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SUBJECT: Review of dystrophin bioassays observed during inspection and related 

study report SR-CR-16-003 
SPONSOR: Sarepta Therapeutics
PRODUCT: Eteplirsen (EXONDYS 51) is a phosphorodiamidate morpholino oligomer 

designed to bind to exon 51 of the human dystrophin pre-mRNA and 
intended to cause skipping of exon 51 to generate an internally truncated 
dystrophin protein. It is supplied as a 2 mL vial containing 100 mg (50 
mg/mL) and single use 10 mL vial containing 500 mg (50 mg/mL) 
preservative –free solution.

INDICATION: For the treatment of Duchenne muscular dystrophy (DMD) in patients 
with a confirmed gene mutation amenable to exon 51 skipping. 

ROUTE OF ADMIN. Intravenous (IV) infusion
CLINICAL DIVISION: Division of Neurology Products (ODE1/OND/CDER)

Executive Summary:
The conduct of the western blotting procedure for the biopsy samples from study 4658-301 
appeared to be within the scope of the sponsor’s predetermined standard operating protocol 
SR-CR-16-003. The inspection confirmed technical compliance with the methodology, verified 
sample blinding throughout the procedure, confirmed that the procurement and analysis of 
raw data with passing acceptance criteria was used for % dystrophin calculations and 
successfully verified the same data in the study report ‘4658-301 Week 48 Interim Analysis’ 
submitted to the agency. 

The Sponsor could improve upon the robustness of the detection portion of the method by 
adopting automated and digitized detection systems and reference standards with lower 
variability in the future.

Background:
A limited, high-priority PDUFA inspection of a Sponsor’s Laboratory Testing Site at Corvallis, 
OR, was conducted between June 20-24, 2016, upon request from the Division of Neurology 
Products, and per FACTS assignment # 11648400.  The inspection assignment requested 
observation of the laboratory’s conduct of a western blotting analytical procedure, real time 
confirmation of the integrity of the associated data generated from the procedure, as well as an 
assessment of the firm’s adherence to their predefined protocols and blinding procedures. This 
inspection and the laboratory’s performance of the western blotting procedures are associated 
with the Sponsor’s study protocol 4658-301 (PROMOVI) titled, “An Open-Label, Multi-Center, 
48-Week Study with a Concurrent Untreated Control Arm to Evaluate the Efficacy and Safety of 
Eteplirsen in Duchenne Muscular Dystrophy”.  The study is being conducted under IND # 
077429, in support of Sarepta Therapeutics, Inc.’s New Drug Application (NDA) # 206488. The 
inspection was conducted by myself and Young Moon Choi, Ph.D. (Lead Pharmacologist, 

Reference ID: 3959481









Page 5 – NDA 206488, Eteplirsen for Duchenne Muscular Dystrophy, Dystrophin Bioassay Review (Post-inspection 
addendum) 

5

At the end of the inspection, two CD-ROMs were provided by Mr. Voss with all raw and 
analyzed data files. The inspection was closed with a scientific discussion with  

 John Voss, M.S., and  about (1) need for improvement of the 
current western blotting with a more robust detection and quantitation method that allows 
consistent quantitation at low levels of dystrophin, (2) the need for more robust assays, such as 
quantitative mass spectrometry, with greater precision and (3) the need for a more reliable 
reference standard, such as recombinant protein or cell line-based extracts, with lower inherent 
variability to allow precise quantitation of relative % normal dystrophin. The Sponsor 
acknowledged the feedback and stated that they are in the process of further developing their 
protein analyses methods and will be submitting a proposal for using a skeletal muscle myoblast 
cell line-based reference standard in the near future. 

