
 CENTER FOR DRUG EVALUATION AND 
RESEARCH 

 
 
 

APPLICATION NUMBER: 
 

202278Orig1s000 
 
 

PHARMACOLOGY REVIEW(S) 



 1

MEMORANDUM   
 
    DEPARTMENT OF HEALTH & HUMAN SERVICES 

                      Public Health Service 
                Food and Drug Administration 

________________________________________________________________________ 
 
Division of Neurology Products (HFD-120) 
Center for Drug Evaluation and Research 
 
Date: January 14, 2013 
 
From: Lois M. Freed, Ph.D. 
 Supervisory Pharmacologist 
 
Subject: NDA 202-278 Resubmission (received July 17, 2012), Zecuity™ (sumatriptan)  

Iontophoretic Transdermal system (NP101, Zelrix™) 
________________________________________________________________________ 
 
Background 
 
NDA 202-278 was originally submitted by NuPathe Inc. on October 29, 2012 to support 
approval of Zelrix Iontophoretic Transdermal System (now Zecuity™ TDS), a 
drug/device combination product for treatment of migraine, with or without aura, in 
adults. Upon review, it was determined that the application could not be approved due to 
numerous (CMC, Biopharmaceutics, CDRH, microbiology, clinical pharmacology, 
nonclinical, clinical) deficiencies. A Complete Response (CR) letter was issued on 
August 29, 2011.  
 
The nonclinical deficiencies (cf. Pharmacology/Toxicology NDA Review and Evaluation, 
NDA 202,278, D. Charles Thompson, R.Ph., Ph.D., D.A.B.T., 6/29/2011; Memorandum 
[NDA 202-278], Lois M. Freed, Ph.D., 8/10/2011) were identified in the CR letter, as 
follows:  
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An End-of-Review meeting was held with the sponsor on November 9, 2011 
(Memorandum of Meeting Minutes, 12/9/2011). For that meeting, the sponsor posed two 
nonclinical questions: 
 

• “Does the Agency concur that, although atypical, the completed chronic toxicity 
study, in conjunction with previous studies, is adequate to support approval of this 
product?” 

• “Does the Agency concur that a waiver of the requirement for conducting a 
dermal carcinogenicity study is warranted?” 

 
The division’s preliminary responses and the meeting discussion were as follows 
(Memorandum of Meeting Minutes, 12/9/2011): 
 

 
 

 
 
The sponsor submitted a Complete Response to the August 29, 2011 CR letter on July 16, 
2012 (received July 17, 2012).  
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NDA Resubmission following Complete Response Letter 
 
The nonclinical sections of the NDA resubmission provided the following: 
 

• Summary document addressing the nonclinical deficiencies identified in the CR 
letter. 

• Study 04-330-10-0-00036-00: Sumatriptan Iontophoretic Patch Formulation  
Statement on Skin Toxicity study (study dates not specified). 

• Study NP101-PC001: Evaluation of Formulation and Electrode Designs on Skin 
Tolerability and Pharmacokinetics Using a Porcine Model (July 27, 2007). 

• Labeling recommendations 
 
This information was reviewed by Dr. Thompson (Pharmacology/Toxicology NDA 
Review and Evaluation, D. Charles Thompson, R.Ph., Ph.D., D.A.B.T., 10/16/2012). 
Based on that review, Dr. Thompson has concluded that “No new nonclinical data 
relevant to the nonclinical deficiencies identified in the CR letter were submitted” and, 
therefore, the NDA is “Not approvable.”  
 
Summary of resubmission: The sponsor provided a summary document addressing the 
three nonclinical deficiencies identified in the CR letter.  
 
The sponsor maintained that the 9-month dermal toxicity study in minipig was adequate, 
based on a number of considerations, including the following: 

• The clinical delivery system, with only two series of minor modifications, was 
used; none of the modifications affected any portion in contact with skin. 

• Minipigs were dosed more frequently than “…typically required by humans with 
acute migraine.” 

• The study tested “…a sufficient number of animals to confirm the absence of 
systemic and local toxicity.” Since two patches were applied to each minipig (i.e., 
two times the recommended daily dose in humans), the “number of pigs assessed 
for dermal response to the device was twice the actual number of pigs…” 

• “…the abundance of untreated skin provided comparators to treated skin within 
the same animals, precluding the use of control pigs to provide untreated skin.” 

• The size of the patch (8 inches x 4 inches) precludes testing in rodent. 
• Systemic toxicity was not anticipated. (Comment: The sponsor’s discussion of 

data taken from the “Imitrex Summary Basis of Approval” was not considered 
since these data may not be used in support of the sponsor’s application.) 

 
The sponsor also maintained that sufficient data had been provided to document both the 
infeasibility of conducting a dermal carcinogenicity study and the lack of a need to assess 
carcinogenic potential via the dermal route, based on a number of considerations, 
including the following: 

• NP101 (the clinical delivery system) is for acute, not chronic, use in adults with 
migraine. 
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• Sumatriptan is not genotoxic and there was no evidence of carcinogenicity when 
sumatriptan was administered by other routes in nonclinical studies or based on 
post-marketing experience in humans. 

• There was no evidence of preneoplastic changes in the 9-month toxicity study in 
minipig. 

• It is impossible to test the NP101 patch in rodent. 
• Topical application without iontophoresis results in no systemic exposure, based 

on in vitro (bovine udder and human epidermis; with and without permeation 
enhancers) or in vivo (human) data. (Comment: the sponsor stated that “Bovine 
epidermis is much thinner on the udder…” but provided no information on the 
relevance of that to the question of feasibility.)  

• No changes in metabolic profile with dermal application. 
 

Two nonclinical study reports were provided in the resubmission. One clearly was not 
conducted in response to the CR letter; the report for Study NP101-PC001 (a non-GLP 
study in anesthetized female Yorkshire minipig) was dated July 27, 2007, prior to 
original submission of the NDA. The report for Study 04-330-10-0-00036-00 (non-GLP) 
was not dated, and, as noted by Dr. Thompson, “…is not actually a report of any 
original…study.”  
 
In response to nonclinical deficiency #3 (CR letter, 8/29/2011), the sponsor stated that no 
modifications made in response to the numerous drug product deficiencies conveyed in 
the CR letter raised additional safety concerns requiring nonclinical assessment. 

Conclusion: The sponsor provided no new information to address the inadequacy of the 
9-month toxicity study in minipig, the lack of an assessment of carcinogenic potential of 
sumatriptan administered dermally, or the feasibility of conducting a dermal 
carcinogenicity study. The CMC review team concurred with the sponsor’s statement that 
no new modifications to the clinical product raised any safety issues that would require 
nonclinical assessment; therefore, this deficiency has been adequately addressed. The 
remaining deficiencies and the inadequacy of the sponsor’s data have been discussed in 
previous reviews/memos and communications (cited above).  
 
A Discipline Review (DR) letter was sent to the sponsor (12/21/2012), stating that 
nonclinical deficiencies #1 and #2 identified in the CR letter (August 29, 2011) have not 
been adequately addressed: 
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• Regarding the feasibility of conducting a dermal carcinogenicity study, the 
sponsor stated that: 

o  the lack of passive delivery was confirmed in multiple models, including 
human (in vitro, in vivo), minipig (in vitro, in vivo), rat (in vivo), and 
bovine (in vitro). Also, published studies, including those cited in the DR 
letter, indicate that there are “many exceptions” to the “general 
assumption that the skin of rabbit, rats, mice, and guinea pigs is more 
permeable than the skin of humans and pigs…” 

o “…all permeation enhancers are toxic to the skin…this study [dermal 
(painting) carcinogenicity study] would be akin to a co-carcinogenicity 
study, uninformative for human risk assessment.” 

 
The sponsor’s response to the DR letter provided no additional information or basis for 
accepting the adequacy of the data submitted. Regarding the 9-month minipig study, the 
sponsor’s comment on the need for a placebo TDS group reflects an apparent lack of 
understanding of the purpose of such a control, i.e., to control for dermal effects due 
solely to application of the TDS. However, as the division stated in the End-of-Review 
meeting, a repeat 9-month minipig study is no longer needed to support clinical 
development of Zecuity TDS because sufficient clinical data are now available; a repeat 
study would only be useful in determining whether or not a dermal carcinogenicity study 
was warranted.  At this stage, this issue is better addressed by conducting an appropriate 
feasibility study in rodent (mouse) and then, if possible, a dermal carcinogenicity study. 
Therefore, the 9-month study does not need to be repeated.  
 
Regarding the feasibility issue, the sponsor did provide in vitro and in vivo data on skin 
permeability of sumatriptan with and without permeation enhancers and with and without 
iontophoresis. However, none of these data addressed the feasibility of conducting a 
dermal carcinogenicity study of sumatriptan painted onto the skin of rodent (preferably 
mouse, as previously recommended by the division), using an appropriate permeation 
enhancer. The purpose of the references to published literature given in the DR letter was 
to document that the skin of various animal species (including rodent) is generally 
considered to be more permeable than human. The fact that there are exceptions simply 
indicates that data are needed to evaluate the permeability of any particular compound. 
Although the sponsor continues to argue that a dermal study of Zecuity TDS cannot be 
conducted in mouse, it should be noted that in no communication did the Division 
suggest such a strategy.  
 
The DR letter and the sponsor’s response were discussed during the January 8, 2013 
teleconference. Prior to the teleconference, what data constitute sufficient evidence of 
feasibility/infeasibility was discussed with the Division of Dermatology and Dental 
Products (DDDP). Based on the DDDP experience, a multiple-dose dermal (painting) 
study in mouse (with toxicokinetic confirmation of absorption), typically of 7-14 days 
duration, is a straightforward, acceptable approach. Apparently, compounds with no skin 
permeability following an acute dose may demonstrate substantial permeability with 
repeated daily doses of at least 7 days duration. This type of study was recommended to 
the sponsor during the teleconference. Also, it does not appear to be the case that all 
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permeation enhancers are toxic and would confound interpretation of a dermal 
carcinogenicity study, as stated by the sponsor. It is my understanding that certain 
permeation enhancers, e.g., PEG, can be successfully used as a vehicle in dermal 
(painting) carcinogenicity studies. 
 
