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Biomarker Qualification Letter of Intent (LOI)  

Administrative Information 
Requesting Organization 

 Critical Path Institute – Predictive Safety Testing Consortium and Duchenne Regulatory 
Science Consortium 

 1730 East River Road, Suite 200 
Tucson, AZ 85718-5893 
520-547-3440 

 https://c-path.org 
 
Primary Contact:  

 John-Michael Sauer, PhD 
1730 East River Road, Suite 200 
Tucson, AZ 85718-5893 
520-382-1396 
jsauer@c-path.org 
 

Alternate Contact: 

 Nicholas King 
1730 East River Road, Suite 200 
Tucson, AZ 85718-5893 

 520-382-1378 (Jennifer); 520-777-2881 (Nicholas) 
 jburkey@c-path.org or nking@c-path.org  
 

Submission Date: November 8, 2019 

 

If there is a prior, current, or planned submission to other regulatory agencies, list the 
agencies and dates as appropriate 

The Predictive Safety Testing Consortium (PSTC) Skeletal Muscle Working Group and 
Duchenne Regulatory Science Consortium (D-RSC) would like to make this biomarker 
qualification a parallel submission with US FDA and EMA as soon as possible and envisions 
that a tripartite meeting to discuss the qualification would be requested if a Qualification Plan is 
accepted. 
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Drug Development Need 
Describe the drug development needs that the biomarker is intended to address, including 
(if applicable) the proposed benefit over currently used biomarkers for similar COUs 
(limited to 1,500 characters). 

Skeletal muscle (SKM) injury, defined as myocyte degeneration/necrosis, is currently monitored 
in clinical drug development trials and in muscular and neuromuscular diseases using circulating 
concentrations of creatine kinase (CK) and aspartate amino transferase (AST). However, these 
biomarkers lack the desired sensitivity and tissue specificity. Furthermore, clinical symptoms of 
SKM injury are difficult to interpret, due to the subjective nature of self-reporting. As a result, 
drug-induced SKM injury (DIMI) remains a poorly understood and difficult to predict side-effect 
of new and existing medications.  

The proposed novel biomarkers, in conjunction with standard endpoints, can sensitively and 
specifically measure SKM injury (myocyte degeneration/necrosis) regardless of the etiology of 
the injury in humans. 

 

Biomarker Information 
Biomarker name: 

If composite, please list the biomarker components. For molecular biomarkers, please 
provide a unique ID 

Scheme: UniProt (http://uniprot.org/) 

1. Skeletal troponin I fast-twitch (Type II) (TNNI2 P48788) – a component of myofilaments 
with expression restricted to SKM 

2. Myosin light chain 3 (MYL3 P08590) – a component of myofilaments found 
predominantly in slow-twitch SKM and cardiac muscle 

3. Fatty-acid binding protein 3 (FABP3 P05413) – a cytosolic lipid transport protein, 
abundant in SKM and cardiac muscle, also present in brain, liver, and small intestine 

4. Creatine kinase muscle type (CKM P06732) – a cytosolic enzyme involved in utilization 
and generation of adenosine triphosphate (ATP); highly abundant in skeletal muscle 

Biomarker Description:   

(Source, composition and decision process)  If biomarker is an index/scoring system, please 
provide information on how the index is derived (e.g. algorithm), the biologic rationale for 
inclusion of each of the components, the rationale for any differential weighting of the 
elements, and the meaning/interpretation of the index/score (limited to 1,500 characters)  
Primary biomarker category (See BEST Glossary). Select one: 

http://uniprot.org/
https://www.ncbi.nlm.nih.gov/books/NBK326791/
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The biomarkers are molecular biomarkers in the plasma.  The primary biomarker category is as 
a monitoring biomarker. 

The biomarkers are proposed as a panel to be used in monitoring SKM injury in humans. The 
initial exploratory assessment will determine the performance of each biomarker individually for 
SKM injury, and statistical approaches will then be utilized to determine if a combination of 
individual biomarkers (composite) provides additional value. 

Biological Rationale:  

(underlying biological process)  Describe the mechanistic rationale or biologic plausibility 
to support the biomarker and its associated COU (limited to 1,500 characters) 

The 4 SKM injury biomarkers indicate myocyte degeneration/necrosis irrespective of mechanism 
or cause of injury, and their presence in the plasma indicates compromise of myocyte membrane 
integrity. Further information on each biomarker can be found in Appendix 2.  

• Skeletal troponin I fast-twitch (Type II):  Troponin is a protein trimer consisting of three
subunits, calcium-responsive (C), inhibitory (I), and tropomyosin-binding (T), which
regulate the interaction of myosin with actin necessary for the control of muscle contraction.
Expression of troponin subunit isoforms is specific to cardiac muscle, slow-twitch SKM or
fast-twitch SKM.