Reviewer’s comments: The western blotting procedure for the biopsy samples appeared to have 
been conducted within the scope of the sponsor’s predetermined standard operating procedures. 
I and the other FDA inspectors followed the western blotting procedure from the removal of 
samples from the freezer to the densitometric quantitation and did not observe any inappropriate 
manipulation. At no point did we have reason to believe that the sample blinding was 
compromised. The technicians were observed to be diligent and competent in the performance of 
the bioassay. The Sponsor could improve upon the consistency of the detection portion of the 
method and was advised to consider other more robust detection systems and reference 
standards in the future. Each of the additional analyses conducted in our presence, such as the 
overlaid chromatogram traces, appeared to be obtained with a sound scientific justification of its 
usefulness to clarify the relative dystrophin levels between the samples as observed with the 
protocol. 
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2. Review of dystrophin bioassay information from study 4658-301 in Sarepta’s NDA 
amendment 42 and study report SR-CR-16-003 submitted on 6/27/2016:

Based on a review of the study report SR-CR-16-003, I was able to match each of the data points 
that passed acceptance criteria and used for their data table on page 17 (Appendix 5). 
Powerpoint slides were provided to the Division of Neurology Products (Dr. Ron Farkas) on 
6/28/2016 showing a line-by-line comparison of each of the data points with QC-checked 
summary tables we were provided during the on-site inspection. 

The following data points from the failed gels didn’t match the summary data table I had from 
the inspection but did match the original worksheet from the technicians. Neither of these data 
points was used in the analyses by the sponsor because these are from failed gels so they should 
not impact any of the mean values. 

1. Patient ID 301-07, Gel 13, we were given 0 and 0 as the numbers for lane 7 and 8. The 
sponsor has reported 0.04 and 0.22. The original data worksheet confirms 0.04 and 0.22.   
This gel failed its R-square acceptance criteria so this data point is not included in the 
sponsor’s analysis. 

2. Patient ID 301-12, Gel 24, we were given 0.02 as the value for Lane 7. The sponsor has 
reported 0.01. The original data worksheet confirms 0.01. This gel failed its R-square 
acceptance criteria so this data point is not included in the sponsor’s analysis. 

Reviewer’s comments: The raw % dystrophin data that passed predefined acceptance criteria 
and submitted by the Sponsor was in agreement with the raw data obtained on site at the 
Corvallis, OR, testing laboratory. The two exceptions noted above for the data that failed quality 
control assessments were in agreement with the original data worksheets and not used for 
calculation of the % dystrophin values and hence should not impact the overall findings. 

The Division of Neurology Products (ODE1/OND) will be conducting a review of the clinical 
efficacy and interpretation of the clinical implications of the % dystrophin findings. 
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Appendix 1
Western blot analysis schedule and sample loading sequence of the gels (provided by Sarepta)
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Appendix 4
Summary raw data tables showing all individual data points and whether they passed or failed 
acceptance criteria from the 15, 20, or 30 minute film exposures (Three tables below provided by 
Sarepta)

Gel Box % Dystrophin (Lane 7) % Dystrophin (Lane 8) R2 Value R2 ≥ 0.90 0.25%NC (Neg CT) Neg CT <0.25%
13 1a 0.00 0.00 0.38 Fail 67389 (47602) Pass
14 1b 0.17 0.42 0.97 Pass 64418 (58077) Pass
15 2a 0.08 0.08 0.95 Pass 37476 (58536) Fail
16 2b 0.14 0.05 0.83 Fail 21696 (20615) Pass
17 3a 1.17 0.14 0.98 Pass 22073 (35280) Fail
18 3b 1.57 0.24 0.98 Pass 49106 (37627) Pass
19 4a 0.11 0.12 0.93 Pass 40030 (8873) Pass
20 4b 0.05 0.11 0.98 Pass 35884 (39241) Fail
21 5a 0.31 0.01 0.98 Pass 110706 (48990) Pass
22 5b 0.63 0.08 0.93 Pass 93278 (52055) Pass
23 6a 0.09 0.02 0.91 Pass 77556 (51352) Pass
24 6b 0.02 0.00 0.78 Fail 108111 (64389) Pass
25 8a 0.34 0.34 0.96 Pass 38943 (83782) Fail
26 8b 0.18 0.21 0.97 Pass 20460 (19812) Pass