Recommendation 
 
I concur with Dr. Thompson’s conclusion that the sponsor has not provided sufficient 
nonclinical data to support approval of the NDA. However, it is my understanding that 
the clinical team has determined that the Zecuity TDS provides clinical benefit, 
particularly in migraine patients who cannot take sumatriptan orally (e.g., due to 
excessive nausea) or are injection-averse. If the NDA is approved at this time based on 
clinical considerations, the sponsor should be required to adequately address the 
remaining nonclinical deficiencies as Post-Marketing Requirements: 
 

• An in vivo repeat-dose dermal painting study (with TK analysis) of sumatriptan 
succinate in an appropriate mouse model, and using various permeation 
enhancers. 

• A dermal (painting) carcinogenicity study of sumatriptan succinate in mouse. 
 
Labeling recommendations are provided in the following table. The “RDL” is Imitrex 
injection (NDA 20-080, label approved on 10/2/2012). Safety margins were removed 
since interspecies comparisons based on body surface area (mg/m2) cannot be made when 
different routes of administration are involved. 

Reference ID: 3245020



 8

 
 

 
RLD 

 

 
SPONSOR’S PROPOSED (v. 1/3/2013) 

 
RECOMMENDED 

HIGHLIGHTS OF PRESCRIBING INFORMATION 
----------INDICATIONS AND USAGE---------- ----------INDICATIONS AND USAGE---------- ----------INDICATIONS AND USAGE---------- 
IMITREX is a serotonin (5-HT1B/1D) receptor 
agonist (triptan) indicated for: 
• Acute treatment of migraine with or without 

aura in adults (1) 
• Acute treatment of cluster headache in adults 

(1) 
Limitations of Use: 
• Use only if a clear diagnosis of migraine or 

cluster headache has been established. (1) 
• Not indicated for the prevention of migraine 

attacks. (1) 

ZECUITY is an iontophoretic transdermal system 
(TDS) that delivers sumatriptan, a serotonin (5HT) 
1b/1d receptor agonist (triptan), and is indicated for 
the acute treatment of migraine with or without 
aura in adults (1) 

-------USE IN SPECIFIC POPULATIONS-------- -------USE IN SPECIFIC POPULATIONS-------- -------USE IN SPECIFIC POPULATIONS-------- 
• Pregnancy: Based on animal data, may cause 

fetal harm (8.1) 
• Geriatric use: A cardiovascular evaluation is 

recommended in those who have other 
cardiovascular risk factors prior to receiving 
IMITREX. (8.5) 

• Pregnancy: Based on animal data, may cause 
fetal harm (8.1) 

• Pregnancy: Based on animal data, may cause 
fetal harm (8.1) 

FULL PRESCRIBING INFORMATION 
8  USE IN SPECIFIC POPULATIONS 8  USE IN SPECIFIC POPULATIONS 8  USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 8.1 Pregnancy 8.1 Pregnancy 
     Pregnancy Category C: There are no adequate 
and well-controlled trials of IMITREX Injection in 
pregnant women.  
     When sumatriptan was administered 
intravenously to pregnant rabbits daily throughout 
the period of organogenesis, embryolethality was 
observed at doses at or close to those producing 

Pregnancy Category C: There are no adequate and 
well-controlled studies in pregnant women. 
ZECUITY should be used during pregnancy only if 
the potential benefit justifies the potential risk to 
the fetus. 
 
When sumatriptan was administered intravenously 
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maternal toxicity. These doses were less than the 
maximum recommended human dose (MRHD) of 

mg/day on a mg/m2 basis. Oral administration of 
matriptan to rabbits during organogenesis was 

associated with increased incidences of fetal 
vascular and skeletal abnormalities. The highest no-
effect dose for these effects was 15 mg/kg/day. The 
intravenous administration of sumatriptan to 
pregnant rats throughout organogenesis at doses 
that are approximately 10 times the MRHD on a 
mg/m2 basis did not produce evidence of 
embryolethality. The subcutaneous administration 
of sumatriptan to pregnant rats prior to and 
throughout pregnancy did not produce evidence of 
embryolethality or teratogenicity.  

to pregnant rabbits daily throughout the period of 
organogenesis, embryolethality was observed at 
doses at or close to those producing maternal 
toxicity. Oral administration of sumatriptan to 
rabbits during organogenesis was associated with 
increased incidences of fetal vascular and skeletal 
abnormalities; the highest no-effect dose for these 
effects was 15 mg/kg/day. The intravenous 
administration of sumatriptan to pregnant rats 
throughout organogenesis did not produce evidence 
of embryolethality. The subcutaneous 
administration of sumatriptan to pregnant rats prior 
to and throughout pregnancy did not produce 
evidence of embryolethality or teratogenicity. 

8.3 Nursing Mothers 8.3 Nursing Mothers 8.3 Nursing Mothers 
It is not known whether sumatriptan is excreted in 
human breast milk following subcutaneous 
administration. Because many drugs are excreted in 
human milk, and because of the potential for 
serious adverse reactions in nursing infants from 
IMITREX, a decision should be made whether to 
discontinue nursing or to discontinue the drug, 
taking into account the importance of the drug to 
the mother. 

It is not know whether sumatriptan is excreted in 
human milk following transdermal administration. 
Because many drugs are excreted in human milk, 
and because of the potential for serious adverse 
reactions in nursing infants from ZECUITY, a 
decision should be made whether to discontinue 
nursing or to discontinue the drug, taking into 
account the importance of the drug to the mother. 

8.4 Pediatric Use 8.4 Pediatric Use 8.4 Pediatric Use 
     Safety and effectiveness of IMITREX Injection 
in pediatric patients under 18 years of age have not 
been established; therefore, IMITREX Injection is 
not recommended for use in patients under 18 years 
of age. 
     Two controlled clinical trials evaluated 
IMITREX Nasal Spray (5 to 20 mg) in 1,248 
adolescent migraineurs aged 12 to 17 years who 

Two controlled clinical trials evaluated sumatriptan 
nasal spray (5 to 20 mg) in 1,248 adolescent 
migraineurs aged 12 to 17 years who treated a 

Safety and effectiveness in pediatric patients have 
not been established. 
 
 
 
[No comments on the remaining portion of this 
section.] 
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treated a single attack. The trials did not establish 
the efficacy of IMITREX Nasal Spray compared 
with placebo in the treatment of migraine in 
adolescents. Adverse reactions observed in these 
clinical trials were similar in nature to those 
reported in clinical trials in adults. 
     Five controlled clinical trials (2 single-attack 
studies, 3 multiple-attack studies) evaluating oral 
IMITREX (25 to 100 mg) in pediatric patients aged 
12 to 17 years enrolled a total of 701 adolescent 
migraineurs. These studies did not establish the 
efficacy of oral IMITREX compared to placebo in 
the treatment of migraine in adolescent. Adverse 
events observed in these clinical trials were similar 
in nature to those reported in clinical trials in 
adults. The frequency of all adverse events in these 
patients appeared to be both dose- and age 
dependent, with younger patients reporting events 
more commonly than older adolescents. 
     Post-marketing experience documents that 
serious adverse events have occurred in the 
pediatric population after use of subcutaneous, oral, 
and/or intranasal IMITREX. These reports include 
events similar in nature to those reported rarely in 
adults, including stroke, visual loss, and death. A 
myocardial infarction has been reported in a 14-
year-old male following the use of oral IMITREX; 
clinical signs occurred within 1 day of drug 
administration. Since clinical data to determine the 
frequency of serious adverse reactions in pediatric 
patients who might receive subcutaneous, oral, or 
intranasal IMITREX are not presently available, the 
use of IMITREX in patients under 18 years of age 
is not recommended. 

single attack. The trials did not establish the 
efficacy of sumatriptan nasal spray compared with 
placebo in the treatment of migraine in adolescents. 
Adverse reactions observed in these clinical trials 
were similar in nature to those reported in clinical 
trials in adults. 
 
Five controlled clinical trials (2 single-attack 
studies, 3 multiple-attack studies) evaluating oral 
sumatriptan (25 to 100 mg) in pediatric patients 
aged 12 to 17 years enrolled a total of 701 
adolescent migraineurs. These studies did not 
establish the efficacy of oral sumatriptan compared 
to placebo in the treatment of migraine in 
adolescent. Adverse events observed in these 
clinical trials were similar in nature to those 
reported in clinical trials in adults. The frequency of 
all adverse events in these patients appeared to be 
both dose- and age dependent, with younger 
patients reporting events more commonly than 
older adolescents. 
 
Post-marketing experience documents that serious 
adverse events have occurred in the pediatric 
population after use of subcutaneous, oral, and/or 
intranasal sumatriptan. These reports include events 
similar in nature to those reported rarely in adults, 
including stroke, visual loss, and death. A 
myocardial infarction has been reported in a 14-
year-old male following the use of oral sumatriptan; 
clinical signs occurred within 1 day of drug 
administration. Since clinical data to determine the 
frequency of serious adverse reactions in pediatric 
patients who might receive subcutaneous, oral, or 
intranasal sumatriptan are not presently available, 
the use of ZECUITY in patients under 18 years of 
age is not recommended. 

Reference ID: 3245020



 11

12 CLINICAL PHARMACOLOGY   
12.1  Mechanism of Action 12.1  Mechanism of Action 12.1  Mechanism of Action 

     Sumatriptan binds with high affinity to human 
cloned 5-HT1B/1D receptors. IMITREX presumably 
exerts its therapeutic effects in the treatment of 
migraine headache by binding to 5-HT1B/1D 
receptors located on intracranial blood vessels and 
sensory nerves of the trigeminal system. 

     Current theories proposed to explain the etiology 
of migraine headache suggest that symptoms are 
due to local cranial vasodilatation and/or to the 
release of sensory neuropeptides (including 
substance P and calcitonin gene-related peptide) 
through nerve endings in the trigeminal system. 
The therapeutic activity of IMITREX for the 
treatment of migraine headaches is though to be 
due to the agonist effects at the 5-HT1B/1D receptors 
on intracranial blood vessels (including the arterio-
venous anastomoses) and sensory nerves of the 
trigeminal system, which result in cranial vessel 
constriction and inhibition of pro-inflammatory 
neuropeptide release. 