• Myosin light chain 3 (MYL3):  MYL3 is an essential light chain of the myosin molecule
released into the blood stream following muscle damage. MYL3 is expressed predominantly
in cardiac muscle and SKM.

• Fatty-acid binding protein 3 (FABP3):  FABP3 is a small (14.5 kDa) cytoplasmic protein
that has been shown to increase in plasma in response to physiological conditions such as
SKM/cardiac damage that increase fatty acid demand/availability.

• Creatine kinase M (CKM):  The cytosolic form of the creatine kinase (CK) enzyme is a
dimer of subunits encoded by the CK-M and CK-B genes. CKM is responsible for the
regeneration of adenosine triphosphate (ATP) from phosphocreatine and adenosine
diphosphate (ADP), which is critical to contraction of cardiac muscle and SKM. While
measuring CK activity does not discriminate between isoforms, measuring CKM protein
(i.e. CK-MM homodimer) is highly selective for SKM CK.

Additional Considerations for Radiographic Biomarkers 

Not applicable 
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Context of Use 

Proposed Context of Use (COU) (limited to 500 characters) 

A safety biomarker panel to aid in the detection of acute drug induced skeletal muscle injury in 
phase 1 trials in healthy volunteers in conjunction with aspartate transaminase (AST) and total 
creatine kinase (CK) enzymatic activity when there is an a priori concern that a drug may cause 
skeletal muscle injury in humans. 

 

Biomarker Measurement Information (Analytical) 
Provide a general description of what aspect of the biomarker is being measured and by 
what methodology (e.g. radiologic findings such as lesion number, specific measure of 
organ size, serum level of an analyte, change in the biomarker level relative to a reference 
such as baseline) (limited to 1,500 characters).  

The proposed biomarkers are cellular leakage biomarkers measured in plasma to detect SKM 
degeneration/necrosis.  Circulating levels of these biomarkers in rats and dogs increase over 
baseline in response to various SKM toxicants and correlate with the severity of muscle injury as 
determined by histopathology (myocyte degeneration/necrosis). The biomarkers return to 
baseline on recovery from SKM injury as determined by histopathology (Burch, 2015 and 
Vlasakova, 2017). We infer that the biomarkers correlate to the same histopathology endpoint in 
humans irrespective of mechanism of toxicity or disease pathogenesis as defined by standard 
endpoints of imaging, functional tests, established circulating biomarkers, and/or standard 
clinical chemistry tests. 

The biomarkers are measured using sandwich ELISA procedures on an electrochemiluminescent 
platform (Meso Scale Discovery platform, Meso Scale Diagnostics, LLC, www.mesoscale.com); 
which are Research Use Only assays and therefore not under review. There are no standard 
operating procedures for sample collection, storage, or assay conduct established at this time, and 
assays will not be performed in a Clinical Laboratory Improvement Amendments certified 
laboratory. For humans, a fit for purpose validation of the assays has been conducted, examining 
intra- and inter-assay precision, dilutional linearity, limit of blank (analytical sensitivity), limits 
of quantitation (upper and lower), matrix/recovery, and sample-freeze/thaw stability.   

 

Biomarker Measurement (Clinical) 
Description of Clinical Decision Process and Tool: 

• Characterization of Biomarker for COU: Describe the Clinical Decision Criteria and 
How the Biomarker Measurement Is Used  

• Calculation/Modeling/Construction of Biomarker into a Decision Tool 
• Expected Distribution of Decision Criteria for COU 

http://www.mesoscale.com/
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• Decision Criteria Limits/Cut-offs and Application to COU
• Clinical Validation
• Benefits and Risks of Applying Clinical Decision Tool
• Describe Knowledge Gaps, Limitations and Assumptions

The novel biomarkers are proposed to be applied in early clinical drug development (phase I).  
The flow chart of the clinical decision criteria and how the biomarker data will be used to make 
decisions is shown in Figure 1. To date, a study in normal human volunteers conducted by PSTC 
established baseline levels of the four biomarkers. In addition, data on 74 Duchenne muscular 
dystrophy (DMD) patients, 38 Becker muscular dystrophy (BMD) patients, and 49 limb-girdle 
muscular dystrophy type 2B (LGMD2B) patients were compared to data from 32 healthy 
controls (Burch 2015) indicating that serum levels of these proteins were significantly elevated 
in muscular dystrophy patient populations. These studies are described in Appendix 3 and these 
data will serve as a foundation for further work. As data are collected on the four biomarkers of 
interest, an analysis will allow further construction of the data into a decision tool, considering 
each biomarker individually and potentially as a composite.   

The clinical use of the biomarkers is envisioned as a supplement to AST and total CK enzymatic 
activity to sensitively and specifically detect and monitor SKM degeneration/necrosis. In 
situations where AST elevations could be caused by liver damage for example, the biomarkers 
would enable differentiation of SKM due to disease processes or drug exposure from liver 
derived elevations. Resolution or progression of SKM injury apart from other disease or drug 
induced damage could be monitored and clinical decisions made in the context of AST and CK 
data as well as other standard endpoints as appropriate.  

