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There are many therapeutic targets for DMD



Immune-mediated pathology in DMD:
Initiation of inflammation in dystrophic muscle by the innate immune system and 

perpetuation of inflammation and muscle damage by the adaptive immune system  

Figure 1. A.S. Rosenberg, J Woodcock et al., Sci Transl Med 2015;7:299rv4

Dystrophin-deficient muscle cells are susceptible to 

contraction-induced injury. Released muscle proteins may 

serve as neoantigens 

Engagement on skeletal muscle cells and macrophages 

triggers innate immune activation and a chronic 

inflammatory response. 

Concomitantly, MHC presentation of peptides derived from 

muscle antigens initiate an adaptive immune response.

Cytokines and chemokines attract and activate additional 

infiltrating immune cells including neutrophils and antigen 

presenting cells (APCs), such as M1 macrophages and 

dendritic cells. 

The APCs, in turn, activate recruited lymphocytes (CD4+ and 

CD8+ T cells), leading to propagation of adaptive immune 

responses (TH1, TH2), which are dampened by Tregs.  

The balance between TH1 and theTH2 creates a regulatory 

feedback mechanism that leads to activation of M1 or M2 

macrophages, which affects severity of muscle inflammation 

or efficiency of muscle regeneration, respectively.
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Development Pipeline: Targeting Inflammation



Corticosteroids



Interventions: steroids 

• Benefits of long-term steroid 
therapy

- Loss of ambulation at a later age

- Preserved upper limb and lung 
function

- Avoidance of scoliosis surgery.

- Prolongation of ambulation:
- Mean 10·0 years with <1 yr steroids

- Mean of 11·2 years with daily PNL 

- Mean of 13·9 years with daily DFZ

- In 2 studies: weekend-only dosing of 
PNL has shown equal efficacy to daily 



Optimal steroid regimens are still not defined 



Optimal steroid regimens are still not defined 



Corticosteroids – High dose weekend dosing



Steroidal agents 

• Glucocorticoids complicated

• Many different activities (level)
• Sleep cycles

• Stress response

• Immune modulation

• Hormonal regulation of all steroids

• Need to understand these levels

• Peel away layers

• Keep/enhance aspects of efficacy

• Reduce/remove aspects of safety
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Revergen – Vamorolone



VISION-DMD
(Vamorolone (VBP15) an Innovative Steroid-like Intervention in DMD)

• Venture philanthropy model 

• Program made possible by collaborative approach of chemist, academic 
experts, government funding, parent foundations

• Vamorolone is a new drug modeled on steroids 

• Special properties: the good layers of the onion

• Efficacy: blocks inflammation

• Efficacy: stabilizes the muscle fiber membrane

• Safety: Potential for fewer side effects (loss of transactivation and 
mineralocorticoid receptor antagonist instead of agonist)
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c11-carbonyl of Pred

Vamorolone – a Novel Anti-inflammatory Drug
Not a corticosteroid
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Glucocorticoid Receptors:
• Retains transrepression activity (anti-inflammatory)
• Loss of transactivation (metabolic side effects)

Mineralocorticoid Receptor:
• Becomes antagonist (opposite of prednisone)



2016 2017 2018 2019 2020 2021
Q1    Q2    Q3   Q4   Q1    Q2    Q3    Q4   Q1    Q2   Q3   Q4   Q1    Q2    Q3    Q4   Q1    Q2    Q3   Q4   Q1    Q2    Q3 Q4    

4-7 years
Steroid 
naïve
N= 48 boys

4-7 years
Steroid 
naïve
N= 120 boys

2-4 years
7-18 years
N=40 boys

Safety study

>130 patient years high dose

Phase 2a Long term (VBP15-LTE)

Phase 2a Extension (VBP15-003)

Phase 2a (VBP15-002)

Expanded Access

Expanded AccessPhase 2b (VBP15-004)

VBP15-006: Safety and Dosing in boys ages 2-4 
years, and 7-17 years (N=40 boys)

• Study Chairs:  Paula Clemens - Pittsburgh, Michela Guglieri – Newcastle University
• Cooperative International Neuromuscular Research Group (CINRG)
• TRiNDS LLC – CRO running trials





TTSTAND velocity at 6 months: in the VBP15-003 study, 
participants in the high dose groups rose faster on average

Hoffman, et al. Neurology 2019.

