of the dorsum of the left foot (all grade

2, probably drug-related) that led to dose reduction. The events

resolved with sequelae (progressively improving weakness). One par-

ticipant receiving ACE-083 in the BB had a tingling sensation starting

from the feet (grade 2 paresthesia, probably related) that led to drug

F IGURE 2 CONSORT flow diagram (Part 2). *All randomized participants. †All randomized participants who received at least one dose of
study drug (includes placebo). ‡All participants randomized who received at least one dose of the study drug (including placebo) with no major
protocol violations.

56 STATLAND ET AL.



withdrawal and later resolved. During the open-label period, 2 partici-

pants had unrelated TEAEs (knee swelling, breast carcinoma) that led to

drug interruption and withdrawal of treatment, respectively.

No clinically relevant changes in laboratory measures were

observed during the study, including biomarkers of systemic exposure

to ACE-083 (eg, hemoglobin and serum C-terminal collagen crosslinks).

No new safety signals were observed in the terminated OLE study.

In Part 1, eight participants (21.6%; four in each muscle group)

tested positive for anti–ACE-083 antibodies. During the double-blind

period of Part 2, 11 participants receiving ACE-083 (39.3%; 4 in the

BB, 7 in the TA) and 1 participant receiving placebo (3.3%) had anti–

ACE-083 antibodies. During the open-label period, 17 participants

(32.1%) tested positive for anti–ACE-083 antibodies (7 BB and 10 TA

participants).

4 | DISCUSSION

ACE-083 was safe and well tolerated in participants treated in either

the TA or BB muscles, increased TMV, but had inconsistent effects on

strength, motor function, and PRO in participants with FSHD. Several

reasons may help explain this apparent mismatch between TMV and

other secondary outcomes: (1) this class of drugs increases muscle

volume but may not directly improve strength or function in patients

with muscular dystrophy; (2) the sparsity of available BB and TA out-

come measures could have limited detection of localized functional

effects; (3) the study may have been underpowered for some end-

points to detect drug effect; (4) functional and PRO benefits may take

substantially longer to manifest than changes in muscle composition;

(5) treatment of multiple muscles may be necessary to improve

TABLE 2 Demographics and baseline clinical characteristics (Part 2)

Part 2 (per protocol set)a Biceps brachii Tibialis anterior

Characteristic Placebo (n = 14) ACE-083 (n = 14) Placebo (n = 14) ACE-083 (n = 13)

Age, years 42.5 (21-65) 47.5 (28-68) 43.5 (18-62) 54.0 (31-70)

Sex, n (%)

Male 11 (78.6) 10 (71.4) 7 (50.0) 6 (46.2)

Female 3 (21.4) 4 (28.6) 7 (50.0) 7 (53.8)

Race, n (%)

White 12 (85.7) 12 (85.7) 13 (92.9) 11 (84.6)

Black or African American 1 (7.1) 0 0 1 (7.7)

Asian 0 2 (14.3) 0 1 (7.7)

Other 1 (7.1) 0 1 (7.1) 0

Hispanic ethnicity, n (%) 0 0 1 (7.1) 0

Body mass index, kg/m2 23.5 (12.0-27.9) 23.96 (19.1-35.0) 25.73 (15.6-51.2) 23.80 (19.7-28.9)

FSHD disease type, n (%)

FSHD1 13 (92.9) 14 (100) 12 (85.7) 11 (84.6)

FSHD2 1 (7.1) 0 2 (14.3) 2 (15.4)

D4Z4 fragment size, kb

Available for analysis, n 13 14 12 11

≤18 (1-3 repeats), n (%) 3 (23.1) 4 (28.6) 3 (25.0) 1 (9.1)

19-28 (46 repeats), n (%) 7 (53.8) 8 (57.1) 6 (50.0) 7 (63.6)

>28 (>6 repeats), n (%) 3 (23.1) 2 (14.3) 3 (25.0) 3 (27.3)

Duration since onset of

symptoms, years

20.5 (5-50) 21.5 (4-42) 19.5 (2-44) 24.0 (4-62)

Strength, MMT, n (%)

Mild 5 (35.7) 5 (35.7) 7 (50.0) 5 (38.5)

Moderate 9 (64.3) 9 (64.3) 7 (50.0) 8 (61.5)

Total muscle volume, mm3 97,630 (17,058-227,630)b 83,722 (31,393-211,187) 75,747 (21,620-202,728) 83,718 (50,123-125,442)

Contractile muscle volume, mm3 76,199 (5494-200,809)b 48,475 (14,108-207,653) 57,080 (9803-189,487) 69,152 (20,654-91,717)

Fat fraction, % 13.7 (5.2-87.5)b 28.2 (1.7-73.9) 21.7 (2.9-69.3) 26.2 (8.3-74.6)

Note: Continuous data are presented as median (minimum-maximum).