Because these biomarkers would be used in conjunction with, and not instead of, the routinely 
used biomarkers, specificity and sensitivity will be increased without increased risk. The studies 
described in the attachments and the Qualification Plan (QP) will address clinical validation and 
examine specificity, sensitivity, and correlation with standard biomarkers of SKM. It is assumed 
that the four biomarkers will translate from preclinical to clinical, based on the clinical data 
already generated and the fact that nonclinical performance is correlated with histopathology 
rather than mechanism of toxicity or pathogenesis of disease.  
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Figure 1:  Decision tree for clinical use of SKM biomarkers 
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Supporting Information 
Please summarize existing preclinical or clinical data to support the biomarker in its COU 
(e.g. summaries of literature findings, previously conducted studies) (limited to 2,000 
characters): 

Extensive nonclinical data correlating the biomarker response to SKM histopathology has been 
generated resulting in the award of a Letter of Support (LOS, January 22, 2015).  Data in the 
literature, from observational studies, randomized control trials, natural history studies, and non-
clinical studies (see Appendix 3), further support the correlation between the biomarker response 
and SKM histopathology. In addition, clinical samples have been prospectively collected in 
support of these biomarkers (see Appendix 3) and will be analyzed retrospectively for the 
proposed SKM biomarkers. A study in normal healthy volunteers conducted by PSTC 
established baseline levels of the four biomarkers. In addition, data on 74 DMD patients, 38 
BMD patients, and 49 LGMD2B patients were compared to data from 32 healthy controls 
(Burch 2015) and demonstrated that serum levels of these biomarkers were significantly elevated 

Will your patient 
population or drug 

mechanism of action confound AST or CK 
results for monitoring

skeletal muscle (SKM) safety?

No

Yes

Do you think you have AST or CK
changes from other tissue sources?

Sponsors should implement clinical 
measurement of SKM biomarkers with
 AST or CK for monitoring SKM safety/

damage.

Yes

No

Sponsors can utilize the standard safety
panel (AST or CK) for monitoring SKM safety.
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in the muscular dystrophy patient populations. These increases correlated to early damage and 
muscle mass present in these patients.    

Please summarize any planned studies to support the biomarker and COU. How will these 
studies address any current knowledge gaps (limited to 2,000 characters)? 

The four biomarkers will be measured in several populations to: 

1. Establish a reference range for each biomarker in healthy subjects

2. Evaluate the effect of age, gender, and ethnicity, for each biomarker and characterize inter- 
and intra-subject variability in healthy subjects

3. Establish the performance of each biomarker in the presence of SKM injury and determine
the correlation of each biomarker with AST and total enzymatic CK using:

a. Cross sectional and longitudinal studies in patients with drug-induced SKM injury

b. Cross sectional and longitudinal studies in patients with muscular and
neuromuscular diseases associated with myocyte degeneration/necrosis

c. Rat toxicity studies with histopathology as a gold standard using drugs that cause
injury to SKM and heart muscle to analyze sensitivity

d. Rat toxicity studies with histopathology using drugs that cause injury to kidney,
liver, vasculature, and gastrointestinal tract to analyze specificity

4. Establish thresholds (cut-points) in plasma that indicate medically important SKM injury
for each biomarker in a population with SKM injury associated with myocyte
degeneration/necrosis

5. Assess the capability of each biomarker to differentiate liver, kidney and/or heart injury
from SKM injury in human subjects with myocyte degeneration/necrosis; and in rats with
various drug-induced end organ injuries confirmed by histopathology

Previous Qualification Interactions and Other Approvals 
Select all that apply 

All prior regulatory interactions are summarized in Appendix 4. 

Letter of Support (Date 1/22/2015): 

https://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/DrugDevelopment
ToolsQualificationProgram/BiomarkerQualificationProgram/UCM605348.pdf  

https://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/DrugDevelopmentToolsQualificationProgram/BiomarkerQualificationProgram/UCM605348.pdf
https://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/DrugDevelopmentToolsQualificationProgram/BiomarkerQualificationProgram/UCM605348.pdf
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Attachments 
Appendix 1: References  

Appendix 2: Summary of Biomarkers* 

Appendix 3: Summary of Studies* 

Appendix 4: Summary of Regulatory Interactions* 

*Optional information will not be posted publicly.

