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Disclaimer 
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 204623 are owned by Mallinckrodt, Inc. or are data for 
which Mallinckrodt, Inc. has obtained a written right of reference. 
Any information or data necessary for approval of NDA 204623 that Mallinckrodt, Inc. 
does not own or have a written right to reference constitutes one of the following: (1) 
published literature, or (2) a prior FDA finding of safety or effectiveness for a listed drug, 
as reflected in the drug’s approved labeling.  Any data or information described or 
referenced below from reviews or publicly available summaries of a previously approved 
application is for descriptive purposes only and is not relied upon for approval of NDA 
204623. 

Reference ID: 3251597

(b) (4)

(b) (4)



NDA #204623 PENNSAID 2%  Reviewer: Jay H. Chang, Ph.D. 
 

2 

TABLE OF CONTENTS 
 
1 EXECUTIVE SUMMARY ......................................................................................... 3 

1.1 INTRODUCTION.................................................................................................... 3 
1.2 BRIEF DISCUSSION OF NONCLINICAL FINDINGS ...................................................... 3 
1.3 RECOMMENDATIONS............................................................................................ 5 

2 DRUG INFORMATION ............................................................................................ 9 

2.1 DRUG ................................................................................................................. 9 
2.2 RELEVANT INDS, NDAS, BLAS AND DMFS........................................................... 9 
2.3 DRUG FORMULATION ........................................................................................... 9 
2.4 COMMENTS ON NOVEL EXCIPIENTS..................................................................... 12 
2.5 COMMENTS ON IMPURITIES/DEGRADANTS OF CONCERN ....................................... 12 
2.6 PROPOSED CLINICAL POPULATION AND DOSING REGIMEN .................................... 14 
2.7 REGULATORY BACKGROUND (AS RELATED TO THE CURRENT SUBMISSION) ............. 14 

3 STUDIES SUBMITTED.......................................................................................... 15 

3.1 STUDIES REVIEWED........................................................................................... 15 
3.2 STUDIES NOT REVIEWED ................................................................................... 15 
3.3 PREVIOUS REVIEWS REFERENCED...................................................................... 16 

4 PHARMACOLOGY................................................................................................ 16 

4.1 PRIMARY PHARMACOLOGY................................................................................. 16 
4.2 SECONDARY PHARMACOLOGY............................................................................ 16 
4.3 SAFETY PHARMACOLOGY................................................................................... 16 

5 PHARMACOKINETICS/ADME/TOXICOKINETICS .............................................. 17 

5.1 PK/ADME........................................................................................................ 17 
5.2 TOXICOKINETICS ............................................................................................... 25 

6 GENERAL TOXICOLOGY..................................................................................... 25 

7 GENETIC TOXICOLOGY ...................................................................................... 25 

8 CARCINOGENICITY ............................................................................................. 25 

9 REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY ................................ 25 

10 SPECIAL TOXICOLOGY STUDIES................................................................... 25 

11 INTEGRATED SUMMARY AND SAFETY EVALUATION................................. 40 

12 APPENDIX/ATTACHMENTS............................................................................. 40 

 

Reference ID: 3251597



NDA #204623 PENNSAID 2%  Reviewer: Jay H. Chang, Ph.D. 
 

3 

1 Executive Summary 

1.1 Introduction 
Mallinckrodt Inc. has submitted NDA 204623 for marketing approval of PENNSAID® 
(diclofenac sodium topical solution) 2% w/w (referred to hereafter as PENNSAID 2%) 
for twice daily (BID) administration as an alternative to the four times daily (QID) dosing 
of the previously approved product PENNSAID® (diclofenac sodium topical solution) 
1.5% w/w (referred to hereafter as PENNSAID 1.5%) for the treatment  

 of osteoarthritis of the knee.  The NDA was submitted as a 505(b)(2) 
application referencing the Agency’s previous finding of safety and effectiveness of 
Voltaren® (diclofenac sodium enteric-coated tablets) (NDA 19-201; Approved 7/28/99).  
The Applicant also has a Right of Reference letter to reference the diclofenac dermal 
carcinogenicity and dermal photocarcinogencity data from NDA 21-005 for Solaraze 
(diclofenac sodium) Gel, 3% w/w.   