Sumatriptan is the active component of ZECUITY. 
Sumatriptan binds with high affinity to human 
cloned 5-HT1B/1D receptors. ZECUITY presumably 
exerts its therapeutic effects in the treatment of 
migraine headache by binding to 5-HT1B/1D 
receptors located on intracranial blood vessels and 
sensory nerves of the trigeminal system. 
 
Current theories proposed to explain the etiology of 
migraine headache suggest that symptoms are due 
to local cranial vasodilatation and/or to the release 
of sensory neuropeptides (including substance P 
and calcitonin gene-related peptide) through nerve 
endings in the trigeminal system. The therapeutic 
activity of sumatriptan for the treatment of migraine 
headaches is though to be due to the agonist effects 
at the 5-HT1B/1D receptors on intracranial blood 
vessels (including the arterio-venous anastomoses) 
and sensory nerves of the trigeminal system, which 
result in cranial vessel constriction and inhibition of 
pro-inflammatory neuropeptide release. 

13 NONCLINICAL TOXICOLOGY   
13.1 Carcinogenesis, Mutagenesis, Impairment 
of Fertility 

13.1 Carcinogenesis, Mutagenesis, Impairment 
of Fertility 

13.1 Carcinogenesis, Mutagenesis, Impairment 
of Fertility 

     Carcinogenesis: In carcinogenicity studies, rats 
and mice were given sumatriptan by oral gavage. 
Mice were dosed for 78 weeks and rats were dosed 
for 104 weeks. Average exposures achieved in mice 
receiving the highest dose were approximately 110 
times the exposure attained in humans after the 
maximum recommended single dose of  mg. The 
highest dose to rats was approximately 260 times 

Carcinogenesis: In carcinogenicity studies, rats and 
mice were given sumatriptan by oral gavage. Mice 
were dosed for 78 weeks and rats were dosed for 
104 weeks. There was no evidence of an increase in 
tumors in either species related to sumatriptan 
administration. 
 
Mutagenesis: Sumatriptan was not mutagenic in the 
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the maximum single dose of  mg on a mg/m2 
basis. There was no evidence of an increase in 
tumors in either species related to sumatriptan 
administration. 
     Mutagenesis: Sumatriptan was not mutagenic in 
the presence or absence of metabolic activation 
when tested in 2 gene mutation assays (the Ames 
test and the in vitro mammalian Chinese hamster 
V79/HGPRT assay). It was not clastogenic in 2 
cytogenetics assays (the in vitro human lymphocyte 
assay and the in vivo rat micronucleus assay). 
     Impairment of Fertility: A fertility study 
(Segment I) by the subcutaneous route, during 
which male and female rats were dosed daily with 
sumatriptan prior to and throughout the mating 
period, has shown no evidence of impaired fertility 
at doses equivalent to approximately 100 times the 
maximum recommended single human dose of 
mg on a mg/m2 basis. However, following oral 
administration, a treatment-related decrease in 
fertility, secondary to a decrease in mating, was 
seen for rats treated with 50 and 500 mg/kg/day. 
The no-effect dose for this finding was 
approximately 8 times the maximum recommended 
single human dose of mg on a mg/m2 basis. It is 
not clear whether the oblem is associated with the 
treatment of males or females or both. 

presence or absence of metabolic activation when 
tested in two gene mutation assays (the Ames test 
and the in vitro mammalian Chinese hamster 
V79/HGPRT assay). It was not clastogenic in two 
cytogenetics assays (in vitro human lymphocyte 
assay and in vivo rat micronucleus assay). 
 
Impairment of Fertility: A fertility study by the 
subcutaneous route, during which male and female 
rats were dosed daily with sumatriptan prior to and 
throughout the mating period, has shown no 
evidence of impaired fertility. However, following 
oral administration, a treatment-related decrease in 
fertility, secondary to a decrease in mating, was 
seen for rats treated with 50 and 500 mg/kg/day. It 
is not clear whether the problem is associated with 
the treatment of males or females or both. 

13.2 Animal Toxicology and/or Pharmacology 13.2 Animal Toxicology and/or Pharmacology 13.2 Animal Toxicology and/or Pharmacology 
     Corneal Opacities: Dogs receiving oral 
sumatriptan developed corneal opacities and defects 
in the corneal epithelium. Corneal opacities were 
seen at the lowest dosage tested, 2 mg/kg/day, and 
were present after 1 month of treatment. Defects in 
the corneal epithelium were noted in a 60-week 
study. Earlier examinations for these toxicities were 

Corneal Opacities: Dogs receiving oral sumatriptan 
developed corneal opacities and defects in the 
corneal epithelium. Corneal opacities were seen at 
the lowest dosage tested, 2 mg/kg/day, and were 
present after 1 month of treatment. Defects in the 
corneal epithelium were noted in a 60-week study. 
Earlier examinations for these toxicities were not 
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not conducted and no-effect doses were not 
established; however, the relative exposure at the 
lowest dose tested was approximately 5 times the 
human exposure after a 100-mg oral dose or 3 times 
the human exposure after a 6-mg subcutaneous 
dose. 
     Melanin Binding: In rats with a single 
subcutaneous dose (0.5 mg/kg) of radiolabeled 
sumatriptan, the elimination half-life of 
radioactivity from the eye was 15 days, suggesting 
that sumatriptan and its metabolites bind to the 
melanin of the eye. The clinical significance of this 
binding is unknown. 

Melanin Binding: In rats with a single subcutaneous 
dose (0.5 mg/kg) of radiolabeled sumatriptan, the 
elimination half-life of radioactivity from the eye 
was 15 days, suggesting that sumatriptan and its 
metabolites bind to the melanin of the eye. The 
clinical significance of this binding is unknown. 

conducted and no-effect doses were not established. 
 
Melanin Binding: In rats with a single subcutaneous 
dose (0.5 mg/kg/day) of radiolabeled sumatriptan, 
the elimination half-life of radioactivity from the 
eye was 15 days, suggesting that sumatriptan and 
its metabolites bind to the melanin of the eye. The 
clinical significance of this binding is unknown. 
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1 Executive Summary 

1.1 Introduction 

NDA 202-278 was originally received on October 29, 2010, proposing registration of a 
drug/device combination product (Zecuity) that utilizes iontophoretic technology in a 
patch application to deliver sumatriptan transdermally for the acute treatment of 
migraine with or without aura in adults. Following review, a Complete Response (CR) 
letter was issued to the sponsor on August 29, 2011. The present submission 
constitutes the sponsor’s response to the CR letter and resubmission of the original 
NDA. 

1.2 Brief Discussion of Nonclinical Findings 

No new nonclinical data relevant to the nonclinical deficiencies identified in the CR letter 
were submitted. 

1.3 Recommendations 

1.3.1 Approvability:  Not approvable. 

 

1.3.2 Additional Non Clinical Recommendations:  The sponsor should provide 
definitive in vivo TK data from an appropriate rodent model for dermal carcinogenesis 
confirming an absence of systemic sumatriptan exposure following reasonable attempts 
at dosing via skin painting with various formulations of drug and known absorption 
enhancers. A final recommendation on the need for a full, two-year dermal 
carcinogenicity assay is deferred pending receipt and evaluation of the above-noted TK 
data. 

1.3.3 Labeling:  Deferred at this time. 

 

2 Drug Information 

2.1 Drug 

CAS Registry Number:  103628-48-4 
 
Generic Name:  Sumatriptan succinate 
 
Code Name:  NP101 
 
Chemical Name:  3-[2-(dimethylamino)ethyl]-N-methyl-indole-5-methanesulfonamide 
succinate (1:1) 
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Molecular Formula/Molecular Weight:  C14H21N3O2S•C4H6O4/413.5 
 
Structure or Biochemical Description: 
 

 
 
Pharmacologic Class:  Serotonin (5HT) 1B/1D Receptor Agonist (triptan) 
 

2.2 Relevant INDs, NDAs, and DMFs 

NDAs 20-080, 20-132, and 20-626; IND 74,877 

2.3 Drug Formulation 

Zecuity is a disposable, single-use, drug/device combination product that utilizes 
iontophoretic technology in a patch application to deliver sumatriptan transdermally for 
the acute treatment of migraine with or without aura in adults. The sponsor asserts that 
“no changes to the drug and salt formulations have been made” relative to that which 
was assessed in the original NDA submission (see previous nonclinical review:  
PHARMACOLOGY/TOXICOLOGY NDA REVIEW AND EVALUATION, NDA 202-278, 
D. Charles Thompson, June 29, 2011); in addition, none of the other product 
modifications “...resulted in a change to materials that come in contact with the skin” 
and “...have not significantly changed the device tested in the nonclinical animal 
studies.” 

2.4 Comments on Novel Excipients 

No change from original NDA submission (see previous nonclinical review:  
PHARMACOLOGY/TOXICOLOGY NDA REVIEW AND EVALUATION, NDA 202-278, 
D. Charles Thompson, June 29, 2011). 

2.5 Comments on Impurities/Degradants of Concern 

No change from original NDA submission (see previous nonclinical review:  
PHARMACOLOGY/TOXICOLOGY NDA REVIEW AND EVALUATION, NDA 202-278, 
D. Charles Thompson, June 29, 2011). 

2.6 Proposed Clinical Population and Dosing Regimen 

Dermal patch administration in adult migraineurs. 
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data and to the sponsor’s own clinical trials with the NP101 patch, combined with 
apparently original in vitro skin permeation data generated by  
 
These in vitro studies employed a modified “Keshary-Chien diffusion cell” test system 
and evaluated transport (µg/cm2) of sumatriptan succinate across both bovine udder 
skin and human epidermis. In the bovine udder skin experiment, sumatriptan succinate 
was dissolved % w/w) in three different vehicles (gelatin, HPMC, and polyamine) and 
applied with and without iontophoresis. In the human epidermis experiment, the 
sumatriptan succinate was dissolved at % w/w in each of four solvent systems (3% 
tylose in water; thylose/water plus DMSO; olive oil; and ethanol) and applied without 
iontophoresis only. The results from these two experiments are summarized in the 
sponsor’s two tables reproduced below. 
 