Please refer to the Biomarker Qualification Contacts and Submitting Procedures for the mailing 
address and other important submission-related instructions. If you have any questions about 
submission procedures, please contact CDERBiomarkerQualificationProgram@fda.hhs.gov. 

mailto:CDERBiomarkerQualificationProgram@fda.hhs.gov
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Summary 


Skeletal muscle (SKM) injury, defined as myocyte degeneration/necrosis, is currently monitored 
in clinical drug development trials and in muscular and neuromuscular diseases using circulating 
concentrations of creatine kinase (CK) and aspartate amino transferase (AST). However, these 
biomarkers lack the desired sensitivity and tissue specificity. Furthermore, clinical symptoms of 
SKM injury are difficult to interpret, due to the subjective nature of self-reporting. As a result, 
drug-induced SKM injury (DIMI) remains a poorly understood and difficult to predict side-effect 
of new and existing medications and SKM injury is also inadequately monitored in patients with 
muscular and neuromuscular diseases. 
A severe form of acute SKM toxicity (rhabdomyolysis) can lead to renal injury and even death 
and has contributed to the withdrawal of medications from the market. Other forms of SKM injury 
include muscle weakness, pain, atrophy, degeneration, and necrosis. These terms are often reported 
in clinical studies and in patients with muscular and neuromuscular disease but may be used 
imprecisely and inconsistently by patients and investigators. As a result, there is considerable 
variability associated with estimates of the incidence of SKM injury in patients, difficulty 
establishing reliable estimates of compound-related SKM toxicity among patients taking 
pharmaceutical agents, and consideration that existing biomarkers of SKM injury may be 
insufficient.  
Accessible biomarkers of SKM injury are helpful for the diagnosis of SKM injury. CK and AST 
have been used for decades to help diagnose SKM injury in humans and veterinary species and are 
key components of contemporary clinical pathology panels. Advantages of CK and AST include 
the widespread availability of robust and low-cost assays, and extensive experience that guides 
data interpretation by veterinarians, researchers, and clinicians. In short, these markers are familiar 
and helpful for diagnosis of muscle injury. CK and AST, however, have important technical and 
interpretive disadvantages that are widely recognized, and have encouraged individual companies 
participating in the Predictive Safety Testing Consortium’s (PSTC) Skeletal Muscle Working 
Group (SKMWG) to pursue improved biomarkers of skeletal muscle injury in their own 
laboratories. These “novel biomarkers” are meant to overcome the main disadvantages of CK and 
AST, including the lack of tissue specificity for skeletal muscle and inadequate sensitivity for 
skeletal muscle degeneration/necrosis in humans. 
AST is typically not considered a SKM injury biomarker as it is traditionally used to identify liver 
injury, and serum CK activity is helpful in determining SKM injury but not sufficient, as small 
increases in CK activity are difficult to interpret. Likewise, clinical symptoms are difficult to 
interpret, due to differences in terminology and the subjective nature of self-reporting. Skeletal 
muscle loss due to degeneration/necrosis is prevalent in many chronic conditions such as 
Duchenne muscular dystrophy (DMD), and further skeletal muscle toxicity is especially 
undesirable in the treatment of these diseases. The mechanism of skeletal muscle toxicity can be 
challenging to determine once it is recognized. The biology of skeletal muscle toxicity and 
myotoxicants is poorly understood and hampered by limited data. Often an agent causes toxicity 
via multiple mechanisms.   
Four protein biomarkers have been identified to monitor skeletal muscle injury (defined as 
myocyte degeneration/necrosis):  
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1. Skeletal troponin I fast-twitch (Type II) (TNNI2 P48788)) – a component of 
myofilaments with expression restricted to SKM 


2. Myosin light chain 3 (MYL3 P08590) – a component of myofilaments found 
predominantly in slow twitch SKM and cardiac muscle 


3. Fatty-acid binding protein 3 (FABP3 P05413) – a cytosolic lipid transport protein, 
abundant in SKM and cardiac muscle, also present in brain, liver, and small intestine 


4. Creatine kinase muscle type (CKM P06732) – a cytosolic enzyme involved in utilization 
and generation of adenosine triphosphate (ATP); highly abundant in skeletal muscle 


Other biomarkers were evaluated in the exploratory phase of the project, including urinary 
myoglobin and circulating parvalbumin. However, these biomarkers did not meet performance 
criteria, and the four stated biomarkers will be the focus of this examination.  
 
Skeletal Troponin I (TNNI2) 


Troponin is a protein trimer consisting of three subunits (C: Calcium-responsive, I: Inhibitory, and 
T: Tropomyosin-binding) which regulates the interaction of myosin with actin necessary for the 
control of muscle contraction. Multiple genes for each subunit encode isoforms with expression 
restricted to cardiac muscle, and slow- and fast-twitch skeletal muscle (see table below). Splice 
isoforms are also known for some of these. Expression of Troponin I1 and I2 in slow- and fast-
twitch skeletal muscle fibers, respectively, is specific due to developmental influences and intron 
related regulatory elements (Mullen 2000; Nikovits 1990). Troponin I3 (cardiac) is not expressed 
in skeletal muscle (McLaurin 1997). Troponin I2 expression, along with other fast-twitch troponin 
subunit isoforms, has recently been documented in vascular smooth muscle of the rat (Moran 
2008). In human subjects, skeletal isoforms of troponin I have demonstrated equal or greater 
sensitivity in the detection of muscle injury as compared to CK and myoglobin (Onuoha 2001; 
Simpson 2005). The fast twitch isoform of Troponin I had more persistent detectability when 
compared to the slow twitch isoform, and banding patterns on immunoblot were suggestive of 
posttranslational modification (Simpson 2005). The fast twitch isoform of troponin I was also a 
sensitive biomarker for detecting fatigue injury in respiratory muscles in the rat (Simpson 2002).   