Abbreviations: D4Z4, region with repeated segments on chromosome 4 that regulates expression of DUX4 gene; FSHD, facioscapulohumeral muscular

dystrophy; MMT, manual muscle testing.
aAll participants randomized who received at least one dose of the study drug (including placebo) with no major protocol violations.
bn = 13.
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complex motor function; and/or (6) functional and strength improve-

ments may require another intervention (notably, exercise) in addition

to the pharmacological treatment.

ACE-083, a molecule based on the naturally occurring ligand trap

follistatin, was evaluated because it binds both growth differentiation

factors and activins.7 Furthermore, ACE-083 was designed to be

delivered and to act locally due to suspected higher concentration of

ligands in tissue compared with the circulation.15 Indeed, ACE-083

treatment achieved relatively large mean changes (≈10% to 15%) in

TMV (in the targeted muscle) compared with smaller changes (≈5%)

observed more widely in studies of systemic myostatin inhibitors.16,17

It was also found to lack some of the adverse effects observed in clini-

cal trials of systemic myostatin inhibitors.18

Quantitative MRI has been used to assess changes in muscle vol-

ume and composition in FSHD.19-22 In a previous natural history study

of 45 individuals with FSHD that described progression of MRI

parameters over 1 year, changes by MRI correlated with certain func-

tional outcome measures.19 Most other studies have suggested that

early changes in FF may predict later changes in functional measures,

but the size of the change and timing are not known.19-22

The BB and TA muscles were chosen for treatment and analysis

because impairments in shoulders and upper arms, as well as difficul-

ties with mobility and walking due in part to foot drop, have the

greatest impact on the lives of patients with FSHD.12 The outcome

measure that may be anticipated to change first would be isolated

motor strength. At the prespecified 6-month time-point, MVIC

strength in the BB, but not TA, appeared to improve. However, the

strength data were highly variable. Furthermore, the improvement did

not appear to be maintained throughout the 12 months of ACE-083

treatment and was not observed in the placebo group when it was

switched to ACE-083 in the open-label period.

When considering function, it was unknown at the time of study

design whether targeting a single muscle (eg, the TA) would affect

outcomes such as 6MWT, 10 mW/R, or 4-stair climb, which may

depend on the interplay of multiple muscle groups that are affected in

FSHD.23,24 In addition, a learning effect for several motor function

tests, particularly the 6MWD in the TA group, is suspected because

increases in mean 6MWD were observed regardless of treatment

assignment. Modeling of these data suggests that in this patient set,

“improvements” independent of intervention are observed primarily

during the first three or four test performances, which may support a

longer run-in period and an appropriate control arm for future studies.

The FSHD-HI, on the other hand, did not show a learning effect.

The FSHD-HI is a disease-specific PRO instrument designed to match

patient-reported disease areas of high prevalence and health

impact3,13; however, the total score and subscores are not tailored to

detect effects of TA or BB function. Nonetheless, the trend for

improvement in the BB group in FSHD-HI arm/shoulder subscale

score with extended treatment raises the possibility that prolonged

therapy of the biceps muscle may have led to more demonstrable

changes in PRO if supported by continued trends in strength and

function.

TABLE 3 LS mean (SEM) change in key outcome parameters to day 190 (Part 2, per protocol set, double-blind period)

LS mean (SEM) Difference (ACE-083 � placebo)

Biceps brachii Placebo (n = 14) ACE-083 (n = 14) LS mean (SEM) 90% CI P value

Percent change in TMV 2.7 (2.81) 19.1 (2.82) 16.4 (4.03) 9.8 to 23.0 <.0001

Percent change in CMV 2.6 (5.16) 25.8 (5.45) 23.3 (7.59) 10.8 to 35.8 .002

Absolute change in FF, % 1.0 (0.96) �0.22 (0.98) �1.3 (1.36) �3.5 to 1.0 .36

Percent change in PUL midlevel domain score �1.2 (1.2) 1.7 (1.2) 2.9 (1.7) 0.1 to 5.7 .09