 
 

 
 
The report concludes by saying that, “...a sufficient exposure of dermal cells to test 
dermal carcinogenicity is highly unlikely even with penetration enhancers with passive 
transdermal delivery” and that, as a result, “...the proposed skin painting study with 
passive transdermal administration, even with penetration enhancers, is unlikely to 
provide a valid assessment of the dermal carcinogenic potential of sumatriptan.” 
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Study title:  Evaluation of Formulation and Electrode Designs on Skin 
Tolerability and Pharmacokinetics Using a Porcine Model 

Study no.: NP101-PC001 
Study report location: EDR 

Conducting laboratory and location:

Report Date: July 27, 2007 
GLP compliance: No 

QA statement: No 
Drug, lot #, and % purity: Sumatriptan succinate, not further 

defined 
 

Summary Description and Conclusions 

Report NP101-PC001 describes investigations into the tolerability and PK in pigs 
(Yorkshire, female, anesthetized) of various formulations and patch designs for 
administration of sumatriptan via transdermal iontophoresis (single application; 4 
patches/animal/application; 4-6 hr patch time). The sponsor’s synopsis of the study 
design is reproduced below. 
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The sponsor’s purpose for inclusion of report NP101-PC001 in the current response to 
CR submission is unclear. As noted, the date of the report is July 27, 2007, which 
predates the date of the original NDA submission (October 29, 2010) by more than 
three years. In addition, no overall conclusion is drawn from the study by the sponsor 
beyond that quoted above and the study report is not discussed or even referenced 
anywhere else in any of the sponsor’s summary documents (e.g., Nonclinical Overview, 
Toxicology Written Summary) included in the current submission. 
 
 

11 Integrated Summary and Safety Evaluation 
NDA 202-278 was originally received on October 29, 2010. The application proposes a 
drug/device combination product (Zecuity) that utilizes iontophoretic technology in a 
patch application to deliver sumatriptan transdermally for the acute treatment of 
migraine with or without aura in adults. Review of the original application resulted in the 
issuance of a Complete Response (CR) letter to the sponsor on August 29, 2011, which 
identified numerous deficiencies in the application, most of which were related to 
product quality and/or device issues. An End of Review Meeting was held with the 
sponsor on November 9, 2011 to discuss the issues identified in the CR letter. The 
present submission constitutes the sponsor’s response to the CR letter and 
resubmission of the original NDA. 
 
Three nonclinical deficiencies/issues were identified in the CR letter, which are 
excerpted below. 
 

“1. You have not adequately assessed the chronic dermal toxicity of the NP101 drug 
formulation since the 9-month dermal toxicity study in miniature swine (PROT-55- 
NP101-006/S08719) was inadequate by design and conduct. The study needs to be 
repeated using: 
a. A clinically relevant formulation and dosing regimen. Justification would need to be 
provided for less than daily dosing at the same site. 
b. A sufficient number of animals to allow for meaningful interpretation (4/sex/group). 
c. Untreated and vehicle control groups. It is possible that assessment of untreated skin 
could be conducted in animals from other groups, i.e., a separate group may not be 
needed. 
d. Three dose levels to allow assessment of the dose-dependent nature of any toxicity 
observed, up to a dose documented to be either a maximum tolerated or maximum 
feasible dose. 
e. Toxicokinetic analysis to document drug delivery through the skin. 
 
2. You have not provided adequate justification to allow for a waiver of the requirement 
for conducting a dermal carcinogenicity study for NP101. We understand that the NP101 
patch cannot be used to dose rodents. However, you have failed to address the feasibility 
of conducting a carcinogenicity study in which the components of the drug product are 
painted onto the skin. Unless the results of an adequately conducted chronic dermal 
toxicity study in non-rodent demonstrate the lack of any histopathological changes in 
locally exposed tissue, you will need to either conduct a dermal carcinogenicity study 
(preferably in mouse) or provide adequate justification for why a dermal painting 
carcinogenicity study is not feasible or would not provide data relevant to humans. 
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3. If substantial changes are made to the clinical product, additional nonclinical studies 
may be required.” 

 
With the current submission, the sponsor has provided neither reports of GLP toxicity 
studies nor any new and relevant in vivo nonclinical data of any kind that directly 
address the nonclinical issues identified in the CR letter. Rather, the sponsor has 
provided two documents that summarize, one, in vitro studies of bovine and human skin 
permeation of sumatriptan succinate and, two, preliminary studies (conducted more 
than three years prior to the original NDA submission) of the tolerability and PK in pigs 
with various developmental NP101 drug formulations and patch designs. The sponsor 
has also provided a separate, summary document entitled “Guide for Complete 
Response Letter”, which consists of the sponsor’s itemized and specific responses to 
each of the deficiencies (i.e., Product Quality, Microbiology, Clinical Pharmacology, 
Clinical, as well as Nonclinical) identified in the CR letter. Each of the sponsor’s 
responses to the identified nonclinical issues is addressed individually in the paragraphs 
that follow. 
 
Sponsor Response:  Nonclinical Issue #1 
Relevant portions of the sponsor’s response are excerpted below. 
 

“NuPathe believes that the 9-month dermal toxicity study was adequate to assess the 
potential risks from repeated human exposure, to demonstrate the absence of systemic 
toxicity not formerly identified in earlier nonclinical studies performed by the innovator 
firm, and to confirm the absence of proliferative or pre-neoplastic changes in any tissues, 
including the epidermis, dermis and subcutaneous tissues, that might indicate a possible 
risk for dermal carcinogenicity in humans....At the End of Review meeting on 09 
November 2011, FDA provided preliminary comments regarding this issue in which they 
stated that if NuPathe can “adequately document that a dermal carcinogenicity study is 
not feasible, you would not need to repeat the 9-month study, since the results of that 
study inform the decision as to whether or not a dermal carcinogenicity study is 
needed.”...As discussed below in Nonclinical Item #2, NuPathe is providing new data to 
support that a dermal carcinogenicity study is not feasible.” 

 
Reviewer Comments 
For reasons previously discussed in this reviewer’s review of the original NDA 
submission (PHARMACOLOGY/TOXICOLOGY NDA REVIEW AND EVALUATION, 
NDA 202-278, D. Charles Thompson, June 29, 2011), the Division has provided clear 
communication to the sponsor—originally in the CR letter (Agency Letter, August 29, 
2011) and reiterated in the End of Review Meeting Minutes (Meeting Minutes, 
December 9, 2011)—that the 9-month dermal toxicity study in miniature swine (PROT-
55-NP101-006/S08719) is considered inadequate as an assessment of the chronic 
dermal toxicity of the proposed NP101 drug product. 
 
The sponsor’s current submission provides no new and/or relevant data nonclinical data 
that directly address this issue. Moreover, certain specific arguments provided by the 
sponsor in separate summary documents in the submission suggest a selective reading 
on their part of the published literature with respect to clinical behavior of the migraine 
patient population. For example, the sponsor argues that “...it has adequately assessed 
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the chronic dermal toxicity of the NP101 drug formulation in the 9-month dermal toxicity 
study in miniature swine...” because they assert that the study’s dosing regimen 
“...employed the human clinical formulation and device (NP101), used a multiple of the 
human clinical dose, [and] provided doses more frequently than is typically required by 
humans with acute migraine, per the literature...” (see Section 2.6.1: Introduction and 
Statement of Nonclinical Issues). 
 
However, this reviewer notes that the dosing regimen employed in the sponsor’s 9-
month toxicity study (i.e., two mg patches applied once per week) appears, on face, to 
be little, if any, exaggeration r ative to that recommended in current approved labeling 
for sumatriptan injection, where the MRDD is  mg in 24 hours. Moreover a cursory 
search of the literature by this reviewer identified numerous reports that describe 
overuse or misuse of sumatriptan in a significant fraction of migraine patients.1 This 
suggests that the dosing regimen employed in the sponsor’s 9-month study may not 
adequately reflect actual migraine patient behavior in an uncontrolled clinical setting, 
much less provide any sort of exaggeration of even label-recommended dosing. Given 
that the proposed iontophoretic transdermal patch drug product represents a 
reformulation and alternative route of administration relative to approved sumatriptan 
drug product formulations, it is with respect to assessing the potential for local (i.e., 
‘under patch’) toxicity under reasonably anticipated actual use conditions that this 
apparent lack of exaggeration is most concerning. Thus, for this and other reasons as 
described in the original NDA review, this reviewer reaffirms the original finding that the 
9-month dermal toxicity study in miniature swine is inadequate. This reviewer also 
reaffirms the original recommendation that the study should be repeated as specified in 
the original NDA review, unless a 2-year rodent dermal carcinogenicity study is to be 
conducted or confirmed to be unfeasible (see below). 
 
Sponsor Response:  Nonclinical Issue #2 
Relevant portions of the sponsor’s response are excerpted below. 
 

“This was discussed with FDA at the End of Review meeting on 09 November 2011. FDA 
clarified that to demonstrate that a meaningful study cannot be conducted using 
sumatriptan painted onto the skin (e.g., using a formulation designed to enhance dermal 
absorption), data indicating a lack of absorption would need to be provided to document 
that a meaningful assessment of dermal carcinogenic potential is not feasible....NuPathe 
completed further work in a formal clinical study, NP101-024, to demonstrate that no 
passive delivery of sumatriptan occurs. Of note, despite the current drug formulation 

                                            
1 For example, see:  Dobson CF, Tohyama Y, Diksic M, Hamel E. Effects of acute or chronic 
administration of anti-migraine drugs sumatriptan and zolmitriptan on serotonin synthesis in the rat brain. 
Cephalalgia. 2004 Jan;24(1):2-11; Gaist D, Tsiropoulos I, Sindrup SH, Hallas J, Rasmussen BK, 
Kragstrup J, Gram LF. Inappropriate use of sumatriptan: population based register and interview study. 
BMJ. 1998 May 2;316(7141):1352-3; Drucker P, Tepper S. Daily sumatriptan for detoxification from 
rebound. Headache. 1998 Oct;38(9):687-90; Ottervanger JP, Valkenburg HA, Grobbee DE, Stricker BH. 
Pattern of sumatriptan use and overuse in general practice. Eur J Clin Pharmacol. 1996;50(5):353-5; 
Dekker F, Wiendels NJ, de Valk V, van der Vliet C, Knuistingh Neven A, Assendelft WJ, Ferrari MD. 
Triptan overuse in the Dutch general population: a nationwide pharmaco-epidemiology database analysis 
in 6.7 million people. Cephalalgia. 2011 Jun;31(8):943-52; and Lionetto L, Negro A, Palmisani S, Gentile 
G, Fiore MR, Mercieri M, Simmaco M, Smith T, Al-Kaisy A, Arcioni R, Martelletti P. Emerging treatment 
for chronic migraine and refractory chronic migraine. Expert Opin Emerg Drugs. 2012 Sep;17(3):393-406. 
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device have not significantly changed the device tested in the nonclinical animal 
studies....” 