SR-CR-16-003: DYS1 - 15 minute exposure

Gel Box % Dystrophin (Lane 7) % Dystrophin (Lane 8) R2 Value R2 ≥ 0.90 0.25%NC (Neg CT) Neg CT <0.25%
1 1a 0.14 0.27 0.99 Pass 14425 (8649) Pass
2 1b 0.07 0.21 0.96 Pass 39798 (15235) Pass
3 2a 0.36 0.35 0.99 Pass 26926 (14147) Pass
4 2b 0.10 0.12 0.90 Pass 47296 (73361) Fail
5 3a 0.13 0.50 0.98 Pass 22397 (31305) Fail
6 3b 0.09 0.22 1.00 Pass 64945 (29089) Pass
7 4a 0.04 0.08 0.95 Pass 44795 (16235) Pass
8 4b 0.04 0.13 0.89 Fail 60880 (35534) Pass
9 5a 0.10 1.08 0.80 Fail 86479 (40898) Pass
10 5b 0.07 0.74 1.00 Pass 33696 (13462) Pass
11 6a 0.30 0.37 0.97 Pass 31429 (30177) Pass
12 6b 0.15 0.18 0.94 Pass 23477 (32971) Fail
13 1a 0.01 0.01 0.11 Fail 87486 (71878) Pass
14 1b 0.02 0.23 0.96 Pass 114817 (88315) Pass
15 2a 0.04 0.05 0.90 Pass 82129 (91951) Pass
16 2b 0.34 0.06 0.72 Fail 41439 (28302) Pass
17 3a 0.91 0.08 0.99 Pass 78991 (47683) Pass
18 3b 2.01 0.47 0.79 Fail 72064 (110397) Fail
19 4a 0.01 0.22 0.91 Pass 78641 (33905) Pass
20 4b 0.01 0.03 0.93 Pass 79184 (88118) Fail
21 5a 0.09 0.00 0.75 Fail 187873 (38528) Pass
22 5b 0.54 0.02 0.94 Pass 127964 (74633) Pass
23 6a 0.00 0.00 0.80 Fail 131413 (58017) Pass
24 6b 0.00 0.00 0.10 Fail 133242 (88876) Pass
25 8a 0.20 0.32 0.65 Fail 33377 (88614) Fail
26 8b 0.08 0.08 0.91 Pass 39914 (30132) Pass

SR-CR-16-003: DYS1 - 20 minute exposure

Reference ID: 3959481







---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

V ASHUTOSH RAO
07/15/2016

AMY S ROSENBERG
07/15/2016

STEVEN KOZLOWSKI
07/15/2016

Reference ID: 3959481













































































DEPARTMENT OF HEALTH AND HUMAN SERVICES 
Public Health Service 

Food and Drug Administration 
Center for Drug Evaluation and Research 

  
 

 

METHODS VERIFICATION REPORT SUMMARY 
 

TO: Joseph Leginus, CMC Reviewer   
Mariappan Chelliah, CMC Reviewer 
Martha Heimann, CMC Lead 
Wendy Wilson-Lee, Ph.D., Branch Chief 
Youbang Liu, Ph.D.,  ONDP Methods Validation Project Manager 
Office of OMPT/CDER/OPQ/ONDP/DNDAPI/NDBII 
E-mail Address: joseph.leginus@fda.hhs.gov; Mariappan.Chelliah@fda.hhs.gov 
Phone: (301)-796-4102; (301)-796-1724 

 
FROM:  FDA 

Division of Pharmaceutical Analysis (CDER/OPQ/OTR/DPA) 
Michael E. Hadwiger, MVP Coordinator 
645 S Newstead Avenue 
St. Louis, MO 63110 
Phone: (314) 539-3811 

 
Through: David Keire, Lab Chief, Branch 1  
                 Phone: (314) 539-3850 
 
SUBJECT: Methods Verification Report Summary 
 

Application Number: 206488    

 Name of Product: Exondys 51 (eteplirsen),  50 mg/mL i.v. 

