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Value of Skeletal Muscle Damage Safety Biomarkers as Pharmacodynamic 
Biomarkers for Neuromuscular Diseases.

SkM Biomarkers – rat muscle damage

• PSTC is seeking qualification of this panel of SkM
biomarkers as clinical toxicity biomarkers.

• Further work is needed to establish a context of use in
NMDs, but data is promising in some diseases

• We are also looking to develop clinical grade assays for
these biomarkers

Jane Larkindale, Warren Glaab, Vishal Vaidya, Tanja Zabka, Richard Goldstein, Michelle Morgan, Nicholas M.P. King, John-Michael Sauer, 
on behalf of the Predictive Safety Testing Consortium (PSTC) and the Duchenne Regulatory Science Consortium (D-RSC).

Critical Path Institute (C-Path), Tucson, AZ

The Critical Path Institute (C-Path) is a non-profit organization set up to foster development of new evaluation tools to inform medical product development through responding to the needs of the Food and Drug
Administration’s (FDA) Critical Path Initiative. C- Path’s Consortia:

• Act as a trusted, neutral third party working with industry, academia, non-profit groups and regulators

• Enable iterative EMA/FDA/PMDA participation in developing new methods to assess the safety and efficacy of medical products

• Seek regulatory endorsement of novel methodologies and drug development tools – biomarkers, clinical outcome assessments, models and in vitro tools.

• Develop and share data standards and databases.

The Predictive Safety Testing Consortium’s (PSTC) goal is to find improved safety testing
methods. PSTC brings together pharmaceutical companies to share and validate innovative
safety testing methods under advisement of the FDA, EMA, and PMDA. PSTC utilizes a
translational approach to qualify safety biomarkers in six working groups: kidney injury, liver
injury, pancreatic injury, skeletal muscle, testicular toxicity, and vascular injury. Recently, PSTC
Qualified the first set of clinical safety biomarkers to detect drug-induced kidney injury.

The Duchenne Regulatory Science Consortium (D-RSC) develops tools to accelerate therapy
development for Duchenne Muscular Dystrophy (DMD). D-RSC’s focus is on understanding
natural history of the disease and disease progression [see poster X].
D-RSC has published a CDISC Therapeutic Area User Guide to describe database structure for
Duchenne data, developed an integrated database of over 1100 patients’ data and is working
on developing a clinical trial enrichment platform for the disease.

Skeletal muscle (SkM) injury is a symptom of most neuromuscular
diseases (NMDs). Creatine kinase activity is the current SkM
biomarker of choice in most muscle disorders. However, levels are
very variable and small differences may not reflect changes in
muscle damage or be specific to disease causes. ALT and AST also
leak from muscle, and levels can reflect muscle damage as well as
liver damage. PSTC has been investigating more specific and
sensitive biomarkers of SkM damage.

Levels of a biomarker that reflects the ongoing damage to the
muscle might be expected to decrease after treatment with an
effective therapy. Therefore a panel of SkM damage biomarkers
might be able to be used as pharmacodynamic biomarkers in a
number of different neuromuscular disorders. Differences in the
changes in the different proteins in the panel may reflect different
biological processes.

Skeletal Muscle Damage Biomarkers

Next Steps

SkM Biomarkers in SMA
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Biomarker Tissue Biology/Features
Creatine Kinase 
muscle isoform 
(CKm)

Highly abundant in 
skeletal muscle

• cytosolic metabolic protein involved in energy 
metabolism (ADP to ATP)  

• directly related to the amount of CK protein, unlike 
the CK assay which measures enzymatic activity

Skeletal 
Troponin I Type 
II (sTnI) 

Expression restricted 
to skeletal muscle

• component of myofilaments to regulate muscle 
contraction (myosin-actin interaction) 

• type II-specific assay may aid mechanistic 
understanding of different kinds of muscle injury

Myosin Light 
Chain 3 (Myl3) 

Abundant in skeletal 
muscle type I; also in 
cardiac muscle

• component of myofilaments to enable muscle 
contraction (actin interaction)  

Fatty Acid 
Binding Protein 
3 (Fabp3)

Abundant in skeletal 
muscle, type I; also in 
cardiac muscle

• cytosolic lipid transport protein (enables 
mobilization of FAs) 

Myostatin
(GDF8)

Abundant in skeletal 
muscle and bone 

• transforming growth factor-beta (TGF-beta) 
superfamily autocrine hormone that regulates 
muscle and bone mass

Performance based on 34 studies using 9 SkM toxicants across multiple
mechanisms of toxicity that result in the shared morphologic outcome
of SkM degeneration/necrosis.