Compared to the formulation of the marketed product PENNSAID 1.5%, the 2% 
formulation contains a  diclofenac sodium and ethanol, excludes 
glycerin, incorporates hydroxypropyl cellulose, and maintains the same concentration of 
DMSO (45.5%).  The maximum daily dose of PENNSAID 2% (e.g., 162 mg) is 
approximately the same as for PENNSAID 1.5% (e.g., 154 mg).  Moreover, all inactive 
ingredients are at levels within those listed in the FDA Inactive Ingredient Guide for the 
topical route and therefore do not pose a safety risk.    

1.2 Brief Discussion of Nonclinical Findings 
As there is an extensive body of nonclinical pharmacology and pharmacokinetic 
literature on diclofenac, the Applicant conducted only a few new studies to support the 
PENNSAID 2% formulation.  The Applicant has cross-referenced all of the nonclinical 
pharmacology and pharmacokinetic literature on diclofenac submitted to NDA 20-947 
for PENNSAID 1.5%, which they own.  Additionally, a series of new nonclinical 
pharmacokinetic studies were submitted that compared the absorption and distribution 
of diclofenac to the knees of swine after single and repeated administrations of 
PENNSAID 2% vs. the marketed PENNSAID 1.5% product.  Both formulations showed 
rapid absorption of diclofenac through the skin with plasma levels detected within 1 hour 
after dermal application and increasing concentrations with repeated administrations.  
The highest levels of diclofenac were detected in the epidermis and dermis of the skin 
followed by synovial fluid with levels diminishing distal to the application site.   
 
Extractables and Leachables 
PENNSAID 2% will employ a different container closure system than the approved 
PENNSAID 1.5% product.  The new system is the  container,  

 with a 1 mL metering pump.  The safety of the 
container/closure system was assessed via extraction studies followed by a literature-
based toxicological evaluation of the substances that were extracted to determine the 
safe level of exposure for this topical solution.  Extraction with the PENNSAID 2% 
vehicle produced the compounds listed in the table below.  Based on the concentrations 
identified through extraction, estimated maximum total daily exposures (TDEs) were 
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and accelerated (40°C/75%RH) conditions.  Only 6 month data were submitted with the 
NDA for both the long term and accelerated stability studies.  It was noted by the CMC 
review team that although 12 months of stability data are typically required for filing of a 
new NDA, this application was submitted originally as an efficacy supplement and later 
changed to a new NDA after the filing meeting.  Under accelerated conditions, several 
unknown leachables were detected above the Applicant’s analytical evaluation 
threshold (AET), which represents a qualification threshold.  Data from studies under 
accelerated conditions serve to predict longer shelf life stability and therefore if clean 
may support longer expiry than by the long term stability data alone.  As such, the data 
submitted does not support the Applicant’s proposed 24 month expiry.  Rather, only 6 
month expiry is supported by data from stability studies under 25°C long term 
conditions.   

A teleconference was held with the Applicant on 1/24/13 in part to gain 
clarification on whether additional stability data was available.  The Applicant stated that 
18 month leachables data from the ongoing 25°C long term stability study was available 
and could be submitted as soon as possible.  This data was submitted via email on 
1/25/13 and subsequently via CMC amendment (supporting document #20) on 1/28/13.  
The new data showed that no unidentified compounds were identified above the AET 
from the  container with any of the three registration lots at 18 months under 
25°C long term conditions.  Therefore, from the nonclinical perspective, this NDA may 
be approved with the Applicant’s proposed expiry.   