 
 


 Subunit Gene Localization 


Troponin C 
TNNC1 Cardiac 


Slow skeletal 


TNNC2 Fast skeletal 


Troponin T 


TNNT1 Slow skeletal 


TNNT2 Cardiac 


TNNT3 Fast skeletal 


Troponin I 


TNNI1 Slow skeletal 


TNNI2 Fast skeletal 


TNNI3 Cardiac 
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Creatine Kinase M (CKM) 


Phosphocreatine is the high energy intermediate used to rapidly transfer energy from 
mitochondrial ATP to cytosolic ATP for the contraction of heart and skeletal muscle. The cytosolic 
form of the CK enzyme is responsible for the regeneration of ATP from phosphocreatine and ADP 
(Wallimann 1992). Cytosolic CK is a dimeric protein with subunits coded by the CK-M and CK-
B genes. The subunits exhibit differential tissue expression patterns giving rise to three cytosolic 
CK isoforms, MM, BB and MB. In skeletal muscle 90% of CK is CK-MM (Apple 1984), whereas 
heart consists of mostly CK-MB and to a lesser extent CK-MM. Plasma CK enzyme activity is 
widely used to diagnose skeletal muscle injury in both preclinical species and man, but additional 
analysis of CK-MB or cardiac troponins is required to distinguish skeletal muscle damage from 
cardiac injury. Another limitation of the CK enzyme assay is that the activity of the enzyme is 
significantly reduced in pathophysiological situations involving glutathione depletion (Gunst 
1998). CK-MM has been shown by isoelectric focus electrophoresis and immunoassay to be the 
predominant CK isoform released in response to skeletal muscle injury caused by eccentric 
exercise (Apple 1988; Lo 2008). However, the evaluation of CK-MM as a specific marker of drug 
induced skeletal muscle injury has not been reported. As part of a panel of skeletal muscle and 
cardiac toxicity markers, analysis of the CK-MM may offer additional sensitivity and specificity 
compared to the established biomarkers of skeletal muscle injury.  


Myosin Light Chain 3 (MYL3)  


MYL3 is an essential light chain of the myosin molecule found predominantly in cardiac and type 
I skeletal muscle. Myosin is a 6 subunit mechanochemical enzyme that functions to couple the 
hydrolysis of ATP with conformational changes that result in movement of the protein complex 
along actin filaments. This hexameric protein consists of two heavy chain subunits which form the 
head and tail domains of the complex. The two heavy chain subunits  are held together by four 
light chain subunits. The light chain subunits consist of two regulatory light chains with 
phosphorylation sites (encoded by the MYL2 genes), and two essential light chains (encoded by 
the MYL3 genes). Following damage to muscle tissue, the constituent subunits of myosin become 
dissociated and MYL3 is released into the blood stream. To date, efforts have focused on 
determining the utility of MYL3 as a biomarker of cardiomyocyte injury (Berna 2007; Lee 2005). 
However, given its abundant expression in type I skeletal muscle, it has been noted that MYL3 
may also have utility as a serum surrogate for injury to this tissue type (Berna 2007).   


Fatty-Acid Binding Protein 3 (FABP3) 


FABP3 (also known as heart-type cytoplasmic fatty acid binding protein (H-Fabp) is a small (14.5 
kDa) cytoplasmic protein that plays a permissive role in transport/mobilization of fatty acids within 
the cellular environment. FABP3 is highly expressed in both cardiac and Type I skeletal muscle 
cells (in the µM range) and is found in relatively lower abundances in other tissue types. The 
primary physiological function of FABP3 is to facilitate cellular fatty acid usage. Indeed, FABP3 
binds both saturated and (poly) unsaturated fatty acids with high affinity (Kd 2-60nM) and is 
thought to shuttle them from the plasma membrane to intracellular sites of usage, including the β-
oxidation machinery (Glatz 2003). In keeping with this role, cardiomyocytes and hind limb skeletal 
muscle cells derived from mice in which the FABP3 gene has been disrupted demonstrate 
significantly reduced uptake and oxidation of palmitate (Schaap 1999; Luiken 2003). FABP3 has 
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been proposed as a biomarker of both cardiac and skeletal muscle damage. With regard to skeletal 
muscle toxicity, a direct correlation between plasma concentrations of FABP3 and PPAR-α-
induced type I muscle fiber toxicity has been observed in rats (Pritt 2008). This study also 
demonstrated focal depletion of FABP3 from injured muscle fibers thus rationalizing the observed 
increase in plasma FABP3 concentrations in PPAR-α-treated rats. On a broader scale, plasma 
concentrations of FABP3 were also assessed following treatment of rats with 27 unique 
compounds capable of producing a spectrum of skeletal muscle toxicity, from an incidence of 0-
100% necrosis (Pritt 2008). Plasma levels of FABP3 correlated well with the incidence and 
severity of skeletal muscle necrosis and when compared with existing biomarkers of skeletal 
muscle injury, FABP3 was found to be the most robust in terms of concordance, sensitivity, 
positive and negative predictive values and false negative rate.  
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Appendix 3:   
 