• All outcomes improve 
over 6 months 
treatment

• Published



1.5 years treatment

Efficacy; Safety
• After 6-months treatment
• All DMD boys, families, physicians wished to remain on vamorolone

• not transition to deflazacort, prednisone

• All patients treated with either 2.0 or 6.0 mg/kg/day
• 43 patients completing 2.5 years treatment – April 2020



DMD boys treated 1.5 years 
• 2.0 or 6.0 mg/kg/day

• Continued improvements in all 
outcomes
• 10 meters p<0.0001
• 4 stairs p=0.001
• Time to Stand p=0.01
• 6MWT p=0.001
• NorthStar p=0.002

• Efficacy similar to corticosteroids

Deflazacort/
Pred-treatedNot 

treated

Vamorolone-treated

~6-mo ~12-mo

18-mo

Deflazacort/
Pred-treatedNot 

treated

Vamorolone-treated

~6-mo ~12-mo

18-mo



N

Age (SD)

Change in height percentile for age, 

baseline to week 52 (95% CI)

VBP15-LTE
Vamorolone

2.0-6.0 mg/kg/day 

for a year

N=27

4.9 (0.9)
+2.69
(+0.03, +5.34)

**these drugs were not compared head to head and cross study comparisons have limitations in their 

interpretation

Griggs 2016

Placebo
N=50

8.5 (3.1)
0

0.9 mg/kg/day 

Deflazacort

N=68

8.8 (2.5)
-11.43
(-15.46, -7.41)

0.75 mg/kg/day 

Prednisone

N=63

8.9 (2.9)
-7.04
(-11.32, -2.76)

Vamorolone does not lead to stunting of growth in DMD boys



Body Mass Index after 18 months:
Subset of vamorolone-treated DMD boys show weight gain



Summary

• All efficacy outcomes show dose-dependent improvements over 6 months (Hoffman et 
al. 2019)

• All efficacy outcomes show improvement after 18 months treatment (2.0, 6.0 mg/kg/day)

• Efficacy of vamorolone similar to corticosteroids in CINRG natural history study (although 
no head-to-head studies yet)
• Biomarker changes argue against a placebo effect (Conklin et al. 2018)

• Objective safety outcomes indicate a benign safety profile 
•No growth stunting, osteocalcin biomarkers different from steroids

•Cushingoid appearance less frequently reported than expected with steroids

•No serious adverse events attributable to the drug, ~70 patient years of high dose drug 
exposure in DMD
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Vamorolone Pivotal Study Design VBP15-004

Screening 
Period 

Treatment Period 1 Treatment Period 2
Transition 

Period 
Tapering 
Period 

Expanded 
Access

W -5 W 0 W 24 W 28 W 52W 48

4 weeks20 weeks4 weeks5 weeks 24 weeks

25% - 2.0 mg/kg vamorolone
25% - 6.0 mg/kg vamorolone
25% - 0.75 mg/kg prednisone
25% - placebo

50% - 2.0 mg/kg vamorolone
50% - 6.0 mg/kg vamorolone

www.clinicaltrials.gov NCT03439670 

http://www.clinicaltrials.gov/


Antisense Therapeutics
ATL1102



25

ATL1102 

WHY ATL1102 FOR DMD?

Pivotal scientific publication confirming CD49d as a potential target for DMD therapy 

• DMD patients with greater number of circulating T cells with high levels of CD49d (CD49dhi) expression 
have both more severe & rapid progression of disease [Pinto-Mariz et al Skeletal Muscle 2015, 5: p45-55] 

• Corticosteriods (CS) appear to have no effect on CD49dhi T cell numbers

• CS treatment does not modulate CD49d expression on T cells in MS 

• Non-ambulant DMD patients have greatest number of CD49d high expressing T cells

- Improved therapies are needed to ameliorate DMD severity & delay disease progression

ATL1102

• ATL1102 is a 2’MOE gapmer antisense oligonucleotide drug to integrin a4 RNA (CD49d alpha subunit 
of VLA-4), an adhesion molecule expressed on most human leukocytes 