1.3 Recommendations 

1.3.1 Approvability 
From the nonclinical perspective, this NDA may be approved. 
1.3.2 Additional Non Clinical Recommendations 
N/A 
1.3.3 Labeling 
The table below contains the draft labeling proposed by the Applicant, changes 
suggested by this Reviewer, and the rationale for this Reviewer’s changes.  Note that 
text to be omitted from the Applicant’s proposed draft label is indicated by bold 
strikethrough.  Text added by this Reviewer is indicated in underlined bold.  Note that 
the language describing the nonclinical information in Sections 8 and 10 of the 
Applicant’s proposed label are virtually identical to the respective sections of the 
PENNSAID 1.5% product label with just the product name PENNSAID changed to 

.  The actual nonclinical information in the Pregnancy section is from 
the Solaraze™ (diclofenac sodium) Gel label.  The dermal carcinogenicity, 
photocarcinogenicity, and impairment of fertility information are also from the 
Solaraze™ (diclofenac sodium) Gel label.  The oral carcinogenicity information is from 
the Voltaren® Gel (diclofenac sodium topical gel) label.  The Applicant’s proposed 
tradename  was withdrawn during this review cycle and is noted in 
this Reviewer’s suggested label as PENNSAID 2%.  The proprietary name will likely be 
established after this review is finalized.  For the finalized version of the label, please 
refer to the Action Letter. 
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2 Drug Information 

2.1 Drug 
CAS Registry Number (Optional) 
15307-79-6 
 
Generic Name 
Diclofenac sodium 
 
Code Name 
N/A 
 
Chemical Name 
2-[(2,6-dichlorophenyl)amino] benzeneacetic acid, monosodium salt 
 
Molecular Formula/Molecular Weight 
C14H10Cl2NNaO2 / 318.14 
 
Structure or Biochemical Description 

 
Pharmacologic Class 
Non Steroidal Anti-Inflammatory 

2.2 Relevant INDs, NDAs, BLAs and DMFs 
• IND 75,045 (PENNSAID® Diclofenac Sodium Topical Solution 2% w/w) 
• IND 42,773 (PENNSAID® Diclofenac Sodium Topical Solution 1.5% w/w) 
• NDA 20-947 (PENNSAID® Diclofenac Sodium Topical Solution 1.5% w/w) 
• NDA 19-201 (Voltaren, Novartis, diclofenac sodium for oral administration) 
• NDA 21-005 (Solaraze™, Bioglan Pharms Corp., 3% diclofenac gel for actinic 

keratoses)  
• NDA 17-788 (RIMSO-50, Bioniche; 50% DMSO for interstial cystitis, approved 1978) 
• DMF  (diclofenac sodium; Esteve Química) 

2.3 Drug Formulation  
The composition of PENNSAID (diclofenac sodium topical solution) 2% w/w is shown in 
the Applicant’s table below.  The active substance is diclofenac sodium, at a 
concentration of 2.0% w/w (20  mg/mL).  Dimethyl sulfoxide (DMSO) is included as a 

. 
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3.3 Previous Reviews Referenced 
• NDA 20-947 Nonclinical Review by Dr. Hamid Amouzadeh (dated 7/17/2002 in 

DARRTS)  
• NDA 20-947 Nonclinical Review by Dr. L. Steve Leshin (dated 12/21/06 in DARRTS) 
• NDA 20-947 Nonclinical Toxicology Review by Dr. L. Steve Leshin (dated 7/23/09 in 

DARRTS) 
• NDA 20-947 Quality Review by Dr. Olen Stephens (dated 6/22/09 in DARRTS) 
 

4 Pharmacology 

4.1 Primary Pharmacology 
No new nonclinical pharmacology studies were submitted with this NDA.  The Applicant 
is cross-referencing nonclinical pharmacology literature for diclofenac that was 
submitted to NDA 20-947 for PENNSAID 1.5% Topical Solution.  Rather than resubmit 
the literature, the Applicant has indicated the appropriate submission dates, volumes, 
and page numbers in the NDA 20-947 submission to locate this information (see table 
below).   
 