Summary of Studies  
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Summary Study 
Objective  


Study 
number 


Study  Description  Objective(s)  Status 


Exploratory – Nonclinical Studies 
Specificity and 
sensitivity of 
biomarkers  


1 Rat toxicology studies  34 toxicology studies in rat including 
18 studies (one in aged rats) with 
nine compounds that cause 
degeneration/necrosis in SKM, and 
16 studies with 14 compounds that 
induce degeneration/necrosis in other 
target tissues but not in SKM.  


The comprehensive analyses of these data provide 
evidence to demonstrate that the novel SKM 
biomarkers TNNI2, MYL3, CKM, and FABP3 
outperformed aspartate transaminase (AST) and 
creatine kinase (CK) for diagnosis of drug-induced 
SKM injury in rats. In addition, when used in 
conjunction with CK and AST, these four 
biomarkers improved diagnostic sensitivity and 
specificity, as well as diagnostic certainty, for SKM 
injury and respond in a sensitive manner to low 
levels of SKM degeneration/necrosis in rats.  


Bioanalytical analysis 
complete; 
Statistical analysis 
complete 


Exploratory – Reference Range 
Reference range  2 PSTC healthy volunteers; 


Jasper Clinic, Kalamazoo, MI  
Analysis of 3 individual serum 
samples collected from healthy 
volunteers meeting recruitment 
criteria. Samples from each subject 
were collected at intervals of 1 and 3 
weeks from the initial sample 
collection (n = 80)  


Establish reference range for healthy subjects and 
evaluate influence of sex, ethnicity, age and intra- 
and inter-subject variability.  


Bioanalytical analysis 
complete; 
Statistical analysis 
complete 


Demonstrate 
application in trial 
with less strict 
inclusion criteria  


3 UM healthy subjects; 
University of Michigan health 
care system (UM)  


Analysis of serum from subjects with 
normal liver function based on AST 
& ALT values and no apparent 
skeletal muscle injury (n = 162).  


Evaluate liver-function healthy subjects for SKM 
injury and evaluate influence of sex, ethnicity, and 
age.  


Bioanalytical analysis 
complete; 
Statistical analysis 
complete 


Exploratory – Threshold 
Effect and correlation 
of exercise/ activity 
on SKM biomarkers 
and CK.  


4 Exercise study (Thulin et al., 
2014)  


Observational study in subjects 
(n=12) participating in extreme 
adventure race. Samples taken pre- 
and post-race.  


Determine SKM biomarker changes with exercise. 


  


Bioanalytical analysis 
complete; 


Statistical analysis 
complete 


Correlation of SKM 
biomarkers and CK in 
SKM and non-SKM 
tissue injury.  


5 Muscle injury subjects; 
University of Michigan health 
care system  


Serum samples from (a) healthy 
subjects (n=82 (PSTC HV sample 
set); Healthy subjects without SKM 
injury = 162 (UofM Healthy), Liver 


1). Confirm correlation between SKM biomarkers 
and CK.  


2). Establish specificity and sensitivity of SKM 
biomarkers for SKM injury  


Bioanalytical analysis 
in progress; 


Statistical analysis 
pending 
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Summary Study 
Objective  


Study 
number 


Study  Description  Objective(s)  Status 


injury (n-20), Kidney injury (n=20), 
myocardial injury (n=20).  


3) Establish SKM biomarker threshold values for 
SKM injury through linear regression model, then 
calculate SKM biomarker levels that correspond to 
3x and 5xULN CK  


Confirmatory – Specificity 


Specificity of 
biomarkers for SKM 
injury  


6 Hepatic injury subjects; 
University of Michigan health 
care system  


Serum samples from subjects with 
AST and ALT > 2x upper limit of 
normal (ULN) and with diagnosed 
disease or injury resulting in 
increased liver enzymes (total n = 
25).  


  


Examine specificity of SKM biomarkers in human 
subjects with liver injury.  