• ATL1102 is designed to inhibit CD49d expression on lymphocytes and thereby reduce their survival, 

activation and migration from the blood into sites of inflammation

• ATL1102 is an immunomodulatory antisense drug to human CD49d RNA which has completed a 

successful Phase IIa trial in Multiple Sclerosis (MS) patients [Limmroth V et al Neurology 2014, 11:83 

(20) 1780-8] 
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ATL1102 MCRI Phase II Study Overview  (1102-DMD-CT02)

A Phase 2 open label study to determine the safety, efficacy and pharmacokinetic profile of 
weekly dosing of ATL1102 in patients with non-ambulatory Duchenne Muscular 
Dystrophy. (ACTRN12618000970246)

Primary objective: 
To assess the safety and tolerability of 25 mg of ATL1102 administered once weekly (s.c.

injection) for 24 weeks in non-ambulatory participants with DMD.

Secondary objectives:  To evaluate the:
• lymphocyte-modulatory potential of ATL1102 in participants with DMD

• the primary efficacy endpoint for the study
• PK profile of ATL1102 in participants with DMD
• effects of ATL1102 on functional capacity in participants with DMD

9 participants from a single-centre, open-labelled study conducted at the Murdoch Children’s 
Research Institute (MCRI), Melbourne, Australia  
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ATL1102 MCRI Phase II Study

Safety Overview - Treatment Emergent Adverse Events (TEAEs)

TEAEs (by MedDRA Preferred Term) Reported in ≥ 2 Participants  

SYSTEM ORGAN CLASS

Preferred Term

All

N=9

Participants (%) [Events]

Participants reporting any AEs 9  (100.0%)

GENERAL DISORDERS AND ADMINISTRATION SITE CONDITIONS

Injection site erythema 8  (88.9%)  [57]

Injection site pain 5  (55.6%)  [7]

Injection site swelling 3  (33.3%)  [6]

Pyrexia 3  (33.3%)  [5]

Injection site bruising 4  (44.4%)  [4]

Injection site reaction 2  (22.2%)  [3]

SKIN AND SUBCUTANEOUS TISSUE DISORDERS

Skin discolouration 7  (77.8%)  [8]

GASTROINTESTINAL DISORDERS

Vomiting 2  (22.2%)  [4]

Constipation 2  (22.2%)  [2]

RESPIRATORY, THORACIC AND MEDIASTINAL DISORDERS

Cough 2 (22.2%)  [2]

Nasal congestion 2 (22.2%)  [2]

Oropharyngeal pain 2  (22.2%)  [2]

NERVOUS SYSTEM DISORDERS

Migraine 2  (22.2%)  [2]
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ATL1102 MCRI Phase II Study

Efficacy Parameters – Preliminary Data

Performance of Upper Limb Module for DMD version 2.0 (PUL 2.0 for DMD)

Change from Baseline to 

Week 24

Participant No. PUL 2.0 

01-001 +2

01-002 +2

01-003 0

01-004 +2

01-006 -3

01-008 +7

10-009 0

01-010 0

01-011 -2

Mean Change

(95% CI)

0.9
(-1.33, 3.11)
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ATL1102 MCRI Phase II Study

Efficacy Parameters – Preliminary Data

Myoset Measures – MyoGrip (absolute (kg) and % Predicted by Age)

Change from Baseline to 

Week 24

Participant No.

MyoGrip

(dom) 

(Kg)

MyoGrip

(dom)

(% Pred)

01-001 -0.63 -4.49

01-002 0.22 0.49

01-003 0.68 1.02

01-004 1.09 1.01

01-006 -0.27 0.60

01-008 1.00 1.11

10-009 -0.33 -3.75

01-010 0.05 0.11

01-011 0.11 -1.31

Mean Change

(95% CI)

0.2

(-0.25, 0.67)

-0.7

(-2.33, 0.90)



30

ATL1102 MCRI Phase II Study

Efficacy Parameters – Preliminary Data

Myoset Measures – MyoPinch (absolute (kg) and % Predicted by Age) 

Change from Baseline to 

Week 24

Participant No.
MyoPinch (dom)

(Kg)

MyoPinch (dom)

(% Pred)

01-001 0.03 -0.62

01-002 -0.02 -0.29

01-003 -0.40 -6.59

01-004 0.37 2.99

01-006 0.07 0.94

01-008 0.30 2.77

10-009 -0.22 -4.97

01-010 0.06 0.72

01-011 -0.18 -3.63

Mean Change

(95% CI)