SkM Biomarkers in Muscular Dystrophies

CKM, Fabp3, Myl3 and sTnI show a greater sensitivity and dynamic 
range of response than CK activity or AST.

The biomarkers show a tight reference range in healthy volunteers:
• The reference range for the four skeletal muscle injury biomarkers was 

established in healthy volunteers (n=243).

• The data set was assessed for demographic effects of age, gender and 
ethnicity

• Age: No effect of age on the levels of the biomarkers

• Gender: The levels in females tend to be slightly lower than males  
(except FABP3 where it was higher)

• Ethnicity: The levels were higher in African Americans relative to 
Caucasians.

Sensitivity and specificity of SkM biomarkers facilitate diagnostic
evaluation of SkM injury in SMA type III patients – data from the Roche
SMA Type III Observational Study at baseline.

PSTC has been developing skeletal muscle (SkM) biomarkers as
toxicity biomarkers that reflect muscle damage. The same
biomarkers may be able to be used to demonstrate resolution of
muscle damage in the case of effective therapies for neuromuscular
disorder.
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T-Test

Significant correlation of GDF-8 with MRI mass and motor function 
results in SMA type III patients. T-Test of n-17 SMA type III patients.

sTNI Levels Increased and GDF Decreased in Roche SMA Type III 
Observational Study after 1 year

PSTC HV range  Mean ± SD:
sTNI: 1.26 ± 2.31 (n=243)
GDF8: 5.32 ± 2.49 (n=76)
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SkM Biomarkers in ALS

Letter of Support

SkM Biomarkers in GNE ALS Observational Study at baseline.

ALS N=25, Matched controls N=5 Dashed line : reference range

• sTnI, Fapb3, and Myl3 
demonstrate stronger 
response than CK & 
CKm in ALS patients

• GDF-8 has decreasing 
trend in ALS patients; 
may facilitate function 
evaluation

SkM Biomarkers are significantly upregulated in DMD, BMD and
LGMD2B

Burch et al, 2015

SkM Biomarkers have been awarded Letters of Support from FDA and
EMA for myosin light chain 3 (Myl3) and skeletal muscle troponin I
(sTnI), fatty acid binding protein 3 (Fabp3), and creatine kinase M (CK-
M) as toxicity biomarkers in rodents.

Spitali et al 2018 and
Hathout et al 2015 both
identified these proteins
except Myl3 as
upregulated in DMD and to
a lesser extent in BMD
[Fapb3 not up in BMD,
GDF8 up similar amounts]

However, the biomarkers decrease 
over time, especially in older 
patients.  This may be due to loss of 
muscle tissue.  To use these as 
biomarkers in dystrophies, we will 
need to see rapid large changes, or 
normalize to the amount of tissue 
remaining.

Conclusion
• Biomarkers are increased in NMDs; different markers show slightly 

different patterns of effect in each disease.
• Biomarkers increase with age in SMA III and early DMD, but decrease 

over the course of DMD, probably reflecting remaining muscle.
• Biomarkers may inform us on repair of muscle damage and/or the 

type  and location of damage in the muscle.
• Further work is needed to fully understand the dynamics in different 

diseases.
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These letters describe the U.S. FDA 
CDER’s and EMA’s thoughts on the value 

of the biomarkers, and encourage 
further evaluation. Both the Letters of 

Support encourage further evaluation of 
such biomarkers with promising utility 

in drug development

Assessment Correlation 
coefficient p-value

qMRI
biomarker

CSA (mm sq) 0.68 **

DIXON-FF -0.63 **
MP-FF -0.55 *

T2 -0.58 *
Motor 

function
6MWD 0.68 **
MFM 0.55 **