 
Reviewer Comments 
Based on the information above, the described changes to the clinical drug product do 
not appear to raise any new patient safety concerns that require evaluation from a 
nonclinical perspective. However, definitive recommendations on this issue are deferred 
pending availability of findings from CDER ONDQPA and CDRH evaluations of the 
current submission. 
 
Overall Conclusions and Recommendations 
The sponsor has failed to adequately address Nonclinical Issues #1 and #2, as 
originally enumerated in the CR letter. From a nonclinical perspective, it is concluded 
that approval of NDA 202-278 cannot be supported in its current form. The sponsor 
needs to provide definitive in vivo TK data from an appropriate rodent model for dermal 
carcinogenesis confirming an absence of systemic sumatriptan exposure following 
reasonable attempts at dosing via skin painting with various formulations of drug and 
known absorption enhancers. A final recommendation on the need for a full, two-year 
dermal carcinogenicity assay is deferred pending receipt and evaluation of the above-
noted TK data. 
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MEMORANDUM   
 
    DEPARTMENT OF HEALTH & HUMAN SERVICES 

                      Public Health Service 
                Food and Drug Administration 

________________________________________________________________________ 
 
Division of Neurology Products (HFD-120) 
Center for Drug Evaluation and Research 
 
Date: August 10, 2011 
 
From: Lois M. Freed, Ph.D. 
 Supervisory Pharmacologist 
 
Subject: NDA 202-278 (received October 29, 2010), Zelrix™ (sumatriptan) Iontophoretic 
 Transdermal System, NP101 
________________________________________________________________________ 
 
NDA 202-278 was submitted by NuPathe Inc. on October 29, 2010 to support approval 
of Zelrix Iontophoretic Transdermal System (Zelrix TDS), a drug/devise combination 
product for treatment of migraine, with or without aura, in adults. NDA 202-278 is filed 
under 505(b)(2), with Imitrex (sumatriptan succinate; GlaxoSmithKline) as the Reference 
Listed Drug Product. Imitrex is approved for subcutaneous (NDA 20-080), oral (NDA 
20-132), and intranasal (NDA 20-626) administration. Zelrix Iontophoretic TDS (aka 
NP101) was developed under IND 74,877. 
 
The nonclinical studies conducted to support approval of Zelrix Iontophoretic TDS 
consist of PK, pilot local toxicity, and acute and repeat-dose dermal toxicity studies. The 
pivotal, GLP nonclinical study is a 9-month dermal toxicity study of NP101 conducted in 
pigmented and non-pigmented miniature swine. Theses studies were reviewed in detail 
by Dr. Thompson (Pharmacology/Toxicology NDA Review and Evaluation, NDA 
202,278, D. Charles Thompson, R.Ph., Ph.D., D.A.B.T, 6/29/2011). Based on his review, 
Dr. Thompson has concluded that the nonclinical studies do not support approval, based 
on the following deficiencies: 
 

• The lack of nonclinical data on the safety of the inotophoretic TDS. In particular, 
the 9-month dermal toxicity study in miniature (Hanford, Yucatan) swine is 
inadequate, due to: 

o lack of a control group, 
o testing of a single dose level (the only difference among groups was the 

duration of dosing), 
o an insufficient number of animals (2/breed/group),  
o use of weekly, rather than daily, dosing,  
o lack of an adequate description of sampling procedures for 

histopathological examination, and 
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o lack of toxicokinetic data to document delivery through the dermal layers. 
• The lack of nonclinical data demonstrating that the metabolic profile for 

sumatriptan following application of the inotophoretic TDS is similar to that of 
the RLD. (Dr. Thompson notes that “It will be a clinical review team decision as 
to whether any human clinical data provided by the sponsor are sufficient and 
adequate to address this issue.”) 

•  The sponsor’s justification for waiving the need for a dermal carcinogenicity 
study is inadequate. 

 
To address these deficiencies, Dr. Thompson recommends that the sponsor provide the 
following: 

• A repeat acute dermal toxicity study in an appropriate species, with the to-be-
marketed drug product. 

• A repeat 9-month toxicity study in non-rodent, using an appropriate study design. 
• Metabolic profile data with the inotophoretic TDS unless, as noted above, there 

are sufficient clinical data to address this potential deficiency. 
• Justification for “why a dermal painting carcinogenicity study is not relevant and 

not feasible”, unless the results of an adequately conducted 9-month dermal study 
demonstrate a lack of any preneoplastic or neoplastic findings.  

 
Dr. Thompson also notes that ONDQA has communicated to the sponsor (Information 
Request, 16 May 2011) numerous deficiencies regarding the “fundamental design of 
NP101”, and that changes to the clinical formulation designed to address these 
deficiencies may require additional nonclinical studies. 
 
Comments and Recommendation 
 
I concur with Dr. Thompson’s conclusion that the sponsor has not provided adequate 
nonclinical data to support approval of Zelrix, based on the lack of (1) an adequate 
chronic dermal toxicity study and (2) either a dermal carcinogenicity study in one species 
or sufficient justification for why such a study would not be feasible or informative. 
 
The sponsor’s proposed dosing regimen is two patches, separated by at least 2 hours, in 
one 24-hour period. As for all potential migraine therapies, it is assumed that patients 
may medicate daily. Therefore, two pivotal studies (a chronic dermal toxicity study in 
one species [typically minipig] and a 2-year dermal carcinogenicity study in one species 
[typically rat]) have been required to support approval of a product previously approved 
by a different route but reformulated for dermal delivery. (Currently, it has been 
suggested that the results of the chronic dermal toxicity study be taken into account when 
assessing the need for a carcinogenicity study.) The 9-month dermal toxicity in minipig 
was inadequate by design (e.g., no control group), and did not adequately cover the 
intended clinical dosing regimen. Therefore, there is no adequate assessment of the local 
effects of chronic administration and the results of the sponsor’s minipig study cannot be 
taken into consideration when assessing whether or not a dermal carcinogenicity study is 
needed. And, as discussed by Dr. Thompson, the sponsor’s reasons for why a dermal 
carcinogenicity study is not feasible were not compelling. 
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If the current formulation is pursued, I don’t believe an acute dermal toxicity study (as 
Dr. Thompson recommends) would be needed; this assessment could be incorporated into 
the chronic toxicity study. However, if there are substantial changes to the clinical 
formulation, additional nonclinical studies may be required, depending on what specific 
changes are made. Additional nonclinical studies may also be needed if data in humans 
indicate a substantially different metabolic profile with the transdermal route compared to 
the route(s) of administration for the RLD. The sponsor should attempt to finalize the 
clinical formulation and address the metabolic profile issue prior to initiating new 
nonclinical studies.  
 
Labeling: due to the numerous CMC deficiencies related to the design of NP101, no 
labeling recommendations are being made at this time. 
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PUBLIC HEALTH SERVICE 

FOOD AND DRUG ADMINISTRATION 
CENTER FOR DRUG EVALUATION AND RESEARCH 

 
 

PHARMACOLOGY/TOXICOLOGY NDA REVIEW AND EVALUATION 
 

Application number: 202,278 

Supporting document/s: 1 

Applicant’s letter date: 29 October 2010 

CDER stamp date: 29 October 2010 

Product: Zelrix™ (sumatriptan) Iontophoretic 
Transdermal System 

Indication: Migraine 
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Supervisor/Team Leader: Lois M. Freed, Ph.D. 

Division Director: Russell G. Katz, M.D. 

Project Manager: Lana Y. Chen, R.Ph. 

 

Disclaimer 
 
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 202,278 are owned by NuPathe Inc. or are data for 
which NuPathe Inc. has obtained a written right of reference. Any information or data 
necessary for approval of NDA 202,278 that NuPathe 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 202,278. 
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1 Executive Summary 

1.1 Introduction 

NDA 202,278 is an original 505(b)(2) application from Nupathe, Inc. for a drug/device 
combination product incorporating iontophoretic technology to deliver sumatriptan 
transdermally for the treatment of acute migraine with and without aura. Developmental 
work for the application was conducted under IND 74,877. Sumatriptan (Imitrex®, 
GlaxoSmithKline) subcutaneous injection (NDA 20-080, approved 28 December 1992), 
oral tablets (NDA 20-132, approved 1 June 1995), and nasal spray (NDA 20-626, 
approved 26 August 1997) are identified as the Reference Listed Drugs (RLD). The 
sponsor is relying for nonclinical support of the current application on the Agency’s 
determinations of safety and approved labeling for these RLDs; in addition, they have 
conducted nonclinical studies intended to assess local toxicity/tolerability of sumatriptan 
following dermal administration. 

1.2 Brief Discussion of Nonclinical Findings 

CDER/ONDQA has informed the sponsor that, “The fundamental design of NP101 is 
not acceptable.” A single 4-hour patch administration with a prototype patch resulted in 
observations of “slight epidermal necrosis” and “severe erythema or injuries in depth” in 
miniature swine. A 9-month repeated-dose toxicity study in miniature swine is 
inadequate by design and fails to address the potential for the NP101 drug 
formulation—not only the sumatriptan API, but each of the excipients as well—to induce 
either local or systemic toxicity following repeated transdermal iontophoretic 
administration. The submission contains no nonclinical data to address whether 
sumatriptan administered via transdermal iontophoresis results in a metabolite profile 
comparable to that of the RLDs. The sponsor has not provided adequate justification for 
waiving the requirement for conducting a dermal carcinogenicity study with the 
proposed clinical drug product formulation. The potential issues of dermal sensitization 
and phototoxicity of the existing NP101 product appear to have been adequately 
addressed. 