0.0

(-0.18, 0.19)

-1.0

(-3.56, 1.63)
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ATL1102 MCRI Phase II Study 

Summary of Safety and Efficacy Parameters - Preliminary Data

• ATL1102 appears to be generally safe and well tolerated in non-ambulant 
boys with DMD

• ATL1102, a novel antisense drug being developed for the treatment of 
inflammation that exacerbates muscle fibre damage in DMD, appears to be 
demonstrating positive effects on disease progression parameters assessed 
for the study in non-ambulant boys with DMD    

• Increase in shoulder function based on PUL2.0

• Stabilisation of forearm strength based upon Myoset measures

• Promising results support continued development of ATL1102 for the 
treatment of DMD



Tamoxifen



Tamoxifen in DMD



Tamoxifen in DMD

Tamoxifen was found to be well 
tolerated in children and 
adolescents of both genders, 
even at high doses and for 
prolonged use.

Adverse Events: 

• <1% has thrombosis

• 3% increased LFTs

• 2 patients had asymptomatic 
QT prolongation

• transient leukopenia, 
haematuria and rash in <1%. 

• Elevated levels if E2, T, LH, 
SHBG in <2%.



NF-κβ inhibitors



NF-κβ inhibitors

• In DMD, lack of dystrophin and mechanical stress 
activate NF-B in muscles, 

• NF-κB is a central transcription factor responsible 
for modulating immune and inflammatory 
responses. 

• The NF-κB pathway is stimulated by pro-
inflammatory cytokines TNF-α and IL-6., which 
facilitate NF-κB entry into the cell and subsequent 
transcription of genes encoding cytokines and 
other immune response factors 

• Steroids suppress this inflammation but have 
significant side-effects. 

• Possibility that NF-B inhibition might slow disease 
progression. 
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Edasalonexent: Potential to Slow Disease Progression in 
Duchenne Muscular Dystrophy Regardless of Mutation Type

‣ Edasalonexent is an NF-kB inhibitor and is not a steroid

‣ Being developed as a new oral foundational therapy for 

all patients with Duchenne, regardless of mutation type 

‣ Being developed for treatment alone as well as with 

dystrophin-targeted therapies 

‣ In the Phase 2 MoveDMD trial and open-label extension, 

edasalonexent substantially slowed disease progression 

compared to off-treatment control period

‣ Edasalonexent is currently being studied in the ongoing 

Phase 3 PolarisDMD trial 

Edasalonexent is an investigational agent not currently approved in any territory 
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Edasalonexent: Potential for Broad Therapeutic Benefit

Loss of ambulation,

upper limb function, 

respiratory failure 

Skeletal Muscle

Heart

Cardiomyopathy

Fractures

Bone

In DMD, the loss of dystrophin leads to chronic activation of NF-κB, which is a 

key driver of skeletal muscle and cardiac disease progression

Activated NF-κB leads 

to disease 

progression in DMD

Potential  

for edasalonexent, an 

NF-κB inhibitor

Goal: Improve 

skeletal muscle function

Goal: Preserve

cardiac function

Goal: Reduce

risk of fractures 
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Fully Enrolled Phase 3 PolarisDMD Trial Designed for 
Global Registration

‣ Enrolled 131 boys ages 4 to 7 (up to 8th birthday)

– Not on corticosteroids for at least 6 months 
‣ 2:1 randomization, 67% of boys receive drug initially, all boys have the option to receive 

drug after 12 months through GalaxyDMD
‣ Clinical trial site visits and key assessments every 3 months
‣ Safety measures including labs every 3 months
‣ Trial overseen by Data Safety Monitoring Board 
‣ Top-line results expected in Q4 2020 

12-month, randomized, double-blind 

placebo-controlled trial Open-label extension

Edasalonexent 

Placebo

Edasalonexent 100 mg/kg

Clinical Trial Site Visits

Primary Endpoint- NSAA
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Functional Assessments Performed During Clinic Visits

10-meter 

walk/run
4-stair 

climb

Time to rise

from supine

Primary endpoint: North Star 

Ambulatory Assessment

Key secondary endpoints: 