Bioanalytical analysis 
in progress; 


Statistical analysis 
pending 


Specificity of 
biomarkers for SKM 
injury  


7 Kidney injury subjects; 
University of Michigan health 
care system  


Serum samples from subjects with 
elevated BUN, creatinine and/or 
decreased glomerular filtration rates 
(GFR) and AST or CK values <2X 
ULN (total n = 20).  


Examine specificity of SKM biomarkers in human 
subjects with acute kidney injury.  


Bioanalytical analysis 
in progress; 


Statistical analysis 
pending 


Specificity of 
biomarkers for SKM 
injury  


8 Myocardial injury subjects; 
University of Michigan health 
care system  


Serum samples from subjects with 
cTnI values <1X ULN (total n = 20).  
  


Examine specificity of SKM biomarkers in human 
subjects with non- resuscitated myocardial injury.  


Bioanalytical 
analysis in progress; 
Statistical analysis 
pending 


Confirmatory – Disease State 


SKM biomarkers in 
patients with relevant 
disease  


9 University of Florida DMD  Serum samples from DMD patients 
(n=40; 5-14 years of age).*  
  
  


Determine SKM biomarker and characterize levels 
in DMD subjects  


Bioanalytical 
analysis complete; 
Statistical analysis 
pending 
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Summary Study 
Objective  


Study 
number 


Study  Description  Objective(s)  Status 


SKM biomarkers in 
patients with relevant 
disease  


10 Newcastle University inherited 
muscle diseases, UK  


100 samples in DMD subjects ages 3 
to 25 years *  


38 samples in Becker muscular 
dystrophy (BMD) subjects ages 5 to 
83 years *  


49 samples in Limb Girdle Muscular 
Distrophy (LGMD2b) subjects ages 
18 to 66 years *  


20 samples in Fascioscapulohumeral 
MD (FSHD) subjects ages 19 to 73 
years, 18 samples in LGMD2B 
subjects ages 22 to 79 years, 20 
samples in hereditary inclusion body 
myositis (HIBM) subjects ages 28 to 
56 years, and 20 samples in type 1 
myotonic dystrophy (DM1) subjects 
ages 32 to 62 years *  


Determine SKM biomarker and characterize levels 
in DMD subjects  
Determine SKM biomarker and characterize levels 
in BMD subjects  
  
Determine SKM biomarker and characterize levels 
in LGMD2B subjects  
Determine SKM biomarker  
and characterize levels in subjects with various 
diseases 


Bioanalytical 
analysis complete; 
Statistical analysis 
complete 


Confirmatory – Sensitivity 


Sensitivity of SKM 
biomarkers in 
patients with relevant 
disease  


11 Genentech amyotrophic lateral 
sclerosis (ALS) subjects: 
PrecisionMed Inc.  


Analysis of plasma samples from 
ALS patients (n=25) and matched 
healthy controls (n=5) at a single 
time point, minimizing non-ALS 
variables (sex, ethnicity), and 
subsetting by clinical variables: 50-
70 years of age; 23 male and 2 
female; 20 caucasian, 4 hispanic, and 
1 African American; 23 
sporadic/definite ALS and 2 
familial/definite clinical subsets; 32-
43 ALS score; and 1 year since 
diagnosis.  


Generate preliminary data to demonstrate that 
biomarkers of SKM injury are altered in ALS 
patients that have a range of disease severity 
(threshold confirmation). Follow on studies, 
including longitudinal analyses, will be required to 
fully characterize SKM biomarkers in ALS.  


Bioanalytical analysis 
in process; 
Biostatistical analysis 
pending 
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Summary Study 
Objective  


Study 
number 


Study  Description  Objective(s)  Status 


Sensitivity of SKM 
biomarkers in 
patients with relevant 
neuromuscular 
disease  


12 Roche spinal muscular atrophy 
(SMA) Type III subjects: 
longitudinal observational 
study (NCT02044029); Bonati 
et al. 2017  


Analysis of serum samples from 
SMA Type III patients at baseline (n 
= 19) and 1-year visits (n = 13) and 
matched healthy controls (n = 19): 
11-51 years of age; 7 female and 13 
male.  


Generate data to demonstrate that biomarkers of 
SKM injury are altered in SMA Type III patients at 
baseline and with disease progression, while 
comparing biomarker performance to qMRI and 
functional tests (threshold confirmation). 
Secondarily, demonstrate that GLDH in addition to 
SkTnI and CKM confers specificity, such that 
ALT/AST elevations are related to skeletal muscle 
rather than liver injury.  


Bioanalytical analysis 
complete; 
Biostatistical analysis 
pending 


Sensitivity of SKM 
biomarkers in 
patients with relevant 
neuromuscular 
disease  


13 Roche spinal muscular atrophy 
(SMA) Type II and III subjects: 
longitudinal natural history 
study (NCT02391831)  


Analysis of serum samples from 
SMA Type II and type III patients (n 
= 64) at baseline, 6 months, and 12, 
18 & 24-month visits; 2 - 30 years of 
age.  