1.3 Recommendations 

1.3.1 Approvability:  Not approvable 
 
1.3.2 Additional Non Clinical Recommendations:  None at this time 
 
1.3.3 Labeling:  Deferred at this time 
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2 Drug Information 

2.1 Drug 

CAS Registry Number:  103628-48-4 
 
Generic Name:  Sumatriptan succinate 
 
Code Name:  NP101 
 
Chemical Name:  3-[2-(dimethylamino)ethyl]-N-methyl-indole-5-methanesulfonamide 
succinate (1:1) 
 
Molecular Formula/Molecular Weight:  C14H21N3O2S•C4H6O4/413.5 
 
Structure or Biochemical Description 
 

 
 
Pharmacologic Class:  N0000175764/ Serotonin 1d Receptor Agonist 
 

2.2 Relevant INDs, NDAs, and DMFs 

NDAs 20-080, 20-132, and 20-626 

2.3 Drug Formulation 

NP101 is a disposable, single-use, co-packaged drug/device combination product that 
utilizes iontophoretic technology to deliver sumatriptan transdermally. The drug product 
component of NP101 is contained within what is referred to as the reservoir card, 
comprised of two separate reservoirs. One reservoir contains a nonwoven pad (30 cm2) 
imbibed with g of sumatriptan formulation ( sumatriptan succinate containing 86 
mg of sumatriptan). A second reservoir contains a similar nonwoven pad imbibed with
g of salt formulation sodium chloride). Each reservoir is sealed separately (see 
sponsor’s summary table and figure reproduced below). 
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maximum recommended daily dose (MRDD) is two patches (or approximately  mg 
sumatriptan) in any 24-hour period. 

2.7 Regulatory Background 

The current submission is an original 505(b)(2) NDA for a drug/device combination 
product based on developmental work conducted under IND 74,877. The sponsor 
proposes to rely on prior Agency safety decisions and approved labeling from three (3) 
separate RLDs, comprised of three distinct formulations of sumatriptan (Imitrex®, 
GlaxoSmithKline):  subcutaneous injection (NDA 20-080, approved 28 December 1992); 
oral tablets (NDA 20-132, approved 1 June 1995); and nasal spray (NDA 20-626, 
approved 26 August 1997). In addition, the sponsor has submitted their own data from 
nonclinical studies intended to assess the safety and tolerability of sumatriptan 
administered via transdermal iontophoresis. 
 

3 Studies Submitted 

3.1 Studies Reviewed  

• NP101-PC003/SRCS07562:  Acute Expanded Dermal and Systemic Toxicity of 
Sumatriptan in Miniature Swine 

• PROT-55-NP101-006/S08719:  Chronic (9 month), Weekly Local Dermal 
Tolerance Study of NP101-Sumatriptan Iontophoretic Transdermal Patch in Non-
Pigmented and Pigmented Miniature Swine 

• PROT-55-NP101-007/UKA00004:  A Sensitization Study of Sumatriptan 
Administered by the Dermal Route to Guinea Pigs-Maximization Design 

• PROT-55-NP101-009/UKA00005:  A Sensitization Study of Sumatriptan 
Administered by the Dermal Route to Guinea Pigs-Maximization Design 

• PROT-55-NP101-008/S10060:  Phototoxicity of Sumatriptan when Administered 
by the NP101 Sumatriptan Iontophoretic Transdermal Patch in Hanford Miniature 
Swine 

• PROT-55-NP101-012/118148:  ISO Agarose Overlay Using L-929 Mouse 
Fibroblast Cells 

• PROT-55-NP101-013/118149:  Repeated Patch Dermal Sensitization Test 
(Buehler Method Modified for Medical Devices) 

• PROT-55-NP101-014/118150:  Primary Skin Irritation 
 

3.2 Studies Not Reviewed  
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In general, dosing site erythema scoring revealed that Formulation B was the more 
irritating of the two drug patch formulations, with several scores of ‘4’ (i.e., severe 
erythema or injuries in depth) being reported (see tabular summary below). In contrast, 
saline control/cathode patches, as well the drug formulation patches without 
iontophoresis, all scored essentially zero at all timepoints. 
 

Mean Anode Erythema Scores 
(with iontophoresis only) 

Scoring Day (n) Formulation A Formulation B 
1 (Patch removal) (24) 0.625 1.625 

2 (24) 0.375 1.583 
3 (24) 0.250 1.708 
7 (12) 0.083 1.000 

14 (12) 0.000 0.583 
 
Microscopic examination of a full battery of organ tissues from all high dose (Group 4) 
and control animals at necropsy on Day 3 revealed no treatment-related effects in 
tissues other than skin and, thus, only skin was examined microscopically at the Day 15 
necropsy. Treatment-related skin changes were confined almost exclusively to dosing 
sites patched with Formulations A and B with iontophoresis (see sponsor’s summary 
table reproduced below). Crust, defined as “…accumulations of serum and/or cell 
infiltrates, usually neutrophils, on the epidermal surface”, was observed in the greatest 
incidence at Day 3, with comparable incidences and severities between the two drug 
patch formulations. An observation of slight epidermal necrosis with Formulation B is 
consistent with the more severe erythema scores noted above for this formulation and is 
concerning, given the exposure duration was only a single, 4-hour patch. Similarly, crust 
formation observed on Day 15 was also more severe with Formulation B. 
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In conclusion, systemic toxicity was not observed under the conditions of this study. 
However, local toxicity was observed in the form of a potentially clinically significant skin 
irritation response to the proposed drug formulation(s)—most notably Formulation B—
when administered via a single patch application in the presence of iontophoresis. The 
more severe responses observed with the Formulation B patch may be due to the 
apparent greater delivery through the skin with this formulation, as evidenced by the 
higher plasma exposure. 
 
 

6.2 Repeat-Dose Toxicity 

Study title:  Chronic (9 month), Weekly Local Dermal Tolerance Study of 
NP101-Sumatriptan Iontophoretic Transdermal Patch in Non-Pigmented and 
Pigmented Miniature Swine 

Study no.: PROT-55-NP101-006/S08719  
Study report location: EDR 

Conducting laboratory and location:

Date of study initiation: 21 August 2008 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: Sumatriptan succinate,  patch 

formulation, lots 7027478, 7037628, and 
7063718 

 
Key Study Findings 

• Inadequate Study by design 
• Same dose level to all animals, distinguished only by duration 
• No control group(s) included 
• Only 16 female animals total on study; 2 different strains 
• Animals dosed only once per week for 4 hours; dosing site variability unclear 
• Only 4 animals received full, 36-patch treatment over 9 months 
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• TK analysis not performed 
• Iontophoretic device current flow/control undefined 
• Stability of test article for full study duration not confirmed 

Methods 
Doses: See sponsor’s summary table below 

Frequency of dosing: One 4-hour patch application per week* 
Route of administration: Dermal patch with iontophoresis (self-contained 

power source; current flow/control undefined) 
Dose volume: See sponsor’s summary table below 

Formulation/Vehicle: See sponsor’s summary table below 
Species/Strain: Female Hanford (non-pigmented) and Yucatan 

(pigmented) miniature swine 
Number/Sex/Group: See sponsor’s summary table below 

Age: 5.6-6.4 Months 
Weight: 23-36 kg 

Satellite groups: None 
Unique study design: *Patches were left in place for 4 hours; however, 

iontophoretic current flow was subject to 
automatic shut-off design specification of device 
if approximately 1 hour of “suboptimal delivery 
performance” occurs (see results below); also, 
see below for additional unique aspects 

Deviation from study protocol: For Group 1 and 2 animals, dose site skin 
samples for histopathology were collected from 
only one patch site and not both sites 
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Observations and Results 

As noted above, maximum theoretical dose to any animal was  mg/2-patch 
application, without regard to the individual animal’s weight. Reproduced below is the 
sponsor’s summary of nominal versus actual iontophoretic exposure duration to the 
animals during patch application. According to the sponsor, “These suboptimal delivery 
times are not thought to represent patch failures but higher skin resistance in [certain] 
pigs, causing these devices to cease delivery of sumatriptan after approximately 1 hour 
of suboptimal delivery performance, a design specification of each device.” While 
iontophoretic current flow through the patches was less than nominal to the extent noted 
(e.g., Group 1: 4 patch applications x 2 patches/animal x 4 hours/patch application = 32 
hours/animal nominal iontophoretic patch activation time), patches were left adherent in 
place to the animal’s dermal dosing site for the full prescribed 4-hour duration of each 
patch application. It should be noted that the report fails to describe what current flow 
was during patch application or to what extent, if at all, it was controlled. 
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Mortality 

Observed twice daily. All animals survived to scheduled necropsy. 
Clinical Signs 

Clinical observations performed prior to dosing and once weekly thereafter; in addition, 
dermal dosing site scoring was conducted prior to each dose (post-shaving), 
immediately following patch removal, and daily on non-dosing days until Draize score 
(see below) reached zero.  
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The study design employed (i.e., no untreated and/or vehicle-treated control groups 
included) precluded any ability to detect drug treatment-related effects on clinical 
observations. Results of Draize dermal erythema scoring are summarized in the 
sponsor’s tables reproduced below, which indicates that the Yucatan strain (pigmented) 
appeared to be the more sensitive strain. However, no erythema score ever exceeded 2 
(well-defined erythema) for either strain and no longer than 4 days until full resolution. 
Edema scores were uniformly zero (0) in the Hanford strain, but scores of 1 were 
observed in the Yucatan strain as early as Week 3 and as late as Week 18, resolving in 
every case by 2 days (data not shown). 
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Body Weights 

Measured weekly. The study design employed (i.e., no untreated and/or vehicle-treated 
control groups included) precluded any ability to detect drug treatment-related effects on 
body weight. 
Feed Consumption 

Feed provided to animals was described only as a daily “maintenance amount using a 
pre-measured scoop. Consumption results reported “by exception” only, indicated that 
only a single animal (1F1-5582) did not consume all the feed offered them; data 
provided as net amount of feed consumed (g). The absence of untreated and/or vehicle-
treated control groups precluded any ability to detect drug treatment-related effects on 
feed consumption. 
Ophthalmoscopy 

Not performed. 
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ECG 

Not performed. 
Hematology 

Pretest and at scheduled necropsy. The study design employed (i.e., no untreated 
and/or vehicle-treated control groups included) precluded any ability to detect drug 
treatment-related effects on hematological parameters. 
Clinical Chemistry 

Pretest and at scheduled necropsy. The study design employed (i.e., no untreated 
and/or vehicle-treated control groups included) precluded any ability to detect drug 
treatment-related effects on clinical chemistry parameters. 
Urinalysis 

Not performed. 
Gross Pathology 

Protocol-specified necropsy days were Days 31, 91, 181, and 271; actual necropsy 
days reported in the Pathology Report were “Days 26 ± 2, 81 ± 2, 165 ± 2, and 250 ± 2”. 
Neither description appears to be entirely consistent with the information provided in the 
sponsor’s summary of key study event dates reproduced above (2.6 Dates for the Key 
Study Events). No explanation for this apparent discrepancy was provided in the report. 
In addition, it is not possible, based on the information provided in the report, to define 
what the time difference was between removal of the final patch and terminal necropsy.  
 