Timed Function Tests
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Additional Assessments Include Growth, Cardiac, 
Bone, and Quality of Life Measures

‣ Growth

– Monitoring height and weight to assess how boys are growing relative 
to their expected growth curve

‣ Heart

– Monitoring with an easy to wear at-home small adhesive device at 
baseline, 6 and 12 months

– Will be analyzed for changes in heart rate as well as heart rate 
variability 

‣ Bone

– X-rays of the spine at baseline and after one year of treatment

– Bone mineral density by DXA at baseline and after one year of 
treatment

Patient Reported Outcomes

– Quality of life questionnaire 
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Phase 3 PolarisDMD Clinical Trial Designed with Input 
from the Duchenne Community 

‣ Designed the trial with input from advocacy organizations, families, 
physicians 
– Understand the burden of clinical trial participation 

‣ NSAA and additional endpoints are measures that reflect every day life
– Standing up from the ground, walking, climbing stairs 
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GalaxyDMD Trial for Boys Receiving Open-Label 
Edasalonexent

‣ The open-label GalaxyDMD trial enrolled boys who had completed the 
MoveDMD trial and their eligible brothers 

‣ After completing the PolarisDMD trial, boys and their eligible brothers also 
have the option to enroll in GalaxyDMD

‣ Primary focus is evaluation of long-term safety in boys 

‣ Site visits are every 6 months

Edasalonexent 100 mg/kg

Placebo

PolarisDMD

Edasalonexent 

Edasalonexent 100 mg/kg

MoveDMD Open-Label Extension
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In the Phase 2 MoveDMD Trial and Open-Label Extension: 

Promising Clinical Trial Results Seen to Date with 
Edasalonexent

45

NF-κB Target 

Engagement

Biomarker 

Improvements

Muscle MRI 

Improvements

Functional 

Improvements

✓ Inhibition of 

NF-κB: changes in 

the activity of 

genes in white 

blood cells that are 

regulated by NF-

kB

✓Decrease in CK 

and biomarkers 

of inflammation

✓Decrease in 

heart rate to 

age-normative 

values

✓ Improvement 

in rate of 

change in MRI 

T2 compared 

with the rate of 

change during 

the off-

treatment 

period

✓Decrease in 

muscle fat 

accumulation 

✓Preservation of 

function as assessed 

by North Star 

Ambulatory 

Assessment and 

Timed Function 

Tests compared with 

rate of change 

during off-treatment 

control period
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In the Phase 2 MoveDMD Trial and Open-Label Extension: 

Edasalonexent Preserved Muscle Function 
Compared to Off-Treatment Control Period

North Star Ambulatory Assessment
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Safety: Edasalonexent Has Been Well-Tolerated

‣ 60+ years cumulative patient exposure

‣ Majority of adverse events mild in nature

– Most common treatment-related AE is diarrhea, 

generally mild and transient 

– No serious adverse events on treatment (one on 

placebo)

– No adverse trends in chemistry, hematology, or 

measures of adrenal function (cortisol and ACTH) 
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Edasalonexent Has Not Shown Known Side 
Effects of Steroids

‣ Boys on edasalonexent in our Phase 2 MoveDMD and open-label extension trial 
grew similarly to unaffected boys

– Height increased by an average of 2.1 inches/year, while weight increased by an 
average of 2.9 lbs/year, both in line with typical height and weight increases of 
unaffected boys 



12-month, randomized, double-blind 

placebo-controlled trial Open-label extension
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Edasalonexent 

Edasalonexent Placebo

Edasalonexent, 100 mg/kg/day

Primary Endpoint

Enrollment ~125 in 2:1 ratio edasa:placebo

‣ Key enrollment criteria

– Age 4 to 7 (up to 8th birthday)

– Able to complete timed function tests

– Not on corticosteroids for at least 6 months 

– Not on other investigational therapies for at least 1 month, can be on stable eteplirsen

‣ Visits / key assessments every 3 months

– 1° outcome measure: North Star Ambulatory Assessment

– 2° outcome measure: TFTs, safety, tolerability, strength, PUL, PODCI 

– Safety measures, assessments of growth, cardiac and bone health

– No biopsy or 6 minute walk test

‣ Sites: US, Canada, Europe, Israel and Australia 

POLARIS: Edasalonexent phase 3



Thank you


