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Delayed Pulmonary Progression in Golodirsen-Treated Patients With 
Duchenne Muscular Dystrophy vs Mutation-Matched External Controls 

REFERENCES
1. Birnkrant DJ, et al. Lancet Neurol. 2018;17:347-61. 2. Tsuda T, et al. Methods Mol Biol. 2018;1687:19-28. 3. Kinane TB, et al. J Neuromuscul Dis. 
2018;5:47-58. 4. Finder JD, et al. Am J Respir Crit Care Med. 2004;170:456-65. 5. Benditt JO, et al. Phys Med Rehabil Clin N Am. 2005;16:1125-39.
6. Servais L, et al. Nucleic Acid Ther. 2022;32:29-39. 7. Bello L, et al. Ann Clin Transl Neurol. 2020;7:786-98. 
8. https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/211970s000lbl.pdf [Accessed July 12, 2023]. 9. ClinicalTrials.gov. NCT00468832. 
https://clinicaltrials.gov/ct2/show/NCT00468832. 10. ClinicalTrials.gov. NCT01753804. https://clinicaltrials.gov/ct2/show/NCT01753804. 
11. ClinicalTrials.gov. NCT01753804. https://clinicaltrials.gov/ct2/show/NCT01753804. 12. Iff J, et al. Muscle Nerve. 2022; 66(3):262-269.

• This analysis of clinical trial data for golodirsen-treated and mutation-matched EC patients demonstrated that golodirsen was 
associated with significant attenuation in the rate of decline in FVC%p (2.9% vs 6.7%; P<0.01)
⎼ A previously published analysis of eteplirsen vs mutation-matched EC patients demonstrated similar rates of FVC%p decline12

• Data suggest clinically meaningful delays in reaching the need for recommended cough-assist and nighttime ventilation, implying 
clinically meaningful delays of 5 years or more in reaching pulmonary milestones

• These data provide the longest follow-up of pulmonary benefit in a declining DMD population treated with golodirsen vs EC patients 
(see poster P147 for more details)

Objective 
To compare longitudinal trajectories

of percent predicted forced vital capacity 
(FVC%p) and projected time to cough-assist 
and nighttime ventilation in patients with 

Duchenne muscular dystrophy (DMD) 
receiving golodirsen vs mutation-matched 

external control (EC) patients

Key Findings
Golodirsen treatment was associated

with significant attenuation
of pulmonary decline based

on FVC%p

• DMD is a rare, fatal, genetic disease caused by a lack of 
dystrophin protein, which leads to progressive and 
irreversible muscle damage from birth1

• Pulmonary decline in DMD leads to the irreversible 
disease milestone of pulmonary insufficiency, which 
affects patients’ quality of life, increasing the risk of 
hospitalization, morbidity, and mortality2–5

• Studies have established a linear decline in pulmonary 
function of ~5 percentage points between 10 and 
18 years6,7

• Golodirsen is FDA approved for the treatment of DMD 
in boys with mutations amenable to exon 53 skipping 
and has been shown in Study 4053-101 (NCT02310906) 
to have functional benefits in a declining population of 
patients with DMD vs mutation-matched ECs6,8 

Data sources
• Golodirsen-treated patients were from Study

4053-101 who continued into the open-label 3-year 
Study 4045-302 (NCT03532542) and were required 
to have at least 2 FVC%p assessments at age ≥10 
years during the study period

• EC patients were from the Cooperative 
International Neuromuscular Research Group 
(CINRG) (NCT00468832),9 PRO-DMD-01 
(NCT01753804),10 and Study 4658-301 
(NCT02255552),11 and were required to have 
confirmed mutations amenable to exon 53 skipping 
and at least 1 FVC%p assessment between the ages 
of 10 and 12 years followed by at least 1 additional 
valid FVC%p assessment

Statistical analyses
• A mixed-effects model for repeated measures was 

used to evaluate the impact of golodirsen on the 
decline in FVC%p

• The model was fit with FVC%p as the response 
variable and with treatment group (golodirsen vs 
EC), age (at visit), and the interaction between 
treatment group and age as the fixed effects and 
the patient-level random effects

• Models with and without adjusting for baseline 
FVC%p and age were estimated, and measures
of model fit (ie, the Akaike information criterion 
[AIC] and Bayesian information criterion [BIC])
were assessed

• Average annual rate of FVC%p decline was 
predicted using a linear extrapolation of the
model-estimated decline in FVC%p from the 
average FVC%p values observed in patients 
between ages 10 and 18 years

• Time to cough-assist (recommended FVC%p ≤60)
and nighttime ventilation (recommended
FVC%p ≤50) was predicted using a linear
extrapolation of the model-estimated decline in 
FVC%p (from average FVC%p readings observed)

Pulmonary Analysis Population Selection Flowchart

• A total of 37 patients met the inclusion criteria 
• At baseline, golodirsen-treated (n=20) and mutation-matched EC patients 

(n=17) were well-balanced for age and FVC%p
• Golodirsen-treated patients had a longer average follow-up duration (mean 

[SD], 3.6 [1.8] years) than the mutation-matched EC patients (2.4 [1.3] years)

Total
N=37

Golodirsen 
N=20

(A)

EC
N=17

(B)

Mean 
Difference

(B) – (A) P-valuea

Baseline age, years
Mean ± SD
Median
Range
Missing, n (%)

10.4 ± 0.4
10.3

(10.0, 11.5)
0/37 (0.0)

10.3 ± 0.3
10.3

(10.0, 11.2)
0/20 (0.0)