The sponsor states that “only a few gross findings were observed at necropsy”, which 
are summarized in the table reproduced below. No further detail of gross necropsy 
findings is provided in the report. 
 

 
 
Organ Weights 

Weights of the organs shown in the sponsor’s table below were collected at necropsy. 
However, the study design employed (i.e., no untreated and/or vehicle-treated control 
groups included) precluded any ability to detect drug treatment-related effects on organ 
weights. 
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Histopathology 

Adequate Battery:  Yes, an adequate battery of tissues was collected as shown in the 
sponsor’s table reproduced below. In addition, as noted in the Pathology Report, 
“…dose site skin was only collected from sites where a superficial skin biopsy sample 
was not collected. Two samples of application site skin (one left and one right) were 
collected and received for histopathology from all Group 3 and 4 animals, however one 
sample of dose site skin (left only) was received from all Group 1 and 2 animals. 
Additionally, one sample of skin from an untreated portion of the pig from each animal 
on study was collected and received for histopathology.” 
 

 
 

 
Peer Review:  Not performed 
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Histological Findings:  The Pathology Report states that microscopic observations, 
which are described as “…few and sporadic”, were confined to the skin and that “other 
microscopic changes in the tissues examined occurred sporadically and are incidental 
findings with no correlation to the test material.” However, such a conclusion has no 
basis in fact. The study design employed (i.e., no untreated and/or vehicle-treated 
control groups included) precluded any ability to detect drug treatment-related effects 
and/or to differentiate between drug-related and procedural-related (i.e., iontophoretic 
patching alone) effects on tissue microscopic observations. One possible exception to 
this deficiency may relate to local effects (i.e., under patch) on the skin. Reported skin 
findings are summarized in the table below. The conclusions of the Study Pathologist 
were as follows: 
 

“Hyperkeratosis at the treated (anode) site appears to be associated with the protocol 
specified application of the test patch rather than with the test material. There is a slight 
increase in incidence of hyperkeratosis at the treated sites versus untreated sites, but the 
severity of the change is similar throughout the treatment period. The increased 
incidence of hyperkeratosis with an application of a NP101-Sumatriptan Iontophoretic 
dermal patch may indicate a slight irritating effect, but the occurrence of hyperkeratosis at 
untreated sites eliminates NP101 as the sole cause of the change.” 

 
From a regulatory review perspective, the study report provides confusing, if not 
contradictory, information on whether each animal was patched on the exact same two 
skin sites with each patch application. On the one hand, the sponsor’s description of the 
dosing procedures (Methods Section above), indicates that “if the designated site had 
not fully recovered from previous treatments, then the patches were placed on an 
alternative site.” However, the legend to the sponsor’s ‘Summary of Actual Dose 
Exposure Time’ (Table 5 reproduced above) states that, “all patch treatments were 
made to the same site throughout the study”, which seems to suggest that recovery was 
complete in all cases by the time of the next scheduled patch application. If, in fact, 
multiple dosing sites were employed, the report provides no information on which skin 
sites were collected for histopathology. The report also provides no explanation for the 
apparent distinction (see table below) between ‘anode dose site’ in Groups 1 and 2 and 
the ‘dose skin right/left’ of Groups 3 and 4. Similarly, the apparent distinction between 
untreated skin from Groups 1 and 2 and that from Groups 3 and 4 is also not explained. 
In conclusion, the various deficiencies in the overall study design identified throughout 
this review, in conjunction with the inconsistencies/inadequacies in the reporting of the 
histopathology findings noted above, preclude a meaningful evaluation of the reported 
histopathology findings. 
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dating for the relevant test article lots was February, 2009. As noted in the sponsor’s 
table reproduced above (2.6 Dates for the Key Study Events), Group 4 animals received 
patch applications up through 12 May 2009. 
 
 

10 Special Toxicology Studies 
 
Study title:  Phototoxicity of Sumatriptan when Administered by the NP101 
Sumatriptan Iontophoretic Transdermal Patch in Hanford Miniature Swine 

Study no.: PROT-55-NP101-008/S10060 
Study report location: EDR 

Conducting laboratory and location:

Date of study initiation: 12 December 2008 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: Sumatriptan succinate in NP101 E-

patches, reservoir card lot no. 7037628, 
purity not defined 

 
Summary Description and Conclusions 

The potential for sumatriptan to induce photoirritation was assessed in male miniature 
Hanford swine (7-8 months old and 34-43 kg) following a single, 4-hour NP101 
iontophoretic patch application. Two groups of animals (3/group) were dosed with the 
NP101 patch (see sponsor’s patch description below) or the positive control agent, 8-
MOP (8-methoxypsoralen, 0.01% or 0.1% in methanol @ 2 μL/cm2 and 10 μL/site), both 
in the presence and absence of UV irradiation (35 minutes @ 0.67 Minimal Erythema 
Dose/hour, equivalent to approximately 5 joule/cm2 of UV-A over the time period) (see 
sponsor’s summary diagrams of doses and dosing site orientation reproduced below). 
Dose selection of 8-MOP and UV irradiation was based upon results from a previous 
non-GLP pilot study (PROT-55-NP101-008A/S08715). Animals were anesthetized 
(isoflurane inhalation) during UV irradiation, which commenced after the 4-hour NP101 
patch application was completed and the patch site was cleaned in Group 1 or 
approximately 30 minutes after 8-MOP application in Group 2 animals. Blood samples 
collected from NP101-treated animals at approximately 20 minutes after completion of 
UV irradiation confirmed systemic sumatriptan exposure (range, 15.8-23.7 ng/mL). 
Animals were monitored following exposures until scheduled necropsy on Day 8. Skin 
samples collected from the center of each dose and control application site for each 
animal were preserved in 10% buffered formalin and submitted for microscopic 
histopathology examination. 
 

Reference ID: 2967275

(b) (4)





NDA #202,278 Reviewer:  D. Charles Thompson, R.Ph., Ph.D., D.A.B.T. 
 

29 

conclusion of the report is that treatment with the NP101 sumatriptan iontophoretic 
transdermal patch did not result in evidence of phototoxicity under the conditions of this 
study. The design and conduct of the study appears to have been reasonably adequate 
relative to OECD guidance, although experience with miniature swine as a test system 
appears to be limited. 
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Patch = ND101 Sumatriptan Iontopheretic Transdermal Patch 
8-MOP = 8-Methoxypsoralen in Methanol; 
+=Finding Present; -=Finding Not Present; 
0=Not Present; 1=Minimal; 2=Mild; 3=Moderate 
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Study title:  A Sensitization Study of Sumatriptan Administered by the Dermal 
Route to Guinea Pigs-Maximization Design 

Study no.: PROT-55-NP101-009/UKA00005 
Study report location: EDR 

Conducting laboratory and location:

Date of study initiation: 12 November 2008 
GLP compliance: Yes, except for test article 

characterization and stability analysis 
QA statement: Yes 

Drug, lot #, and % purity: Sumatriptan Succinate, lot #7779297, 
Purity 100.4%; NP101 Reservoir Card 
(containing  polyamine and  
sumatriptan succinate), lot #7037628 

 
Summary Description and Conclusions 

The dermal sensitization potential of sumatriptan, alone and as delivered via the 
sponsor’s NP101 iontophoretic patch system, was assessed in Hartley-derived albino 
guinea pigs using a modified Maximization test methodology that incorporated both 
intradermal injections and topical applications during the induction phase. This two-
route induction phase was judged to optimally compensate for the inability to utilize 
iontophoresis to deliver test article. Hair was removed from the application sites 
(scapular area on either side of the spinal cord) by clipper prior to treatments, which are 
summarized in the sponsor’s figures/tables reproduced below. The dose concentrations 
for intradermal and topical induction were based on results from those aspects of study 
PROT-55-NP101-007/UKA00004 (reviewed above) that were deemed valid. Study 
results are summarized in the sponsor’s tables reproduced below; the dermal grading 
scale and codes employed are summarized in the sponsor’s tables reproduced in the 
review of study PROT-55-NP101-007/UKA00004 above. Under the conditions of this 
test,  sumatriptan solution (Test Article 1) and sumatriptan gel solution ( % 
polyamine and  sumatriptan) (Test Article 2) were judged unlikely to induce contact 
sensitization. 
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article, and then scored for erythema and edema at 24 and 48 hours post patch removal 
(see sponsor’s Table 4 reproduced below). Under the conditions of the study, there was 
no evidence of a sensitization response to the test article (see sponsor’s results 
summary table reproduced below). Results of a positive control assay 
(dinitrochlorobenzene, DNCB) conducted within 6 months of the test assay (per ISO 
guidelines) were available and confirmed sensitivity of the test system. 
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11 Integrated Summary and Safety Evaluation 
NDA 202,278 is an original 505(b)(2) application (Nupathe, Inc.) for a drug/device 
combination product incorporating iontophoretic technology to deliver sumatriptan 
transdermally for the treatment of acute migraine with and without aura. Developmental 
work for the application was conducted under IND 74,877. The sponsor identifies 
Imitrex® (GlaxoSmithKline, all three formulations) as RLDs for the application. 
CDER/DNP has been assigned lead responsibility for this drug/device combination; 
CDRH has been consulted. 
 