 
 
Refer to the NDA 20-947 Pharmacology Toxicology Reviews by Dr. Hamid Amouzadeh 
dated 7/17/2002 and by Dr. L. Steve Leshin dated December 2006 for a discussion 
regarding the nonclinical pharmacology literature for diclofenac. 

4.2 Secondary Pharmacology 
N/A 

4.3 Safety Pharmacology 
N/A 
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GLP compliance:     No 
QA reports:      No 
 
Methods 
• This study evaluated the distribution of diclofenac after dermal application of two 

different 14C-diclofenac sodium formulations including PENNSAID 2% and 
PENNSAID 1.5% to knees of male Gottingen minipigs.   

• One animal (Group 1) received a single dermal administration of PENNSAID 2% 
topical formulation applied to each knee at an average dose level of 308 μCi/knee.  
Blood was collected from the Group 1 animal at predose, 1, 2, 4, 6, 7, 8, 10, and 12 
hours postdose.  

• One animal (Group 2) received two dermal administrations, approximately 6 hours 
apart, of 1.5% PENNSAID topical formulation applied to each knee at a mean dose 
level of 173 μCi/knee/application (347 μCi/knee total).  Blood was collected from the 
Group 2 animal at predose, 1, 2, 4, 6 (just prior to the second dose application), 7, 8, 
10, and 12 hours postdose. 

• Following animal euthanasia, knees with surrounding tissues from each hind limb 
were collected from Groups 1 and 2 at 12 hours after the initial dose. 

• Blood and plasma were analyzed for radioactivity by using liquid scintillation 
counting. 

 
Study Design 

 
 
Key findings: 
• Radioactivity levels in plasma and blood were higher in the PENNSAID 1.5% (Group 

2) treated animal with a maximum concentration of diclofenac about 9-fold higher in 
plasma and blood compared to the animal treated with PENNSAID 2% (Groups 1).  
Note that this was in part attributed to the higher administered dose for the Group 2 
animal after BID administration.  
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• At 12 hours post administration, substantial concentrations of radioactivity remained 

in the dosing area of the skin with little or no radioactivity in the subtended tissues of 
the knee. 

 
Study title: Pharmacokinetic study of PENNSAID solution compared to Solaraze 
Gel and two different doses of NRI-1004-06 Gel after multiple epicutaneous 
administration to German landrace pigs 
Study No:     1531/10/085-R03 
Location:      eCTD 4.2.2.2 
Conducting laboratory and location:   
GLP compliance:     No 
QA reports:      No 
 
Methods 
• This study evaluated the pharmacokinetics of diclofenac sodium after multiple topical 

administrations of PENNSAID 1.5%, Solaraze® (diclofenac sodium-3%) Gel, and 
two different volumes of PENNSAID 2% to 24 German landrace swine (n = 6/group) 

• Test articles were applied by syringe onto the back area of the swine.  Note for BID 
dosing, the doses were applied 10 hours apart; for QID dosing, the doses were 
applied 5 hours apart.  Refer to study design below. 

 
Study Design 

 
 
Key findings: 
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consecutive days at a dose of 42.2 μCi per application. The final dose was a single 
dose on Day 8.  

• Group 2 (N=4) minipigs received four daily dermal applications of PENNSAID 1.5%  
6 hours apart, applied to the right knee for 7 consecutive days at a dose of 22.0 μCi 
per application.  Two doses were administered on Day 8.  

• Note the overall total dose of diclofenac administered for PENNSAID 2% (32.2 mg) 
was approximately 36% lower than that administered for PENNSAID 1.5% (50 mg). 