10.4 ± 0.4
10.3

(10.0, 11.5)
0/17 (0.0)

0.1 ± 0.1 0.34

Baseline FVC
Mean ± SD
Median
Range
Missing, n (%)

1.7 ± 0.4
1.7

(0.9, 3.2)
0/37 (0.0)

1.7 ± 0.3
1.7

(0.9, 2.8)
0/20 (0.0)

1.8 ± 0.5
1.8

(1.3, 3.2)
0/17 (0.0)

0.1 ± 0.1 0.45

Baseline FVC%p
Mean ± SD
Median
Range
Missing, n (%)

89.5 ± 17.9
88.0

(51.4, 136.0)
0/37 (0.0)

89.5 ± 15.3
89.2

(51.4, 132.2)
0/20 (0.0)

89.4 ± 21.0
87.0

(57.0, 136.0)
0/17 (0.0)

0.0 ± 6.2 1.00

Length of follow-up, years
Mean ± SD
Median
Range
Missing, n (%)

3.1 ± 1.7
2.4

(0.9, 7.1)
0/37 (0.0)

3.6 ± 1.8
3.2

(0.9, 7.1)
0/20 (0.0)

2.4 ± 1.3
2.1

(0.9, 6.0)
0/17 (0.0)

-1.2 ± 0.5 <0.05

• Results from the adjusted model for baseline age and baseline FVC%p 
indicated an attenuation of 3.8 percentage points in the annual rate of 
FVC%p decline for golodirsen-treated patients vs mutation-matched 
EC patients (2.9% vs 6.7%, respectively; P<0.01)
⎼ A previously published analysis of eteplirsen vs mutation-matched 

EC patients demonstrated similar rates of FVC%p decline
• The model adjusted for baseline age and FVC%p had the best fit of the

3 models estimated based on lower values of both the AIC and the BIC

Summary of Patient Characteristics

*P<0.1. **P<0.05. ***P<0.01. Data are mean (SE) unless otherwise noted.
AIC=Akaike information criterion; BIC=Bayesian information criterion; FVC%p=percent predicted forced vital 
capacity; MMRM=mixed-effects model for repeated measures.

MMRM

Characteristic Unadjusted  
Adjusted for 
Baseline Age

Adjusted for Baseline Age 
and FVC%p

Constant 155.87*** -7.34 19.38

(13.69) (90.08) (39.08)

Age -6.07*** -6.27*** -6.67***

(1.11) (1.12) (1.06)

Golodirsen -35.78** -35.96** -41.14***

(16.16) (16.07) (14.44)

Baseline age - 15.85* 5.86

(8.65) (3.88)

Baseline FVC%p - - 0.92***

(0.08)

Age × golodirsen 3.22** 3.39*** 3.77***

(1.28) (1.28) (1.22)

N observations 244 244 244

N patients 37 37 37

AIC 1956.4 1949.0 1894.9

BIC 1977.4 1973.5 1922.9

Golodirsen Mutation-Matched EC

3.8%

Delay in the rate of 
FVC%p decline

2.9% 6.7%

Model-Based Slope Estimates of Decline in FVC%p

aP-values from 2 sample t-tests comparing golodirsen-treated and EC groups are reported. 
EC=external control; FVC=forced vital capacity; FVC%p=percent predicted forced vital capacity. 

External Control

All available patients

Patients with ≥2 FVC%p assessments at 
age ≥10 years during the study period

(first such visit was defined as baseline)

Patients with baseline age ≤12 years

Amenable to exon 53 skipping
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Golodirsen Attenuates Rate of FVC%p 
Decline vs EC Patients

Golodirsen delays the time in which 
patients reach pulmonary milestones:

• The estimated delay in time to reach 
cough-assist for golodirsen-treated 
patients vs mutation-matched EC 
patients was 5.6 (~14 vs 19) years

• Estimated delay in time to reach 
nighttime ventilation for golodirsen-
treated patients vs mutation-matched 
EC patients was 7.5 (~16 vs 23) years

Model-Estimated Time to Recommended Cough-Assist
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Est. 5.6-year 
delay to recommended 
cough-assist device use

Est. 7.5-year delay to recommended 
nighttime ventilation

Beginning of
linear decline phase

(age 10 years)

Treatment
EC
Golodirsen

CINRG=Cooperative International Neuromuscular Research Group; FVC%p=percent predicted forced vital capacity.
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EC=external control; FVC%p=percent predicted forced vital capacity.

Presented at the 28th International Annual Congress of the World Muscle Society; October 3–7, 2023; Charleston, SC


	Slide Number 1


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.3

  /CompressObjects /Off

  /CompressPages false

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /sRGB

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages false

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 600

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.00000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages false

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 600

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.00000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 600

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.00000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly true

  /PDFXNoTrimBoxError false

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox false

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)

  /PDFXOutputConditionIdentifier (CGATS TR 001)

  /PDFXOutputCondition ()

  /PDFXRegistryName (http://www.color.org)

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /ENU ([Based on 'EPG UPLOAD'] [Based on 'EPG UPLOAD'] [Based on 'HighResolution_NoCrops'] [Based on 'HighResolution_NoCrops'] [Based on 'HighResolution_NoCrops\\0501\\051'] [Based on 'HighResolution_WithCrops'] [Based on '[PDF/X-1a:2001]'] Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /ConvertToRGB

      /DestinationProfileName (sRGB IEC61966-2.1)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /HighResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MarksOffset 0

      /MarksWeight 0.250000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /UseDocumentProfile

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