Applicant: Sarepta Therapeutics 

 Applicant’s Contact Person: Shamim Ruff, Vice President, Regulatory Affairs and Quality 

 Address:  215 First Street, Cambridge, MA   02142 

 Telephone: (617) 274-4009 

 Email: sruff@sarepta.com 

              
Date Methods Verification Consult Request Form Received by DPA: 8/31/2015   

Date Methods Verification Package Received by DPA:  8/31/2015 

Date Samples Received by DPA:  11/3/2015 

Date Analytical Completed by DPA:   2/19/2016       
 
Laboratory Classification: 1. Methods are acceptable for control and regulatory purposes.   
 2. Methods are acceptable with modifications (as stated in accompanying report).   
 3. Methods are unacceptable for regulatory purposes.   
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      Center for Drug Evaluation and Research 
                                                                                     Division of Pharmaceutical Analysis 

645 South Newstead Ave. 
St. Louis, MO 63110 
Tel. (314) 539-3811 

 
Date:   February 25, 2016 
       
From:  Cindy Ngo, Michael Hadwiger, Ph.D., Division of Pharmaceutical Analysis 
 
Through: David Keire, Ph.D., Lab Chief, Branch I 
 
To: Joseph Leginus, CMC Reviewer 
     
Subject: Sample Analysis of Exondys 51 (Eteplirsen) i.v.  50 mg/mL 
 

Link to analyst’s data sheets:  http://ecmsweb.fda.gov:8080/webtop/drl/objectId/090026f880c8c570  

 
Background: Sarepta Therapeutics, maker of Exondys 51, submitted a validation package which utilized 
liquid chromatography with ultraviolet detection (HPLC-UV) and mass spectrometric detection (HPLC-
MS) for product characterization.  DPA evaluated the following methods as shown in Table 1:  
 
Table 1: Methods Evaluated 

Method Title Analyte 
3.2.S.4.3.1 Identification, Molecular Weight by LC/MS (ESI) Drug Substance 
3.2.S.4.3.3 Assay, Purity and Impurities by HPLC Drug Substance 
3.2.P.5.3 Identification, Molecular Weight by LC/MS (ESI) Drug Product 
3.2.P.5.3 Assay, Purity and Impurities by IP-HPLC (Binary Mobile Phase) Drug Product 
3.2.P.5.3  Impurity by SCX Chromatography Drug Product 
 
 
Conclusion:  
 
The methods described in Table 1 are acceptable for use in quality control and for regulatory purposes.  
The results are summarized in Table 2 below. 
 
   
  

 
 
       DEPARTMENT OF HEALTH & HUMAN SERVICES 
          Food and Drug Administration  
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Additional Comments:  

Methods Validation Request Criteria 

MV 
Request 
Category

Description

0 New Molecular Entity (NME) application, New Dosage Form 
or New Delivery System

1
Methods using new analytical technologies for 
pharmaceuticals which are not fully developed and/or accepted 
or in which the FDA laboratories lack adequate validation 
experience (e.g., NIR, Raman, imaging methods)

2

Critical analytical methods for certain drug delivery systems  
(e.g., liposomal and microemulsion parenteral drug products, 
transdermal and implanted drug products, aerosol, nasal, and 
dry powder inhalation systems, modified release oral dosage 
formulations with novel release mechanisms) 

3 Methods for biological and biochemical attributes (e.g., 
peptide mapping, enzyme-based assay, bioassay)

4
Certain methods for physical attributes critical to the 
performance of a drug (e.g., particle size distribution for drug 
substance and/or drug product)

5
Novel or complex chromatographic methods (e.g., specialized 
columns/stationary phases, new detectors/instrument set-up, 
fingerprinting method(s) for a complex drug substance, 
uncommon chromatographic method

Reference ID: 3813927
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6
Methods for which there are concerns with their adequacy 
(e.g., capability of resolving closely eluting peaks, limits of 
detection and/or quantitation) 

7 Methods that are subject to a “for cause” reason
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