Percent change in elbow flexion MVIC �3.54 (10.00) 32.58 (10.44)a 36.12 (14.18) 11.78 to 60.46 .02

Percent change in elbow flexion MRC-MMT decimal score 0.20 (1.62) �2.48 (1.75) �2.68 (2.39) �6.77 to 1.41 .27

Tibialis anterior Placebo (n = 14) ACE-083 (n = 13) LS mean (SEM) 90% CI P value

Percent change in TMV 4.3 (2.72) 13.8 (2.85) 9.5 (3.88) 3.2 to 15.9 .01

Percent change in CMV 5.6 (4.89) 24.0 (5.24) 18.4 (7.01) 6.9 to 30.0 .009

Absolute change in FF, % �0.32 (0.89) �3.1 (0.95) �2.7 (1.30) �4.9 to �0.6 .04

Percent change in 6MWD 8.6 (2.76) 3.3 (2.94) �5.3 (4.07) �12.0 to 1.4 .20

Percent change in 10 mW/R time �8.6 (3.35) �3.9 (3.59) 4.7 (4.97) �3.5 to 12.9 .35

Percent change in 4-stair ascend time �5.2 (4.07) �4.8 (4.32) 0.45 (6.03) �9.5 to 10.4 .94

Percent change in ankle dorsiflexion MVIC 8.72 (7.76) �5.82 (8.37)a �14.54 (11.50) �34.29 to 5.20 .22

Percent change in ankle dorsiflexion MRC-MMT decimal

score

1.97 (2.15) 2.84 (2.32) 0.88 (3.17) �4.56 to 6.31 .78

Abbreviations: 6MWD, 6-minute walk distance; 10 mW/R, 10-meter walk/run; CI, confidence interval; CMV, contractile muscle volume; FF, fat fraction;

FSHD, facioscapulohumeral muscular dystrophy; LS, least squares; MRC-MMT, Medical Research Council manual muscle testing; MVIC, maximum

voluntary isometric contraction; PUL, performance of the upper limb test; SEM, standard error of the mean; TMV, total muscle volume.
an = 12.
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This study has limitations. In Part 1, even the lowest dose levels

increased muscle volume compared with the untreated side; the lack of

dose response for secondary endpoints could not be easily interpreted

at the time because of the muscle volume response at all dose levels.

F IGURE 3 Mean ± SEM change from baseline in TMV and functional endpoints. A, TMV in the biceps brachii group. B, TMV in the tibialis
anterior group. C, PUL midlevel domain score in the biceps brachii group. D, 6MWD in the tibialis anterior group. E, 10 mW/R in the tibialis
anterior group (Part 2, per protocol set). Abbreviations: 6MWD, 6-minute walk distance; 10 mW/R, 10-meter walk/run; BSL, baseline; PUL,
performance of the upper limb; SEM, standard error of the mean; TMV, total muscle volume.
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Although investigators chose to power Part 2 for a 10% difference

between groups in TMV, which was believed to be outside a change

due to chance and consistent with Part 1 findings, it was underpowered

to detect changes in strength measurements and may have been under-

powered to detect early changes in other functional and PRO parame-

ters. In addition, Part 2 was designed to detect improvements in muscle

strength and function with ACE-083 treatment rather than changes to

the rate or course of FSHD progression. A study with extended dura-

tion and potentially greater numbers of participants likely would be

needed to detect such changes to the natural history of this slowly and

asymmetrically progressing muscular dystrophy.

Data from this study may inform the design of future clinical

trials in muscle diseases. Myostatin inhibition has been explored as

a potential treatment in neuromuscular diseases, including other

types of muscular dystrophy, peripheral neuropathies, sarcopenia,

cachexia, and other muscle-wasting disorders.6,18,25-32 In the

future, a role may exist for local targeting of muscles within the

context of systemic therapy, with more sensitive outcome mea-

sures, with additional interventions (eg, exercise), and/or with lon-

ger treatment duration.

This study demonstrated statistically significant increases in TMV

with local injection of ACE-083 vs placebo; however, increased TMV

and CMV and decreased FF did not translate to consistent improve-

ment in function, strength, or PRO. Based on results of this Phase

2 study, the ACE-083 development program for treatment of FSHD

was discontinued.
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