• Blood was collected from all minipigs predose, and at 24, 48, 72, 96, 120, 144, and 
• 168 hours after the initial dose, and at specified times after the last dose (Group 1) 

or after the second to last dose (Group 2).  
• 2 minipigs/group/time point were euthanized at 12 and 48 hours after the last dose 

(Group 1) or after the second to last dose (Group 2).  Following euthanasia, both the 
treated and untreated knees were collected for autoradiographic analysis, and a 
series of skin biopsies were acquired from each treated knee.  

• Plasma and skin biopsies were analyzed for total radioactivity and plasma was 
analyzed for diclofenac.  

• Samples of skin were collected from the residual application site of each minipig 
knee after sectioning for autoradiographic analysis. 

 
Study Design 

 
 
Key findings: 
• Following dermal applications of PENNSAID 2%, plasma concentrations were 

measurable at 4 to 12 hours post last dose in all Group 1 minipigs, but near or below 
the limit of quantitation from 24 to 120 hours post initial dose in 3 of 4 minipigs.  In 
contrast, levels were measurable for all Group 2 PENNSAID 1.5%-treated animals at 
all timepoints.  This may have been attributable in part due to the higher 
administered dose to Group 2 animals. 

• Following repeated dermal applications of 14C-diclofenac sodium for 7 consecutive 
days, plasma concentrations of radioactivity were only slightly higher in the 
PENNSAID 1.5% treated animals compared to animals treated with PENNSAID 2%.  
However, the data suggested that most of the radioactivity found in the plasma may 
have resulted from the presence of metabolites rather than the parent compound. 

• Skin biopsies showed that concentrations of radioactivity were highest at the dose 
site and generally decreased as distance from the dose site increased. 
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Study Design 

 
 
 
Key findings: 
• PENNSAID 2% and PENNSAID 1.5% treatment showed showed rapid absorption of 

diclofenac through the skin with plasma levels detected within 1 hour after dermal 
application. 

• Diclofenac plasma concentrations were higher after the final doses for both 
treatments compared to the initial doses. 

• Diclofenac plasma concentrations tended to be higher with PENNSAID 2% 
treatment after initial doses but this was attributed to the higher individual doses with 
PENNSAID 2%.  After multiple doses, concentrations were similar. 
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Summary of Plasma Diclofenac Concentrations after Initial and Last Dose of 
PENNSAID 2% and PENNSAID 1.5%  

 
 
• Substantial amounts of diclofenac were detected in the skin, synovial fluid, and other 

tissues after six days of dosing with either PENNSAID 2% or PENNSAID 1.5%. 
Interestingly, notable concentrations of diclofenac were also detected in the 
contralateral knees suggesting potential cross contamination of the applied dose to 
non-treated knees.  

• Overall, similar tissue exposure was observed after BID applications of PENNSAID 
2% and QID applications of PENNSAID 1.5% with the highest levels detected in skin 
followed by synovial fluid and then bone, muscle, and tendon.   

 
Summary of Tissue Diclofenac Concentrations after Last Dose of PENNSAID 2% 
and PENNSAID 1.5%  
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40°C 6 month data. With a designated analytical evaluation threshold of  
μg/mL (as described in Section 3.2.P.2.4, NDA 204623, Sequence 0000) several 
unknown leachables also dropped below the threshold. 

 
The following tables show the corrected 40°C 6 month data presented alongside the 
new 18 month 25°C long term stability data from the three registration lots.  No 
compounds including unknown leachables were observed above the AET at 18 months 
under 25°C long term conditions.  Moreover, once the data were corrected only two 
unknown leachables were observed above the AET at 6 months from the accelerated 
40°C stability studies, and these same compounds (e.g., identical peaks) were under 
the AET at 18 months under 25°C conditions.  Therefore, the new data supports the 
Applicant’s proposed expiry of 24 months. 
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11 Integrated Summary and Safety Evaluation 
Refer to the Executive Summary 

12 Appendix/Attachments 
N/A 
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I concur with Dr. Chang that the NDA may be approved from the nonclinical perspective.
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