Generate data to demonstrate that biomarkers of 
SKM injury are altered in ambulatory and non-
ambulatory SMA Type II and Type III patients at 
baseline and with disease progression, while 
comparing biomarker performance to functional 
tests (threshold determination). Understand SKM 
response over time and during the disease 
progression of 2 years ranging from the more severe 
non-ambulatory Type II to the non-ambulatory and 
ambulatory Type III patients. Augment data set in 
SMA Type III patients. Additionally, demonstrate 
that GLDH in addition to SkTnI and CKM confers 
specificity, such that ALT/AST elevations are 
related to skeletal muscle rather than liver injury.  


Bioanalytical analysis 
in process;  
Biostatistical analysis 
pending 


Sensitivity of SKM 
biomarkers in 
patients with drug-
induced myopathy 


14 Drug-induced myopathy 
subjects; University of 
Michigan health care system 


Analysis of samples from patients 
with drug-induced myopathy from a 
variety of sources 


Generate case study examples to demonstrate the 
SKM injury biomarkers detect drug-induced 
myopathy. 


Planning stage 


*Data generated by member company with rat FABP3, MYL3 and TNNI2 calibrator, not human-based protein calibrator in bioanalytical assay 
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Appendix 4:   
 


Summary of Regulatory 
Interactions  
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Date  Event  Summary  


10/16/2009 Letter of Intent (LOI) 
submitted to FDA 


LOI describes plans to initiate qualification of several 
exploratory skeletal muscle toxicity biomarkers 


12/22/2009 


Briefing Book for novel 
biomarkers of drug-induced 
skeletal muscle toxicity 
submitted to FDA 


Briefing book summarizing rationale, background and 
strategy for qualifying 8 novel biomarkers of skeletal 
muscle toxicity 


3/3/2010 Teleconference with FDA Discussed Briefing Book with FDA 


3/26/2010 Response to Briefing Book 
from FDA 


FDA comments and questions related to Briefing Book 
submitted 12/22/2009 received 


4/13/2010 Face to face meeting with FDA Discussed Briefing Book submitted on 12/22/2009 and 
specific questions for Agency 


5/10/2010 FDA meeting minutes received Minutes received from the face to face meeting between 
FDA and SKMWG on 4/13/2010 


6/1/2010 Statistical analysis plan 
submitted to FDA 


Final statistical analysis plan completed and submitted to 
FDA for review 


8/17/2010 LOI submitted to EMA LOI describes plans to initiate qualification of several 
exploratory skeletal muscle toxicity biomarkers 


9/3/2010 Teleconference with FDA Updated FDA BQRT on timelines, revised wording of 
qualification claims and draft decision tress 


11/18/2010 Response from FDA Questions and Comments from FDA to SKMWG from 
teleconference on 9/3/2010 


4/19/2011 PSTC Response to FDA SKMWG response to FDA questions and comments 
received 11/18/2010 submitted to FDA 


5/27/2011 


Briefing Book for novel 
biomarkers of drug-induced 
skeletal muscle toxicity 
submitted to EMA 


Briefing book summarizing rationale, background and 
strategy for qualifying 8 novel biomarkers of skeletal 
muscle toxicity submitted for Qualification Advice 


8/2011 Teleconference with FDA Reported on qualification progress 


9/14/2011 Response from EMA List of Issues received from EMA 


9/27/2011 Face to face meeting with 
EMA 


Discussed Briefing Book submitted on 5/27/2011 and 
EMA List of Issues with EMA SAWP 


11/18/2011 Response from EMA Qualification Advice from EMA posted to PSTC 


6/21/2012 Draft Context of Use (COU) 
statement submitted to FDA 


Proposed SKMWG COU statement submitted to FDA for 
comments 


7/18/2012 Response from FDA FDA returned draft CoU submitted 6/21/2012 with 
comments to SKMWG 


9/2014 
Letter of Support (LOS) 
mechanism established at FDA 
and EMA 


FDA and EMA create a new pathway for regulatory 
endorsement of a novel biomarker and a submission from 
the PSTC Nephrotoxicity WG undergoes the first review, 
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Date  Event  Summary  
resulting in published LOS for drug-induced kidney 
biomarkers from FDA and EMA (pending).   


9/24/2014 LOI submitted to EMA 
LOI to initiate procedure on final results from SKMWG 
project and request Qualification Advice for a formal 
Letter of Support 


 
10/16/2014 


Briefing Book to support LOI 
request to FDA and EMA 


SKM Briefing book including response to questions and 
feedback received during consultation and advice stage.  
Requesting Letter of Support from FDA and EMA for 
nonclinical and early clinical studies 


12/1/2014 FDA/EMA joint meeting Asking for support of LOI  


1/22/2015 FDA grants LOI LOI from FDA supporting investigation of preclinical 
biomarkers 
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