Agency guidance (Guidance for Industry and Review Staff:  Nonclinical Safety 
Evaluation of Reformulated Drug Products and Products Intended for Administration by 
an Alternate Route, CDER, 2008) does not specifically address the type/quantity of 
nonclinical data needed to support iontophoretic drug delivery of a previously approved 
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drug substance. Recommendations are provided for dermal formulations or patches 
generally, including that “…acute and repeat dose local toxicity studies with histological 
evaluation” of the skin should be conducted in one species and that “nonclinical dermal 
studies generally should be conducted with untreated control, vehicle control, and 
complete formulation groups.” Also recommended for consideration to support dermal 
patches are assessments of the potential to induce delayed hypersensitivity and 
photoirritation (if the patch is permeable to light and applied to sun-exposed skin). 
Finally, the guidance recommends that a 9-month repeated-dose toxicity study be 
conducted in a non-rodent species when the API has not previously been administered 
by the dermal route. The guidance states that the need for a dermal carcinogenicity 
study may be considered. 
 
The Division met with the sponsor (24 November 2009) to discuss a potential NP101 
NDA filing. A single question from the sponsor requested Division feedback on the 
adequacy of the sponsor’s proposed nonclinical data package. Taking into 
consideration the above-noted Guidance recommendations, the Division communicated 
the following to the sponsor (see Pre-NDA Meeting Minutes, L. Chen, 5 March 2010):  
“In order for us to waive a dermal carcinogenicity study, you will need to demonstrate 
that a meaningful study in rodent cannot be conducted. The adequacy of the 9-month 
dermal study in minipig will be a matter of review.” 
 
The nonclinical data package in the sponsor’s NDA submission includes reports of GLP 
acute and chronic (9-month) toxicity/local tolerance studies with the patch in miniature 
swine; dermal sensitization studies in guinea pigs; and phototoxicity studies in miniature 
swine. They have also submitted pilot studies for the above, plus assessments of the in 
vitro cytotoxicity, dermal sensitization, and primary skin irritation of the patch 
components (i.e., ‘device biocompatibility’ studies). Importantly, the sponsor has 
provided no nonclinical data to address the comparability of metabolism of sumatriptan 
following administration via approved routes as compared to transdermal iontophoretic 
administration. Rather, in their Nonclinical Overview, the sponsor states the following: 
 

“At the request of the FDA, a study was conducted to confirm that the metabolism of 
sumatriptan when administered by NP101 was comparable to that reported via the oral 
route of administration. While this request was provided by the pharmacologist and a 
nonclinical study was initially planned, NuPathe felt that performance of this study in 
humans was more appropriate, especially in light of the existence of an ester glucuronide 
metabolite (M3) that is apparently absent in the various animal models studied to date.” 

 
Finally, the sponsor’s submission includes a rationale for why the requirement for a 
dermal carcinogenicity assessment of the product should be waived. This rationale is 
reproduced below directly from the sponsor’s submission. 
 

“After considerable consultation with experts in the biomechanical engineering it was 
determined that the miniaturization of NP101 for the assessment in rodents of dermal 
carcinogenic potential was not feasible. Moreover, dermal carcinogenicity studies are not 
warranted for the following reasons: (1) NP101 is intended for acute use, not for chronic 
use, which precludes continuous insult to the skin and dermis that could promote 
carcinogenic transformation; (2) sumatriptan was shown not to be carcinogenic in rats 
dosed orally for 104 weeks with exposures of approximately 15-times the total systemic 
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exposure (AUC) provided by the maximum recommended human oral dose (MRHD) and 
in mice treated orally for 78 weeks at 40-times the exposure provided by the MRHD; (3) 
sumatriptan was not mutagenic in two microbial reverse mutation assays with Salmonella 
typhimurium and in another assay with Escherichia coli or in the gene mutation assay 
conducted in Chinese hamster V79 cells and was not clastogenic in an in vitro human 
lymphocyte chromosomal aberration assay or in an in vivo rat micronucleus assay, with 
and without metabolic activation; (4) NP101 treatment for nine consecutive months at 
weekly intervals provided no evidence for epidermal or dermal toxicity, much less 
evidence of proliferative or pre-neoplastic changes that might precede malignant 
transformation; (5) NP101 is not phototoxic, reducing any risk for photocarcinogenicity, 
(6) post-marketing surveillance data with sumatriptan has not indicated a risk for 
carcinogenicity despite many years of patient use, (7) neither the NP101 patch 
components or sumatriptan were cytotoxic or sensitizing on the skin in animal studies, (8) 
transdermal delivery of sumatriptan did not appear to alter the catabolism of this drug 
substance formerly characterized after oral administration; thus, there is no evidence for 
unique metabolites being produced by this route of administration and (9) finally, it is 
impossible to test the NP101 patch on a small rodent, owing to the large size of the patch 
(8 inches by 4 inches). Topical application of sumatriptan succinate on the skin without 
iontophoresis has been shown to result in no systemic exposure, precluding the value of 
traditional dermal carcinogenicity studies. Therefore, no additional studies were required 
or have been sponsored by NuPathe and NuPathe requests a waiver for the conduct of 
such a study with NP101.” 

 
In the opinion of this reviewer, the sponsor has adequately addressed the issues of 
potential dermal sensitization and phototoxicity of the existing NP101 product. However, 
from a nonclinical perspective, the overall application is inadequate for multiple reasons, 
key among which are the following: 
 

• CDER/ONDQA has communicated to the sponsor (Information Request, T.W. 
Ocheltree, 16 May 2011) a list of 37 CMC issues with the product, which may be 
summarized succinctly by the opening sentence of the itemization:  “The 
fundamental design of NP101 is not acceptable.” It remains unclear at present to 
what extent, if any, the sponsor will attempt to address the identified CMC 
deficiencies by the end of the current review cycle and, importantly, to what 
extent any such attempt to address some or all of these deficiencies will 
invalidate the relevance of the existing nonclinical data for assessing the safety 
of the proposed clinical drug product/device combination. 

• Due to fundamental inadequacies as outlined above in both the design and 
conduct of their 9-month repeated-dose toxicity study in miniature swine (PROT-
55-NP101-006/S08719), the sponsor has failed to address the potential for the 
NP101 drug formulation—not only the sumatriptan API, but each of the 
excipients as well—to induce either local or systemic toxicity following repeated 
transdermal iontophoretic administration. 

• The sponsor has provided no nonclinical data to address whether sumatriptan 
administered via transdermal iontophoresis results in a metabolite profile 
comparable to that of currently approved sumatriptan drug product formulations 
and routes of administration. It will be a clinical review team decision as to 
whether any human clinical data provided by the sponsor are sufficient and 
adequate to address this issue. 
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• The sponsor has provided evidence—without sufficiently addressing it—of a 
potential human clinical risk based on findings that a single 4-hour patch 
administration with a prototype patch (NP101-PC003/SRCS07562) resulted in 
observations of “slight epidermal necrosis” and “severe erythema or injuries in 
depth” in miniature swine. In fact, the sponsor has submitted human clinical data 
that indicate similar effects have been observed in some humans. 

• The sponsor has not provided adequate justification for waiving the requirement 
for conducting a dermal carcinogenicity study with the proposed clinical drug 
product formulation. The Division does not dispute the sponsor’s assertion that 
the NP101 patch cannot be reduced to a size appropriate to assess iontophoretic 
delivery in existing rat or mouse carcinogenesis models. However, they have 
failed to address the questions of whether a dermal painting study with the 
clinical drug product formulation is, one, feasible and, two, relevant to an 
assessment of potential human risk. 

 
In conclusion, based on the issues outlined above, this reviewer finds the current 
application to be inadequate from a nonclinical perspective and, therefore, recommends 
that the application be considered not approvable. 
 
Nonclinical data needed to address the current deficiencies will depend, in large 
measure, on what changes (to clinical drug formulation and/or device) are implemented 
by the sponsor to address the deficiencies outlined by ONDQA. Given the extensive 
nature of the list, it is highly probable that all nonclinical studies would need to be 
repeated with the product of any sufficiently responsive redesign of the clinical drug 
product/device combination. One possible exception to this likely outcome could arise in 
the case of a determination by the clinical review team that existing human clinical data 
and labeling are sufficient and adequate to mitigate a known or suspected human risk 
(e.g., dermal sensitization risk). 
 
However, assuming for the moment that the currently proposed clinical drug 
product/device combination will not be modified to any significant extent, then it is 
recommended that the sponsor be advised the following nonclinical data will be needed 
to address existing deficiencies. 
 

• The acute dermal toxicity study in miniature swine (or other appropriate species) 
should be repeated with the actual to-be-marketed clinical drug product/device 
combination. The study design should include appropriate controls 
(vehicle/untreated), adequate numbers of animals for meaningful interpretation at 
each sacrifice (minimally, 4/sex/dose group), and should include multiple dose 
levels to allow assessment of the dose responsiveness of any toxicity observed. 

• The chronic (9-month) toxicity study in non-rodent (miniature swine or other 
appropriate species, all of a single strain) should be repeated utilizing a study 
design that is consistent with relevant Agency guidance (i.e., Guidance for 
Industry and Review Staff:  Nonclinical Safety Evaluation of Reformulated Drug 
Products and Products Intended for Administration by an Alternate Route, CDER, 
2008). Specifically, the study design should incorporate adequate numbers of 
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animals for meaningful interpretation at each sacrifice (minimally, 4/sex/dose 
group) and should include appropriate control groups (vehicle/untreated). 
Multiple dose levels should be included to allow assessment of the dose 
responsiveness of any toxicity observed, up to a dose documented to be either a 
maximum tolerated or maximum feasible dose (MTD/MFD). The dosing regimen 
should consist minimally of 3 patch applications per week per animal on the 
same application site. Inclusion of at most one interim sacrifice into the study 
design may be appropriate. Toxicokinetic analyses should be included in the 
study design. 

• If a determination is made by the clinical review team that in humans the 
metabolite profile of sumatriptan administered via transdermal iontophoresis is 
different from that of the RLDs, then the sponsor will need to provide appropriate 
nonclinical data to confirm that any unique (or quantitatively greater) metabolites 
have been adequately tested in animal(s). 

• Finally, unless a repeated and sufficiently robust chronic dermal toxicity study in 
non-rodent (see second bullet above) results in absolutely no evidence of any 
neoplastic and/or pre-neoplastic responses, the sponsor will need to provide 
appropriate justification for why a dermal painting carcinogenicity study is not 
relevant and not feasible. 
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